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Describing the processes leading to deforestation is essential for the development and implementation of the forest policies. In this
work, two different learning models were developed in order to identify the best possible model for the assessment of the
deforestation causes and trends. We developed autoregressive integrated moving average (ARIMA) model and long short-term
memory (LSTM) independently in order to see the trend between tree cover loss and carbon dioxide emission. This study includes
the twenty-year data of Pakistan on tree cover loss and carbon emission from the Global Forest Watch (GFW) platform, a known
platform to get numerical data. Minimum mean absolute error (MAE) for the prediction of tree cover loss and carbon emission
obtained through ARIMA model is 0.89 and 0.95, respectively. The minimum MAE given by LSTM model is 0.33 and 0.43,
respectively. There is no such kind of study conducted in order to identify the increase in carbon emission due to tree cover loss
most specifically in Pakistan. The results endorsed that one of the main causes of increase in the pollution in the environment in

terms of carbon emission is due to tree cover loss.

1. Introduction

Global warming is a burning issue causing catastrophic
changes and calamities around the world. The increasing
occurrence of climate dissipation has been noticed with
current global warming that had several biophysical impacts
worldwide [1]. One of the main causes of global warming is
carbon emission. Sources of carbon emission are both natural
and human. Human sources include a variety of man-made
actions such as tree logging, forest fires, burning of fossil fuels,
cement production, natural gas production, and so on [2, 3].

Hence, the degradation of forests that play an essential
role in maintaining a balance in the ecosystem directly adds to
global warming. It results in rapid environmental degrada-
tion, not only leading to a scarcity of natural resources, decline

in quality of life, and long-term public health issues but also
inflicting economic losses [4]. Therefore, controlling defor-
estation can significantly minimize carbon emissions and help
improve the environment. Recent studies revealed that the
deforestation rate increases with extreme drought and wet
years. In another study [5], the authors examined the carbon
dioxide emission and climatic effects on major agricultural
crop production in Pakistan. The results revealed that the
crops such as wheat, maize, sugarcane, cotton, and so on have
a constructive association with carbon dioxide emissions.
Combating deforestation is being evaluated by cost-effective
means of reducing greenhouse gas emissions [6].

Due to the negative impact of carbon emissions on the
environment, there is a lot of ongoing research work to
find out the efficient methods that have the ability to
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predict carbon emissions and determine their causes
[7-10]. Learning-based techniques have provided new
approaches to prediction problems that represent in-
teractions between variables in a deep and layered hi-
erarchy. ML-based techniques like support vector
machines (SVMs) and random forest (RF), as well as DL-
based algorithms like recurrent neural network (RNN)
and LSTM, have attracted lots of attention in recent years
because of their applications in a variety of fields [11-14].
In time series forecasting, DL approaches are capable of
identifying data structure and pattern, such as non-lin-
earity and complexity [15, 16]. LSTM has been extensively
utilized in time series prediction in [17-21]. Autore-
gressive integrated moving average (ARIMA) is also
another forecasting model [22] that predicts the future
values based on the past values. ARIMA is the best model
for one-step out-of-sample forecasting and is good for the
data which consist of linear and short-term dependency
(weekly or hourly) [23].

The rapid advancement in the Internet of Things (IoT)
would be a future enhancement of this system. There are
multiple privacy-related challenges in IoT architecture
during communication that can be addressed using block-
chain-enabled IoT architecture [24]. Moreover, there is a
need for a decentralized auction-based resource allocation
mechanism in edge computing-enabled IoT, which would be
helpful to make computer resources closer to the devices
[25]. To imporved the data quality during the data com-
munication, few studies foucsed on the age of information
(AOI) from the prespective of game theory [26]. Game
theory is a useful tool to optimize wireless networks by
assisting scarce wireless resource allocation, e.g., bandwidth
and channels.

Objective of this study is to develop an accessible
methodological approach that allows for rapid evaluation of
statistical relationships and trends in forest monitoring data
using both ML and DL. In this study, two independent
learning models were developed using the autoregressive
integrated moving average (ARIMA) model and long short-
term memory (LSTM). Moreover, this study also focused on
understanding the correlation between tree cover loss and
carbon emission by taking Pakistan as a case study. Since,
there is no such comprehensive effort found in open liter-
ature by the authors, it is a novel attempt in this direction.
The remaining part of the paper is arranged as follows. The
methodology is discussed in Section 2. In Section 3, results
are discussed. Section 4 describes the conclusion and future
work.

2. Methodology

2.1. Data Collection. Two time series datasets, i.e., tree cover
loss and carbon emission in Pakistan, were taken from the
GFW platform [27]. Each dataset consists of past 20 years’
information on carbon values added to the environment and
the tree cover loss from year 2001 to 2020. It should be noted
that a more organized dataset comprising other variables of
consideration for this study is not available in the open
literature.

Computational Intelligence and Neuroscience

Figure 1 shows the proposed methodology of the
framework. Following the collection of the dataset, the
preprocessing stage is carried out to make the data sta-
tionary, as shown in Figure 2. The dataset is then divided into
training and testing portions in order to train and evaluate
the models. The training component of the dataset is used to
train the models, and the testing portion is used for eval-
uation. The MAP and MAPE error evaluation metrics are
evaluated for final analysis of the result.

2.2. Data Preprocessing. Figure 2 shows the preprocessing
framework. Firstly, we deal with all missing values of the
dataset. For any time series forecasting, being stationary is a
mandatory property for a statistical model. A series is called
stationary if its statistical property does not change with
time. To verify this feature in our dataset, we have used the
augmented Dickey—Fuller (ADF) test. After applying ADF, it
was found that our dataset taken from GFW platform [27]
does not fulfill this condition.

In order to make our dataset stationary, we performed a
series of transformations such as power log transformation
and differencing before applying (ADF) again for the ver-
ification. Figure 1 illustrates our adopted methodology in the
form of a flowchart. After preprocessing, the dataset is di-
vided into test and training subsets. The training set is used
to train the prediction model and the test set is used to
evaluate it. The split between the training and test data is
kept at 70% and 30%, respectively.

For forecasting, the ARIMA and LSTM models are used
to make predictions and are applied on both datasets.

2.3. ARIMA and LSTM Models. The ARIMA model is a
generalization of the simpler autoregressive moving average
that incorporates the concept of integration. The ARIMA
model parameters are as follows:

(i) p: lag order (previously predicted values).
(ii) d: degree of difference.

(iii) q: order of moving average.

An ARIMA model is a time series forecasting model. It
incorporates the properties of two autoregression and
moving average models, where in autoregression, lags or
previously predicted values are known as “autoregression”
while lag or previously predicted error is known as “moving
average.” “Difference” is to make time series stationary (also
known as integrated stationary time series version).

First step is to determine appropriate hyperparameters
of ARIMA, p, h, and g, accurately to predict the behavior of
the time series. Then, these hyperparameters are fitted into
the training data. Finally, the model fitting residuals are
analyzed to check whether the model assumptions are
satisfied [6].

This study also utilizes LSTM model, which is a special
type of RNN and is able to deal with long-term time de-
pendencies [28]. There are many types of LSTM models that
can be used for specific type of time series forecasting
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problem. In univariate LSTM, single series of observation is
required to learn from the past values.

On the contrary, multivariate LSTM makes use of two or
more kinds of parallel time series information to learn from
the past observations. The basic architecture of univariate
LSTM is shown in Figure 3. Basic LSTM network consists of
cells that store the data. These cells resemble a transport line
that connects one module to another conveying data from
the past and gathering the present values [29]. For LSTM,
three-layer-based architectures is proposed in this study
with a dropout probability of 0.3 and zero non-trainable
parameter. The lagged value of time series is used to predict
future value with 40,901 learnable parameters.

The LSTM is applied on both of the parameters of carbon
emission and tree cover loss with same layers and param-
eters, and the model for each dataset is trained with 50
epochs. Two separate univariate LSTM models are applied to
two different time series variables, i.e., tree cover loss and

carbon emission. The models are not only validated based on
the difference between observed and predicted values also
known as residuals but also exploited for future prediction of
tree cover loss association with carbon emission for next
three years with upper confidence level of 80% and lower
confidence level of 90%.

3. Results

3.1. Stationary Time Series. Being stationary is an essential
condition in time series analysis. Most of the time series
models assumed that each point is independent of one an-
other. To check this feature in our time series, ADF is applied.
Moreover, to make the time series information stationary,
differencing and log transformation are performed. The result
of ADF test is shown in Table 1. It can be noted that the value
of P is less than 0.05. This clearly indicates that after applying
log transformation and differencing, we have obtained a
stationary time series suitable for further prediction analysis.

3.2. Tree Cover Loss with ARIMA. ARIMA results for tree
cover loss are shown in Figures 4 and 5. The model is trained
with multiple order of ARIMA. The minimum MAE for tree
cover loss is 0.95 with ARIMA (1, 1, 1). Similarly, the min-
imum MAE for tree cover loss is 1.4 and 1.2 with ARIMA (1,
2, 1). Values of p, d, and q are cross-checked using auto
ARIMA function in Python. Figure 4 depicts the train (actual)
and test (predicted) data showing that the data predict some
trends and are at a right scale. In Figure 5, data for past twenty
years (2001-2020) are utilized to train the model for pre-
diction of tree cover loss for next five years. The results in-
dicate an increase in tree cover loss in the coming years.

3.3. Carbon Emission with ARIMA. Figures 6 and 7 show the
carbon emission results using ARIMA. The model is trained
with multiple order of ARIMA. The minimum MAE of 1.20
and mean absolute percentage error (MAPE) of 1.24 are
obtained for carbon emission forecasting with ARIMA order
of (1, 1, 1) and (1, 2, 1), respectively. The twenty-year data,
from 2001 to 2020, are used for the model training. The same
model is further exploited to carry out forecasting carbon
emission over next five years. The results indicate an increase
in the carbon emission for this coming period.

The two results also exhibit that increase in the carbon
emission has significant and similarly directed impact on the
tree cover loss.

3.4. Tree Cover Loss with LSTM. LSTM has also been applied
on the same dataset to compare the results with ARIMA
model for tree cover loss. Figures 8 and 9 demonstrate the
results for this study. Training and testing loss decay per
epoch is shown in Figure 8 while Figure 9 illustrates the tree
cover loss prediction for next three years, i.e., 2023-2025.

3.5. Carbon Emission with LSTM. Figures 10 and 11 show the
results of LSTM-based carbon emission. The LSTM model is
trained up to 50 epochs for both tree cover loss and carbon
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emission. It is observed from Figure 10 that the train and
testing loss is decreasing over time after each epoch while
using LSTM. The results indicate that a linear correlation
exists between the carbon emission and tree cover loss.
Future predictions of the LSTM model also reflect an in-
creasing pattern of the carbon emission.

3.6. Comparison of ARIMA and LSTM. The ARIMA model
works by filtering high-frequency noise from data, detecting
local patterns based on linear dependencies, and predicting
future trends [30]. In addition, the ARIMA model converts
tree cover losses and carbon emission features into special
temporary variables before matching them and only
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FIGURE 8: Loss decay per epoch for tree cover loss using LSTM.

considers the linear portion of the series [31]. The ARIMA
model is simple and forthright and only requires to adjust
the values of p, d, and g. The ARIMA model, however, is
unable to deal with the non-linear relationship between the
tree cover loss and carbon emissions.

On the contrary, the neural network such as LSTM can
deal with both linear and non-linear patterns [32]. LSTM is a
type of RNN that is meant to learn temporal patterns,
capture non-linear dependencies, and preserve relevant

memory for a longer period of time, resulting in achieving
more accurate predictions [33].

Working of the two approaches, ARIMA and LSTM, for
tree cover loss and carbon emission prediction is investi-
gated using mean average precision (MAP) and MAPE
evaluation matrices. Results are summarized in Table 2. It is
observed that MAP obtained through LSTM is 0.33 while

MAPE is 0.25. For carbon emission, LSTM gives MAP of
0.43 and MAPE of 0.40.
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TaBLE 2: Comparison of ARIMA and LSTM for tree cover loss and
carbon emission prediction.

Tree cover loss Carbon emission

Models MAP MAPE MAP MAPE
ARIMA (1, 2, 1) 1.34 4.45 1.24 1.20
ARIMA (1, 1, 1) 0.95 4.35 0.89 5.65
ARIMA (1, 2, 2) 3.81 9.10 3.58 8.21
LSTM 0.33 0.25 0.43 0.40

The results clearly show that LSTM has performed better
than the ARIMA model in estimating and predicting tree
cover loss and carbon emission for the analyzed data, hence
ratifying that LSTM architecture is more suitable for time
series prediction than ARIMA. The results also reflect the
strong reliance and linear relationship between the tree
cover loss and carbon emission.

4. Conclusion

In this work, a detailed analysis of tree cover loss and carbon
emission data is carried out using ARIMA and LSTM
techniques. 20-year data, from 2001 to 2020, are utilized to
train and test the models and get predictions for next 5 years.
The relationship between the two environmental factors is
also established. The results have shown that temporal
variations in the trend component of both carbon emission
and tree loss cover are remarkably associated with each
other. It has established that increase in the tree cover loss
directly affects carbon emission in the atmosphere. Carbon
emission could be one of the significant causes of the tree
cover loss and deforestation.

Working of LSTM is found to be more vigorous in these
prediction studies. Though very significant, this study is

limited by the limited data availability. Both ARIMA and
LSTM models showed the same trends. However, LSTM is a
model that can learn the long-term dependencies, and it can
remember the information that is processed in the model for
a very long time [22]. In terms of computational time, the
ARIMA models consume more time when using the rolling
forecast method, and it is unfeasible to train new models
when the orders of p, d, and ¢q increase [34]. LTSM models
take significantly less time to train, and once trained,
constant predictions can be obtained, while ARIMA models
need to be retrained.

Future aspects of this study include better understanding
of carbon emission impact and control by considering more
factors such as wood fuel, fire, and timber harvest. Inclusion
of more factors and parameters can improve the overall
prediction accuracy of the models while providing a broader
understanding of causes of carbon emission. If more vari-
ables that contribute to carbon emissions and deforestation
are taken into account, the work described in this paper will
be more sophisticated.
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Background. Application of machine learning (ML) for identification of systemic lupus erythematosus (SLE) has been recently
drawing increasing attention, while there is still lack of evidence-based support. Methods. Systematic review and meta-analysis are
conducted to evaluate its diagnostic accuracy and application prospect. PubMed, Embase, Cochrane Library, and Web of Science
libraries are searched, in combination with manual searching and literature retrospection, for studies regarding machine learning
for identifying SLE and neuropsychiatric systemic lupus erythematosus (NPSLE). Quality Assessment of Diagnostic Accuracy
Studies (QUADA-2) is applied to assess the quality of included studies. Diagnostic accuracy of the SLE model and NPSLE model is
assessed using the bivariate fixed-effect model, and the data are pooled. Summary receiver operator characteristic curve (SROC) is
plotted, and area under the curve (AUC) is calculated. Results. Eighteen (18) studies are included, in which ten (10) focused on SLE
and eight (8) on NPSLE. The AUC of SLE identification is 0.95, the sensitivity is 0.90, the specificity is 0.89, the PLR is 8.4, the NLR
is 0.12, and the DOR is 73. AUC of NPSLE identification is 0.89, the sensitivity is 0.83, the specificity is 0.83, the PLR is 5.0, the NLR
is 0.20, and the DOR is 25. Conclusion. Machine learning presented remarkable performance in identification of SLE and NPSLE.
Based on the convenience for inclusion factor collection and non-invasiveness of detection, machine learning is expected to be

widely applied in clinical practice to assist medical decision making.

1. Introduction

Systemic lupus erythematosus (SLE) is an autoimmunity-
mediated, chronic, and refractory connective tissue disease
(CTD) with multiple systems involved. It usually occurs in
women aged 20 to 40 years old, and the ratio of incidence
between male and female is 1:9. The prevalence of PLE
varies from 1 to 10 per 100000 people in different countries
and regions, and the incidence in coloured people is higher
than that in white people [1-3].

Commonly used clinical diagnostic criteria included
American College of Rheumatology (ACR) criteria [4],
Systemic Lupus International Collaborating Clinics
(SLICC) criteria [5], and European League Against
Rheumatism/American College of Rheumatology Clas-
sification (EULAR/ACR) Criteria [6] for Systemic Lupus
Erythematosus. Sensitivity and specificity reported in

different cohorts range from 0.84 to 0.95 [7]. However,
early identification and diagnosis for SLE are still difficult
due to the heterogeneity of its clinical and laboratorial
indicators. The multiple organ damage would aggravate
over time, making early recognition and diagnosis of SLE
important [8]. Diagnosis of neuropsychiatric systemic lupus
erythematosus (NPSLE) currently follows the ACR criteria [9],
which is mainly based on clinical symptoms that have already
occurred, and occurrence of those symptoms typically indicates
highly active NPSLE with high mortality, presenting a challenge
to the early identification for NPSLE. Machine learning (ML)
refers to a technology to make computer simulate or implement
human learning activities, which can make full use of infor-
mation via algorithms to obtain hidden, effective, and under-
standable knowledge from massive data, so as to build
predictive models [10]. Recently, ML has shown excellent
pattern-recognizing capability and has gradually affected clinical
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decision making in multiple fields, including rheumatic im-
munology [11, 12].

Its value for SLE and NPSLE identification and diagnosis
is particularly brought into focus. However, the diagnostic
accuracy varies in different models, and there is also lack of
evidence-based support. We conducted this meta-analysis to
identify the value of machine learning in the recognition of
SLE and NPSLE and to explore which predictors are more
clinically significant, so as to provide reference for future
development of diagnostic systems and models.

2. Methods

The systematic review and meta-analysis were conducted in
strict accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) [13]
statement and had been registered on PROSPERO (regis-
tration no. CRD42022329180).

2.1. Definition. In this study, SLE is defined as patients
meeting the ACR [4] or SLICC [5] criteria, and NPSLE is
defined as patients meeting the NPSLE ACR [9] criteria.

2.2. Hypothesis. Can machine learning applications play a
significant role in the identification of systemic lupus
erythematosus (SLE) and neuropsychiatric systemic lupus
erythematosus (NPSLE)?

2.3. Literature Search and Study Selection. PubMed, Embase,
Cochrane Library, and Web of Science were searched from
inception to March 2022, via combination of medical subject
headings and free words, for studies that applied ML for
identification of SLE and NPSLE. Manual searching and
literature retrospection were also conducted. Search items in
PubMed included “Lupus Erythematosus, Systemic,” “Sys-
temic Lupus Erythematosus,” “Lupus Erythematosus Dis-
seminatus,” “Libman-Sacks Disease,” “machine learning,”
“Deep learning,” “Transfer Learning,” “Ensemble Learning,”
“artificial intelligence,” and “Prediction model,” with the
language restricted to English.

Patients who have symptoms of SLE or NPSLE were
included. Exclusion criteria were as follows:

» «

(1) Patients who had history of other cerebral diseases.

(2) Unable to participate in relevant clinical and labo-
ratory tests.

(3) Concomitant with other CTDs. Eligible randomized
controlled trails (RCTs), case-control studies, cross-
sectional studies, nested case-control studies, and
cohort studies were all included.

(4) Studies with the participants less than 30 in training
set of the model or without modeling were excluded.

2.4. Literature Screening and Data Extraction. All identified
articles were imported to Endnote. The titles and abstracts
were browsed following duplicate removal to exclude ir-
relevant studies. Full texts of the remaining articles were
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read, according to the inclusion and exclusion criteria, to
screen out eligible studies. Extracted data included name of
first author, publication date, sample size, types of models,
indices of modeling, and outcome measures. Outcome
measures included sensitivity (SEN), specificity (SPE),
positive likelihood ratio (PLR), negative likelihood ratio
(NLR), diagnostic odds ratio (DOR), summary receiver
operator characteristic curve (SROC), area under the curve
(AUC), and clinical application value. Literature screening
and data extraction were conducted by two reviewers (Yuan
Zhou and Meng Wang) independently, and any disagree-
ments were settled via discussion with a third reviewer
(Shasha Zhao).

2.5. Quality Assessment. Quality assessment of included
studies was performed by two reviewers using Quality As-
sessment of Diagnostic Accuracy Studies (QUADAS-2)
criteria [14], which contain four (4) domains in terms of risk
of bias: patient selection, index test, reference standard, and
flow and timing. Each domain was assessed, and the results
were pooled to grade an included study as “low risk,” “high
risk,” or “unclear risk.” Disagreements were resolved by a
third reviewer to reach a consensus.

2.6. Statistical Analysis. Statistical analysis was performed
using STATA 15.0. A grouping analysis was processed based
on different types of machine learning algorithms. C-indices
with 95% confidence intervals (95% Cis) of the prediction
models were pooled. Then, the diagnostic accuracy of ML for
SLE and NPSLE was evaluated using the bivariate fixed-
effect model. Outcomes that were included in the model
contained point-estimated values of SEN, SPE, PLR, NLR,
and DOR, with their 95% CIs provided. The SROC was
plotted, and AUC with its 95% CI was calculated. Deek’s
funnel plot was applied to assess the publication bias, and Q
and I? statistics were used for heterogeneity test. I* greater
than 50% indicated significant heterogeneity. p value less
than 0.05 indicated statistical significance.

3. Results

3.1. Study Selection and Risk of Bias Assessment. Sixteen
hundred and eighty-one (1681) articles were identified
through initial search, and 1226 remained after removing
duplicates. Eleven hundred and sixty-six (1166) ineligible
articles were excluded after browsing the abstracts and titles,
and full texts of the remaining sixty (60) articles were read.
Finally, a total of eighteen (18) studies were included, in
which ten (10) [15-24] focused on SLE and the remaining
eight (8) [25-32] on NPSLE. The study selection process is
shown in Figure 1, and the characteristics of included studies
are shown in Tables 1 (for SLE) and 2 (for NPSLE). Among
the eighteen (18) studies, fifteen (15) were published in
recent five (5) years, and thirteen (13) were published in
recent three (3) years, which revealed that this field might be
an emerging hotspot and innovative.
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Ficure 1: Flowchart of the identification, inclusion, and exclusion of studies.

Risk of bias assessment for included studies was con-
ducted according to QUADAS-2 criteria, via RevMan 5.3
software. The results are shown in Figure 2.

High risk of bias might be inevitable because most of the
included studies (n=13) were retrospective case-control
design studies, and studies on NPSLE had limited sample
size. Clinical practicability of included studies was graded as
low risk, suggesting considerable clinical value of our study.
We divided the included studies into a SLE subgroup and
NPSLE subgroup for heterogeneity test and publication bias
assessment, as shown in Figures 3 and 4, respectively.

3.2. Diagnostic Performance of ML for SLE. There are 10
studies included in meta-analysis for ML in SLE identifi-
cation, with 15 different models and 19631 participants.
Among the studies, 5 are from registration databases and 5
from retrospective case-control studies, with sufficient
sample size. The results of analysis are presented in
Figures 5(a), 6(a), 7(a), and 8(a). The AUC is 0.95 [95% CI

(0.93, 0.93)], the sensitivity is 0.90 [95% CI (0.85, 0.93)], the
specificity is 0.89 [95% CI (0.86, 0.92)], the PLR is 8.4 [95%
CI (6.2, 11.4)], the NLR is 0.12 [95% CI (0.08, 0.17)], and the
DOR is 73 [95% CI (40-134)]. According to Figure 7(a),
based on a hypothesis of PLR =10 and NLR =0.1, there are
still 8 algorithms that could competently distinguish SLE
patients and non-SLE patients, in which 3 algorithms are in
critical state. Figure 8 reveals the post-test probability of ML
for SLE diagnosis, which indicated that assuming that the
pre-test probability is 50%, the post-test probability of ML
for SLE diagnosis is 0.89, and the probability of being di-
agnosed as non-SLE is 0.1.

3.3. Diagnostic Performance of ML for NPSLE. There are 8
studies included in meta-analysis for ML in NPSLE iden-
tification, with 18 different models and 569 participants. All
the studies are from retrospective case-control studies, with

limited sample size. The results of analysis are presented in
Figures 5(b), 6(b), 7(b), and 8(b). The AUC of NPSLE
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TaBLE 1: Characteristics of the included studies for SLE.
Sample number
Author Year Country Sample Prediction Definition of training set K-fqld cross Ex.tern.al Model
validation  validation
(event/all)
Murray etal. 2019 USA Reg‘;;rtz“on Diagnosis ~ ACR 583/16767 10 Yes LR
. . . EULAR/
Ceccarelli et al. 2021  TItaly  Case-control Diagnosis ACR 173/306 No NA LR, SVM, DT
Barnado et al. 2022 USA Reglszrtztlon Diagnosis NA 121/249 5 Yes RF, XGB
Registration . . ACR/
Jorge et al. 2019  USA data Diagnosis SLICC 66/200 No Yes LR
Adamichou 1)) Greece REBSUAHON  pyonosis  NA 401/802 10 Yes LR
et al. data
Huang et al. 2009 China Case-control Diagnosis ACR 32/118 No Yes DT
Z"ﬁ“ndes‘”a“ 2018 India Case-control Diagnosis  ACR 200/400 10 NA ANN, SVM
Dai et al. 2010 China Case-control Diagnosis ACR 50/99 10 Yes KNN
Matthiesen et al. 2021 Portugal Case-control Diagnosis NA 64/128 10 Yes PLS
Registration ANN, RF, NB,
Turner et al. 2017 USA 8 Diagnosis ACR 272/562 5 Yes SVM,
data
Word2Vec

identification is 0.89 [95% CI (0.86, 0.92)], the sensitivity is
0.83 [95% CI (0.79, 0.87)], the specificity is 0.83 [95% CI
(0.76, 0.88)], the PLR is 5.0 [95% CI (3.4, 7.3)], the NLR is
0.20 [95% CI (0.15, 0.27)], and the DOR is 25 [95% CI
(13-47)]. Based on a hypothesis that PLR=10 and
NLR=0.1, there are 3 ML models that could competently
distinguish NPSLE patients and non-NPSLE patients. ML
also presented excellent diagnostic performance for NPSLE.

4, Discussion

In this study, we reviewed studies that applied ML to di-
agnose SLE and NPSLE and conducted a meta-analysis. This
is the first meta-analysis performed to evaluate the per-
formance of ML for SLE identification, with high clinical
significance. ML is the combination of statistics and com-
puter science, which can make full use of information and
obtain veiled, effective, and understandable knowledge from
massive data to reveal connections between the data so as to
build prediction models. ML typically falls into two cate-
gories: supervised learning and unsupervised learning
[33-35]. It can assist clinicians in decision making via its
remarkable pattern-recognizing capability and has shown
excellent performance in identification for inflammatory
diseases, cardiovascular diseases, and brain diseases [36, 37].

There are various ML models designed for SLE, with
sufficient participants. Types of the models did not affect the
diagnostic accuracy. Commonly applied methods such as
random forest (RF) and logistic regression (LR) are used
because most of the models included more than 10 variables.
RF could produce highly accurate classifiers for various types
of data and could evaluate the importance of variables when
determining categories, so that it could produce unbiased
estimates for generalized errors [38, 39]. This could relatively
ensure the accuracy of multivariate modeling. LR is a ma-
chine learning method designed to solve classification

problems. It is a predictive analysis based on probability
distribution [40]. LR is less likely to overfit, although that
might occur in high-dimensional datasets. The training time
of LR is shorter than that of most complex algorithms (such
as artificial neural network) due to the simplicity of prob-
ability interpretation; therefore, it has relatively practical
diagnostic performance [41, 42]. The rest of the models, such
as SVM, DT, and ANN, are also applied, with comparatively
remarkable diagnostic performance. Among the 10 studies, 8
used K-fold cross validation and 8 used external validation.
Accuracy of the models is reliable. Most of the models in-
cluded clinical and laboratorial data as variables and added
extra variables on the basis of ACR, EULAR, and SLICC
criteria. The risk factors are ordered based on the model
itself, which provided more directions and basis for us to
improve the SLE classification criteria. On the other hand,
there are 3 studies [20, 22, 23] that performed analyses for
blood polypeptides and lipids, and 1 study [21] distinguished
SLE patients from normal people through skin imaging
examination. All of these studies yielded decent results and
provided more directions for early identification of SLE in
clinical practice.

There are limited number of studies that focused on ML
for NPSLE, and MRI results are applied in these studies for
learning and modeling so that most of the studies applied
support vector machine (SVM) [43, 44]. ML has been widely
applied in imaging diagnosis for many diseases such as brain
metastases, retinopathy, and so on and has been statistically
validated by meta-analysis [45, 46]. The optimization of
SVM takes into account the minimization of empirical risk
and structural risk so that it is stable. From a geometric point
of view, the stability of SVM is reflected in that it requires the
largest margin when constructing a hyperplane decision
boundary; therefore, there is plenty of space between the
boundaries to contain test samples, which is more suitable
for solving image problems [47]. There are 5 studies that
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FIGURE 5: Diagnostic performance of machine learning: (a) for SLE; (b) for NPSLE.

applied K-fold cross validation and 4 studies that applied
external validation to improve accuracy of the models, and
SVM tended to overfit when the sample size was too small.
Xiao et al. compared the results of ML with those of two
senior radiologists and found the former to be more

competent, which further improved the efficacy of ML.
However, in the model training process, hundreds of dif-
ferent brain functional areas need to be identified and an-
alyzed one by one, and then are sorted by the degree of
influence, and the parts with greater influence are selected
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FIGURE 8: Fagan’s diagram of the clinical application of machine learning: (a) for SLE; (b) for NPSLE.

for modeling, which often requires long time of training.
With the wide and deep application of ML in imaging, it is
necessary to improve the algorithm, increase the training
efficiency, and reduce the time of training.

It is worth mentioning that in the process of searching
the literature, we found that there are a large number of
studies based on molecular and genetic levels, using machine
learning methods to identify SLE risk genes or SLE-related
antibodies. [48-55]. Several studies applied ML to evaluate
the activity and prognosis of SLE [56-61] and to assist in
classification of lupus nephritis [62, 63]. All these studies
yielded satisfying results. Apart from all these, systematic
literature reviews have been applied in different fields, such
as rough set exploration system [64], machine learning
methods for cyber security [65], and meta-learning for al-
gorithm selection [66]. To sum up, ML is expected to play a
variety of roles in clinical practice, and more relevant studies
are needed.

4.1. Limitations. Though a comprehensive search was
conducted in PubMed, Embase, Cochrane, and Web of
Science, the number of included studies is small. Secondly,
there is significant heterogeneity among the studies in terms
of variable selection. We look forward to including more

clinically significant, noninvasive, and easily collectible
variables to further refine the model. At the same time,
studies that focused on ML for NPSLE had limited sample
size. It is difficult to recruit patients in countries with small
populations so that most of the studies are from China,
leading to lack of multiracial comparison. However, as
NPSLE clinically represents the high activity and lethality of
SLE, it is useful and necessary to conduct relevant meta-
analysis. More ML models are needed to identify NPSLE in
different races. Lastly, due to the clinical practice and the
nature of the diagnostic experiment itself, the literatures
included in this study inevitably lack prospective studies.

5. Conclusion

Machine learning (ML) is expected to be widely applied in
clinical practice to assist in medical decision making. ML
techniques can be used for the identification of systemic
lupus erythematosus (SLE) and neuropsychiatric systemic
lupus erythematosus (NPSLE). These techniques are con-
sidered an effective auxiliary method for the diagnosis of
these diseases. These techniques gained great attention of the
researchers, but there is still lack of evidence-based support.
Systematic review and meta-analysis were conducted to
evaluate the diagnostic accuracy and application prospect of
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ML techniques. Four libraries (PubMed, Embase, Cochrane
Library, and Web of Science) were searched for the col-
lection of relevant articles regarding machine learning for
identification or diagnosis of SLE and NPSLE. Diagnostic
accuracy of the SLE and NPSLE models was assessed using
the bivariate fixed-effect model. Out of eighteen (18) studies,
ten (10) were related to SLE and eight (8) to NPSLE. The
AUC of SLE identification is 0.95, the sensitivity is 0.90, and
the specificity is 0.89. AUC of NPSLE identification is 0.89,
the sensitivity is 0.83, and the specificity is 0.83. It is con-
cluded that ML played a significant role in identification of
SLE and NPSLE.
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As the core component of permanent magnet motor, the magnetic tile defects seriously affect the quality of industrial motor. Automatic
recognition of the surface defects of the magnetic tile is a difficult job since the patterns of the defects are complex and diverse. The
existing defect recognition methods result in difficulty in practical application due to the complicated system structure and the low
accuracy of the image segmentation and the target detection for the diversity of the defect patterns. A self-supervised learning (SSL)
method, which benefits from its nonlinear feature extraction performance, is proposed in this study to improve the existing approaches.
We proposed an efficient multihead self-attention method, which can automatically locate single or multiple defect areas of magnetic tile
and extract features of the magnetic tile defects. We also designed an accurate full-connection classifier, which can accurately classify
different defects of magnetic tile defects. A knowledge distillation process without labeling is proposed, which simplifies the self-
supervised training process. The process of our method is as follows. A feature extraction model consists of standard vision transformer
(ViT) backbone, which is trained by contrast learning without labeled dataset that is used to extract global and local features from the
input magnetic tile images. Then, we use a full-connection neural network, which is trained by using labeled dataset to classify the known
defect types. Finally, we combined the feature extraction model and defect classification model together to form a relatively simple
integrated system. The public magnetic tile surface defect dataset, which holds 5 defect categories and 1 nondefect category, is used in the
process of training, validating, and testing. We also use online data augmentation techs to increase training samples to make the model
converge and achieve high classification accuracy. The experimental results show that the features extracted by the SSL method can get
richer and more detailed features than the supervised learning model gets. The composite model reaches to a high testing accuracy of
98.3%, and gains relatively strong robustness and good generalization ability.

1. Introduction

The magnetic tile is an important component of the motor.
Its quality will affect the performance of the motor, and the
defects of the magnetic tile will lead to the decline of the
performance of the motor, thus affecting the service life of
the motor. If the defective magnetic tile is used in industrial
robots or other industrial products, it will cause huge losses.
We aim to develop a method to automatically detect the
defects of the magnetic tiles in this study. The effect of
traditional manual defect testing methods is easily influ-
enced by individual experience and other subjective factors,

which bring low consistency and efficiency. On the other
hand, machine visual detection methods have the advan-
tages of higher automation, good consistency, and non-
contact measurement; therefore, they gradually become the
mainstream methods of surface defect detection. Magnetic
surface defect detection methods can be categorized into
traditional image processing methods and deep learning
methods [1, 2]. Zhu et al. [3] proposed a magnetic tile surface
defect detection algorithm based on improved homomor-
phic filtering and the Canny algorithm to solve the problems
of uneven illumination, low contrast, and grinding texture of
magnetic tile images. The experimental results show that this
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method has a good effect on the surface defect detection of
magnetic tile and high detection accuracy, and is suitable for
many types of surface defects of magnetic tile. Zhang et al.
[4] proposed a method to perform the visual detection of line
defects on the surface of micromagnetic tile by using the
adaptive static mask, masking the contour of micromagnetic
tile, nonlinear anisotropic diffusion equation, and sup-
pressing the surface texture of micromagnetic tile. The ex-
perimental results show that the algorithm can accurately
extract the line defects in the surface image of magnetic tile,
and the detection accuracy reaches to 94.6%. Ma et al. [5]
proposed a method based on K-means clustering to segment
the break defects of magnetic tile surface, conducted in-
depth research on the selection of light source and K-means
clustering algorithm, and used two algorithms to segment
the image of magnetic tile surface. The experimental results
show that the K-means clustering algorithm can correctly
segment the break defects of the magnetic tile surface. The
traditional image processing methods have the good sys-
tematic and strong logical characteristics, and achieve a good
effect on many specific targets, but they are highly dependent
on illumination, and show less robust and less ideal effects in
practical applications.

Since 2012, the deep learning method has achieved
continuous breakthroughs, VGG, GoogleNet, ResNet, and
other networks that have been proposed by researchers, and
the classification accuracy has been improved, especially the
image visualization and semantic analysis algorithms [6, 7]
continuously improves the deep learning technologies.
Many defect detection frameworks using machine vision
were applied in practice [8]. Convolutional neural network
(CNN) has gradually become the leading method for rec-
ognition and detection tasks, and the deep learning method
has also been deeply applied in magnetic tile detection. Xie
et al. [9] proposed a defect segmentation and classification
method based on U-Net, and they extracted the defect
feature through the U-Net coding part, classified the defect
using the feature, and then, output the segmented defect
region through the decoding part. The experimental results
show that the classification accuracy of this method is 98.9%,
which meets the high-precision requirements of industrial
production, and provides a new idea for the automation of
magnetic tile surface quality detection. Guo et al. [10]
proposed a defect detection algorithm based on the masked
region with convolution network (Mask R-CNN), which
mainly solved the problem that the traditional defect de-
tection algorithm failed to accurately segment defects.
Through the steps of image preprocessing, residual network
ResNet-50, constructing feature pyramid network, regional
proposal network (RPN), fully convolutional network for
semantic segmentation (FCN), and fully connected layer for
prediction, the algorithm realizes strong generalization
ability and accurately segments the defects on tile images
with complex surface texture, uneven illumination, and low
contrast. Zhang et al. [11] proposed a deep convolutional
generative adversarial network (GAN) using the Gaussian
mixture model to generate magnetic tile images with defects,
which solves the problems of difficult collection of magnetic
tile defect samples, uneven number of different defect
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samples, single defect type, and so on. Based on GAN, the
algorithm regards the input noise potential space of the
generated image as the Gaussian mixture model, and can
generate magnetic tile defect images with good quality and
rich defect types. Zhang and Wang [12] proposed a magnetic
tile surface quality recognition system based on the con-
volutional neural network. The magnetic tile target is seg-
mented from the collected image and normalized to obtain
the standard image. The multiscale ResNet-18 is used as the
backbone network to design the recognition system; a novel
in-class mix-up operation is designed to improve the gen-
eralization ability of the system to samples; and the rec-
ognition accuracy of the system can reach 97.9%. Aiming at
the problems of unclear magnetic tile imaging, low contrast,
complex texture background, and many types of defects, Hu
et al. [13] divided the types of magnetic tile surface defects
into three categories and designed defect extraction
methods, respectively, according to the different charac-
teristics of the three types of surface defects. The experi-
mental results show that this method can accurately and
quickly extract the defect region on the surface of magnetic
tile, and the detection accuracy is 93.5%. Li et al. [14]
proposed a magnetic ring surface defect detection method
based on the masked image. The magnetic ring surface
defects are divided into two categories. According to the
imaging characteristics of the two types of surface defects
and their relationship with the background, the corre-
sponding defect extraction methods are designed to use
mask technology. Finally, many online experiments are
carried out on samples with different illumination, speci-
fications, defect types, and sizes. The experimental results
show that this method has strong robustness, which can
accurately and quickly extract the defects in each region of
the magnetic ring surface image, and the detection accuracy
reaches 95.3%.

Compared with traditional machine vision methods, the
main advantage of deep learning methods is that they can
automatically extract latent features without doing any
manual feature engineering jobs like traditional methods,
and have better robustness and adaptability in practical
applications [15-17]. At present, the deep learning methods
of magnetic tile image defect detection are all supervised
learning methods. Nowadays, the supervised learning is the
most common machine learning method. Given the dataset
labeled manually in advance, the machine can learn to map
the input data to the labeled target. Supervised learning has
two disadvantages: first, it needs enough labeled training
datasets including images, text, and voice, which mostly
needs to be built manually. The data annotation process is a
time-consuming and expensive process. In some areas, such
as the medical field, obtaining a big labeled dataset is a
challenging job. Second, data annotation will lead to in-
formation loss. For example, an image contains very rich
information, including background information and sec-
ondary target information in addition to labeling objects. A
single training task only extracts the information related to
the training target in the image and ignores other valuable
information. To solve the shortcomings of the supervised
learning method, a single-stage defect recognition method,
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which integrates defect detection and defect classification
together of magnetic tile, is proposed in this study, a similar
job what our team did in another research [18]. This method
uses a deep neural network model based on the self-su-
pervised learning methodology.

The key contributions of the proposed method include
the following:

(i) An efficient multihead self-attention mechanism is
proposed, which automatically locates single or
multiple defect areas of magnetic tile and extracts
features of the magnetic tile defects

(ii) The design of an accurate full-connection classifier
can accurately classify different defects of magnetic
tile defects.

(iii) A knowledge distillation process without labeling is
proposed, which simplifies the self-supervised
training process.

(iv) A flexible backbone network selection methodology
is proposed, which can select suitable networks such
as ViT and ResNet without changing the whole
network structure.

In this study, the self-supervised learning network is
used to train the encoder to do the feature extraction job. The
backbone network is ViT. We make full use of the existing
pretrained models to evaluate the classification effects of the
target task. If there exists any pretrained model, which meets
the requirements, then it can be directly used; otherwise, we
use the self-supervised learning method to fine-tune the
pretrained model. We also train a fully connected linear
classifier MLP to do the classification task.

The rest of the study is structured as follows. Section 2
describes in the proposed research methodology. Section 3
realizes the proposed methodology by performing experi-
ments and analyzing the results, and Section 4 concludes the
research work did in this study.

2. Proposed Research Methodology

Since 2020, the self-supervised learning has increasingly
attracted people’s attention and become the most promising
development direction at present [19]. Self-supervised
learning is a supervised learning without human partici-
pation. It is not unsupervised learning [20-22]. With the
exquisite design, it realizes self-supervised learning from the
relationship of training data. Labels are generated from
input data and are usually generated by the heuristic
algorithm.

At present, the self-supervised learning of machine vi-
sion can be divided into two types: generative self-supervised
learning and discriminant self-supervised learning [20, 23].
The main methods of generative self-supervised learning are
VAE and GAN. The main idea is to train a model with the
goal of learning the internal relationship of image pixels and
then mask a part of the image, requiring the model to re-
construct or restore the obscured part of the image. This type
of task is relatively difficult, because the model can recon-
struct the image at the pixel level only when it has rich

detailed information. The typical method of discriminant
self-supervised learning is contrastive learning. Contrastive
learning is to train a feature extraction model by auto-
matically constructing similar and dissimilar instances.
Through this model, similar instances are close in the
projection of feature space, while dissimilar instances are far
away in the projection space. The key points are how to
construct similar and dissimilar instances, how to construct
a model structure, and how to prevent model collapse. In
general, compared with generative self-supervised learning,
contrastive learning is less difficult.

At present, there are many kinds of self-supervised
learning methods [24, 25] that can be roughly divided into
two categories. The first one is generic self-supervised
learning, such as scene occlusion removal, depth estimation,
optical flow estimation, and image correlation point
matching. The second one is discriminant self-supervised
learning with the typical methods, such as solving jigsaw
puzzles, motion propagation, rotation prediction, MoCo,
and SimSam. The method in this study mainly refers to the
method of Caron et al. [24] and belongs to the second
category.

2.1. Workflow of the Proposed Methodology. To solve a
coming downstream task such as an image classification
task, the first step is data preparation, and an appropriate
dataset for the task is to be carefully chosen. The second step
is the model collection, and each modal M;, M,, ..., M,, in
the model zoo is taken out. The third step is KNN evaluation
[26], and each existing pretrained model is evaluated by the
KNN method to find whether there exists a model whose
KNN classification accuracy exceeds 80%. If there is no
pretrained model that meets the requirement, then we must
do the step 4, using the self-supervised learning method to
retrain a new model to improve its feature extraction per-
formance, and go to the fifth step; on the contrary, if there
exists model My that meets the requirement, then we do not
need to retrain a new model; we can then do the fifth step;
and the pretrained model Mg, which has relatively good
feature extraction performance, will be fine-tuned to im-
prove its classification ability. The fine-tuning job is to train
an MLP (a fully connected linear classifier) attached to the
feature extraction model, to complete the downstream
classification. The process of the method is shown in
Figure 1. The sixth step is result analysis to do research on
the method.

2.2. The Backbone Network (ViT). The backbone network of
contrastive learning in this study is the ViT [27]. Compared
with the convolutional neural network CNN, the attention-
based ViT method can achieve better results in image rec-
ognition, mainly because ViT can realize self-supervised
learning. The model design of ViT in this study is basically
consistent with the transformer architecture in the initial
natural language processing [28]. This has three very sig-
nificant advantages: first, the model setting is simple. Sec-
ond, it is similar to transformer and has good scalability.
Third, it is out of the box with efficient implementation. The
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architecture of ViT model is mainly composed of five parts:
image patch segmentation, image patch embedding, position
embedding, sequence of self-attention modules, and a fully
connected layer MLP that acts as a classification header.
First, the input image is divided into N x N image patches,
and each image patch is embedded into a vector (called
image block embedding) through a fully connected network.
Each image patch can be represented as a word, and the
input image can be represented as a N x N word sequence.
Then, we add an additional learnable token (called CLS),
which may synthesize the information of the whole sequence
at the head of the sequence. The task of image classification is
transformed into the semantic recognition task. Next, we
design the ViT network with sequence length L, dimension
D, and K attention modules cascaded. Finally, there is a full-
connection layer MLP, which realizes the classification
function as a downstream task. The network structure is
shown in Figure 2.

In this study, the input image size is 224 x 224 pixels; the
patch is 16 x 16 pixels; and the image is split into 14 x 14
patches. There are 12 multi-self-attention head blocks cas-
caded to form the backbone network, and the main job of the
backbone network is feature extraction. Each block holds 12
heads; the embedding dimension is 768; and the sequence
length is 197. The MLP is for the downstream classification
task.

2.3. Contrast Learning. The contrastive learning network
consists of the student network and the teacher network. The
student network and the teacher network are two ViT
networks with the same structure but different parameters.
For the input image x, the random image change transforms
the image x into X1 and X2, respectively. X1 is input to the
student network, and X2 is input to the teacher network. The
k-dimensional feature outputs from the student network are
normalized by softmax (taking the temperature parameter ¢
as the denominator in the feature dimension) to obtain the
probability distribution P1. The probability of the output of
the teacher network is P2. To avoid the network collapse in
the process, two skills, namely, averaging and sharpening,
are adopted. Cross entropy is used to calculate the similarity
between the student network output and the teacher net-
work output. Because it is the input of different transfor-
mations of the same image, the error of the two network
output distributions P1 and P2 is required to be small
enough. The error loss is gradient backpropagated to the
student network, while the teacher network does not. The
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Finetuning Result
Model Analysis

Train New Model By
Self-supervised Learning

of the proposed method.

update of the teacher network parameters is completed by an
exponential moving average of the student network pa-
rameters. The model structure is shown in Figure 3.

2.4. Implementation Process. The student network g, (the
parameter is 0,) needs to be trained to get the same results as
the output of the given teacher network gy, (the parameter
0,). Thus, for an input image X, the K-dimensional output
probability distribution of the two networks is denoted as P,
and P,. The probability distribution P can be obtained by
softmax normalization of the network G output, that is,
formula (1)as follows:

oy = (@900
Zie exp(ges(x) /Ts)

Here, 7, is a temperature parameter that controls the
steepness of the output distribution. The smaller the value of
T,, the steeper it is; and the larger its value, the smoother it is.
Given teacher network on the premise of gg, we match the
output distribution of the two networks by minimizing the
cross entropy.

(1)

minH (P, (x), P, (x)). (2)

Here, H (a,b) = —alogb. Next, we describe formula (2) in
detail. First, we intercept and deform the input image,
construct different views, and form the view set v. This
collection includes 2 global views (x;, x,) and 8 local views
(%115 X1 - - -» x13). The global view is only available to the
teacher network; all views are available to the student net-
work. The local-global similarity is formed in this way, and
the training process is to minimize the loss as described in
formula (3)as follows:

loss = min ) Z H (P, (x), P, (x")). 3)

xex?,x? x'eVx'#x

The image resolution is set to 224 x 224, and the size of
the global view is set to (0.4-1) to cover a large area of the
input image, while the size of the local view is set to
(0.15-0.4) to cover only a small area of the input image. The
parameters of the network can be trained out by minimizing
the formula (3) of random gradient descent ;.

2.5. Candidate Pretrained Model Selection. The pretrained
model has two very valuable characteristics: first, the features
extracted by the self-supervised ViT method can have image
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centering

Teacher g 6 ¢

ema
Student g 0 ¢

FIGURE 3: Architectural design of self-supervised DINO model; SG
indicates no reverse gradient propagation; and EMA indicates
exponential moving mean update.

segmentation ability, including scene layout and object
boundary. This information can be obtained by extracting
the self-attention features of the last layer. Second, the
features extracted by self-supervised DINO-ViT do not need
any fine-tuning, linear classifier, or data enhancement. Only
the most basic KNN method can achieve a good classifi-
cation effect, and the top-1 accuracy on ImageNet [29] can
reach 78.3%. This study proposes a self-supervised learning
model based on the combination of contrastive learning and
self-attention mechanism for magnetic tile recognition.
There are a series of open-source pretrained models
based on ImageNet on GitHub. Some models are listed in
Table 1 [29]. These models have good performance in
ImageNet and can be directly used or after training and
tuning. Table 1 contains self-supervised feature extraction
models with different parameters, in which “Layers” refers to
the layers of transformer; “Dimension” refers to the working
dimension of transformer; “Number of heads” refers to the
number of heads with attention, similar to the number of
convolution kernels in CNN; “Token number” refers to the
length of embedded code; and “Parameter quantity” refers to

TaBLE 1: List of parameters of pretrained model.

Model Layers Dimension Heads Tokens Parameters (M)
ResNet-

50 — 2048 — — 23
ViT-S/16 12 384 6 197 21
ViT-S/8 12 384 6 785 21
ViT-B/16 12 768 12 197 85
ViT-B/8 12 768 12 785 85

TABLE 2: Magnetic tile defect dataset details.

Category Blowhole Crack Break Fray Uneven Free

Number 115 114 85 32 103 952

the total parameters of the model, excluding the parameters
of the MLP full-connection layer.

Each existing pretrained model is validated to find out
whether it can meet the requirement. For ViT-S/8 & ViT-6/
8, 8 stands for small image patch with 8*8 pixels, with the
input image 224*244; it has longer patch sequence of 785
and has 4 times heavier computation than ViT-S/16 and
ViT-B/16, respectively; and meanwhile, the classification
accuracy is improved only by 1-2%. Finally, we choose ViT-
B/16 to do extensive experiments, so it has the balance
between performance and computation.

3. Experimental Results and Analysis

The SSL-ViT model proposed in this study is trained, ver-
ified, and tested on the open data of magnetic tile. The
experiment is completed on a server configured with four
RTX 2080Ti GPUs. The server operating system is CentOS
7.6 and memory is 128G. The program is implemented in
Python language and is completed on the Python 1.60 deep
learning platform. The specific experimental work includes
selection of magnetic tile image dataset, image data pre-
processing, model training, model optimization, model test,
comparative experiment, and so on.

3.1. Data Preparation. The experimental dataset in this study
is the magnetic tile surface defect dataset. The dataset was
collected by Huang from the Institute of Automation,
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FIGURE 4: Schematic diagram of training loss and learning rate, and the pretrained model is ViT-B/16.

Chinese Academy of Sciences, in order to detect and identify
five defects in industrial magnetic tile. The defects in the
dataset are blowhole, crack, break, fray, and unevenness.
Each defect has dozens to hundreds of gray images, and the
size of each gray image is also inconsistent. We randomly
divided the dataset into training set, verification set, and test
set, with a ratio of 8:1:1.

The dataset is shown in Table 2. It can be seen from the
table that a large number of pieces, ie., 952, are without
defects. The fray category of defect data is less, and other
categories are relatively balanced. The number of data samples
is small; the large dataset needs to be enhanced through data
enhancement; and then, we can reduce the dependence of the
model on irrelevant attributes, and improve the robustness
and generalization ability of the model. An online data
augment method is used to increase the samples; each
sample of the dataset is translated, resized, flopped, and
stretched to produce more samples. Since the experimental
platform is PyTorch, many methods in torchvision package
such as RandomResizedCrop, RandomHorizontalFlip,
RandomRotation, and RandomAffine are used to achieve
online data augmentation operation.

3.2. Retraining of Pertained Model. The existing pretrained
model is trained on ImageNet and has good image feature
extraction functions. Because ImageNet images are mainly
images in nature, the pretrained model has a strong ability to
extract the characteristics of natural images. As an industrial
product, the visual characteristics of magnetic tile are sig-
nificantly different from natural objects, and the direct use of
the pretrained model may result in poor effects. However,
this does not mean that the pretrained model is worthless,

TaBLE 3: Estimation of KNN classification accuracy, N means, and
N neighbors.

N

Classification accuracy

5 (%)
96.9

10 (%)
94.7

20 (%)
86.5

30 (%)
81.2

and the basic visual feature extraction function is very
valuable. We import the pretrained model and then train it
with the magnetic tile dataset, so that the model can extract
the magnetic tile features well.

We can judge a pretrained model as whether it can do a
good feature extraction job for a certain dataset such as the
magnetic tile dataset by simply using KNN (K-nearest
neighbor, an automatic classification method) validation
[11]. Experiments show that if the classification accuracy of
KNN validation of a pretrained model on a certain dataset is
above 80%, the feature extraction effect of the pretrained
model is good, and the next job is to fine-tune the model to
achieve better downstream classification task. If the KNN
validation gets a low classification accuracy score, the pre-
trained model cannot extract features well from the task of
the certain dataset, and the next job is to choose another
pretrained model or retrain a new model to improve its
feature extraction ability. In this study, the KNN classifi-
cation accuracy of the pretrained model is 67.35%, which
cannot meet the requirements; therefore, the pretrained
model cannot be used and need to be retrained. The pre-
trained model is retrained over the magnetic tile dataset to
optimize its feature extraction ability. The training epoch is
set to 200. The optimizer is set as ADM, and the learn rate is
set as the cosine optimization scheme. The training loss and
learn rate are shown in Figure 4.
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FIGURE 5: Linear classification training, testing loss, testing accuracy, and the pretrained model are ViT-B/16.

During the retraining of the pretrained model with the
magnetic tile data, the training error change curve is shown
in Figure 4(a). With the increase in epoch times, the
training error decreases. When the epoch reached 100, the
training error would basically converge. When the epoch
reached 200, the training error would converge to about
3.9. Figure 4(b) shows the change curve of learning rate.
The warm-up linearly increases in the first 30 cycles (this is
a skill to improve training efficiency) and then gradually
decreases.

3.3. KNN Estimation and MLP. When the training period
exceeds 100, the decline speed of training error will slow
down; when the training period exceeds 150, the training
error will tend to converge; then, the retraining of the
pretrained model is basically completed; and the feature
extraction network is optimized. Next, we use KNN to
evaluate the feature extraction ability of the model. The
results are shown in Table 3.

Because the number of samples in the dataset is relatively
small, when the N increases, the classification accuracy of
KNN decreases. Generally, we take N=10 as the reference
basis, and the classification accuracy reaches 94.7%.
Therefore, we have reasons to believe that the trained model
has a good ability of magnetic tile feature extraction.

Next, we train a fully connected network MLP to classify
features, that is, applying the linear classifier training to
realize the classification function. This is a downstream task
and a training process of supervised learning. The ratio of
training set, verification set, and test set is 8 : 1: 1; epoch is set
to 100; and the training process is shown in Figure 5. We can

see that the change curve of training error and verification
error is shown in Figure 5(a). The loss value of training set
and test set gradually decreases with the increase in epoch.
When the epoch value is greater than 40, the training error
hardly decreases; the verification error also changes very
little; and the change curves of classification accuracy of
training set and the verification set are shown in Figure 5(b).
With the increase in epoch times, the accuracy of training set
and verification set increases. Finally, the accuracy of ver-
ification set is 98.25%.

We train a feature extraction network to realize image
feature extraction through self-supervised learning and then
learn a linear classifier through a supervised learning method
to complete the downstream classification task. This hybrid
model of self-supervised learning combined with supervised
learning not only achieves a good classification effect, but
also improves the universality of the model, reducing the
threshold of practical application, and has a broad appli-
cation prospect.

3.4. Comparative Test and Analysis. We conducted a com-
parative experiment and compared it with the Swin-ViT,
ViT, and ResNet-50 using supervised learning. We found
that if we do not do region extraction and other work, and
directly use the supervised learning Swin-ViT, T2T-ViT, and
ResNet50 networks to classify magnetic tiles, the classifi-
cation accuracy of all the supervised methods does not
exceed 80.0%, as shown in Table 4. Because the defects of the
magnetic tile are open and have no fixed mode. In this case, if
the defect region is not extracted in advance, the traditional
supervised learning method is difficult to accurately extract
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TaBLE 4: Comparison of SLL method with other supervised methods.

N Nearest-neighbor method RestNet-50 ViT-base Swin-ViT-base SSL method
Top-1 accuracy 63.0% 67.7% 78.5% 98.3%
Epoch 200 200 200 200

FI1GURE 6; Original images of various defects and self-attention images. Different colors denote different attention scale; yellow denotes high
attention; bright green denotes common attention; and dark green denotes low attention. (a) Blow hole. (b) Break. (c) Crack. (d) Fray.

(e) Uneven.

features of the magnetic tile, and it is difficult to achieve high
classification accuracy.

3.5. Attention Map Analysis. The model has multiple at-
tention heads. The experimental model in this study has six
attention heads, and each attention head focuses on different
attention regions. We note that the attention area of each
attention head is very similar to human visual character-
istics. The areas that the attention heads pay attention to are
those with very rich information. Further observation and
research show that the defect areas will be noticed by one or
more attention heads. This is the advantage of self-super-
vised learning. It is not affected by label data, and the learned
features are very comprehensive. Self-supervised learning

has a better effect on open tasks than on closed tasks. We
carefully analyzed the model feature extraction and attention
map, which is shown in Figure 6.

In Figure 6, the left side is the attention map and the right
side is the original image. Figure 6(a) is a blowhole defect;
Figure 6(b) is a crack defect; Figure 6(c) is a break defect;
Figure 6(d) is a fray defect; and Figure 6(e) is an unevenness
defect. The feature extraction method of the self-supervised
model is richer and more detailed, which can automatically
pay attention to the location of defect attention, and find the
abnormal region location. For complex industrial vision,
using a self-supervised method can have a good effect.

The self-attention maps contain information about
image segmentation. Different attention heads can process



Computational Intelligence and Neuroscience

different semantic regions of an image, even if they are
occluded. ViT of supervised learning cannot deal with messy
objects well, both qualitatively and quantitatively. On the
contrary, self-supervised ViT can deal with these objects.
Even if the scene is very complex, the defect area of the image
can be segmented from the complex nondefect background
by multiple attention heads. We believe that the SLL method
pays attention to the abnormal areas of the image and
separates the abnormal region from the normal region. But
sometimes, abnormal areas are nondefect area, and in this
case, we need a downstream MLP to do further nonlinear
classification to solve this problem.

4. Conclusions

To solve the difficult task of magnetic tile defect detection of
industrial product quality control job, we use self-supervised
learning method for feature extraction and combined su-
pervised learning method for the downstream classification
task, to detect the defects of the magnetic tile. This method
will be able to undertake a single-stage magnetic tile defect
detection. The open-source magnetic tile surface defect
dataset, which contains five defect categories, is used in this
research. The experimental results show that the self-su-
pervised learning method has unique advantages in feature
extraction. First, multiple self-attention heads can auto-
matically locate different defect locations. Second, the model
holds image segmentation information of complex scenes.
Third, the model has strong feature extraction and gener-
alization ability. The above characteristics show that the self-
supervised method can extract global semantic features and
local detail features. The model uses the fully connected
network to complete various downstream classification
tasks. Since the above method is flexible and convenient, it
holds practical application value for many industrial product
quality inspections. In addition, the self-supervised learning
model has a good application prospect in the field of in-
dustrial images. The dataset we use to train and test our
method in this study is relatively not big enough, and we
need to collect more samples of magnetic tile defects to
develop a larger dataset to train and test our method in the
next study. The future work is to test the self-supervised
learning model in multiple industrial scenes, develop a self-
supervised learning feature extraction model with excellent
generalization, develop a lightweight model that can be
applied in smart manufacturing, and also find out whether
the industrial conditions like temperature and humidity
affect the results of this study. A practical magnetic tile defect
detection system will be widely used in smart manufacturing
and bring huge economic benefits.
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Liver fibrosis is a common liver disease that seriously endangers human health. Liver biopsy is the gold standard for diagnosing
liver fibrosis, but its clinical use is limited due to its invasive nature. Ultrasound image examination is a widely used liver fibrosis
examination method. Clinicians can diagnose the severity of liver fibrosis according to their own experience by observing the
roughness of the texture of the ultrasound image, and this method is highly subjective. Under the premise that artificial in-
telligence technology is widely used in medical image analysis, this paper uses convolutional neural network analysis to extract the
characteristics of ultrasound images of liver fibrosis and then classify the degree of liver fibrosis. Using neural network for image
classification can avoid the subjectivity of manual classification and improve the accuracy of judging the degree of liver fibrosis, so
as to complete the prevention and treatment of liver fibrosis. Therefore, the following work is done in this paper: (1) the research
background, research significance, research status at home and abroad, and the impact of the development of medical imaging on
the diagnosis of liver fibrosis are introduced; (2) the related technologies of deep learning and deep convolutional network are
introduced, and the indicators of liver fibrosis degree assessment are constructed by using ultrasonic image extraction features; (3)
using the collected liver fibrosis dataset to conduct model evaluation experiments, four classic CNN models are selected to
compare and analyze the recognition rate. The experiments show that the GoogLeNet model has the best classification and

recognition effect.

1. Introduction

Liver disease is a major clinical problem, and the ability to
accurately diagnose it is critical in the treatment of patients.
For example, there are two types of liver diseases: localized
lesions and diffuse lesions. In focal liver disease, the lesions
are concentrated in a small area of liver tissue, while in
diffuse lesions, the lesions are located throughout the liver.
The most common kind of liver disease, with major con-
sequences for public health, is called diffuse liver disease [1].
Liver fibrosis is the most common type of diffuse liver
disease, which refers to the pathological process of liver
connective tissue hyperplasia caused by chronic diseases or
other reasons and eventually liver cirrhosis [2]. Liver fibrosis
is reversible. If liver fibrosis is detected and treated in time, it

can still return to normal. Otherwise, it will be difficult to
cure once it develops into liver cirrhosis [3]. The quantitative
staging system for liver fibrosis can not only diagnose
whether there is liver fibrosis in time and reduce the risk of
liver fibrosis patients transforming into cirrhosis but also
provide a certain reference for doctors to observe the effect
of drug treatment and facilitate doctors to adjust the dose of
drugs; it has important clinical significance. According to the
Chinese Medical Association’s guidelines for the prevention
and treatment of viral hepatitis, fibrosis can be divided into
five stages: SO, S1, S2, S3, and S4. Among them, SO represents
no liver fibrosis, $4 represents liver cirrhosis, and S1-S3 in
the middle represent different degrees of liver tissue lesions
[4]. Liver biopsy is the gold standard for clinical diagnosis of
the severity of liver fibrosis, but biopsy is a traumatic
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examination that causes not only pain but also bleeding, and
many patients are reluctant to undergo biopsy. Moreover, it
may cause misdiagnosis due to sampling error and these
shortcomings limit its application in the diagnosis of liver
fibrosis [5]. Ultrasound image examination has the char-
acteristics of noninvasiveness, convenience, high repeat-
ability, no radiation, and low price and is one of the widely
used liver examination methods [6]. After fibrosis occurs in
some tissue parts of the liver, the absorption and reflection
properties of ultrasound in these tissue parts will also
change. The ultrasound signal reflected by the liver tissue is
converted by the ultrasound diagnostic apparatus, and the
resulting ultrasound image of the liver will also change.
These changes mainly include roughening of the liver pa-
renchyma, thickening of the hepatic vein wall, and sharp-
ening of the liver capsule margin [7]. In the ultrasound
images of normal rat livers and liver ultrasound images of
cirrhotic rats, it can be seen that the liver parenchyma be-
comes rough. However, other changes, such as thickening of
the hepatic vein wall and sharpening of the capsular margin,
are not evident in the picture. This is because in the actual
ultrasound examination process, due to the limitations of
equipment and the proficiency of the operating doctor, the
characteristics of some fibrotic lesions, such as the hepatic
vein wall and the edge of the capsule, are difficult to reflect in
the ultrasound image. Therefore, clinicians mainly make the
diagnosis of fibrosis based on the roughness of liver ultra-
sound images. Doctors can diagnose the severity of liver
fibrosis based on their own experience by observing the
thickness of the echoes in the ultrasound images, combined
with the shear wave velocity value [8]. This method is highly
subjective and can only diagnose hepatic fibrosis qualita-
tively. Not only can it not subdivide the 5 stages of fibrosis, it
is also insensitive to the effect of drug treatment, and it may
cause misdiagnosis and delay the treatment of patients.
There is a clinical need for an automatic diagnosis system
that can extract the characteristics of the echo thickness of
the liver from ultrasound images and perform quantitative
staging of fibrosis. Moreover, it is required that the quan-
titative staging of fibrosis is as fine as possible, and it is better
to divide 5 stages more accurately, which can not only
improve the diagnostic accuracy of fibrosis but also has great
significance for the observation of drug treatment effects.
Under the premise that artificial intelligence technology is
widely used in medical image analysis, this paper uses the
convolutional neural network analysis to extract the char-
acteristics of ultrasound images of liver fibrosis and then
classify the degree of liver fibrosis. Using neural network for
image classification can avoid the subjectivity of manual
classification and improve the accuracy of judging the degree
of liver fibrosis, so as to complete the prevention and
treatment of liver fibrosis. Therefore, the work done in this
paper has great practical significance.

2. Related Work

Clinically, the main role of various auxiliary examinations is
to perform fibrosis staging for chronic liver disease to de-
termine whether there is liver fibrosis and its severity. After
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the diagnosis of liver fibrosis or even liver cirrhosis, clini-
cians will initiate screening and monitoring procedures and
formulate a comprehensive treatment plan [9]. These
methods can also follow up patients who have been diag-
nosed with fibrosis, predict whether patients with liver
cirrhosis will develop significant portal hypertension, and
can also be used to evaluate the efficacy of patients after
antiviral and liver fibrosis treatment, providing evidence for
the formulation of clinical treatment plans [10]. Ultrasound
is currently one of the most commonly used examination
techniques for evaluating chronic liver disease [11]. The
advantages are that it is noninvasive, objective, reproducible,
real-time, simple, and inexpensive and is not affected by the
metal machinery placed in the patient, which has been
widely accepted. Ultrasound can now provide information
on liver morphology and hemodynamics as well as tissue
physical properties such as liver stiftness or elastic modulus,
making it one of the most important noninvasive methods
for evaluating liver fibrosis in recent years with the extensive
development of new technologies such as ultrasound elas-
tography and contrast-enhanced ultrasound [12]. There are
three main methods for noninvasive assessment of liver
fibrosis by ultrasound elasticity: transient elastography (TE),
real-time tissue elastography imaging (RTE), and point
quantification and two-dimensional shear wave elastog-
raphy (pSWE and 2DSWE). Acoustic radiation force im-
pulse (ARFI) is applied in both pSWE and 2DSWE [13]. All
technicians performing elastic ultrasound operations need
to go through a relevant learning curve, master the corre-
sponding basic knowledge, have experience in conventional
ultrasound operations, and undergo specialized elastic ul-
trasound training. During the examination, the patient
needs to hold his breath. Holding his breath in a resting state
is the guarantee for obtaining the best measurement value.
Deep inhalation, Valsalva breathing, and deep exhalation
will all change the hepatic venous pressure and affect the
elasticity value of liver stiffness [14]. TE is a technology that
indirectly measures the liver stiffness value by measuring the
propagation velocity of the shear wave excited by the vi-
bration of the patient’s skin by a low-frequency mechanical
source, thereby reflecting the degree of liver fibrosis. Vi-
bration-controlled transient elastography (VCTE) produced
by FibroScan company in the United States is currently the
most commonly used assessment method for liver fibrosis
[15]. In addition, VCTE has been validated in large-scale
clinical trials of various liver diseases, and it is recommended
to use VCTE in hepatitis B patients rather than serological
indicators for liver fibrosis assessment [16]. RTE is to apply
an internal or external dynamic or static pressure to the
tissue. Under the action of elasticity, biomechanics, and
other factors, the displacement of the tissue before and after
the compression will change. By calculating the change of
this displacement and using ultrasonic imaging methods and
digital image processing techniques, tissue stiffness can be
estimated using strain elastography [17]. HITACHI has
developed a piece of software for quantitative analysis of
tissue diffusion, selects ROI in the elastic image, and divides
the color in the region into 256 levels. The horizontal and
vertical coordinates represent the number of color levels and
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frequency distribution of strain values, respectively. Strain
histograms were used to evaluate 11 parameters of the liver
based on the amount of fibrotic features extracted from
image texture features, and then the liver fibrosis index (LFI)
was analysed according to these 11 parameters, which is used
to reflect the degree of liver fibrosis. RTE can avoid the
intrahepatic large vascular structure, and it is its advantage
to select the liver parenchyma for imaging and quantitative
detection. Moreover, obese patients and patients with ascites
can be imaged, which has certain clinical application
prospects [18]. SWE includes point quantification pSWE
and 2DSWE. Using acoustic radiation pulses to generate
transverse shear waves at different depths in the body, the
propagation speed of shear waves in different soft tissues is
different, so by measuring the propagation speed, the elastic
value of tissue hardness can be directly calculated, and the
color carrying the information can also be the codes which
are superimposed on 2D anatomical images, allowing
qualitative and quantitative detection of regions of interest
[19]. In addition to the above ultrasound methods for
evaluating liver fibrosis, CT perfusion imaging is also a new
method to indirectly estimate the degree of liver fibrosis
through noninvasive evaluation of liver perfusion imaging
[20]. A number of studies have shown that liver CT perfusion
imaging can reflect changes in blood perfusion in liver fi-
brosis and early cirrhosis, and the changed perfusion pa-
rameters are related to the stage of liver fibrosis, which is of
great value for the early diagnosis and treatment of liver
fibrosis [21]. Compared with methods using manual feature
extraction, deep learning technology can automatically ex-
tract regions of interest and features of target images without
manual specification and can significantly improve model
performance with the help of massive data [22]. The past 2-3
years have seen a dramatic increase in the number of papers
applying deep learning techniques to ultrasound disease
classification. At the same time, fusing hand-designed fea-
tures with features computed by deep learning can further
improve the performance of the model [23, 24].

3. Methods

3.1. Deep Learning. Deep learning is a kind of machine
learning, which is an advanced technical means. It completes
practical tasks by simulating the connection mode of human
nerves. It generally includes several connection layers, and
each connection layer is mathematically related to each
other. This method is usually based on a large amount of
data. By continuously nonlinearizing the data, it establishes
abstract high-level features to fit a more accurate model,
which is also called hierarchical learning and deep network
learning. The perceptron is also the neuron of the model.
One neuron corresponds to one output, but the real scene is
more complicated. People combine multiple perceptrons to
have a perceptron model with multiple outputs. However,
the single-layer perceptron model can only be applied to the
case where the data are linearly separable, and the data
processing in the actual task is linearly inseparable, so the
single-layer perceptron model greatly limits its application.
From this, researchers began to build a multilayer

perceptron model. With each additional model layer, it gets
increasingly harder to fit the model. The multilayer per-
ceptron model may now be trained more quickly, thanks to
the invention of the backpropagation technique. The ANN
was born at this time, which consists of an input layer, an
output layer, and several hidden layers. The basic structure of
the ANN is shown in Figure 1. The input layer receives
incoming data and is made up of neurons that pass the
received data to other layers. The number of elements in the
input layer should be equal to the number of variables in the
dataset, that is, the number of attributes in the dataset. The
hidden layer is between the input layer and the output layer,
which contains a large number of neurons. As the network
continues to train, the weights are updated and the pre-
diction ability is stronger. The output layer integrates the
predicted features, which is mainly different from the model
type. If the model is a classification network, the output will
have multiple values according to the task. If the model is a
regression network, the output will have one value according
to the task. The weight of a neuron refers to the strength of
the connection between two neurons, and the weight is
usually initialized to a small value, such as a normally
distributed value between —1 and 1.

Deep learning is a learning method that uses deep ANN
to solve practical tasks. Compared with shallow network
models, it has a layered structure and can use multiple layers
of nonlinear changes to abstract features. However, at the
same time, its training difficulty is also greatly improved. In
the process of deep learning network model training, there
are often situations such as overfitting or underfitting. The
liver fibrosis degree assessment task in this paper adopts a
modeling method based on DNN. Through a large number
of nonlinear transformations in the modeling process, an
abstract feature map can finally be obtained, that is, the
features learned by the network; in the training process,
various methods are used to avoid overfitting and
underfitting.

3.2. Basic Structure of the Convolutional Neural Network.
CNN is a common structure in deep learning framework,
and its model is the most widely used in deep learning. At the
same time, it has a very prominent performance in classi-
fication and recognition tasks, so this paper also uses the
CNN model combined with the theory of transfer learning to
complete the classification and recognition of liver fibrosis.
It gives an effect of learning, or the influence of the expe-
rience of learning on the completion of other activities. For
liver fibrosis images, the input layer of the CNN is passed
into the network, the surface damage data features are
extracted through one or more layers of convolution pooling
and other operations, and the extracted features are then
entered into one or more full connection layers. Finally, the
damage category label is output through the output layer.

3.2.1. Convolutional Layer. In a CNN structure, there are
usually multiple convolutional layers. The low-level con-
volutional layer usually obtains the overall information of
the image, such as edges and lines, but as the number of
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FiGgure 1: Topological structure of artificial neural network.

convolutional layers increases, more complex and more
advanced features can be extracted through continuous it-
eration. The operation of extracting features from the input
image in the convolution layer is called the convolution
operation. The relationship between the input and output of
the convolution operation is expressed as

1-B+2P
Y=——"—

S (1

It can be seen from the formula that the output feature
map size Y is related to the convolution kernel size B, the
convolution kernel single moving step S, the input image
size, and whether it is filled.

The above formula is used for a 5 * 5 image. When using
a 33 convolution kernel for convolution operation, as-
suming that the step size of a single movement of the
convolution kernel is set to 1, the calculation formula of the
feature map size after output convolution is

5-3
szalid—>Y=T+1=3,

(2)
5-3+2
—_t

1

P=same —Y = 1=5.

Through the analysis, it can be seen that different choices
of filling methods can keep the input image size unchanged
or reduce the input image size. For CNNs, the convolutional
layer usually adopts P = same filling method to maintain the
image size. The change of image size is achieved through the
pooling layer. It can be seen from the analysis that the stride
and the size of the convolution kernel together determine the
size of the feature map. The computing speed of the network
is determined by the sparse connection and weight sharing
between the convolution kernels. Sparse connections are
relative to ANNSs. In the ANN, each neuron in the current
layer is connected to all the neurons in the front and back
layers. The drawback is that each link has a weight that must
be memorized and stored. Increasing the depth of the
network model increases the difficulty of training and
converging the network, as well as the amount of memory
required to execute the task. In CNN, each neuron simply
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saves weights in its own structure to address the ANN
problem. For example, a convolution kernel of size 3 * 3 only
has to store its own 9 weights; hence, the number of con-
nections between each neuron and the preceding layer is
solely linked to its own size. The term “sparse connection”
refers to the fact that the convolution kernel has less con-
nections than a fully linked system. For the same convo-
lution kernel, the weights utilized in the convolution
operation will be the same in each round of training and the
internal weights will only be modified after one iteration has
been finished. For a convolution kernel, the weights of each
convolution remain the same over each iteration. This is
known as weight sharing.

3.2.2. Pooling Operation. In theory, all feature maps
extracted by convolution can be used as the input of the
network model, but the result of this is that the increase in
the amount of parameters leads to an increase in the amount
of calculation, so in the convolution operation when done, a
pooling operation is required. By setting the step size and
window size, the network further reduces the size of the
network and the amount of parameters without changing
the number of channels and network weights, so as to divide
the entire data through pooling and solve several convo-
lutions. When the layer performs feature extraction, a large
amount of computation and parameters are generated,
thereby reducing the dimension of the image. The addition
of pooling reduces the overfitting of the network to a certain
extent and increases the image processing speed, thereby
improving the performance of the network model. Com-
monly used pooling methods are max pooling and average
pooling. Among the two pooling methods, max pooling is
the most commonly used pooling method. In practical
applications, in order to further alleviate overfitting, some
pooling layers also use overlapping pooling, which means
that the pooling windows are allowed to overlap to form
overlapping average pooling and overlapping maximum
pooling, which effectively reduces the error rate.

3.2.3. Fully Connected Layer. To put it simply, the full-
connected layer uses the fundamental matrix operation to
get its result: a one-dimensional vector. It is used to cate-
gorize and identify characteristics of a subject. Because of its
completely linked function, it frequently has to keep a large
number of parameters and uses a large amount of storage
space. The convolutional layer can be used instead of the
fully connected layer to retain the image’s spatial structure
while reducing memory usage due to the benefits of the
convolutional layer.

3.2.4. Activation Function. For complex data such as images
and audio, the neural network must have the ability to solve
nonlinear tasks in order to extract and learn complex fea-
tures from these data and introduce activation functions to
add nonlinear characteristics to the network. Let the model
have the effect of fitting the data well. Commonly used
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activation functions are sigmoid, Tanh, and ReLU. The
sigmoid function expression is

f(x)=

1
1+e ™ 3
The sigmoid function nonlinearly maps the input con-
tinuous real numbers between 0 and 1. When the sigmoid
function is infinitely close to 0 or 1, the function will be
saturated, that is, the gradient will disappear, resulting in the
inability to calculate the weight, the parameters cannot be
updated, and the querying new data cause neural network
training to fail. Therefore, the sigmoid function is not used in
the probability output of the final CNN.
Tanh function is also called hyperbolic tangent function,
and its function expression is

eX _ e—x 4
f(x)—ex+e—x' (4)
The emergence of the hyperbolic tangent function, cen-
tered at 0, solves the problem that the output value of the
sigmoid function is always greater than 0, but the gradient
function still has a saturation phenomenon, that is, the
problem of gradient disappearance still exists, when the input
value of the function is greater than the fixed value or when it
is less than the fixed value, the output value of the function
will be fixed at about 1 and —1, which will lead to a small
derivative value of the function. At the same time, when the
network parameters are updated, according to the chain
derivation rule of the derivative, with the network layer in-
creases, the gradient vanishing phenomenon still exists.
The functional expression of the ReLU function is

x, x=20,

f(X)z{O, x<0. (5

When the input of the ReLU function is negative, the
corresponding function value of the function is 0. When the
input value is not negative, the function is a zero-crossing
point and a positive proportional function with a slope of 1.
Because the ReLU function has a faster convergence speed
and with the input when the value increases, the gradient
value remains unchanged and the problem of gradient
saturation will not occur. Therefore, in most neural net-
works, ReLU is usually selected as the activation function.
However, the problem with the ReLU function is that when
the input value is negative, the corresponding function value
is always 0. At this time, the gradient saturation will occur
and the neurons in the network cannot be activated.
However, this problem can be circumvented by setting the
learning rate parameter.

3.3. Training of the Network Model

3.3.1. Dropout Strategy. In the classification and recognition
network model of liver fibrosis degree, the phenomenon of
overfitting is manifested in that the deviation of accuracy
between the training set and the test set of liver fibrosis
images is too large, so that the network model can hardly be
used. The proposal of network sparsification effectively

prevents the overfitting phenomenon in the training process.
During training, some input nodes or output nodes are
randomly disabled. Dropout can be regarded as adding an
auxiliary layer with uncertainty to the network, which can
reduce the training parameters of the network and improve
the generalization ability of the model.

3.3.2. Cross-Entropy Damage Function. The output layer is
used for image classification and recognition, and the input
images can be classified into corresponding categories in the
form of probability. The loss function, also known as the cost
function, is used to evaluate the error between the true value
of the model and the output value. As the loss value de-
creases, the stability of the model gradually increases. In this
experiment of classifying and identifying the degree of liver
fibrosis, the softmax cross-entropy loss function was used to
calculate the error. The loss for each batch is

Mz
M=

. 1
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where m is the total number of samples and # is the number
of label categories. If only one iteration of the network model
is performed, the loss values obtained by all batches are
connected to obtain the loss curve in the training process.

3.3.3. Parameter Optimization Method. The process of
network training is the process of updating the weights of the
network iteratively, which is also the process of parameter
optimization. From the previous section, we know that the
network performance is evaluated by the loss function. The
better the network performance, the lower the loss value, and
the reduction of the loss value is the result of the continuous
optimization of the network. Commonly used network op-
timization methods include mini-batch gradient descent
method, momentum technology, and adaptive time estima-
tion method. The mini-batch gradient method solves the
frequent update and fluctuation of traditional gradient de-
scent algorithm, resulting in large fluctuations in loss function
and network instability and convergence. However, the
learning rate of mini-batch gradient descent is fixed, and the
same learning rate makes it difficult to converge when the
training sample data are sparse. The same momentum
technique also faces the problem of nonconvergence of the
model caused by the fixed learning rate. The adaptive time
estimation method can adjust the learning rate without hu-
man participation in the network training process. This
method of automatic learning rate adjustment can not only
shorten the iteration time required for network training but
also improve the learning effect. It can prevent the learning
rate from disappearing and reduce the fluctuation range of the
loss function. Obviously, compared with other algorithms,
Adam is more suitable as a parameter optimization method
for liver fibrosis classification and identification experiments.

3.3.4. Batch Normalization Algorithm. As the depth of the
network model built by deep learning increases, the training



process of the model becomes more and more complicated
and the convergence rate of the network model decreases.
Therefore, the batch normalization (BN) algorithm is in-
troduced. For a complex network model, some of the
neurons in the hidden layer can also be regarded as input, so
the activation value of each hidden layer neuron in the deep
neural network can be preprocessed by whitening.

In order to select the optimal network model for ex-
periments, this paper selects four classic models for ex-
perimental comparison, including the AlexNet model, the
VGGNet-16 model, the VGGNet-19 model, and the Goo-
gleNet model.

3.4. Feature Extraction Based on RTE Images. We extracted
11 image features to quantify RTE images, directly obtaining
each elastography parameter. The ranges of 11 parameters
reflecting liver fibrosis in real-time elastography are shown
in Table 1. In addition, we also considered the patient’s age
and gender as characteristics. Therefore, for each sample, we
collected a total of 13 features.

As can be seen from Table 1, the value range of each
parameter is different and cannot be directly used to train
the neural network model. Therefore, we first normalized the
data. For continuous-valued scalars, we normalize them so
that each parameter value is in the range [0, 1]. For example,
the age of the patient is usually between 0 and 100 years. If
the patient is 55 years old, the standard value should be 0.55;
the standardization formula is

= Xi = Xmin
XN = (7)
Xmax ~ Xmin
where x; refers to the value of the input variable, x,; is the
minimum value within the data range, and x,,, is the

maximum value within the data range. In addition, for
binary variables, 0 and 1 are used to represent features, for
example, gender is 1 for female and 0 for male.

4. Experiment and Analysis

4.1. Data Sources and Evaluation Indicators. The research
subjects were from a multicenter real-time elastography
project of hepatitis B fibrosis. A total of 780 patients with
chronic hepatitis B and cirrhosis participated in this study.
The study protocol was approved by the relevant institu-
tional independent ethics committee, the purpose of the
study was explained to the patients, and written informed
consent was obtained. The inclusion criteria of patients were
as follows: (1) they had received histopathological exami-
nation of the liver; (2) they had a history of hepatitis B or
HBsAg positive for more than 6 months and were still
HBsAg positive; (3) they had undergone an ultrasound
examination. The exclusion criteria were as follows: other
types of hepatitis other than viral hepatitis B, metabolic
diseases, fatty liver, and drug-induced and alcoholic liver
injury. Ultimately, a total of 640 samples were selected for
analysis. The study subjects included 480 male and 260
female patients, ranging in age from 22 to 70 years.
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TaBLE 1: Liver fibrosis ultrasound real-time tissue elastography
parameter index.

Attributes Attribute value range Label
Strain mean 53.28-140.35 X1
Standard deviation 28.45-74.75 X2
Blue field percentage 0.72-61.87 X3
Complexity 9.16-58.89 X4
Consistency 0-0.05 X5
Contrast 64.20-348.95 X6
Correlation 0.95-0.99 X7
Equality 3.18-4.05 X8
Clutter 0.06-0.25 X9
Skewness 0.15-1.22 X10
Kurtosis 1.96-4.13 X11

According to the classification and identification of the
degree of liver fibrosis in this subject, the accuracy of the
evaluation index is selected for evaluation, and the formula is

number of correctly predicted samples

Acc = (8)

total number of samples

4.2. Best Fit Model Selection Experiment. In order to obtain
the most suitable network model, four network model
structure schemes were selected in this experiment, namely,
AlexNet, VGG-16, VGG-19, and GoogLeNet. By comparing
and analyzing the recognition accuracy values of different
network models on the test set, the optimal network model
structure is selected. Table 2 shows the recognition results of
different network models. From the table, we can see that the
recognition accuracy of the GoogLeNet model is better than
other models, so the optimal network model selected in this
paper is GoogLeNet.

4.3. Optimal Model Optimization Experiment. Through the
experimental analysis of the optimal model selection, it can
be seen that GoogLeNet is the optimal model, but different
iterations, batches, and learning rates can lead to changes in
the output of the model. In order to verify how many
training batches, how many learning rates, and how many
network iterations, the GoogLeNet recognition effect is the
best and the performance of the network model is verified by
controlling variables, so as to select the optimal liver fibrosis
degree recognition model.

4.3.1. Batch Size. In order to verify the influence of different
parameters on the classification and identification of wind
turbine blade surface damage and then select the optimal
GoogLeNet network model parameters, we first conduct
batch size experiments. Ideally, the batch size of the network
model should be the iterative experiment using the entire
training set. However, if the batch size is too large, it will not
only affect the network performance, but also increase the
computer burden. In this experiment, 16, 32, and 64 were
selected as the batch size of the experiment, and the test
results were analyzed. Figure 2 shows the model test results
for different batch sizes.
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TaBLE 2: Damage identification results of different network models.

Network structure Acc
AlexNet 0.3895
VGG-16 0.6728
VGG-19 0.8676
GoogLeNet 0.9529
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FIGURE 2: Comparison of model accuracy under different batch
sizes.
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FiGgure 3: Comparison of model accuracy under different learning
rates.

Through the analysis of Figure 2, it can be seen that the
introduction of large batches will reduce the performance of
the network and the accuracy of 32 batches is higher than
that of other batches. Therefore, batch size 32 is selected as
the parameter in this experiment.

4.3.2. Learning Rate Setting. In order to explore the influence
of different learning rates on the model recognition results,
three different learning rates were set, respectively, and the
accuracy of the test set under different learning rates was
compared, as shown in Figure 3.

Accuracy
I

I %
o &

e
N
G

e
N

065 1 1 1 1

—6— Training set
—s— Validation set

FIGURE 4: Training set and validation set accuracy curve.
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FIGURE 5: Training set and validation set loss curve.

Similarly, through the analysis of Figure 3, it is found
that the recognition result of 0.001 learning rate is the lowest,
which cannot meet the experimental requirements. The
accuracy rate of 0.0005 is the highest, so the learning rate of
0.0005 is finally selected as the parameter of the model.

4.3.3. The Number of Iterations Experiment. In order to
further optimize the model, we collected the accuracy and
loss during the running of the model, that is, the accuracy
and loss of the training set and validation set, as shown in
Figures 4 and 5.

From Figure 4, it can be seen that, with the increase of
the number of iterations, the accuracy of the network is
constantly improving and the loss is also decreasing, but the
curve does not change significantly after 8 iterations. 8, 9,
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FIGURE 6: The accuracy of the model under different iterations.

and 10 were selected as the number of iterations, and the
most suitable parameters for the model were selected by
analyzing the accuracy of the test set under different iter-
ations. Figure 6 shows the model test results for three it-
erations. It can be clearly seen that when the iteration is 10,
the recognition effect of the network model is the best.

5. Conclusion

Liver fibrosis is a pathological process of abnormal con-
nective tissue proliferation in the liver, usually caused by
various pathogenic factors. Liver fibrosis will occur in the
process of liver repair and healing of any liver injury, but if
the injury cannot be removed in time, the development of
liver fibrosis to a later severe stage will lead to liver cirrhosis,
which in turn leads to serious complications such as liver
cancer. At present, the diagnosis of liver diseases mainly
includes liver biopsy, serum examination, and imaging
examination. MRI has advantages in observing and evalu-
ating superficial organs, cartilage, and other tissues and has
multiplanar imaging capabilities, but it is expensive and
cannot be dynamically checked in real time; compared with
CT, it has insufficient spatial resolution and radiation
damage, and MRI cannot perform real-time dynamic ex-
amination. Ultrasound imaging technology has the advan-
tages of nondestructive, real-time, convenient, and no
ionizing radiation and is suitable for clinical screening and
follow-up, especially for the diagnosis of liver fibrosis and
early cirrhosis, and its advantages are obvious. For the
analysis of medical images, the main method is manual
interpretation, which depends on the subjective experience
and knowledge level of doctors, which is prone to subjective
misjudgment and low efficiency. In this context, this paper
extracts the characteristic parameters of liver fibrosis ul-
trasound images and then uses neural network to evaluate
the degree of liver fibrosis and completes the following work:
(1) it introduces the research background, research signif-
icance, research status at home and abroad, and the influ-
ence of the development of medical imaging on the diagnosis
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of liver fibrosis; (2) the related technologies of deep learning
and deep convolutional network are introduced, and the
indicators of liver fibrosis degree assessment are constructed
by using ultrasonic image extraction features; (3) using the
collected liver fibrosis dataset to conduct model evaluation
experiments, four classic CNN models are selected to
compare and analyze the recognition rate. The experiments
show that the GoogLeNet model has the best classification
and recognition effect.
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Dance is a unique art with the human body movement as the main means, but dance is not limited to the human body movement
itself. Like any art, dance is the product of human social behavior and a romantic behavior of human thoughts and emotions in the
virtual world. Dances with different characteristics will also reflect different aesthetics, different cultural psychology, different
living styles, and emotional trajectories of different times and different nationalities. People rely on the image of dance artists to
develop and inherit the profound ideological connotation and philosophy of life. Viewers may form their own diversified and
unique aesthetic characteristics. In the new era, in order to better promote the development, communication, and dissemination
of dance art, it is very necessary to analyze and explore the connotation and aesthetic characteristics of dance art. Only through
specific movements can the value and ideological connotation of works be expressed. Therefore, this paper comparatively analyzes
dance movement aesthetic emotion based on deep learning. Experimentations are performed to systematically analyze the models
from various perspectives. Findings of the evaluation show that CAP and CNN are effective models that can successfully extract
high-level emotional features. The method proposes and effectively selects the best models among the five standard models based
on key features and is, therefore, suitable in predicting the dancer’s emotion and for the analysis of the dance movement in

the future.

1. Introduction

Among all the art categories, dance is the oldest art [1].
Beauty is the first element of dance art, whereas dance art is
mainly expressed through human body movements [2]. In
primitive society, the ancient ancestors learned to dance
before they had no words and perfect language. They
expressed their feelings through actions, gestures, and facial
expressions. It is evident that dance was the main way of life
and entertainment for our ancestors [1]. Therefore, art
historians call dance the “mother of art.” Dance is an art
form having strong comprehensiveness. The elements of
dance need to be integrated to convey the artistic beauty and
information contained in it to the audience. There are
thousands of varieties of dances in the world, which are hard
to count [3]. However, in terms of its social function, it can
be divided into two categories: life dance and art dance. Life
dance refers to the dance that has been popular among

people for a long time and is closely related to people’s daily
life. Artistic dance refers to the artistic practice completed by
professional or amateur dancers through artistic creation
and stage performance. According to different themes,
genres, and capacities, artistic dance can be roughly divided
into two categories: dance drama and dance [4]. Each cat-
egory is different according to the style, content, and style, as
well as some specific varieties. Although there are various
kinds of dance art; all contain temporal, dynamic, and static
combinations of the rhythmic human movement. Dance
covers direct, strong, and generalized lyricism to synthesize
music, art, and other artistic factors [5]. Dance action is not
only the basic material of the dance language but also the
material premise for the visibility of the dance language. A
dance work, in terms of the form, is the repetition, devel-
opment, change, connection, and cooperation of various
movements. Among the elements of dance, action is the
most important. Without human body action, there is no
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FIGURE 1: The main linguistic elements are covered by the art of dance.

dance art. Because the expression of the dancer’s emotion,
the display of the artistic conception of the work, and the
shaping of the dance image always run through the dance
movement [6]. The artistic language of all kinds of dance is
composed of some relatively stable factors. The main lin-
guistic elements covered by the art of dance are shown in
Figure 1.

Dance action comes from life and nature, but it is very
different from live-action and natural movement. Dance is
an artistic human action as the movement of dance and the
creative thinking of the artists esthetically represent a certain
purpose of the performance [7]. Dance is a programmed and
visualized language formed through artistic processing,
refinement, transformation, and evolution. A key element of
dance art is the infectious expression to convey emotion and
meaning. Hence, not all human body movements can be
called dance movements. Dancing also needs music and
clothing to achieve better results [8]. The meaning of dance
action can be divided into narrow sense and broad sense. In a
narrow sense, dance action refers to the dynamic action in
the process of movement, including single action and
process action. According to the function and role, dance
movements can be divided into expressive movements and
illustrative movements. Life is full of rhythm, rather, rhythm
comes from life [9]. The rhythm of life varies with different
regions and other conditions like manifestations as fast,
slow, and comfortable. This difference in the rhythm of life
can be expressed through the rhythm of dance. Dance is a
kind of expressive art, which is long in lyricism and clumsy
in the narrative [10]. Dance in the expression of the char-
acter’s thoughts and feelings. With dance, the coordinated,
and rhythmic movements of body parts, feelings, and sce-
narios are expressed in a seemingly way. Dance can more
directly reveal a variety of emotions and a complex psy-
chological state.

In social life, people’s various expressions and move-
ments have become dynamic dance expressions with dif-
ferent styles after artistic processing, refining, and
beautification [11]. It is from observation and experience
that dance creators master the characteristics of natural
expressions of various characters in life, and form dance
expressions with strong appeal through artistic imagination
and artistic creation [12]. This paper proposes a dance
movement aesthetic emotion analysis method based on deep
learning and verifies the method through a number of ex-
periments. The experimental results show that the model can
well predict the emotion of the dance movement, which lays

a foundation for the emotion analysis of the dance move-
ment in the future.

2. Related Work

Dance is the evocative art carrying sensual and artistic ex-
pression [13]. As dance is a diversified subject, it exists in
every culture and covering key aspects of culture, it is
pertinent to discuss elements, forms, and aesthetics of dance,
hence the following subsections. Machine learning [14] is the
emerging technology used in various domains like health
[15, 16], social work [17], and decision making [18]. Details
about dance contents, structure, and forms are elaborated in
the following subsections.

2.1. The Matching Way of Dance Content and Form.
Dance work is achieved if the formal elements such as dance
movements and skills exist in isolation. Only through the
ingenious conception and a reasonable structure of dance,
artists convey feelings and ideas. A successful dance creation
process necessitates that dancers ought to have rich life
accumulation and subjective perception. Dancers should
summarize, refine, process, and transform the social life
materials they have mastered to form a theme that is suitable
for the dance performance [19]. On this basis, we should also
endow the theme with corresponding dance forms. This
requires the work to be structured according to the per-
formance characteristics of dance art, so as to turn it into a
dance form that can be easily perceived by the audience [20].
The structural process of dance works is the process of
finding the appropriate dance form from content according
to the theme to be expressed in works, so as to make content
and the form of dance reach a perfect fit [21]. Therefore, once
the theme of the dance is determined, the structure is an
important step in creation. Different dance works with
different themes have different ways of structures. Dance
structures are based on the experience of creating some
excellent dance and dance theater works. On the basis of
composition, dance has the following main types, as shown
in Figure 2.

The chronological structure of the dance is based on the
natural sequence of events and the emotional development
of the characters to arrange actions and dance scenes [22]. Its
main artistic feature is to organize the activities of the
characters in space in the order of the trend of the time,
emphasizing the continuous development of the characters’
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thoughts and feelings, or plot events. Dance works are in the
order of “beginning, development, climax, and ending,” with
clear levels and clear division of scenes [23]. Because the
structure of this kind of dance is clear and in line with the
logic of the development of real life, the content of the dance
is easy to be understood and accepted by the audience. The
structure has always been adopted by most dance chore-
ographers and directors. It is why some people call it a
traditional structure [24]. The interlaced structure of dance
is a way to break the natural sequence of real-time and space
and use the change of the characters’ psychological activities
as the thread of arranging the characters’ actions and
unfolding the plot events. This kind of structure combines
the scenes of different times and spaces according to certain
artistic ideas, so as to show a broader and rich life content in
the limited stage, time, and space. This will also help to
describe and show the complex and profound inner spiritual
world of the characters. This kind of structure has strong
artistic expression and can mobilize the audience’s artistic
imagination and aesthetic creativity in dance appreciation
[25]. Besides, such structure aids in expanding the scope of
the dance theme performance, and in-depth depiction of the
character’s inner world.

Generally speaking, the structure of dance should be
restricted by the theme and content. Works with different
themes and contents have different structural ways. Lyrical
dance often expresses and describes different emotions of
dancers by comparing and changing the rhythm of dance
movements [26]. Narrative dance or dramatic dance drama
needs to arrange the action of the characters and the formal
structure of the dance scene according to the development
process of the plot and events of dance works. Its structure is
generally composed of beginning, development, climax, and
end [27]. The ingenious and clumsy structure has a great
relationship with whether dance works can perfectly display
content and have artistic charm. Therefore, in order to
pursue the overall beauty of dance works, excellent dance
choreographers and directors have always attached great
importance to the structure of the dance.

2.2. Moving Picture Modeling. Dance is a moving plastic art,
and the dance form is a visual and an intuitive image in a
flowing state. In a dance performance, various formations

and pictures formed by the dancers’ dance posture and
moving lines are the dynamic structure of dance in time and
space. The composition of dance is a major part of dance
modeling and an important factor in the composition of
dance works [28]. Whether it is a solo dance, group dance, or
dance drama, actors should move in a certain direction and
route in the stage space. Dance composition refers to the
movement line (constantly changing the dance route) and
pictures modeling the dancer in the stage space in dance
works, that is, dance composition is composed of the
movement line and the picture of the dancer [29]. Com-
position is both an expression of meaning and a process of
form creation. Dance composition not only makes the stage
picture varied, but also can express different thematic ideas
and shape different dance images. Moreover, proper dance
composition is required to create different momentum,
atmosphere, and formal beauty of dance. Stage space motion
line, also known as “stage scheduling”, refers to the tra-
jectory of dancers moving in stage space. Different types of
stage space movement lines can give the audience different
feelings [30]. Choreographers usually use different lines to
express different contents based on this. The folk dances of
all ethnic groups are based on the dance venue and the ideas
contained in dance composition, which is mainly reflected in
dance formation. Like the composition of other arts, the
composition of dance art has laws to follow and needs to
follow specific ideas and principles [31]. The structure be-
longs to the formal category of art and is generally restricted
by the content of art. Due to the different contents of dance
works, the stage scheduling is also different. In the treasure
house of the traditional dance art, there are many examples
of exquisite dance compositions, but they cannot be used at
the same time. The creation of dance works must be crea-
tively applied according to the content of specific works. The
dance movement and the feeling structure is shown in
Figure 3.

Only through emotional investment can dance have life
and soul and better move the audience. Dance can show the
most realistic feelings in people’s hearts. Dance is the purest
art. A good dancer can move the audience with the most
delicate emotion, thus reflecting the deep connotation of the
whole dance. Dance is an art form that expresses emotion
through the continuous movement of movements [32]. The
emotion of dance has the functions of promotion,
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continuity, and training at the same time. It can stimulate the
potential energy of actors. In addition to acting training,
emotion can best improve an actor’s artistic cultivation and
personal quality. Through the movement training, the
emotion is injected into it, making the dance movement full
of life. The feeling cannot be embodied and expressed
without action, and action loses the ability of expression and
the value of art without emotion [33]. Movement is the main
external factor of dance, which can be seen directly by the
naked eye, while emotion is hidden in the process of the
dance movement that is slowly expressed through a delicate
performance. Emotion in dance penetrates into the hearts of
dancers and audiences. Emotion in dance is the amplifi-
cation of emotion in real life, and action is also the artistic
processing of action in real life [34]. Through this emotional
amplification and action processing, the art of dance is rich
and colorful, and full of life.

2.3. Aesthetics of Dance Art. In a sense, it can be said that the
main way to evaluate whether a dance work can achieve
success is to see whether the action displayed is artistically
appealing or not. Therefore, dance movement is in the most
important position of the constituent elements of dance art
[35]. The expression of dance emotion, the shaping of
characters, and the display of dance artistic conception in
dance art should be realized through action. The movements
are selected and refined by the choreographer in daily life
and/or through learning. The movements are endowed with
distinctive image characteristics and emotional factors. The
dance movements have a certain sense of beauty. Dance art
should pay attention to dynamic beauty, which is deter-
mined by the movement requirements of dance art [36].
Although this will limit the dancer’s rhythm to some extent,

only in this way we can fully express the theme content and
internal emotion of dance. Rich aesthetic dance movements
can enrich the aesthetic characteristics of dance. With the
traction of movements, it can more naturally open the dance
plot and then make it more attractive to people’s attention.

Lyricism is one of the main aesthetic and artistic features
of dance art. Emotional expression is the basis of art. Any
work separated from emotional expression cannot form art.
Dance is an art form that expresses people’s thoughts and
feelings and reflects the form of production and life by
human body movements that have been organized, refined,
and artistically processed. Dance art contains people’s strong
emotional factors [37]. From a certain point of view, among
the major art forms, such as music, poetry, and dance, the
effect of expressing emotion through dance is the most ideal.
Because the emotions that cannot be expressed by language
or words can be expressed by dance, which can not only
express people’s deep feelings but also give people enough
imagination space. Feelings are rich, intuitive, and uncer-
tain. They can be intuitive and perceived because dance is the
perceptual form and externalization of people’s mental
activities, which is closely connected with people’s expres-
sions and movements. In addition, feelings have mutual
integration and interoperability, which is also the psycho-
logical basis for art appreciation and art creation. It can build
a bridge of aesthetic feelings between dance creator, per-
former, and audience, between movement and feelings [38].
Expression and action are inseparable from people’s emo-
tional expression. Therefore, human action has unique
advantages in expressing thoughts and emotions and can
express people’s emotional experiences and mental states
incisively and vividly. The beauty of rhythm refers to the
beauty presented by the strength and speed of dance action.
With the beauty of rhythm, the aesthetic characteristics of
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dance art are exhibited. In short, the beauty of dance is the
premise of the beauty of rhythm. Only by perfectly inte-
grating and coordinating the leaping, relaxing, and rotating
rhythms of dance movements can dance art render the
atmosphere and express and vent emotions [39]. Dance art
can form its rhythmic beauty only through the changes of
expression and movement and the rhythm with ups and
downs.

The appreciation and transmission of beauty is the
greatest success of the artwork of dance, which sprouts
naturally through the living image and the exquisite
movement of nature. At the same time, dance can also drive
the plot forward, gradually expressing the rich emotional
factors and natural characteristics contained therein in a
comprehensive and full manner. It can convey the experi-
ence and feeling of beauty to the audience and give them a
wide space to imagine the beauty, prompting the viewer to
produce an emotional resonance and deep and unique
physical and mental feelings from deep inside.

3. Methodology

Like musing, dance has the appealing structure formed from
tempo, meter, and rhythm. Aesthetic emotion of the dance
movement is an important aspect of dance which needs to be
properly analyzed. This research work proposes an effective
method for analyzing the models used for the analysis of
emotion in the dance movement.

3.1. Relevant Technical and Theoretical Basis. The language
model is a statistical model to calculate the probability of any
word order in the text. It is a basic subject of NLP. The neural
network language model has only one hidden layer. The
maximum penalty likelihood estimation of the random
gradient rise method is used to train the network parameters,
and softmax is used to calculate the probability of word
order. Traditional encoding usually refers to distributed
feature representations obtained by learning through neural
network language models that can represent complex
contextual information in a large-scale corpus in a non-
sparse manner. In order to effectively focus on specific local
information and tap deeper into feature information, an
attention mechanism is proposed. The attention mechanism
models the global dependence of input and output so that
the model can learn feature information in different rep-
resentation subspaces, so as to generate more semanticist
representations. The calculation formula of the attention
mechanism is as follows:

T
Ateention (Q,K,V) = softmax(QK>V. (1)

NZA

In terms of parallelism, the multi-head attention model,
like CNN, does not rely on the previous calculation and can be
well parallelized, which is better than RNN. The sequence-to-
sequence model is a supervised learning algorithm in which
the input is a sequence of tokens, and the generated output is
another sequence of tokens. However, when encoding, all
semantic information is encoded into a fixed and an unified

semantic feature vector and then decoded, which will cause a
great loss of semantic information, especially word order
information, which greatly reduces the decoding performance
of the model. Therefore, researchers use the attention
mechanism to break the limitation of the traditional encoder-
decoder structure that encoding and decoding only depend
on the vector of a fixed length and size. The sequence-to-
sequence structure with the attention mechanism is shown in
Figure 4. The codec network with the attention mechanism
weights and sums these inputs by saving the intermediate
process output of the encoder and training the attention
model, and associates the output sequence with the attention
model when decoding the output. The introduction of the
attention mechanism enables the model to be associated with
the required context information during encoding and
decoding, and it strengthens this association in the process of
iterative learning.

Parsimonious Bayes is widely used in sentiment classi-
fication for assigning the category with maximum proba-
bility to a given review for classifying documents. According
to the Bayes’ rule, it is expressed by the following formula:

P(c.)P(d|c;
p@d):%, (2)

where ¢; represents class and d data. The probability equation
is smoothed so that it ends up with the following calculation:

P(flie;) =

1+n;;
o (3)
m+ Y ils M j

Maximum entropy classification follows the principle of
maximum entropy, which means that the probability dis-
tribution that best represents the current state of knowledge
is the most entropic, given precisely stated a priori data.

1 m
P(c]- | d) = ﬁeXP<;Ai,chi,cj(d’ Cj))'

1, ifn;>0andx =c;,
Fy, (d,x) =

0, otherwise.

After several iterations, the parameters are adjusted to
maximize the entropy of the training data distribution.
Model fusion can be realized on the basis that different
models usually do not produce the same test error on a test
set. The mathematical expression for the expectation of the
squared error after the model fusion is as follows:

2
1 1
E <EZ€I~ :EE[Z sf+Zsisj :I (5)

i i JH

When the error is completely correlated, that is, C=V, the
mean square error is reduced to V, so the model average is not
helpful. When the error is completely uncorrelated, that is,
C =0, the expectation of the square error of the fusion model is
only W. This means that the expectation of integration square
error decreases linearly with the increase of the integration
scale. In other words, on average, the fusion performs at least,
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FIGURE 5: The network structure of the coding layer of the TOAC model.

as well as any of its members, and if the error of members is
independent, the fusion model will perform better than its
constituent members.

3.2. Improving the Sentiment Analysis of Attentional
Mechanisms. In this paper, we propose to integrate the
attention mechanism with the capsule network to solve the
dance emotion classification problem by proposing a net-
work model based on an improved attention mechanism for
a target-oriented emotion analysis task. The various com-
ponents of the model include a text encoding layer, an at-
tention interaction layer, and a capsule classification layer.
The role of the encoding layer is to convert content and
targets into model inputs. Using the bidirectional encoder
representations from transformers (BERT) as an example,
the input is first tagged as a fragment. The target is modeled
to obtain vector representation and finally fed into a two-
way long short term memory (LSTM) network. The network
structure of the coding layer of the TOAC model is shown
schematically in Figure 5. The coding layer does not consider
target information and content information together, so the
design pays attention to the interaction layer to realize the
correlation and interaction between the two.

Specifically, the three matrices of inputs Q, K, and V are
copies of the encoding matrix corresponding to content or
target, corresponding to the three important components of

TaBLE 1: The experimental parameters.

Parameter name Value
Number of iterations 3
K-max pooling 7
Capsule amount 8
Network dimension 12
Batch size 32
Hidden layer dimension 48

attention, i.e., query, key, and real value, having the fol-
lowing computational procedure.

attention (Q, K, V) = softmax (f,, (Q,K))V, (6)

where f, is the probability alignment function. In this
article, the scaled dot product is used:
T
ful@K) =2 )
Vi
Target coding and content coding achieve interactive
correlation by exchanging V values. The attenuating at-
tention calculation proposed in this paper is introduced
below. First, we find the target center position in the content
text by string matching. We set the hyperparameter # as the
window size parameter, which indicates half of the window
size. After that, the text constructs the local information



Computational Intelligence and Neuroscience 7

TaBLE 2: Findings of the comparative analysis.

Positive Negative
Model ID &

P R F1 P R F1

1 0.938 0.911 0.924 0.914 0.941 0.927
2 0.936 0.924 0.930 0.925 0.937 0.931
3 0.922 0.924 0.923 0.924 0.923 0.923
4 0.953 0.936 0.931 0.936 0.926 0.931
5 0.927 0.894 0.923 0.901 0.957 0.928

mask, and the relevant mathematical expressions are as
follows:

E, |i — P|<n,

M, = " . (8)
- «E, |i—P|>n.
|i — P

The primary capsule layer after several layers of repetition is
the network layer for the initial extraction of multihead at-
tention output. Since the dimensionality of each capsule is large
at this time, the k-max-pooling operation is used to obtain the
largest k-dimensional feature in each capsule, and the final
capsule representation is obtained by linear variation and vector
compression, at which time the number of words in the vector
of the output capsule network is summed with the number of
words in the target. In this paper, we finally obtain the output
capsules by classifying the capsule layer. According to the
definition of the capsule network, the model length of its vector
is expressed as the probability of that classification, and the final
category is selected for the category represented by the capsule
with the longest mode. In this paper, the loss of each capsule j is
evaluated and calculated as follows:

L= ijax(O, m" —||v,-")2 + /\(1 = Yj)max(O, —-m~ +|| vi” )2. 9)

Using SEP lexical chunks as splicing separators, the
model can recognize that facts and conjectures belong to
two paragraphs of the text. The generation module uses
the native until as the basic framework. The probability
calculation based on spark softmax is shown in the fol-
lowing formula:

e’
— 1€Qy

p =] 2w’ (10)

0, i¢ Q.

At this time, the inequality for the existence of cross-
entropy is as follows:

log Zes" — Spax = log| 1+ Z et i ),
i=1 i#t (11)

>log (1 + (1 — 1)emin™*mx),

4. Experiments and Results

This paper was designed to compare multiple classification
models. Among them, the plain Bayesian use and the
maximum entropy model use 10543 action emotions as
features. In order to compare the performance difference
between conventional and pretraining-based models, the
model fusion is not taken into account in this paper. Al-
though all of these models are valid, a combination of
different machine learning methods will yield better scores.
Details about the experimental setup are presented in the
following lines. The verification set and the test set are
separated from the training set, with a proportion of 20%. If
the training index is not significantly improved after the
batch verification set is 100. This paper tested the following
five models on MioChnCorp-2. The benchmark model is a
fine-tuning BERT model with all trainable parameters. A
direct output vector using a pretrained model is then fed into
a feedforward neural network classifier with all parameters
trainable. Each vector obtained from the pretrained model is
clustered using a capsule network, which is then fed into a
feedforward neural network classifier with untrained pre-
trained model parameters. The experimental parameters
were set as shown in Table 1.

The dynamic representation, pooling, and splicing of
local features are further extracted using CNN and then fed
into a feedforward neural network classifier. The splicing
clustering features and local features are then fed into a
feedforward neural network classifier with untrained pre-
trained model parameters. The results of the measurement
are shown in Table 2 and Figure 6.

Comparing model 2 and model 3 in Table 2, it can be
found that CAP and CNN can successfully extract high-level
features, but CAP is more effective as it has 0.7% higher
accuracy than CNN. This means that the fine-tuning model
may not be necessary. It can be found that fine-tuning the
language model will even reduce the optimal result by 0.5%,
which may be harmful to the extraction of high-level se-
mantic features. The pretraining language model repre-
sented by BERT has a significant impact on the text
classification task and significantly improves the perfor-
mance. However, there are some obvious shortcomings,
especially in terms of more training time than traditional
fine-tuning models. The classification accuracy of each
model on the dataset is shown in Table 3 and Figure 7.
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FIGURE 6: Results of the comparative measurements.

TaBLE 3: The classification accuracy of each model on the dataset.

Model Accuracy Macro-F1
TransCap 0.739 0.701
Baseline MemNet 0.703 0.641
CNN-ASP 0.725 0.653
TOCA-W2V 0.765 0.719
BERT-PT 0.781 0.751
BAT 0.794 0.765
BERT AEN-BERT 0.800 0.763
TOCA-BERT 0.814 0.783

TransCap MemNet CNN-ASP TOCA-W2V BERT-PT BAT AEN- TOCA-BERT
BERT

M Accuracy

W Macro-F1

FIGURE 7: The classification accuracy of each model on the dataset.

Among all the attention mechanism models, ATAE-
LSTM has the worst classification performance, even in-
ferior to the traditional SVM method. The performance
advantage of the remaining models with more network
depth is obvious, which shows that increasing the network
depth has a positive effect on the multi-input classification
model ability.

5. Conclusion

Emotion is the soul of dance. It is precise because of the soul
that dancers can create dance movements that are more
appropriate to the soul. Through the movement training, the
emotion is injected into it, making the dance movement full
of life. A dancer through performance shows the joys and
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sorrows of life to the audience. When emotion in the dance
performance reaches the extreme, some actions like the
technical skills are burst out. Movement is the main external
factor of dance, which can be seen directly by the naked eye,
while emotion is hidden in the process of dance movements
which are slowly expressed through a delicate performance.
The fundamental tasks in the field of dance emotion have
received a lot of attention from researchers and scholars in
China and abroad. Based on these, this paper proposes a
dance movement aesthetic emotion analysis method based
on deep learning and verifies the method through a number
of experiments. This paper takes the dance movement
emotion analysis task as the entry point, explores the
modeling approach from three perspectives: model fusion,
pretraining model tuning, and multi-input modeling. The
model is adjusted by the counter samples, and the reasons
for the misclassification are analyzed by observing the de-
cision interpretation of the misclassification samples. Fi-
nally, counter samples are used to improve the performance
of the model and enhance the interpretability of the model.
The research constructs a self-explanatory generation
module to explain the decision behavior of the model. The
results show that this method not only improves the ro-
bustness of the model but also improves the interpretability
of the model.

The effectiveness of the modeling method can be proved
by experiments, but the black box of deep neural networks
cannot be avoided. In future, the research work will be
extended to cover the compressed language model based on
knowledge distillation by enhancing the training dataset,
and to explore new attention mechanisms to accelerate
convergence of the model. In addition, the follow-up re-
search will focus on exploring interpretable methods based
on confrontation samples and combined attention
mechanisms.
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In this paper, a new type of single-faced superposed shear wall system is proposed based on the single-faced superposed shear wall
structure. The nonlinear finite element analysis of a new splicing form of single-faced superposed shear wall components is carried
out by using the method of combining experimental research and ABAQUS finite element software analysis. The impact of
noncolumn on the connection performance of vertical seam is studied. The analysis shows no significant difference in the effect of
eliminating concealed column on the hysteretic performance and bearing capacity of the single-faced superposed shear wall with
the joint. The single-faced composite shear wall with two different splicing forms presents bending-shear failure. The single-faced
composite shear wall model without concealed column design can also maintain good overall performance and seismic behavior.

1. Introduction

The composite plate shear wall structure is an integral shear
wall structure formed by taking the prefabricated wall as the
template and pouring concrete in the inner cavity. Com-
pared with the ordinary reinforced concrete wall, the
composite shear wall has the advantages of light weight,
short construction period, and good benefits. Because of its
good overall performance and shear capacity, it has become
the focus of attention of Chinese and foreign scholars [1-4].

Considering the structural difference between domestic
and foreign superposed shear walls, many researchers did
many tests to survey their axial and eccentric compression
performances, out-of-plane flexural performances, and
shear connector performances [5-8], whereas rare studies
involved their seismic behaviors.

Most parts of China have seismic fortification require-
ments, so it is very important to consider the seismic per-
formance of composite shear walls. Zhang et al. [9]
conducted low-frequency cyclic horizontal loading tests at 6
horizontal connection nodes of double-faced superposed
shear walls and 2 cast-in-situ nodes. Their test results in-
dicate that the vertical joint of double-faced superposed
shear walls had seismic behavior similar to the cast-in-situ

nodes. However, the seismic behavior of the horizontal joint
was not mentioned. Zhao et al. [10] carried out the same tests
on 3 pieces of double-faced superposed shear walls, with
results as shown below. When the depth-width ratio was 2.0
and the axial compression ratios were 0.2 and 0.1, increasing
the area of the longitudinal joint bar effectively controlled
the deformation in the bottom joint area and the damage
concentration on the wall, resulting in a full and strong
energy dissipation loop. Based on this result, they pointed
out that joint bars can be added to improve the joint per-
formance of superposed shear walls. H. Li and B. Li [11]
surveyed the forces on 9 pieces of reinforced concrete shear
walls under cyclic loading, proposed a multispring macro
finite element model of the reinforced concrete shear wall,
obtained a more suitable constitutive model reflecting the
relationship between load and displacement, and provided
the applicable calculation formula.

Because of the structural stability, industrial production,
and many other advantages, the single-sided laminated plate
shear wall with an insulation layer has attracted the attention
of many scholars. Einea et al. [12] found that the overall
performance is equivalent to that of the integrally cast
concrete wall by studying the solid concrete or metal truss
reinforcement as the shear transfer mode. Benayoune et al.
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[13] found that when the specimen is damaged, only the top
or bottom concrete is damaged, and the integrity is good. Ma
et al. [14] tested the seismic behavior of such shear wall,
obtaining the following results: the failures of single-faced
superposed slab shear wall and holistically cast-in-situ shear
wall were both bending-shear failures; in the failure stage,
the former structure had a little poor ductility but performed
well in energy dissipation. Their research did not investigate
the performance of single-faced superposed slab shear walls
that were horizontally joined. However, the horizontal joint
of superposed walls is inevitable in practical engineering
since the dimensions of the prefabricated walls are restricted
by the modes of transportation and hoisting. Ma et al. [15]
got two wall slabs jointed horizontally by using embedded
columns and tested the structure’s seismic behavior. The
results reveal that the failure form of single-faced superposed
slab shear walls jointed by embedded columns and that of a
holistic single-faced superposed slab shear wall were both
bending-shear failures. The two structures had similar
seismic characteristics properties such as hysteretic per-
formance, ductility, and energy dissipation capacity. How-
ever, the embedded columns reduce the assembly efficiency,
so there is still room for optimization of the connection form
of vertical connection joints of composite plate shear walls.

This paper proposes a new type of single-faced super-
posed slab shear walls with joints but without embedded
columns, and based on applicable tests, a finite element
model is established and analyzed numerically [16-19].
Furthermore, the seismic behavior of the joint is analyzed
based on a comparison of the joints’ bearing capacity and
failure form under low-frequency cyclic loading.

2. Test Overview

2.1. Test Design. In this test, the authors designed a test piece
PJ-1 and a test piece ZT-1, with design details as presented in
Figure 1. The former was two pieces of single-faced su-
perposed slab shear walls jointed horizontally, with columns
embedded at the joints, while the latter was a holistic piece of
single-faced superposed slab shear wall without joint. The
two test pieces had the same physical dimensions and were
both composed of three parts: the base, single-faced su-
perposed slabs, and the top beam. The mechanical properties
of the main materials of the reinforcement and concrete are
listed in Tables 1 and 2.

2.2. Loading Scheme. This test was carried out in the Anhui
Provincial Key Laboratory of Building Structure and Un-
derground Engineering. The designed axial compression
ratio was 0.1. An oil Jack was applied to the top parts of the
test pieces with a constant vertical load of 600 kN. The top
beams were under low-frequency horizontal cyclic loading
from a 100 T electro-hydraulic servo actuator to do pseudo-
static tests. The loading device is illustrated in Figure 2.
The loading protocols in Figure 3 were formulated as per
the Standard for Test Method of Concrete Structures, and the
loading was under mixed control of load and displacement.
In the first stage, the load is loaded through load control. The
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horizontal force is loaded from 50kN and added to the
specimen yield with 25kN as the level difference. The load
cycle of each level is once. After the specimen yield, the load
is controlled by displacement. The multiple of the horizontal
displacement value measured by the external displacement
meter on the top of the shear wall and the built-in dis-
placement meter in the system is selected for loading step by
step, and each level of displacement is cycled three times.
When the test piece is loaded to its own destruction or the
load value of the test piece drops to 85% of the maximum
load value, the test is completed.

2.3. Test Results. 'The failures on the test pieces are depicted
in Figure 4. The wall edge showed horizontal cracks, as seen
on test pieces PJ-1 and ZT-1. As the load increased, some
horizontal cracks gradually extended and formed inclined
bending-shear cracks. The inclined cracks ran at 45° roughly
and finally formed X-shaped cracks. As observed from the
development process and distribution of the cracks, the test
pieces bent first and then sheared, forming bending-shear
failures. The upper parts of the walls were almost intact, and
the concrete at two ends of the base became weak and peeled
oft. During the entire loading on test piece PJ-1, there is no
slip in the joint of the concealed column all the time, and the
crack development is relatively sufficient, indicating that the
joint structure of concealed column is reasonable, which can
effectively splice two single-sided superimposed shear walls
to form an overall common stress.

As for the hysteretic curves of the test pieces in Figure 5,
their envelope areas were both in a straight line in the initial
stage of loading and nearly coincided before cracking,
complying with the force characteristics in the elastic stage.
After yielding, the envelope areas enlarged gradually, and the
test pieces’ energy dissipation capacity increased somewhat.
Over a comparison, it can be seen that the hysteretic curves
of test pieces PJ-1 and ZT-1 almost coincided. This result
implies that a vertical joint had a small impact on the
hysteretic performance of a single-faced superposed slab
shear wall. At the same time, the embedded columns enabled
the jointed single-faced superposed slab shear walls to form a
whole part subjecting to a holistic force.

3. Calculation for the Finite Element
Analytical Model

3.1. About the Model. According to the test results, the
authors raised a test piece PJ-2 with the same design as PJ-1
but without embedded columns. Based on this new design,
two shear-wall finite element models were established by
using the Abaqus FEA.

3.2. Parameters of the Model. Given the loading protocols
and the cyclic loading on concrete, the constitutive model of
the concrete material adopted the concrete damaged plas-
ticity model contained in the Abaqus FEA. Tensile and
compression damage factors were used to depict the deg-
radation in the initial elasticity of concrete and the damage
accumulation [20]. The material properties of the model
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FIGURE 1: Physical dimensions and reinforcements of the test pieces. (a) PJ-1. (b) ZT-1.

TaBLE 1: Mechanical properties of reinforcement materials.
Tensile strength f,, (MPa)  Elongation A (%)

Pieces number  Reinforcement type =~ Diameter (mm)  Yield strength f, (MPa)

PJ-1 HRB400 10 492.2 525.1 11.9
HRB400 12 544.2 668.2 12.5
HRB400 10 535.6 668.5 20.01

ZT-1 HRB400 12 487.3 641.2 19.03
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TaBLE 2: Mechanical properties of concrete materials.

Pieces number Part Cubic strength f,,, (MPa)
PJ-1 Prefabricated part 335
Cast-in-place part 333
7T-1 Prefabricated part 3355
Cast-in-place part 31.8
FIGURE 2: Loading device for the test pieces.
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FiGure 3: The loading protocols. (a) PJ-1. (b) ZT-1.

were input as per the Code for Design of Concrete Structures
(GB50010-2010). In the finite element model, the concrete
adopted the C3D8R solid element, the dilation angle was 30°,
the flow eccentricity was 0.1, (f,/f.) = 1.16 (f,, is the
biaxial compressive strength of concrete, and f_ is the
uniaxial compressive strength), the Poisson’s ratio was 0.2,
the elastic modulus was 3 x 10* MPa, the ratio of second
stress invariants on the tensile and compression meridians
was 0.667, and the viscosity coefficient was 0.005. The re-
inforcement adopted the T3D2 truss element. The

experimental values of materials expressed the constitutive
relation of concrete in the test, where the yield strength f, of
steel was 530 MPa, the Poisson’s ratio was 0.3, and the elastic
modulus was 2 x 10° MPa. As the forces on the top beam and
the base were not considered in the test, the two parts were
designed with infinite rigid beams under ideal conditions.
The coupling points were arranged in the center of the
bottom beam and fixed on the “load” module. The rein-
forcement got in contact with and constrained by the
concrete by an embedding range constraint order. The
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(a)

FIGURE 4: Failures on the test pieces. (a) PJ-1. (b) ZT-1.
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FIGURE 5: Hysteretic curves of the test pieces. (a) PJ-1. (b) ZJ-1.
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50

superposed interface between the prefabricated member and
cast-in-situ concrete was in binding contact. As this model
was mainly used to investigate the seismic behavior of the
shear wall, the interfaces between the shear wall and the
loading beam and between that and the base were also
arranged in binding contact. An FRP connection was set
between the outer leaf board and the load-carrying wall of
the test piece and bore no force all the way. For this reason,
frictional contacts (friction coefficient: 0.6 [9]) were
designed between the thermal insulation board and the outer
leaf board concrete and between that and the post-cast
intracavity concrete. The normal force transmission between
the new and old superposed concrete faces was by hard
contact so that the applied force vertical to the interface was
fully transmitted in the cross section.

The model was designed with three analytical steps:
initial step, step 1, and step 2. In the initial step, relevant
boundary conditions were set. In step 1, 600kN axial
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FIGURE 8: The cloud chart of reinforcement stress. (a) The design with embedded columns (PJ-1). (b) The design without embedded columns

(PJ-2).

pressure was loaded at the coupling point in the center of the
top beam. In step 2, the loading time was set as per the
loading protocols for the test, and the load-displacement
mixed control loading was simulated and converted into
displacement loading based on the model’s amplitude
function. After conversion, the loading protocols are illus-
trated in Figure 6.

4. The Simulated Results and Analysis

4.1. Damage. Figures 7 and 8 display the concrete analysis
results of the finite element model. As can be observed from the
concrete damage cloud chart, the concrete damage at the joint
of the shear wall model without embedded columns was greater
than that with embedded columns. However, the two designs
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show almost identical holistic failure forms. According to the
cloud chart of reinforcement stress, in both of the two models,
the reinforcement stress on the two sides was the highest,
gradually decreased toward the joint, and had no interruption
and sudden change at the joint. This result demonstrates that
the reinforcement meshes of both two models (with and
without embedded columns) can form holistic force-bearing
bodies. The reinforcement stress at the joint of test piece PJ-1
was 440.531 MPa, while that at the joint of test piece PJ-2 was
463.285 MPa, with a difference of 5.2% from the former. This
result reveals that the design with or without embedded col-
umns had no great impact on the model, and the model without
embedded columns still had a good holistic performance.

4.2. Hysteretic Performance. As presented in the hysteretic
curves and skeleton curves (Figures 9 and 10) of the two test
pieces obtained by simulated calculation, the area enveloped

by the hysteretic loop of PJ-2 was slightly larger than that of
PJ-1. The reason was that, without embedded columns, the
concrete at the vertical joint showed failures under the action
of the horizontal load, so the test piece was divided into two
small shear walls bearing forces continuously. At this point,
the test piece has lost overall rigidity, gained ductility, and
gained energy dissipation capacity. Moreover, the PJ-2’s
ultimate bearing capacity became a little higher than the PJ-
I’s. These results verify that the design without embedded
columns is feasible.

As also presented in the following figures, the skeleton
curves of PJ-1 and PJ-2 had similar trends. The simulated
curves of the two in the elastic stage almost coincided be-
cause no significant changes occurred in the mechanical
properties of the two shear walls in this stage. After entering
the elastic-plastic stage with continuous loading, the rein-
forcement inside the test piece yielded gradually, and both
the two models experienced obvious rigidity degradation.
However, PJ-2’s rigidity degraded more significantly than
PJ-1’s due to the concrete failures at the joint of PJ-2. The
skeleton curves tended to be gentle in the plastic stage, which
suggests that both structures had good ductility (without a
large difference) after subjecting to the ultimate load.

5. Conclusion

In this study, the test and ABAQUS FEA were used to make
finite element analysis on new single-faced superposed slab
shear walls, obtaining the following conclusions:

First, the design with or without embedded columns has
no significant impact on the bearing capacity and hysteretic
performance of single-faced superposed slab shear walls
horizontally jointed. Using the two designs, the single-faced
superposed slab shear walls showed bending-shear failures.
This result indicates that the horizontally jointed single-
faced superposed slab shear walls with loading beam can still
have good holistic performance and seismic behavior in
practical engineering, even without embedded columns.

Second, the design without embedded columns helps
simplify the construction process and improve assembly
efficiency while ensuring the structure’s bearing capacity.

Third, the optimized design was just simulated in this
study and still requires further experiments in the future to
verify its rationality and consistency.
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Due to the low detection precision and poor robustness, the traditional pig-posture and behavior detection method is difficult to
apply in the complex pig captivity environment. In this regard, we designed the HE-Yolo (High-effect Yolo) model, which
improves the Darknet-53 feature extraction network and integrates DAM (Dual attention mechanism) of channel attention
mechanism and space attention mechanism, to recognize the posture behaviors of the enclosure pigs in real-time. First, the pig
data set is clustered and optimized by the K-means algorithm to obtain a new anchor frame size. Second, the DSC (Depthwise
separable convolution) and h-switch activation function are innovatively introduced into the Darknet-53 feature extraction
network, and the C-Res (Contrary residual structure) unit is designed to build Darknet-A feature extraction network, so as to
avoid network gradient explosion and ensure the integrity of feature information. Subsequently, DAM integrating the spatial
attention mechanism and the channel attention mechanism is established, and it is further combined with the Incep-abate module
to form DAB (Dual attention block), and HE-Yolo is finally built by Darknet-A and DAB. A total of 2912 images of 46 enclosure
pigs are divided into the training set, the verification set, and the test set according to the ratio of 14:3:3, and the recognition
performance of HE-Yolo is verified according to the parameters of the precision P, the recall R, the AP (i.e., the area of P-R curve)
and the MAP (i.e,, the average value of AP). The experiment results show that the AP values of HE-Yolo reach 99.25%, 98.41%,
94.43%, and 97.63%, respectively, in the recognition of four pig-posture behaviors of standing, sitting, prone and sidling of the test
set. Compared with other models such as Yolo v3, SSD, and faster R-CNN, the mAP value of HE-Yolo is increased by 5.61%,
4.65%, and 0.57%, respectively, and the single-frame recognition time of HE-Yolo is only 0.045 s. In the recognition of images with
foreign body occlusion and pig adhesion, the mAP values of HE-Yolo are increased by 4.04%, 4.94%, and 1.76%, respectively,
while compared with other models. Under different lighting conditions, the mAP value of HE-Yolo is also higher than that of
other models. The experimental results show that HE-Yolo can recognize the pig-posture behaviors with high precision, and it
shows good generalization ability and luminance robustness, which provides technical support for the recognition of pig-posture
behaviors and real-time monitoring of physiological health of the enclosure pigs.

1. Introduction

China is the world’s largest producer of pigs and a major
consumer of pork. According to statistics, 337.42 million
pigs were sold in the first half of 2021, a year-on-year in-
crease of 34.2% compared with 2020. The 2019 China sta-
tistical yearbook shows that China’s per capita meat
consumption is 26.9 kg/person, and the consumption pro-
portion of pork in meat products is as high as 60%. This
shows that pig breeding is the most important industry in
China’s animal husbandry, which is of great significance to

national life, stabilizing prices, ensuring the smooth oper-
ation of the economy, and stabilizing the overall social
situation. Most of China’s pig breeding industry is still
dominated by periodic manual supervision, with high labor
intensity, low work efliciency, poor timeliness, and easy to
make mistakes. It is imperative to use the information and
intelligent technical means to detect the behavior and
posture of pigs in real time.

At present, many scholars applied CNN (convolutional
neural networks) to recognize multi-category targets [1-5]
in different fields. In pig-posture behavior recognition, Gao


mailto:xulijia@sicau.edu.cn
https://orcid.org/0000-0001-5100-4042
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/1759542

et al. [6] used a 3D convolutional network to recognize the
aggressive pig behaviors, but some interference factors such
as pig adhesion, different lightings, and complex behaviors
resulted in a weak generalization ability of CNN. Zhou et al.
[7] designed a pig face detection method with an attention
mechanism [8-10] combined with a feature pyramid
structure, which made the network more focused on the
effective information area of the images, but the gradient
dispersion appeared with the deepening of the number of
the network layers. Yang et al. [11] used CNN to recognize
the individual pig-drinking behaviors, but the method
showed the complex calculation of feature selection and
relied on high hardware. Zheng et al. [12] used the faster
R-CNN to recognize the standing, lying, and the other
behaviors of sows, but the recognition results of different
scales of targets were quite different. The R-CNN series
networks designed in the literature [13-15] generated
sample feature maps through convolution processing of
input images, and then classify them. The experimental
results showed that these networks were not very effective
to recognize the multi-scale small targets. The Yolo series
networks designed in the literature [16-18] converted the
positioning of the target frames into a regression problem,
which showed high recognition accuracy and short rec-
ognition time. Among them, the Darknet-53 feature ex-
traction network of Yolo v3 was characterized by a large
calculation, unstable gradient, and incomplete feature in-
formation extraction, and the feature information of each
region of the feature map was given the same weight. In
fact, the contribution degrees of feature information of
some areas such as pig-limbs, pig-abdomen, and pig-trunk
were far greater than that of pig-head, pig-feces and pig-
pigsty. Therefore, it is considered to introduce DAM (i.e.,
dual attention mechanism) to focus more on the target
areas.

To realize the real-time recognition of the pig-posture
behaviors in the enclosure environment, a DSC (i.e.,
depthwise separable convolution) structure and h-switch
activation function are introduced into the Darknet-53,
and C-Res (i.e., contrary residual structure) unit is
designed. Further, DAM is combined with Incep-abate to
form the DAB (i.e., dual attention block), so as to reduce
the computational complexity and the hardware cost of
the network, and further reduce its false recognition rate.
The rest remainder of this study is organized as follows.
In Section 2, the pig mages are acquired and pre-
processed, and the building process of HE-Yolo model is
described. In Section 3, Experiments are conducted using
the pig mages with four pig-posture behaviors in an
enclosure environment, and the results are analyzed and
discussed. Finally, the conclusions of this study are
drawn in Section 4.

The detection method proposed in this paper can be used
to infer the movement state of captive pigs. Based on this
technology, the active state of pigs in a fixed time can be
judged, and the judgment index of pig activity degree can be
generated, which provides effective help for the follow-up
behavior research and physiological condition analysis of

pigs.
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2. Materials and Methods
2.1. Experimental Image Preparation

2.1.1. Subsection. The pig images are acquired from a pig
farm in Guang’an city of Sichuan province (10:00-14: 00 on
August 14th, 2021, with cloudy weather) and another pig
farm in Leshan city of Sichuan Province (10:00-14:00 on
August 14th, 2021, with sunny weather). Canon EOS580D
anti-shake camera is 0.5~2.0 m away from the pig-body to
take photos of pig-trunk of different scales. The sizes of the
two pig farms are I0mx5m x0.7m and 8m x 6 m x 0.8 m,
with 2~10 pigs in each column. A total of 46 pigs in three
columns in a nursery period of 24~54 days and a fattening
period of more than 70 days are selected as the study objects.

The postural behaviors of pigs vary greatly, which are
usually divided into four categories: standing, sitting, prone,
and sidling. A total of 30 segments of video data of pigs are
manually screened, with each segment of 10~100s, and 728
images with a resolution of 1920 x1080 are obtained by
frame-by-frame processing. To expand the number of im-
ages and improve the universality of the network, we per-
form —10° flip, +10° flip, mirror flip, and random luminance
adjustment on the images to expand the data set (shown in
Figure 1). After expansion, a data set of 2912 images is
obtained.

2.1.2. Devising the Image Data. Take the pig-limb, the pig-
abdomen, and the pig-trunk as the dividing points and do
not mark the pig images in which any two of three parts do
not appear within the marking range. The open-source tool
labeling [19] is used to label the images with four pig-posture
behaviors, namely “standing”, “sitting”, “prone” and “si-
dling”. According to the general division strategy [20], the
labeled extended dataset is divided into the training set of
2040, the validation set of 436, and the test set of 436
according to the ratio of 14:3:3, and with the resolution of
1920 x 1080 x 3. The images are further scaled and converted
into the network with a resolution of 416 x 416. After la-
beling all images, the coordinates of the marked parts are
transformed to obtain the coordinates of the scaled corre-
sponding parts, as shown in Figure 2.

2.2. Building HE-Yolo. The Yolo series network is mainly
composed of a pooling layer and convolution layer, and the
resolution of the input image is 416 x 416. The input image is
processed by a series of 3 x3 depthwise convolution and
1x1 pointwise convolution, pooling, and up-sampling
operations to output the feature map. Darknet-53 consists of
1 x 1 pointwise convolution and 3 x 3 depthwise convolution
layers, and the batch normalization layer and Leaky ReLU
concatenated after each convolutional layer are to prevent
overfitting. The convolutional layer, batch normalization
layer, and Leaky ReLU activation function together form the
basic convolution unit DBL of Darknet-53, with a total of 53
DBL units. To predict the multi-scale small targets, Yolo v3
uses anchor boxes of 9 sizes. According to the idea of a
feature pyramid network, Yolo v3 designs 3 sizes of network
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FIGURE 2: The process of labeled images.

outputs to predict the targets of different scales, and its
multi-scale feature extraction module shows strong recog-
nition ability. The multi-scale feature map has multiple
recognition results for the same target, so Yolo v3 introduces
nonmaximum suppression [21] to eliminate the redundant
detection frames, thus each target has a unique detection
frame, and each area in the input feature map is assigned to
an equal weight. The pig-trunk, the pig-abdomen, the pig-
limb, the pig-feces, and the pig-pen in the images have
different contributions to recognize the pig-posture be-
haviors. The weights of the feature information of the pig-
feces, the pig-pen, and the other interfering feature infor-
mation should be reduced, and the weights of feature in-
formation of the g-trunk, the pig-abdomen, and the pig-limb
should be strengthened to improve the recognition accuracy
of the pig-posture behaviors.

2.2.1. Darknet-A Network. The DSC [22] and the h-switch
activation function are introduced into the Darknet-53, and
the C-Res unit is designed to build the Darknet-A feature
extraction network.

(1) DBH Unit. The four pig-posture behaviors of standing,
sitting, prone and sidling are closely related. Considering
that the large sizes of pigs make it difficult to classify the
behaviors, DSC and h-switch activation functions are in-
troduced into Yolo v3 to reconstruct the structure of DBL of
Darknet-53, that is, to form the DPH unit, so as to improve
the recognition ability of network and reduce the amount of
calculation. The structure of the DPH unit is shown in
Figure 3.

The DSC decomposes the ordinary convolution in DBL
into 3 x 3 depthwise convolution and 1x 1 pointwise con-
volution, as shown in Figure 3. Of which, 3 x 3 depthwise
convolution used different filters to convolve different

3x3 Depthwise Convolution

!

BN

'

h-switch

!

1x1 pointwise Convolution

!

BN

!

h-switch

FicUre 3: The structure of DPH unit.

channels of the input feature map, and then the feature maps
outputted by 3x3 depthwise convolution are further
weighted and combined by 1x1 pointwise convolution.
Assume that the input feature map has M channels, the
output feature map has N channels, and the size of con-
volution kernel is Dy x Dy then the amount of calculation of
the depthwise convolution and the standard convolution is
compared as follows:

HXxWXxMxDxD+ HXWXxMxN 1 N 1
HxW x M x N x D, x Dy "N D/

1

where N> D;. When D, =3, the parameter quantity of
DSC is about 1/9 of the standard convolution, which means
that the DSC can greatly reduce the amount of calculation of
Darknet-53.

The Leakly Relu activation function is used in DPH, and
its gradient value is zero when the input is negative. As a
result, the corresponding parameters of the input feature



map will not be updated, and the data expansion will become
more significant with the deepening number of network
layers, thus it affects the recognition result of Yolo v3. The
above problem can be solved by replacing the Leakly Relu
activation function with the h-switch activation function
[23]. The h-switch activation function is as follows:

Relu6 (x + 3)

5 , (2)

f(x)=x
where Relu6 () is the Relu activation function, but its
maximum output is limited to 6.

The curve of the h-switch activation function is shown in
Figure 4. It can be seen from Figure 4 that when x — - oo,
f (x) — 0.That is, the change trend of the h-switch acti-
vation function is similar to that of the Leakly Relu function,
but when x is near 0, the gradient of the h-switch function
will not completely disappear, which ensures the integrity of
the feature information of the pig behaviors, and the h-
switch activation function also reduces the computation
complexity of the network.

(2) C-Res Unit. In the training process of a network based on
the stochastic gradient descent algorithm, with the deep-
ening of the network layers, the error is easy to cause
gradient dispersion and gradient explosion through multi-
layer back propagation. Therefore, the C-Res unit is designed
based on the residual structure of Resnet.

Assuming there is a convolutional neural network, the
input feature map needs to undergo N times of feature
extraction, and each feature extraction corresponds to a
nonlinear transformation Z;. Z; is a set of multiple func-
tions, such as the depthwise separable convolution, the
activation function, the down sampling or pooling, etc. So
there is as follows:

Vi =Zi(¥io1)s (3)

where y; and y,_, represent the feature maps outputted by
the ith layer and the (i-1) th layer, respectively.
The C-Res unit is expressed as follows:

Vi =Zi(yis1) + Yic- (4)

The structure of the C-Res unit is shown in Figure 5.

Compared with the ordinary residual structure, the
C-Res unit first raises the input feature map to a higher
dimension and extracts its features by 3 x 3 depth convo-
lution, and further reduces the dimension of the features, so
as to reduce the computational load of Darknet-A and avoid
gradient explosion.

2.2.2. DAB

(1) The Spatial Attention Block. Spatial attention mechanism
(SAM) [24] can enhance the target features in the input
feature map. SAM assigns different weights to the pixels in
the input feature map, and simultaneously performs global
max pooling and global average pooling on all features of
different channels in the same position, and then obtains two
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feature maps, which are further concatenated in the channel
dimension to gain the initial spatial attention feature map of
Hx Wx2. Subsequently, 7x7x1 convolutional layer is
used to reduce the initial spatial attention feature map to one
channel, and generate the spatial weight coefficients through
the sigmoid activation function. Then the spatial weight
coefficients are multiplied with the input feature map
through the residual structure to obtain the output feature
map of SAM. The structure of the SAM module is shown in
Figure 6.

(2) The Channel Attention Block. Channel attention mech-
anism (CAM) [25] weights the features of all channels of the
input feature map to strengthen the effective features and
weaken the irrelevant information. Among them, the global
average pooling is used to aggregate the feature information
contained in each spatial channel [26, 27], and the input
feature map of H x W x Cis pooled by global average pooling
to obtain two-dimensional compressed feature of 1 x 1 x C.
Global average pooling extracts the features of all areas of the
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feature map with equal weight, while global max pooling
only calculates the area with the largest feature response, so it
can make up for the deficiency of global average pooling in
extracting channel attention information in the effective
feature region. The structure of CAM module is shown in
Figure 7.

(3) The Channel Attention Block. SAM and CAM are
connected in series to build a dual attention mechanism
(DAM). First, SAM is used to model the feature elements of
the input feature map, so as to obtain the positional re-
lationship between the feature elements and filter the
spatial information, and then connect them through the
residual structure and multiply by space to obtain the
spatial attention feature map. Then, CAM is introduced to
model the correlation between the channels of the spatial
attention feature map, so that the feature elements in each
position of the spatial attention feature map can obtain the
corresponding spatial information, and they are also
connected by the residual structure and multiplied by
space, that is, the output feature map of DAM can be
obtained. The structure of DAM module is shown in
Figure 8.

M and M, represent the input and the output feature
maps of the DAM module, respectively, and their dimen-
sions €RI*WXC_ F¢ represents the spatial weight coefficients
generated by SAM, and F represents the channel weight
coefficients generated by CAM, Fg, F € (0,1). M, is cal-
culated as follows:

My =(1+Fc((1+Fg(M))xM))x(1+Fg(M))xM.
(5)

Based on the principle of thermodynamics, the output
feature map M|, obtained by DAM is converted into a heat
map, and the visualization results of the feature information
of key areas such as the pig-trunk, the pig-abdomen, and the
pig-limb are shown in Figure 9.

DAM increases the computational complexity of the
network. Since the Inception-v4 [28] module builds deeper
and wider residual connections, the Incep-abate module is
combined with DAM to form DAB. The average pooling, the
max pooling, the asymmetric convolution, and 1x1 and
3x3 convolution layers are stacked together by using a
parallel structure, and then the feature maps of each branch
are fused by concat to ensure the integrity of the output
feature map. Among them, 1x 1 convolution changes the
number of the channel layers of the input feature map, and
the pooling layer changes the dimension of the input feature
map. The Incep-abate module is an asymmetric convolution
structure, and NxNxC convolution is replaced with
1 x Nx C convolution and Nx 1 x C convolution to reduce
the hardware cost and improve the computing efficiency.
The structure of the Incep-abate module is shown in
Figure 10.

2.2.3. HE-Yolo. HE-Yolo (high effection-Yolo) is built by
Darknet-A and DAB, as shown in Figure 11. Darknet-A (i.e.,
the dotted box 1 in Figure 11) is used to compress the
calculation of the feature map to reduce the occupation of
hardware resources and ensure that feature information is
not distorted. DAB (i.e., the dotted box 2 in Figure 11)
obtains the coefficient matrix of the effective features
through the operations such as the global max pooling, the
global average pooling, and the sigmoid activation function
to filter the features of the input feature map. HE-Yolo
constructs a feature pyramid to achieve multi-scale feature
fusion and improves the context semantics of the feature
map through the intersection of multi-layer feature infor-
mation. At the same time, nonmaximum suppression is
applied to remove the detection frames with large deviations,
so that each target corresponds to a unique detection frame.

The anchor box size of Yolo v3 is obtained by clustering
on the coco data set, which is different from the posture
behavior size of pigs. Therefore, a new anchor box size is set
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FIGURE 9: Visualization of DAM feature extraction of pigs.

to improve the training effect of HE-Yolo. The K-means
algorithm is used to cluster and optimize the labeled images
to obtain the anchor box sets of three sizes of the pig image
data set, as listed in Table 1.

3. Results and Analysis

3.1. Experimental Environment. Intel (R) core (TM) i7-
6700 server with 32GB memory and equipped with
windows 10 operating system. Pychram integrated de-
velopment environment and TensorFlow open-source
library for parallel computing on GPU. GPU is configured
as Nvidia GeForce RTX 5000 and GPU memory is 16 GB.
The parallel computing environment is CUDA 9.0,
cuDNN v7.4.2 and the programming language is Python
3.6.0. There are 2040 images in the training set. The small

batch gradient descent training method is adopted and the
number of iterations is set to 100. The initial learning rate
is set to 0.001 and the learning rate is adjusted by the
epoch-decay strategy. When the Intersection over Union
(IoU) of the detection frame is greater than the threshold
of 0.6, the recognition result is considered correct. Fig-
ure 12 is the change curve of Loss with the number of
iteration epochs during the training process of HE-Yolo.
It can be seen that the Loss decreases rapidly at the be-
ginning of the iteration, and it is stable between 3 and 4
after 65 iteration epochs.

3.2. The Evaluation Parameters. The precision rate P, the
recall rate R, the average precision AP and the mean average
precision mAP are selected as the parameters to evaluate the
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TaBLE 1: The anchor box size and the corresponding output feature map after K-means clustering.

Size 13x13 26 X26 52 %52

Anchor box (171 x 142), (168 x 114), (257 x 283) (86 x 145), (105 x 70), (122 x 106) (46 x 50), (72 % 93), (80 x 49)
Receptive field Big Middle Small
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FIGURE 12: The change curve of Loss with the number of iterations.

recognition performance of HE-Yolo. They are calculated as
follows:

R = L %X 100%,
TP + EN
P= i X 100%,
TP + FP
1 (6)
AP = Jo PRdr,

1
AP = — APy,
" N Nze:N N

where TP is the number of samples correctly recognized by
the model, FP is the number of samples that the model
misjudges as positive but negative, FN is the number of
samples that the model misjudges as negative but positive, N
is the category number of the pig-posture behaviors, N; is
the i th category and i € [1,4], AP is the area of the P-R
curve.

3.3. Selecting the Optimal Model. A total of 436 verification
set images were used in 100 test stages, and the optimal
model for all stages was selected. First of all, it is necessary to
determine the priority of all evaluation parameters. The
priority of evaluation parameters from small to large is R, P,
and mAP. During the training process, the change curves of
evaluation parameters with the number of iteration epochs
are shown in Figure 13.

It can be seen from Figure 13 that the evaluation pa-
rameters grow fast in the first 70 epochs, and they are stable
in the last 30 epochs. The mAP reaches the maximum value
0f 97.43% when the epoch is 96, and P reaches the maximum
value of 96.79% when the epoch is 94. R reaches the
maximum value of 97.64% when the epoch is 89. Therefore,
HE-Yolo after 96 iteration epochs is selected as the optimal
model to recognize the pig-posture behaviors.

3.4. Experimental Results and Analysis

3.4.1. Analysis on the Recognition Results of HE-Yolo.
Remove the SAM block in DAB to build the CA-Yolo, and
remove the CAM block in DAB to build the SA-Yolo. The
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FiGure 13: The change curves of P, R, and mAP.

SSD [29] uses VGGI16 as the backbone network, and the

faster R-CNN uses the region generation network to replace

the selective search in the fast R-CNN. Six models including

HE-Yolo, CA-Yolo, SA-Yolo, Yolo v3, SSD and faster

R-CNN are used to recognize four kinds of pig-posture

behaviors, and the recognition results are listed in Table 2.
From Table 2 it can be known that:

(1) Compared with Yolo v3, the AP values of HE-Yolo,
CA-Yolo, and SA-Yolo for four postures are in-
creased by 0.63%~1.39%, 0.24%~2.33%, 0.07%~
5.68%, and 0.48%~4.04%, respectively, and the mAP
values of three models are increased by 1.73%-~
5.61%. That is, the introduction of an attention
mechanism can improve the AP value of the model.
The mAP value of SA-Yolo is higher than that of CA-
Yolo, which shows that the spatial attention mech-
anism has an important influence on the recognition
performance of the detection model. The AP values
of a single category and the overall mAP value of HE-
Yolo are higher than that of CA-Yolo and SA-Yolo,
which shows that DAM can weaken the influence of
noise on the recognition result of the detection
model.

(2) The AP values of HE-Yolo are higher than that of
SSD and faster R-CNN, and its map value is also
increased by 4.64% and 0.57%, respectively.
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TaBLE 2: The recognition results of the pig-posture behaviors of the test set.
AP (%
Model . . (%) o mAP (%)
Standing Sitting Prone Sidling
HE-Yolo 99.25 98.41 94.43 97.63 97.43
Yolo v3 97.86 96.08 88.75 93.59 91.82
CA-Yolo 98.49 96.32 88.82 94.07 93.55
SA-Yolo 98.96 96.68 91.01 95.43 95.52
SSD 97.55 94.39 86.32 92.86 92.78
Faster R-CNN 98.63 97.74 93.82 97.25 96.86

pig adhesion |

body occlusion

(a) mild (c) severe

(b) medium

FIGURE 14: The recognition results of HE-Yolo for different degrees
of foreign body occlusion and pig adhesion. (a) Mild. (b) Medium.
(c) Severe.

TaBLE 3: Comparison of the single-frame recognition time.

Model The single-frame recognition time (s)
HE-Yolo 0.045
Yolo v3 0.038
SSD 0.051
Faster R-CNN 0.175

Compared with Yolo v3, the single-frame recogni-
tion time of HE-Yolo increases by 0.007 s, but its
map value increases by 5.61%. It can be seen from
Table 2 that the mAP value of HE-Yolo is slightly
higher than that of faster R-CNN, and from Table 3
it can be seen that the single-frame recognition time
of HE-Yolo is reduced by 0.13s.

Therefore, HE-Yolo has high recognition accuracy and
fast recognition speed, which shows that HE-Yolo has strong
mobility, and it can fully meet the real-time recognition
requirement for the pig-posture behaviors.

3.4.2. Recognizing the Images with Foreign Body Occlusion
and Pig Adhesion. When the foreign body occlusion and pig
adhesion are serious, the model is difficult to recognize the
pig-posture behaviors. Figure 14 shows the recognition
results of HE-Yolo on the pig images with different degrees
of foreign body occlusion and pig adhesion. Among them,
there is partial foreign body occlusion and pig adhesion in
Figures 14(a)~14(b), and HE-Yolo can successfully recog-
nize the pig-posture behaviors. There is serious foreign body

TABLE 4: Recognition results of different models for foreign body
occlusion and pig adhesion.

Model
mAP (%)

Yolo v3 SSD
81.68 80.78

HE-Yolo
85.72

Faster R-CNN
83.96

TaBLE 5: The mAP values (%) of each model under different
lighting conditions.

Type Bright Dark
Model
HE-Yolo 98.12 96.88
Yolo v3 93.76 90.36
SSD 93.41 91.45
Faster R-CNN 97.21 95.53
100
98 |+
96 |+
94 |
S 92t
& 90}
T st
86
84 +
82 +
80 - - - - -
0.4 0.6 0.8 1 1.2 14 1.6
o
—o— HE-Yolo SSD

—<— Yolov3 —»— faster R-CNN

F1GURE 15: The recognition results of different models.

occlusion and pig adhesion in Figure 14(c), and HE-Yolo
cannot successfully recognize the pig-posture behaviors.

A total of 280 images with foreign body occlusion and
pig adhesion are selected as the testing set, and the mAP
value is used as the evaluation parameter. Four models
including HE-Yolo, Yolo v3, SSD, and faster R-CNN are
tested, and the experimental results are listed in Table 4.

It can be seen from Table 4 that the mAP value of HE-
Yolo is 4.04%, 4.94%, and 1.76% higher than that of Yolo v3,
SSD, and fast R-CNN, respectively. According to the actual
observation and the recognition results, when HE-Yolo si-
multaneously extracts the feature information of three areas
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TaBLE 6: The comparison results of different methods.

Model HE-Yolo Literature [3] Literature (7] Literature [12]

mAP (%) 97.43 97.17 96.33 96.86

The training convergence epoch 65 74 86 58

The single-frame recognition time (s) 0.045 0.075 0.028 0.175

of the pig-limb, pig-abdomen, and pig-trunk, and the area
covered by foreign body and pig adhesion is less than 25%,
then HE-Yolo can effectively recognize the pig-posture
behaviors.

3.4.3. Analyzing the Influence of Lighting Condition on the
Recognition Results. The images in the test set are divided
into bright and dark according to the lighting conditions.
Four models including HE-Yolo, Yolo v3, SSD, and faster
R-CNN are used for the experiments, and the experimental
results are listed in Table 5. It can be seen from Table 5 that
the mAP values of HE-Yolo are the highest and its mAP
values is only 1.24% different in two lighting conditions,
which shows that HE-Yolo has good recognition perfor-
mance under different lighting conditions.

The light varies greatly in the enclosure environment. To
further test the robustness of HE-Yolo to the luminance of
light, the RGB image is converted into an HSV image [30],
and the luminance coefficient « of 10 gradients is set and
a €1{0.5,0.6,0.7...1.5}. 10 luminance coeflicients are
multiplied by the luminance V, respectively, and then
converted into RGB images to obtain the testing set with 10
different luminances. The experimental results of four
models are shown in Figure 15.

It can be seen from Figure 15 that the stability of the
mAP value of HE-Yolo is significantly better than that of
other models, and the mAP values under 10 luminance
conditions are higher than those of other models, which
shows that HE-Yolo has stronger generalization ability and
better robustness to the luminance of light, so it can meet the
real-time recognition requirement of day and night alter-
nation during the breeding process.

HE-Yolo is compared with other methods [3, 7, 12], and
the mAP value, the training convergence epoch, and the
single-frame recognition time are tested, respectively. The
comparison results are listed in Table 6.

It can be seen from Table 6 that the mAP value of HE-
Yolo is higher than that of other methods, and it converges
after 65 iteration epochs, which shows that HE-Yolo needs
lower hardware and less computation time, and its recog-
nition speed is slightly lower than that of reference [7], but it
can fully meet the real-time recognition.

4. Conclusion

In this study, HE-Yolo is built for real-time recognition of
the pig-posture behaviors in the enclosure environment.
HE-Yolo further optimizes the Yolo v3 model in structure,
ensures the recognition effect and further reduces the
computational complexity, and makes the new model more
capable of focusing on effective features by constructing a

multiple attention mechanism. The experimental results
show that HE-Yolo has better accuracy and anti-interference
ability than other models in a complex environment and
provides a reliable research method for pig detection. The
experiment results are summarized as follows:

The anchor boxes of Yolo v3 are optimized and clustered
by the K-means algorithm. The depthwise separable con-
volution and h-switch activation function are introduced
into Darknet-53 to build DBH, and C-Res unit with reverse
inverse residual structure is designed to build Darknet-A
feature extraction network to avoid network gradient ex-
plosion and ensure the integrity of image feature
information.

According to the contribution of the feature information
of different areas in the feature image, the spatial attention
mechanism, and the channel attention mechanism are in-
tegrated to construct DAM, and the average pooling, the
maximum pooling, the asymmetric convolution, 1x1
pointwise convolution and 3 x3 depthwise convolutions
together to form the Incep-abate module. DAM and the
Incep-abate module are further combined to form DAB to
reduce the computational complexity. DAB is spliced with
the feature pyramid structure of Yolo v3 to make the model
focus more on effective feature information, and HE-Yolo is
finally built by Darknet-A and DAB.

Compared with Yolo v3, the mAP values of HE-Yolo,
CA-Yolo, and SA-Yolo are increased by 5.61%, 1.73%, and
3.70%, respectively, which shows that the introduction of the
attention mechanism can improve the extraction effect of
effective features of the pig images. Among them, the mAP
value of SA-Yolo is 1.97% higher than that of CA-Yolo,
which shows that the spatial attention mechanism has an
important influence on the recognition performance of the
model.

The single-frame recognition time of HE-Yolo is 0.045s,
and its image recognition performance for foreign body
occlusion and pig adhesion is good. The mAP value of HE-
Yolo is 4.04%, 5.04% and 1.76% higher than that of Yolo v3,
SSD, and faster R-CNN, and the mAP value of HE-Yolo is
also higher than that of other models under different lighting
conditions. Compared with other methods [3, 5, 7], HE-Yolo
has high recognition accuracy and fast recognition speed
under the condition of low hardware.

To sum up, the Yolo model designed in this paper has
stronger generalization ability, can meet the real-time de-
tection requirements of pig posture and behavior in the
actual captive environment, has higher recognition accuracy
and speed than other models, and has good robustness. Of
course, HE-Yolo will be further optimized to improve its
recognition performance and accurately track the pig-pos-
ture behaviors of individuals. In the next study, it cannot be
limited to the abovementioned four posture behaviors, and
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the image data can be expanded for other types of pig-
posture behavior or even be extended to other livestock.
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Diabetes mellitus (DM), commonly known as diabetes, is a collection of metabolic illnesses characterized by persistently high
blood sugar levels. The signs of elevated blood sugar include increased hunger, frequent urination, and increased thirst. If DM is
not treated properly, it may lead to several complications. Diabetes is caused by either insufficient insulin production by the
pancreas or an insufficient insulin response by the body’s cells. Every year, 1.6 million individuals die from this disease. The
objective of this research work is to use relevant features to construct a blended ensemble learning (EL)-based forecasting system
and find the optimal classifier for comparing clinical outputs. The EL based on Bayesian networks and radial basis functions has
been proposed in this article. The performances of five machine learning (ML) techniques, namely, logistic regression (LR),
decision tree (DT) classifier, support vector machine (SVM), K-nearest neighbors (KNN), and random forest (RF), are compared
with the proposed EL technique. Experiments reveal that the EL method performs better than the existing ML approaches in
predicting diabetic illness, with the remarkable accuracy of 97.11%. The proposed ensemble learning could be useful in assisting

specialists in accurately diagnosing diabetes and assisting patients in receiving the appropriate therapy.

1. Introduction

Diabetes mellitus (DM) is a collection of metabolic disorders
indicated by abnormal insulin production as well as its action.
This insulin deficiency leads to elevated blood levels of glucose
and decreased carbohydrate and protein metabolism [1]. DM
is a prevalent endocrine disease that affects roughly 200
million people across the world. Diabetes affected 30.3 million
persons in the United States in 2015, accounting for 9.4% of
the population. More than one-fourth of them were unaware
that they had this condition. One out of four people over the
age of 65 has diabetes [2]. Gradually, the human living en-
vironment changes dramatically due to increased demand on

the health of human beings, human lifestyle, changes in
climate, and other environmental changes. Infections and
diseases cause millions of individuals to fall unwell and face
other harmful health issues, and these problems are quickly
increasing every day.

DM is a chronic condition that happens when the
pancreas stops producing insulin or when the body’s insulin
is not used properly. Insulin is a hormone produced by the
pancreas that functions as a key to allowing glucose from our
diet to move from the bloodstream into our cells for energy
production. In the blood, all carbohydrate foods are broken
down into glucose. Insulin aids glucose absorption into cells.
When the body is unable to make or utilize insulin properly,
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blood glucose levels rise (known as hyperglycaemia). High
glucose levels are linked to long-term harm to the body and
the failure of many organs and tissues. Diabetes that is not
well controlled can have catastrophic repercussions, in-
cluding damage to a variety of organs and tissues in the
body, including the heart, kidneys, eyes, and nerves. The
different symptoms of the DM include frequent hunger,
frequent thirst, frequent urination, urinary and genital in-
fections, extreme tiredness, wounds that will not heal, and
unexplained weight loss especially in case of children. Be-
cause many people do not experience any of these symp-
toms, diabetes is frequently diagnosed by chance. Those who
are at risk of acquiring diabetes should have regular medical
examinations to avoid late discovery of the disease. The
different symptoms of diabetes are shown in Figure 1.

There are three main kinds of diabetes. Due to the
complexity of diabetes, diagnosing and distinguishing
among these different kinds are difficult [3-5].

L1. Type-1. An autoimmune reaction occurs when the
body’s defense system assaults the cells that make insulin,
resulting in type-1 diabetes. As a result, the body produces
very little insulin. The specific causes are unknown although
they are thought to be connected to a combination of genetic
and environmental factors. Type-1 diabetes can strike anyone
at any age although it strikes children and adolescents the
most commonly. When a person has type-1 diabetes, his or
her body generates very little or no insulin, necessitating daily
insulin injections to keep blood glucose levels in check.

1.2. Type-2. Type-2 diabetes is the most common form of
diabetes, accounting for approximately 90% of all cases.
Insulin resistance is a condition in which the body’s response
to insulin is inadequate. Because insulin is unable to function
effectively, blood glucose levels rise, causing more insulin to
be released. This can gradually fatigue the pancreas, resulting
in the body producing less and less insulin, further raising
blood sugar levels (hyperglycaemia). Type-2 diabetes is most
typically diagnosed in older persons although it is becoming
more common in children, adolescents, and younger adults
as obesity, physical inactivity, and poor diet become more
prevalent. The major complications that might be caused by
type-2 diabetes are depicted in Figure 2.

Diabetes has a dangerous effect on the eyes’ small blood
vessels. As a result, it may cause problems such as glaucoma
(a condition in which fluid builds up in the eyes), cataracts
(clouding of the lens of the eyes), and diabetes retinopathy (a
condition in which the retina at the back of the eye is
damaged). Diabetes can cause visual loss or blur over time. As
a result, regular eye examinations by a qualified ophthal-
mologist are required. Early detection can help to avoid
serious consequences. According to polls, early identification
can prevent blindness in patients with diabetes by 90 percent.
Figure 3 shows the normal eye and eye with retinopathy.

1.3. Gestational Diabetes Mellitus (GDM). GDM is a serious
and underappreciated threat to the health of mothers and
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children. High blood pressure, large birth weight babies, and
obstructed labour are common pregnancy problems for
women with GDM. Within five to ten years following de-
livery, around half of women with a history of GDM acquire
type-2 diabetes. The prevalence of high blood glucose during
pregnancy rises dramatically with age, peaking in women
over 45. However, diabetes mellitus, most usually type 2, is
discovered in roughly 5-10% of women with GDM after
pregnancy. GDM is completely curable, but it necessitates
close medical monitoring during pregnancy.

2. Related Work

The utilization of ML approaches to improve the precision of
DM risk prediction has been studied in a variety of ways [6].
The authors [7] have done a comparison of the accuracy of
numerous algorithms on the dataset of diabetes. They dis-
covered that the J48 algorithm has 73.82% accuracy before
data preprocessing, which is superior to others. Following
preprocessing, both KNN and RF showed better perfor-
mance. In this work [8], J48, KNN, and LR were compared
on the diabetes dataset in this work. J48 was found to be the
most accurate, with a classification accuracy of 78.27%.
Based on its accuracy of 80%, this work [9] created web-
based software for DM detection. In this work, the authors
compared prediction techniques such as decision trees (DT),
neural networks, Naive Bayes (NB), LR, and RF, and en-
semble techniques. The authors found that RF performed the
best in terms of accuracy and ROC score of 75.558% and
0.912, respectively.

The authors in this [10] looked at different ML algorithms
on a medical dataset. They compared different performance
indicators. In this research, ML and data mining approaches
used in DM research were identified and reviewed in a
systematic manner. Diabetes mellitus is quickly becoming a
very important and pressing worldwide health issue of the
twenty-first century. At present, significant research has been
conducted in practically every facet of DM research. When
compared to other ML algorithms, authors [11] employed
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C4.5 with 78.25% accuracy. According to them, J48 is famous
for its correctness.

The authors of this article [12] present an overview of how
DM is linked to cardiovascular autonomic neuropathy that
impairs HRV. As a result, diabetes was discovered using HRV
spectral analysis. Using DWT features retrieved from HRV
signals, the authors demonstrated an automated DM detec-
tion technique. Using the DT classifier, they were able to get
sensitivity, accuracy, and specificity of 92%, 92.59%, and
91.46%, respectively, using their proposed method. In their
diabetes forecasting experiments, the authors looked into NB,
ANN, as well as SVM classifiers [7]. They conducted a re-
search study that was weighted. The majority vote method was
used in this investigation. The findings show that a combi-
nation of classifiers outperformed any individual classifier.

The authors of this study [13] examined different ML al-
gorithms on the Pima Indian dataset. Feature selection was

applied to the dataset. According to their findings, attribute
selection improved the performance of diabetes prediction.
This study’s retrospective cross-sectional methodology
prevents the authors from establishing a cause-and-effect
link. This strategy may simply be utilized in studies to find the
optimal type-2 diabetes phenotype or prediction in different
nations. However, because the study group was limited to
Korean women and men, the findings could not be extended
to other populations. There can be disparities in socioeco-
nomic class, race, gender, and nationality within a single
patient cohort.

Using the J48 DT, the authors [6] emphasized the ap-
plication of Adaboost ensemble methods for diagnosing the
disease. According to the findings of the trial, Adaboost
ensemble approaches outperform J48 and even bagging. In
this study, the scientists employed NB, J48, and RF for the
prediction of DM. In terms of accuracy, they discovered that
RF outperforms naive Bayes and J48 techniques. According
to the authors [14], the accuracy achieved by implementing
PCA was not good, but the outcome of using all features
along with MRMR was superior. The results showed that by
using fasting glucose made the performance better, partic-
ularly in the Luzhou dataset. This implies that, while fasting
glucose is the most significant predictor, it cannot produce
the best results on its own, so multiple indices were required
to effectively predict. Furthermore, they discovered that
there is little difference between RT, DT, and neural network
results when comparing the three classifications; however,
RFs are definitely better compared to the other three clas-
sifiers. The highest performance for the Luzhou dataset was
80.84%, while that of the Pima Indians dataset was 77.21%,



indicating that ML can be used to predict diabetes, but
selecting appropriate features, classifiers, and data mining
methods is crucial. According to the results, the Adaboost
ensemble technique outperforms bagging and the stand-
alone J48 DT in this study [15].

Several ML algorithms for diabetes mellitus prediction
were utilized in the studies listed above, and they have been
evaluated for getting good results. In this article, the ML
techniques DT, RF, LR, SVM, and KNN classifiers are
utilized as base learners, and their performance is compared
to that of the ensemble classifier using various performance
measures, namely, accuracy, precision, sensitivity, and f1-
measure in the prediction of diabetes.

3. Methodology

The likelihood of survival and the likelihood of diabetes
recurrence are highly dependent on medical treatment
and the accuracy of the diagnosis. The various phases of
the prediction process of diabetes are depicted in
Figure 4.

The dataset taken from Kaggle consists of 693 diabetes-
affected people’s records. The different symptoms along with
their descriptions are shown in Table 1. Arbitrarily extracted
information was used in this investigation, with a ratio of 75:
25 split between training and testing data. The model was
trained to utilize training sets (520 records), and its effec-
tiveness was tested via test data. The dataset consists of 16
features or attributes whose values will determine whether
the person is likely to be affected by diabetes or not. The
target or output variable has a value of 1 for the presence of
diabetes and 0 for its absence.

3.1. Logistic Regression (LR). This approach has been mod-
ified for binary classification problems. The fundamental goal
of LR is to figure out what the coefficients are worth. The LR
reduces the value to a number between 0 and 1. The LR model
choosesa probability of 0 or 1 for the provided data instance of
the class to predict. This method can be used to solve problems
where we have various reasons to forecast. Equation (1) is the
definition of the LR standard function:

1

h(X)=——.
( ) 1+e*(ﬁo+ﬁlx)

(1)

The constants are represented in 3, and f3, by the data
label X.

3.2. K-Nearest Neighbor (KNN). KNN is also a supervised
ML algorithm [11]. It is mostly used to solve categorization
challenges. The object is categorized using K-neighbors.
Before running the procedure, the positive number K must
be defined. Euclidean distance is frequently used to deter-
mine various object measurements [16]. The Euclidean
distance and Manhattan distance are calculated using the
following equations:
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(2)

Euclidean =

k
Manhattan = Z la; — b;. (3)
i

From the above equations, Euclidean as well as Man-
hattan of KNN is computed with a and b data upto I
variables.

3.3. Support Vector Machine (SVM). The SVM algorithm
[17] is a supervised ML approach. For a small data set with a
few outliers, this model is ideal. The goal is to determine the
hyperplane that will be used to split the data points. The
hyperplane will be used to divide two spaces into different
domains. Similar forms of data will be found in such a
domain. The support vector machine’s decision state is
represented by the following equation:

Y1l = \y; +y 4o+ (4)

3.4. Decision Tree (DT). DT is one technique to show an
algorithm that is made up of completely conditional control
statements. The DTs are a collection of well-known super-
vised classification algorithms. They do well on classification
problems; the decisional path is straightforward to interpret,
and the algorithm for building (training) them is quick and
very simple. A single DT is depicted in Figure 5.

3.5. Random Forest (RF). RF is an ML technique that is part
of the supervised ML model. The RF classifier is made up of
numerous decision trees representing various subjects [18].
It takes the average of each tree’s subset to improve pre-
dictive accuracy. RF, rather than depending on a single
decision tree, uses the majority vote prediction technique
from all the trees and then predicts the result [19]. Every
node in the decision tree answers a query about the situation.
RF example is depicted in Figure 6.

3.6. Proposed Ensemble Learning (EL) Technique. For the
categorization of diabetes mellitus, an ensemble classifier based
on Bayesian Networks and Radial Basis Functions is proposed
in this article [20]. Ensemble classifiers are modelled using
Bayesian networks (BNs) as well as Radial Basis Function
(RBF). Two individual classifiers and the suggested ensemble
classifier will be discussed in the subsections. Figure 7 depicts
the suggested approach’s process flow diagram.

3.6.1. Bayesian Network (BN). Traditional statistical models
do not allow for the incorporation of past knowledge into the
model. The probabilistic associations between items or
objects are represented using a BN [21]. BNs are directed
acyclic graphs with nodes indicating variables and missing
edges representing conditional independence between
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TaBLE 1: Feature descriptions. O
Attribute/feature Description -
Age Between 20 years and 90 years
Gender 1 denotes male, 0 denotes female C ) ()
Polyuria 1 denotes male, 0 denotes female .
Polydipsia 1 denotes male, 0 denotes female
Sudden weight loss 1 denotes male, 0 denotes female Q Q Q Q Q
Weakness 1 denotes male, 0 denotes female .
Polyphagia 1 denotes male, 0 denotes female FIGURE 5: A single DT.
Genital thrush 1 denotes male, 0 denotes female
Vlsgal blurring 1 denotes male, 0 denotes female p (nodes|parents (node) ) for all nodes
Itching 1 denotes male, 0 denotes female
Irritability 1 denotes male, 0 denotes female n
Delayed healing 1 denotes male, 0 denotes female P(Xy,.o.on. ,X,) = H P(Xi| Xy, »Xi1)
Partial paresis 1 denotes male, 0 denotes female i=1 (5)

Muscle stiffness
Alopecia
Obesity

Class

1 denotes male, 0 denotes female
1 denotes male, 0 denotes female
1 denotes male, 0 denotes female
1 denotes positive, 0 denotes negative

variables. The probability function is assigned to each node.
Bayesian networks are used to represent knowledge in an
area that is uncertain. Statistics, probability theory, graph
theory, and computer science are all combined in Bayesian
Networks [22].

BN depicts a joint probability distribution over a set of
random variables “X.” The BN is explained as Y = (G, 0)
where Gis DA G. It contains the nodes N; N, ...,N,, and
edges depict dependencies among the variables. Joint distri-
bution for a BN is defined as shown in equation (5).

- ﬁ P(X;|Parents (X;)).

i=1

When huge networks are used, this combined distri-
bution will reduce computation. The use of a Bayesian
network is motivated by the fact that they record high ac-
curacy for complicated and uncertain domains.

3.6.2. Radial Basis Function (RBF). The supervised algo-
rithm RBF is derived from function approximation. RBFs
have three layers: an I/P layer, an O/P layer, and a hidden
layer [23]. Each hidden unit in the input space has its own
receptive field. These units are known as radial centers, and
they are denoted by the letters V|,V,,...,V,. The trans-
formation from hidden units to output is linear but not from
the input layer to the hidden unit. RBF will create a local
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map, as a result of which it will learn quickly. RBF employs
two-step learning, requiring the acquisition of both weight
and centers. By calculating the input’s similarity to instances
from the training set, RBF achieves supervised learning.
Each neuron computes the distance between the input and
its prototype to classify a fresh sample. The Gaussian
equation is shown as follows:

_ I ((x-u)*120%)
fx)= Yo7 , (6)

where x is the input, u is the mean, and oo is the standard
deviation.

The neuron activation function of RBF is defined as
shown in the following equation:

@ (x) = e Flwll, (7)

The RBF is motivated by the fact that it learns faster than
a simple feed-forward network because of the following
advantages: training is quick, MLP output nodes implement
linear summation, they are good at interpolation, and radial
basis functions are implemented by hidden nodes.

3.6.3. Ensemble Learning (EL) Method. Ensemble learning
is an effective machine learning technique for im-
proving model performance. The model’s prediction
capability is improved by combining the varied sets of
learners (Base Learners). The importance of selecting
the appropriate ensemble for diabetes prediction cannot
be overstated.

RBF and Bayesian Network have been employed as base
learners in the proposed methodology, which was then
integrated with the EL method. Majority voting can be
represented as shown in the following equation:

d,; =

T
J = Z dt’]‘) (8)
max

t=1 j=1 t=1

I C

where T is the dataset and C is the class label.

4. Results and Discussion

A confusion matrix is a matrix that comprises data on
actual and expected classifications and is used to assess
the algorithm’s performance using the matrix data. We
get both correct and incorrect predictions from each
classifier. False Positive and False Negative predictions
are two types of incorrect predictions. When we forecast
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(i) Input required: Diabetes Dataset
(ii) Output expected: Prediction of Ensemble Technique
Step_1: Preprocessing on the Pima dataset of diabetes
Step_2: Separate the dataset as test and training data
Step_3: Construct EL (Majority voting) using BN and RBF with k-Fold-cross-Validation (k =10)
Step_4: Let us call each new sample “S” Test data
Step_5: EL (test sample) = majority voting (class (RBF), class (BN))
Step_6: Keep track of the suggested approach’s accuracy and evaluate it using a variety of measures.
ALGORITHM 1: Stages in the proposed ensemble learning (EL) model.
Logistic Regression Support Vector Machine K-NN
0- 5 0- 20 0-
1- 1- 1-
Random Forest Decision Tree
0- 0- 0-
62 13 60 19
1- 12 86 I- 14 80 -
Figure 8: Confusion matrix.
TABLE 2: Performance metrics of different ML techniques in %.
ML techniques Precision Recall Fl-score
LR 82.82 84.53 83.51
KNN 82.65 82.65 82.65
RF 86.86 87.75 87.30
DT 80.80 85.10 82.89
SVM 79.79 82.29 81.02
EL (BN + RBF) 96.96 97.96 97.46
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FIGURE 9: Performance of various ML techniques. FIGURE 10: Accuracy of algorithms.
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that something will happen/occur but it does not, we call
it a False Positive also called as type I error (a valid null
hypothesis is rejected). For example, we predicted that
diabetes would develop, but it did not. When we forecast
that something will not happen/occur, but it does, we call
it a False Negative also called as type II error (the failure
to reject a false null hypothesis). For example, we might
anticipate that there will be no diabetes, but diabetes
does exist. Type I errors are typically thought to be less
dangerous than type II faults. In disciplines, such as
medicine, both errors may appear to be fatal. The con-
fusion matrix of all the ML algorithms is depicted in
Figure 8.

The entire aforementioned models have been evaluated
against precision, Fl-measure, and recall, and the values
obtained are depicted in Table 2.

The precision is computed using the following equation:

recision = & 9)
PreCSIOn = s L Fps
The precision of LR, KNN, RF, DT, SVM, and EL
classifiers is 82.82%, 82.65%, 86.86%, 80.80%, 79.79%, and
96.96%, respectively.
Recall is the proportion of TPs out of TPs and FNs. The
recall is computed using the following equation:

TPs
=9 10
e = Tps + FNs (10)

The recall of LR, KNN, RF, DT, SVM, and EL classifiers is
84.53%, 82.65%, 87.75%, 85.10%, 82.29%, and 97.96%,
respectively.

The F1-score which is also called as harmonic mean that
considers both precision as well as recall is computed using
the following equation:

F1 ) precision * recall
—score=2% —————————

(11)

precision + recall

The Fl-score of LR, KNN, RF, DT, SVM, and EL clas-
sifiers is 83.51%, 82.65%, 87.30%, 82.89%, 81.02%, and
97.46%, respectively. The recall, precision, and F1-scores of
all the techniques are shown in Figure 9.

The number of correctly classified data instances divided
by the total number of data instances is known as accuracy.
The accuracy is computed using the following equation:

TNs + TPs
accuracy = .
Y = INs + TPs + FPs + FNs

(12)

The accuracy of the different ML algorithms is also
computed. The accuracy of LR, SVM, KNN, DT, RF, and EL
classifiers is 81.50%, 78.61%, 80.34%, 80.92%, 85.55%, and
97.11%, respectively. The EL method has outperformed with
an accuracy of 97.11% in comparison to other ML algo-
rithms. Figure 10 shows the accuracy performance of the
aforementioned ML algorithms.

Figure 11 illustrates the processing time required for
several classification techniques. In comparison to other
methods, EL techniques take longer to process data due to the
blending process of base learners. CG (conjugate gradient)
optimization was utilized for primary LR with compliance. L2
regularization and Alpha = 0.0001 were being used by SVM to
get the best learning rate. Using Gini impurity, a DT was
divided into smaller trees, which consumed optimal time for
processing. It was enlarged until all leaves were pure or in-
cluded fewer than two nodes, whichever came first.

5. Conclusion

If identified early enough, diabetes has the potential to save
thousands of lives. The main purpose of this article is to
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summarize all of the recent and ongoing investigations using
machine learning algorithms for diabetic illness prediction.
In addition, this study provides all of the relevant and re-
quired information for researchers who are new to deep
learning and wish to examine ML methods. In conclusion,
EL demonstrates its power in terms of efficacy and efficiency,
as well as precision, recall, accuracy, and Fl-score. The
blended EL method provides the best accuracy of 97.11%
compared to other models. More study is needed in this field
to increase the performance of categorization systems so that
they can forecast a larger number of variables. The goal is to
figure out how to parameterize our categorization algo-
rithms in order to attain high accuracy. A number of datasets
are continuously being investigated to explore how ML
techniques might be used to better predict diabetes.

Data Availability

The Irvine ML Repository data used to support the findings
of this study are available at https://archive.ics.uci.edu/ml/
datasets/.
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With the extensive use of the Internet of Things (IoT) in agriculture, the number of terminals are also grow rapidly. This will
increase the network traffic and computing pressure of the centralized server. The centralized data processing mode used in
traditional agriculture cannot meet the needs of the Internet of everything era. This paper designs a gateway based on edge-
computing technology for monitoring crop growth environment. It uses virtualized container technology to package long-range
wide-area network (LoRaWAN) server, pest identification, and environmental information data fusion functions into images. It
forms integrated operation mode of multiple function in agriculture. The gateway applies message-oriented middleware to
standardize and customize the data transmission among functional modules, clouds, and edges. Through simulation and field test,
the designed gateway can achieve the functions of each module at the same time, the resource utilization, and the transmission
quality are stable. The edge-computing gateway has the advantages of low cost, low latency, and low power consumption which

has practical significance.

1. Introduction

With the rapid development of Internet of Things (IoT)
technology in agriculture, the monitoring of the growth
environment of crops can obtain real-time information such
as water and fertilizer using, diseases, and pests. These data
can be fed back and analyzed by expert to guide production.
However, due to the extensive use of the IoT in agriculture,
the number of terminals are also grow rapidly which will
increase the network traffic and computing pressure of the
centralized server. The centralized data processing mode
used in traditional agriculture cannot meet the needs of the
Internet of everything era. The emergence of edge com-
puting means that many tasks such as identification of pests
and analysis of a large amount of agricultural field data that
used to require cloud processing can be implemented locally.
Edge-computing technology can greatly increase the re-
sponse speed of agricultural information, improve the

monitoring accuracy, and formulate production strategies
for monitoring areas more effectively.

In edge-computing technology, downstream data rep-
resents cloud center, upstream data represents inter-
connected services, and the edge refers to computing and
network resources from the data source to the cloud center
[1]. Edge computing can calculate, store, and apply the data
uploaded by nodes near the source and provide real-time
processing services. It can meet the requirements of online
real-time data processing, safe transmission, and decision-
making in intelligent agriculture [2, 3].

Although the edge-computing technology has made
great progress in the application of IoT, still this opens up
research questions:(1). Edge-computing technology is rarely
used in the agricultural IoT, especially when the gateway
accesses different types of agricultural data at the same time.
(2) Edge-computing technology combined with container
technology in the field of agricultural IoT is also basically in
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TaBLE 1: Literature review of edge-computing applications.
. o . Advantage

Literature Application scenarios . .
Security Low cost Low latency Low power consumption

[5] Finding nodes of Internet of things v

[6] Traceability of shipyard pipeline processing v

[7] Detection of industrial thermal anomaly v

[8] Manufacturing architecture of decision-making v v

[9] Encryption of smart grid data v

[10] Networked control of industrial robots v 4

[11] Application of machine learning in industry v v

[12] A smart IoT monitoring based on UAV v v

the initial stage. (3) The research on cloud-edge architecture
and online algorithm of IoT applied to crop growth envi-
ronmental monitoring is still in the blank stage.

To underpin the relevance of the research questions, the
following are the contributions of this paper:

(i) We design an IoT gateway for crop growth envi-
ronmental monitoring based on edge-computing
technology which includes both function and
communication architecture.

(ii) We use virtualized container technology to package
LoRaWAN server, pest identification, and envi-
ronmental information data fusion functions into
images which form integrated operation mode in
agriculture.

(iii) We apply message-oriented middleware to stan-
dardize and customize the data transmission among
functional modules, clouds, and edges in the
gateway which reduces the pressure of cloud
computing, lowers the transmission delay between
cloud and edge.

This paper is outlined as follows. Section 2 gives related
work of applications of edge-computing and docker tech-
nology. Section 3 describes the design of edge-computing
gateway framework. Section 4 provides the experimental
results and performance evaluation include transmission
stability of LoRaWAN server, stress testing of Message
Queuing Telemetry Transport (MQTT) message-oriented
middleware, stability test of edge-computing architecture,
and field test. Section 5 summarizes our contributions and
prospects, concludes this article.

2. Related Works

The research on edge computing began in 1998, Akamai
Company designed a content delivery network (CDN)
system based on distributed cache server. The system ac-
complished load balancing, computing scheduling, and data
forwarding operations for each distributed cache server
through the master server. This improved the response speed
and connection success rate of user accessing to the server
[4]. In 2009, Satyanarayanan et al. introduced the concept of
Cloudlet. It used fixed computing resources closer to clients
to increase computing power of traditional cloud servers.
The scheme focused on the downlink capability of edge

computing, moved some cloud server functions to the edge
and further reduced bandwidth consumption and latency.
Since then, with the development of the IoT and mobile
communication technology, more attention has been paid to
the data processing, transmission, and storage of edge
computing. This paper summarizes applications of the edge-
computing technology in recent years and analyzes their
advantages as shown in Table 1.

How to dynamically match computing resources in
heterogeneous computing environment to optimize system
performance is a challenge for edge-computing field.

In the case of applying edge-computing technology in
IoT, application of small board equipment with low cost and
limited resources are becoming more and more popular. The
virtualization technology applied to small board devices can
ensure the implementation of some cloud computing tasks on
devices of edge computing, and it has good flexibility and
scalability [13-16]. Virtualization technology enables users to
make full use of resources by transforming physical resources
such as networks, computing, storage so that services are no
longer limited by hardware [17]. As a virtualization tech-
nology, container has been widely used in resource man-
agement, system maintenance, and software deployment of
cloud computing platforms in recent years. It is also gradually
applied to edge computing. Docker is a container engine
based on Linux kernel virtualization technology. It was de-
veloped using GO language and apache2.0 protocol and was
released on GitHub in 2013. Docker uses Cgroups technology
to manage process resources and uses namespace to isolate
system resources. While providing isolation, the container
can also achieve resource sharing [18]. Compared with tra-
ditional virtual machines, Docker starts quickly, deploys
easily, and uses less resources [19]. However, the application
of real-time container technology is often not considered in
edge computing at this stage.

3. Proposed Edge-Computing
Gateway Framework

3.1. Design of Edge-Computing Gateway. Gateway is a
computer system or device that converts between networks
with different communication protocols and data structures.
IoT gateway is the core component, and it is the bridge
between the terminal nodes and the cloud. This paper de-
signs an edge-computing gateway, and it is the regional
network information center of crop growth environmental
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FIGURE 2: Architecture of edge-computing gateway.

monitoring IoT. The edge-computing gateway provides a In this paper, we combine the situation of environmental
layer with communication and data processing capabilities =~ monitoring with the functional view of edge computing and
between the terminal devices and the cloud server. This  design the architecture of edge-computing gateway. The
structure has good performance in transmission delay and  architecture is divided into data access layer, virtualization
stability, as shown in Figure 1. layer, and function layer. This architecture enables all kinds



Publish Message
Publisher

Broker

Computational Intelligence and Neuroscience

Subscribe Message

Subscriber

Push Message
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of situations in agricultural applications to be analyzed and
processed quickly. The architecture is shown in Figure 2.

3.1.1. Data Access Layer. The data access layer of the edge-
computing gateway supports a variety of hardware interfaces
and bus protocols. We customize LoRaWAN and Wi-Fi
protocols and equip with communication module. Through
the multithreading technology of Linux system, the drivers
can be called concurrently. This ensures the real-time data
transmission and provides data support for edge computing.

3.1.2. Virtualization Layer. We use Docker as the virtuali-
zation platform. The containerized architecture can split the
original services that need to be performed on cloud servers. It
also provides a clear boundary between different services
through isolation technology. This can make better use of the
hardware computing resources. Base on Docker virtualization
technology, services that need to run independently are
packaged into images. In this way, each service is isolated from
each other. The virtual network provides data access services
for the container, and it improves the resource utilization
efficiency and compatibility of the edge-computing gateway.

3.1.3. Functional Layer. The function layer defines the input
and output of each function container by managing the
images. This layer processes data uploaded by terminal
nodes and achieves cloud functions at the edge. The main
functions of our design include pest identification, crop
growth environmental information monitoring and pro-
cessing, and integration of LoRaWAN server. In addition,
we also retain the functional interfaces, and this will provide
resources for the customized services according to the re-
quirements of the agricultural IoT.

3.2. Main Functional Modules of Edge-Computing Gateway

3.2.1. MQTT Service Module. Docker container completes
data transmission through virtual network interface. The
virtual network communication between containers uses the
data exchange method of Linux kernel. Virtual network
interface reduces the time loss caused by the transmission of
physical network devices. Data packets are directly trans-
mitted and exchanged within the processor. Although the
containers can be accessed through Docker bridge, the
traditional interaction mode between containers is generally

using IP address, which has the problems of complex in-
teraction and poor expansibility.

In this paper, we use the MQTT message-oriented
middleware and apply the publish/subscribe mode to
complete message transmission. The principle is shown in
Figure 3. In this design, message-oriented middleware is
also applied to data interaction between edge-computing
gateway and cloud. At present, most of Internet archi-
tectures support MQTT protocol. The MQTT Broker has
become a bridge for information exchange in the cloud-
edge architecture.

In this design, RabbitMQ developed by Rabbit Tech-
nology Co., Ltd. is used as the software carrier of MQTT
message-oriented middleware. RabbitMQ is written in Erlang
language. It completes asynchronous message processing
through advanced message queuing protocol. RabbitMQ
supports cluster operation and has good flexibility and
scalability. The RabbitMQ structure is shown in Figure 4.

3.2.2. LoRaWAN Server Module. Under the traditional
LoRaWAN architecture, LoORaWAN server is generally in-
stalled in the cloud. The cloud communicates with the field
gateway through the wireless Internet, and it is greatly af-
fected by the quality of the field network. Once the gateway
loses the Internet, the entire IoT system will not work.
Moreover, the frequent communication between the gate-
way and the cloud will also lead to excessive consumption of
bandwidth resources and transmission delay. In this design,
LoRaWAN server is installed in the edge-computing gate-
way. However, if the LoORaWAN server is directly installed in
the Linux system, due to the complex structure, it will oc-
cupy more memory, processes, and interfaces. This will
reduce the data processing capacity of the entire edge-
computing gateway. Through container technology, we
isolate the LoORaW AN server into a separate container. Based
on Docker’s excellent isolation technology, it can achieve
complete LoORaWAN service support at the gateway.

3.2.3. Pest Identification Module. With the increase of high-
quality images transmission on the Internet, the delay of
cloud computing is significantly higher than that of edge
computing. The main function of this module is to monitor,
collect, transmit, and process the pests image in farmland.
The module uses Python language to write pest identification
and counting algorithm based on deep learning, achieves the
identification, counting, and other processing of the pest
images collected by the monitoring nodes.
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3.2.4. Crop Growth Environmental Information Monitoring
Module. The main function of this module is to monitor,
collect, transmit and process the environmental information of
farmland. The information includes seven different environ-
mental factors: light intensity, air temperature, air humidity,
soil humidity, soil temperature, CO, concentration, and soil
conductivity. This module collects and transmits the infor-
mation of various sensors arranged in the farmland to the
gateway. Data processing and fusion algorithms are designed
and used at the edge to improve the measurement accuracy.
The module is written in Python language, using Python
scientific computing library Numpy, and data analysis package
Pandas. The data fusion algorithm of this module is as follows:

In the process of sensors acquiring data, the measured
value X;, the true value Z; and the noise value Y; of the sensor
have the relationship of equation:

X;=Z;+Y;(i=1,2,...,n). (1)

The following steps are taken to reduce noise error:

(1) Sort the data collected by all sensors and select the
maximum value X, and the minimum value X, i,

(2) Take the average A, of the maximum and minimum
values obtained.

AO _ tmax min' (2)

(3) Add the obtained average A, to the original data and
rearrange them. At this time, the part greater than or
equal to Ay is classified as Py, and the part less than A,
is classified as P,

1P1 = [X ()X (n) > Ay] }

(3)
P, =[X(n)|X (n) > A]
(4) Continue to calculate the average value of P; and P,.
After obtaining P;, and P,,, average them again

P1a+P2u (4)

A =
! 2

LoRaWAN Server

RF Packets

Environmental
Monitoring Nodes

FIGURE 5: Data access process of environmental monitoring nodes.

(5) Add the obtained average value A; to the original
data again, repeat the above steps until equation (5)
is satisfied, and stop the iteration:

A=A (5)

At this time, the average value obtained is no longer
changed, and it is considered that the value is infinitely close
to the real data.

3.3. Workflow of Edge-Computing Gateway

3.3.1. Data Access of Terminal Nodes. (1) Data Access of
Environmental Monitoring Nodes.

The environmental information monitoring data from
the terminal sensor communicates with the LoRaWAN
server in the following ways: Packet Forwarder (PF) is a
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TaBLE 2: Topic description of message-oriented middleware.

Topic name Producer Consumer Description
LoRawAN ~ Data fusion D:;i/iigilonaifl(tla})y
LoRAWAN processing o
server monitoring
module
Sensors
Pest Pest Data uploaded by
. e identification  Cloud server pest identification
identification

module nodes
Environmental
information data
Cloud server processed by data
fusion processing
module

module

Data fusion
processing
module

Data fusion

program running on the host of LoRa gateway, which is
mainly responsible for data message forwarding between the
terminal and LoRaWAN server. PF forwards the data
packets uploaded by the environmental monitoring nodes to
the LoRaWAN server module in the form of UDP packets.
LoRaWAN server performs packets decryption, forwarding,
and other operations. Similarly, PF converts the downlink
medium access control (MAC) commands and other data of
LoRaWAN server into Radio Frequency (RF) packets and
sends them to the environmental monitoring nodes, as
shown in Figure 5.

(2) Data Access of Pest Identification Nodes.

The edge-computing gateway uses Wi-Fi to communi-
cate with the pest monitoring nodes and obtains the images
by establishing a socket connection. The images uploaded
through Wi-Fi are converted into image coding by OpenCV
and temporarily stored in the specific path of the module.
We use the script to regularly check whether there are
updates under the path. If there is a new image, the pest
recognition processing will be performed. After image
preprocessing and identification, the current number and
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species of pests will be transmitted to cloud through MQTT
protocol. The data access of pest identification nodes is
shown in Figure 6.

3.3.2. Message-Oriented Middleware Service. In this design,
we build message-oriented middleware transmission ar-
chitecture with MQTT Broker as the hub. The communi-
cation between each module uses the push mode with
unique “topic” subscription. The topics used in this design
are shown in Table 2. The transmission architecture is shown
in Figure 7.

The interface of RabbitMQ is shown in Figure 8. After
building an image through Docker, we can view the user’s
status on the page after the device is connected. RabbitMQ as
an MQTT server is responsible for message forwarding
through topics and saving logs.

3.3.3. Management of Docker. In this design, Docker con-
tainer is used to isolate the functional modules of edge-
computing gateway. The internal communications between
containers are carried out in the form of independent ser-
vices, and each container provides necessary interfaces. The
LoRaWAN server, environmental monitoring, pest identi-
fication, and other functional modules in the edge-com-
puting gateway are all running in the mode of virtual
container. From the perspective of hardware resources, each
virtualization service container allocates resources through
Docker. This enables more rational use of CPU computing
power, data storage, and other resources. Docker is con-
venient for function splitting and reorganization, and we can
manage a container by using commands alone, or use
Docker compose (a tool for batch container management)
for batch processing. The process is shown in Figure 9.

3.4. Hardware of Edge-Computing Gateway. We choose
Raspberry Pi 4b as the hardware of the edge-computing
gateway. Raspberry Pi is a single-board microcomputer with
ARM processor architecture, low-power consumption, and
high performance. Its CPU uses ARM Cortex-A72 1.5 GHz
(quad core) processor and supports 64-bit operation. Rasp-
berry Pi has 8 GB of running memory and Wi-Fi module,
supports 5 GHz and 2.4 GHz under 802.11 g. It also supports
microSD card, serial port, and GPIO communication.
Raspberry Pi carries 4G transmission module through USB
interface to exchange data with cloud. Although the size is
similar to a hand, it can complete most of the processing task
of a computer. With the support of hardware interface and
external network module, it has the ability to achieve edge-
computing tasks. Photo of edge-computing gateway based on
Raspberry Pi is shown in Figure 10.

4. Experimental Results and Analysis

4.1. Transmission Stability of LORaWAN Server. In order to
better verify the data transmission stability of LoRaWAN
server in an edge-computing gateway, this paper builds a
simulation system of LoORaWAN transmission quality based
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on ns-3 software using Ubuntu 16.04 OS. ns-3 simulation
software, developed in 2006, it is an open-source network
simulation software driven by discrete events. ns-3 is mainly
used to simulate wireless transmission networks. In this
simulation, we choose eight common data transmission
intervals of agricultural IoT. In addition, in order to test the
stability of concurrent data transmission of multiple mon-
itoring nodes and gateways, we set the number of envi-
ronmental monitoring nodes to 0-1000 and the number of
edge-computing gateways to 1, 2, and 4. We divide the
sending data into two types: with acknowledgment (ACK)
and without ACK. For the transmission stability between the
crop growth environmental monitoring nodes and LoR-
aWAN server, we conduct the following tests.

4.1.1. Single Gateway. (1) Relationship between Transmission
Interval and Packet Loss Rate.

In this simulation, we choose a single edge-computing
gateway, set the transmission interval as 60, 120, 200, 400,

600, 800, 1000, and 1200s, and fix the number of envi-
ronmental monitoring nodes at 200. We divide the sending
data into two types: with ACK and without ACK. The re-
lationship between packet loss rate and transmission interval
is shown in Figure 11.

(2) Relationship between the Number of Nodes and Packet
Loss Rate.

In this simulation, we choose a single edge-computing
gateway, and transmission interval is fixed at 600s. The
relationship between the number of environmental moni-
toring nodes (0-1000) and the packet loss rate is shown in
Figure 12.

4.1.2. Multi Gateway. (1) Relationship between the Number
of Nodes and Packet Loss Rate.

In this simulation, we choose 1, 2, and 4 gateways
separately, and the transmission interval is fixed at 600s. We
also divide the sending data into two types: with ACK and
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without ACK. Figures 13 and 14 show the relationship
between the number of environmental monitoring nodes
(0-1000) and the packet loss rate.

4.1.3. Result Analysis.

same as expected. However, even when the number
of monitoring nodes reaches 1000, the packet loss
rate remains at a low level (less than 5%). Therefore,
it also meets the requirements of transmission
quality.

(1) It can be seen from Figure 11 that with the gradual (3) From Figures 13 and 14, we can see that using

increase of transmission interval, whether the
transmission has ACK or not, the packet loss rate
will gradually decrease. When the data trans-
mission interval is once a minute, the packet loss
rate still be controlled less than 5%. In the field of

multigateways at the same time will not affect the
quality of transmission. This further shows that using
multiple gateways with LoRaWAN server can ex-
pand the monitoring area of farmland without re-
ducing the transmission quality.

communication, it is generally believed that (4) By analyzing Figures 11-14, we can know that

when the packet loss rate is less than 5%, the
communication quality is good. Therefore, it
meets the requirements of transmission quality.
(2) From Figure 12, we can see that with the increase of

the number of monitoring nodes, the packet loss rate
of both transmission modes increase, and it is the

whether the transmission with ACK is used or not,
the packet loss rate is less than 5%. There is little
difference between the two transmission modes. The
specific advantages of the two transmission modes
need further simulation analysis, which will not be
discussed in this paper.
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Through the above analysis, we can conclude that in-
stalling LoORaWAN server on the edge-computing device can
effectively increase the transmission distance and the
monitoring range of farmland. At the same time, the data
transmission is stable and meets the transmission quality
requirements. This provides an effective method for future
research on long-distance transmission and larger area of
farmland environmental monitoring.

4.2. Stress Testing of MQTT Message Oriented Middleware

4.2.1. Research Methods. Information forwarding capability
is an important performance of edge-computing gateway.
Information forwarding capabilities are mainly reflected in
the success rate of sending messages, delaying situation, and
other information forwarding statistics. We use a concurrent
stress testing that sends 1-1000 data per second to test the
success rate and delaying situation of message-oriented

middleware when processing data. Figure 15 shows the
packet loss rate of message forwarding at the frequency of
1-1000 messages per second.

4.2.2. Result Analysis. The test results show that the gateway’s
information forwarding capability is stable. Under the stress
testing of 1000 concurrent messages, the packet loss rate is
about 2%. It meets the requirements of transmission quality.

In farmland environmental monitoring, the frequency of
data transmission usually does not reach the state of stress
testing. This shows the transmission mechanism based on
MQTT message-oriented middleware can be well applied to
the edge-computing gateway.

4.3. Stability Test of Edge-Computing Architecture

4.3.1. Research Methods. In operation and maintenance, we
often use the average load to represent the average number
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of processes in the running state and noninterruptible state
of the system. This is also a measurement parameter to
characterize the overall operation state of the system. Av-
erage load is closely related to the number of CPU cores in
the hardware. If the average load is more than the number of
CPU cores, the system is considered to be in an overloaded
state, which will affect all processes of the system, causing the
system to run slowly or even crash.

In this design, the Raspberry Pi adopts a quad core pro-
cessor that supports 64-bit operation. By monitoring the av-
erage gateway load during the stress testing, we can see the
gateway’s average load and memory usage under 500/1000
concurrent messages per second as shown in Figures 16 and 17.

4.3.2. Result Analysis. Under the stress testing of 500
concurrent messages per second, the average load of the

gateway is 0.22, while with 1000 concurrent messages per
second, the average load of the gateway is 2.99, which are
both less than the number of CPU cores. The above ex-
periments show that the gateway works stably and reliably in
stress testing.

Through the test, we can see that the edge-computing
gateway architecture based on Raspberry Pi fully meets the
complex state requirements of high-speed data transmission,
which provides a new method for the application of mobile
edge-computing technology.

4.4. Field Test of Edge-Computing Gateway. We also carried
out field tests in the Siping area of Jilin Province in China.
The nodes of the pest identification module and the envi-
ronmental monitoring module both uploaded a set of data
per minute. The results showed that all the modules are
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TaBLE 3: Success rate of sending and receiving data within 48 hours.

Data source

Number of sent messages

Number of received messages Success rate ( % )

Environmental monitoring nodes 8640 8572 99.21
Pest identification nodes 2880 2845 98.78
Total data 11520 11463 99.10

working stably. A through checking of information sent and
received by the cloud network within 48 hours, the envi-
ronmental monitoring nodes sent 8640 messages and the
pest identification nodes sent 2880 messages. The cloud
received 8572 and 2845 messages, and the success rates were
99.21% and 98.78%, respectively. The average success rate of
was 99.1%, as shown in Table 3.

5. Conclusion and Prospects

5.1. Conclusion. This paper designs an IoT gateway for crop
growth environmental monitoring based on edge-

computing technology. According to the characteristics of
online monitoring data transmission, the Gateway uses
virtualized container technology to package LoRaWAN
server, pest identification, and environmental information
data fusion functions into images. And it forms integrated
operation mode of multiple function in agricultural field.
The gateway applies message-oriented middleware to
standardize and customize the data transmission among
function modules, clouds, and edges.

The simulation result shows that the data transmission
based on LoRaWAN protocol is stable. The packet loss rate is
less than 5% and meets the transmission quality
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requirements. The gateway can achieve the functions of each
module at the same time. In the stress testing of 500/1000
concurrent data per second, the average load is 0.22/2.99,
and the system resource utilization is stable. In the field test,
the average success rate of data transmission is 99.1%.

In this paper, the heterogeneous integration of two
transmission protocols of LoRaWAN and Wi-Fi is used in
farmland environmental monitoring for the first time. From
the aspect of computing power distribution, functional
modules such as pest identification and data fusion are
equipped at the edge which can process the information
uploaded by the terminal nodes in real-time. The edge-
computing gateway reduces the pressure of cloud com-
puting, lowers the transmission delay between cloud and
edge. Also, it reduces the occupation rate of network
bandwidth resources and further improves the transmission
efficiency. In summary, the edge-computing gateway we
designed has the advantages of low cost, low latency, and low
power consumption compared with similar devices which
has practical significance.

5.2. Prospects. Although this paper has done some actual
work on the establishment of gateway based on edge-
computing technology and conducted tests, there are still
some problems to be solved. For example, when the
monitoring range of farmland is very large, Wi-Fi trans-
mission will be limited. How to combine 5G technology will
be the research object in future. In addition, there are other
two research axes we wish to develop: (1) Further improve
the designed edge-computing gateway and add more
module functions, such as automatic control module, so as
to study the automatic control system of water and fertilizer.
(2) Continue to do research on agricultural IoT, we are going
to apply the edge-computing gateway to the large-scale
farmland environmental monitoring system and form a
regional grid. At the same time, combined with the cloud
platform, make it become an important part in intelligent
agriculture.
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Human gait recognition has emerged as a branch of biometric identification in the last decade, focusing on individuals based on
several characteristics such as movement, time, and clothing. It is also great for video surveillance applications. The main issue
with these techniques is the loss of accuracy and time caused by traditional feature extraction and classification. With advances in
deep learning for a variety of applications, particularly video surveillance and biometrics, we proposed a lightweight deep learning
method for human gait recognition in this work. The proposed method includes sequential steps—pretrained deep models
selection of features classification. Two lightweight pretrained models are initially considered and fine-tuned in terms of additional
layers and freezing some middle layers. Following that, models were trained using deep transfer learning, and features were
engineered on fully connected and average pooling layers. The fusion is performed using discriminant correlation analysis, which
is then optimized using an improved moth-flame optimization algorithm. For final classification, the final optimum features are
classified using an extreme learning machine (ELM). The experiments were carried out on two publicly available datasets, CASIA
B and TUM GAID, and yielded an average accuracy of 91.20 and 98.60%, respectively. When compared to recent state-of-the-art
techniques, the proposed method is found to be more accurate.

1. Introduction

Person recognition and identification using gait have great
importance in the field of machine learning and computer
vision [1]. Gait is the walking behavior of a person but to
recognize a person by gait from distance and in less illu-
minated environment it becomes very complicated and
difficult [2]. Moreover, as compared to other traditional
biometric techniques such as fingerprint, face detection, and
iris detection, it does not require direct contact of a person

[3]. Due to these discriminative factors, it has taken a lot of
attention from researchers and it is used to apply in various
applications like security surveillance, dubious person de-
tection, and forensics [4, 5].

In early research, gait recognition was categorized in to
two main categories such as model-based and appearance-
based [6]. The prior categories are more costly to implement
the human model using high-resolution videos and give low
average results as compared to modern categories; hence,
researchers focus on using modern categories for gait feature
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detection [7]. In the model-based method, prior information
is used to extract the moving features of the human body [8].
Furthermore, in this method, the movement of human body
is examined using changing factors like gait path, position of
joints, and the torso [9]. This is a challenging method, due to
its high computational complications. In the model-free
method, gait cycle is used to extract the features from a
silhouette, and it is simple to implement due to less com-
putational cost [10].

There are various machine learning and computer vision
techniques that are used to overcome the covariate factors
like angular deviations [11], lightning conditions [12], and
clothing and carrying bags [6, 13], but there exist various
challenges in extracting useful features that affect the op-
timal accuracy results. Feature extraction is considered as the
most important step in recognizing gait traits [14], such as if
the extracted features are related to the problem, then the
system will be able to correctly recognize the human gait
patterns. In contrast, if irrelevant features are evaluated, then
the system performance will go down and it will not give
optimal recognition results [10]. In past, various types of
features are used like shape-based features [15], geometrical
features [16], and statistical features [17]. Deep features are
extracted using deep convolutional neural network tech-
niques to overcome these challenges. Deep learning tech-
niques, rather than manual feature extraction, extract
automated features from raw images [18, 19]. In this work,
we proposed a sequential lightweight deep learning archi-
tecture for human gait recognition. Our major contributions
are listed as follows:

(i) Two pretrained deep learning models are modified
namely VGG-19 and MobileNet-V2 based on the
target dataset classes and adjusted their weights.
Then, both models are trained using transfer
learning without freezing any layer and obtained
newly trained models.

(ii) Feature engineering is performed on fully con-
nected layer 7 (VGG-19) and global pooling layer
(MobileNet-V2) and fused by employing discrim-
inant correlation analysis (DCA)

(iii) A modified moth-flame optimization algorithm is
developed for the selection of optimum features that
are finally classified using extreme learning machine
(ELM)

The rest of the article is organized as follows: Section 2
describes the manuscript’s related work. Section 3 discusses
the specifics of selected datasets. The proposed methodology
is presented in Section 4. Section 5 discusses and explains the
experimental results. Finally, Section 6 brings the entire
manuscript that followed the references to a close.

2. Related Works

Identification of human through gait is the most biometric
application, and researchers have made extensive studies for
it by extracting feature values [20]. In literature, various
machine learning and computer vision-based techniques
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are implemented for human gait recognition [21]. Liao et al.
[22] presented Pose-gait model-based gait recognition
method. In this approach, the human 3D pose is estimated
using CNN, and then spatiotemporal features extracted
from the 3D pose are used for the improvement in rec-
ognition. Two publicly available datasets CASIA B and
CASIA E are used for experimentation, and it gives aus-
picious results in the presence of covariate factors. Sanjay
et al. [23] introduced an automated approach for human
gait recognition in the presence of a covariate situation. In
the first step, basic distinct stances in the gait cycle are
detected which are used to compute the gait features related
to these detected stances and it is termed as dynamic gait
energy image (DGEI). Then generative adversarial network
(GAN) is used to detect the corresponding dynamic gait
energy image. These extracted features are then used to
compare with the gallery sequences. Finally, GAN-created
DGEI is used for final recognition. Publicly available
datasets such as CASIA B, TUM Gait, and OU-ISIR
TreadMill B are used to validate the presented approach,
and it gives considerably improved results as compared to
existing methods. Chen et al. [24] introduced a method for
cross-view gait recognition using deep learning. Multiview
gait generative adversarial network is introduced for cre-
ating fake gait data samples for extension in existing data.
The method is then used to train each instance of each view
involved in single or multiple datasets. Domain alignment
using projected maximum mean dependency (PMMD) is
utilized to minimize the effect of distribution divergence.
CASIA B and OUMVLP are used for experimentation, and
the achieved results show that the introduced method gives
better results than existing methods. Hou et al. [25] pre-
sented a set residual network-based gait recognition model
to detect more discriminative features from the silhouettes.
Set residual block is introduced to extract the silhouette
level and two-level features in a parallel sequence, and then
the residual connection is applied to join the two-level
features. Moreover, an efficient method is applied to utilize
features from the deep layers. Two datasets CASIA B and
OUMVLP are used for experimentation. The applied ap-
proach gives consistent results as compared to existing
methods. Gul et al. [13] introduced a machine vision
method to extract the distinct gait features from covariate
factors. Spatiotemporal gait features are extracted, and these
features are used to train the 3D CNN model to overcome
these challenges. Then, the holistic method is used by the
model to implement the distinct gait features in the form of
gait energy images. Two publicly available datasets OULP
and CASIA B are used to test the validity of the introduced
method with large gender and age differences. The pre-
sented approach gives promising results using CASIA B
dataset as compared to existing methods. The methods
presented above concentrated on both spatial and temporal
data. None of them focused on feature fusion or optimi-
zation of extracted features to achieve better results in the
shortest amount of time. As a result, in this article, we
proposed a lightweight deep learning framework for human
gait recognition that not only improves accuracy but also
reduces a system’s computational time.
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3. Datasets

3.1. TUM GAID Dataset. TUM Gait from Audio, Image
and Depth (GAID) [26] dataset consists of RGB audio,
video, and depth. It consists of 305 subjects carried out in
two indoor walking sequences in which four distinct situ-
ations are captured without any view variation through
Microsoft Kinect like six normal walk videos (n1-n6), two
videos with carrying a bag (b1-b2), and two walking videos
wearing coating shoes (s1-s2), and there is an elapsed time
instance in which 32 subjects were recorded wearing distinct
cloths. A few sample images are shown in Figure 1.

3.2. CASIA B Dataset. CASIA B [27] is a multiview and
indoor gait dataset in which 124 subjects are included in
recording session of which 93 are male participants and 31
female participants. This dataset considers major factors
for gait recognition, that is variation in view angle,
clothing, and carrying situations separately. For all,
subject videos are captured through a USB camera from 11
different views that include six normal walking videos
(NM), two walking videos with wearing a coat (CL), and
two walking videos with carrying a bag (BG). A few
sample images are shown in Figure 2.

4. Methodology

The proposed lightweight (LW) human gait recognition
framework has been presented in this section with detailed
mathematical formulations and flow diagrams. The main ar-
chitectureis shown in Figure 3. In this figure, itis illustrated that
the proposed method consists of some important steps such as
modification of pretrained CNN models, training of modified
models using transfer learning (TL), feature engineering on
global average pooling layers, fusion of extracted deep features
using discriminant correlation analysis (DCA), selection of
best features using the modified moth-flame optimization
algorithm, and finally classification using the extreme learning
machine (ELM). The details of each step are given.

4.1. Convolutional Neural Network (CNN). The convolutional
neural network (CNN) has become an important recognition
task in the domain of computer vision. The CNN architecture is
employed for feature extraction of an image based on several
hidden layers. CNNs have many layers, including convolu-
tional, pooling, fully connected, and others. The convolution
layer (CL) is the most important layer of a CNN that performed
a 2D convolution process on the input and the kernels through
a forward pass. The kernel weights in every CL are assigned
randomly and their values are changed at each step by applying
the loss function through network training. In the end, the
resultant learned kernels may identify some types of shapes
within the input images. In CL, three different types of steps are
performed like convolution, stack, and nonlinear activation
function.

Suppose, we have an input matrix M and an output Z of
the CL, and there are some set of kernels K;, VI € [1,...,L],

then the output of the convolution process O (I) after step 1 is
represented as

o()=MeK, Vlel[l,... L], (1)

where ® refers to the convolution process, which is the
product of filter and inputs. Second, all O (I) activation maps
are combined to create a novel 3D activation map.

R=Q(O(1),...,0(L)), (2)

where Q represents the combination of operations with
channel direction, and L is the total number of filters. Third,
the 3D activation map R is given as input into the activation
function and gives the resultant activation map as

Z = NLAF(R). (3)

The size Q of three main matrices (input, filters, and
result) is taken as

T,xU,xV,, i=1I,
Q@) =4 TpxUpxVp, i=K,Vlell,..., L], (4)
TyxUyxVy, i=2,

where the variables (T,U,V) represent the size of height,
width, and channels of the activation map, and the subscripts
A, P,and N represent input, filter, and output, respectively. It
contains two equalities. First, V, = V, refers the channel of
input V 4 equals to the channels of filter V. Second, Vy = L
refers the channels of output V', equals the number of filters
L. Suppose Y represents padding, S represents stride, so the
result of T, Uy, Vy can be evaluated as

(2><Y+TA—TP)]
S b

TN=1+dde|:

2xY+U,-U
UN=1+dde|:( XY TYa P)],

S

where d, is the floor function. The nonlinear activation Y
generally selects the rectified linear unit (ReLU) function
[28].

YReLU (rmn) = ReLU (rmn)

= max (0,7,,,)

(6)

where r,,,, € R is the component of the activation map R. At

present, ReLU is the mostly used NLAF as compared to the

traditional hyperbolic tangent (HT) and sigmoid function
(SM) function, that are computed as

(frm = Fm)

2 (rmn) = tanh (rmn) T o o £ T

. (ffm+ f7m) (7)

Yout (Tw) = (L4 F77) 70

4.2. Transfer Learning. 'Transfer learning (TL) is the branch of
machine learning that transfer the knowledge of one domain to
a different domain within less computational time. Given a
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FIGURE 1: Example images from the TUM GAID gait dataset [26].

FIGURE 2: Sample images of the CASIA B gait dataset [27].
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FIGURE 4: Transfer learning-based training of modified CNN models for human gait recognition.

source domain fs = {FS,PS (¢S)} with the source task AS =
{Fs,fs (‘)} and a target domain &= {FT,PT (¢T)} with the

target task, ' = {F‘T, fT (.)} aims to learn a better mapping

function f7 () for the target task A” for the knowledge transfer

from the source domain & and task A°. Hence, the TL is
expressed as follows:

S+ or A5 £A7, where¢ =v|v; € F, i=1,2,3,...N.

(8)

Hence, DTL is defined as follows: given a TL task
FS=T(): FT — F" based on [¢,¢7,1%,17], DTL objec-
tives to acquire the 5T (.) by leveraging powerful DL
process. Visually, the DTL process is shown in Figure 4.

4.3. Modified VGG-19 Model. Visual geometry group
(VGG)-19 [29] is the modified version of VGG, and it
consists of 19 layers with 16 convolutional layers of 64, 128,
and 256, and 512 filter sizes with stride length and padding is
1 pixel on each side. The convolutional layer consists of 5
sets, two of them contain 64 filters, the next set contains 2
convolutional layers with 128 filters, the next set contains 4
convolutional layers with 256 filters, and the last two sets
contain 4 convolutional layers with 512 filters each. Then, a
max pooling layer with a 2 x 2 filter size and stride rate of 2
pixels are used after each set of convolutional layers. The

output is then passed to the fully connected layer. Three fully
connected (FC) layers and one softmax layer are used for the
classification. In this work, we removed the last fully con-
nected (FC) layer and added a new FC layer. Then, several
hyperparameters are employed such as training rate, epochs,
mini batch size, optimizer, and training loss. Based on these
hyperparameters, we trained the modified model from
scratch through TL and obtained a new model for only gait
recognition task. Later, this modified model is used for the
feature engineering task.

4.4. Modified MobileNet-V2 Model. MobileNet-V2 [30] is a
lightweight CNN-based model specially designed for mobile
devices. This architecture can perform well on small datasets
as it can overcome the effect of overfitting and it also op-
timized the memory consumption. In this network, 17
inverted residuals are used between two convolutional layers
and one FC layer. So, the depth of the network consists of 53
convolutional layers and one FC layer. The working of this
architecture is based on two concepts that include depth-
wise separable convolution and the inverted residual
methods. In this architecture, a full convolutional layer is
replaced with a factorized version that divides the convo-
lution into two separate groups. The first layer is named as
depth-wise convolution; its function is to do lightweight
filtering by using one convolutional filter on each input
channel. The second layer is named as point-wise con-
volutional layer, which is used for creating new features by



computing linear models of the input channels. The depth-
wise convolutional layers contains 2 convolutional layers:
the first layer contains a 3 x 3 filter size, while the other one
has a 1 x1 filter size. The other two regular convolutional
layers have filter sizes of 3 x3 and 1 x 1. Moreover, in this
architecture, ReLU6 is used instead of ReLU as it is more
efficient for less accurate computation. Dropout and batch
normalization are then applied, where layer activators are
standardized to mean zero and unit variance, and then,
linear transformation is applied [31].

In this work, we removed the last layer and added a new FC
layer. Then, several hyperparameters are employed such as
training rate (0.005), epochs (100), mini batch size (32), op-
timizer (Adam), and training loss. Based on these hyper-
parameters, we trained the modified model from scratch
through TL and obtained a new model for only gait recognition
task.

4.5. Feature Engineering. Feature engineering is applied on
global average pooling layers of both models and obtained
two feature vectors of dimension xK, and N x K,. Math-
ematically, this process is defined as follows:

K, = activation (layer), ©)

K, = activation (layer),

where K, and K, represent the length of feature vectors, and
layer defines the selected one like global average pooling.
Thereafter, the fusion process is performed using discrim-
inant canonical correlation analysis approach.

4.6. Discriminative Canonical Correlation Analysis-Based
Fusion. In this work, the DCCA fusion approach is
employed for feature fusion. By applying canonical corre-
lation analysis (CCA), the correlated features I} m, and ['n,,
t=1,...,z, are extracted and merged for identification.
Though the features extracted from related class samples are
not utilized, resultantly it becomes the constraint of the
recognition capabilities of CCA. Moreover, the basic concept
to introduce CCA is for modeling instead of recognition, and
correlation f refers to the certainty among I m, and ['n,,
t=1,...,z. CCA was more often utilized for modeling and
estimation, for instance image extraction and parameter
prediction. If the extracted features are for recognition, then
the class description of the instances should be utilized to get
more discriminatory features. Finally, the class description
was fused with the CCA framework for cooperated feature
extraction and presented an innovative approach of fused
feature extraction for multimodal recognition, termed as
discriminative canonical correlation analysis (DCCA).
Mathematically, this approach is defined as follows.

Suppose z pairs of mean-normalized pairwise instances
{(m,n)}2 | € & x & access from p classes, DCCA can be
systematically represented in the below optimization
problem:

Computational Intelligence and Neuroscience

oo, (LuSibs = w1, Sil,), (10)
s.t.l) MM'l,, = (1
I'NN'l, =1,

where the parameters S; and S;, are used to compute the
inside-class association and between-class association, re-
spectively (detailed description is given below), ¢ >0 ad-
justable metric that shows the comparative significance of
the inside-class association [}, S/, contrasted with the be-
tween-class association I’ S,l,. Moreover, the limitation
value represents the scale limitation on [,,,,1,,.

=[5, (D M () ()
—[ml SRR (RPN ,...,mzf],
N:[nl(l),...,n(l) ...,nfp),...,ng))],
v
_ t—-1 z (12)
fz,=10..0,k 2 L...1,0,...0 | €Q,

z t-1
Z Zﬁdezk
1L,<[1,...1Y e @,

where mk ) refers the kth instance in the tth class, similarly
n,i ), and z, shows the number of instances of m,i ) or n,i )i
the tth class. The matrix §; is represented as

Zt

Z Zz_tl m;t)n;t)V

(13)
= ( fzt)(Nsz)
t=1
= MGN",
lzlle
G = Z, Xz, € EZXZ’ (14)
lz pe
PP

where G represents a proportionate, positively defined, block
crosswise matrix, and Matrix (G) = p. In contrast, the
matrix S, is represented as

P Z
z Z m(gt)n;t)V

Zt

M"w

t=1 k=1 d=1y=1
k#t
DI 339 NIV
t=1k=1d=1 y=1 t=1 k=1d=1
= (M1,)(N1,)" - MGN"
= -MGN".
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«_»

The “=” in the end holds because mean normalization
is applied on the instances, hence both M1, =0and N1, =
0 holds. In contrast between equations (13) and (15), the
only difference among S; and S, is a single negative sign,
thus the objective of equation (10) will be (1 + I} S/,
and this enhancement issue is free from parameter u,
consequently y can be excluded. Hence, DCCA can be
represented as

7o (In MGNY1,), 06
m>n 1
st.ly, MM'l,, = 1LLNN'l, = 1.
By applying the Lagrangian multiplier technique, it
becomes very simple to get main equation of DCCA, which

is represented as
MM Ly
9 v .
YY L,

- MGN" (L,,)_
NGM' - L, )
(17)

When the vector pairs (I,,,,,1,,),i=1,..., g, adjacent to
the first g largest generalized eigenvalues and attained, let
Ly = s bpgls Ly = [Lys .- 51,5, then both feature
extraction and the feature fusion can be performed using
FFS-I and II, respectively, where g fulfills the limitations
g<min(a,b) and g < p. The formulation returned a fused
vector of dimension N x K3, where K; € (K, K,). Later on,
this resultant vector is further improved using a modified
moth-flame optimization algorithm.

4.7. Moth-Flame Optimization Algorithm (MFO). Several
nature-inspired optimization algorithms have been in-
troduced in the literature for best feature selection such
as genetic algorithm, particle swarm optimization, and
moth-flame optimization [32]. The improved moth-
flame optimization algorithm is utilized in this work for
the best feature selection. Originally, the MFO algorithm
was presented by Mirjalili [33]. It is under the populace-
based metaheuristics algorithm. In this procedure, first
the data flow of MFO begins by randomly generating
moths within the resultant space. Then it calculates the
positional (i.e., fitness) value of each moth and label the
best position by flame. Afterwards, changing the moth
place depends on a whole movement function used to
attain a better position labeled by a flame. Moreover, it
updates the new best positions of the individual. The
previous process (i.e., updating of moths’ location and
generating the new location) until it meets the resultant
criteria. The MFO algorithm consists of three major steps
that are as follows.

4.7.1. Creating the Initial Population of Moths. As stated in
[33], it is supposed that an individual moth can fly in 1D, 2D,
3D, or in hyper-dimensional position. The matrix of moths
can be represented as

7
L1 hl,z ...... hl,a
Moo By eee e h
H=| 0T T (18)
hm)l hm’l ...... hm)a

where m represents the number of moths’ and a represents
the number of dimensions in the resultant region. Moreover,
the fitness values for entire moths’ stored in an array are
represented as

VH,
VH,
VH= . (19)

VH

m

The remaining elements in the algorithm are flames that
are represented using D-dimensional space with their fit-
ness/position value function in the following matrix set as

-Pl,l P1,2 ...... Pl,a
-Pm,l Pm)l ...... Pma (20)
rvVp,
VP,
VP=|
Lvp,

It is important to note that moths and flames both are
solutions. The moths are the real search agents that revolve
around the search area, while flames are the moth’s best
position that is obtained yet. Hence, an individual moth
hunts around a flame and updates it when it finds the best
solution. Following this procedure, a moth never misses its
best solution.

4.7.2. Updating Moths’ Location/Positions. MFO utilizes
three distinct functions to convergent the global optimum of
the optimization issues. Mathematically, it is defined as
follows:

MEFO = (L, M, E), (21)

where L represents the first random positions of the moths
(nl: @ — {H,VH}), M represents that the motion of the
moths in the search is (M: H — H), and E represents end
of the search process (E: H — true, false). The equation
given below represents L function, which is used for the
implementation of random distribution:

H(x,y) = (UB(x) - LB(y) xrand + LB(x), (22)

where UB and LB refers to the upper and lower bound
variables, respectively. As discussed before, the moths fly in
the search area by means of transverse direction. There are
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FIGURE 5: Proposed architecture labeled results on the CASIA B dataset.

three conditions that should be followed when applying a
logarithmic spiral: (i) The spiral starting point should start
from the moth; (ii) the spiral endpoint should be the location
of the flame, and (iii) variation in the range of spiral should
not extend from the search area. Thus, in the MFO algo-
rithm, the logarithmic spiral can be defined as

S(Hx,Py) = R,.z%. cos(2mb) + P, (23)

where R, represents space between the xth moth and yth
flame (computed by equation 24), g represents a solution to
define the shape of the logarithmic spiral, b represents a
random range between [-1, 1].

R, = |Py - Hx|. (24)

In MFO, the equalization among exploitation and ex-
amination is affirmed by the spiral motion of the moth near
the flame in the search area. Moreover, to escape from falling
in the trap of the local goal, the best solution has been kept in
each step, and the moths fly around the flames by means of
VP and VH matrices. Then, the update criteria are defined as
follows:

4.7.3. Updating the Size of Flames. This part highlights to
augment the manipulation of the MFO algorithm (ie.,
updating the moths’ location in m various positions in the
search area may minimize the chance of exploitation of the

best optimal solutions). However, minimizing the extent of
flames helps to overcome this problem using the following
equation:

FLAMENO = ROUND(O —ex OI C), (25)
where O refers to the maximum number of flames, ¢ refers
the current number of iterations, and I represents the
maximum number of iterations. This equation returns the
best features; however, during the analysis stage, it is ob-
served that the best selected features contain some redundant
information; therefore, we tried to overcome this problem
and speedup the selection process based on Newton Raphson
(NR) formulation. Mathematically, the NR method is defined
as follows:

_ M (6n—1)

6 b
M (8,0)

=0 (26)

n

where §, € Sf and Sf represent the selected features of
moth-flame. Through the above formulation, a stop value is
obtained that added in equation 25 for final selection.

FLAMENO = ROUND<6 Cef w8 _Icf ) (27)

The final selected features are passed to the extreme
learning machine (ELM) for classification. A few visual
predicted frames are shown in Figure 5.



Computational Intelligence and Neuroscience 9
TaBLE 1: Proposed classification results of human gait recognition on the CASIA B dataset.

Method Class 0° 18° 36° 54° 72° 90° 108° 126° 144° 162° 180°  Mean
NM 97.1 98.2 95 93.8 98.1 97.5 98.3 97.2 98 94 98.6 96.89

LightweightDeep-ELM BG 94.2 95.3 91 92.7 93 89.7 94.8 93.1 92.8 91.8 95.4 93.07
CL 78.8 83.5 82.1 86.3 78.5 90.2 85.9 82 81.3 88.3 83.4 83.66
NM 96.2 97.5 96.1 92.8 97.9 96.2 98 97.5 971 93.2 98 96.40

LightweightDeep-SVM BG 92.5 93.6 93 92.2 94.1 87.6 94 93.5 92.1 92.4 93.4 92.58
CL 79 82.8 81.5 86 79.1 87.4 83.9 82.3 80.7 87.5 82.1 82.93
NM 93.2 94.5 92.9 93.1 94.6 91.8 93.5 94.8 94.5 93 94.1 93.63

LightweightDeep-FKNN BG 87 89.1 90.5 89.6 91.4 82.6 90.8 89.4 87 89.3 90.7 88.85
CL 73.5 78.4 77.2 81.6 75.3 82.2 80 77.5 76.1 82.4 78.5 78.42
NM 92.8 93.3 90.4 91.5 95 92.6 92.4 93.1 94 93.7 92.9 92.88

LightweightDeep-EBT BG 88.5 87.4 90.1 90.5 91.8 82 90.2 90.4 86.1 89.8 91.9 88.97
CL 72.6 80.1 77 80.4 75 81.6 80.6 76.2 78.5 82 78.1 78.37
NM 87.4 88.9 90.1 91.6 93 90.5 88 91.2 91.3 87.4 90.5 89.99

LightweightDeep-DT BG 81.5 82.6 87.5 83.8 90.4 80.6 90 87.9 85.3 84 90.1 85.79
CL 69.8 72.1 77 78.5 72.7 80 78.3 72.5 72.9 80.1 80.2 75.82

Bold values indicate the best values.

5. Experimental Results and Analysis

300 -

In this section of the proposed method, the detailed ex- 270 4

perimental process is presented in the form of tables and 240

graphs. The proposed method is tested using two publicly

available datasets, CASIA B and TUM GAID. Section 2 2109

contains more information on both datasets. Instead of 70: g 1801

30, the selected datasets are divided 50: 50 for training and < 150 A

testing. The main reason for this portioning is to make the 120

validation process more equitable. All of the results are based 90 -

on 10-fold cross-validation. For the classification results, €0

several classifiers are used, including the extreme learning

machine (ELM), support vector machine (SVM), KNN, 30 1

ensemble tree (EBT), and decision trees (DTs). The entire T T y T y

proposed framework is implemented on MATLAB 2021b FLM SVM FKNN EBT bt

using Personal Desktop Computer Corei7, 32 GB RAM, and @ Time (sec)

8 GB graphics card.

5.1. Results

5.1.1. CASIA B Dataset Results. The proposed method
results for the CASIA B dataset are presented in the form
of numerical values and a time plot in this section. Table 1
provides the classification results of the CASIA B dataset
from all perspectives. Normally, researchers choose only a
few angles, but in this work, we chose all 11 angles to test
the capability of the proposed algorithm. Each angle has
three classes: normal walk (NM), walk with a bag (BG),
and walk while wearing a coat (WC) (CL). On this dataset,
ELM performed better, with average accuracies of 96.89,
93.07, and 83.66% for NM, BG, and CL, respectively. For
each angle, the obtained accuracy is above 90% that shows
the proposed method effectiveness. A comparison of ELM
with other classifiers such as SVM, FKNN, EBT, and DT
shows that ELM performed better than all of them.
Moreover, the time is also noted of each classifier as
shown in Figure 6. From this figure, it is observed that the
ELM and DT classifiers executed fast than the other listed
methods.

FIGURE 6: Average classification time of selected classifiers on the
CASIA B dataset using the proposed method.

5.1.2. TUM GAID Dataset Results. The results of the pro-
posed method on the TUM GAID dataset are given in
Table 2. In this table, accuracy is computed of each class of
the selected dataset such as normal walk, walk with a bag,
and walk with shoes. Moreover, the average accuracy of each
classifier is also computed. Many classifies are selected and
ELM shows the better average accuracy of 98.60%. The rest
of the classifiers obtained average accuracies of 97.25, 96.73,
96.91, and 96.26%, respectively. The computational time of
each classifier is also computed and plotted in Figure 7. It can
be seen from this figure that the ELM has a minimum
computation time of 86.43 (sec) compared to the rest of the
classifiers. Hence, overall, ELM classifier performed better
using the proposed method on the TUM GAID dataset.

5.2. Discussion and Comparison. A detailed analysis of the
proposed framework has been conducted in this section
based on confidence interval and standard error means
(SEM). As given in Tables 3 and 4, the proposed
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TaBLE 2: Proposed classification results of human gait recognition on the TUM GAID dataset.

Classifier

Class-based accuracy (%)

Mean accuracy (%)

Normal walk Walk with a bag Walk with shoes
LightweightDeep-ELM 99.64 98.52 97.65 98.60
LightweightDeep-SVM 98.58 96.92 96.25 97.25
LightweightDeep-FKNN 98.63 96.21 95.37 96.73
LightweightDeep-EBT 98.12 96.82 95.80 96.91
LightweightDeep-DT 97.52 96.03 95.24 96.26
Bold values indicate the best values.
TaBLE 4: Confidence interval-based analysis of proposed frame-
170 - 161.9 work on the TUM GAID dataset.

(Sec)

ELM SVM FKNN EBT DT

@ Time (sec)

FIGURE 7: Average classification time of selected classifiers on the
TUM GAID dataset using the proposed method.

TaBLE 3: Confidence interval-based analysis of proposed frame-
work on the CASIA B dataset.

Confidence level Margin of error

Normal walk
68.3%, 05
90%, 1.645 0
95%, 1.9600%
99%, 2.5760~

96.005 + 0.626 (+£0.65%)
96.005 + 1.029 (+1.07%)
96.005 + 1.227 (+£1.28%)
96.005 + 1.612 (+1.68%)

Walk with a bag
92.59+0.346 (+0.37%)
92.59 +0.57 (+0.62%)
92.59 £0.679 (+£0.73%)
92.59 +0.893 (+0.96%)
Walk with a coat
82.53+0.799 (+£0.97%)
82.53 +1.314 (+1.59%)
82.53 +1.566 (+1.90%)
82.53 +2.058 (+2.49%)

68.3%, 0%
90%, 1.6450~
95%, 1.9600+
99%, 2.5760

68.3%, 05

90%, 1.6450+
95%, 1.96005
99%, 2.5760

LightweightDeep-ELM framework gives the better accuracy
than other combinations on the CASIA B dataset. Similarly,
the proposed framework (LightweightDeep-ELM) also ob-
tained better results on the TUM GAID dataset. Moreover,
the average computational time of each classifier for both
datasets is also shown in Figures 6 and 7. The ELM execution
time is minimum than the rest of the selected classifiers. To
further analyze the performance of the ELM classifier, the
proposed framework is executed 500 times and computed
two values—minimum accuracy and maximum accuracy.

Confidence level

Margin of error

68.3%, (%

90%, 1.6450%
95%, 1.9600
99%, 2.5760

Normal walk

98.767 + 0.62 (+0.63%)
98.767 + 1.02 (+1.03%)
98.767 + 1.215 (£1.23%)
98.767 + 1.597 (+£1.62%)

68.3%, 0%
90%, 1.6450+
95%, 1.9600=

Walk with a bag

97.71 +0.573 (+£0.59%)
97.71 +£0.942 (+£0.96%)
97.71 £1.123 (£1.15%)

97.71 £1.475 (+1.51%)

Walk with a coat
96.925 +0.513 (+0.53%)
96.925 +0.843 (+0.87%)
96.925 +1.005 (+1.04%)
96.925+1.321 (+1.36%)

99%, 2.57605

68.3%, 0=
90%, 1.6450~
95%, 1.9600%
99%, 2.5760~

Based on the minimum and maximum accuracy, the
standard error mean is computed. Through SEM, a confi-
dence error is obtained that shows the consistency of pro-
posed framework.

Table 3 provides the confidence interval-based analysis
of the CASIA B dataset. Confidence level and margin of error
(MoE) are calculated for each class such as walk, bag, and
coat. We selected several confidence levels such as 68.3%, ox;
90%, 1.6450%; 95%, 1.9600%; and 99%, 2.57605 and obtained
MOE for each is noted as given below. Based on the MoE, it
is observed that the proposed framework showed consistent
performance on the CASIA B dataset after 500 iterations.
Similarly, Table 4 provides the proposed confidence interval-
based analysis of the TUM GAID dataset. From this table, it
is also confirmed that the proposed method’s accuracy is
consistent after the numbers of iterations.

At the end, a detailed comparison is conducted with
recent techniques for both selected datasets such as CASIA B
and TUM GAID. Table 5 provides the comparison of the
proposed method accuracy with recent techniques on the
CASIA B dataset. In this table, the authors of [34] obtained
an average accuracy of 51.4% on the CASIA B dataset. The
authors in [35] improved the average accuracy and reached
to 84.2% that was later further improved by [36] of 87.5%.
Recently, the authors of [37] obtained an average accuracy of
89.66% on the CASIA B dataset that is improved then the
previous noted techniques. Our method achieved an ac-
curacy of 91.20% on the CASIA B dataset that is improved
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TaBLE 5: Comparison of proposed method results on the CASIA B
dataset with recent techniques.

Reference Year Datasets NM BG CL Mean (%)

[34] 2018 CASIAB 681 547 315 51.4
[35] 2019 CASIAB 950 872 704 84.2
[36] 2022 CASIAB 960 916 748 87.5
[37] 2022 CASIAB 96 92 81 89.66
Proposed CASIA B 96.89 93.07 83.66 91.20

Bold values indicate the best values.

TaBLE 6: Comparison of proposed method results with recent
techniques on TUM GAID.

Reference Year  Datasets N B S Mean (%)
[26] 2014 TUM GAID 994 594 945 84.4
[38] 2017 TUM GAID 98.7 911 945 96.7
[39] 2017 TUM GAID 99.7 981 958 97.9
[40] 2021 TUM GAID 994 974 96.4 97.73
Proposed TUM GAID 99.64 98.52 97.65 98.60

Bold values indicate the best values.

100
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439 8752 g5 896 8774 o ., 884

80
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Acc (%)

40

20
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Proposed GA

[ Accuracy of Nature Inspired Algorithms

Figure 8: Comparison of proposed optimization accuracy with
several other nature-inspired algorithms.

than the existing techniques. Similarly, the comparison of
the TUM GAID dataset is given in Table 6. In this table, it is
noted that the recently achieved accuracies were 84.4%,
96.7%, 97.9%, and 97.73%. Our proposed method obtained
an accuracy of 98.60% that is improved than the recent state-
of-the-art (SOTA) techniques.

Finally, the improved moth-flame optimization algorithm
is compared to several other nature-inspired algorithms
(Figure 8) such as the genetic algorithm, particle swarm op-
timization, bee colony optimization, ant colony optimization,
whale optimization, crow search, and firefly algorithm. This
graph shows that the proposed optimization algorithm out-
performs the other compared algorithms in terms of accuracy.
Moreover, the gait is important for several purposes such as
assisting those suffering from Parkinson’s disease [41, 42]. In
this work, we used Adam as an optimizer [18] during the
training of deep learning models instead of stochastic gradient
descent (SGD). For the gait recognition task, SGD is not
performed better than Adam due to a high number of video
frames. As we know, Adam is known to be computationally
fast, requires less memory, and needs little tuning.

11

6. Conclusion

Human gait recognition using lightweight deep learning
models and improved moth-flame optimization algorithm
has been presented in this work. Two lightweight pretrained
CNN models were fine-tuned and deep transfer learning
based trained. Features are extracted from the global average
pooling layer and fused using a new approach named
DCCA. Furthermore, an optimization algorithm is devel-
oped for the selection of the best features. The proposed
method was compared based on several classifiers such as
ELM and SVM and found ELM is more suitable based on
accuracy and time. Two publicly available datasets were
employed for the validation process and achieved an im-
proved average accuracy of 91.20 and 98.60%. The key
findings of this work are as follows: (i) freezing few middle
layers can train a model with less time but it is a chance to
sacrifice the better accuracy; (ii) fusion of lightweight models
features using DCCA approach is time-consuming but at the
end, better information in the form of features is obtained;
and (iii) improved optimization algorithm provides the
better accuracy and reduces the computational time. In the
future, a new scratch-based CNN model will be developed
for human gait recognition.
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Over the last few decades, forest fires are increased due to deforestation and global warming. Many trees and animals in the forest
are affected by forest fires. Technology can be efficiently utilized to solve this problem. Forest fire detection is inevitable for forest
fire management. The purpose of this work is to propose deep learning techniques to predict forest fires, which would be cost-
effective. The mixed learning technique is composed of YOLOvV4 tiny and LiDAR techniques. Unmanned aerial vehicles (UAVs)
are promising options to patrol the forest by making them fly over the region. The proposed model deployed on an onboard UAV
has achieved 1.24 seconds of classification time with an accuracy of 91% and an F1 score of 0.91. The onboard CPU is able to make
a 3D model of the forest fire region and can transmit the data in real time to the ground station. The proposed model is trained on
both dense and rainforests in detecting and predicting the chances of fire. The proposed model outperforms the traditional

methods such as Bayesian classifiers, random forest, and support vector machines.

1. Introduction

Recent advancements in technology have overwhelmingly
shaped society, the economy, and the environment. With the
help of the various state-of-art technologies such as IoT,
blockchain, Al geospatial mapping, and so on, leading to the
fifth industrial revolution, which focuses more on solving
climate goals in line with the revolution [1]. New require-
ments in the ecological environment arise due to the ex-
peditious development of society. Among the various
natural disasters, fire hazard seems to own the characteristics
of spreading, and also, it becomes very challenging to
control, and thus, it results in heavy destruction that might
be irrevocable [2-4]. Over the past few years, there is a
tremendous increase in the count, occurrence, and severity
of wildfires across the world that has created a great impact
on the economy and ecosystem of the country. There are
various techniques such as watchtowers, spotter planes,

infrared, aerial patrols, and automatic detection systems to
detect fire events [1]. There is no need for the exposure of
humans to perilous activities when remote sensing is
deployed [5]. Various techniques are as follows:

(i) Usage of the satellite images to observe, detect, and
report fire events

(ii) Implementation of the wireless sensor networks to
observe the fire events exist in all areas.

Yet there are certain limitations associated with the
satellite images [6-8]. It has an inadequate resolution, and
hence, the data pertinent to the corresponding area would be
taken as an average, and it is restricted to a particular pixel
that results in the detection of small fires. The predominant
limitation is that the satellites cover only a limited area and
require a preprocessing time before the resurvey of the same
region. The other limitations such as the shortage of real-
time data and inadequate precision are inapt for persistent
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monitoring. There is a need for the infrastructure in advance
if WSNs are deployed [4]. There is more chance for the
destruction of the sensors during the fire, and this might lead
to more expensive restoration of the sensors [9]. Several
factors such as the static nature of the sensors, their cov-
erage, difficulty in maintenance, the deficit in power inde-
pendence, and nonscalability are the reasons for the sensor
networks to limit their efficiency. Therefore, unmanned
aerial vehicles (UAVs) are proposed to overcome the lim-
itations. The sovereignty, less cost, autonomous, and flexi-
bility make the UAV technology the best choice for fire
management efforts in the wildland. There are researchers
who put more effort into focusing on the development of
frameworks and techniques that could be associated with
UAVs. The motive of the implementation of UAV is to
detect the fire and its coverage in an optimal manner [3, 10].
The aim of this work is to develop a model to detect the fire
and its coverage area, and in addition, it also observes the fire
in the low region. Section 2 describes the related works
associated with fire detection. Section 3 elaborates on the
proposed model and architecture. Finally, the results and
discussion to prove the proposed model are covered in
Section 4. The last section concludes with a summary and
future scope.

2. Related Works

Detection of forest fire and smoke in wildland areas is done
through remote sensing-based methods such as satellites,
high-resolution static cameras fixed on the ground, and
unmanned aerial vehicles (UAVs).

The limitations of the satellites [11] are described as
follows:

(i) Images that are captured through the satellites have
poor resolution, and hence, it becomes difficult to
detect the particular area

(ii) Continuous information about the status of the
forest could not be obtained due to the restrictions
in the monitoring of forests

(iii) Weather might not be stable in all situations as it
might vary, and thus, it results in the collection of
noisy images

Optical/thermal cameras deployed on the observation
towers together with the other sensors such as smoke, tem-
perature, and humidity sensors might detect the hazards in the
closed environment rather than in the open environment as
these sensors need vicinity to the fire or smoke. The infor-
mation obtained through these sensors is not appropriate.
Distance covered by these methods could be limited, and to
cover alarge area, more sensors have to be deployed that might
incur expenses. Through the deployment of UAV, large areas
could be covered, and the images with high spatial and tem-
poral resolutions could be captured properly. The operational
cost is very low when compared with the other methods.

In [12], detection of forest fire is done through the
deployment of YOLOv4 to UAV-based aerial images. The
initial phase of the process is that the authors developed the

Computational Intelligence and Neuroscience

hardware platform and proposed the YOLOv4 algorithm.
Frame detection rate through this method obtained is
3.2 fps, and the recognition rate achieved is 83%. This works
when the intensity of the fire is huge. The limitation of this
algorithm is that the detection rate is very less in the small
fire-spot areas. The authors have made use of the NetImage
classifier that has the combination of Yolov5 and Effi-
cientDet. The data set used comprises 10,581 images of
which 2,976 images are categorized as forest fire and 7,605 as
nonfire images. The model undergoes an adequate training
process, and an accuracy of 99.6% has been obtained with
the 476 fire images, and for 676 images that looked similar to
images that display fire, the accuracy achieved was 99.7%.
Yet the limitation is that it does not detect the smoke since it
is needed in the initial stage of the detection process.

In this work [2, 13], the detection of forest fire is done
automatically with the help the image processing methods.
The principle behind the proposed work is that the image
brightness and motion clues are used with the image pro-
cessing techniques that depend on histogram-based seg-
mentation. Initially, the hot objects are identified, and they
are recognized as the candidate regions. Next, the motion
vectors of the candidate regions are computed based on the
optical flow. Furthermore, the vectors are used to isolate the
fires from the other systems that might look similar to the
fire. Tracking of fire from IR images is done through the Blob
counter technique and morphological operations. Results
have shown that the proposed method does the extraction
and detection of the fire pixels effectively. Extraction of the
background from the video and determination of the proper
motion regions by analyzing the difference between the
subsequent frames is done through the ViBe method. Several
functions such as median filtering, color space conversion,
Otsu threshold segmentation, morphological operations,
and Blob counter are used [3, 14]. The fire and smoke areas
are identified through the extraction of both static and
dynamic features. Caffemodel that works based on deep
learning is the principle that is used to detect fire and smoke
areas. Apart from these, the degree of irregularity of the
smoke and fire is also analyzed.

The false alarm rate is reduced, and the original position
of the fire is also identified in this work by considering that
each and every frame image of the video is partitioned into
16 x 16 grids and the occurrences of each part of the fire and
smoke are recorded. The evidence is collected so as to decide
on the final detection. From the experimental results, it is
shown that the loss has been reduced, and fire and smoke are
detected. Various researchers have worked in exploring
forest fire detection in a diversified manner. In [4, 15-17],
fuzzy logic-based smoke detection and segmentation
schemes are introduced along with the principle of the
extended version of the Kalman filter. Segmentation of
smoke is done with fuzzy logic, and thus, the prospects of
occurrence of smoke are identified. This is done by observing
the difference in the background images and the intensity.
The extended version of the Kalman filter is used to eradicate
the effects that might be due to the disparities in the en-
vironmental conditions by reshaping the inputs of the fuzzy
smoke detection rule. The authors [18] have worked on the
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technique that works based on the principle of color and
motion. In this work, the UAV is equipped with obscure and
an optical camera which is used to detect the forest fire.

Cameras mounted are used to procure free flame in-
frared and visual pictures. Images could be combined with
the landscape information and meteorological data to ob-
serve the forest fire. With this technique, the false alert rates
of forest fire detection are decreased. A novel method based
on the new color index named Forest Fire Detection Index
(FFDI) has been proposed in [1, 19-21]. Index computation
is done based on vegetation categorization. The tones of the
flame and smoke are also detected that in addition is used to
form the regions of interest (Rol). The precision of the
detection is found to be 96.82% for the image sizes of
960 x 540 pixels that have been processed in 0.447 seconds.
The frame considered during the experimental investiga-
tions was 22 frames/second for smaller images, and it has
been extended to 54 frames/second. The precision rate at the
early detection stage has been observed as 96.62%. A deep
learning framework named Fire-Net has been devised in [9].
Here, the model is trained on Landsat-8 imagery so that the
detection of the active fires and burning biomass is done. The
images that are obtained have been represented effectively
with the help of optical fusion and thermal modalities.
Extraction of a deep set of features is facilitated by providing
more attention to the residual convolution and discrete
convolution blocks. From the experiments, the overall ac-
curacy is 97.35%, and the model is robust in the detection of
small fires. Continuous monitoring of the potential areas
that might be prone to fire should be monitored. In this work
[22-25], the design of UAVs has been done based on the
advantages of Al. Furthermore, the onboard processing
abilities have also been equipped. The inputs to the model
are the still images or the video input that are captured
through the cameras mounted on the drone [14, 26, 27]. The
drones are supported by both fixed and the rotary-wing. The
fixed-wing drone is used to monitor the area frequently. It
covers an altitude from 350 m to 5,500 m, and there might be
a chance of reporting a false alarm. As soon as the fixed-wing
drone detects the fire, an alarm is triggered that in turn
stimulates the rotary-wing drone. With the help of GPS
coordinates, it then examines the area. The second drone
decides whether to trigger the alarm based on its observa-
tions. The main advantage of the second drone is to decrease
the false alarm rate. Many research works have been carried
out for detecting fire through IR images, whereas a few
works are done on UAV platforms [28, 29].

From the various inferences, it has been understood that
most of the researchers have worked to increase the accu-
racy, and the area coverage was until 1,500 meters to the
maximum. To provide more accuracy and precision, the 3D
modeling of data is required, and further visualization of
forest fire images could be made very easy for interpretation.
The objective of this work is to deploy an efficient and robust
detection fire in the early stage. Hence, a deep learning
model is required so that the boundary region could be
extended, and the 3D modeling images must be considered
for the prediction process to augment the accuracy. The
contributions in this work are as follows:

(i) An efficient and robust 3D modeling is used to
augment the accuracy of the detection.

(ii) A deep learning technique YOLOv4 is combined
with the Otsu method along with LiDAR. The key
objective of utilizing the Otsu method is to repeat all
the values of the threshold and evaluate the extent of
the background and foreground pixels. The objec-
tive is to determine the threshold by examining the
region of the spread, and it should be minimum.

(iii) Traditional methodologies are found to be difficult
for performing the sampling since the constraints
are bound to the relative position. Hence, the ori-
entation of the images is required, and that is ob-
tained by computing the distance between the tree
and other entities with the help of LIDAR. Section 3
describes the proposed methodology.

3. Proposed Methodology

The flow of the proposed architecture is shown in Figure 1.
The video input is captured from the camera, and the other
inputs such as wind speed, wind directions, and IR image
sensing are calculated using the sensors mounted on the
UAV for navigation. These images are provided as input to
the deep learning models, and it checks for the existence of
the fire. The region is predicted clearly since there is a
possibility of more projections of the images provided to the
model due to the 3D modeling. Further detection is made,
and the details are stored in the database for further.

3.1. Autonomous Drone Routing

3.1.1. Drone Moment to the Target. In this whole operation,
navigation of UAVs is significant to patrol the risk-prone
areas and fire-detected areas. This work monitors the forest
area with the help of the navigational analysis technique
[27, 30]. To facilitate this, the drone makes the navigation.
UAVs have the following three navigational features [31]:

(i) Awareness: This provides details about UAV’s
neighborhood obstacles. The data is collected using
internal sensors

(ii) Basic Navigation: Collisions are avoided, and the
obstacles such as birds, trees, poles, and so on in the
forest farms are detected

(iii) Expanded Navigation: Advanced features such as
pathway planning and depth deployment are in-
cluded and play a crucial role in autonomous
navigation

This categorization of features is shown in Figure 2 that
could provide a better understanding of the navigation of
UAVs.

On detection of fire with YOLOV4 tiny, the autonomous
patrol in the affected area is found to influence the decisions
that must be considered for stopping the fire. The visual
servoing algorithm [8] operates for the autonomous drift of
UAYV towards the fire; it works as follows:
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F1GURE 1: Proposed architecture flow.

Step 1. 'The location of the fire is requested, and it is captured
through the (YOLOV4 tiny-bounding box of fire). If the fire
is detected, go for step 2.

Step 2. Calculate the step size depending on the location of
the bounding box of fire that is relative to the midpoint of the
frame, along with the direction.

Step 3. Normalize the drone for drift by changing the roll
and angle of pitch of the current state.

Step 4. Set the next set point to control the flight and iterate
the process.

When the forest is very thick and it is in the GPS-denied
area, UAV makes use of hybrid-localization methods to
achieve the maximum performance of the task. Many re-
search works [31, 32] suggest the simultaneous localization
and mapping (SLAM) algorithm to use in GPS-denied areas.
The solitary idea of SLAM is to process mapping and lo-
calization concurrently and recursively. Using the Kalman
filter, SLAM overcomes the problem of feature evaluation.
SLAM algorithms develop the landmark-based navigation
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F1GURE 2: Categorization of navigation features of UAV.
system with the capability of virtual-map navigation; this The total payload of the UAV is 6,825 grams. The thrust

became a typical technique for the drone-based navigation  of the UAV is capable to fly with a 7,000-gram payload and is
application. Figure 3 given below depicts the structure of the  calculated as follows:

proposed localization solution based on vision. This structure .

operates the space and features on two different levels. It has 7(T) = =d’pvAv, (1)
three main modules: (1) hybrid feature extraction, (2) gen- 4

erating map, and (3) hybrid localization. The feature ex- where 1 =thrust of UAV, d = distance of
traction component combines two different methods to find a propeller = 0.6556 m, p =air density (1.225 m kg/cubic me-

location at two scales. The map generation component per- ter), and v =aerial velocity at propeller (m/s) =1/2Av.
forms feature compression and feature evaluation. The filters The power of the UAV is as follows:
extract the most appropriate features using an info-theoretic (Av)
method, then compress the features, and evaluate them. P(W) = S

. . . . . rpm powerfactor ( 2)
3.1.2. Technical Information of UAV. Flight planning is P (W) = PropellerConstant <m> ,

considered a salient feature in designing the architecture of
UAVs [33]. This planning illustrates the division of mass on
UAVs and provides a better understanding of the perfor-
mance analysis of UAVs. Specifically, maximum take-off  yphere Propeller Constant=1.11(for APC propeller) and
weights (MTOW) assess the UAV payload capacity at dif- P=pitch of propeller in air.

ferent heights above the ground. The payload of the UAV and The total mass lifted by the UAV is as follows:

the mass of onboard equipment are given in Table 1, and the

P (W) = PropellerConstant d*« p* rpm3,

components of the UAV are depicted in Figure 3. The battery —
used on the UAV reserves the UAV in GPS-enabled envi- g
ronments for 107 minutes of duration, whereas on the GPS- (3)
. . . . . . . 2 1/3
disabled environment, maximum flight time is 87 minutes. (n/zd pvp)
Figure 4 displays the digital anemometer, manifold CPU, m=-——"—,

g

IR sensors, and 12K camera.
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TaBLE 1: Specifications of the onboard equipment and masses.
S. No. Component Specification Mass in grams

1. Motor (x4) T motor u power u5 400 kv 815
2. Battery 6s-hv (lihv) 25,000 ma (22.8v) 1,568
3. 12K Camera (with IR) Blackmagic ursa mini pro 12k 2,742
4. Anemometer Breezesonic 345P-4 R 300
5. Sensors — 600
6. Structure DJI 100
7. Others (with CPU) — 700
8. Total payload 6,825

F1GURE 4: Digital anemometer manifold with CPU, IR sensors, and
12k camera.

where g =acceleration due to gravity.

Therefore, the maximum payload of the UAV is 8,000
grams.

Due to this high Power of UAV, it can take steep turns
with a very low pitch angle in any direction and is capable to
fly 350-400m above the ground with a range of
3,000-4,000 m.

The time of flight of a UAV is calculated as follows:

d
Tf = Cb ES (ﬁ),
where T =time of flight in hours, ¢, = capacity of battery

(mAh), d, =battery discharge, and AAAD = average ampere
draw (ampere) of the UAV=AUW * p/v.

(4)

3.2. Fire Detection and Fire Region Prediction

3.2.1. Fire Detection in the Forest Region. A classic UAV can
autonomously fly over the forest area and detect the forest
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fire and yaw around the burning forest fire area. The UAV is
well equipped with IR sensors, a 12K camera for image
accretion, and the onboard CPU, which can broadcast the
real-time video of the forest fire to the ground station using
the signals that are used for remote navigation. The ground
station would diagnose and take necessary measures to stop
the forest fire. In parallel, the ground station can also control
the UAV by sending the operational commands.

The onboard CPU has good computation power to
perform the forest fire detection using YOLOV4 tiny, which
has good detection speed with well-grounded accuracy [11].
The YOLOv4 tiny model is divided into two layers, that is,
the feature extraction layer and the processing layer. The
feature extraction layer is the combination of the DarkNet
and ResNet, similar to the feature-like pyramid network that
has the convolutional layer, batch-normalization layer, and
leaky ReLU layer. The problem of overfitting is shut out
using batch normalization. The combination of the con-
volutional layer, batch-normalization layer, and leaky ReLU
layer is called CBL. The combination of the convolutional
layer, batch-normalization layer, and mish activation
function is called CBM. The structure of CBL and CBM is
shown in Figure 5.

The five max-pooling layers of the network of 2 2 size
with stride = 2 give the reduced feature map of 1/32th size of
the original image. Since there is no fixed shape for fire and
smoke, size is varied. YOLO layers are operated for the
detection of fire using logistic regression. YOLOv4 tiny has
an advantage of high speed and accuracy, due to its speed-up
algorithm. The bounding boxes of YOLOv4 tiny can be
achieved using region proposal network (RPN) [11]. In-
tersection over union (IOU) score is considered the metric
and is used to obtain the bounding box. The distance
measure for the clustering is given in

D (boundingbox, centre) = 1 —IOU (boundingbox, centre).
(5)

The algorithm finds the bounding box as follows: image
is captured by the camera, and the target is drawn to fix the
center. The coordinate calculation of the image is given in
Equation 2.

BBx = 0(px) + Cx
BB, =0o(p,)+c, , (6)
BB,y = Cef by, = Cpe”

where (p,, p,» P> py) are the image center points and
(C,»Cy) are the bounding box center points.

Onboard IR sensors are cast to find the heat distribution
in the forest farm and then generate unichannel 2D images.
The forest fire is classified into three different regions based
on the temperature of the fire; it can be detected from the
UAYV by using highly accurate IR sensors that measure the
intensity of forest fire pixels and analyze the region they fall
under. The brightness of the pixels is converted into a graph,
and the local maxima are considered the high-intensity
region [12]. This histogram-based segmentation of pixels

helps in finding the regions of fire, by taking the advantage of
Otsu method. This method is defined to find a threshold that
can minimize the intraclass variance as a weighted sum as
follows:

0, (k) = 0, (K)o, (k) + w, (K)o (k), (7)

where the class probabilities are w, and wj, (foreground and
background) given by a threshold value and k, 02, and o} are
variances of both the classes.

Probabilities of classes a and b are calculated through h
histograms are as follows:

k-1

w, (k) =Y p(j),
j=0

o (8)
w, (k) = )" p(j).

=k

Intraclass variance is minimized to maximize interclass
variance. The architecture of YOLOv4 tiny is shown in
Figure 6.

3.2.2. Prediction of the Possibility of Forest Fire. When UAV
is patrolling over the forest region, it observes for the forest
fire; if the fire is found, it drifts to that affected area and
broadcasts all the data to the ground station and then helps
the people extinguish the fire. If there is no fire in the forest,
then UAV tries to find the possibilities of forest fire in that
region. In general, forest fire is caused either by man-made
errors or natural errors. The man-made errors that lead to
forest fire are campfires that are not completely turned off,
used and thrown mosquito coils, the smoked cigarettes
remain, and tribal traditions related to fire. The natural
causes that lead to forest fire are lightning [6, 7, 34],
combustion of dry vegetation, and volcanic activities. UAV
predicts the occurrence of forest fire based on any of the
above-stated situations [35]. UAV finds the possibilities of
fire such as oxygen, fuel, and heat (shown in Figure 7), while
it is patrolling and transmits the results to the ground
station.

3.3. 3D Modeling of Forest Fire. 3D modeling of the forest-
fire-affected area helps the ground station to diagnose and
analyzes the situation for extinguishing the fire and helps
know the direction of the forest fire; this information is very
crucial and reduces the time of extinguishing. Existing
techniques for forest fire modeling are empirical and en-
hancement of the modeling is needed [36]. The motivation
for generating a 3D forest fire model is from photogram-
metric research, which enables us to generate 3D models
from images with high accuracy. In this work, much effort is
spent on the creation of 3D images and LiDAR.

3.3.1. Construction of 3D Forest Fire Modeling. The spatial
resection technique of photogrammetry is used to estimate
the position of the trees in the forest by measuring evenly
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distributed feature points across the 2D images of the forest.
The recovery of positions of tress from various directions is
called “relative orientation.” Many works have been done
using pixel correspondence from scaled tree positions.
Recent developments have been made to generate 3D
models using the 2D images using LiDAR for outdoor 3D
modeling. In this work, we have adopted some of the
techniques from [33]. Unlike well-designed interior images,
outdoor areas such as forest, farms, and parks contain many
objects. Due to relative positioning constraints for data
acquisition, sampling of the surfaces is difficult using the
traditional methods. Orientation of the images and distance
between the tress and other objects can be easily done using
LiDAR. To deal with the inconsistency of the data bottom-up
approach is used. LIDAR-generated 2D images are collected
perpetually from the LASER while flying in forest areas at a
high speed.

3.3.2. Terrestrial Image-Based 3D Modeling. Along with
accurate orientations methods, tie point measure, and
adjusting bundles allow sensor calibrations. Once the images
are aligned, the surface measure is performed using auto-
mated procedures. Automatic photogrammetric matching
algorithms are advanced and use multiple image inputs.
Dense point clouds are developed using these methods and
often ignore geometric constraints using smoothing. The
results are shown in Figure 8.

4. Experiments and Results

This model is first trained on a desktop and later loaded into
UAV-CPU for testing. It is trained over 100 images for
50,000 steps each. The performance of the UAV is shown in
Table 2. The comparison table of existing works and the
proposed model is given in Table 3.

A

FiGure 7: The fire triangle represents the three major components
(oxygen, heat, and fuel) that are necessary to generate a fire.

YOLOV4 tiny has acceptable FPS on the UAV CPU and
achieves real-time detection and analysis. Few of the aug-
mentation techniques such Mix-up and Mosaic are per-
formed to generate the random image pairs from training
data. The convolution layer in the network has good per-
formance in detecting smaller parts of images as shown
below. Figure 9 shows that the UAV is able to detect the fire
from low light intensity regions also using the Otsu method,
but the high smoke zones are misclassified as the high fog
zones, and fire is not detected in such cases. The model is
able to detect fire in ale environmental conditions such as
rainy, sunny, snow, and so on, and the training data of the
model contains all three examples in equal proportion to
avoid variance and bias. The other parameters such as the
wind speed and temperature of the regions are analyzed, and
fire is detected in such cases. Therefore, in order to improve
accuracy in the high smoke zones, we used IR sensors; by
utilizing the optical flow, fire is easily detected. The ex-
perimental results obtained demonstrate that the model is
capable of detecting forest fires and flame regions, 3D
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F1GURE 8: Generated 3D model of the forest fire.
TaBLE 2: Performance metrics of the proposed model.
S. No. Parameter Result
1 mAP@0.5 85.36%
2 mAP@0.75 82.45%
3 Average_IOU 83.17%
4 Precision 0.93
5 Recall 0.89
6 F1-score 0.91
TaBLE 3: Performance comparison of proposed model.
S. No. Metric [11] [12] [2] Proposed
1 Accuracy 87% 86.7% 89% 93.3%
2 Precision 0.87 0.86 0.89 0.93
3 Recall 0.78 0.81 0.83 0.89
4 Fl1-score 0.86 0.87 0.89 0.91

FiGgure 9: Continued.
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(d)

()

FIGURE 9: (a) Sample 3D models of a forest fire, (b) sample 3D models of a forest fire, and (c)-(f) testing results with the developed UAV

model.

modeling of the affected, area and forest fire tracking with
satisfactory results, while the problem of using satellite
imagery and low-level performance is significantly reduced
as well.

The 3D models of forest fire as shown in Figures 9(a) and
9(b) are made from the predicted models. Testing results are
shown in Figures 9(c)-9(f). The obtained results are worth
noting and help in the analysis of the affected area.

5. Conclusion and Future Scope

Evolution emerges in the processing, computation, and al-
gorithms. This strives many researchers to pay attention in
many domains where they work in the processing of

surveillance video streams so that abnormal or unusual
actions could be detected. The usage of UAVs is recom-
mended in the detection of forest fire due to the high mobility
and ensures the coverage areas at various altitudes and lo-
cations at a low cost. Hence, an efficient and scalable UAV is
used for detection. This work aims in developing the 3D
model for the captured scene. YOLOv4 tiny network is
deployed to detect the fire. The accuracy of the detection rate
achieved through this model is 91%. The proposed model
outperforms the other existing techniques in terms of
detecting in the early stage. However, this model is sensitive
to the forest with dense fogs and clouds. This is because
smoke appears as the same as fog, and the model may
misclassify the fog as smoke. As our future works, focus to
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meet practical detection and meet the necessity of early
detection including the generation of the mixed reality model
of the forest fire area that gives more information, and
prevention analysis will be made easy. The 3D modeling
techniques presented in this paper can also be extended to
various natural disaster prediction models.
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Conflicts of Interest

The authors declare that they have no conflicts of interest to
report regarding the present study.

References

[1] A. Ollero, B. C. Arrue, and J. R. Martinez, “For reducing false
alarms in forest-fires,” Computer — Communications
$0140366419308655-, 2019.

[2] C.Yuan, Z. Liu, and Y. Zhang, “Fire Detection Using Infrared
Images for UAV-Based Forest Fire Surveillance,” in Pro-
ceedings of the 2017 International Conference on Unmanned
Aircraft Systems (ICUAS), Miami, FL, USA, June, 2017.

[3] X. Wu, X. Leung, and H. Leung, “An adaptive threshold deep
learning method for fire and smoke detection,” in Proceedings
of the 2017 IEEE International Conference on Systems, Man,
and Cybernetics (SMC), pp. 1954-1959, Banft, AB, Canada,
October, 2017.

[4] C. Yuan, Z. Liu, and Y. Zhang, “Learning-based smoke de-
tection for unmanned aerial vehicles applied to forest fire
surveillance,” Journal of Intelligent & Robotic Systems, vol. 93,
no. 1-2, pp. 337-349, 2018.

[5] K. Amer, M. Samy, R. ElHakim, M. Shaker, and M. ElHelw,
“Convolutional neural network-based deep urban signatures
with application to drone localization,” in Proceedings of the
IEEE International Conference on Computer Vision Work-
shops (ICCVW), p. 2138, October, 2017, -2145.

[6] R. Girshick, “Fast r-cnn,” in Proceedings of the IEEE Inter-
national Conference on Computer Vision, pp. 1440-1448,
Santiago, Chile, December, 2015.

[7] R. Ramakrishna, M. Rajeevan, and S. Ramakrishna, “Pre-
diction of severe thunderstorms over Sriharikota Island by
using the WRF-ARW operational model,” SPIE Proceedings,
vol. 9882, Article ID 988214, 2016.

[8] R. HussinM and R. Juhari, “Detection using image processing
based techniques,” Indian Journal of Computer Science and
Engineering, vol. 41, 2012.

[9] F. Guede-Fernandez, L. Martins, R. V. de Almeida,
H. Gamboa, and P. Vieira, “A deep learning based object
identification system for forest fire detection,” Fire, vol. 4,
no. 4, p. 75, 2021.

[10] M. Mueller, P. Kolesov, I. Tannenbaum, and A. Tannenbaum,
“Optical flow estimation for flame detection in videos,” IEEE
Transactions on Image Processing, vol. 22, no. 7, pp. 2786—
2797, 2013.

[11] P. Chen, T. Zhang, K. Xin, N. Yi, D. Liu, and H. Liu, “A UAV-
based forest fire detection algorithm using convolutional
neural network,” in Proceedings of the 2018 37th Chinese
Control Conference (CCC), pp. 10305-10310, Wuhan, China,
June, 2018.

11

[12] Z.Jiao, Y. Zhang, X. Xin et al,, “A deep learning based forest
fire detection approach using UAV and YOLOv3,” in Pro-
ceedings of the 2019 Ist International Conference on Industrial
Artificial Intelligence (IAI), pp. 1-5, Shenyang, China, July,
2019.

[13] D. Kinaneva, G. Hristov, J. Raychev, and P. Zahariev, “Early
forest fire detection using drones and artificial intelligence,” in
Proceedings of the 2019 42nd International Convention on
Information and Communication Technology, Electronics and
Microelectronics (MIPRO), pp. 1060-1065, Opatija, Croatia,
May, 2019.

[14] P. M. Wyder, Y. S. Chen, A. J. Lasrado et al., “Autonomous
drone hunter operating by deep learning and all-onboard
computations in GPS-denied environments,” PLoS ONE,
vol. 14, no. 11, Article ID 0225092, 2019.

[15] P. Cortez and A. Morais, “A Data Mining Approach to Predict
Forest Fires Using Meteorological Data,” 2017.

[16] G. Yadav, V. Gupta, V. Gaur, and Bhattacharya, “Mahua,
OPTIMIZED FLAME,” Indian Journal of Computer Science
and Engineering, vol. 3, no. 2, 2012.

[17] K. Lakshmanna, N. Khare, and N. Khare, “Constraint-based
measures for DNA sequence mining using group search
optimization algorithm,” International Journal of Intelligent
Engineering and Systems, vol. 9, no. 3, pp. 91-100, 2016.

[18] S. Sudhakar, V. Vijayakumar, C. S. Kumar, V. Priya, L. Ravi,
and V. Subramaniyaswamy, “Unmanned Aerial Vehicle
(UAV) Based Forest Fire Detection and Monitoring,” Com-
puter Communications, vol. 149, 2019.

[19] K. Poobalan and S. C. Liew, “Fire Detection Algorithm Using
Image Processing Techniques,” in Proceedings of the Inter-
national Conference on Artificial Intelligence and Computer
Science, Penang, Malaysia, October, 2017.

[20] M. Haque, M. Muhammad, D. Swarnaker, and
M. Arifuzzaman, “Autonomous quadcopter for product home
delivery,” in Proceedings of the 2014 International Conference
on Electrical Engineering and Information & Communication
Technology, pp. 1-5, Dhaka, Bangladesh, April, 2014.

[21] R. Kaluri, D. S. Rajput, Q. Xin et al., “Roughsets-based Ap-
proach for Predicting Battery Life in IoT,” 2021, https://arxiv.
org/abs/2102.06026.

[22] S. T. Seydi, V. Saeidi, B. Kalantar, N. Ueda, and A. A. Halin,
“Fire-net: a deep learning framework for active forest fire
detection,” Journal of Sensors, vol. 2022, Article ID 8044390,
14 pages, 2022.

[23] S. Rady, A. A. Kandil, and E. Badreddin, “A hybrid locali-
zation approach for UAV in GPS denied areas,” SII, in
Proceedings of the 2011 IEEE/SICE International Symposium
on System Integration, Kyoto, Japan, December, 2011.

[24] R. Wang, “3D building modeling using images and LiDAR: a
review,” International Journal of Image and Data Fusion,
vol. 4, no. 4, pp. 273-292, 2013.

[25] G.T.Reddy, M. P. K. Reddy, K. Lakshmanna et al., “Analysis
of dimensionality reduction techniques on big data,” IEEE
Access, vol. 8, Article ID 54776, 2020.

[26] H. Pan, D. Badawi, and A. E. Cetin, “Computationally Effi-
cient Wildfire Detection Method Using a Deep Convolutional
Network Pruned via Fourier Analysis,” Sensors (Basel), vol. 20,
2022.

[27] C. Iwendi, P. K. R. Maddikunta, T. R. Gadekallu,
K. Lakshmanna, A. K. Bashir, and M. J. Piran, “A meta-
heuristic optimization approach for energy efficiency in the
IoT networks,” Software: Practice and Experience, vol. 51,
no. 12, pp. 2558-2571, 2021.


https://arxiv.org/abs/2102.06026
https://arxiv.org/abs/2102.06026

12

(28]

(29]

(30]

(31]

[32

(33

(34]

(35]

(36]

F. Remondino and S. F. El-Hakim, “Image-based 3d mod-
elling: a review,” The Photogrammetric Record, vol. 21, no. 115,
pp. 269-291, 2006.

M. Pollefeys and L. V. Gool, “From images to 3D models,”
Communications of the ACM, vol. 45, no. 7, pp. 50-55, 2002.
H. Qays, B. Jumaa, and A. Salman, “Design and imple-
mentation of autonomous quadcopter using SITL simulator,”
Iraqi Journal of Computer, Communication, Control and
System Engineering, pp. 1-16, 2020.

K. Nonami, “Research and Development of Drone and
Roadmap to Evolution,” Journal of Robotics and Mechatronics,
vol. 30, pp. 2-6, 2018.

T. Celik, H. Demirel, and H. Ozkaramanli, “Fire detection in
video sequences using statistical color model,” in Proceedings
of the IEEE International Conference on Acoustics, Speech and
Signal Processing, Toulouse, France, May, 2006.

L. Castillo and Dzul, Modelling and Control of Mini-Flying
Machines, Springer, Berlin/Heidelberg, Germany, 2005.

L. Aj, S. Mary Idicula, C. Naveen Francis, and C. Francis,
“Artificial neural network model for the prediction of
thunderstorms over Kolkata,” International Journal of
Computer Applications, vol. 50, no. 11, pp. 50-55, 2012.

C. Alex and A. Vijay Chandra, “Autonomous cloud-based
drone system for disaster response and mitigation,” in Pro-
ceedings of the 2016 International Conference onRobotics and
Automation for Humanitarian Applications (RAHA), pp. 1-4,
IEEE, Amritapuri, India, December, 2016.

T. Lee, S. Mckeever, and J. Courtney, “Flying free: a research
overview of deep learning in drone navigation autonomy,”
Drones, vol. 5, no. 2, p. 52, 2021.

Computational Intelligence and Neuroscience



Hindawi

Computational Intelligence and Neuroscience
Volume 2022, Article ID 6781740, 14 pages
https://doi.org/10.1155/2022/6781740

Research Article

@ Hindawi

Hyperspectral Image Classification with Optimized Compressed
Synergic Deep Convolution Neural Network with

Aquila Optimization

Tatireddy Subba Reddy,1 Jonnadula Harikiran,> Murali Krishna Enduri,’
Koduru Hajarathaiah,3 Sultan Almakdi,’ Mohammed Alshehri,*
Quadri Noorulhasan Naveed,” and Md Habibur Rahman 6

'Computer Science and Engineering, B V Raju Institute of Technology, Narsapur, Medak, Telangana, India Pin: 502313
2School of CSE, VIT-AP University, Vijayawada, Pin: 522237, Andhrapradesh, India

*Computer Science and Engineering, SRM University-AP, Amaravati, India

“Department of Computer Science, College of Computer Science and Information System, Najran University,

Najran, Saudi Arabia

®Department of Computer Science, College of Computer Science, King Khalid University, Abha, Saudi Arabia
®Dept. of Computer Science and Engineering, Faculty of Engineering and Technology, Islamic University,

Kushtia-7003, Bangladesh

Correspondence should be addressed to Md Habibur Rahman; habib@iu.ac.bd

Received 12 May 2022; Accepted 21 June 2022; Published 7 July 2022
Academic Editor: Muhammad Ahmad

Copyright © 2022 Tatireddy Subba Reddy et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

The classification technology of hyperspectral images (HSI) consists of many contiguous spectral bands that are often utilized for a
various Earth observation activities, such as surveillance, detection, and identification. The incorporation of both spectral and
spatial characteristics is necessary for improved classification accuracy. In the classification of hyperspectral images, deep learning
has gained significant traction. This research analyzes how to accurately classify new HSI from limited samples with labels. A novel
deep-learning-based categorization based on feature extraction and classification is designed for this purpose. Initial extraction of
spectral and spatial information is followed by spectral and spatial information integration to generate fused features. The
classification challenge is completed using a compressed synergic deep convolution neural network with Aquila optimization
(CSDCNN-AO) model constructed by utilising a novel optimization technique known as the Aquila Optimizer (AO). The HSI, the
Kennedy Space Center (KSC), the Indian Pines (IP) dataset, the Houston U (HU) dataset, and the Salinas Scene (SS) dataset are
used for experiment assessment. The sequence testing on these four HSI-classified datasets demonstrate that our innovative
framework outperforms the conventional technique on common evaluation measures such as average accuracy (AA), overall
accuracy (OA), and Kappa coefficient (k). In addition, it significantly reduces training time and computational cost, resulting in
enhanced training stability, maximum performance, and remarkable training accuracy.

1. Introduction

Due to the fast growth of photonics with optics, sensors in
hyperspectral (HS) are needed to install in several satellites.
HSI classification is an essential and challenging task that is
targeted towards labelling each pixel contained in a
hyperspectral image. HSI images contained spatial-spectral
information which is useful for detecting scene objects [1].

This had been used in many fields like environmental
surveillance, astronomy, and precise agriculture [2].

In the earlier days, HSI classification was done by the
machine learning methods such as support vector machines
(SVM) [3, 4], k-nearest neighbor (KNN) [5, 6], multinomial
logistic regression (MLR) [7, 8], and decision tree [9, 10].
Within the similar data which exists, spectral changes in
various materials and various spaces might have the same
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features, so the attained details were still corrupt because of
inadequate spatial structure feature extraction. To solve
these issues, it is hard to perfect the classification of HSI. So,
numerous spectral and spatial feature extraction methods
are proposed.

These techniques have validated major classification
performance, which is not in effect for classifying HSI in
difficult situations. In recent times, deep learning tech-
niques had achieved maximum success for this kind of task
[11-13]. So, this method had reached admirable perfor-
mance for different analysis-oriented tasks, e.g., object
recognition and image classification. To classify HSI, entire
spatial and spectral perspectives must be considered for
the processing. Intuitively, HSI consists of a higher
number of images and every image signifies electromag-
netic spectrum classification. Temporarily, the spatial
perspective denotes 2D spatial data of objects consistent in
the HSI. Thus, HSI is typically denoted as the 3D spectral-
spatial data. Therefore, many methods had been proposed
in the literature [14, 15].

Towards concurrently modelling spectral-spatial data,
certain developer attempts were made. This method per-
formed operations in a stacked manner along with convo-
lution over spectral and spatial feature space in a stacked
manner, named CNN model [16]. Apparently, the benefit of
this CNN model may create rich feature maps. Moreover,
the major drawback of this method is threefold. Initially, It is
hard to generate a deeper CNN structure. An intention in
the resultant area increasingly improves through cumulative
amount in the convoluted function that confines the in-
terpretation ability and depth of the model. Next to that, the
cost of the memory is too expensive while maximum
convolution operations were performed [17-20]. To reduce
the abovementioned challenges, we introduced the new
CNN model namely compressed synergic deep convolution
neural network with Aquila optimization (CSDCNN-AO).

The significant goals to achieve the above-said objectives
are listed below:

(i) to determine the suitable deep learning method
which provides huge support for HSI image
classification.

(ii) To reduce the complexity and loss function in
classification.

(iii) To develop the future outcome based on both
present and traditional output.

The major contribution of this technique is given below.

This combination will reduce the learning complexity of
the wavelet concept and reduce the loss function with the
Aquila optimization. This Aquila optimization method
could reduce the enormous amount of data features by
maintaining its unique possessions and using less time for
computation and less memory space. Furthermore, a syn-
ergic deep convolutional neural network (CNN) is useful
and intended for getting an initial result, similarly, the CNN
weights are optimized by Aquila optimization for reducing
an error rate. Here, the key role is the compression of data
with the Aquila optimization technique with CNN for
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increasing accuracy with maximum steadiness among both
exploitation and exploration of optimization.

The organization of the work is given below:

the literature survey is given in Section 2. In Section 3,
the proposed methodology is given. In Section 4, the ex-
perimental results and discussions are explained. At last, in
Section 5, the conclusion is given.

2. Literature Review

Yang et al. [21] present a novel synergistic CNN for an
accurate HSI classification. The SyCNN contains the hybrid
structure of 2D and 3D CNNs with a data interaction
module with feature learning that fuses both spatial and
spectral HSI data. Moreover, it presents a three-dimensional
process earlier to a fully connected layer that supports and
extracts features effectively. But still, they could not handle
high-dimensional data.

Li et al. [22] suggested an HSI model called local and
hybrid dilated convolution fusion network (LDEN) that
combines both the local and rich spatial features through
expanding the perception field. Initially, several functions
were considered, such as dropout, standard convolution,
batch normalization, and average pooling. After that, both
local and dilated convolution operations were involved in
efficient spatial-spectral feature extraction. On the other
hand, parameters were manually selected in the suggested
paper.

Patel et al. [23] suggested HSI categorization by an
autoencoder through CNN (AECNN). Pre-processed by
autoencoder-enhanced HSI features that helped towards
obtaining optimized weights in CNN initial layers. Thus,
here, CNN with a shallow model could be applied towards
extracted features from the HSI data. But still, they need to
cover more contextual information and advanced strategies
for robustification of the spatial information.

Wang et al. [24] suggested a semi-supervised HSI
classification model which improved deep learning. Here,
the suggested model namely the arbitrary multiple graphs
method, and then replaced skilled learning with the anchor
graph method that could be labelled a significant unlabelled
data automatically and precisely. In this, the number of
training samples is limited.

Shi et al. [25] presented a model namely the 3D coor-
dination attention mechanism (3DCAM). This attention
process could not attain the HIS’s spatial position in both
vertical and horizontal ways. Also, HSIs spatial and spectral
data were extracted, using CNN. The drawback is that the
implementation complexity is not considered.

Zhao et al. [26] suggested combining stacked autoen-
coder (SAE) with 3D deep residual network (3DDRN) to
classify HSI. An SAE neural network was designed to re-
duce HSI size. 3DCNN and residual network module were
used to develop 3DDRN. The 3DDRN extracted spectral-
spatial features from dimension-reduced 3D HSI cubes.
3DDRN continuously identified deep features, which were
passed into SoftMax to complete classification. Batch
normalization (BN) and dropout were used to avoid
overfitting training data.
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Yin et al [27] developed a spatial-spectral mixed network
for HSI categorization. The network collects spatial-spectral
information from HSI using three layers of 3-D convolution
and one layer of 2-D convolution. This network employs Bi-
LSTM to boost spectral band interactions and extract
spectral features as a series of images. Combining two FC
layers and utilising SoftMax for classification creates a
unified neural network. However, the model misclassified
samples in the dataset.

Paul et al. [28] developed SSNET, which blends 3D and
2D convolutions of HSI spectral-spatial information with
SPP for creating spatial features at various scales. SPP is
employed in two-dimensional local convolutional filters for
HSI classification because it resists object distortions. SPP
layer’s fixed feature vector output reduces trainable pa-
rameters and improves classification performance. They do,
however, have a complicated structure.

Zhang et al. [29] introduced an SSAF-DCR for hyper-
spectral image classification. Three components were linked
to extract features in the recommended network. First, a
dense spectral block reuses spectral characteristics as much
as possible. Then, a spectral attention block refines and
optimises the spectral features. In the second segment, a
dense spatial block and an attention block pick spatial
features. But in this, the selection of the number of features is
not considered.

Yan et al. [30] offer a 3D cascaded spectral-spatial ele-
ment attention network (3D-CSSEAN) for picture classifi-
cation. Using the spectral element attention module and the
spatial element attention module, the network may con-
centrate on key spectral and spatial aspects. Two-element
attention modules were built using activation functions and
element-wise multiplication. The model can extract classi-
fication-helping properties and is computationally efficient.
The network structure is also suitable for small sample
learning since the attention module has few training pa-
rameters. On the other hand, obtaining labelled samples are
expensive and difficult.

To overcome existing challenges, our proposed work
introduces novel techniques which are discussed in the
following section.

3. Proposed Synergic Deep Learning Model

Let us assign the hyperspectral image x = [X, X,,X;, ...,
X,]" € r(©d where s represented entire bands with ¢ x d
band samples. Additionally, ¢ is the sample in which x =
(X,,Y;) € (rd 17 with Y, labels. Usually, HSI classi-
fication is affected due to inter-class similarity and high
intra-class variability. To compensate for these issues, we
introduce the proposed technique namely, the synergic deep
learning model with the feature reduction principle. This
method minimizes complexities for computation by re-
ducing spectral and spatial feature dimensions. Here, we
evaluate the efficiency of the subsequent feature suppression
methods using a hybrid synergic deep CNN model. The
proposed synergic deep learning model consists of synergic
deep learning (SDL)-based feature extraction, feature

reduction, classification, and loss function optimization.
The schematic representation of the proposed method is
represented in Figure 1, which is given in the following
sections.

3.1. Synergic Deep Convolutional Neural Network Feature
Extraction. In this proposed model as shown in Figure 2, we
extract the HSI useful features which are normally repre-
sented by the input layer, n DCNN components and synergic
network (c2). Recently, DCNN vyields more attention for the
classification which is proposed to reduce the number of
input variables and develop the neural network architecture.
DCNN is a combination of layers where each layer performs
different functions. Pre-processing, convolution, pooling,
and final classification operations are sequentially performed
in synergic DCNN [31]. The forward process is a convo-
lution operation on the inputs. The multiplication between
weights and inputs is combined across layers. The filter has
the same number of layers as input volume channels, and
output volume has the same depth as the number of filters.
In the convolution process, several computations are carried
out. Every layer is composed of neurons that take input
values, perform calculations, and produces output values,
which are forwarded to the next layer. Under CNN, there are
four important operations performed in feature learning: the
convolution, the activation, the pooling, and the normali-
zation. Before convolution operation, pre-processing is
worked out.

3.1.1. Pair Input Layer. Synergic pair input layers are trained
randomly, and here, each 200-data group with corre-
sponding class labels is given to the DCNN units. Here, the
image is in the size of 224 x 224 x 3. Before applying the data
to the next layer, we have to apply the feature reduction
principle.

3.1.2. Feature Reduction by Wavelet Transform. In this
feature reduction concept, we used wavelet transform with
the Haar basis model so that they can handle the high-di-
mensional data efficiently. Here, two filters 4 and g are
applied for effective feature reduction. These filters are in-
corporated with the transforms to yield deducted input
coeficients. The following equation is for the feature re-
duction which is given in equation (1).

AW

[ hxh" hxg"

L gxh" gxg"

As a result of this transformation into the DCNN,
learning complexity and learning time can be reduced. In
this process, it reduces CNN architecture with the number of
features.
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FIGURE 1: Schematic representation of the proposed methodology.

3.1.3. DCNN Component. In every DCNN component, we
initiate with ResNet-101 architecture which is denoted as
DCNN-n (n=1, 2, ..., N). This type of architecture is
suitable for synergic deep learning (SDL) method. Here, we

consider the data sequence with compressed features x' =

1 (1)

{X'(l),X'(z),...,X and output class label series

y' = {Y'(l),Y' @y (n)}."[his has to be intended with the

0 variable which undertakes cross-entropy loss expressed in
equation (2).

" 2
log (6) = — { Yi{y®= j}logkei(i):|. (2)
i=1

n j=1 21-121

The above equation (2), z® = f(X(A), 0) means the
forward computing process. In the same way, the variable
used in DCNN-n is mentioned as &', and these components
will not share enormous DCNN components.

In this SDN model, synergic labels in DCNN are applied
to input layers, embedding, and learning layers. In SDN, the
consequence data pair is denoted as (z}, z;), and this pair of
input is given to (DCNNi, DCNNj). Output from the FC
layer is given in the following equations (3) and (4).

fr= ‘l’(zp 9<i))> (3)

fr= V’(Z]’ e(j))- (4)

In the next stage, all the deep features are embedded f.;
and the resultant outcome is expressed in the following
equation (5).

1, ifY, =Y,
Yoprlzpzp) = 5
so(21:2)) { YT, (5)

Loss in binary cross-entropy is given as below:
LSDL(GSDL) =Ygprlog 1?SDL +(1- YSDL)108(1 - {;SDL)' (6)

The above expression 6°°" represents the synergic at-
tributes, and Ygp; represents the synergic forward

computation. This process validates data pair classes and
yields a recovery response belonging to the synergic (SN)
errors.

3.1.4. Training and Testing. In this stage, we do the SN
maximization process

09 (z+1) =0 (2) - y(2).A", -
GSDL(i) (Z + 1) — GSDL(a) (Z) _ y(z).ASDL(i’j)

where, SDL (i, j) and y(z) represents the learning rate

o aL(a)(e(i,j)) aLSDL(i)(gSDL(i,j))
AT = EY 1) N 96°PLG)
’ (8)
DL JLSPL@ ( gSPLU. j))
A = 56°PLG)) >

where, 9 refers to the trade-off among synergic error and
classification sub-model. Additionally, test data classifica-
tion belonging to the SN DCNN component is processed
under some of the prediction vectors which are represented
asp® = (P, P, P,ii)). Further, the test data class label
is deliberated as below:

K K K
y' (z) = arg maxu{ Z PfU), e Z Pl(}U), e Z P,EU) (9)
U-1 U-1 U-1

3.2.Image Classification. This is the final stage to classify the
HSI images concerning the different class labels. This
classification is performed under the SoftMax layer which
has more attention for the multi-label classification. It leads
to a mapping function on behalf of the C input vector as of
space n to class k labels, which is given in equation (10).

e(@ZQC)
Vo=
< 2112:1 e (9§<C)

where, Q =1,2,...,kand 0, = [0k, 0, . . . Ok,,]° refers the
weights, and this has to be tuned using the optimization

(10)
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FIGURE 2: Synergic deep learning model.

process. As a result, we can reduce the loss function in this
architecture.

3.3. Loss Reduction by Aquila Optimization Algorithm.
Losses in this SDL are reduced by the Aquila optimization
algorithm with the weight tuning process. This Aquila op-
timization algorithm yields the best solution despite the
definite limitations.

The mathematical model of Aquila optimization (AO)
[32] consists following stages: expanded exploration, nar-
rowed exploration, expanded exploitation, and narrowed
exploitation.

3.3.1. Expanded Exploration. In this work, Aquila recog-
nizes the best weight 6; based on the best hunting area. Here,
the best hunting area refers to the minimum losses. In this
process, the AO (weight optimization) extensively explores
extraordinary soar to conclude the search space area.

T
6,(T + 1) = By (T) x(l - ?) +(8,,(T) - Bypsy (T) * RAND),
(11)

where, 0, (T + 1) refers to the next iteration solution, and
this is estimated by the initial search method 0,. Oy (T') is
considered as the best until iteration T. Expanded search
(exploration) is controlled by the (1 —T/t) iteration. In
addition to that, 0,,(T) represented the current location
mean value which is calculated in the following equation. ¢
and T are the maxima and current iterations.

0,(1) =~ ) 6,(T), (12)
a=1

where, 1 is the population size.

3.3.2. Narrowed Exploration. In this stage, AO barely dis-
covers (explores) the certain space of the targeted prey for
the solution.

0, (T + 1) = Oyper (T) x LEVY (d)

(13)
+6,(T) + (v —u) * RAND,

where, 0, (T + 1) is the next iteration solution. LEVY (d) and
d is the levy flight distribution function and dimension
space, respectively. Additionally, 6, (T) is the random so-

lution which is taken from the range of (1, ..., n).
Uxp

where, S refers to the constant which has the value of 0.01.
Moreover, U and V are constant numbers.
I(1+p)x sin e(nf/2)

PET+pryxpx2(f-1/2) (15)

In the above equation (15), 8 is the constant value.
Moreover, the value of u and v are calculated as follows,
which is used for spiral search in this optimization.

v =R cos(¢),
:R 1 s
u sin(¢) (16)
R=R,+exd,,
p=-0xd, +¢,

R, has the values from 20 to toward fixed search cycles,
and ¢ has the value 0f 0.00565. d, difters based on dimension,
then @ is a minimum value which is a constant 0.005.



3.3.3. Expanded Exploitation (X3). In this stage, weight
optimization exploits the accurate value of the solution for
getting nearer to prey and attack.

0, (¢t + 1) = Ogpsr (T) — 6, (T) x 8 — RAND

(17)

+ ((Bupper - Blower) x RAND + Blower) X &,
where 0, (t + 1) refers to the next iteration solution, and
Ogest (T) represents the estimated prey location. In addition
to that, 6,, (T) represents the current mean value at the Tth
iteration, and RAND means the random value which is
between 0 and 1. & and & are the small values (0, 1) which are
adjustment parameters for the exploitation process. By,
and By,,., represents the upper and lower bound of the
problem, respectively.

3.3.4. Narrowed Exploitation. In this phase, attacking is
processed in the last location.

0,(T+1) = qf X Ogpsr (T) — (gy x 0(T) x RAND)

(18)
- g, x LEVY(d) + RAND x g,

where 0, (T + 1) demonstrates the next iteration solution. g f
mentions the quality function which is applied for balancing
the search strategies. g, specifies several optimization mo-
tions that are applied for tracking the prey. g, specifies the
values that are reduced from two to zero. 0(T) represents t
iteration with the current solution.

qf(T) _ T2><RAND—1/(1—t)2

g1=2XRAND—1, (19)

T
9> =2X<1—?>.

qf (T) refers to the tth iteration’s quality function, and
RAND means random value between 0 and 1. T and ¢
presents the maximum and current iteration, respectively.
Levy(D) is the levy flight distribution function calculated
using equation (6). As a result, we can get optimum weights
which reduces losses in the architecture.

4. Experimental Results and Discussion

In our work, we have used four HSI datasets which are used
for analyzing our proposed CSDCNN-AO technique. Here,
we use Houston U (HU) dataset [33], Indiana Pines (IP)
[34], Kennedy Space Center (KSC) [35], and Salinas Scene
(SS) dataset [17]. In the case of the IP dataset, the size of the
dataset is 145x145. For the KSC dataset, the size is
equivalent to 512 x 614 with 13 classes of ground truths.

4.1. Dataset and Its Description

4.1.1. Houston U (HU) Dataset. The first dataset is GRSS
DFC 2013, which measures 349 1905 bytes, and has 144
bands spanning the wavelength range 380-1050 nm. It was
obtained by the National Center for Airborne Laser
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Mapping (NCALM) and has a spatial resolution of 2.5
metres over the University of Houston. The picture is
separated into two halves: the bright and dark sections. The
bright section has 4143 samples, whereas the dark section
contains 824 samples.

4.1.2. Indiana Pines (IP). This agricultural dataset was
collected in 1992 from Northwest Indiana utilising the
Airborne Visible/Infrared Imaging Spectrometer (AVIRIS)
sensor. It has 145 x 145 pixels and 16 vegetation classifica-
tions with 20 m per pixel spatial resolution. After removing 4
zero bands and 20 bands affected by water absorption effects,
200 spectral bands ranging from 400 to 2500 nm with 10-nm
intervals were used for analysis.

4.1.3. Kennedy Space Center (KSC). The AVIRIS instrument
in Florida collected the Kennedy Space Center dataset in
1996. It has a resolution of 512 by 614 pixels, 176 bands, and
13 categories.

4.1.4. Salinas Scene (SS) Dataset. Experiments on the Salinas
Scene collected by the AVIRIS sensor over Salinas Valley,
California, USA, with a spatial resolution of 3.7 m per pixel
in the wavelength range of 0.4-2.5m and a spectral reso-
lution of 10nm, used a second set of AVIRIS data. It
measures 512 x 217 x 224 pixels (water absorption bands
included).

The model for comparison enactment depending on the
IP dataset through different classes are evaluated.

In this Table 1, we evaluated the classification perfor-
mance for the Indian Pines Scene dataset. Here, overall
accuracy, average accuracy, and Kappa coeflicients are
evaluated. From the results, we can show that our proposed
CSDCNN-AO yields maximum performance than other
techniques. In Table 1, CSDCNN-AO achieves a better result
for the 13th class. In the case of CSDCNN, the 8th class
achieves a better performance. For SDCNN, the 16th class
has the maximum performance. DCNN also attains maxi-
mum performance for the 16th class only. For RNN, it has
the maximum performance under the 6th class.

In the above Figure 3, (a) represents the original image
and here we evaluated the results of the proposed algorithm
with other algorithms like CSDCNN-ALO [36], CSDCNN-
PSO [37], CSDCNN-WOA [38], and CSDCNN-GWO [39].
Different application [40-45] were used in different fields for
optimization. Among these methods, our proposed work
yields the maximum performance since the performance of
our proposed work is nearly equivalent to the original
ground truth image compared to others.

In this Table 2, we evaluated the classification perfor-
mance for the KSC dataset. Here, abovementioned perfor-
mances are evaluated. From the results, we can show that our
proposed CSDCNN-AOQ yields the maximum performance
than other techniques. In Table 2, CSDCNN-AQ achieves a
better result for the 10th class. In the case of CSDCNN, the
11th class achieves a better performance. For SDCNN, the
13th class has the maximum performance. DCNN attains the
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TaBLE 1: HSI categorization for Indiana Pines (IP) dataset.
Methods RNN DCNN SDCNN CSDCNN CSDCNN-AO
OA 46.33 £0.45 48.73£0.89 89.36+1.13 89.57£0.86 93.44+1.08
AA 36.20+ 1.06 49.60 £3.29 88.46+1.17 83.14+1.11 94.44 +1.82
K 53.97 £0.58 51.04+1.03 89.62 +2.54 89.12+0.26 98.33+1.25
1 22.89+1.09 1.33+7.33 90.00+1.03 30.21 £30.0 93.77+11.6
2 45.46 +5.00 41.53+£3.04 87.35+3.80 81.79£0.26 90.38 +4.87
3 26.69 £2.61 30.91+8.28 87.18+7.24 7593 £1.26 90.06 +4.53
4 22.79+9.7 21.17 £3.25 83.17 £5.52 89.11+1.12 96.84 +4.89
5 37.71+6.67 69.79£2.13 86.75+2.55 79.28 £1.34 95.65+1.95
6 89.57+1.71 91.78 £0.78 89.08 +3.06 92.82+0.32 96.95+0.96
7 39.54+114 19.85+7.59 69.89 +29.7 39.69+2.13 91.48 +24.0
8 87.46+2.15 87.84+3.15 85.25+2.40 99.22 +0.31 89.11 +3.09
9 47.78 £19.04 0.00 +0.00 49.0+49.0 19.00 £2.05 92.72+8.38
10 49.46+1.91 52.53+1.24 86.47 +7.69 74.28 +0.89 92.40 +2.86
11 70.89 +2.49 61.88 +£4.33 91.88 £5.03 91.12+0.25 93.97 +3.29
12 37.14+5.56 37.46 + 3.85 77.82+5.16 85.88 +2.37 87.56 £ 3.44
13 32.68+7.17 85.02+1.22 96.26 +5.29 50.86 + 3.56 98.89+0.87
14 81.32+£8.95 89.94+2.59 89.16 £2.22 93.89+1.37 96.89 +2.57
15 45.75+5.12 44.64 £4.56 94.00 £ 7.49 93.76 +1.98 89.74 +2.65
16 29.60 +34.12 95.38+1.94 99.89 +3.86 98.11 £2.67 96.89 +4.98

()

F1GURE 3: HSI classified image for IP dataset (a) original ground truth image (b) CSDCNN-ALO, (c¢) CSDCNN-PSO, (d) CSDCNN-WOA,

and (e) CSDCNN-GWO (f) CSDCNN-AO.

maximum performance for the 8th class. For RNN, it has the
maximum performance under the 6th class.

In the above Figure 4, (a) represents the original image
and here we evaluated the results of the proposed algorithm
with other algorithms like CSDCNN-ALO, CSDCNN-PSO,
CSDCNN-WOA, and CSDCNN-GWO. From these

methods, our proposed work yields the maximum perfor-
mance since the obtained proposed image is nearly equiv-
alent to the original ground truth image.

In this Table 3, we evaluated the classification perfor-
mance for the Salinas Scene (SS) dataset. From the results,
we can show that our proposed CSDCNN-AO yields the
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TaBLE 2: HSI categorization for KSC dataset.
methods RNN DCNN SDCNN CSDCNN CSDCNN-AO
OA 45.22+0.45 47.89+0.89 88.36 £1.13 87.48 +0.86 92.33+1.08
AA 37.31£1.06 56.60 £ 3.29 85.39+1.17 82.43+1.11 93.44+1.82
K 52.97+0.58 53.12+1.03 91.62+2.54 93.12+0.26 97.22+1.25
1 22.89+£1.09 30.33+£7.33 89.00 £1.03 29.21 +30.0 84.77 £11.6
2 44.46 +5.00 42.53+3.04 86.35+3.80 84.79£0.26 92.38 £4.87
3 46.69 +2.61 53.91+8.28 86.18+7.24 85.93+£1.26 93.06 +4.53
4 29.79+£9.7 21.17 £ 3.25 84.17£5.52 88.11+1.12 95.84 +£4.89
5 36.71 £6.67 68.79+2.13 85.75+2.55 87.28 £1.34 94.65+1.95
6 88.57£1.71 92.78£0.78 88.08 +£3.06 93.82+£0.32 95.95+0.96
7 38.34+11.4 20.85+7.79 71.89 +£29.45 42.69+2.13 92.48 £24.0
8 91.46 £2.15 94.84+£3.15 91.25+2.40 95.22£0.31 97.11£3.09
9 64.78 £19.04 0.00£0.00 54.0+49.0 32.00 £2.05 89.72 £8.38
10 61.46+1.91 61.53+1.24 89.47 £7.69 81.28 +0.89 98.40 +2.86
11 79.89 £2.49 66.88 £4.33 93.77£5.03 95.85+0.67 93.97 £3.29
12 47.14£5.56 47.57 £3.85 77.97 £5.16 83.77 +4.37 95.89 +4.55
13 49.68 £7.17 87.02+1.22 97.45+5.29 79.86 + 4.56 97.89£0.87

(d)

FiGUre 4: HSI classified image for KSC dataset: (a) original ground truth image, (b) CSDCNN-ALO, (c) CSDCNN-PSO, (d) CSDCNN-

WOA, (e) CSDCNN-GWO, and (f) CSDCNN-AO.

maximum performance than the other techniques. In Ta-
ble 3, CSDCNN-AO achieves a better result for the 13th
class. In the case of CSDCNN, the 16th class achieves a better
performance. For SDCNN, the 14th class has the maximum
performance. DCNN also attains the maximum perfor-
mance for the 16th class only. For RNN, it has the maximum
performance under 11th class.

In the above Figure 5, (a) represents the original image
and here we evaluated the results of the proposed algorithm
with other algorithms like CSDCNN-ALO, CSDCNN-PSO,
CSDCNN-WOA, and CSDCNN-GWO. From these
methods, our proposed work vyields the maximum

performance since the obtained proposed image is nearly
equivalent to the original ground truth image.

In Table 4, we evaluate the classification performance for
the Houston U dataset. From the results, we can show that
our proposed CSDCNN-AO yields the maximum perfor-
mance than the other techniques. In Table 4, CSDCNN-AO
achieves a better result for the 11th class. In the case of
CSDCNN, the 8th class achieves a better performance. For
SDCNN, the 15th class has the maximum performance.
DCNN also attains the maximum performance for the 14th
class only. For RNN, it has the maximum performance
under 8th class.
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TaBLE 3: HSI categorization for Salinas Scene (SS) dataset.

Methods RNN DCNN SDCNN CSDCNN CSDCNN-AO
OA 46.78 £1.45 57.49 £1.39 89.65+1.13 91.89+0.86 95.77 £1.08
AA 78.20 £1.06 49.60 £3.29 88.46+1.17 83.14x1.11 94.44+£1.82
K 53.97£0.58 51.04+1.03 89.62 +2.54 89.12+0.26 98.33+£1.25
1 22.89£1.09 1.33+£7.33 90.00£1.03 30.21£30.0 93.77£11.6
2 45.46 £5.00 41.87 £3.04 88.79 +2.80 82.69+0.26 92.56 +£4.87
3 26.69 £2.61 30.91+£8.28 87.18+7.24 7593 +1.26 90.06 +£4.53
4 22.79+£9.7 21.17 £3.25 83.17+£5.52 89.11+1.12 96.84 +4.89
5 37.71 £6.67 69.79+2.13 86.75+2.55 79.28 £1.34 95.65+1.95
6 89.57+1.71 91.78 £0.78 89.08 £ 3.06 92.82+£0.32 96.95 £ 0.96
7 3954+114 19.85+7.59 69.89 £29.7 39.69+2.13 91.48 +£24.0
8 87.46 £2.15 87.84+3.15 85.25+2.40 96.22 +0.31 88.11+3.09
9 51.81 +£19.04 0.00 +0.00 48.0+£49.0 22.00 £2.05 95.72£8.38
10 67.46 £1.91 63.53+1.24 90.47 £6.87 87.28 £0.89 95.30 £2.86
11 90.56 £ 3.49 73.88 £4.33 94.57 £5.03 95.21 £0.23 97.94+3.29
12 54.14 +5.56 38.46 + 3.85 76.47 £5.16 92.77 £3.37 92.56 £ 3.44
13 34.47+7.17 83.02+1.22 97.26 £5.29 49.93+£3.56 99.89£0.87
14 84.32+8.95 87.94+2.59 99.16 +2.22 92.89+1.37 95.89 +£2.57
15 48.75+£5.12 47.64+4.56 91.00 +7.49 96.76 £2.98 93.74+£2.65
16 34.60 +34.12 97.38+£1.94 97.89 £ 3.86 99.11 +£2.67 95.89£4.98

(@) (®) () (d) (f)

FiGure 5: HSI classified image for SS dataset (a) original ground truth image (b) CSDCNN-ALO, (c) CSDCNN-PSO, (d) CSDCNN-WOA,
and (e¢) CSDCNN-GWO (f) CSDCNN-AO.

TaBLE 4: HSI categorization for the Houston U dataset.

Methods RNN DCNN SDCNN CSDCNN CSDCNN-AO
OA 49.23+£1.45 57.49 £1.39 88.73+1.13 93.78 £0.86 94.67 £1.08
AA 78.20 £1.06 49.60 £ 3.29 88.46+1.17 83.14+1.11 94.44+£1.82
K 53.97 £0.58 51.04+1.03 89.62 +2.54 89.13£0.26 97.33+£1.25
1 27.89£1.09 1.66 £7.33 92.00+£1.03 37.21+£30.0 94.77 £11.6
2 49.46 £5.00 42.87 £3.04 89.79 £ 2.80 82.69+0.26 92.56 +4.87
3 26.69 £2.61 30.91+£8.28 87.18+7.24 75.93£1.26 90.06 £4.53
4 22.79+£9.7 2117 +£3.25 83.17 £5.52 89.11+£1.12 96.84 +4.89
5 37.71£6.67 69.79£2.13 86.75+2.55 79.28 £1.34 95.65+1.95
6 88.79£1.71 92.78+£0.78 88.08 £ 3.06 93.82+£0.32 98.95+0.96
7 38.54+11.4 20.85+7.59 72.89+£29.7 40.69£2.13 92.48 £24.0
8 89.96 £2.15 88.84+£3.15 84.25+2.40 99.33£0.31 86.11+3.09
9 57.81 £19.04 0.00+0.00 76.0 £49.0 28.00£2.05 99.72 £8.38
10 67.46 £ 1.91 67.53+1.24 90.47 £6.87 87.28 £0.89 95.30£2.86
11 82.56 +3.49 73.88 +4.33 94.57£5.03 95.21+0.23 99.84 +£3.29
12 54.14 +5.56 48.46 £ 3.85 77.47 +5.16 92.77 £3.37 92.56 +3.44
13 3447 +7.17 83.02+£1.22 97.26 £5.29 49.93£3.56 97.89£0.87
14 84.32+£8.95 93.94 +2.59 89.16+2.22 95.89 +1.37 95.89 £2.57

—
(S2]

48.75+5.12 47.64 £4.56 98.00 £7.49 96.77 £2.98 93.74 £2.65
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FIGURE 6: HSI classified image for Houston U dataset: (a) original ground truth image, (b) CSDCNN-ALO, (c) CSDCNN-PSO,
(d) CSDCNN-WOA, (e) CSDCNN-GWO, and (f) CSDCNN-AO.
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In the above Figure 6, (a) represents the original image
then we evaluated the outcome of the proposed algorithm
with other algorithms like CSDCNN-ALO, CSDCNN-PSO,
CSDCNN-WOA, and CSDCNN-GWO. From these
methods, our proposed work yields the maximum perfor-
mance since the obtained proposed image is nearly equiv-
alent to the original ground truth image.

The input images were obtained from the four datasets.
Results are obtained after feature extraction, feature reduction,
classification, and loss function optimization. The four dif-
ferent datasets taken for testing purposes are the HU dataset,
IP, KSC, and SS dataset. These four datasets have shown
promising results in this classification. The results (i.e., com-
putational complexity, overall accuracy and loss functions) that
are obtained by these datasets are given in the following figure.

The computational complexity attained for various it-
erations are shown in Figure 7. The usage of various opti-
mizations along with the synergic deep CNN has improved
the performance of the proposed algorithm. The compu-
tational complexity attained by Aquila optimization is much
better as it has identified the optimal solution in lesser
number of iterations, due to this the computational com-
plexity has to be increased while increasing the iterations.
Not like other meta-heuristic algorithms, this optimization
algorithm has provided satisfactory results on weight pa-
rameter selection compared to ALO, WOA, PSO, and GWO.
Therefore, in this proposed process, the Aquila optimization
is encouraged.

The overall accuracy comparison for the above-
mentioned data sets is shown in Figure 8. Among all the
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FIGURE 9: Loss comparison for (a) HU dataset, (b) SS dataset, (c) IP dataset, and (d) KSC dataset.

datasets, the dataset named KSC has shown a higher ac-
curacy value than other algorithms. These four efficient
datasets are taken for comparison. However, the overall
accuracy is evaluated with the coeflicient loss. The com-
parison analysis in terms of overall accuracy is affected while
coefficient loss is increased. Our proposed work yields
maximum accuracy of 99.02%, and this is lagged for the
increasing coeflicient losses.

The loss comparison for proposed and existing algo-
rithms for the four datasets are shown in Figure 9. Among all
the techniques, our proposed CSDCNN-AO has shown a
lower loss value than other algorithms. The four efficient
existing algorithms that are taken for comparison are
CSDCNN, SDCNN, DCNN, and RNN. However, the loss
shown in all these datasets are found to be much less than
that in other existing algorithms. Especially for the KSC
dataset, obtained losses are very low compared to another

one. This is because the proposed technique has enhanced
the effectiveness of the classification process.

5. Conclusion

Compressed spatial and spectral characteristics are
employed as the key perception to develop a compressed
synergic deep convolution neural network with Aquila
optimization (CSDCNN-AO) for efficient HSI classification
in this study. This combination will reduce the wavelet
concept’s learning difficulty and the Aquila optimization’s
loss function. This Aquila optimization approach may
minimize the maximum number of data features without
losing their characteristic state, while using less computing
time and memory. Our proposed approach is superior to
existing deep learning models due to higher learning ability
of our synergic deep learning model based on compressed
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features. While comparing with the other techniques, our
proposed approach can reach the maximum level of clas-
sification. In addition, the experimental results showed that
the loss function does not significantly impact classification
accuracy. In addition, the outcome demonstrates that the
CSDCNN-AO approach has the highest accuracy among all
the four datasets. Furthermore, the performance of average
accuracy, total accuracy, and Kappa coefficients is optimal
when implemented on all datasets. However, the proposed
technique lacks optimal performance with certain samples.
In future research, this issue will be resolved using a new
model.

Data Availability

The dataset can be obtained from the corresponding author
based on the request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

The authors extend their appreciation to the Deanship of
Scientific Research at King Khalid University for funding
this work through the Large Groups Project under grant
number RGP. 2/252/43.

References

[1] M. Fauvel, J. A. Benediktsson, J. Boardman et al., “Recent
advances in techniques for hyperspectral image processing,”
Remote Sensing of Environment, vol. 113, pp. S110-S120, 2007.

[2] J. M. Bioucas-Dias, A. Plaza, G. Camps-Valls, P. Scheunders,
N. Nasrabadi, and J. Chanussot, “Hyperspectral remote
sensing data analysis and future challenges,” IEEE Geoscience
and Remote Sensing Magazine, vol. 1, no. 2, pp. 6-36, 2013.

[3] S.Zhong, C.-I1. Chang, and Y. Zhang, “Iterative support vector
machine for hyperspectral image classification,” in Proceed-
ings of the 2018 25th IEEE International Conference on Image
Processing (ICIP), pp. 3309-3312, Athens, Greece, October
2018.

[4] S. Sun, P. Zhong, H. Xiao, F. Liu, and R. Wang, “An active
learning method based on SVM classifier for hyperspectral
images classification,” in Proceedings of the 2015 7th Workshop
on Hyperspectral Image and Signal Processing: Evolution in
Remote Sensing (WHISPERS), pp. 1-4, Tokyo, Japan, June
2015.

[5] B.Tu,]. Wang, X. Kang, G. Zhang, X. Ou, and L. Guo, “KNN-
based representation of superpixels for hyperspectral image
classification,” Ieee Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, vol. 11, no. 11, pp. 4032-
4047, 2018.

[6] K. Huang, S. Li, X. Kang, and L. Fang, “Spectral-spatial
hyperspectral image classification based on KNN,” Sensing
and Imaging, vol. 17, no. 1, p. 1, 2016.

[7]1 J. Li, J. M. Bioucas-Dias, and A. Plaza, “Spectral-spatial
hyperspectral image segmentation using subspace multino-
mial logistic regression and markov random fields,” IEEE
Transactions on Geoscience and Remote Sensing, vol. 50, no. 3,
pp. 809-823, 2012.

(8]

[9

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

[21]

(22]

13

T. N. Prabhakar, G. Xavier, P. Geetha, and K. P. Soman,
“Spatial preprocessing based multinomial logistic regression
for hyperspectral image classification,” Procedia Computer
Science, vol. 46, pp. 1817-1826, 2015.

L. Veldsquez, J. P. Cruz-Tirado, R. Siche, and R. Quevedo, “An
application based on the decision tree to classify the marbling
of beef by hyperspectral imaging,” Meat Science, vol. 133,
pp. 43-50, 2017.

A.D. Amirruddin, F. M. Muharam, M. H. Ismail, M. F. Ismail,
N. P. Tan, and D. S. Karam, “Hyperspectral remote sensing for
assessment of chlorophyll sufficiency levels in mature oil palm
(Elaeis guineensis) based on frond numbers: analysis of de-
cision tree and random forest,” Computers and Electronics in
Agriculture, vol. 169, Article ID 105221, 2020.

E. A. Smirnov, D. M. Timoshenko, and S. N. Andrianov,
“Comparison of regularization methods for imagenet clas-
sification with deep convolutional neural networks,” Aasri
Procedia, vol. 6, pp. 89-94, 2014.

K. Simonyan and A. Zisserman, “Very deep convolutional
networks for large-scale image recognition,” 2014, http://
arXiv.org/abs/1409.1556.

D. Hong, L. Gao, J. Yao, B. Zhang, A. Plaza, and J. Chanussot,
“Graph convolutional networks for hyperspectral image
classification,” IEEE Transactions on Geoscience and Remote
Sensing, vol. 59, no. 7, pp. 5966-5978, 2021.

Z. Pan, G. Healey, and B. Tromberg, “Comparison of spectral-
only and spectral/spatial face recognition for personal identity
verification,” EURASIP Journal on Applied Signal Processing,
vol. 2009, Article ID 943602, 6 pages, 2009.

B. Fang, Y. Li, H. Zhang, and J. C. Chan, “Hyperspectral
images classification based on dense convolutional networks
with spectral-wise attention mechanism,” Remote Sensing,
vol. 11, no. 2, p. 159, 2019.

X. Yang, Y. Ye, X. Li, R. Y. K. Lau, X. Zhang, and X. Huang,
“Hyperspectral image classification with deep learning
models,” IEEE Transactions on Geoscience and Remote
Sensing, vol. 56, no. 9, pp. 5408-5423, 2018.

S. K. Roy, G. Krishna, S. R. Dubey, and B. B. Chaudhuri,
“HybridSN: exploring 3-D-2-D CNN feature hierarchy for
hyperspectral image classification,” IEEE Geoscience and
Remote Sensing Letters, vol. 17, no. 2, pp. 277-281, 2020.

Z. Zhong, J. Li, Z. Luo, and M. Chapman, “Spectral-spatial
residual network for hyperspectral image classification: a 3-D
deep learning framework,” IEEE Transactions on Geoscience
and Remote Sensing, vol. 56, no. 2, pp. 847-858, 2018.

M. E. Paoletti, J. M. Haut, R. Fernandez-Beltran, J. Plaza,
A.J. Plaza, and F. Pla, “Deep pyramidal residual networks for
spectral-spatial hyperspectral image classification,” IEEE
Transactions on Geoscience and Remote Sensing, vol. 57, no. 2,
pp. 740-754, 2019.

K. Makantasis, K. Karantzalos, A. Doulamis, and
N. Doulamis, “Deep supervised learning for hyperspectral
data classification through convolutional neural networks,” in
Proceedings of the In2015 IEEE International Geoscience and
Remote Sensing Symposium (IGARSS), pp. 4959-4962, 1EEE,
Milan, Italy, July 2015.

X. Yang, X. Zhang, Y. Ye et al, “Synergistic 2D/3D con-
volutional neural network for hyperspectral image classifi-
cation,” Remote Sensing, vol. 12, no. 12, p. 2033, 2020.

C. Li, Z. Qiu, X. Cao, Z. Chen, H. Gao, and Z. Hua, “Hybrid
dilated convolution with multi-scale residual fusion network
for hyperspectral image classification,” Micromachines,
vol. 12, no. 5, p. 545, 2021.


http://arXiv.org/abs/1409.1556
http://arXiv.org/abs/1409.1556

14

[23] H. Patel and K. P. Upla, “A shallow network for hyperspectral
image classification using an autoencoder with convolutional
neural network,” Multimedia Tools and Applications, vol. 81,
no. 1, pp. 695-714, 2022.

[24] Q. Wang, M. Chen, J. Zhang, S. Kang, and Y. Wang, “Im-
proved active deep learning for semi-supervised classification
of hyperspectral image,” Remote Sensing, vol. 14, no. 1, p. 171,
2021.

[25] C. Shi, D. Liao, T. Zhang, and L. Wang, “Hyperspectral image
classification based on 3D coordination attention mechanism
network,” Remote Sensing, vol. 14, no. 3, p. 608, 2022.

[26] J. Zhao, L. Hu, Y. Dong, L. Huang, S. Weng, and D. Zhang, “A

combination method of stacked autoencoder and 3D deep

residual network for hyperspectral image classification,” In-
ternational Journal of Applied Earth Observation and Geo-

information, vol. 102, Article ID 102459, 2021.

J. Yin, C. Qi, Q. Chen, and J. Qu, “Spatial-spectral network for

hyperspectral image classification: a 3-D CNN and Bi-LSTM

framework,” Remote Sensing, vol. 13, no. 12, p. 2353, 2021.

A. Paul, S. Bhoumik, and N. Chaki, “SSNET: an improved

deep hybrid network for hyperspectral image classification,”

Neural Computing & Applications, vol. 33, no. 5, pp. 1575-

1585, 2021.

T. Zhang, C. Shi, D. Liao, and L. Wang, “A spectral spatial

attention fusion with deformable convolutional residual

network for hyperspectral image classification,” Remote

Sensing, vol. 13, no. 18, p. 3590, 2021.

H. Yan, J. Wang, L. Tang et al., “A 3D cascaded spectral-spatial

element attention network for hyperspectral image classifi-

cation,” Remote Sensing, vol. 13, no. 13, p. 2451, 2021.

[31] C. S. S. Anupama, M. Sivaram, E. L. Lydia, D. Gupta, and

K. Shankar, “Synergic deep learning model-based automated

detection and classification of brain intracranial hemorrhage

images in wearable networks,” Personal and Ubiquitous

Computing, vol. 26, no. 1, pp. 1-10, 2020.

L. Abualigah, D. Yousri, M. Abd Elaziz, A. A. Ewees, M. A. Al-

qaness, and A. H. Gandomi, “Aquila optimizer: a novel meta-

heuristic optimization algorithm,” Computers & Industrial

Engineering, vol. 157, Article ID 107250, 2021.

[33] T. Alipour-Fard and H. Arefi, “Structure aware generative
adversarial networks for hyperspectral image classification,”
ITeee Journal of Selected Topics in Applied Earth Observations
and Remote Sensing, vol. 13, pp. 5424-5438, 2020.

[34] N. Laban, B. Abdellatif, H. M. Ebeid, H. A. Shedeed, and
M. F. Tolba, “Reduced 3-d deep learning framework for
hyperspectral image classification,” in Proceedings of the
InInternational Conference on Advanced Machine Learning
Technologies and Applications, pp. 13-22, Springer, Cham,
Cairo, Egypt, March 2019.

[35] S. K. Roy, S. Manna, T. Song, and L. Bruzzone, “Attention-
based adaptive spectral-spatial kernel ResNet for hyper-
spectral image classification,” IEEE Transactions on Geo-
science and Remote Sensing, vol. 59, no. 9, pp. 7831-7843, 2021.

[36] L. Abualigah, M. Shehab, M. Alshinwan, S. Mirjalili, and
M. A. Elaziz, “Ant lion optimizer: a comprehensive survey of
its variants and applications,” Archives of Computational
Methods in Engineering, vol. 28, no. 3, pp. 1397-1416, 2021.

[37] K. E. Parsopoulos and M. N. Vrahatis, “Particle swarm op-
timization method in multiobjective problems,” InProceed-
ings of the 2002 ACM symposium on Applied computing,
vol. 11, pp. 603-607, 2002.

[38] S. Mirjalili and A. Lewis, “The whale optimization algorithm,”
Advances in Engineering Software, vol. 95, pp. 51-67, 2016.

[27

(28

[29

[30

(32

Computational Intelligence and Neuroscience

[39] S. Mirjalili, S. M. Mirjalili, and A. Lewis, “Grey wolf opti-
mizer,” Advances in Engineering Software, vol. 69, pp. 4661,
2014.

[40] M. Alazab, K. Lakshmanna, G. Thippa Reddy, Q.-V. Pham,
and P. K. Reddy Maddikunta, “Multi-objective cluster head
selection using fitness averaged rider optimization algorithm
for IoT networks in smart cities,” Sustainable Energy Tech-
nologies and Assessments, vol. 43, Article ID 100973, 2021.

[41] T. R. Gadekallu, M. Alazab, R. Kaluri, P. K. R. Maddikunta,
S. Bhattacharya, and K. Lakshmanna, “Hand gesture classi-
fication using a novel CNN-crow search algorithm,” Complex
Intell. Syst.vol. 7, pp. 1855-1868, 2021.

[42] S. Aiswarya, S. Sasikumar, and S. Ramesh, “IoT based big data
analytics in healthcare: a survey,” in Proceedings of the Fist
International Conference on Advanced Scientific Innovation in
Science, Engineering and Technology, ICASISET 2020, Chen-
nai, India, May 2020.

[43] A. Priyanka, M. Parimala, K. Sudheer et al., “BIG data based
on healthcare analysis using IOT devices,” IOP Conference
Series: Materials Science and Engineering, vol. 263, no. No. 4,
Article ID 042059, 2017.

[44] K. Lakshmanna and N. Khare, “Constraint-based measures
for DNA sequence mining using group search optimization
algorithm”,” International Journal of Intelligent Engineering
and Systems, vol. 9, no. 3, pp. 91-100, 2016.

[45] S.P. R.M,, S. Bhattacharya, P. K. R. Maddikunta et al., “Load
balancing of energy cloud using wind driven and firefly al-
gorithms in internet of everything,” Journal of Parallel and
Distributed Computing, vol. 142, pp. 16-26, 2020.



Hindawi

Computational Intelligence and Neuroscience
Volume 2022, Article ID 9107430, 17 pages
https://doi.org/10.1155/2022/9107430

Research Article

@ Hindawi

PCA-Based Incremental Extreme Learning Machine
(PCA-IELM) for COVID-19 Patient Diagnosis Using Chest

X-Ray Images

Vinod Kumar ©,’ Sougatamoy Biswas ,! Dharmendra Singh Rajput )2

Harshita Patel ©»,2 and Basant Tiwari

Koneru Lakshmaiah Education Foundation, Vaddeswaram, India

*Vellore Institute of Technology, Vellore, India
*Hawassa University, Awasa, Ethiopia

Correspondence should be addressed to Basant Tiwari; basanttiw@hu.edu.et

Received 25 March 2022; Accepted 29 April 2022; Published 4 July 2022

Academic Editor: Muhammad Ahmad

Copyright © 2022 Vinod Kumar et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Novel coronavirus 2019 has created a pandemic and was first reported in December 2019. It has had very adverse
consequences on people’s daily life, healthcare, and the world’s economy as well. According to the World Health Or-
ganization’s most recent statistics, COVID-19 has become a worldwide pandemic, and the number of infected persons and
fatalities growing at an alarming rate. It is highly required to have an effective system to early detect the COVID-19 patients
to curb the further spreading of the virus from the affected person. Therefore, to early identify positive cases in patients and
to support radiologists in the automatic diagnosis of COVID-19 from X-ray images, a novel method PCA-IELM is
proposed based on principal component analysis (PCA) and incremental extreme learning machine. The suggested
method’s key addition is that it considers the benefits of PCA and the incremental extreme learning machine. Further, our
strategy PCA-IELM reduces the input dimension by extracting the most important information from an image. Con-
sequently, the technique can effectively increase the COVID-19 patient prediction performance. In addition to these, PCA-
IELM has a faster training speed than a multi-layer neural network. The proposed approach was tested on a COVID-19
patient’s chest X-ray image dataset. The experimental results indicate that the proposed approach PCA-IELM outperforms
PCA-SVM and PCA-ELM in terms of accuracy (98.11%), precision (96.11%), recall (97.50%), F1-score (98.50%), etc., and
training speed.

1. Introduction

The World Health Organization (WHO) identified COVID-
19 (virus known as SARS-CoV-2) as a worldwide pandemic
in February 2020. This triggered never expected counter-
measures, such as the closure of cities, districts, and foreign
travel. Coronaviruses (CoV) are death-defying viruses that
may cause severe acute respiratory syndrome (SARS-CoV).
Various researchers and institutions have attempted an
effective solution from different possible diminutions in
encountering the COVID-19 pandemic. Multimedia dataset
(audio, picture, video, etc.) is booming in a massive amount

of text information as civilization enters the information era.
Image classification has become more essential as the need
for real-world vision systems grows [1] and has recently
attained a lot of attention from many researchers. It has
evolved into one of the most essential operations, serving as
a requirement for all other image processing operations.
Image classification using learning algorithms is a special
open issue in image processing that has sparked a lot of
interest due to its promising applications. In general, an
image categorization system has two primary processes. The
first stage is to create an effective image representation that
has enough information about the image to allow for
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classification further. The second step is to use a good
classifier to classify the new image. Thus, there are two major
challenges to consider when improving picture classification
performance: dimensionality reduction and classifier. Apart
from computer vision and image operation, one of the most
important stages in image classification is feature extraction
which determines the invariant characteristic of images
when using computer devices to assess and deal with image
data.

In a practical scenario, feature extraction has been ap-
plied in many fields like historic structures, medical image
processing, remote image sensing, etc. The image’s essential
lower-level qualities include color, texture, and shape. The
color feature has globality, which may be retrieved using
tools such as the color histogram, color set, and color
moment. It might simply explain the proportions of different
colors across the image. The useful characteristic is color for
identifying photos that are difficult to distinguish auto-
matically, and the spatial variation should be ignored.
However, it is unable to explain the image’s local distri-
bution as well as the description of the distinct colors’ spatial
positions. Image classification with feature extraction using
incremental extreme learning machines is proposed in this
paper. Firstly, on the COVID-19 dataset of chest X-ray
images, features were extracted from an image using PCA.
Eventually, the SVM, ELM, and IELM are applied to image
classification [2] once the dimension is reduced by PCA
method. Different metrics were employed to achieve the
robust evaluation: classification accuracy, recall, precision,
F-score, true-negative rate (TNR), true-positive rate (TPR),
AUC, G-mean, precision-recall curve, and receiver oper-
ating characteristics (ROC) curve.

The paper is arranged in the following sequence:
several related approaches have been discussed in Section
2. The suggested technique is described and critiqued in
Section 3. Section 4 contains a description of PCA and
feature extraction techniques. Subsections 4.1-4.6 con-
tain different algorithmic approaches that are compared
with the proposed method. In Section 5, the proposed
method and algorithm have been discussed. Section 6
describes the different evaluation criteria that are used.
Section 7 discusses the experimental setup that has been
used. Section 8 describes the dataset. Finally, Section 9
discusses the experimental results, and the research is
concluded.

2. Related Works

The content of image features comprises color, texture, and
other visual elements. The extracted content from visual
features is the main component for analyzing the image. In
this segment, some of the earlier work based on PCA and
other feature extraction techniques along with different
classification techniques has been discussed.

Sun et al. [3] suggested an image classification system
based on multi-view depth characteristics and principal
component analysis. In this method, depth features are
extracted from the image, and from RGB depth, characters
are independently extracted and PCA is applied to reduce
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dimension. The Scenel5 dataset, Caltech256 dataset, and
MIT Indoor datasets are used in the evaluation process.
Eventually, the SVM [4] is used to classify images. The
method’s performance is demonstrated by the experimental
results.

Mustaqeem and Saqib [5] suggested a hybrid method
that is based on PCA and SVM. PROMISE (KC1: 2109
observations, CM1: 344 observations) data from NASA’s
directory have been used for the experiment. The dataset
was divided into two parts: training (KC1: 1476
observations, CM1: 240 observations) and testing (KC1:
633 observations, CM1: 104 observations). Principal
components of the features are extracted by PCA, and it
helps in dimensionality reduction and minimizing time
complexity.

In addition to this, SVM is used for further classification,
and for hyperparameter tuning, GridSearchCV is used.
From this, precision, recall, F-measure, and accuracy for
KC1 dataset analysis are 86.8%, 99.6%, 92.8%, and 86.6%,
respectively, and for CM1 dataset analysis, precision, recall,
F-measure, and accuracy are 96.1%, 99.0%, 97.5%, and
95.2%, respectively. Similarly, Castafio et al. [6] provide a
deterministic approach for starting ELM training based on
hidden node parameters with activation function. The
hidden node parameters are calculated with the help of
Moore-Penrose generalized inverse, whereas the output
node parameters are recovered through principal compo-
nent analysis. Experimental validation with fifteen well-
known datasets was used to validate the algorithm. The
Bonferroni-Dunn, Nemenyi, and Friedman tests were used
to compare the results obtained. In comparison with later
ELM advancements, this technique significantly reduces
computing costs and outperforms them.

Mateen et al. [7] suggested VGG-19 DNN-based DR
model with better performance than AlexNet and the spatial
invariant feature transform (SIFT) in terms of classification
accuracy and processing time. For FC7-SVD, FC7-PCA,
FC8-SVD, and FC8-PCA, respectively, classification accu-
racies are 98.34%, 92.2%, 98.13%, and 97.96% by using SVD
and PCA feature selection with fully connected layers.

Zhao et al. [8] suggested extreme learning machines with
no iteration along with supervised samples are used for
model building as a class incremental extreme learning
machine. The algorithm is shown to be stable and has almost
equivalent accuracy of batch learning. Similarly, Huang and
Chen [9] proposed an algorithm that analytically calculates
hidden nodes’ output after randomly producing and adding
computational nodes to the hidden layer as a convex in-
cremental extreme learning machine. Using a convex op-
timization, the existing hidden node output is calculated
again. This can converge faster while maintaining efficiency
and simplicity.

Zhu et al. [10] proposed a principal component analysis
(PCA)-based categorization system with kernel-based ex-
treme learning machine (KELM). Based on the resultant
output, this model achieves better accuracy than SVM and
other traditional classification methods. For the classifica-
tion of HSIs, Kang et al. [11] developed the PCA-EPF ex-
traction approach. In this research work, they have proposed
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the combination of PCA and standard edge preserving fil-
tering (EPF)-based feature extraction. The proposed method
achieves better classification accuracy with limited training
samples. Similarly, Perales-Gonzalez et al. [12] introduced a
new ELM architecture based on the negative correlation
learning framework dubbed negative correlation hidden
layer ELM (NCHL-ELM). This model shows better accuracy
when compared with other classifications by integrating a
parameter into each node in the original ELM hidden layer.

Based on fractal dimension technology, Li et al. [13]
suggested an enhanced ELM algorithm (F-ELM). By re-
ducing the dimension of the hidden layer, the model im-
proves in training speed. From the experimental results, it
can be concluded that as compared to the standard ELM
technique, the suggested algorithm significantly reduces
computing time while also improving inversion accuracy
and algorithm stability.

Because of the complexity of the data models, deep
learning is incredibly pricey to train. Furthermore, deep
learning necessitates the use of high-priced GPUs and
hundreds of computer machines. There is no simple rule
that can help you choose the best deep learning tools since
it necessitates the understanding of topology, training
technique, and other characteristics, whereas the simple
ELM is a one-shot computation with a rapid learning pace.
But the biggest advantage in IELM is the ability to ran-
domly increase hidden nodes incrementally and analyti-
cally fix the output weights. The output error of the IELM
rapidly diminishes as the number of hidden neurons
increases.

In our method, SVM, ELM, and IELM based on the PCA
technique are employed for image classification [14] for
COVID-19 patient detection using the COVID-19 chest
X-ray dataset. A summary of the most recent and related
research works is described in Table 1 [3, 5-13].

3. Proposed Methodology

The back propagation (BP) approach is commonly used to
train multi-layer perceptron (MLP). Various algorithms
can be used to train this typical architecture. Gradients
and heuristics are two types of algorithms that are
commonly used. These algorithms have a few things in
common: they have a hard time dealing with enormous
amounts of data, and they have a slow convergence rate in
these situations. Huang et al. (Huang et al.) [15] intro-
duced the extreme learning machine as a solution to this
problem.

The typical computing time required to train an SLFN
using gradient-based techniques is reduced by this algo-
rithm. The ELM, on the other hand, has several flaws. The
randomly generated input weights and bias for ELM [16]
result in some network instability. In case if there are
outliners in the training data, then the hidden layer’s output
matrix will have ill-conditioned problems and it results in
low generalization performance and lower forecasting ac-
curacy. There are two types of ELM called fixed ELM and

IELM [17]. In comparison with the ELM, the output error of
the IELM rapidly diminishes and it tends toward zero with
the growth in number of hidden neurons (Huang et al.) [15].
In online continuous learning regression and classification
problem, this approach is very prominent (Xu and Wang;
Zhang et al.) [18, 19].

A trained classifier can be obtained after training the
classifiers with a sufficient amount of image data and then
fed into the trained classifier for observation and analysis.

4, Feature Extraction

A single feature cannot describe the image feature and
quality properly. The image classification will not yield
acceptable results unless distinguishing features are de-
scribed. Three images corresponding to three viewpoints are
placed on each RGB color image. Our method uses PCA to
extract the image’s important information and minimize the
input dimension [20-23].

4.1. Classification of Images and PCA Feature Extraction.
Extracting useful features from an image is a prominent
task in image classification, and principal component
analysis (PCA) is used for this purpose. PCA uses or-
thogonal transformation and converts variables to fewer
independent components than the original variables. The
output data with this approach will not lose important data
features, and PCA loadings can be used for the identifi-
cation of important data. A multivariate statistical analysis
approach is used by PCA, which can perform linear
transformation of numerous variables to pick a few key
variables. PCA transforms data using eigenvectors from
N-dimension to M-dimension where M <N. The new
features are a linear mixture of the old ones, allowing them
to capture the data’s intrinsic unpredictability with little
information loss. Figure 1 reveals the steps of the proposed
model.

Suppose that the research object has p indexes, these
indexes are regarded as p random variables and represented
as Xy, X5, , X,. With this, new indexes are created by
combining p random variable F;, F,, ..., F,, which can mirror
the data from the original indexes [24]. The independent
replacement indexes reflect the original indexes’ essential
information.

Fi=a X, +apX,+-- + alep,

F,=a, X, +a,X,+-+ aszp,

(1)
Fo=a,X|+apX;+--+a,,X,.
The following are the PCA stages in detail:

(1) Data standardization: The following calculation
formula is used to standardize the matrix X:
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TaBLE 1: Similar work summarization.

SN References Applied method Problem approached Resulted outcome Impediments
PCA of multi-view deep P Comparison result from Limited classifiers are
1 Sun et al. [3] . Image classification .
representation different databases compared
I No probabilistic
) Mustaqeem and Principal component—based Software defect detection Better accuracy than other explanation for SVM
Saqib [5] support vector machine methods e
classification
Pruned ELM approach based Limited classifiers are
3  Castafioetal [6] on principal component Classification ELM model based on PCA
. compared
analysis
4 Mateen et al. [7] VGG-19 architecture with Fundus image Better accuracy than other Limited to nonimbalance
’ SVD and PCA classification methods data
Stable and similar accuracy
5 Zhao et al. [8] IELM Activity recognition to the batch learning Limited to batch learning
method
Convex incremental extreme ~ Convergence rate of Limited classifiers are
6  Huang et al. [9] . . Faster convergence rate
learning machine IELM compared
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where X = {x;}, Y={y;}, wherei=1,2,..,nand j=1,

2, s Py

var (xj) =

(3)

(2) The following formula is used to solve the correlation

AR attai b

Training Classification Model (PCA-IELM) |4~ ---

Is Criteria Satisfied?

Yes

Classification results

F1GURE 1: Flowchart of the proposed model (PCA-IELM).

coefficient matrix R:

YTy

R =

n

genvalue and eigenvector

|R—AIp| =

(4)

—

(3) The following formula is used to calculate the ei-

of the coefficient matrix:

0. (5)

The calculated eigenvector is a; = (a;y, aia, ... , aip), where

i=1,2,3,4,...........

.» p, and the eigenvalue is A i

(i=1,2, .., p). To get a collection of main components
Fi, the eigenvalues are sorted in descending order:

F,=a,Y, +a,Y, +

(6)

et ayY,.

(4) The following are the main factors to consider kth
primary component contribution rate and expressed as

(2)

P
Ml DA
j=1

-1

(7)
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The rate of the first k primary components’ cumulative
contribution is expressed as

i)tj(iaj)l. ®

The first principal component, F;, is the one with the
highest variance out of all the combinations of Y3, Y5, ..., Y;
the second principal component F, is one with the highest
variance among all the combinations of Y3, Y5, ..., ¥}, and
they have no relation with F;.

4.2. SVM. Several algorithms have been implemented and
suggested in machine learning to solve the classification
problem. Among the different classification problems, support
vector machine (SVM) is one of the supervised algorithms in
machine learning with [5, 25] the advantages as follows:

(i) It employs L2 regularization to overcome overfitting
problems.
(ii) Even with minimal data, provide suitable findings.

(iii) Different kernel functions to match the features’
complicated functions and interactions.

(iv) Manages the data nonlinearity.

(v) The model is stable thanks to the hyper-plane
splitting rule.

(vi) Analyzes the
dimensionality.

data with a high degree of

Instead of focusing on decreasing prediction error, SVM
focuses more on optimizing classification decision bound-
aries, which is why the hyper-plane is used to separate
classes. If the data dimension is n and the hyper-plane is a
(n—1) vector function, then it can be represented mathe-
matically as follows:

Y =WeXg+ WXy + -+ W, X, + . (9)

It also signifies, in a broader sense,

y = wix+ b, (10)
where x denotes the input feature vector, w is the weight vector,
and b is the bias. By adjusting w and b, several hyper-planes can
be created, but the hyper-plane with the best margin will be
chosen. The largest feasible perpendicular distance between
each class and the hyper-plane is defined as ideal margin. The
cost function or objective function is minimized to get the best
margin. The cost function may be written as follows:

J(w) = % lwl? +% Y max(0,(1-y; = (w'x+b)), (1)
i=0

Even if the predictions are right and the data are cor-
rectly categorized by hypothesis, SMV utilized to penalize
any y; that are close to the borders (0 < y; < 1). The main goal
is to figure out optimal w value to minimize J(w), so dif-
ferentiating Eq. 11 concerning w, we get the gradient of a
cost function as follows:

5
o] (w
v, w) = 2
14| w ifmax(O,(l -y * (wa + b)),
i | w-yx;, otherwise.
(12)

As far as we have calculated V,, ] (w), weights of w can be
updated as

Wiew =W — a[J (w)]. (13)

We go through the procedure again and again until
smallest J(w) discovered. Because data are rarely linearly
separable, we must sketch a decision boundary between the
classes rather than using a hyper-plane to separate them. We
will need to convert (13) into a decision boundary to deal
with the dataset’s nonlinearity:

y=w-¢(x)+b. (14)

¢ (x) is the kernel function in (14). There are various types of
kernel functions that may be used to create SVM, such as
linear, polynomial, and exponential, but we will use the
radial basis function in this model (RBF). Distance pa-
rameter that is used is Euclidean distance, and the
smoothness of the borders is defined by the parameter o.

=2

where x — x? is the square of Euclidean distance between any
single observation x and mean of the training sample x.

(15)

4.3. PCA-SVM. The motive of the support vector machine
(SVM) [3] is to find the best possible hyper-plane that will
separate two planes on the training set. The coefficient of the
hyper-plane is w that we have to project. It uses structural
risk minimization theory to build the best hyper-plane
segmentation in the feature space and a learning editor to
achieve global optimization.

Assume the training data, (x> 1)
(x2> ,Vz), cee (xn) )/n) € Rn) )/ € {_1) 1}
This could be projected into a hyper-plane:
(w-x)+b=0,w e R'"beR. (16)
For the normalization,
yi(w-x)+b>1, i=12,...,1 (17)

The classification of the interval is equal to 2/w, when the
maximum interval is equal to the minimum w?.

Before classifying the data through SVM, the necessary
features from the image data need to be extracted. The high-
dimensional data can be converted to the low-dimensional
data with this approach. For this, the PCA method as a
feature extraction through convergence matrix and eigen-
value proportion calculation is used. PCA-based SVM is the
method that is used for classification and regression. After
that, SVM is used to classify low-dimensional data. Figure 2
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Output: SVM classification model.
(1) Procedure SVM.

(3) Feature optimization.

(5) Define y.
(6) Define f(y).
(7) Define J(W).
(8) Calculate V,,J (w).
(9) Repeat for minimum J (W):
Update W.
Call steps 6-8.
End.
(10) Calculate accuracy.
(11) Return accuracy.
(12) End procedure.

Output: SVM classification model.

Input: Given N observations along with the class labels (x;, t;), x; € R”, t; € RE.

(2) Initialize weights W and bias b with any arbitrary number.

(4) TrainDataSet, TestingDataSets = Data.Split(Ratio).

Input: Given N observations along with the class labels (x;, t;), x; € R”, t; € RE.

ALGORITHM 1: SVM algorithm.

PCA

High

A H . Covariance matrix
dimensionality

Training data

EVP based attributes
selection

Eigen value proportion
(EVP) calculation

Eign value
calculation

SVM

Hyperparameter
tuning

Training SVM

Finished
model?

F1GUre 2: Flowchart of PCA-SVM.

depicts the working flow of PCA-SVM. Once the parameter
optimization is done, the model is ready to predict
categorization.

4.4. Extreme Learning Machine (ELM). An extreme learning
machine is a single hidden layer feedforward network that
can be used for both classification and regression. In ELM
[26], weights between the input layer, hidden layer, and
biases are randomly generated. The output weights are
calculated using the generalized Moore-Penrose pseudo-
inverse. ELM performs faster than other feedforward net-
works [27] and outperforms other iterative methods. Fig-
ure 3 shows the basic network architecture of ELM.

Suppose [x;, t;] denotes N training samples, wherein
training instances i € 1, 2, 3, ............, N and x;=[x;;,
Xizs. . Xim]T € R™ denotes i™ training instance and its
desired Output ti= [t,’l, tins- - - tic ]T € R~.

Let the number of input features and number of neurons
be equal and represented by m; similarly, let L be the number
of hidden neurons. The number of output neurons and
number of classes are equal and denoted by c. Figure 4 [24]
shows the flowchart of the principal component analysis [28].
The input weight matrix is represented by U= [uy, u,,...,
uj,. . )’ € Ry, and the hidden neuron bias is represented
by b=1[by, bs,..., bj...br]" € RL. ;= [uj1, Ujp,. . .1,] are the
connecting weights between the j* hidden neuron with the
input neurons. Bias of the /™ hidden neuron is bj, and jth
hidden layer output for i instance is represented by

hij = g(wx; +b;). (18)

Here, activation function is represented by g. For all the
training instances hidden layer output is represented by H
and can be represented by

hyy hy by

th hN2 hNL

Between the hidden layer and the output layer, the
output weight f can be computed using Eq. (20). Linear
activation function is used by the output layer in this
computation.

B=H'T. (20)

Here,
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Output: PCA-SVM model for classification.
(1) Procedure PCA-SVM

(6) Data extracted from PCA and will be given as input.

(8) Feature optimization.
(9) TrainDataSet, TestingDataSets = Data.Split(Ratio).
(10) Define y.
(11) Define f(y).
(12) Define J(W).
(13) Calculate V,,J (w).
(14) Repeat for minimum J(W):
Update W.
Call steps 10-13.
End.
(15) Calculate accuracy.
(16) Return accuracy.
(17) End procedure.

Input: Given N observations along with the class labels (x;, t;), x; € R™, € RC.

(2) Identify the relationship among features through a covariance matrix.

(3) Through the linear transformation or eigendecomposition of the covariance matrix, we get eigenvectors and eigenvalues.
(4) Transform our data using eigenvectors into principal components.

(5) Quantify the importance of these relationships using eigenvalues and keep the important principal components.

(7) Initialize weights W and bias b with any arbitrary number.

ALGORITHM 2: PCA-SVM algorithm.

Y

Yc

Input Neurons Hidden Output

FiGURE 3: Network architecture of ELM.

B=[Bl Bl ] (21)

The vector B;=[Bj1s- . » ik - » ﬁjC]T, where j=(1, 2, 3,

..., L) represents the connecting weights between the j
hidden neuron and the k™ output neuron. The predicted
outcome of all the output neurons for all training instances is
represented as

f(x) = HB. (22)

Here, the output function is f(x) = [fx(x),. . ., fc(x)]. From
Eq. 23, label for class x can be predicted.

label (x) = argmax f,(x), k=1,...,C. (23)

4.5. PCA-ELM : Classification Method Based on PCA-ELM.
In the PCA technique [6], variables are first scaled. The
different steps of PCA that has been applied in PCA-ELM are

Original Data A (MxN)

Data preprocessing

Data Normalization

Data Correlation Coefficient
matrix

Calculate eigen value of the matrix and
characteristics equations

Transform dataset into principal
components A' (MxN)

FIGURE 4: Flowchart of the principal component analysis [24].

(1) Scaling of trained data.
(2) Covariance matrix evaluation.

(3) Eigenvalues for the covariance matrix along with
eigenvectors are defined.

(4) Evaluating the principal components.

The output from PCA is given as an input to ELM [29].
The process of PCA-ELM [30] is shown in Figure 5.



Computational Intelligence and Neuroscience

Output: ELM classification model.
(1) ELM procedure.

(5) Return .

Input: Given N observations along with the class labels (x;, t;), x; € R™, € RS,

(2) Hidden biases b and input weights U randomly selected.
(3) From (19), H as hidden layer output is defined.
(4) From (20), p is defined as the weights between the hidden layer and the output layer.

ALGORITHM 3: ELM algorithm.

Normal Covid

-

F1GURE 5: Process of PCA-ELM.

Output: PCA-ELM model for classification.
(1) Procedure PCA-ELM.

(8) From (19), hidden layer output H can be computed.

(10) Return .
(11) End procedure.

Input: Given N observations along with the class labels (x;, t;), x; € R”, € R".

(2) Identify the relationship among features through a covariance matrix.

(3) Through the linear transformation or eigendecomposition of the covariance matrix, we get eigenvectors and eigenvalues.
(4) Transform our data using eigenvectors into principal components.

(5) Quantify the importance of these relationships using eigenvalues and keep the important principal components.

(6) Extracted principal components given as the input data.

(7) Hidden biases b and input weights U randomly selected.

(9) From (20), weights between the hidden and the output layer computed as .

ALGORITHM 4: PCA-ELM algorithm.

4.6. ELM. Compared to the other neural networks, the
ELM learns faster as there is no need to adjust hidden
nodes and provides better generalization capability. But
there are various flaws with the ELM. Randomly generated
bias and input weights in ELM network [31] are results in
some network instability. Training data outliers from the
hidden layer’s output matrix result in poor network
generalization performance. In comparison to the ELM,
the output error of the IELM rapidly diminishes and
resolves the issue of very small weights of output and
validity of hidden layer neurons. In online continuous
learning, it is appropriate for regression and classification
tasks.

The IELM [32] network model structure is shown in
Figure 6. Suppose the size of input, hidden nodes, and
outputs are m, I, and n, respectively, and w; is the input
weight matrix with [ x m dimension of the current hidden
layer neuron and uniformly distributed between random
numbers [-1, 1]. The bias of the ith hidden node b; is a
random number between [-1, 1] uniformly distributed, the

FiGUre 6: The structure of IELM.

activation function for the hidden layer neuron is sigmoid
function given by (24), and output weight matrix f is with
I x n dimension.

The hidden node activation function (sigmoid) is given by

(24)

g(x) =1 o™

where x is the input matrix.
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A matrix X is of m x N dimension, and it represents N
dataset input. Y is a #n x N matrix that represents the output
where N datasets for a training set {(X, Y)}. Training steps of
IELM algorithm are described as follows:

Step 1. In the initialization phase, suppose I =0 and L is the
maximum number of the hidden nodes. Output Y is defined
in terms of the initial value of the residuals E (difference
between target and actual error) is set to be the and ¢ is the
expected training accuracy.

Step 2. Training phase, while I<L and E > ¢
(1) Hidden nodes I will be increased by 1, i.e.,
I=1+1. (25)

(2) Hidden layer neuron O is evaluated randomly from
input weights w; and bias b,.

(3) Output of the activation function g (x') is calculated
for the node O; (b; needs to be extended intoal x N
vector by).

x' = wx+by. (26)

(4) Hidden layer neuron output vector H can be cal-
culated from

H=g(x"). (27)

(28)

(6) After increasing the new hidden node, residual error
is calculated:

E'=E-fH. (29)

The network error rate can be reduced by the output
weight O;. All these steps will iteratively work till the re-
sidual error becomes smaller than e. The training process
restarts through the determination of the random input
weight w; and the bias b;. Whether the trained network has
fulfilled the desirable result or not can be determined from
{(X",Y")} set.

5. Proposed PCA-Based Incremental
ELM (PCA-IELM)

An orthogonal transformation is used to extract meaningful
characteristics from data in PCA [33]. PCA may also be used
to minimize the dimensions of a large data collection.
Principal components from COVID-19 X-ray images are
extracted using PCA and given as input to IELM which
gradually adds concealed nodes produced at random. A
conventional SLENs function with n hidden nodes can be
expressed as

fa®) =) Bigi(x), xeRLB eR (30)
i=1

where g;(x) = g(a;,b;, x) denotes the output of the ith
hidden node:g;(x) = g(a;.x +b;) (for additive nodes) or
g;(x) =g(byx — a;).

The ith hidden layer and the output node are linked with
output weights f3;. Hidden nodes are randomly added to the
existing networks in IELM. The randomly generated hidden
node parameters a; and b; and fixed output weight are ;.

Suppose the residual error function for the current
network f, is defined ase, = f — f, . where n is the number
of hidden nodes and f € L*(x) is the target function. IELM
is mathematically represented as

fn (x) = fn—l (x) + ﬁngn (X) (31)

6. Evaluation Criteria for Effective
Measure of Model

For evaluation of the different models, generally, the con-
fusion matrix is prepared. Table 2 defines a simple repre-
sentation of the confusion matrix [34, 35], and it can classify
between predicted and actual values. From the confusion
matrix, we can derive different performance metrics, e.g.,
accuracy, precision, recall, sensitivity, and F-score. To assess
the model, nine different metrics are calculated by formula
as given in Table 3 [36].

7. Experimental Setup

The whole experiment was performed on a system having a
configuration of 10th Generation Intel (R) Core (TM) i7-
10750H CPU @ 2.60 GHz processor, 8 GB RAM, and
NVIDIA GTX graphics 1650TI. The code is written in
Python 3.10.0 and uses Jupyter Notebook as a debugger,
which can be installed from the link: https://jupyter.org/
install.

8. Dataset Description

The COVID-19 chest X-ray images [37] dataset encompasses
a total of 13808 images in which 3616 COVID-19 positive
cases (26.2%) along with 10,192 (73.8%) normal cases are
downloaded from Kaggle. COVID-19 and normal patient
chest X-ray images are kept in separate files. Dataset was
divided into training and testing images which had been
done randomly with a condition that testing images will not
be repeated in training images. During the experiment, 80%
of the total images were used for training and 20% for
testing. All images have the same dimension (299 x299)
pixels in the PNG file format. Figure 7 demonstrates the
X-ray images of normal and COVID-19 cases.

The histogram of an image gives a global description of
the image’s appearance. It represents the relative frequency
of occurrences of various intensity values in an image. In the
histogram of the COVID-19 image, the intensity value is
highest between bins 14-15, whereas in the normal image
the histogram has the highest intensity value at bins 16-17.
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Output: IELM model for classification.
(1) Procedure IELM.

(7) Return B
(8) End procedure.

Input: Given N observations along with the class labels (x;, t;), x; € R”, t; € RE.

(2) Initialize: hidden nodes I =0 and maximum L.

(3) For the newly increased hidden layer neuron O, input weights w; and bias b; randomly evaluated.
(4) Output of the activation function g (x/) calculated for the node O;.

(5) Hidden layer output H calculated from Eq. (27). B

(6) Weights between the hidden and the output layer 3 can be evaluated from Eq. (28).

ALGORITHM 5: IELM algorithm.

(ii) Output: PCA_IELM model for classification.
(1) Procedure PCA_IELM.

(7) Initialize: hidden nodes I =0 and maximum L.

(10) Hidden layer output H calculated from Eq. (27).

(12) Return B
(13) End procedure.

(i) Input: Given N observations along with the class labels (x;, t;), x; € R™, € RE.

(2) Identify the relationship among features through a covariance matrix.

(3) Through the linear transformation or eigendecomposition of the covariance matrix, we get eigenvectors and eigenvalues.
(4) Transform our data using eigenvectors into principal components.

(5) Quantify the importance of these relationships using eigenvalues and keep the important principal components.

(6) Input for the model is given in terms of extracted principal components.

(8) For the newly increased hidden layer neuron O;, input weights w; and bias b; randomly evaluated.
(9) g (x') calculated as the output function for the node O,.

(11) Weights between the hidden and the output layer § can be evaluated from Eq. (28).

ALGORITHM 6: PCA-IELM algorithm.

TasLE 2: Confusion matrix.

Predicted Total
Actual TP (true positive) FP (false positive) TP + FP
FN (false negative) TN (true negative) FN+TN
Total TP +FN TN + FP ALL
TABLE 3: Performance evaluation measures [36].
SL Measures Formula
1. Accuracy TP + TN/TP + FP + TN + FN
2. Specificity (TNyate) TN/TN + FP
3. FN o FN/TP + FN
4. Sensitivity (TPyy)/recall TP/TP + FN
5. FP,..c FP/TN + FP
6. Precision TP/TP + FP
7. G-mean TP 2re X TN 2ee
8. AUC 1+ TPrate - FPrate/2
9. F;-score 2 % TP/2 %« TP + FP + FN

This difference in the color intensity value assists in making
the distinction between COVID-19 and normal images.
Figure 8 demonstrates the histogram plot of normal and
COVID-19 images. Figure 9 shows the training images for
X-ray images of COVID-19 and normal.

Because PCA uses orthogonal transformation to convert
all features into a few independent features, all features are
considered during the feature selection process. The data to
be processed are reduced to a set of features called a “reduced
representation set.”
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FIGURE 7: Chest X-ray images of COVID-19 and normal.

histogram of covid

histogram of normal

80 -
£ 604
s
g
<
& 40 -
S
z
20
0 =

T T T T T T T T
1234567 89101112131415161718192021

Bins

70

60 -

50

40

30

Histogram values

20

10

T T T T T T T T
1234567 89101112131415161718192021

Bins

FiGure 8: Histogram for X-ray images of COVID-19 and normal.
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FIGURE 9: Training images for X-ray images of COVID-19 and normal.

9. Results and Discussion

In this segment, we present the outcomes and analysis of
the experiments performed in the COVID-19 patient
prediction using the chest X-ray dataset. From the ex-
perimental results, the proposed method shows better
performance in terms of accuracy, precision, recall, F1-
score, AUC, G-mean, and other parameters. For each
model, PCA-SVM, PCA-ELM, and PCA-IELM, a separate

confusion matrix is formed. All the performance metrics
values are derived from the confusion matrix (Tables 4-6).
Classification accuracy gained by the proposed method
PCA-IELM is 98.11% over the chest X-ray dataset, which
suggests better results than the other two models, PCA-
based SVM (91.8%) and PCA-based ELM (93.80%) in terms
of accuracy. Sometimes, performance metrics’ accuracy
may be misleading and can misclassify instances. So, other
metrics are also taken into consideration to confirm the
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TaBLE 4: Confusion matrix for PCA-SVM.
Predicted Total
819 152 971
Actual 187 2985 3172
Total 1006 3137 4143
TaBLE 5: Confusion matrix for PCA-ELM.
Predicted Total
828 110 938
Actual 147 3058 3205
Total 975 3168 4143
TaBLE 6: Confusion matrix for PCA-IELM.
Predicted Total
1192 48 1240
Actual 30 2873 2903
Total 1222 2921 4143

120

Units in %

Accuracy

Precision

Performance

91.8 84.3 81.4

2.9

95, 81.4 88.3 88

938 883 849

6. 819 90.7 50.5

98.1 96.1 975

68

98, 975 98 98

Bl PCA-SVM
BN PCA-ELM
BB PCA-IELM

FIGURE 10: Performance comparison of different classifiers.

claim made by the classifier. PCA-IELM has the highest
precision value of 96.11%. That means PCA-IELM is
96.11% reliable in making decisions, whereas models PCA-
SVM and PCA-ELM record less precision, 84.3% and
88.3%, respectively. Similarly, for the proposed method
PCA-IELM, other metrics (refer to Figure 10) recall, F;-
score, TPR, TNR, and G-mean are considerably higher than
the other two methods, PCA-SVM and PCA-ELM.

The geometric mean (G-mean) is a statistic that analyzes
categorization performance across majority and minority
classes. Even if negative examples are correctly labelled as
such, a poor G-mean suggests weak performance in iden-
tifying positive occurrences. This statistic is essential for
preventing overfitting the negative class while underfitting
the positive class, since the COVID-19 dataset understudy is
also class imbalanced (IR =2.81). Even then, the PCA-ELM
model indicates good performance by attaining the highest

G-mean value of 98%. Similarly, PCA-SVM and PCA-ELM
have 88% and 90.5% success rates, respectively.

Table 7 demonstrates the performance variation (sen-
sitivity, specificity, precision, F1-score, accuracy) based on
different counts of hidden nodes in the range of 10-150 with
an interval of 10 hidden nodes. Training and testing accu-
racies of PCA-IELM demonstrated almost the same behavior
on the COVID-19 dataset (refer to Figure 11). There is
moderate variation in the accuracy of PCA-IELM with re-
spect to different numbers of hidden nodes. The accuracy at
10 numbers of hidden nodes was found to be 97.73%, and
98.11% was achieved at 140 numbers of hidden nodes in the
PCA-IELM model and beyond (refer to Table 7).

When there is a moderate to large class imbalance,
precision-recall curves should be drawn. Here, the COVID-
19 dataset is imbalanced with an imbalance ratio (IR) of 2.81.
It is worth noticing that precision is also called the positive
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TABLE 7: Performance variation based on different hidden nodes.

Performance metrics (%
Number of hidden nodes (%)

Sensitivity Specificity Precision F;-score Accuracy
10 94.13 96.23 93.74 95.19 97.73
20 94.16 96.19 93.36 95.19 97.73
30 94.24 96.35 94.48 95.24 97.74
40 93.98 96.07 93.01 94.98 97.70
50 94.11 96.16 93.09 95.11 97.71
60 94.18 96.28 93.45 95.18 97.73
70 94.73 96.82 94.69 95.64 97.75
80 94.84 96.79 94.86 95.29 97.75
90 94.25 96.77 94.92 95.36 97.75
100 94.03 96.11 93.11 95.02 97.71
110 94.17 96.24 93.22 95.16 97.73
120 94.48 96.46 94.59 95.71 97.75
130 94.10 96.15 93.19 95.11 97.71
140 97.62 98.12 96.33 96.50 98.11
150 97.54 98.35 96.12 96.83 98.11
97.5 98 -
95.0 96 4
T 925 - g
5 g 92+
3 90.0 3
fb < 90
£ 8751 Ea
g Z
£ 850 4 £ g6
82.5 A 84 -
80.0 B T T T T T T T T 82 ) T T T T T T T T
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Number of Hidden Nodes Number of Hidden Nodes
—— Train Accuracies —— Test Accuracies
FIGURE 11: Accuracy variation with number of hidden nodes for PCA-IELM.
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FIGURE 12: (a) Analysis of ROC curve and (b) analysis of precision-recall for PCA-SVM.
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FIGURE 13: (a) Analysis of ROC curve and (b) analysis of precision-recall for PCA-ELM.
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TaBLE 8: Proposed method and other related models” comparative analysis [38].
S.No. Study Method used Number of cases Type of Accglracy
images (%)
1 Toannis et al. [39] VGG-19 700 pneumonia, 504 h.efllthy’ 224 COVID-19 Chest X-ray 93.48
(positive)
Gunraj, Wang, and 5526 COVID-19 (negative), 8066 healthy, 53
2 Wong [40] COVID-Net COVID-19 (positive) Chest X-ray 92.4
3 Sethy et al. [41] ResNet50p SVM 25 COVID-19 (negative), 25 COVID-19 (positive) Chest X-ray 95.38
4 Hemdan et al. [42] COVIDX-Net 25 normal, 25 COVID-19 (positive) Chest X-ray 90.0
5 Narin et al. [43] Deep CNN ResNet-50 50 COVID-19 (negative), 50 COVID-19 (positive) Chest X-ray 98
6 Ying et al. [44] DRE-Net 708 healthy, 777 COVID-19 (positive) Chest CT 86
7 Wang et al. [45] M-Inception 258 COVID-19 (nege}t?ve), 195 COVID-19 Chest CT 82.9
(positive)
3 Zheng et al. [46] UNetp3D deep 229 COVID-19 (neggt.lve), 313 COVID-19 Chest CT 90.8
network (positive)
9 Xu et al. [47] ResNetp lf)cauon 175 healthy, 224 viral pneumonia, 219 COVID-19 Chest CT 86.7
attention (positive)
10 Tulin et al. [38] DarkCovidNet 500 Pneumonia, Soo(gg;ﬁi‘imgs’ 125 COVID-19 Chest X-ray 98.08
11 Proposed model PCA-IELM 10,192 normal, 3616 COVID-19 (positive) Chest X-ray 98.11
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TaBLE 9: Time elapsed during training and testing of models.

Dataset Algorithm Training time (s) Testing time (s)
PCA-SVM 0.027 0.022
COVID-19 chest X-ray PCA-ELM 0.053 0.049
PCA-IELM 12.353 9.525
predictive value (PPV). Moreover, recall is also known as  Data Availability

sensitivity, hit rate, or true-positive rate (TPR). It means they
talk about positive cases and not negative ones. Most ma-
chine learning algorithms often involve a trade-off between
recall and precision. A good PR curve has a greater AUC
(area under curve). Figures 12(b), 13(b), and 14(b) depict PR
curves. Figure 13(b) shows the greater AUC, which is an
indication of the better performance of PCA-IELM than the
other two models. In addition to these, ROC of Figure 14(a)
also grabs more AUC than two other Figures 12(a) and
13(a). Therefore, PCA-IELM claims better performance than
PCA-SVM and PCA-IELM. The proposed PCA-IELM
model outperforms other previously developed models for
identification of COVID-19 patients from chest X-ray image
(refer Table 8 [38-47]). As far as the training and testing time
taken by the proposed model PCA-IELM is concerned, it
was higher (refer to Table 9) because the execution of the
model happened in an incremental way and not in one go.

10. Conclusions

In this paper, an effective classification model is proposed on
the COVID-19 chest X-ray image dataset using principal
component analysis (PCA) and incremental extreme
learning machine (IELM). This study established the valu-
able application of the ELM model to classify COVID-19
patients from X-ray images by developing the PCA-IELM
model. The proposed PCA-based IELM algorithm is an
efficient IELM-based algorithm. The hidden node parame-
ters are measured by the information returned to the PCA in
the training dataset, and using the Moore-Penrose gener-
alized inverse output, the node parameters are determined.
PCA-IELM utilizes the best feature of IELM, which is to
increase hidden nodes incrementally and wisely determine
the output weights, whereas ELM requires you to set the
appropriate number of hidden nodes manually, and this is
similar to the hit and trial method. In comparison with the
ELM, the output error of the IELM rapidly reduces and is
near to zero as the number of hidden neurons increases. It
was observed that as the number of hidden nodes increased,
the performance of the PCA-IELM increased and it became
stable at 150 hidden nodes. PCA-IELM outperforms PCA-
SVM and PCA-ELM in terms of accuracy (98.11%), preci-
sion (96.11%), recall (97.50%), F1-score (98.50%), G-mean
(98%), etc. The suggested research contributes to the
prospect of alow-cost, quick, and automated diagnosis of the
COVID-19 patient, and it may be used in clinical scenarios.
This effective system can provide early detection of COVID-
19 patients. As a result, it is helpful in controlling the further
spread of the virus from an affected person. This is an in-
telligent assistance for radiologists to accurately diagnose
COVID-19 in X-ray images.

The data used to support the findings of this study are
available from the corresponding author upon request.
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In this review, we intend to present a complete literature survey on the conception and variants of the recent successful op-
timization algorithm, Harris Hawk optimizer (HHO), along with an updated set of applications in well-established works. For this
purpose, we first present an overview of HHO, including its logic of equations and mathematical model. Next, we focus on
reviewing different variants of HHO from the available well-established literature. To provide readers a deep vision and foster the
application of the HHO, we review the state-of-the-art improvements of HHO, focusing mainly on fuzzy HHO and a new
intuitionistic fuzzy HHO algorithm. We also review the applications of HHO in enhancing machine learning operations and in
tackling engineering optimization problems. This survey can cover different aspects of HHO and its future applications to provide
a basis for future research in the development of swarm intelligence paths and the use of HHO for real-world problems.

1. Introduction

Thanks to recent advances in computing capabilities and big
data analytics, artificial intelligence (AI) has been considered
in various applications, ranging from natural language
processing and computer vision to wireless 6G systems and
medicine [1]. As a subset of Al and nature-inspired algo-
rithms, swarm intelligence (SI) has become a hot topic over
the last decade. Conceptually, SI studies the complex col-
lective behavior of the systems that are comprised of many
simple agents. More particular, these simple agents can
interact with others and also with their surrounding envi-
ronment. According to [2], SI has many advantages com-
pared with the conventional optimization approaches: (1)
black-box optimizer, (2) gradient-free operation, (3) ability
to obtain high-quality solutions by properly balancing

exploratory and exploitative features, and finally (4) ease and
simplicity of implementation. These characteristics and
applicability are the main reasons behind the wide use of SI
approaches. Some well-known SI methods are not limited to
particle swarm optimization (PSO) [3], grey wolf optimizer
(GWO) [4], genetic programming (GP) [5], biogeography-
based optimizer (BBO) [6], and firefly algorithm (FA) [7].
Also, SI methods have found their applications in various
applications and real-world problems, such as control en-
gineering, civil engineering, electrical engineering, image
processing, wireless communications, and vertical domains
(e.g., smart cities and smart grids).

Proposed by Ali Asghar Heidari in 2019, the Harris
Hawks optimization (HHO) has received much interest from
the research communities [8]. HHO mimics the hunting
behavior of the Harris Hawks in nature, namely surprise
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pounce. Considered as one of the most intelligent birds in
nature, Harris Hawks can simulate different chasing styles
based on different scenarios and escaping prey behaviors.
More specifically, four chasing strategies are developed in
HHO [8], including soft besiege, hard besiege, soft besiege
with progressive rapid dives, and soft besiege with progressive
rapid dives. The results tested over benchmark functions and
several engineering optimization problems confirm that
HHO outperforms many well-known SI approaches such as
PSO, GWO, GP, BBO, and FA. Moreover, the results also
show that HHO achieves a good balance of exploration and
exploitation, thus improving the scalability of HHO and the
ability to obtain high-quality solutions.

HHO has been leveraged for many applications and
engineering problems due to its optimization features and
competitive performance. For example, HHO is used to
solve the problem of unmanned aerial vehicle (UAV)
placement and radio resource allocation in visible light
communications (VLC) [9]. This work demonstrates that
HHO effectively tackles the nonlinearity caused by the VLC
channel modeling and solves multiple optimization variables
simultaneously. The work in [10] proposes a hybrid SI
method based on HHO and WOA for feature selection. To
improve the production quality, a convolutional neural
network (CNN) jointly with HHO is leveraged in [11], in
which CNN is used to classify the control chart patterns and
HHO is used to tune the parameters of the CNN model such
as the number of kernels and learning rate. All the above
studies show that the HHO-based method has superiority
over the baseline and state-of-the-art SI methods.

According to the no-free-lunch theorem, no single al-
gorithm can solve all the real-world problems; that is, one
algorithm can perform well for a set of problems but perform
poorly for the other problems [12]. Therefore, HHO has been
improved by different techniques, for example, binary HHO
version, evolutionary-updating structures, chaotic operations,
multi-objective HHO, and hybrid HHO. As HHO is origi-
nally invented for solving continuous optimization problems,
a number of studies have been conducted for binary HHO
versions. For example, the work in [13] develops a hybrid SI
approach by integrating HHO with the Salp swarm algorithm
(SSA), which is then applied to the feature selection problem.
To exploit the effectiveness of chaotic-based updates in
avoiding immature convergence, the work in [14] proposed
adding the chaotic local search into the original HHO to
improve its performance. Another application of HHO can be
found in [15], where HHO is used as a trainer of feed-forward
neural networks, which is then used for load forecasting in the
Queensland electric market. There is also an effort on review
of a few papers on HHO in [16]. However, that paper coverage
is very different, and it provides another methodology of
research for conducting a review.

L1. Contributions. To foster the development of the HHO
and its applications, this work sets to provide an overview,
recent improvements, and applications from the available
literature. Motivated by this observation, we set to provide a
survey on HHO, including its mathematical model, recent
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variants, and applications. In a nutshell, the contributions
offered by our work can be summarized as follows:

(i) We first present the underlying inspiration and the
mathematical model of the HHO optimizer. This
part is to help the readers to understand the un-
derlying principle of the HHO and how it can be
applied to solve engineering optimization problems.

(ii) We review the state-of-the-art improvements of
HHO, focusing mainly on fuzzy HHO and a new
intuitionistic fuzzy HHO algorithm.

(iii) We review the applications of HHO in various
disciplines such as machine learning (ML), elec-
trical/civil/image engineering, wireless communi-
cations, and control engineering.

We note that the references reviewed in this work are
obtained from high-reputed publishers such as IEEE,
Elsevier, Wiley, Springer Nature, and Taylor & Francis and
also well-known archival websites such as arXiv. Moreover,
the following queries are used to find the references, in-
cluding “Harris Hawk optimization,” “HHO,” “swarm in-
telligence,” “artificial intelligence,” and “metaheuristic.”

1.2. Paper Organization. The remaining parts of this study
are organized as follows. In Section 2, we present the in-
spiration and mathematical models of HHO. In Section 3,
we review the state-of-the-art studies on variants of HHO.
Next, in Section 4, we discuss the applications of HHO in ML
applications and engineering applications. Finally, we
conclude this study in Section 5. The list of frequently used
acronyms is summarized in Table 1.

2. Harris Hawk Optimization

This section presents an overview of HHO, including its
inspiration and mathematical model.

2.1. Inspiration of HHO. HHO was proposed by Heidari et al.
in 2019 to simulate the hunting behavior of the Harris Hawks
[8]. In 1997, Louis Lefebvre’s survey revealed that Harris
Hawks are the most intelligent birds found in southern
Arizona, USA [17]. The foraging behavior of Harris Hawks
varies significantly from that of other birds, as Harris Hawks
continue to forage with other family members of the same
species. Harris Hawks use a technique called the “surprise
pounce,” known as the “seven kills” approach to ambush the
prey. During this attack, a few other hawks used to ambush in
a number of directions and converge on the target rabbit, and
the attack would be over in a matter of seconds. Harris Hawks
use different hunting styles based on the escape behavior of
the prey and the dynamic change in instances. For example,
Hawks use switching tactics when the leader hawk dives
quickly to attack the prey, and the prey is trying to escape
from the leader hawk, and then, another hawk in the party
team will immediately continue the chase. These switching
tactics confuse the targeted prey and seek to exhaust the
detected prey and increase its danger. Finally, tired prey
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TaBLE 1: Acronyms.

HHO Harris Hawk optimization
Al Artificial intelligence

SI Swarm intelligence

PSO Particle swarm optimization
GWO Grey wolf optimizer

CE Civil engineering

SCC Soil compression coefficient
GOA Grasshopper optimization algorithm
WOA Whale optimization algorithm
ANN Artificial neural networks
RMSE Root-mean-square error
CoD Coeflicient of determination
MAE Mean absolute error

SS Soil slopes

HHOSA HHO-simulated annealing
ASI Acceleration severity index
CcC Correlation coefficient
PSO Particle swarm optimization
GP Genetic programming
FORM First-order reliability method
MCE Minimum cross-entropy
DEAHHO Differential evolutionary adaptive HHO
MVO Multi-verse optimization algorithm
DE Differential evolution

SSA Salp swarm algorithm
PSNR Peak signal-to-noise ratio
FSI Feature similarity index

SSI Structural similarity index
WHHO WAO-HHHO

CNN Convolutional neural network
PCNN Pulse coupled neural network
PV Photovoltaic

TDOV Three-diode photovoltaic

PS Partial shading

MPPT Maximum power point tracking
WSN Wireless sensor networks
FiWi Fiber wireless

cannot escape the hawk’s team, as one of the mighty hawks
slaughters the tired prey and shares it with the party members.

HHO’s main inspiration is the collaborative action and
hunting style of the Harris Hawk in the wildlife called the
surprise pounce. The HHO mathematical model generates
dynamic patterns and behaviors for the development of an
optimization algorithm. The performance of the HHO op-
timization algorithm is evaluated by comparing it with other
existing metaheuristic techniques, 29 benchmark challenges,
and many real-world engineering issues. Experimental
findings and comparative results have shown that the HHO
algorithm delivers better results than other existing meta-
heuristic techniques [8, 18].

2.2. Mathematical Models of HHO. This section discusses
the mathematical model of the HHO algorithm, which com-
prises an exploration phase, an exploitation phase, and a
number of Harris Hawk attacking approaches. HHO is a
nature-inspired algorithm that can be applied to any optimi-
zation problem. This section presents all phases of HHO, which
are further explained in the following subsections.

2.3. Exploration Phase. In this subsection, the exploration
phase of HHO is discussed. The Harris Hawks have powerful
eyes that can monitor and identify prey, but sometimes the
prey is not visible. During this condition, the hawks have been
waiting for long hours and monitoring to identify the prey. In
HHO, hawks are considered as candidate solutions, and in each
iteration, the prey is considered the optimal solution. Hawks
perch in specific locations and constantly monitor the sur-
rounding environment to identify prey using two strategies,
which are represented in equation (1). If p <0.5, the hawks
perch based on the position of the family members. If p > 0.5,
the hawks perch in a random space within the population area.

A (x)—a 'Aa (x) - 2a2A(x)|, p=0.5,
A(x+1)= (Arabbit (%) -4, (x)) - as, (1)
(Lg +a,(Ug—Lg)), p<0.5.

In equation (1), where A(x+ 1) denotes the position of
Hacks at the next iteration. A ,pp;(x) denotes the position of
rabbit. A(x) denotes the current position of hawks. a;, a,, as,
a4, and p are random variables ranging from 0 to 1. LB and
UB are the lower bound and the upper bound of random
variables. A,(x) indicates the average hawk position, which is
represented in the following equation, where A;(x) denotes
the location of each hawk at ith iteration and H denotes the
number of Hacks in the search space.

1 H
Ap(x) = ) A (x). (2)
i=1

2.4. Transition from Exploration to Exploitation. This sub-
section explains the transformation from the exploration
phase to the exploitation phase, based on the energy level of
the prey to escape, which is mathematically defined as follows:

X
P:2P0<1—7>, (3)
I

where P denotes the energy of prey to escape at iteration x, I
denotes the total number of iterations, and P, denotes the
initial energy of prey. During each escape, the energy level of
the prey drops dramatically. For each iteration, P, will
change the value from (-1, 1). When P, drops down from 0
to —1, the prey is exhausted; similarly, when P, value is
increasing from 0 to 1, the prey is reinforced. When |P| > 1,
exploration took place, and when |P| < 1, exploitation arises.
Figure 1 represents the escaping energy behavior [8].

2.5. Exploitation Phase. This subsection explains the ex-
ploitation phase in which the hawks attack the targeted prey.
Then, however, the prey tries to escape the attack. Based on
hawk attacking behavior and escaping prey behavior, four
approaches are discussed in the following subsections.

2.6. Soft Besiege. In HHO, soft besiege occurs when a>0.5
and |P|>0.5, and the prey has sufficient energy to escape
from the attack, but cannot escape from the attack as the
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FIGURE 1: Escaping energy behavioral pattern.

hawks encircle the prey and the energy of the prey gets
drained. The following equations explain the mathematical
behavioral model.

A(x+1) = AA(x) = PlUA it (x) — A(x)], (4)

AA(x) = Apppic () — A(x). (5)

AA(x) denotes the difference between the position vector
of the rabbit and present position at xth iteration. U rep-
resents the rabbit’s random jump strength during escape,
where U is updated as U=2 (1 —as), and as is a random
number ranging from [0, 1].

2.7. Hard Besiege. In HHO, hard besiege occurs when a > 0.5
and |P| < 0.5, and the prey is exhausted and does not have
enough energy. The hawks encircle the prey and perform the
surprise pounce. The updated position of the hawks is shown
in equation (6). Figure 2 depicts the vectors during hard
besiege.

A(x+1) = Ay, (x) — PIAA (x)]. (6)

2.8. Soft Besiege with Progressive Rapid Dives. This subsection
deals with soft besiege with progressive rapid dives where the
prey has enough energy |P| > 0.5 to escape the attack, but the
hawk builds a soft besiege a < 0.5. In this step, the hawk must
think intelligently and choose the best position to target the
prey. The respective steps accomplish the process.

(1) Performing various moves

(2) Analyzing and thinking on a new move using
equation (7)

(3) Evaluating the movement with the previous dive to

the prey and realizing whether the movement is
favorable or not

T= Arabbit (X) - PlUArabbit (X) - A(x)| (7)
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FIGURE 2: Vectors during hard besiege.

(4) If the movement is not favorable to attack the prey, a
dive is selected based on a levy flight (LF) using the
following equation:

L=T+V xLF(2), (8)

where Z is represented as the dimension of the
problem, V is considered as a random vector of size
1*Z, and LF function is calculated using the fol-
lowing equation:

mxy

LE(f) = 0.01 x o

9
B E(1 + y) x sin(7y/2)

1y
B <€(1 +x/2) x x X 2(’“/2)) ’

where m and n are random values that range be-
tween (0, 1) and y is a constant that is set to 1.5.
Equation (10) is used to update the positions of the
hawks during the soft besiege phase.

Tif F(T)<F(A(x)),

A(x+1):{LifF(L)<F(A(x)), (10)

where T'and L are acquired using equations (7) and
(8), and F is considered to be a fitness function for
the problem. Figure 3 depicts the vectors during soft
besiege with progressive rapid dives.

2.9. Hard Besiege with Progressive Rapid Dives. This sub-
section deals with hard besiege with progressive rapid dives
when |P|<0.5 and a<0.5 where the prey does not have
enough energy to escape the attack and hawk builds a hard
besiege to catch and kill the prey. In this phase, the prey’s
condition is similar to that of the soft besiege, but the hawks
intend to minimize the distance between their locations
towards escaping prey. The equation explains the hard be-
siege condition.
Tif F(x)<F(A(x)),

A(X+1):{LifF(x)<F(A(x)), (1)

where Tand L are derived using the following equations.
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T= Arabbit (x) - P|UArabbit (x) - Ap (x)|> (12)

L=T+V xLF(z2). (13)

Figures 4 and 5 depict vectors during hard besiege with
progressive rapid dives in 2D and 3D space. Algorithm 1
explains pseudocode for HHO.

3. Recent Variants of HHO

This section discusses various HHO variants that are used in
a variety of engineering and ML applications, as shown in
Tables 2-4. We discussed the fuzzy HHO in this section and
proposed a new intuitionistic fuzzy HHO algorithm that is
significantly different from other existing papers [16].

3.1. Fuzzy Harris Hawk Algorithm. Fuzzy sets [48] were
introduced as an extension of crisp sets to take care of graded
membership of objects in a class, which are more general and
natural. This has led to the extension of crisp concepts to
fuzzy concepts. Fuzzy logic (FL), in the generalized sense, is
synonymous with fuzzy sets. One of the crucial components
of FL is the fuzzy inference system (FIS).

A FIS has five functional blocks, a rule base that contains
several fuzzy If... then rules. In addition, this database
defines the membership functions of fuzzy sets used in fuzzy
rules. This decision-making unit operates on the rules, a
fuzzification interface unit that converts crisp quantities into
fuzzy quantities and a defuzzification interface unit that
converts the fuzzy quantities into crisp quantities. FIS is the
most critical tool in fuzzy set theory, and in literature, we
find two crucial FIS: the Mamdani FIS proposed in 1975 [49]
and the Sugeno FIS proposed in 1985 [50]. Of these,
Mamdani FIS is the popular one and finds a greater ac-
ceptance. However, both approaches have certain advan-
tages and disadvantages. The significant differences are in
the output membership functions and the consequents of the
fuzzy rules used. As far as the functionality of a FIS is
concerned, if the input is crisp, it is fuzzified in the

Ambbit - P| UAmbbit - Ap|

AA A

Arabpit

FIGURE 4: Vectors during hard besiege with progressive rapid dives
in 2D.

=

Ambbit

FIGURE 5: Vectors during hard besiege with progressive rapid dives
in 3D.

fuzzification unit using one of the various fuzzification
techniques. Fuzzification is the process of decomposing a
system input and/or output into one or more fuzzy sets.
Many types of curves and tables can be used, but triangular-
or trapezoidal-shaped membership functions are the most
common, since they are easier to represent in embedded
controllers. A set of fuzzy if-then rules are determined. The
rule strengths are obtained by combining the fuzzified in-
puts. The output membership function is combined with
rule strength to obtain the consequent. An output distri-
bution is obtained by combining all the consequents. The
defuzzification unit is used to get a defuzzified output
distribution.

The two parameters involved in the HHO algorithm are
the energy of the prey E and the uniform random number
parameter g, which determines the hawk’s position the next
time. The general tendency to fuzzify any algorithm is to
tuzzify its parameters. Following the same approach in
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(3) Generate an arbitrary population

(i) A(i=1,2,..., H)

(5) Compute the hawk’s fitness values
(6)  Set Arabbit as the best position of rabbit
(7)  for each hawk (4;) do

9) Py=2r()-1, U=2(1-1())

(10) Update the P with equation (3)
(11) end

(12) if |P|>1 then

(14) end

(15) if |P|<1 then

(16) if a>0.5 and |P| = 0.5 then

(18) else if a>0.5 and |P| < 0.5 then
(20) else if a<0.5 and |P|>0.5 then
(22) else if a<0.5 and |P| < 0.5 then
(24) end

(25) end

(26) end
(27) return Arabbit

(1) Inputs: initial the population size H, number of iterations I.
(2) Outputs: the Prey’s position and fitness value.

(4) while stopping requirement is not reached do

(8) Update energy P, and jump capacity U

13) Update the position vector with equation (1)

17) Update the position vector with equation (4)
19) Update the position vector with equation (6)
(21) Update the position vector with equation (10)

(23) Update the position vector with equation (11)

ArGoriTHM 1: HHO algorithm [8].

TaBLE 2: A summary of HHO variants.

Ref

Variant

Methodology

Objective

(19]
(20]

(21]

[22]

(23]
(24]

(25]

(26]

(27]

(28]

Multi-objective HHO

Gaussian barebone
HHO
Chaotic sequence-
guided HHO

Dynamic HHO with
mutation

Hybrid HHO
differential evolution

Adaptive HHO

Hybrid OBL-HHO

Elite OBL (EOBL)-
HHO

HHOBSA

Chaotic HHO

HHO is integrated with roulette wheel selection method
with probability

HHO is integrated with Gaussian barebone

HHO is integrated with chaotic sequences

HHO used mutation and dynamic control strategy to
balance the exploitation and exploration phases in the
HHO method
Making two equal subpopulations from a complete one
and training both the subpopulation parallelly using
HHO and differential evolution
Mutation is used by HHO to clip the escape energy

OBL generates a solution for HHO through adversarial
learning approach

The EOBL stacks upon OBL by selecting the fittest
individual that would direct the population towards
global minimum
The bitwise operations help HHO to improve the feature
selection process, whereas the simulated annealing helps
HHO to find the global minimum
Simulated annealing to improve HHO and the chaotic
maps are used instead of random variables to achieve
global optimum

To improve the extreme learning machine
parameter selection
To optimize kernel extreme learning machines for
the prediction of entrepreneurial intention

For data clustering

To perform segmentation on satellite and oil
pollution images

Multilevel image segmentation

Multilevel image segmentation
To select the informative features from the feature
space in conjunction with support vector
regression

To select informative features from the feature
space

Optimal feature selection

To select most informative features to train using
K-nearest neighbor for classification task
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TaBLE 2: Continued.

Ref Varijant Methodology Objective
HHO is improved by adding Salp swarm optimization,
[13]  Salp swarm HHO  which adjusts the populations and uses greedy selection To select the informative features
to update the agent
Hvbrid differential Nonlinear control formula balances the exploitationand ~ To optimize phase space reconstructions and
[29] eyvolu tion HHO the exploration of HHO throughout the convergence kernel extreme learning machine parameters for
process wind speed forecasting
o Periodic mutations are added for enhancing swarm  To optimize SVM parameters for roll bearing fault
(30} Vibrational HHO diversity in basic HHO method diagnosis
HHO algorithm is boosted by integrating it with the . . .
L2 . To estimate the parameters efficiently for a single
[31] Boosted HHO exploratory phase of flower pollination algorithm and diode PV model
mutation step of differential evolution
Horlzontal and Crlﬁscross optimizer and the Nelder—Mead 31mPl.e).< Simulating an efficient PV system and extracting
[32] vertical crossover of algorithm are used to improve the searching capabilities the unknown parameters
HHO of individuals for achieving faster convergence rate p
TaBLE 3: A summary of HHO variants (continued).
Ref Variant Methodology Objective
Mutation-based GWO is used to update the bottom To optimize the parameters of phase space
[33] Hybrid GWO-HHO  layer in the population, and HHO is used to find  reconstruction and kernel-based extreme ML
global optimal solution in the upper layer algorithms to predict the wind speeds accurately
;l;i)eleeprozl? L}iei:izle(gizoifgﬁ Stl?iofrfbsieil;::; To relieve the PV systems from the issue of
[34] Modified HHO i z:y Ogs ition of the gr v once the hawlg s mismatch power loss problems resulting due to the
8738 P de duIZ tez phenomenon of partial shading
. HHO is enhanced with ten chaotic functions to To accurately estlfnate the. proton exchange
[35] Chaotic HHO . . . . membrane fuel cell’s operating parameters that
avoid local optima trapping of conventional HHO L . ) -
mimic and simulate its electrical performance
To find the location of distribution generation
Instead of random location, the rabbit location is .op_tlrgally in a radial dl.str%butlon system to
[36] Improved HHO used to find the optimal position minimize the voltage deviation and total active
P P power loss and also to increase the voltage stability
index under several operational constraints
OBL is used in HHO to do a comprehensive search.
Diversification enhanced The OB L is used to select < ach agent's opposite To identify the optimal agents and unknown
[14] position to select the optimal agent from the
HHO (EHHO) . . . . parameters of modules of PV model
available pool, and its opposite agent will be treated
as the next-generation agent in HHO
The ensemble of GOA-ANN and HHO-ANN is To optimize the artificial neural network for
[37] Hybrid of HHO and GOA performed, and then, optimal of these two is found P redicting SCC dataset
by a process known as sensitivity analysis b &
SA is used to optimize HHO and improve its global ~ To optimize the design parameters of highwa
(38] HHOSA p p g p gn p ghway
convergence guardrail systems
The reliability index is formulated in the HHO-
FORM model for a constrained optimization
problem. Later, the exterior penalty methodology is S T -
[39] HHO-FORM used to handle the constraints. HHO determines To redt_lce the high dlmenspnalllty n d esigning e}nd
the optimal reliability index to improve the analyzing risks of structuring in civil engineering
convergence through the strategy of Levy Flight
and population-based mechanism
HHO-minimum cross-  MCET is used as a fitness function in HHO for . .
[40] entropy (MCE)-MCET- determining optimal thresholds to segment an To find the optl@al conﬁgurat19n of thresholds for
HHO image image processing
WOA is integrated with HHO to improve the
[41] Hybrid WHHO convergence rate of HHO in obtaining global To classify brain tumor using MRI images

optimum
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TaBLE 4: A summary of HHO variants (continued).
Ref Variant Methodology Objective
The HHO is updated by making the Harris Hawk
Differential evolutionary adaptive to decide v.vhen ithas to move toa random To improve the exploration ability of HHO for
[42] adaptive HHO tall tree or when it has to do perching. Also, to multilevel image thresholdin
P improve the exploration ability of HHO, the authors 8 &
have used the differential evolutionary concept
To overcome the HHO’s property of stagnating in
local optima and prevent immature convergence
during exploitation and exploration. The initial
solutions generated are divided into two halves in To address the elobal optimization problem and
[43] Hybrid HHO-SSA which HHO’s exploratory and exploitation are find thego timalp threshold VI; lues
applied to the first half, and SSA’s searching stages p
are utilized to update solutions in the other half.
Hence, HHO-SSA chooses the best solution among
the two
The exploitation phase of the HHO is enhanced by
Hybrid m.ulti—popu!ation chfaos. The multi—Pf)pulation strategy is used to To optimize de-noising in satellite images in
[44] differential evolution- improve the ability of global search. Later, let domai
HHO differential evolution is used to improve the quality wavelet domamn
of the solution from the previous stage
Kapur’s entropy and Otsu’s method are used as
fitness functions to find the threshold values of
HHO and differential se.gmentatior}. The proposed model diviqes the To extract _optimal featu_res from image.s for
[23] evolution (DE) entire population into two equal parts assigned to segmentation of color images, the optimal
DE and HHO algorithms. During the iterative threshold values of segmentation are found
process, both HHO and DE will update each
subpopulation position simultaneously
HHO is integrated with a novel dynamic control
parameter strategy to avoid the HHO being trapped
in the local optimum. A disturbance term is added
[22] Dynamic HHO with  to update .the forrgulation of the esFaping energy To segment the satellite images
mutation formulation. Cosine and sine are integrated to
control when the disturbance peak appears. To
increase the randomness of the HHO, a Gaussian
distribution is adopted
To strengthen the HHOs being trapped in local
solutions, inaccuracy, inadequate search coverage, T imize th . i b
Hybrid cuckoo search- and slow convergence, cuckoo search’s property of 0 optimize the parameters in cantilever beam
[45] HHO dimension decision strate 4 Gaussi design problem, welded beam design problem, and
. . .gy’ an aussmp tension/compression spring design problem
mutation are integrated with the HHO during P pring snp
exploration and exploitation phases
. SSA is employed to enhance the performance of To enhance the performance of HHO by acting as a
[46] Hybrid HHO-SSA HHO bP))r a)éting as a local searEh for HHO lc})cal search for HHO ' ¢
To predict the values of several parameters such as
HHO is applied to the first half of the population, hydrocarbon, brake thermal efficiency, carbon
and WOA is applied to the second half. Hence by monoxide, and carbon dioxide based on the data
[47]  Hybrid HHO-WOA  integrating WOA with HHO, the exploitation and gathered from the experimental setup of the dual-

exploration phases of HHO are enhanced to select
the optimal parameters

fuel engine by varying injection timings, blends of
rice bran biodiesel, engine operating load, and air-
fuel ratio

developing the fuzzy HHO (FHHO), the parameters q and E
have been fuzzified by the researchers and were introduced
n [51]. To achieve this, the Mamdani FIS model is used in
this study. In many cases, we find the inputs in the crisp form
only. However, the beauty of fuzzy logic is the way it turns
common sense, and linguistic descriptions, into a computer-
controlled system. Hence, the crisp inputs are transformed
into fuzzy forms and then transformed into fuzzy form at the
first stage of FIS.

Figure 6(a) shows a system of fuzzy sets for an input with
trapezoidal and triangular membership functions. Each
fuzzy set spans a region of input (or output) values graphed
against membership. Any particular input is interpreted
from this fuzzy set, and a degree of membership is obtained.
The membership functions should overlap, to allow smooth
mapping of the system. The process of fuzzification allows
the system inputs and outputs to be expressed in linguistic
terms to allow rules to be applied in a simple manner to
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FiGgure 6: Input of the FHHO fuzzy inference system. (a) DF and (b) NU.

express a complex system. In Figure 6(a), the fuzzy variable
DF can take four linguistic values, e.g., small, medium, big,
and very big. The linguistic values small and very big are
represented by trapezoidal-shaped membership functions,
whereas the linguistic values medium and big are repre-
sented by triangular-shaped membership functions. The
inputs provided to Mamdani FIS to generate these two
parameters q and E are the input variables df and NU, where
df represents the quality of the best solution at the end of a
searching iteration and NU represents the number of iter-
ations with the unchanged best solution.

df = CP(t) - CP. (14)

The coverage percentage of the observed area determines
the quality of the solution. So, we have the coverage per-
centage at the iteration number ¢, which is denoted by CP(¢),
and the arithmetic mean of the obtained covered percentages
is represented by CP. NU is also normalized to NU and is
given by the following expression:

NU - NU™»

_— (15)
NUmax _ NUmm

NU =

where NU™> and NU™" are the maximum and minimum
values of NU, respectively. The inputs df and NU are fuz-
zified using the fuzzification process. df and NU are fuzzy
variables, with each one taking the values from the domain
of fuzzy granules medium, big, very big, and small (Figure 6).

Together, these two variables can take 16 values, and ac-
cordingly, 16 rules are framed. The antecedents contain these
16 values, and the consequent provides 16 pairs of values for
the fuzzy variables energy and g. Energy takes 8 values (here
P denotes positive and N denotes negative) leading to NVB,
NB, NM, NS, PS, PM, PB, and PVB and g takes values small,
medium, big, and very big. There were 16 fuzzy rules in the
rule base; e.g., DF is medium and NU is small and then
energy is PM and g is medium.

3D sensors were reallocated in FHHO to supervise
cardiomyopathy. The candidate solutions of the n-hawks in
the vector form of candidates are {x,, y,,, z,,} in the observed
area. So, the dimension of the hawks will be three times the
number of sensors required.

Two validation experiments were conducted to evaluate
the performance of the FHHO algorithm with different
scenarios. Three different scenarios were formulated, and the
performance was compared with several other Al algorithms
with an iteration of 150 and the number of search agents
being 10. It has been observed that FHHO reaches the best
coverage value. This is concerning 30 runs. In another ex-
periment, another constraint is added so that the search
space reduces in size leading to difficulty in obtaining the
best solution. In this case, the number of iterations is fixed at
200. Keeping with the additional constraint, the coverage
rate of FHHO was found to be higher. Here also several cases
are considered. Wilcoxon signed-rank statistical analysis
[52] shows that in comparison with other algorithms, FHHO
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has a higher coverage percentage. Also, violations of con-
straint for FHHO are significantly small as the tie’s values are
minimal.

3.2. Proposed Variants of HHO

3.2.1. Intuitionistic Fuzzy HHO Algorithm. Exact mem-
bership functions are used in FIS. In the systems where
insufficient information about imprecise concepts is pro-
vided, FIS may not be useful. Intuitionistic fuzzy sets (IFSs)
provide additional information about imprecise concepts. In
the case of fuzzy sets, the membership functions and
nonmembership functions are one’s complement of each
other. Nevertheless, by relaxing this constraint, such as their
sum lies in [0, 1], we get the IFS, which has an additional
parameter called the hesitation. IFIS has been proposed in
many ways. However, they have the problem of overfitting
and being unable to deal with complex systems, So, an IFIS
that comes over these difficulties has been proposed in [53]
by generating the if-then rules through the fuzzy association
mining algorithm. They have used the Takagi-Sugeno type of
FIS. In fact, the two types of FISs differ in their ways of
generating the outputs. The different formulation of outputs
leads to different if . . . then rule formulation. The if . . . then
rules are automatically extracted from the input data, and
logical connectives AND, OR, and NOT are used in these
rules in framing implications and aggregations of these rules.
The number of if . . . then rules can also be optimized. In the
Takagi-Sugeno, FIS has higher computational effectiveness
as defuzzification is not required.

Let U be a non-empty set. Then, an IFS A over U is
defined as the set of tuples {(x, y, (x), v, (x))|x € U}.

Where py,v4: U — [0,1] such that 0<py, (x)+
va(x)<1,Vx eU. Here, my(x)=1—-pyu(x)—vy(x) is
called the hesitation margin. An IFS A is a fuzzy set if and
onlyif m, (x) = 0, Vx € U. The m4 (x) is called the IF indices.
Larger 7, (x) values lead to a higher hesitation margin by the
decision-maker. Best (or worst) final results are determined
by these indices, which are finally in an optimal decision.
With the above notations, if y" is the output of an IF system
then with y* and y” being the outputs of the two FISs F# and
F” of the membership and nonmembership functions, we
have the relation as follows:

Y= (1 =7y ()P + 7, (x)y" (16)

This is the fundamental equation in designing the
Takagi-Sugeno type IFIS.

3.2.2. First Version of IFIS. Two FISs FIS¥ and FIS" are
formed using the membership function y, and the non-
membership function v,. This is called IFIS with compo-
sition defuzzification [53, 54]. Here, x;, x,, . .. x,,, are input
variables and one output variable y.

3.3. IFHHO Algorithm (Proposed). We may note that the
efficiency of the IFIS over the FIS is established in [55] by
taking the real-life application of genetic tuning for
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predicting financial performance, plant monitoring in [56],
and air quality modeling in [57].

4. Applications of HHO

This section discusses various ways in which HHO can be
used in ML and engineering applications. Also, the recent
state of the art on applications of HHO and its variants in
several applications is discussed. The summary of these
applications is pictorially summarized in Figure 7.

4.1. Machine Learning Applications. Lefebvre et al. [17]
observed the feeding behaviors of different species based on
the avian “IQ.” In [17, 58, 59], he listed hawks as one of the
most intelligent birds. The Parabuteo unicinctus (Harris
Hawk) belongs to the same hawk species listed in the in-
telligent bird category. The Harris Hawk is mainly found in
Arizona, USA [60]. The Harris Hawk follows the “surprise
pounce” strategy to capture its prey, suggesting that several
hawks from different directions attack cooperatively and
converge simultaneously to the detected prey (rabbit). The
chasing styles of Harris Hawk may adapt to the dynamic
nature and prey’s escape pattern. The Harris Hawk can also
perform a switching strategy, suggesting that if the leader
(best hawk) loses its way to the prey while performing a
quick dive, a member of the same hawk fleet will continue
the chase. This tactic is helpful as it confuses the prey and
might exhaust the prey. Inspired by its attack tactics, the
Harris Hawk optimization (HHO) method was proposed
[8]. The HHO follows mainly two stages to hunt its prey, i.e.,
exploration and exploitation. The exploration phase is re-
lated to discovering its prey, and the exploitation is to decide
whether hard or soft besiege should be applied. The hard
besiege is applied when the prey is fatigued, and the hawk
can perform surprise pounce, while the soft besiege is used
when the prey possesses adequate energy to escape. The
transition stage models the energy of its prey. We consol-
idate a brief review of existing works using the HHO
method.

4.2. Harris Hawk Optimization for Artificial Neural Networks.
HHO method is categorized as one of the metaheuristic
approaches, which are extensively used to optimize the
hyperparameters of ML algorithms such as artificial neural
networks (ANNs), support vector machines (SVMs), and so
forth [61, 62]. Some of the works summarizing the use of
HHO for ANN parameter optimization are elaborated.
Sammen et al. [63] proposed the use of HHO for optimizing
the weights in ANN. The method was applied to predict the
scour depth for ski jumping. They mainly computed the
energy parameter and jumped strength for HHO and weight
optimization for ANN. Their analysis showed that the
weights optimized through HHO vyield the lowest mean
absolute percentage error, mean absolute error, and root-
mean-square error compared with ANN without meta-
heuristic, genetic algorithms, and particle swarm optimi-
zation. Furthermore, they also showed that HHO achieves
the best correlation coefficient and Willmott index values for
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FIGURE 7: Applications of HHO.

scour depth prediction compared with the techniques
mentioned above. Similarly, Essa et al. [64] used HHO to
optimize ANN weights for the prediction of active and solar
stills. Their experimental results revealed that HHO-opti-
mized ANN can provide 53.21% increased productivity
concerning active still in comparison with traditional ANN
and SVM classifiers. The same conclusion was drawn by
Moayedi et al. [37] when using HHO-optimized ANN for
soil conditions. They concluded that the HHO-optimized
ANN can decrease the mean absolute error by 11.32% and
4.12% for seen and unseen soil conditions compared with
traditional ANNs. Moayedi et al. in [29, 65, 66] explored the
use of HHO with ANN for predicting landslide vulnerability,
bearing ability over soil footing, and slope stability, re-
spectively. The results revealed that the HHO improves the
predictive performance in both studies compared with the
conventional ANN method. Wei et al. [20] improved the
HHO’s performance using the Gaussian barebone strategy
to optimize kernel extreme learning machines for the pre-
diction of entrepreneurial intention. The Gaussian barebone
allows the population to opt for the directions, which leads
to faster convergence. Their results showed better and
promising results in terms of specificity, sensitivity, accu-
racy, and Matthews correlation coefficient.

4.3. Clustering and Segmentation. There are a few studies
that specifically use the HHO method for the clustering and
segmentation process.

Pham et al. [67] proposed the use of HHO for joint
power allocation and UAV placement problems. Their study
used HHO in conjunction with an efficient user clustering
strategy to allocate the power resources for UAV-assisted
systems. The comparison was carried out with orthogonal
multiple access, non-orthogonal multiple access with visible

light communication, non-orthogonal multiple access
without pairing, and random user clustering. Experimental
results show that the HHO-based clustering outperforms the
techniques mentioned earlier for power allocation and UAV
placement problems.

Singh [21] used the HHO with chaotic sequences for the
application of data clustering. The clustering performance
was compared with various ML algorithms on 12 benchmark
datasets. It was revealed that the HHO performs better on
the majority of the benchmark datasets in terms of statistical
tests and performance analysis. Jia et al. [22] employed
mutation operator and dynamic control strategy to balance
the exploitation and exploration phases in the HHO method.
The modified HHO was used to perform segmentation on
satellite and oil pollution images. The results were compared
with several thresholding methods in terms of Otsu be-
tween-class variance, Tsallis entropy, and Kapur’s entropy.
The results revealed that the HHO-based approach out-
performs the thresholding techniques for the specified
segmentation task.

Rodriguez-Esparza et al. [68] used the minimum cross-
entropy function to optimize HHO for multilevel image
segmentation task. The performance of HHO-based method
was compared with fuzzy IterAg and K-means clustering. It
was shown that the HHO performed better on the said
segmentation task in terms of peak signal-to-noise ratio,
feature similarity, and structure similarity. Bao et al. [23]
proposed the hybridization of the HHO method by making
two equal subpopulations from a complete one and train
both the subpopulation using HHO and differential evo-
lution, accordingly. The hybridized HHO was then used to
perform multilevel image segmentation on 10 benchmark
datasets. Compared with super-pixel segmentation ap-
proaches, the results revealed that hybridized HHO per-
forms better in terms of feature similarity and structure
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similarity, respectively. Wunnava et al. [24] proposed an
adaptive HHO method by clipping the range and con-
straining the escape energy. Furthermore, they allowed the
method to decide whether to opt for average fitness value
and approach a tall tree or roost and other hawks in the
family. The adaptive HHO was used for multilevel image
segmentation on the Berkeley segmentation dataset and was
compared with well-known segmentation methods. Ex-
perimental results showed that the adaptive HHO achieved
state-of-the-art segmentation performance.

4.4. Feature Selection. HHO has been used extensively for
the feature selection process to optimize the parameters for
classification methods [69, 70]. Ismael et al. [25] proposed to
improve the HHO method by employing an opposition-
based learning approach (OBL). The OBL generates a so-
lution for meta-heuristic algorithms through an adversarial
learning approach. The OBL-HHO was applied to select the
informative features from the feature space in conjunction
with support vector regression. Their experimental results
proved that OBL-HHO achieved better results in compar-
ison with cross-validation and grid search methods.

Sihwail et al. [26] proposed an improved HHO using
elite opposition-based learning (EOBL). The EOBL stacks
upon OBL by selecting the fittest individual that would direct
the population towards global minimum. The improved
HHO was used to select informative features from the
feature space and was compared to well-known optimizers
such as slime mould, butterfly optimization, whale opti-
mization, ant lion optimization, and grasshopper optimi-
zation. Experimental results revealed that the improved
HHO performed better in terms of fitness value, accuracy,
and feature selection compared with the techniques men-
tioned earlier.

Abdel-Basset et al. [27] modified the HHO method using
simulated annealing and bitwise operations and termed it as
HHOBSA. The bitwise operations help HHO improve the
feature selection process, whereas the simulated annealing
helps HHO find the global minimum. It was revealed in their
experimental results that HHOBSA performed better on 19
artificial and 24 standard datasets in comparison with the
classical HHO.

Elgamal et al. [28] also used simulated annealing to
improve HHO. In addition, they also introduced chaotic
maps instead of random variables to achieve global opti-
mum. The chaotic HHO was used for selecting the most
informative features to train using K-nearest neighbor for
the classification task. The results reveal that the chaotic
HHO achieved the best accuracy against several optimiza-
tion algorithms.

Zhang et al. [13] improved the HHO algorithm by
adding the Salp swarm optimization, which adjusts the
populations and uses greedy selection to update the agent.
The Salp swarm optimization is also used to maintain a
balance between the exploitation and exploration phases.
The improved HHO is applied in a binary tree strategy to
select the informative features. Their proposed method was
used in conjunction with K-nearest neighbor and is
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compared with classical swarm-based approaches. Experi-
mental results show that their improved HHO performs
better on the optimization functions and classification tasks.
Thaher and Arman [71] also used binary tree-like structure
with HHO to select the informative features. They trained
the selected features with three classification algorithms:
linear discriminant analysis, decision trees, and K-nearest
neighbor on SFP classification datasets. Their results show
that the selected features from HHO, when trained with
linear discriminant analysis, achieved the best accuracy.
Houssein et al. [72] proposed the use of HHO to find the
chemical compound activities and descriptor selection fol-
lowed by the training using SVM and K-nearest neighbor,
accordingly. The experiments were carried out to compare
the HHO-SVM and HHO-K-nearest neighbor-based
methods with the classical optimization algorithms on
QSAR biodegradation and monoamine oxidase datasets. The
HHO-SVM provides superior results on both datasets in
comparison with all other algorithms.

4.5. Support Vector Machines and Support Vector Regression.
Like the studies with ANN, the HHO method has been used
to perform parameter optimization of SVM and support
vector regression techniques. For example, Tikhamarine
et al. [65] presented a rainfall-runoff prediction technique
using least-squares SVM, ANN, and multiple linear re-
gression optimized through the HHO method. Their study
performed a detailed comparative analysis and concluded
that the least-squares SVM optimized through HHO ach-
ieves the best precision values compared with the other
classification algorithms. Fu et al. [29] suggested that the
control formula in HHO is linear, suggesting that the op-
timization at the start of the process focuses more on ex-
ploration, whereas the focus diverts to the exploitation at a
later stage. They proposed an improved hybrid differential
evolution HHO by proposing nonlinear control formula that
balances the exploitation and the exploration throughout the
convergence process. They used the improved version of
HHO to optimize phase space reconstruction and kernel
extreme learning machine parameters for wind speed
forecasting and showed that the improved version achieves
better results than the HHO optimized classifiers.

Malik et al. [66] performed a comparative analysis for
water stream flow prediction by employing support vector
regression optimized through multiple metaheuristic ap-
proaches that include Bayesian optimization, particle swarm
optimization, HHO, spotted hyena optimizer, multi-verse
optimizer, and ant lion optimization. The methods were
evaluated in terms of the Willmott index, correlation co-
efficient, scatter index, and root-mean-square error. They
concluded that the support vector regression optimized
through HHO yields the best results among all optimization
techniques. Shao et al. [30] added periodic mutations for
enhancing swarm diversity in the basic HHO method and
termed it as vibrational HHO. They used the vibrational
HHO to optimize SVM parameters for roll-bearing fault
diagnosis. The vibrational HHO outperformed 23 bench-
mark functions with a faster convergence rate.
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Furthermore, the HHO method has been used for
various other tasks such as structural design optimization of
vehicle components [73], manufacturing optimization
problems [74], polluted distribution [75], heat sink design
for micro-channel [76], photovoltaic cell optimization [14],
and many more.

4.6. Engineering Applications, Electrical Engineering and
Renewable Energy. Due to the numerous installations of
photovoltaic (PV) power plants, the accurate modeling of
PV modules is the need of the hour. Qais [77] proposed a
three-diode photovoltaic (TDPV) model for the accurate
modeling of photovoltaic losses. The authors have employed
the HHO algorithm to extract the unknown parameters of
the TTDV model. The authors have utilized datasheet values
of PV modules that the industrialists provide to identify 4 of
9 unknown parameters of the TDPV model, and the HHO
algorithm is employed to extract the remaining five pa-
rameters. The experimental results proved that the proposed
HHO-based TDPV model performed better than the
existing models. In a similar work, Hussein [31] presented a
boosted HHO algorithm to estimate the parameters effi-
ciently for a single-diode PV model. The proposed boosted
HHO algorithm enhances the HHO algorithm by inte-
grating it with the exploratory phase of the flower pollination
algorithm and mutation step of differential evolution. Chen
[14] proposed the HHO-based model for the estimation of
solar cell models for single diode, double diode, and PV
modules. The proposed HHO-based model is based on
opposition-based exploratory strategy and chaotic drifts to
identify the optimal agents and unknown PV model
parameters.

Mansoor et al. [78] proposed an MMPT controller based
on HHO to track the power effectively in solar-powered PV
systems in all the weather conditions. The HHO algorithm is
proven to achieve faster convergence and track maximum
power point. Proton exchange membrane fuel cell (PEMFC)
is one of the most importantly environmentally friendly
energy sources. Mossa et al. [79] have used a hybrid of atom
search optimization and HHO to extract the PEMFC’s
unknown parameters. The proposed hybrid algorithm is
tested on 3 different PEMFC stacks, 250W stack, 500W SR-
12 PEM stack, and BCS 500-W PEM stack, respectively, in
several operating conditions. In a similar work, Menesy et al.
[35] applied a chaotic HHO algorithm to accurately estimate
the proton exchange membrane fuel cell’s operating pa-
rameters that can mimic and simulate its electrical perfor-
mance. The authors have used an enhanced HHO with 10
chaotic functions to avoid local optima trapping of con-
ventional HHO.

Liu et al. [32] proposed an improved HHO for simu-
lating an efficient PV system and to extract the unknown
parameters. To prevent the HHO from falling into local
optima, the authors have used a crisscross optimizer and
Nelder-Mead simplex algorithm to improve individuals’
searching capabilities for achieving a faster convergence rate.
In a similar work, Yousri et al. [34] have proposed a modified
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HHO to relieve the PV systems from the issue of mismatch
power loss problems resulting due to the phenomenon of
partial shading. The modified HHO provides the optimal
reconfiguration pattern for the switching matrix for maxi-
mizing the power generated from the array.

The safe operation and rational dispatching of a power
system depend on the accurate prediction of wind speed. Fu
et al. [33] have employed a hybrid of HHO and GWO for
optimizing the parameters of phase space reconstruction
and kernel-based extreme learning machine algorithms to
predict the wind speeds accurately. The end users can
communicate with the operators of the grid through a de-
mand-side management program. This program can help
the customers to take the assistance of grid operators to
reduce the power consumption of the utilities during peak
hours by smartly managing the load. Mouassa et al. [80]
employed HHO to schedule energy in smart homes. Abdel
Aleem et al. [75] have employed HHO to reduce the har-
monic overloading levels of components based on the fre-
quency with optimal planning of C-type harmonic filter,
which is resonance free in a non-sinusoidal distribution
system. Selim et al. [36] have employed HHO and multi-
objective HHO to find the location of distribution genera-
tion optimally in a radial distribution system to minimize the
voltage deviation and total active power loss and also to
increase the voltage stability index under several operational
constraints.

4.7. Civil Engineering. Many researchers have used the HHO
algorithm to solve some of the critical research problems in
the civil engineering (CE) domain, such as predicting the
stability of the soil slopes accurately, optimizing structural
design problems, air pollutant forecasting, and predicting
the blast-induced ground vibration. The rest of this sub-
section presents recent research works that solved several CE
problems.

One of the essential parameters to estimate the settle-
ment of soil layers in CE applications is soil compression
coeflicient (SCC). Moayedi et al. [37] have proposed a hybrid
of HHO and grasshopper optimization algorithm (GOA) to
optimize the artificial neural network (ANN) for predicting
SCC. The authors have used the ensemble of GOA and HHO
to tune and find the optimal parameters of the ANN. The
dataset is then trained and tested by the proposed model to
predict SSC. To further improve the ANN-GOA prediction
model, the authors have proposed a hybrid GOA-HHO
algorithm for the prediction of SSC. Another challenging
issue in CE is predicting the stability of the soil slopes (SSs).
Moayedi et al. [81] proposed the HHO-based convolutional
multilayer perceptron model to predict safety factor in
constructions with rigid foundations based on SS condi-
tioning factors. The HHO algorithm is used in this work to
adjust the computational weights of the SS abovementioned
factors.

Guardrail systems are designed to absorb the energy
generated by vehicles driven on the roads to increase the
safety of motorways. Enes Kurtulus et al. [38] proposed a
hybrid HHO-simulated annealing (HHOSA) for optimizing
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real-world structural design problems. The HHOSA algo-
rithm is used in this work to optimize the design parameters
of highway guardrail systems.

Due to the increase in industrialization and motor ve-
hicles, air pollution is increasing daily in several parts of the
globe rapidly. Air pollution is affecting the environment
badly and endangering all kinds of species. Global warming
is also the result of an increase in air pollution. Even though
several researchers have conducted several studies, they had
significant deficiencies such as insufficient initial parameters
and neglecting the significance of predictive stability, which
affected the performance of air pollution forecast models.
Du etal. [19] proposed the HHO-based extreme learning ML
model to overcome the deficiencies of existing models.

Blasting and drilling are the conventional methods for
fragmentation of the rock mass in mines as they are efficient
and cheap. However, the vibration generated by the blasts
can damage the surrounding structures and rock. To control
the damage induced by blasting, an efficient prediction
model must be designed for controlled blasting in mines. Yu
et al. [82] have proposed the HHO-based random forest
algorithm to predict the vibration induced by the blast. HHO
is used for tuning the parameters of the random forest al-
gorithm. To increase the samples by randomly changing the
values of the attributes, the authors have used the Monte
Carlo simulation method.

A spillway, which is a structure that regulates discharge
flowing from massive hydraulic structures such as dams, plays a
pivotal role in the safety of the dams. A spillway also dissipates
the extra energy of water with the help of still basins. However,
the high flow velocity on the spillway may lead to a serious
problem known as bed scouring, resulting in spillway failure and
soil erosion. Sammen et al. [63] have proposed a hybrid ANN-
HHO model to predict the ski jump spillway’s scour depth
downstream. The HHO algorithm is used in this work to tune
the parameters of the ANN. In a similar work, Khalifeh et al. [83]
have proposed a model based on HHO to optimize the water
distribution network in Homashahr, Iran, from September 30,
2018, to October 30, 2019. In this article, the researchers have
integrated HHO with EPANETE 2, a water distribution network
analyzing software. The EPANET 2 software analyzes the ve-
locity of flow for every pipe and the pressure of every node. The
diameter of the pipes is the main optimization parameter used in
this work. The main objective is to design optimal water dis-
tribution systems. The HHO algorithm is used in this work to
choose the optimal parameters.

The effects of several uncertainties, such as load, di-
mension, and material properties, are to be considered in the
design and analyzing the risk of structures in CE. Prediction
of failure probability in reliability problems with high di-
mensions is a significant research problem. The first-order
reliability method (FORM) is a popular method used in CE
for reliability analysis. However, FORM suffers from di-
vergence or convergence issues when dealing with high
dimensions with nonlinear limit state function. To address
the issue of high dimensionality, Zhong et al. [39] presented
an improved FORM based on the HHO algorithm. The
HHO algorithm is used to choose optimal algorithmic pa-
rameters for FORM.
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4.8. Image Processing. Several nature-inspired computing
algorithms including HHO have been efliciently used by
researchers in solving many problems in image processing,
such as digital mammogram segmentation, image thresh-
olding, and removing the noise from the images [84-86].
The recent state-of-the-art works by researchers on appli-
cations of HHO in image processing are discussed in the
remainder of this subsection. One of the crucial phases in
image processing is segmentation, as it simplifies image
representation through which it facilitates the analysis.
Rodriguez-Esparza et al. [40] have proposed a HHO-based
methodology for multilevel segmentation of images. Mini-
mum cross-entropy thresholding (MCET) is used as a fitness
function for HHO in this work. To find the optimal con-
figuration of thresholds for image processing, the HHO
algorithm is used in this work.

One of the drawbacks of the traditional HHO algorithm
is its limited exploration ability, as it gets completely
exhausted when the escape energy is zero. Wunnava et al.
[42] have proposed a novel differential evolutionary adaptive
HHO (DEAHHO) to address the issue mentioned above.
The authors have modified the exploration phase of HHO
within the range of [2,0] to limit the escape energy. The
authors have also updated the HHO by making the Harris
Hawk adaptive to decide when it has to move to a random
tall tree or when it has to do perching. Also, to improve the
exploration ability of HHO, the authors have used the
differential evolutionary concept. Multilevel image thresh-
olding methods based on 1-D histograms have been using
Masi entropic function recently. However, the problem with
the current approaches is the missing of contextual infor-
mation in the 1D formulation. To address this issue, a novel
2D practical Masi entropy function is proposed by the
authors. DEAHHO has been applied in the proposed 2D
practical Masi entropy-based multilevel image thresholding
while segmenting the images. To validate the DEAHHO
method, the authors have considered 23 popularly used
benchmark test functions. For experimentation purposes,
500 images are obtained from the renowned Berkeley seg-
mentation dataset. PSNR, FSI, and SSI metrics are used to
evaluate the performance of the proposed method. The
proposed method yielded better results when compared to
other state-of-the-art algorithms. In a similar work, Wun-
nava et al. [24] have used the abovementioned updated HHO
along with an improved 2D grey gradient method to pre-
serve the edge information of images with high magnitude.
The same dataset used by [42] is used in this work to evaluate
the proposed method. Designing an efficient automatic brain
tumor classification model is the need of the hour as the
precision of existing classification models is not satisfactory.
Rammurthy and Mahesh [41] proposed a hybrid WOA-
HHO (WHHO)-based deep CNN model [87] for classifying
brain tumor using MRI images. In this work, rough set
theory and cellular automata are used to perform the seg-
mentation of MRI images. The features extracted from the
MRI images are variance, mean, local optical-oriented
pattern, kurtosis, and tumor size. To tune the parameters of
the deep CNN model, the WHHO optimization algorithm is
used. The datasets used to train the proposed model are
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simulated BRATS dataset (dataset 3) and BRATS dataset
(dataset 4). The metrics used to evaluate the proposed model
are accuracy, specificity, and sensitivity.

HHO algorithm may be struck due to local optima
problem and may suffer immature convergence during the
exploitation and exploration phases. To address these issues
in HHO, Abd Elaziz et al. have proposed [43] a hybrid HHO-
SSA optimization algorithm for multilevel image segmen-
tation problems. The proposed model addresses the global
optimization problem and also helps in finding optimal
threshold values. In the proposed work, the first initial set of
solutions is generated. Later, these solutions are divided into
two halves. The exploitative and exploratory phases of HHO
will be applied to the first half of the solutions, whereas in the
second half, the searching stages of SSA will be applied.
Later, the optimum solutions from these halves are chosen to
continue the rest of the iterative process. 11 natural gray-
scale images and IEEE CEC 2005 benchmark functions are
used to perform experiments. The measures used to evaluate
the proposed method are average fitness value, worst fitness
value, best fitness value, and the standard deviation. The
experimentation results proved that the hybrid HHO-SSA
performs better than the individual algorithms and several
other popular algorithms. Removal of noise from images is
essential during image processing as the further procedure is
not possible with noisy images. Researchers have recently
attempted to improve the quantitative and qualitative results
by removing the noise from the images. However, the at-
tempts from researchers could not preserve the image
quality after the application of de-noising methods. Golilarz
et al. [88] used the HHO algorithm for optimal image de-
noising to tune the parameters of the thresholding functions.
In this work, HHO is used to obtain the best-thresholded
values for wavelet coeflicients before applying the inverse
wavelet transforms in the first stage. In the next stage, the
authors have presented an improved adaptive generalized
Gaussian distribution threshold algorithm that is a data-
driven function that has an adaptive threshold value. The
proposed function can fit all kinds of images without the
usage of a shape tuning parameter. The authors have used six
satellite images for experimentation. The results proved that
the proposed model achieved better accuracy and less time
to process the data when compared to traditional models. In
a similar work, Golilarz et al. [44] proposed a hybrid multi-
population differential evolution-HHO (CMDHHO) algo-
rithm for optimizing de-noising in satellite images in the
wavelet domain. The experimental results have proved that
the proposed CMDHHO algorithm yielded better quanti-
tative and qualitative results when compared to several other
optimization algorithms and thresholding neural network
approaches. CMDHHO also improved the processing time
and also proved to be computationally efficient. PSNR and
mean SSI are the attributes used to evaluate the performance
of the de-noising algorithms considered in this work.

Implementation of multilevel thresholding for color
images is time-consuming and complex as the information
that has to be processed is high, and also, the number of
thresholds is more for color images. Bao et al. [23] have
proposed a hybrid algorithm based on HHO for image
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segmentation of color images. The proposed hybrid model is
a combination of HHO and differential evolution (DE). This
hybrid algorithm, HHO-DE, extracts optimal features from
images for the segmentation of color images. Kapur’s en-
tropy and Otsu’s method are used as fitness functions to find
the threshold values of segmentation. The proposed model
divides the entire population into two equal parts assigned to
DE and HHO algorithms. During the iterative process, both
HHO and DE will update each subpopulation’s position
simultaneously. The proposed model is implemented on 10
benchmark images. The proposed model is then compared
with 7 state-of-the-art methods. For evaluating the perfor-
mance of the algorithms, 5 measures, FSI, SSI, PSNR,
standard deviation, and average fitness values, are used in
this work. The comparative analysis proves the superiority of
the proposed HHO-DE algorithm. In a similar work, Jia et al.
[89] proposed the application of the HHO algorithm for
tuning of parameters by pulse coupled neural network
(PCNN) method for the segmentation of medical images.
The proposed HHO-PCCN method reduced the number of
parameters of PCNN without affecting the effect of seg-
mentation. In a similar work, Jia et al. [22] proposed a novel
dynamic HHO algorithm with a mutation mechanism for
segmentation of satellite images. Compared with the tra-
ditional HHO algorithm, the proposed dynamic HHO with a
mutation mechanism can overcome the problem of falling
into local optimum, increasing the searching capacity.
Landslides are one of the most devastating environmental
threats that can cause substantial financial and physical
damage worldwide. Predicting the landslides reliably can
save lives and also reduce damages to property. Bui et al. [90]
have used the HHO-based ANN to analyze landslide sus-
ceptibility in Western Iran. In addition, HHO is used to tune
the parameters of ANN.

4.9. Mechanical Engineering. Essa et al. [64] have proposed
an HHO-ANN model to predict the productivity of active
solar still, which is used to extract fresh drinkable water from
water with a high concentration of salt (briny water). The
HHO algorithm is used in this work to select optimal pa-
rameters of ANN. The experiments were conducted at the
Faculty of Engineering, Kafrelsheikh University, Kafrel-
sheikh. Song et al. [45] have proposed a hybrid cuckoo
search-HHO algorithm to solve three classical mechanical
engineering problems: five-stage cantilever beam design
problem, welded beam design problem, and tension/com-
pression spring design problem. The cuckoo search-based
HHO algorithm is used to optimize the parameters in the
engineering abovementioned problems. The proposed al-
gorithms achieved better results when compared with other
metaheuristic algorithms.

Friction stir welding has proved to be efficient in welding
materials when compared to traditional fusion welding
methods. Shehabeldeen et al. [91] have proposed an adaptive
neuro-fuzzy inference system integrated model integrated
with HHO to predict the mechanical properties of friction
stir welding. The HHO algorithm is used to find the optimal
parameters of the adaptive neuro-fuzzy inference system and
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find optimal conditions of the friction stir welding process.
Micro-channel heat sinks are one of the popular methods to
remove heat and cool the integrated circuits in electronic
devices. Entropy generation is a negative factor for micro-
channel heat sink systems. Abbasi et al. [76] applied HHO
optimization to minimize the entropy generation in micro-
channel heat sinks.

The grinding process is a basic shaping method that is
used to sharpen weapons and piercing cutting. It is used in
the manufacturing of various tools. Providing optimal
surface quality is the aim of the grinding process. The op-
timization of production rate and production cost is crucial
in the grinding process to ensure surface quality. Yildiz et al.
[74] have used HHO, GOA, and multi-verse optimization
algorithm (MVO) to optimize the processing parameters in
grinding operations. Jouhari et al. [46] proposed a hybrid
HHO-SSA algorithm to address scheduling problems in
unrelated parallel machines. In this study, SSA is employed
to enhance the performance of HHO by acting as a local
search for HHO. As a result, the proposed hybrid algorithm
resulted in improved performance and reduced computa-
tional time.

To solve shape optimization problems in manufacturing
industry, Yildiz et al. [74] employed HHO, SSA, GAO, and
dragonfly algorithm. In this work, HHO, SSA, GAO, and
dragonfly algorithms are applied for optimizing the shape of
the vehicle brake pedal. Singh [47] proposed a hybrid HHO-
WOA-based ANN to predict emission properties of a single-
cylinder direct injection diesel engine. The proposed hybrid
HHO-WOA algorithm optimized ANN to predict the values
of several parameters such as hydrocarbon, brake thermal
efficiency, carbon monoxide, and carbon dioxide.

4.10. Wireless Communications and Internet of Things.
Fiber wireless (FiWi) integrates wireless and optical net-
works. It can reduce complexity and cost by combining
wireless and fiber networks, such as mobility of wireless
networks and large bandwidth availability through optical
networks [92, 93]. To place multiple optical units at optimal
locations in FiWi, Singh and Prakash [94] used the HHO
algorithm.

For many applications of wireless sensor networks
(WSNs) such as intrusion detection, road traffic tracking,
and oil and gas explorations, location information of the
sensors is vital so that communication is not disrupted. Bhat
and Venkata [95] proposed an HHO area minimization
algorithm to improve the location accuracy of sensors in
irregular WSN topologies. Area minimization is used in this
work to minimize the search area. In a similar work,
Houssein et al. [96] have used HHO to identify the ideal
location for placing sink nodes in a large-scale WSN. The
authors have used HHO to identify the optimal location for a
sink node in WSN and used Prim’s shortest path algorithm
for reconstructing the WSN by choosing minimum trans-
mission paths. In a similar work, the authors in [97] used
HHO for selecting an optimal cluster head in an IoT-based
network to choose the optimal routing schemes and reduce
energy consumption in the IoT network. The simulation

Computational Intelligence and Neuroscience

results proved the superiority of the proposed approach
when compared with other recent models.

The intelligent reflecting surface is one of the techniques
that can be used to provide cost-effective and green solutions
to enhance the performance of WSN through the smart
configuration of propagation of the signals. For example, Xu
etal. [98] have employed HHO to maximize the power of the
received signal by optimizing the transmit beam forming at
the access point and intelligent reflecting surface’s reflection
coefficient.

5. Conclusions

In this work, we have provided a comprehensive survey on
the fundamentals, variants, and applications of the HHO
optimizer. Based on the existing reviews, we discovered that
HHO is used in various engineering and ML applications
such as clustering, classification, and feature selection. Some
researchers demonstrated that HHO could efficiently solve
critical optimization problems such as pattern recognition,
image classification, and unconstrained optimization. At the
same time, some of them provided sufficient modifications
towards more harmonized exploration and exploitation
trends based on the problem’s nature. Furthermore, some
recent works show that the hybrid variant of HHO has a
faster convergence rate, optimal computational accuracy,
and greater efficiency than existing metaheuristic algo-
rithms. In our research, we discovered that HHO is efficient
in all of the test problems. In the future, the work can be
utilized as a guide over the recent developments on the HHO
to have a better view of the current state of research on this
well-known method. Also, it can be used to categorize
different variants of HHO and categorize which variant is
suitable for which operation, along with their advantages
and disadvantages. This matter can help researchers in
addressing appropriate potential problems.

Data Availability

No data are used in this work.

Conflicts of Interest

The authors declare no conflicts of interest.

Acknowledgments

The authors would like to express their gratitude to Ali
Asghar Heidari from the School of Surveying and Geospatial
Engineering, University of Tehran and School of Comput-
ing, National University of Singapore, for his advice and
guidance.

References

[1] Y. Shi, K. Yang, T. Jiang, J. Zhang, and K. B. Letaief,
“Communication-efficient edge Al: algorithms and systems,”
IEEE Communications Surveys & Tutorials, vol. 22, no. 4,
pp. 2167-2191, 2020.



Computational Intelligence and Neuroscience

[2] Q. V. Pham, D. C. Nguyen, S. Mirjalili et al., “Swarm intel-
ligence for next-generation networks: recent advances and
applications,” Journal of Network and Computer Applications,
vol. 191, Article ID 103141, 2021.

[3] J. Kennedy and R. Eberhart, “Particle swarm optimization,”
International Conference on Neural Networks, vol. 4,
pp. 1942-1948, 1995.

[4] S. Mirjalili, S. M. Mirjalili, and A. Lewis, “Grey wolf opti-
mizer,” Advances in Engineering Software, vol. 69, pp. 46-61,
2014.

[5] W. Banzhaf, P. Nordin, R. E. Keller, and F. D. Francone,
Genetic Programming, Springer, Berlin, Germany, 1998.

[6] D. Simon, “Biogeography-based optimization,” IEEE Trans-
actions on Evolutionary Computation, vol. 12, no. 6,
pp. 702-713, 2008.

[7] X. S. Yang, “Firefly algorithm, stochastic test functions and
design optimisation,” International Journal of Bio-Inspired
Computation, vol. 2, no. 2, pp. 78-84, 2010.

[8] A. A.Heidari, S. Mirjalili, H. Faris, I. Aljarah, M. Mafarja, and
H. Chen, “Harris hawks optimization: algorithm and appli-
cations,” Future Generation Computer Systems, vol. 97,
pp. 849-872, 2019.

[9] Q.-V. Pham, T. Huynh-The, M. Alazab, ]. Zhao, and

W.-J. Hwang, “Sum-rate maximization for UAV-assisted

visible light communications using NOMA: swarm intelli-

gence meets machine learning,” IEEE Internet of Things

Journal, vol. 7, no. 10, pp. 10 375-410 387, 2020.

M. Mafarja, A. Qasem, A. A. Heidari, I. Aljarah, H. Faris, and

S. Mirjalili, “Efficient hybrid nature-inspired binary opti-

mizers for feature selection,” Cognitive Computation, vol. 12,

no. 1, pp. 150-175, 2020.

[11] N. A. Golilarz, A. Addeh, H. Gao et al., “A new automatic
method for control chart patterns recognition based on
ConvNet and Harris Hawks meta heuristic optimization al-
gorithm,” IEEE Access, vol. 7, 2019.

[12] D. H. Wolpert and W. G. Macready, “No free lunch theorems
for optimization,” IEEE Transactions on Evolutionary Com-
putation, vol. 1, no. 1, pp. 67-82, 1997.

[13] Y. Zhang, R. Liu, X. Wang, H. Chen, and C. Li, “Boosted
binary Harris hawks optimizer and feature selection,”
Structure, vol. 25, p. 26, 2020.

[14] H. Chen, S. Jiao, M. Wang, A. A. Heidari, and X. Zhao,
“Parameters identification of photovoltaic cells and modules
using diversification-enriched Harris hawks optimization
with chaotic drifts,” Journal of Cleaner Production, vol. 244,
Article ID 118778, 2020.

[15] U. B. Tayab, A. Zia, F. Yang, J. Lu, and M. Kashif, “Short-term
load forecasting for microgrid energy management system
using hybrid HHO-FNN model with best-basis stationary
wavelet packet transform,” Energy, vol. 203, Article ID
117857, 2020.

[16] H. M. Alabool, D. Alarabiat, L. Abualigah, and A. A. Heidari,
“Harris Hawks Optimization: A Comprehensive Review of
Recent Variants and Applications,” Neural Computing and
Applications, vol. 33, pp. 1-42, 2021.

[17] L. Lefebvre, P. Whittle, E. Lascaris, and A. Finkelstein,
“Feeding innovations and forebrain size in birds,” Animal
Behaviour, vol. 53, no. 3, pp. 549-560, 1997.

[18] K. Dev, P. K. R. Maddikunta, T. R. Gadekallu, S. Bhattacharya,
P. Hegde, and S. Singh, “Energy optimization for green
communication in jot using Harris hawks optimization,”
IEEE Transactions on Green Communications and Network-
ing, vol. 6, 2022.

(10

17

[19] P.Du,]J. Wang, Y. Hao, T. Niu, and W. Yang, “A novel hybrid
model based on multi-objective Harris hawks optimization
algorithm for daily pm2.5 and pm10 forecasting,” Applied Soft
Computing, vol. 96, Article ID 106620, 2020.

[20] Y. Wei, H. Lv, M. Chen et al., “Predicting entrepreneurial
intention of students: an extreme learning machine with
Gaussian barebone harris hawks optimizer,” IEEE Access,
vol. 8, pp. 76 841-876 855, 2020.

[21] T. Singh, “A chaotic sequence-guided Harris hawks optimizer
for data clustering,” Neural Computing & Applications,
vol. 32, no. 23, pp. 17 789-817 803, 2020.

[22] H. Jia, C. Lang, D. Oliva, W. Song, and X. Peng, “Dynamic
Harris hawks optimization with mutation mechanism for
satellite image segmentation,” Remote Sensing, vol. 11, no. 12,
p. 1421, 2019.

[23] X. Bao, H. Jia, and C. Lang, “A novel hybrid Harris hawks
optimization for color image multilevel thresholding seg-
mentation,” IEEE Access, vol. 7, pp. 76 529-576 546, 2019.

[24] A. Wunnava, M. K. Naik, R. Panda, B. Jena, and A. Abraham,
“An adaptive Harris hawks optimization technique for two
dimensional grey gradient based multilevel image thresh-
olding,” Applied Soft Computing, vol. 95, Article ID 106526,
2020.

[25] O. M. Ismael, O. S. Qasim, and Z. Y. Algamal, “Improving
Harris hawks optimization algorithm for hyperparameters
estimation and feature selection in v-support vector regres-
sion based on opposition-based learning,” Journal of Che-
mometrics, vol. 34, no. 11, 2020.

[26] R. Sihwail, K. Omar, K. A. Z. Ariffi, and M. Tubishat, “Im-
proved harris hawks optimization using elite opposition-
based learning and novel search mechanism for feature se-
lection,” IEEE Access, vol. 8, pp. 121 127-121 145, 2020.

[27] M. Abdel-Basset, W. Ding, and D. El-Shahat, “A Hybrid
Harris Hawks Optimization Algorithm with Simulated
Annealing for Feature Selection,” Artificial Intelligence Re-
view, vol. 54, 2020.

[28] Z. M. Elgamal, N. B. M. Yasin, M. Tubishat, M. Alswaitti, and
S. Mirjalili, “An improved harris hawks optimization algo-
rithm with simulated annealing for feature selection in the
medical field,” IEEE Access, vol. 8, pp. 186 638-186 652, 2020.

[29] W. Fu, K. Zhang, K. Wang, B. Wen, P. Fang, and F. Zou, “A
hybrid approach for multi-step wind speed forecasting based
on two-layer decomposition, improved hybrid DE-HHO
optimization and KELM,” Renewable Energy, vol. 164,
pp. 211-229, feb 2021.

[30] K. Shao, W. Fu,J. Tan, and K. Wang, “Coordinated Approach
Fusing Time-Shift Multi Scale Dispersion Entropy and Vi-
brational Harris Hawks Optimization Based SVM for Fault
Diagnosis of Rolling Bearing,” Measurement, vol. 173, Article
ID 108580, 2020.

[31] H. M. Ridha, A. A. Heidari, M. Wang, and H. Chen, “Boosted
mutation-based Harris hawks optimizer for parameters
identification of single-diode solar cell models,” Energy
Conversion and Management, vol. 209, Article ID 112660,
2020.

[32] Y.Liu, G. Chong, A. A. Heidari et al., “Horizontal and vertical
crossover of Harris hawk optimizer with Nelder-Mead sim-
plex for parameter estimation of photovoltaic models,” Energy
Conversion and Management, vol. 223, Article ID 113211,
2020.

[33] W. Fu, K. Wang, J. Tan, and K. Zhang, “A composite
framework coupling multiple feature selection, compound
prediction models and novel hybrid swarm optimizer-based
synchronization optimization strategy for multi-step ahead



18

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]

[45]

(46]

(47]

(48]

(49]

short-term wind speed forecasting,” Energy Conversion and
Management, vol. 205, Article ID 112461, 2020.

D. Yousri, D. Allam, and M. B. Eteiba, “Optimal photovoltaic
array reconfiguration for alleviating the partial shading in-
fluence based on a modified Harris hawks optimizer,” Energy
Conversion and Management, vol. 206, Article ID 112470,
2020.

A. S. Menesy, H. M. Sultan, A. Selim, M. G. Ashmawy, and
S. Kamel, “Developing and applying chaotic Harris hawks
optimization technique for extracting parameters of several
proton exchange membrane fuel cell stacks,” IEEE Access,
vol. 8, pp. 1146-1159, 2019.

A. Selim, S. Kamel, A. S. Alghamdi, and F. Jurado, “Optimal
placement of dgs in distribution system using an improved
Harris hawks optimizer based on single and multi objective
approaches,” IEEE Access, vol. 8, pp. 52 815-852 829, 2020.
H. Moayedi, M. Gor, Z. Lyu, and D. T. Bui, “Herding be-
haviors of grasshopper and Harris hawk for hybridizing the
neural network in predicting the soil compression coeffi-
cient,” Measurement, vol. 152, Article ID 107389, 2020.

E. Kurtulus, A. R. Yildiz, S. M. Sait, and S. Bureerat, “A novel
hybrid Harris hawks-simulated annealing algorithm and rbf-
based metamodel for design optimization of highway
guardrails,” Materials Testing, vol. 62, no. 3, pp. 251-260, 2020.
C. Zhong, M. Wang, C. Dang, W. Ke, and S. Guo, “First-order
Reliability Method Based on harris Hawks Optimization for
High-Dimensional Reliability Analysis,” Structural And
Multidisciplinary Optimization, vol. 62, 2020.

E. Rodriguez-Esparza, L. A. Zanella-Calzada, D. Oliva et al.,
“An Efficient harris Hawks-Inspired Image Segmentation
Method,” Expert Systems with Applications, vol. 155, Article
ID 113428, 2020.

D. Rammurthy and P. Mahesh, “Whale harris Hawks Opti-
mization Based Deep Learning Classifier for Brain Tumor
Detection Using Mri Images,” Journal of King Saud Univer-
sity-Computer and Information Sciences, In press, 2020.

A. Wunnava, M. K. Naik, R. Panda, B. Jena, and A. Abraham,
“A Differential Evolutionary Adaptive harris Hawks Opti-
mization for Two Dimensional Practical Masi Entropy-Based
Multilevel Image Thresholding,” Journal of King Saud Uni-
versity Computer and Information Sciences, 2020.

M. Abd Elaziz, A. A. Heidari, H. Fujita, and H. Moayedi, “A
Competitive Chain-Based harris Hawks Optimizer for Global
Optimization and Multilevel Image Thresholding Problems,”
Applied Soft Computing, vol. 95, Article ID 106347, 2020.
N. A. Golilarz, M. Mirmozaffari, T. A. Gashteroodkhani et al.,
“Optimized wavelet-based satellite image de-noising with
multi-population differential evolution-assisted Harris hawks
optimization algorithm,” IEEE Access, vol. 8, p. 133, 2020.
S. Song, P. Wang, A. A. Heidari et al., “Dimension Decided
harris Hawks Optimization with Gaussian Mutation: Balance
Analysis and Diversity Patterns,” Knowledge-Based Systems,
vol. 215, Article ID 106425, 2020.

H. Jouhari, D. Lei, M. A. A. Al-qaness et al., “Modified Harris
hawks optimizer for solving machine scheduling problems,”
Symmetry, vol. 12, no. 9, p. 1460, 2020.

S. Singh, A. Jain, and S. K. Mahla, “Sampled-data model
validation: an algorithm and experimental setup of dual fuel ic
engine,” Fuel, vol. 279, Article ID 118517, 2020.

L. A. Zadeh, “Fuzzy sets,” Advances in Fuzzy Systems - Ap-
plications and Theory, pp. 394-432, 1996.

M. Sugeno, Industrial Applications of Fuzzy Control, Elsevier
Science Inc, Amsterdam, Netherlands, 1985.

(50]

(51]

(52]

(53]

(54]

(55]

[56]

(57]

(58]

(59]

(60]

(61]

[62]

(63]

(64]

(65]

Computational Intelligence and Neuroscience

E. H. Mamdani and S. Assilian, “An experiment in linguistic
synthesis with a fuzzy logic controller,” International Journal
of Man-Machine Studies, vol. 7, no. 1, pp. 1-13, 1975.

W. Ding, M. Abdel-Basset, K. A. Eldrandaly, L. Abdel-Fatah,
and V. H. C. de Albuquerque, “Smart Supervision of Car-
diomyopathy Based on Fuzzy harris Hawks Optimizer and
Wearable Sensing Data Optimization: A New Model,” IEEE
Transactions on Cybernetics, vol. 51, 2020.

S. Lathuiliere, P. Mesejo, X. Alameda-Pineda, and R. Horaud,
“A comprehensive analysis of deep regression,” IEEE
Transactions on Pattern Analysis and Machine Intelligence,
vol. 42, no. 9, pp. 2065-2081, 2019.

V. Olej and P. Hijek, “If-inference systems design for pre-
diction of ozone time series: the case of Pardubice micro-
region,” Artificial Neural Networks - ICANN 2010, vol. 6352,
pp. 1-11, 2010.

O. Montiel, O. Castillo, P. Melin, and R. Sepulveda, “Medi-
ative fuzzy logic: a new approach for contradictory knowledge
management,” Forging New Frontiers: Fuzzy Pioneers II,
vol. 218, pp. 135-149, 2008.

P. Hajek and V. Olej, “Intuitionistic fuzzy inference system
with genetic tuning for predicting financial performance,” in
Proceedings of the 2018 3rd International Conference on
Computational Intelligence and Applications (ICCIA),
pp. 81-86, IEEE, Hong Kong, China, July 2018.

O. Castillo and P. Melin, “A new method for fuzzy inference
in intuitionistic fuzzy systems,” in Proceedings of the 22nd
International Conference of the North American Fuzzy In-
formation Processing Society, NAFIPS 2003, pp. 20-25, IEEE,
IL, USA, July 2003.

V. Olej and P. Hajek, “Intuitionistic hierarchical fuzzy in-
ference systems design for air quality modeling,” in Pro-
ceedings of the 5th International Conference on Energy,
Environment,  Ecosystems  and  Sustainable  Devel-
opment,(EEESD’09), pp. 89-94, Vouliagmeni Beach, Greece,
September 2009.

D. Sol, R. P. Duncan, T. M. Blackburn, P. Cassey, and
L. Lefebvre, “Big brains, enhanced cognition, and response of
birds to novel environments,” Proceedings of the National
Academy of Sciences, vol. 102, no. 15, pp. 5460-5465, 2005.

F. Dubois, L. A. Giraldeau, I. M. Hamilton, J. W. A. Grant, and
L. Lefebvre, “Distraction sneakers decrease the expected level
of aggression within groups: a game-theoretic model,” The
American Naturalist, vol. 164, no. 2, pp. E32-E45, 2004.

J. C. Bednarz, “Cooperative hunting harris’ hawks (parabuteo
unicinctus),” Science, vol. 239, no. 4847, pp. 1525-1527, 1988.
M. Alazab and R. Broadhurst, “Spam and criminal activity,”
Trends and issues in crime and criminal justice, vol. 526,
pp. 1-20, 2016.

Z. Guo, L. Tang, T. Guo, K. Yu, M. Alazab, and A. Shalaginov,
“Deep graph neural network-based spammer detection under
the perspective of heterogeneous cyberspace,” Future Gen-
eration Computer Systems, vol. 117, pp. 205-218, 2021.

S. S. Sammen, M. A. Ghorbani, A. Malik et al., “Enhanced
artificial neural network with harris hawks optimization for
predicting scour depth downstream of ski-jump spillway,”
Applied Sciences, vol. 10, no. 15, p. 5160, 2020.

F. A. Essa, M. Abd Elaziz, and A. H. Elsheikh, “An enhanced
productivity prediction model of active solar still using ar-
tificial neural network and Harris Hawks optimizer,” Applied
Thermal Engineering, vol. 170, Article ID 115020, 2020.

Y. Tikhamarine, D. Souag-Gamane, A. N. Ahmed et al,
“Rainfall-runoff modelling using improved machine learning
methods: harris hawks optimizer vs. particle swarm



Computational Intelligence and Neuroscience

(66]

(67]

(68]

(69]

(70]

(71]

(72]

(73]

(74]

(75]

(76]

(77]

(78]

(79]

optimization,” Journal of Hydrology, vol. 589, Article ID
125133, 2020.

A. Malik, Y. Tikhamarine, D. Souag-Gamane, O. Kisi, and
Q. B. Pham, “Support vector regression optimized by meta-
heuristic algorithms for daily streamflow prediction,” Sto-
chastic Environmental Research and Risk Assessment, vol. 34,
no. 11, pp. 1755-1773, 2020.

Q.-V. Pham, N.-N. Dao, T. Huynh-The, ]J. Zhao, and
W.-J. Hwang, “Clustering and Power Allocation for UAV-
Assisted NOMA-VLC Systems: A Swarm Intelligence Ap-
proach,” 2020, https://arxiv.org/abs/2007.15430.

E. Rodriguez-Esparza, L. A. Zanella-Calzada, D. Oliva et al.,
“An efficient Harris hawks-inspired image segmentation
method,” Expert Systems with Applications, vol. 155, Article
ID 113428, 2020.

C.Iwendji, S. Khan, J. H. Anajemba, M. Mittal, M. Alenezi, and
M. Alazab, “The use of ensemble models for multiple class and
binary class classification for improving intrusion detection
systems,” Sensors, vol. 20, no. 9, p. 2559, 2020.

C. Borrego, M. Amadeo, A. Molinaro, and R. H. Jhaveri,
“Privacy-preserving forwarding using homomorphic en-
cryption for information-centric wireless ad hoc networks,”
IEEE Communications Letters, vol. 23, no. 10, pp. 1708-1711,
2019.

T. Thaher and N. Arman, “Effiient multi-swarm binary harris
hawks optimization as a feature selection approach for
software fault prediction,” in Proceedings of the 11th Inter-
national Conference on Information and Communication
Systems (ICICS), pp. 249-254, IEEE, Irbid, Jordan, April 2020.
E. H. Houssein, M. E. Hosney, D. Oliva, W. M. Mohamed, and
M. Hassaballah, “A novel hybrid Harris hawks optimization
and support vector machines for drug design and discovery,”
Computers & Chemical Engineering, vol. 133, Article ID
106656, 2020.

B. S. Yildiz and A. R. Yildiz, “The Harris hawks optimization
algorithm, salp swarm algorithm, grasshopper optimization
algorithm and dragon fly algorithm for structural design
optimization of vehicle components,” Materials Testing,
vol. 61, no. 8, pp. 744-748, 2019.

A. R. Yildiz, B. S. Yildiz, S. M. Sait, and X. Li, “The Harris
hawks, grasshopper and multi-verse optimization algorithms
for the selection of optimal machining parameters in
manufacturing operations,” Materials Testing, vol. 61, no. 8,
pp. 725-733, 2019.

S. H. E. Abdel Aleem, A. F. Zobaa, M. E. Balci, and
S. M. Ismael, “Harmonic overloading minimization of fre-
quency-dependent components in harmonics polluted dis-
tribution systems using harris hawks optimization algorithm,”
IEEE Access, vol. 7, pp. 100 824-100 837, 2019.

A. Abbasi, B. Firouzi, and P. Sendur, “On the Application of
harris Hawks Optimization (Hho) Algorithm to the Design of
Microchannel Heat Sinks,” Engineering with Computers,
vol. 37, pp. 1-20, 2019.

M. H. Qais, H. M. Hasanien, and S. Alghuwainem, “Pa-
rameters extraction of three-diode photovoltaic model using
computation and Harris hawks optimization,” Energy,
vol. 195, Article ID 117040, 2020.

M. Mansoor, A. F. Mirza, and Q. Ling, “Harris hawk opti-
mization-based MPPT control for PV systems under partial
shading conditions,” Journal of Cleaner Production, vol. 274,
Article ID 122857, 2020.

M. A. Mossa, O. M. Kamel, H. M. Sultan, and A. A. Z. Diab,
“Parameter estimation of PEMFC model based on Harris
hawks’ optimization and atom search optimization

(80]

(81]

(82]

(83]

(84]

(85]

(86]

(87]

(88]

(89]

(90]

[91]

(92]

(93]

19

algorithms,” Neural Computing & Applications, vol. 33,
pp. 1-16, 2020.

S. Mouassa, T. Bouktir, and F. Jurado, “Scheduling of Smart
home Appliances for Optimal Energy Management in Smart
Grid Using harris-hawks Optimization Algorithm,” Optimi-
zation and Engineering, vol. 22, pp. 1-28, 2020.

H. Moayedi, A. Osouli, H. Nguyen, and A. S. A. Rashid, “A
novel Harris hawks” optimization and k-fold cross-validation
predicting slope stability,” Engineering with Computers,
vol. 37, pp. 1-11, 2019.

Z. Yu, X. Shi, J. Zhou, X. Chen, and X. Qiu, “Effective as-
sessment of blast-induced ground vibration using an opti-
mized random forest model based on a Harris hawks
optimization algorithm,” Applied Sciences, vol. 10, no. 4,
p. 1403, 2020.

S. Khalifeh, S. Akbarifard, V. Khalifeh, and E. Zallaghi,
“Optimization of Water Distribution of Network Systems
Using the harris Hawks Optimization Algorithm (Case Study:
Homashahr City),” MethodsX, vol. 7, Article ID 100948, 2020.
T. R. Gadekallu, G. Srivastava, M. Liyanage, C. L. Chowdhary,
S. Koppu, and P. K. R. Maddikunta, “Hand gesture recog-
nition based on a Harris hawks optimized convolution neural
network,” Computers & Electrical Engineering, vol. 100, Ar-
ticle ID 107836, 2022.

T. R. Gadekallu, D. S. Rajput, M. P. K. Reddy et al., “A novel
PCA-whale optimization-based deep neural network model
for classification of tomato plant diseases using GPU,” Journal
of Real-Time Image Processing, vol. 18, no. 4, pp. 1383-1396,
2021.

T. R. Gadekallu, M. Alazab, R. Kaluri, P. K. R. Maddikunta,
S. Bhattacharya, and K. Lakshmanna, “Hand gesture classi-
fiation using a novel cnn-crow search algorithm,” Complex &
Intelligent Systems, vol. 7, no. 4, pp. 1855-1868, 2021.

S. Sriram, R. Vinayakumar, M. Alazab, and K. Soman,
“Network flw based iot botnet attack detection using deep
learning,” in Proceedings of the IEEE INFOCOM 2020-IEEE
Conference on Computer Communications Workshops
(INFOCOM WKSHPS), pp. 189-194, IEEE, ON, Canada, July
2020.

N. A. Golilarz, H. Gao, and H. Demirel, “Satellite image de-
noising with Harris hawks meta heuristic optimization al-
gorithm and improved adaptive generalized Gaussian dis-
tribution threshold function,” IEEE Access, vol. 7, pp. 57
459-57 468, 2019.

H. Jia, X. Peng, L. Kang, Y. Li, Z. Jiang, and K. Sun, “Pulse
coupled neural network based on Harris hawks optimization
algorithm for image segmentation,” Multimedia Tools and
Applications, vol. 79, no. 37, pp. 28 369-428 392, 2020.

D. T. Bui, H. Moayedi, B. Kalantar et al., “Harris hawks
optimization: a novel swarm intelligence technique for spatial
assessment of landslide susceptibility,” Sensors, vol. 19, no. 16,
p- 3590, 2019.

T. A. Shehabeldeen, M. A. Elaziz, A. H. Elsheikh, and J. Zhou,
“Modeling of friction stir welding process using adaptive
neuro-fuzzy inference system integrated with Harris hawks
optimizer,” Journal of Materials Research and Technology,
vol. 8, no. 6, pp. 5882-5892, 2019.

A. Balakrishnan, K. Ramana, G. Dhiman et al., “Multimedia
concepts on object detection and recognition with fl car
simulation using convolutional layers,” Wireless Communi-
cations and Mobile Computing, vol. 2021, Article ID 5543720,
2021.

A. Miglani and N. Kumar, “Deep learning models for traffic
flow prediction in autonomous vehicles: a review, solutions,


https://arxiv.org/abs/2007.15430

20

[94]

(95

(96]

(97]

(98]

and challenges,” Vehicular Communications, vol. 20, Article
ID 100184, 2019.

P. Singh and S. Prakash, “Optimizing multiple ONUs
placement in fiber-wireless (FiWi) access network using
grasshopper and Harris hawks optimization algorithms,”
Optical Fiber Technology, vol. 60, Article ID 102357, 2020.
S.J. Bhat and S. K. Venkata, “An optimization based local-
ization with area minimization for heterogeneous wireless
sensor networks in anisotropic fields,” Computer Networks,
vol. 179, Article ID 107371, 2020.

E. H. Houssein, M. R. Saad, K. Hussain, W. Zhu, H. Shaban,
and M. Hassaballah, “Optimal sink node placement in large
scale wireless sensor networks based on Harris hawk opti-
mization algorithm,” IEEE Access, vol. 8, pp. 19 381-419 397,
2020.

A. Seyfollahi and A. Ghaffari, “Reliable data dissemination for
the internet of things using Harris hawks optimization,” Peer-
to-Peer Networking and Applications, vol. 13, no. 6,
pp. 1886-1902, 2020.

H. Xu, G. Zhang, J. Zhao, and Q.-V. Pham, “Intelligent
reflecting surface aided wireless networks: harris hawks op-
timization for beamforming design,” in Proceedings of the
2020 IEEE 6th International Conference on Computer and
Communications (ICCC), pp. 200-205, Chengdu, China,
December 2020.

Computational Intelligence and Neuroscience



Hindawi

Computational Intelligence and Neuroscience
Volume 2022, Article ID 9015778, 9 pages
https://doi.org/10.1155/2022/9015778

Research Article

@ Hindawi

CNN-Based Brain Tumor Detection Model Using Local Binary
Pattern and Multilayered SVM Classifier

Morarjee Kolla,' Rupesh Kumar Mishra,' S Zahoor ul Hug,? Y. Vijayalata,’

M Venu Gopalachari,’ and KazyNoor-e-Alam Siddiquee

5

'Department of Computer Science and Engineering, Chaitanya Bharthi Institute of Technology, Hyderabad, Telangana, India
Department of Computer Science and Engineering, G. Pulla Reddy Engineering College, Kurnool, Andhra Pradesh, India
’Department of Computer Science and Engineering, Gokaraju Rangaraju Institute of Engineering and Technology, Hyderabad,

Telangana, India

*Department of Information Technology, Chaitanya Bharthi Institute of Technology, Hyderabad, Telangana, India
*Department of Computer Science and Engineering, University of Science ¢ Technology, Chattogram, Bangladesh

Correspondence should be addressed to KazyNoor-e-Alam Siddiquee; knasl1@gmail.com

Received 27 April 2022; Revised 30 May 2022; Accepted 3 June 2022; Published 27 June 2022

Academic Editor: Muhammad Ahmad

Copyright © 2022 Morarjee Kolla et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

In this paper, an autonomous brain tumor segmentation and detection model is developed utilizing a convolutional neural
network technique that included a local binary pattern and a multilayered support vector machine. The detection and classi-
fication of brain tumors are a key feature in order to aid physicians; an intelligent system must be designed with less manual work
and more automated operations in mind. The collected images are then processed using image filtering techniques, followed by
image intensity normalization, before proceeding to the patch extraction stage, which results in patch extracted images. During
feature extraction, the RGB image is converted to a binary image by grayscale conversion via the colormap process, and this
process is then completed by the local binary pattern (LBP). To extract feature information, a convolutional network can be
utilized, while to detect objects, a multilayered support vector machine (ML-SVM) can be employed. CNN is a popular deep
learning algorithm that is utilized in a wide variety of engineering applications. Finally, the classification approach used in this
work aids in determining the presence or absence of a brain tumor. To conduct the comparison, the entire work is tested against
existing procedures and the proposed approach using critical metrics such as dice similarity coefficient (DSC), Jaccard similarity
index (JSI), sensitivity (SE), accuracy (ACC), specificity (SP), and precision (PR).

noninvasive brain tumor identification in the last few de-

1. Introduction

Brain tumors develop as a result of unregulated and fast cell
proliferation. It can be fatal if not addressed in the early
stages. Machine learning techniques are used to assist cli-
nicians in detecting brain tumors and making judgments.
The progression in the deep learning procedures involving
the best classifiers impacted a significant advance in medical
image processing in recent years. A brain tumor develops
when brain tissues develop abnormally. The malignant
tissues outgrow the healthy cells, resulting in a mass of cells
that eventually transform into tumors [1]. Magnetic reso-
nance imaging (MRI) has been the gold standard for

cades due to its improved soft tissue contrast [2, 3]. MRIs
have a considerable impact on medical image processing and
analysis due to their ability to provide high-resolution in-
formation about brain structure and abnormalities [4-6]. A
malignant brain tumor grows significantly more quickly
than a benign tumor and is more prone to spread to other
parts of the brain. Primary malignant brain tumors have
poor prognoses and greatly affect cognitive abilities as well as
quality of life [7]. The analysis of medical images is critical in
assisting people in diagnosing various disorders. The ad-
vanced medical imaging modalities are commonly used
methods for analyzing anomalies in brain tissues, which can
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aid in the detection of tumors in their early stages [8]. The
data are initially extracted from dataset, which contains MR
pictures of the brain. The first stage of the work receives
image data from various sources and forwards it to the next
layer for preprocessing using linear filters. Further nor-
malization and patch extraction are important procedures
performed in the preprocessing layer to prepare the image
for use by CNN. Convolution is considered as a mathe-
matical and engineering tool which is involved in the next
phase of CNN where the process feature extraction is
conducted on the input image combined with multilayered
support vector machine (ML-SVM) to provide optimal
outcomes in the work.

2. Related Works

Numerous medical imaging techniques are utilized to obtain
information regarding tumors (tumor type, shape, size,
location, and so on) that is required for diagnosis [9]. The
Fuzzy C-Mean (FCM) method was developed by the authors
of [10, 11]. As a means of avoiding the difficulty of deter-
mining the number of clusters in an FCM, this technique
was devised to pick the pixel intensities and cluster them into
two groups. System sensitivity, specificity, and accuracy are
all measured to determine how well it works. SVM and FCM
techniques were used to generate a hybrid approach for
brain MRI categorization by the researchers in [12]. In the
early stages of the technique, MRI scan quality is improved
using image enhancement technologies such as contrast
augmentation and midrange stretch. There are 71 features
constructed using the intensity profile, the obtained co-
occurrence matrix with new values, and also the Gabor
functions after the tumor contour is obtained using a
semiautomatic approach in [13, 14]. Because of limitations
such as parameter selection or the need for prior knowledge
of the images as well as significant calculation times, skull
stripping is a common preparation stage in classical dis-
criminative approaches [15]. Deep learning was utilized to
construct a classification method for multigrade brain tu-
mors, according to the authors of [16, 17]. The CNN model is
used to segment the tumor in this strategy, although the
results are limited in accuracy and sensitivity because of the
limitations of the CNN model [18]. According to the
findings of another study [19, 20], brain tumors can be
detected using both hand-created and deep learner features.

The authors of [21-23] did a comparison of naive Bayes,
J48 decision tree, and neural network; the downside of this
strategy is that it is a conventional approach. The use of
machine learning to categorize brain tumors, on the other
hand, was proposed by [24, 25]. KNN and SVM were used
in this comparison, and the model was found to be 0.95
percent accurate. Because of the automated intelligent
system outcomes, the accuracy of this model is higher, but
the sensitivity is lower. By integrating support vector ma-
chine (SVM) and artificial neural network (ANN), the
authors [26, 27] proposed a technique for better precise
identification and division of mental tumors; however,
despite the high accuracy, the precision was not completely
satisfactory [28, 29].
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FIGURE 1: Block diagram of the proposed method.

3. Methodology and Algorithm

This study describes a convolutional neural network (CNN)
integrated with a multilayered support vector machine (ML-
SVM) algorithm. In this system, there are mainly five distinct
blocks: Image Acquisition, Preprocessing, Patch Extraction,
Feature Extraction, and CNN Classification and ML-SVM
Classifier, as shown in Figure 1. Here, the procedure is
explained along with each block and also the successive results.
In this process, images are imported from a dataset. This
imported image is MRI scan, which is to be from the glioma
region of the brain, and this acquired image is processed to
detect tumors. The brain scan images are obtained from the
Kaggle medical image database, which is the most preferred
and standard database in the field of research. The acquired
images are then processed by image filtering techniques
followed by image intensity normalization as provided in the
proposed block diagram. The input images acquired by the
medical imaging modalities consist of artifacts due to in-
herent properties of modalities. These images must be
processed at first hand to remove disturbances that have been
added and also normalized. Here, the image is subjected to
linear filtering action which is accomplished through a
neighborhood operation via weight adjustment procedures.
This filtered image is normalized for uniform intensity.
Image normalization is carried out by means of contrast
adjustment of the pixel values via histogram processing.
The filtered image is then subjected to the patch extraction
stage as shown in the proposed block diagram, to provide
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Step 1: import MRI from medical database

Step 2: linear filter via Gaussian filter

Step 3: normalization using histogram processing
Step 4: initiate patch extraction process

(i)  Patches obtained

(i)  RGB channel separation

Step 5: initiate feature extraction process

(i)  Color mapping and obtaining threshold value
(ii)  LBP process to attain binary image

(a) Image is converted to a grayscale representation.

distinctive local texture.
Step 6: initiate classification process
(i)  Multi-SVM process

>iv) Classify the data and predict the final output

(b)  For each pixel (gp) in the image, select the P neighbouring pixels. gp’s coordinates are specified by

(c)  Set the pixel in the centre (gc) as the threshold for its P neighbours.

(d)  Set to 1 if the adjacent pixel’s value is larger than or equal to the centre pixel’s value, and 0 otherwise.

(e)  Compute the LBP value now. First, write a binary number comprising digits next to the centre pixel in a counterclockwise
direction. This binary integer (or its decimal counterpart) is referred to as the LBP-central pixel code and is employed as a

(1) Use training set, group train, and test set as variables for function
(ii) Classify test cases and map the training data into kernel space
(ii) CNN classification
@) Load train and test data
(ii) Iterate the process with 100 epochs which yields less error value of 1.2%
(iii) Create layers and subsampling layers for CNN for varied kernel sizes

ALGORITHM 1

patch extracted images, where the image is subdivided to
obtain separation between channels; in this process, the image
is followed through patches attainment which again subdi-
vides each separated channel based on RGB values for red,
green, and blue channels, respectively. In feature extraction,
the RGB image is converted to a binary image through
grayscale conversion via the colormap process, and later, this
process is done by local binary pattern (LBP).

A convolutional network can be used to extract feature
information, while a multilayered support vector machine
(SVM) can be used to recognize objects. CNN is one of the
most extensively used deep learning processes in a wide range
of engineering applications. As compared to typical feed-
forward neural networks, CNN contains fewer parameters
and connections, which makes training more straightfor-
ward. In order to give superior outcomes, this includes the
training and testing of the required dataset as the primary
process. Because it is an iterative method, it is only stopped
when the optimal results are achieved. This model was
discovered to be capable of extracting characteristics from
raw pictures as well as performing classification tasks on its
own. The initial phase, as shown in the proposed block di-
agram, is to train CNN and multilayered SVM models. The
second stage is to run the models through their paces and
yield the final segmentation results (Algorithm 1).

4. Experimental Investigations

The graphical user interface (GUI) to perform the proposed
method in order to segment and detect brain tumor with
necessary stages involved is shown in Figure 2.

It displays the stages such as image acquisition to import
input images from dataset, preprocessing stage to filter the
images to remove any unwanted artifacts, patch extraction
stage to achieve the patches with respect to channels of RGB,
feature extraction stage to carryout color mapping and LBP
process to attain the binary image, and CNN classification
stage which involves multilayered SVM and later CNN
procedures to predict the final output.

The imported input image is MRI scan, as shown in
Figure 3, which is to be from the glioma region of the brain,
and this acquired image is processed to detect tumors.

The imported image is further fed to the filtering process
to attain the filtered output image, as shown in Figure 4. A
two-stage filtering procedure is used in this case: first, linear
filtering is used, in which the Gaussian filter kernel is
employed since it has all of the characteristics of other filters
due to the structural organization of its density function; and
then, nonlinear filtering is used. It returns a rotationally
symmetric Gaussian lowpass filter with a 2D Gaussian
smoothing kernel and a positive standard deviation value,
resulting in a reduction of artefacts as a result of this filtering.

The resulting image is then subjected to a normalizing
process via histogram processing. An operation called
mapping is carried out in this scenario to map the intensity
values in the resulting grayscale image to new values. The
outcome is that normalizing saturates the lowest and highest
one percent of all possible pixel values by increasing the
contrast values in the resulting image, resulting in the
normalized image displayed in Figure 5.

The normalized image is fed into the patch extraction
phase, which yields the patch extracted image depicted in
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FIGURE 2: Interface of brain tumor segmentation displaying the stages involved.

Input image

FIGURE 3: Imported input MRI image from the dataset.

Figure 6. Obtaining the patches while keeping the size of
each patch in mind is necessary in order to preserve
equilibrium. An image patch is a collection of pixels in a
photograph that, as the name implies, is a collection of
pixels. Patches are divided into groups based on their energy
level, with those with a high degree of energy being retained
through the use of thresholds.

These patches are divided into red, green, and blue
channelized images, as shown in Figures 7-9. In contrast to
grayscale images, RGB images include three channels. Each
pixel is composed of three channels, each representing a
different color. It is necessary to analyze the components of
each image’s primary colors using the RGB channel sepa-
ration (which is composed of the three colors: red, green,
and blue). A mathematical analysis of the image will be

Filtered image

FIGURE 4: Filtered input MRI image.

performed, and the results will be presented in gray levels for
each color, ranging from black to white and from no color to
pure color.

This channel split image is then subjected to the gray
thresholding technique, which performs a basic conversion
operation. The LBP process is then launched on the resulting
image, with LBP being a form of visual descriptor that is
utilized for classification purposes in this context. This
simple yet efficient texturing operator labels pixels in an
image by thresholding the pixels in their immediate vicinity
and treating the result as a binary integer. Local binary
pattern (LBP) is one of the most often used texturing op-
erators because of its simplicity and effectiveness. At this
point, the output image is a binary transformed image, as
illustrated in Figure 10.
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Normalized image

FIGURE 9: Blue channelized images.

FIGURE 10: Binary image form of input MRI image.
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FIGUre 13: Interface of brain tumor segmentation displaying the stages involved with final outputs for a tumor affected stage.
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FIGURE 14: Interface of brain tumor segmentation displaying the stages involved with final outputs for a nontumor stage.

TaBLE 1: Parametric comparison of DSC and JSI.

Classification methods

Dice similarity coefficient (DSC)

Jaccard similarity index (JSI)

CNN 83.85 89.2
SVM + CNN 90.41
Proposed multi-SVM + CNN 96.21 94.32

Figure 11 depicts the appearance of the obtained test
features on the constructed GUI They are crucial and will be
utilized in multilayered SVM and CNN classifiers, among
other applications. Supervised machine learning (SVM) is a
machine learning technique that can be used to aid in the
classification or regression of issues. In order to find the
optimal potential boundary between the various outputs,
this algorithm is used. Using SVM’s most basic version,
linear separation, the goal is to find a line that optimizes the
separation between two classes of 2-dimensional space
points in a two-class dataset.

In its most simple type, SVM does not support multi-
layered classification natively. Multilayered SVMs are usu-
ally implemented by combining several two-class SVMs.
Therefore, it is a natural step to go from the standard single-
layer SVM to the multilayer SVM.

Later, the classified findings will be appropriately la-
belled using convolutional neural network (CNN) classifiers.

CNN is a deep neural network that is commonly used in
image classification and machine vision scenarios. Con-
volutional neural networks (CNN) are complicated feed
forward neural networks used in machine learning. Because
of its great accuracy, CNNs are employed for image cate-
gorization and recognition. Finally, the console shows a
simple message indicating whether or not a tumor is present.
Figure 12 depicts the console output when a tumor is found.

A final result display of the entire work interface of brain
tumor segmentation displaying the stages involved with final
outputs for a tumor affected stage and also for a nontumor
stage is provided in Figures 13 and 14, respectively.

The entire work is evaluated for existing procedures as
well as the proposed process, and the parameters of im-
portance such as dice similarity coeflicient (DSC) and Jac-
card similarity index (JSI) are shown in Table 1. The
graphical representation of the DSC and JSI comparison is
also provided in Figure 15.
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TABLE 2: Parametric evaluation and comparison.

Classification methods Accuracy (%)

Sensitivity (%)

Specificity (%) Precision (%)

CNN 96.45
SVM + CNN 95.63
Proposed multi-SVM + CNN 99.23

92 95 94.82
93 95 92.32
95.73 97.12 97.34

100 - -

98 - -

9% - -

94 - -

92 - -

90 - -

88

CNN

B Accuracy
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0 Specifity
= Precision

F1GUre 16: Graphical plot of sensitivity, accuracy, specificity, and precision.

In this case, the parameter dice similarity coefficient
(DSCQC) is used to determine the exact amount of ratio of the
available real tumor and available nontumor pixels to the
anticipated tumor and nontumor pixels and is computed
using equation (1), and the Jaccard similarity index (JSI) is
used to calculate the percentage of the similarity amid actual
tumor pixels in the region of interest and the number of

anticipated tumor pixels and is computed as per the standard
equation (2).

When the model accurately predicts the positive class,
the outcome is known as a “true positive” (TP) in these
equations. To denote a result that the model predicted to be
positive, the acronym FP stands for false positive, while TN
stands for true negative, signifying a result that the model



predicted to be negative. When the model inaccurately
predicts the negative class, the term “false negative” is used.

o . _(@rP)
Dice similarity coefficient (DSC) = (FP + 2TP + FN) X100, (1)
TP
Jaccard similarity index (JSI) = m X100.
(2)

It is obvious from the table and graphical representation
that the proposed method has a leading edge with respect to
DSC value being 96.21%, whereas JSI value is 94.32% when
compared to previous methods in brain tumor detection and
classification. Dice similarity coeflicient (DSC) values
achieved by the proposed multilayered SVM with CNN are
clearly superior to those achieved by earlier approaches.

Similarly, the parameters such as sensitivity, accuracy,
specificity, and precision are provided in Table 2.

The graphical representation for the comparison of the
parameters such as sensitivity, accuracy, specificity, and
precision is also provided in Figure 16.

In this case, the accuracy (ACC) parameter which is of
significance is used to calculate the percentage value of the
correct tumor region of interest classification rate, which is
represented in equation (3), whereas sensitivity (SE) is used to
estimate the exact percentage value of how sensitive the method
is to compute the corresponding value of the tumor identifi-
cation rate, and its equation is provided in equation (4).

(TP + TN)

A ACC) = X100, 3
ceuracy (ACC) = rp Ny + (pp 1 EN) 100 ()
TP

Also, the parameters specificity (SP) and precision (PR)
are evaluated, where specificity (SP) discusses the rate value
obtained between true negative (TN) values and true positive
(TP) values represented as per the formulated equation (5)
and further precision (PR) designates about the number of
digits in terms of percentage that are used to present a value,
and its equation to compute is shown in equation (6).

o (TN)
fi P)=— X100, 5
Specificity (SP) (TN + FP) 00 (5)
. (TP)
P PR) = ————— X100. 6
recision (PR) (TP + FP) 00 (6)

It is obvious from the table and graphical representation
that the proposed method has a leading edge with respect to
accuracy by 99.23%, sensitivity by 95.73%, specificity by
97.12%, and precision by 97.34% when compared to pre-
vious methods in brain tumor detection and classification.

5. Conclusion and Summary

Various schemes for detecting and classifying brain tumors
have been proposed and investigated in the literature in
order to broaden therapy options and patient endurance.
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Brain tumor segmentation and detection have been pro-
cessed in steps such as preprocessing, training, testing, and
classification in this research work. The dataset’s input
images are first filtered and normalized for intensity values.
Patch extraction, along with feature extraction, has been
viewed as an intermediary stage in this work. After the
characteristics were extracted, they were trained and tested
in a CNN environment before being given to a multiple layer
SVM classifier to display the tumor state in the MR scans.
The fundamental advantage of CNN over its predecessors is
that it automatically discovers significant features without
the need for human intervention. For prior and proposed
approaches, critical metrics such as dice similarity coefficient
(DSC), Jaccard similarity index (JSI), sensitivity (SE), ac-
curacy (ACC), specificity (SP), and precision (PR) are
computed and compared. The proposed strategy proved to
be an ideal solution with an accuracy of 99.23 percent. The
methods such as gray-level co-occurrence matrix can also be
employed in future along with the proposed methodology
other than splitting to resolve the issues of losing any small
details. The performance and evaluation of the proposed
CNN involving multilayered SVM can be improved in the
future by undertaking additional research and researching
various deep networks. As a future scope, other deep net-
works can also be investigated for better classification rather
than patches losing the details.
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Most consumers rely on online reviews when deciding to purchase e-commerce services or products. Unfortunately, the main
problem of these reviews, which is not completely tackled, is the existence of deceptive reviews. The novelty of the proposed system
is the application of opinion mining on consumers’ reviews to help businesses and organizations continually improve their market
strategies and obtain an in-depth analysis of the consumers’ opinions regarding their products and brands. In this paper, the long
short-term memory (LSTM) and deep learning convolutional neural network integrated with LSTM (CNN-LSTM) models were
used for sentiment analysis of reviews in the e-commerce domain. The system was tested and evaluated by using real-time data
that included reviews of cameras, laptops, mobile phones, tablets, televisions, and video surveillance products from the Amazon
website. Data preprocessing steps, such as lowercase processing, stopword removal, punctuation removal, and tokenization, were
used for data cleaning. The clean data were processed with the LSTM and CNN-LSTM models for the detection and classification
of the consumers’ sentiment into positive or negative. The LSTM and CNN-LSTM algorithms achieved an accuracy of 94% and
91%, respectively. We conclude that the deep learning techniques applied here provide optimal results for the classification of the
customers’” sentiment toward the products.

1. Introduction

Web 3.0 has the main features of the semantic web, artificial
intelligence, connectivity, etc., allowing people to use social
media to communicate and express their opinions about
real-world events. In this context, the analysis of users’
reviews is essential for companies to grow worldwide. This
makes opinion mining a key player in the analysis of reviews
and discussions. Nowadays, companies analyze this type of
information to improve the quality and performance of the
products and, consequently, survive in a competitive market.

Opinion mining can be expressed as the reason behind any
action or movement that people use to follow the reason [1].

Within the huge amount of data generated on the In-
ternet, important information is hidden. Data mining
techniques are used to extract information and solve various
problems. Online product reviews have two important as-
pects under which data are stored on the Internet. Com-
mercial websites are platforms where users express their
sentiment or opinion on several topics. Sentiment analysis
refers to a broad area of natural language processing (NLP),
computational linguistics, and text mining [2]. The use of
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these techniques leads to the extraction and analysis of the
opinion on a given product. Opinion mining defines an
opinion as positive or negative, and sentiment analysis
defines the polarity value of a user’s opinion on a particular
product or service. The current approaches of sentiment
analysis are mainly [3] machine learning algorithms [4],
lexicon-based methods, [5] and hybrid models [6, 7].

Negation is a prevalent morphological development that
impacts polarity and, therefore, must be reflected in the
assessment of sentiment. Automatic detection of negation in
news articles is required for numerous text processing ap-
plications, including sentiment analysis. Here, we explored
the role and importance of users’ reviews concerning par-
ticular products on the decision using sentiment analysis.
We present experimental results that demonstrate that
sentiment analysis is appropriate to this end. The goal was to
determine the polarity of the natural language of texts
written in product reviews.

The existing straightforward approaches are statistical,
based on frequencies of positive and negative words. Re-
cently, researchers discovered new ways to account for other
aspects of content, such as structural or semantic features.
The present work focuses on the identification of document-
level negation by using multiple computational methods. In
recent years, with the exponential growth of smartphone use,
many people are connected to social networking platforms,
like Facebook, Twitter, and Instagram. Social networks have
become a field to express beliefs or opinions, emotions,
thoughts, personal issues, places, or personalities.

There are numerous studies applying sentiment analysis,
some of which used real-time data from Twitter for
extracting patterns by employing the Twitter-streaming
application programming interface (API) [8, 9]. The senti-
ment analyzers are divided into two types: SentiWordNet
[10] and WordNet [11]. Sentiment analysis uses positive and
negative scores to classify opinions. By developing a model
to analyze word sequence disambiguation [12], the Twitter-
streaming API was used to gather data concerning the In-
donesian presidential elections [13]. Needless tweets were
removed, and the remaining data were investigated for
sentimental aspects by dividing each tweet into numerous
sub-tweets and calculating the sentiment polarity of the sub-
tweets for predicting the consequence of the elections. The
mean absolute error metric was used to evaluate the results,
it noted that the prediction error was 0.6 better than the
previous study [14]. To predict the Swedish election outcome
by using Twitter data, a system was developed [15]. To
predict the outcome of the European elections, a new
method was designed that studied the similarity of the
structure with the outcome of the vote. Another method was
created to test Brazilian municipal elections in six cities [16].
In this methodology, sentiment analysis was applied along
with a stratified sample [17] of users to compare the
characteristics of the findings with the actual voters.

Many researchers have used machine learning and ar-
tificial intelligence to analyze the sentiment of tweets
[18, 19]. In [20], the Naive Bayes, support vector machine
(SVM) [21], and information entropy-based [22] models
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were applied to classify product reviews. A hybrid machine
learning algorithm based on Twitter opinion mining was
proposed in [23]. Heydari et al. [24] proposed time series
model for fraudulent sentiment reviewer analysis. Hajek
et al. [25] developed a deep feedforward neural network and
convolution model to detect fake positive and negative re-
view in an Amazon dataset. Long et al. [26] applied LSTM
with multi-head attention network for predicting sentiment-
based text using China social media dataset. Dong et al. [27]
proposed supervised machine linear regression for pre-
dicting sentiment of customers presented in online shopping
data using sentiment analysis learning approaches.

Researchers have been focusing on developing powerful
models to deal with the ever-increasing complexity of big
data [28, 29], as well as expanding sentiment analysis to a
wide range of applications [30, 31], from financial fore-
casting to marketing strategies [32] among other areas
[33, 34]. However, only a few of them analyzed different
deep learning approaches to give real evidence of their
performance [35]. Deep learning techniques are becoming
increasingly popular. When assessing the performance of a
single approach on a single dataset in a specific area, the
results suggest that CNN and RNN have relatively good
accuracy. Based on AdaBoost combination, Gao et al. [36]
proposed CNN model for sentiment analysis in user-gen-
erated text. In this vein, Hassan and Mahmood [37] dem-
onstrated that the CNN and RNN models overcame the
problem of short texts in deep learning models.

Some traditional approaches, which are assisted by
machine learning techniques, are based on aspects of the
used language. Using the domain of movie opinions, Pang
et al. [18] studied the performance of various machine
learning algorithms, including Naive Bayes, maximum en-
tropy, and SVM. By using SVM with unigrams, they
achieved an accuracy of 82.9%. NLP is typically used to
extract features used by a sentiment classifier. In this aspect,
the majority of NLP strategies are centered on the usage of
n-grams but the use of a bag-of-words strategy is also
common [38, 39]. Numerous studies have demonstrated
significant results when employing the bag-of-words as a
text representation for item categorization [40-44].

Researchers have taken advantage of NLP themes to
develop deep learning models based on neural networks
with more than three layers, according to the journal Nature.
Most of these studies found that deep learning models ac-
curately detect sentiment in various situations. The CNN
[45, 46], RNN [47], deep neural network [48], recursive
neural deep model [49], and the attention-based bidirec-
tional CNN-RNN [50] models are some representative ex-
amples. Some researchers combine models, which are then
referred to as hybrid neural networks. The hierarchical bi-
directional RNN is an example of a hybrid neural network
[51]. The main issue with sentiment analysis of product
reviews in the e-commerce domain is the existence of fake
reviews that lead customers to select undesired products
[52].

The main contributions of the proposed research are the
following:
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(1) The generation of a sentiment score using a lexicon-
based approach for each product review of the
dataset.

(2) Labeling the review texts as negative if the generated
sentiment score is <0 or positive if the score is >1.

(3) The combination of all product reviews into a single
data frame to obtain more sentiment-related words.

(4) Improving the accuracy by developing a hybrid deep
learning model combining the CNN and LSTM
models for the product-related sentiment
classification.

(5) Comparing the classification performance of the
CNN-LSTM and LSTM models.

2. Materials and Methods

The proposed methodology for predicting the review-related
sentiments is based on the deep learning algorithms pre-
sented here. The phases of the proposed system are the
following: dataset collection, data preprocessing, generating
the sentiment score, polarity calculation, applying the CNN-
LSTM model, evaluation metrics, and analysis of the results.
Figure 1 shows the framework of the proposed methodology
used in the present study.

2.1. Datasets. To evaluate the proposed system, the dataset
[53] was collected from reviews on the Amazon website in
JSON file format. Each JSON file comprises a number of
reviews (Table 1). The dataset includes reviews of laptops,
mobile phones, tablets, televisions, and video surveillance
products. The data preprocessing includes various steps,
such as lowercase processing with meta-features like the
reviewer’s ID, the product ID, and the review text.

2.2. Data Preprocessing. We implemented different pre-
processing steps aiming at cleaning the review texts so that

TaBLE 1: The number of reviews per product category.

Product name Review count

Laptops 1,946
Mobile phones 1,918
Tablets 1,894
Televisions 1,596
Video surveillance products 2,597

they are easy to process. The following preprocessing
methods were performed on the dataset as a whole.

2.2.1. Lowercase. It entails converting whole words of the
review text into lowercase words.

2.2.2. Stopword Removal. Stopwords are widely used words
in a language, such as “the,” “a,” “an,” “is,” and “are”. As
these words do not carry any information significant for the

model, they were removed from the content of the review.

2.2.3. Punctuation Removal. All punctuation marks in the
review texts were removed.

2.2.4. One-Word Review Elimination. Reviews that included
only one word were eliminated.

2.2.5. Contraction Removal. This process replaces a word
originally written in the short form with the respective full
form; for instance, “when’ve” becomes “when have.”

2.2.6. Tokenization. Each sentence of the review texts was
divided into small pieces of words or tokens.

2.2.7. Part-of-Speech Tagging. 'This step is used to tag each
word present in the sentence with a POS tag, for example,
“VB” for a verb, “AJJ” for an adjective, and “NN” for a noun.

2.2.8. Score Generation. The review text was evaluated for
sentiment, and a score was generated. For calculating the
sentiment score, the dataset was matched with opinion
lexicon [53] that consists of 5,000 positive words and 4,500
negative words with their respective scores. The sentiment
score was calculated for each review text based on the scores
of the lexicon. The review text was labeled as positive if the
score was >0; otherwise, it was labeled as negative.

2.2.9. Word Embeddings. We calculated numerical vectors
with every preprocessed sentence in the product review
dataset using the “Word embeddings” method. To create
word indices, we first turned all of the review text terms into
sequences. The Keras text tokenizer [54] is being used to
obtain those indices. We made sure that no term or word
gets a zero index in the tokenizer, and that the vocabulary
size is adjusted properly. Then, for each single word in the
training and testing sets, a distinctive index is generated,
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which is employed to create numeric vectors of all review
texts of the dataset.

2.3. The CNN-LSTM Model. Figure 2 presents the structure
of the CNN-LSTM model used for sentiment classification of
customers’ reviews using an Amazon dataset.

2.3.1. Embedding Layer. This is the initial layer of the CNN-
LSTM model that is used to transform each word in the
training dataset into an actual-valued vector, meaning that a
set of sentiment-related words are constructed and trans-
formed into a numerical form. This process is known as
word embedding. The embedding layer consisted of three
components: the vocabulary size (maximum features; 15,000
words), the embedding dimensions (50), and the input
sequence length (400 words).

2.3.2. Dropout Layer. The main task of this layer is to avoid
the overfitting of the model [52]. Here, we assigned the value
0.4 to the dropout rate parameter, where this value has a
range between 0 and 1. The main function of the dropout
layer is to arbitrarily deactivate a set of neurons in the
embedding layer, where every neuron denotes the dense
exemplification of a sentiment word in a review text.

CNN is a deep learning technique used in different areas
such as natural language preprocessing tasks, computer
vision, and medical image processing.

2.3.3. Convolution Layer. The third layer of the CNN-LSTM
model is used for the extraction of features from the input
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matrix. It uses n convolution filters that operate over the
elements of the input sequence matrix to find the convo-
lutions for each sequence. We set the number of filters to 64
and the size of the filter kernel to 3 x 3.

2.3.4. Max Pooling Layer. This layer performs down-
sampling beside the spatial dimensionality of the given input
sequences. It considers the maximum value of all input
features in the pool of each filter kernel. It has assigned to
5 x 5 kernel.

2.3.5. LSTM Layer. LSTM is a type of RNN capable of
learning long-term dependence [52]. We used an LSTM
layer and assigned it to 50 hidden units toward the next
layer. One of the most notable advantages of employing a
convolutional neural network as feature extraction tech-
nique beyond a traditional LSTM is the reduction in the
aggregating amount of features. Throughout the feature
extraction process, a sentiment classification model uses
these features (words) for prediction of the product review
text as positive or negative sentiment. LSTM executes
precalculations for the input sequences before providing an
output to the last layer of the network. In every cell, four
discrete computations are conducted based on four gates:
input (i,), forget (f,), candidate (c,), and output (o,). The
structure of the LSTM model is presented in Figure 3. The
equations for these gates are as follows:

fe=sig(Wfy+Ufy—1+b),

i, = sig(Wiy + Uiy, — 1+ b)),

o
I

sig(Wo,, +Uoy, — 1 +1,),

¢ ~ t = tanh (wec,, + Ucy, — 1 + be),

(1)
C, = (fioct =1 +i,c ~1),
h, = O,, * tanh(C,),

2
1-—e~

2x°

tanh (x) =
where sig and tanh are the sigmoid and tangent activation
functions, respectively, X is the input data, W and b rep-
resent the weight and bias factor, respectively, C, is the cell

state, ¢ ~ t is the candidate gate, and h, refers to the output
of the LSTM cell.

2.3.6. Dense Layer (Fully Connected Layer). This is a hidden
layer in the CNN-LSTM model. It consists of 512 artificial
connected neurons that connect all neurons of the network.
The function applied to this layer is the rectified linear unit
described by the following equation:

f (x) = max (o, x). (2)
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Figure 3: The structure of the LSTM model.

2.3.7. Sigmoid Activation Function. It is the first layer that
detects and classifies the output classes (positive or negative
sentiment). The sigmoid function formula is given as follows
(Algorithm 1):

o = : (3)

2.4. Evaluation Metrics. To evaluate the proposed models
(CNN-LSTM and LSTM), the accuracy, precision, recall, F1-
score, and specificity metrics were used. The performance
measurements are presented below:
A TP + TN
Y = FP Y FN+ TP+ TN

x 100%,

Precision = x 100%,

TP
TP + FP

F1 5 precision x sensitivity
—score = 2 *

— — x100%,  (4)
precision + sensitivity

s N
Specificity = TNFP 100%,

Recall = x 100%,

TP
TP + FN

where true positive (TP) represents the total number of
samples that are successfully classified as positive sentiment,
false positive (FP) is the total number of samples that are
incorrectly classified as negative sentiments, true negative
(TN) denotes the total number of samples that are suc-
cessfully classified as negative sentiment, and false negative
(FN) represents the total number of samples that are in-
correctly classified as positive sentiments.

3. Experimental Results

In this section, we present the experimental results of the
application of the CNN-LSTM and LSTM models for the
analysis and prediction of sentiment in the e-commerce
domain. We used hardware with 4 GB RAM and an i7 2800
CPU and ran the experiments on the Jupyter environment.
The evaluation metrics (accuracy, precision, F1-score, recall,
and specificity) were employed to examine the proposed
system. The word cloud (sentiment words and product
names) of the dataset is presented in Figure 4, which shows
graphical representations of words (large font words) that
give greater importance to that seem more repeatedly in the
used product review dataset.

3.1. Data Splitting. In this phase, we divided the dataset that
consisted of 13,057 product reviews into 70% training, 10%
validation, and 20% testing datasets. Then, the CNN-LSTM
and LSTM models were applied to detect and classify the
review texts into positive or negative. Table 2 shows the
splitting of the dataset.
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Step 1: input training set as x_train, targets as y_train
Step 2: assign the hyperparameters as embedding dimension=50, number_filters=64, vocabulary_size=15000 words,
input_length =400, dropout_rate = 0.4, strides =5, activation_function = Relu, kernel_size =3 x 3, pool_size =5 X,
Istm_units = 50, batch_size = 32, number_epochs =5, num_classes = 2, optimizer = (Adam).
Step 3: initialize sequential model ()
Step 4: set embedding layer as input layer
Model = model.add(embedding(embedding_dimension, vocabulary_size, input_length))
Step 5: add convolutional layer
Model = model.add(convolution 1D(number_filters, kernel_size))
Step 6: add max pooling layer
Model = model.add(max_pool layer(pool_size, strides))
Step 7: add LSTM layer
Model = model.add(LSTM_layer(Istm_units, activation_function, recurrent_activation, dropout_rate, return_sequences))
Step 8: add dropout layer
Model-model.add(Dropout(dropout_rate))
Step 9: add dense layer
Model = model.add(Dense_layer(num_classes, activation_function = “sigmoid”))
Step 10: compilation
model.compile(e (loss_function, optimizer)
model fit (y_train, y_train, number_epochs, batch_size)
ALGORITHM 1: CNN-LSTM.
tablet
FiGure 4: Word cloud of the dataset.
TaBLE 2: The splitting of the dataset.
Total number of reviews Training set 80% Validation set 10% Testing set 20%
13,057 (11,184 positive; 1,873 negative) 9,400 1,045 2,612
TaBLE 3: Results of the deep learning models.
Models Specificity Accuracy (%) Precision (%) Recall (%) F1-score (%)
LSTM 95 91.03 92.07 97.73 95.50
CNN-LSTM 96 94 94 99 96.03

3.2. Results and Discussion. Table 3 shows the results of the
deep learning approaches. The CNN-LSTM model achieved
high accuracy (96%).

The confusion matrix of the CNN-LSTM and LSTM
models is shown in Figure 5. The confusion matrix is used to

present the rates of TP, FP, TN, and FN of the sample. Based
on these rates, the evaluation metrics (specificity, accuracy,
recall, precision, and F1-score) were calculated to evaluate
the CNN-LSTM model using unseen data to predict the
sentiment of customers. LSTM resulted in 82.24% TP, while
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Figure 5: Confusion matrix of the (a) LSTM and (b) CNN-LSTM models.
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FIGURE 6: The performance of the LSTM model: (a) accuracy and (b) loss.

CNN-LSTM resulted in 83.54% TP. As for misclassification,
LSTM resulted in 6.39% FP and CNN-LSTM in 5.28% FP,
indicating that the CNN-LSTM model was slightly better
than the LSTM model.

The accuracy performance of LSTM for the training and
validation datasets is presented in Figure 6. The LSTM model
presented increasing accuracy during the training phase
(from 86% to 94%), whereas in the testing phase, it achieved
91% accuracy with 10 epochs. The loss of the LSTM model in
the training phase decreased from 5 to 0.35, while in the
validation phase, the model loss decreased from 0.3 to 0.27.

The accuracy performance of the CNN-LSTM during the
training phase increased from 87.50% to 97%. In the

validation phase, the accuracy performance reached 94%
(Figure 7(a)). The loss of the CNN-LSTM model in the
validation phase was 0.20 (Figure 7(b)).

The dataset developed by Rajkumar et al. [53] pro-
posed SVM and Naive Bayes methods to predict sentiment
analysis. They collected data from Amazon concerning
mobile phones, tablets, cameras, and televisions. They
applied the SVM method to each dataset individually.
Here, we applied deep learning models to all the datasets
combined. The empirical results of our system were
compared with the results of [28] and are shown in Ta-
ble 4. The CNN-LSTM model achieved an accuracy of
94%.
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FiGure 7: The performance of the CNN-LSTM model: (a) accuracy and (b) loss.
TABLE 4: Significant results of the CNN-LSTM model compared to the SVM method.
Models Datasets Accuracy (%)

Support vector machine [28]
Proposed system (CNN-LSTM)

Televisions, tablets, mobile phones, laptops, and video surveillance
All dataset 94

88, 84, 92, 88, and 93

4. Conclusion

Recently, sentiment analysis has become a valuable tool for
the generation and evaluation of different types of data,
helping the decision-making processes that lead to the
improvement of businesses and companies. Social net-
working creates a large amount of data that require pro-
cessing and analysis to obtain relevant insights. In the
present study, the experimental dataset was collected from
the Amazon website and included reviews of laptops, mobile
phones, tablets, televisions, and video surveillance products.
The lexicon-based approach was used for the calculation of
the sentiment score for each review text. The output of the
preprocessed data was classified with the LSTM and CNN-
LSTM models. The experimental results showed that our
model was satisfactory in all the measurement metrics.
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In today’s world, diabetic retinopathy is a very severe health issue, which is affecting many humans of different age groups. Due to
the high levels of blood sugar, the minuscule blood vessels in the retina may get damaged in no time and further may lead to retinal
detachment and even sometimes lead to glaucoma blindness. If diabetic retinopathy can be diagnosed at the early stages, then
many of the affected people will not be losing their vision and also human lives can be saved. Several machine learning and deep
learning methods have been applied on the available data sets of diabetic retinopathy, but they were unable to provide the better
results in terms of accuracy in preprocessing and optimizing the classification and feature extraction process. To overcome the
issues like feature extraction and optimization in the existing systems, we have considered the Diabetic Retinopathy Debrecen
Data Set from the UCI machine learning repository and designed a deep learning model with principal component analysis (PCA)
for dimensionality reduction, and to extract the most important features, Harris hawks optimization algorithm is used further to
optimize the classification and feature extraction process. The results shown by the deep learning model with respect to specificity,

precision, accuracy, and recall are very much satisfactory compared to the existing systems.

1. Introduction

Diabetes mellitus (DM) is a most important worldwide
health concern, which causes a range of long-term complete
impairments that have a significant influence on the patient
and society, as the illness usually upsets people in their best
fruitful ages. As per the latest alarming statistical facts re-
leased by the International Diabetes Federation (IDF) Di-
abetes Atlas 2021 document [1], there are 537 million (1 in
10) adults (aged 20-79 years) living with diabetes mellitus
worldwide in 2021. This number is anticipated to rise to 643
million (1 in 9 adults) by 2030 and 784 million (1 in 8 adults)
by 2045. Also, 81% (4 in 5 adults) with diabetes are living in
middle- and low-income countries. Around 6.7 million
deaths (1 every 5 seconds) occurred in 2021 due to DM. An

assessed 44% of adults (240 million) living with diabetes in
middle and low-income countries are left undiagnosed. In
2021, the global health expenditure caused by diabetes alone
is evaluated at USD 996 billion with an increase of 316% over
the last 15years. Around 541 million (1 in 10) adults
worldwide have been positioned at high risk of emerging
type 2 diabetes due to diminished glucose tolerance levels.
The top 1