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Arti�cial Intelligence (AI) has fascinated the present study assigned to multiple areas such as distress detection on the pavement,
pothole detection, and healthcare. e distress detection on pavement and roads and delivering healthcare and medical services
need to be monitored through state-of-the-art technology, i.e., drone technology. Improvement in construction sites and
healthcare delivery are of serious concern. Nowadays, computer vision techniques are commonly used in this area utilizing images
and videos of construction sites. Due to con�ned data, researchers are using Unmanned Aerial Vehicles (UAVs) or Drone to get
maximum information through 360° monitoring. is review article presents the useful monitoring techniques using AI-enabled
drones for scholars around the world. In this comprehensive review, initially, the image acquisition equipment along with the
perks and limitations has been presented. Second, the main constraints related to di�erent computer vision techniques are
highlighted for detecting distress in the pavement. en, the possible research solution to some of the distress issues such that
detection of pavement texture, cracks or potholes, joint faulting, temperature segregation, and rutting issues are predicted. Finally,
the application of AI-enhanced drones in the healthcare �eld is elucidated which showed their signi�cance. Moreover, in this
research, the comparative image analysis of pavement and path hole detection was presented for the collection of detailed
information and accurate detection. In the future, the work can also be enhanced to monitor the live pavement distress detection,
especially for busy roads and highways. Moreover, an analysis to determine and reduce the costs in the healthcare sectors and
organizations is required for future work.

1. Introduction

Arti�cial Intelligence-based devices assist researchers to
broaden the levels of identi�cation, detection, and delivery
services. Drones provide e�cient diagnostics, detections,
and supervision in aerial cases through high-performance
built-in computers, thermal scanners, high-resolution
cameras, and other tools [1]. e use of AI-based drones is
vital in the healthcare sector. It assists the health profes-
sionals with quick and e�cient deliveries of the sample, lab
reports, and other health-related essentials. Drones have
enforced the public to follow mandatory health rules
properly via audio and visual alerts. Its working capabilities

and patrolling in many developed countries during Covid-
19 are remarkable. Drones reported the rules violations and
the diagnosed cases and helped to disinfect the public spots.

Among many AI approaches, Deep learning (DL)
methods attain outstanding results in monitoring road
conditions. It determines and characterizes the pavement
distress accurately. e most signi�cant advantage is its
capability to learn large data quantities. Among many DL
approaches, the widely used is deep convolutional neural
networks (DCNNs) for vision-based tasks as it provides
higher accuracy [2]. All the DL approaches learn more
descriptively multiple-level image features. DCNN has
many-layered architecture and extracts various features of
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pavement distress like transfer learning, multiple source
sensors, multi-stage CNNs, etc. All the layers provide results
for three main tasks, classification, segmentation, and de-
tection. For classification tasks, DL outperforms the other
conventional machine learning (ML) techniques with an
accuracy of 90–97%. For segmentation tasks, DL performs
classification of pixel-level, which enables an in-depth ex-
amination of an image. Moreover, it helps to detect the
distress morphology as well. It results in high accuracy
results of 70–99%, especially in single-class problems. ,e
generative adversarial networks (GANs), connectivity maps,
and other approaches enhance the outputs of segmentation.
For detection tasks, especially pavement distress detection, it
performs with high accuracy of 70–97% for both 2-Direc-
tional (2D) and 3-Directional (3D) data. Moreover, it
provides classification with defects localization that is sig-
nificant for navigation. ,e technologies of depth mea-
surement are used to measure the physical characteristics of
distress on the pavement. DL approaches are the most re-
liable approaches for pothole and pavement distress de-
tections but require further advancements with more
innovative techniques, budget-friendly sensors ad platforms.
In the healthcare section, DL extracts the features auto-
matically, which reduces the complex processing. To eval-
uate the link among various factors of a patient’s no-show
the DNN model can be employed. It will also determine the
correlation between the factors and the results. Many re-
searchers detecting multiple retinal diseases also use the
CNN model. Similarly, recurrent neural networks (RNNs)
assisted the healthcare providers with their tasks, especially
clinical trial cohort selection. Similarly, GANs show great
ability and potential to generate synthetic magnetic reso-
nance imaging (MRI) images. Additionally, GANs help in
protecting the privacy of patients.

However, DL techniques have certain limitations. It
requires training on large data volumes and post-processing
algorithms for exact and smooth shape extractions. ,e
results using DL techniques for very high-resolution images
are discontinuous and possess ambiguous structural se-
mantics [3]. Sometimes the results show noises in seg-
mentation. Moreover, the physical characteristics of
pavement distress are still a gap. ,ese are unable to specify
the exact distress location, so not suitable for real-time
applications. It requires redundant scanning for the entire
picture, so it is a computationally expensive method. ,e
main drawback is that these models are costly, time-con-
suming, require large volumes of sample data, and high
degree of technical sophistication. In some cases, DNNs
made errors in medical diagnosis based on images, which
can alter the detection and diagnosis process.

1.1. Literature Review. Currently, computer vision tech-
niques are the recent trend, and they widely opt for several
areas and applications such that the biomedical domain,
aerospace engineering, construction sites, metrological de-
partment of any area and identifying botanical diseases,
traffic monitoring, and many other areas [4–9]. Discuss the
several types of instruments and devices that are used to

identify the distress such that digital cameras that identify
the cracks in the pavement and laser screening methods to
identify the rutting issue [10]. Moreover, the researchers
have proposed thermal imaging schemes to monitor the
temperature segregation throughout the asphalt paving
along with the same technique is also proposed to extract the
texture of pavement pothole identification joint fault and
many others [11].

,e same image-based techniques can be seen, which
are later deployed in the vehicles for the same purposes.
Techniques such that ground-penetrating radar (GPR) had
been applied for checking the thickness of the pavement
layer using a depth camera [12]. ,e same technique is
applied to the airport pavement to identify the cracks [13].
Moreover, one may easily deploy these techniques and
algorithms over a UAV to check the distress in pavements
and identify the pothole [14]. Researchers have been trying
to install high-resolution cameras along with LiDAR to
detect the roughness of roads [15]. A study [16] used a
UAV-assisted ad hoc on-demand distance vector (AODV)
routing design to accumulate and share traffic data of the
current time. ,is helps in controlling the congestion
earlier than it occurs. ,is design enhanced the intersec-
tion-based routing protocols of the urban environment.
Moreover, this routing protocol outperforms the simula-
tion results as it reduces the delays, increases the ratio of
packet delivery, improves the instant and average
throughput, and saves more energy. Researchers used
UAVs in [17] to capture real images and implemented a
deep Laplacian pyramid with a super-resolution network
and a fine-tuning strategy. ,ese strategies enhance de-
tection accuracy. Among the performances of many object
detection models, the proposed flight strategy proves to be a
simpler and more efficient one. Moreover, it shows robust
diagnostic capabilities and fault recognition. Table 1 gives
detail of innovative methodologies and contributions of the
current research.

1.2. Motivation and Contribution. Extreme climatic events
and intensive usage of vehicles are aging pavements and
deteriorating road networks. Many researchers are making
huge efforts to develop smart and intelligent roadway in-
frastructure and healthcare systems keeping reduction in
inspection costs and safety as a priority. Emerging AI-en-
hanced drones possess the potential to minimize the in-
spection costs of pavement structures and enhance safety
levels. ,e motivation for this study is to combine a com-
prehensive and systematic review of AI-assisted drone
technology in distress pavement, pothole detection, and
healthcare. ,e contribution of this paper is this compre-
hensive review study provides the latest updates about
computer vision-enabled drones and their utilization for
inspecting pavement issues. ,us, the image acquisition
equipment plays a vital role and therefore one may find the
limitations of such equipment as well in this manuscript. In
addition to this, the adoption of computer vision algorithms
and pre-processing coding techniques along with their
constraints are highlighted. ,is will provide the researchers
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to go into this field and explore more optimized solutions to
identify the issues related to the pavement field.

2. Image Procuring Equipment

2.1. Types of Camera and Working Principles

2.1.1. Deploying Digital Camera. ,e study focuses on the
pavement detection area; thus, several analysts started their
work by studying the properties of road pavement using
their image set. ,is image set is available online as well as
can be acquired using digital cameras. One may see pave-
ment surface and texture analysis in [18–20], and asphalt-
based crack deformation detection crack detection [21, 22].

Moreover, the working principle for such digital cameras
is quite simple to understand. At the time when someone
presses the shutter, the camera lens starts focusing the light
on the image sensor, which is a charge-coupled device
(CCD) or super charge-coupled device. ,is converts a light
signal to an electrical signal. ,is is the way by which one
may get the electronic signal interrelated with the photo-
graphed environment. ,is achieved information will go
under compression and pre-processed using a micro-
controller. It should be noted that through this approach one

may set the format of the image as well, i.e., JPEG or PNG etc
and can also store it in the memory [23–25].

2.1.2. Utilization of Depth Camera. Furthermore, re-
searchers have started to utilize depth cameras to modernize
pavement engineering. In comparison with ordinary two-
dimensional cameras, depth cameras have more benefits
when it is to acquiring depth information [26]. ,ese depth
cameras have been categorized into three types as mentioned
below [27]:

(i) Time of Flight (ToF)
(ii) Structure light (SL)
(iii) Binocular Stereo Camera (BSC)

Defining ToF, one may see its two types which are again
working principle-based such that direct and indirect
methods. ,e light pulses are emitted in the direct method
using laser emitters as shown in Figure 1. After striking with
the object, the light bounces back, then the sensor receives it
and the object distance is computed using the ToF term for
the light and.Whereas if we notice the indirect measurement
method, the light source is modulated. A continuous beam

Table 1: Literature review.

Sr.
No. References Years Methodologies Contributions

1. Shukla et al. [4] 2016 AI and imaging

(i) Solves many biomedical problems
(ii) Increases the diagnosing, studying,
understanding, monitoring, and treating abilities for
medical disorders

2. Chakraborty and
Kalyani [5] 2020 Deep learning (i) Details the recent growth and limitations of the

current systems
3. Jiang et al. [6] 2013 Computer vision algorithms and imaging (i) Shows huge potential in the described challenges

4. Beltrán-González
et al. [7] 2020 Computer vision and Machine learning (i) Provides encouraging performances

5. Seo et al. [8] 2015 Computer vision (i) Assists in health monitoring and construction
safety

6. Ismail [9] 2010 Computer vision (i) Shows effectiveness of a safety treatment
(ii) Helps in reducing the traffic events

7. Zhang et al. [10] 2018 3D laser profiling (i) Detect cracks, subsides, potholes, shoving, rutting,
and shoving with high accuracy

8. Kim et al. [11] 2017 IR thermal imaging (i) Provides statistical correlation between fracture
resistance and temperature differential

9. Loizos and Plati
[12] 2007 Ground-penetrating radar (GPR) (i) Effectively and accurately estimates pavement

asphalt layer thicknesses

10. Moropoulou et al.
[13] 2002 IR thermography and GPR (i) Detects cracks, voids, etc. efficiently in airport

pavements

11. Saad and Tahar [14] 2019 Multirotor UAV
(i) Identifies rut and pothole accurately
(ii) boosts the effectiveness of road conditions
monitoring (RCM)

12. Blasiis et al. [15] 2020 LiDAR
(i) Provides good correlation
(ii) Proves to be useful for maintenance works
planning

13. Jobaer et al. [16] 2020 UAV-assisted AODV
(i) Reduces the delays, and increases the ratio of
packet delivery
(ii) Saves more energy

14. Rahman et al. [17] 2021
UAVs and a deep Laplacian pyramid with a
super-resolution network and a fine-tuning

strategy

(i) Proves to be a simpler and more efficient one
(ii) Shows robust diagnostic capabilities and fault
recognition

Journal of Engineering 3



of light is used to emit it and the object distance can be
computed with the light phase.

Discussing the structured light camera, their working
principle is quite easy to understand, here one may see the
light source, which is modulated, andmultiple light spots are
shown at the time of radiation over the objects. Later, sensors
compute the distance to capture the reflected light. ,e most
common example of structured light cameras is the “Kinect”
sensors as shown in Figure 2.

,ere is a situation when the eyes’ field angle changes for
the object at multiple distances from a similar frame of point.
,is happens because of the distance between the pupils of
our eyes, which is 65mm for an adult while observing
objects. As per the relationship of geometric optics and the
projection relation, the point at multiple distances from the
observer is evident to be imaged at different retina positions
thus such positional difference is known as binocular par-
allax. ,is results in the reflection of the depth of objects and
can provide a stereoscopic vision [30]. One may see the
utilization of two coplanar CMOS cameras for simulating
the similar working of eyes in the binocular camera.

In above Figure 3, one may see the structure and
physical representation of the binocular camera. In addi-
tion to this, one may also see the fundamental working
principle in it. ,ere are four prisms packed in a pair of
binoculars. In each tube, one prism is mounted horizon-
tally while the other prism is vertical. ,e light rays take the
path through the lenses and then through these Porro
prisms [32]. For the above brief study, it is understood that
one may opt depth camera very carefully. ,us, this study
proposes the main guidelines with some significant aspects
as shown in Table 2.

2.2. *ermal Image Technology (TIT). It is defined as a
contactless and benign procedure for computing the object’s
temperature by calculating the emitted infrared radiations,
such a method is known as thermal image technology (TIT)
[34]. It is one of the suitable technologies to examine instant
temperature change and one of the fast procedures. It is
admitted that the infrared (IR) comes in the invisible light
bands within the electromagnetic spectrum and has
0.76–100 μm of wavelength. ,is infrared wave has been
categorized as short (1.4–3 μm), the medium is between
(3–8 μm) whereas the long wave is greater than 8 μm and the
extremely long wave is between 15 and 100 μm. ,e TIT
mechanism can detect the IR radiation in between short and
longwave regions [35]. ,is is because the TIT mechanism
uses infrared detectors for capturing the pattern of the ra-
diation energy related to any object. Once it is captured, the
incident radiation is transformed into an electrical signal by
the detector. In this way, it results in thermal imaging. ,is
acquired image from the thermal imaging technique shows
the object’s surface heat distribution along with multiple
colors which display the variable temperatures of the con-
sidered object. Figure 4 provides the understanding and
difference between the thermal and digital images [36]. It
should be noted that there are mainly two kinds of thermal
imaging techniques such as passive and active. If one is
obtaining the information, regarding the object’s tempera-
ture with no applications of external energy to the targeted
object is known as the passive thermal imaging technique or
simply passive thermography. Whereas, if someone is
obtaining the imaging by providing external thermal energy
to the targeted object such technique is known as active
thermography. ,is has been illustrated in Figure 5.

Discussing the benefits of the thermal imaging tech-
nique, one may enjoy its high portability, and contactless
testing, and the radiations are no longer harmful. In addition
to this, it can obtain a real-time image without any de-
pendency on light intensity. ,e only constraint with this
technique is the cost as this method is a comparatively
expensive method and there is an improvement required for
enhancing the resolution of the acquired image.

2.3. Laser Technique. Satellite laser scanning is something
very popular; researchers are also doing remote sensing and
mapping. ,is is why it is commonly applied for pavement
distress detection [38].

Infrared
projector

RGB
camera

Infrared
camera

Figure 2: Structured light (SL) camera (Kinect sensors) [29].

Objective
lens

Focusing
screw

mechanism

Porro prisms
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eye-cups
www.explainthatstuff.com

Figure 3: Components and Working Principle of Binocular
cameras of Camera [31].
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Figure 1: Working principle of ToF depth cameras [28].
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2.3.1. Laser-Based Scanning Principle. ,e principle is quite
simple and based on the measurement of laser distance.
,ere is particular lightning that is projected over the tar-
geted object and later is discovered by using the CMOS
camera as shown in Figure 6. In most cases, the distance at
which the camera is placed for projection is known along
with the horizontal position by studying the laser line de-
formation on the object [39]. Moreover, this laser mecha-
nism is strongly coupled with an encoder. ,e main
objective of this encoder is to derive the laser detection
vehicle’s direction and in this way the surface image of the
targeted commodity is constructed as illustrated in.

2.3.2. Fixing Sampling Interval for Laser Scanning. After
going through the literature, it has been observed that the
changing of sampling frequency may or may not potentially
affect the capability to detect the cracks from the pavement
using 3D Laser scanning. Hence, one can never neglect this
parameter. In addition to this, one may keep this thing in
mind that the type of detection device can also affect this
sampling frequency. Take an example of a CTmeter in which
the laser is based on a displacement sensor organized over
the arm. ,is arm rotates over the circumference with a
radius of 140mm while measuring a set sampling interval
with the texture. Similar works can be witnessed such that
3D pavement detection [41]. In these research contributions,
one may see a scanning speed of 120Km/h whereas the
sampling interval lies in the range from 1mm to 5mm. It is
observed that there are some vehicular-mounted laser de-
vices with low-frequency laser radiation to acquire the
macro level of texture from the targeted object [42]. By
studying some manuscripts, it is concluded that this sam-
pling must be lower than 500mm to ensure the proper
detection of stress and roughness of pavement [43].

2.3.3. Perks of Laser Technique. ,ere are several benefits of
the laser technique; one of the advantages is its insensitive
property to light effect. Second, the high resolution of the
acquired images helps to render the images for designing the
required machine perception [44]. Moreover, with the de-
ployment of sensor technology, one can be able to detect the
0.5mm depth. ,e only constraint with this technique is the
high cost. ,erefore, its only purpose is data collection in
restricted predefined jurisdiction.

2.4. Mechanism of Pavement Inspection. In the early 1970s,
researchers proposed the GERPHO mechanism [45]. ,is is
the first time that researchers opted camera to capture the
surface of roads. ,is data was first stored and helped the
researcher to correspond to the particular position of the
targeted object but never commented on the roughness and
distress of the pavement or road. ,is technique later was
named as Automatic pavement distress survey system
(APDSS) [46]. APDSS has one common disadvantage it does
not diagnose the type of crack and may function only in the
nighttime. One may further see ARIA, which stands for
automated road image analyzer dully developed by Amer-
ican researchers [47]. ,is technique requires 15 to
20minutes to analyze 1 lane only, which is almost equal to 1
mile for crack detection. Next in 2015, a proper pavement
condition evaluation service was developed which later on
merged with unmanned aerial vehicles, which are shown in
Figure 7. After the advent of UAVs, this turned out to be one
of the promising methods to identify the cracks by acquiring
high-quality images. In addition to this, various equipment
is used for the same purpose [48].

2.5. About GPR. Researchers have opted for the antenna of
GPR and the utilization of electromagnetic waves to know

Table 2: Significant Aspects for opting for Depth Camera [33].

Depth camera type
Significant aspects

Measuring range Precision Complexity Operational in dark mode Application
Binocular Medium Range 0.01–1mm High No Object Recognition
Structured Light 0.1m–10m 0.01–1mm Medium Yes Pose estimation
ToF Type 0.15m–15m 1 cm Low No Virtual Reality

US 31 White River Bridge
June 15 2017

Nikon D810 Orthophoto

STR 7587
Built 1965
Length = 169.0 ft
Width = 42.9 ft
Spans = 3

STR 7587
Built 1965
Length = 169.0 ft
Width = 42.9 ft
Spans = 3

US 31 White River Bridge
June 15 2017

Thermal - FLIR Vue Pro R

Figure 4: Digital imaging versus thermal imaging [36].
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about the structure and acquire information about the
material [49]. ,e schematic related to this technique is
illustrated in Figure 8 [50]. Moreover, there are mainly three
GPR signal types A, B, and C-scan, as illustrated in Figure 9.
,ese waves detect abrupt variation and represent the cross-
sectional images of the objects [51].

It is said that GPR being a fast and non-destructive
method identifies the stress of pavement and above all the
data acquired using these techniques is very easy and au-
tomatic. It has a limitation over the large data, and one may
face a processing delay in identifying the detects.

3. Utilization of Computer Vision Strategies

Computer vision technology has been opted a lot nowadays
by several researchers at different levels to check the issues of
pavement, it seems now digital image processing and
computer vision are now a part of pavement distress en-
gineering. ,is is because it has been used extensively to
study the asphalt structures, characterization of aggregates,
and condition monitoring of macroscopic scale [52]. ,us,
the following study discusses the importance of this tech-
nique and discusses the analysis of previously proposed
techniques along with equipment in the domain of pave-
ment engineering.

3.1. Detection of Distress over Pavement’s Surface. ,e cracks
in pavement usually appear after some time due to traffic and
it is one of the common failures of civil engineering utilized
to design that pavement. In most cases, this detection is done
manually but now to ensure the high detection efficiency and
accuracy along with data prediction that when one pavement
needs maintenance computer vision technique is heavily
proposed and suggested. ,is is still evolving with the
regular advent of several sensors and efficient algorithms
[53].

,is is started by pre-processing the cracks via the
segmentation technique. ,is helps computing gadgets to
check the image using thresholding, segmentation, and
correlation techniques. Moreover, Table 3 describes all such
studies that were presented on pavement distress. One may
study [54] and can conclude that several more methods are
based on thresholding techniques such that OTSU, hybrid
thresholding, and histogram technique. Majorly, researchers
have used the thresholding technique because it is easy to
operate once the threshold value is computed [55]. One may
also see the segmentation based on a deep learning algorithm
and may compare the method with OTSU. Since computer
vision techniques are based on image analysis. ,erefore,
any image we acquire must have some external noise and
non-uniform illumination, which is one of the limitations.
,is limitation has been addressed using different filters and
some of the researchers addressed this issue by introducing
the mean and standard deviation values [56]. ,is is illus-
trated in Figure 10.

Due to the roughness of pavements in most cases, the
snake model has been proposed to refine the cracks from
the image and it has been concluded as better than other
video quality. In addition to this, one may witness the snake
model to tackle the crack segmentation. It is believed that
the snake model is far better than the segmentation
threshold.

A hybrid algorithm for the thresholding technique is
used for crack detection in Figure 11. In the list of these
thresholding techniques, there are several algorithms such
that the canny model, Sobel model, Laplacian of Gaussian
methods, Roberts method [57], and Prewitt method are
included. ,ese algorithms are proposed for identifying the
cracks within the pavement. ,ese methods have been
optimized as initially, they had bad processing effects and
therefore several segmentation methods such that mor-
phological theory has been proposed. ,is algorithm not
only tackles the noises but also detects the cracks and edges.
Moreover, this should be noted that the processing should be
faster, and hence in [58], it is noted to reduce the processing
one may pre-process the images, i.e., eliminating the image
noise from the crack. One may see an edge detection al-
gorithm that is dependent on the grid analysis (GCA) to
increase the real-time segmentation. ,is algorithm gives
high accuracy and good repeatability. Inmost cases, it is used
with uniformity for an image. Later, edge detection can also
be utilized for the same purpose but need an artificial light
source with uniformity. ,is GCA technique-based edge
detection is much improved to reduce the impact of shadow.
Figure 12 shows crack detection using discontinuity-based

Figure 7: Crack detection with drone software [48].

a. Passive Thermography

b. Active Thermography

Thermal energy
source

object

object IR camera

IR camera

Figure 5: Passive and active thermal imaging system [37].

Laser Projector CMOS Detector

Sample object

θ

Figure 6: Optical triangular principle for laser scanning [40].
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algorithms like Canny edge detection, Valley for image edge
detection, and Valley tracing [59–61].

,e study of this literature provides several algorithms
that recommend multi-level segmentation procedures, i.e.
wavelet decomposition method and grey level morphology
to see cracks [62]. It is observed that the wavelet transform
may lead to loss of translation variance and may add some
artifacts. ,is is the reason researchers prefer wavelet for
only edge detection by amalgamating the holes algorithm
[63]. Diving the image into sub-regions and using the same

algorithm may improve the results. Another reason to opt
for this procedure is that the conventional methods are
lacking in representing the features. As machine and deep
learning have a boom nowadays, therefore, several research
contributions have proposed neural network-based algo-
rithms to detect the cracks such that feature Pyramid and
hierarchical boosting network (FPHBN) [64]. ,is algo-
rithm is used mostly to create a differentiate a crack with its
background. Moreover, it is compared also with the con-
volutional neural network as well along with edge detection

Table 3: ,resholding techniques for crack segmentation.

Sr.
No. References Years Techniques Results

1. Yang et al. [64] 2020 Deep learning Gives superior, accurate, and generalizability results
2. Huyan et al. [87] 2019 Deep learning Gives faster and better performance

3. Lettsome et al. [88] 2012 Computer vision using edge
detection

Performs much better Gives significant quantitative
improvement

4. Somcharean and
Phiphobmongkol [61] 2008 Computer vision using edge

detection
Eliminates false detection Gives accurate results and

strong texture

5. Tsai et al. [89] 2014 Multi-scaled segmentation
technique Gives promising results

6. Lu [90] 2014 Multi-scaled segmentation
technique Gives improved versatility and detection accuracy

7. Moussa and Hussain [91] 2011 Conventional ,resholding Identifies cracks automatically and effectively
8. Salari and Bao [92] 2011 Conventional ,resholding Gives more effective and reliable results
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Tx Rx

Figure 8: Principle of GPR technique [50].
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Figure 9: Visualization modes of a GPR signal: (a) A-scan, (b) B-scan, and (c) C-scan [51].
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using HED, RCF, and FCN. ,is has been illustrated in
Figure 13. Moreover, to crack length measurement, Ali et al.
used the deep convolutional neural networks (DCNN) as
can be seen in Figure 14 [65].

Researchers have designed several algorithms such that
the convolution network for crack segmentation and the
Gaussian conditional random field algorithm that can be
used to refine the results [66]. Furthermore, some techniques
are based on autoencoders for classifying the cracks as per

spatial enhancement by removing the noise. One may see
pixel defect analysis applying a U-net Deep encoding
method, which is proposed for evaluating the pavement
quality [67]. In this method, segmentation-based perfor-
mance is demonstrated over the classical U-Net method
without the significant computational overhead. In recent
times, there have been several strategies and techniques used
to divide the crack image into the segment as mentioned
below:

(a) (b)

(c)

Figure 11: (a) Original Image and (b) and (c) Crack detection Using ,resholding [55].

Figure 10: Deep learning-based crack segmentation [56].
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(i) Minimal Path Section Method (MPSM)
(ii) Dynamic Optimization-based Crack Segmentation

(DOCS)
(iii) Regional Growth Segmentation (RGS)

Furthermore, researchers have proposed the Ground
Penetrating Radar (GPR) to detect the pavement. ,is GPR
is nothing but a real-time NDT technique that utilizes high-
frequency radio waves. Some of the researchers have pro-
posed GPR in the networks for pavement distress detection

along with crack, water damage pit, and others as illustrated
in Figure 15 [68].

In recent, image processing methods are hybridized with
deep learning algorithms to increase the efficiency of the
results. In such techniques, one may find CNN, RNN, and
autoencoders [69].,ese algorithms have provided accuracy
of up to 85%, less than 2mm location errors, and are robust
in terms of stability but later these algorithms were amended
to a faster region convolution neural network for checking
pavement distress [65]. ,e exact number of precision is

(a) (b)

(c) (d)

Figure 12: Different Crack Detection Results (a) Canny edge detection (low thresholding). (b) Canny edge detection (high thresholding).
(c) Valley edge detection. (d) Valley tracing [59].
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89.13% and intersection over union (IoU) is 86.24% which
are available [70].

3.2. Classification Techniques. More artificial intelligence
(AI) techniques are proposed to classify the crack types. In
the list of such techniques, one may see the support vector
machine method (SVM), artificial neural network (ANN),
and various other algorithms. Some techniques like wavelet
neural network (WNN) and backpropagation neural net-
work (BPNN) are also proposed to not only classify the crack
images but also used to measure the distress [71, 72]. With
the implementation of BPNN researchers have classified the
distress in the pavement into four types as mentioned below:

(i) Defect-free
(ii) Crack
(iii) Joint and
(iv) Bridged

In addition to this classification, researchers improved
the accuracy level up to 90–95 percent [73]. SVM is a
popular technique and is mostly opted one. ,e main usage
of these techniques can be studied where SVM is used for

structural risk minimization. ,e classifiers were introduced
based on SVM and these classifiers can identify five types of
distress in the pavement. Most importantly, SVM techniques
have been compared with the WNN algorithm and the
results found the SVM to be more accurate than the other
algorithm [74]. Researchers, therefore, started improvising
SVM and introduced a proximal support vector machine
(PSVM) which proved to be easier to apply and more ac-
curate than conventional SVM [75]. Several other classifi-
cation approaches include wavelet transform along with
Radon transform. ,is algorithm not only classifies the
cracks but also identifies the longitudinal and diagonal
cracks with transverse types.,is is one of the expert systems
and operates rapidly.

3.3. Pothole Detection. Another major thing along with
pavement distress is pothole detection. ,is affects a lot in
the maintenance and management plan for any pavement
[76]. In today’s world, the manual detection method is not
accurate and in addition to this, it is time-consuming.,us,
researchers have been proposing computer vision tech-
niques to identify this sort of abnormality. Section Table 4
refers to the number of research contributions proposed for

Raw image Ground truth FPHBN HED RCF FCN

Figure 13: Crack detection Results Using FPHBN, HED, RCF, and FCN [64].

Input Features Extraction Classification Output

Convolution ReLU Batch Normalization SoftMax Pixel Classification Fully Connected

Figure 14: Demonstration of DCNN algorithm [65].
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pothole detections using image processing. For digital
image processing, one may need a digital camera but some
researchers proposed laser scanning in the digital camera to
develop a system that helps us in detecting potholes. Since
the equipment cost of stereo vision acquisition is less,
several studies have utilized it for the same purpose
[77–79]. Few researchers have combined stereo camera and
GPR techniques for pothole image extraction. Convolution
Neural Network is one of the most common techniques
opted for because it requires no manual assistance, and it is
more stable because it does not affect the environment.
CNN is a much more robust algorithm because it has
noise filtering ability and can detect the road image
noise-free.

,us, training CNN on images with high-resolution
takes more process time and memory as well which is one of

the constraints, and to overcome this limitation many re-
searchers have proposed a sliding window method. Fur-
thermore, CNN is improvised and had been produced in two
versions part-based classification neural network (PCNN)
and localization neural network (LCNN).,ese two versions
are proposed to achieve better performance and reduce the
load of calculation. ,ere are geometric criteria along with
morphological processing that develop the wavelet energy
field of the pavement image for distress detection in
pavement [80, 81].

4. Recent State-of-the-Art Work of
Drone in Healthcare

Technology is a hub of contexts, algorithms, and platforms,
which explores and tunes various possibilities for

Reflection crack

(a)

Water-damage pit

(b)

Uneven settlement

(c)

Figure 15: GPR based Distress detection [68]. (a) Reflection crack (b) Water-damage pit (c) Uneven settlement.
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humankind. Drones can be based on various control
techniques, dynamic models, and multiple-purpose schemes
like operation-based models, size-based models, sliding
window mode, and backstepping. ,e usage of these tech-
niques depends upon their purpose and requirement in the
healthcare systems. Some are applicable and efficient for
outdoor activities while others are for indoor activities.,eir
performances are measured based on their performance,
accuracy, effectiveness, efficiency, and security metrics in
healthcare. Multiple optimization parameters analyze these
performance measurements.

,e primary focus of this review is to determine how AI-
enhanced drones help in transporting medications, treat-
ments, health-related equipment, and biological samples.
Moreover, these drones provide services to areas, which are
difficult to access. Researchers in [82] applied the deep
learning software for the triage of COVID-19 pneumonia.
,e results showed the applied software detected COVID-19
Pneumonia efficiently with CT findings such as GGOs and
lobular lesions. ,e applied software proved to help localize
and quantify lung lesions and for providing treatment as
well. Another study [83] employed transfer learning for
COVID-19 detection andmanaged to train CNNs up to high
accuracy. ,e results proved the usefulness of transfer
learning for abnormal and normal classifications. Moreover,
overall performance was achieved through image aug-
mentation. In [84], researchers proposed an AI-enabled IoT-
based drone for secure communication in the healthcare
department. ,e research used a blockchain model with
machine learning techniques to make the drone robust and
resilient against multiple types of attacks. One can study the
usage of drones for intelligent and secure surveillance in the
healthcare sector in [85]. ,e researchers used an edge-AI
layer in the UAVs where the Naive Bayes classifier classified
the non-relevant data from the relevant data. ,en, stored
the relevant information in the blockchain layer. Results
showed the suggested architecture provided improved
communication reliability, and performance. Moreover,
these drones made intelligent decisions in healthcare ser-
vices like medicine delivery, health monitoring, telesurgery,
sanitization, and others. Similarly, drones can increase

public safety by assisting the users especially the emergency
ambulances about the current road conditions. In a recent
study [86], a UAV, with a camera and geo-tag, and a system
with a YOLOv3 algorithm is employed for pothole detec-
tions and to differentiate them from dark patches of road.
,e UAV clicks and transfers the image to the system, which
then detects the pothole immediately with high accuracy.
,is model enables the authorities to fix and maintain these
potholes and enables the public, especially the ambulances to
know the current road conditions for safety.

5. Conclusion

,is manuscript provides a comprehensive review of the
different computer vision techniques applied over the roads
and pavement to detect potholes and distresses using un-
manned aerial vehicles. Image Acquisition devices are also
introduced along with the state-of-the-art approaches used
for the same analysis. ,e constraints and limitations related
to the image processing are on-site pavement crack, pave-
ment texture, rutting, and others. Moreover, the study ad-
dresses the common issues such that the clarity, efficiency,
and cost of an image along with pavement distress type and
suggest that these issues must be taken into consideration
before opting for any suitable detection equipment.

In inclusion to this, the features of image acquisition
devices are also correlated and applied computer vision
technology is also discussed regarding different features of
various types of these devices.

(i) When it came to crack detection on the job, the
most frequent methods were laser and digital
cameras. Several crack detection vehicles were also
developed. Existing edge detectionmethods, like the
Sobel approach and the Cannymethod, might result
in poor segmentation results. As a result, deep
learning techniques, like SVM, CNN, RNNs, BPNN,
were applied. For on-site crack classification, these
techniques proved to be an excellent method.

(ii) ,e current state of analysis into the use of digital
image processing for evaluating the texture of

Table 4: Digital image technology for potholes detection.

Sr.
No. References Year Detection method Image feature extraction method Results

1. She et al. [40] 2021 Laser, digital camera,
and CMOS sensor 3D line laser technology Achieves higher precision and gives

sufficiently accurate results

2. Silva et al. [93] 2020 Digital camera (MAS) PANGEA with (YOLO) v4 Gives accurate and promising
results

3. Gao et al. [94] 2020 Digital camera LIBSVM Gives superior segmentation effects
and processing efficiency

4. Wang et al. [78] 2017 Digital camera Markov random field model, geometric
criteria, and morphological processing

Effectively distinguishes and
accurately segments potholes

5. Li et al. [79] 2016 GPS, stereovision
systems, and GPR

Region-based segmentation and
morphological operations Achieves accuracy in results

6. Koch and
Brilakis [81] 2011 Digital camera Elliptic regression and morphological

thinning Shows reasonable accuracy

7. Lin and Liu [80] 2010 Digital camera SVM Achieves a high recognition rate
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pavement was examined. ,e fractal theory, ge-
ometry (number of peaks, mean texture depth, and
mean profile depth, for example), and frequency
spectrum (fractal theory, fast Fourier transform,
and wavelet transform, for example) were mostly
used as pavement texture explaining indicators.
Furthermore, imaging technology has various
evaluation methods and indicators that need to be
enhanced due to its characteristics. To improve
pavement texture detection in the future, new
methodologies and indicators will need to be
provided.

(iii) As it is quick and can collect the entire temperature
field distribution, thermal imaging technology has
grown into a very hopeful approach to detecting
temperature segregation. Laser detection equip-
ment, line and point lasers, is essential for pavement
detection. A continuous image of a road cross-
section is impossible to obtain using point laser
equipment. Placing more laser test spots will make
the more authentic and accurate, but the expenses
rise in tandem. To lower the detection error, the
point laser number with the dispersion of its
placements requires further research. To obtain the
continuous image of a road section one can use
equipment of line laser detection; however, the
pavement transverse profile elevation shows less
accuracy as compared to the point laser approach.
,e accuracy of the measurement would be influ-
enced by the detection vehicle’s wandering and
longitudinal turbulence, pavement mark line, other
pavement distresses, and so on.

(iv) Common methods for extracting the pothole from
the obtained image include SVM-based and CNN-
based approaches. A huge amount of memory that
is usually unavailable is essential to train CNN on
high-resolution images. As a result, a better ma-
chine learning or CNN-based method must be
suggested using image technology for reducing the
calculation load for pothole detection. ,e most
common methods that detect joint faulting include
binocular vision and laser scanning. ,e laser
scanning method gives accurate results but is ex-
pensive. Contrary, the vision method of binoculars
is more effective together with cheaper, however,
requires more research for the joint faulting cal-
culation method.

Healthcare professionals have a debate on support and
criticism for AI-enhanced drones. ,is review shows the
study of drones in the healthcare sector. ,e predominant
focus shows that drones enhance the efficiencies and ca-
pabilities of health care and service providers. Drones not
only promote healthcare but also provide a feasible way to
provide services to inaccessible areas. Findings indicate how
these noise-free and carbon emission-free drones render
their services and achieve sustainable development goals.
,eir usage improves socio-economic situations and safety

in society and may further enhance the social and economic
lives of people.

6. Future Recommendation

,e criticism for AI-enhanced drones arises from the early
research and the need for public use. AI requires high in-
vestment, research processes, training, and programming to
authenticate its application, and efficacy regarding its di-
rection and future usage. For future work, we can enhance
the study while engaging more healthcare professionals,
patients, and communities in drone development and de-
ployment. Moreover, an examination can be conducted that
shows how this engagement can affect health and digital
studies. ,is will enable the developers to produce such
medical drones that will satisfy the requirements of their
users and targeted population. ,is will ensure the support
and acceptance from various communities including the
rural population. Furthermore, the financial and healthcare
quality cost examinations for integrating different applica-
tions of drones into present healthcare services will be
studied in the future. ,is will provide information to the
decision and policymakers for integrating medical drones
more appropriately.
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[7] Beltrán-González, Carlos, M. Bustreo, and A. Del Bue, “Ex-
ternal and internal quality inspection of aerospace compo-
nents,” in Proceedings of the 2020 IEEE 7th International
Workshop on Metrology for AeroSpace (MetroAeroSpace),
pp. 351–355, IEEE, Pisa, Italy, 2020.

[8] J. O. Seo, S. U. Han, S. H. Lee, and H. Kim, “Computer vision
techniques for construction safety and health monitoring,”
Advanced Engineering Informatics, vol. 29, no. 2, pp. 239–251,
2015.

[9] K. A. Ismail, Application of computer vision techniques for
automated road safety analysis and traffic data collection, PhD
Dissertation, University of British Columbia, Endowment
Lands, Canada, 2010.

[10] D. Zhang, Q. Zou, H. Lin et al., “Automatic pavement defect
detection using 3D laser profiling technology,” Automation in
Construction, vol. 96, pp. 350–365, 2018.

[11] M. Kim, L. N. Mohammad, P. Phaltane, and M. A. Elseifi,
“Density and SCB measured fracture resistance of tempera-
ture segregated asphalt mixtures,” International Journal of
Pavement Research and Technology, vol. 10, no. 2, pp. 112–121,
2017.

[12] A. Loizos and C. Plati, “Accuracy of pavement thicknesses
estimation using different ground penetrating radar analysis
approaches,” NDT & E International, vol. 40, no. 2,
pp. 147–157, 2007.

[13] A. Moropoulou, N. P. Avdelidis, M. Koui, A. Aggelopoulos,
and P. Karmis, “Infrared thermography and ground pene-
trating radar for airport pavements assessment,” Nonde-
structive Testing and Evaluation, vol. 18, pp. 37–42, 2002.

[14] A. M. Saad and K. N. Tahar, “Identification of rut and pothole
by using multirotor unmanned aerial vehicle (UAV),” Mea-
surement, vol. 137, pp. 647–654, 2019.

[15] M. R. De Blasiis, A. Di Benedetto, M. Fiani, M. Garozzo, and
M. Garozzo, “Assessing of the road pavement roughness by
means of LiDAR technology,” Coatings, vol. 11, no. 1, p. 17,
2020.

[16] S. Jobaer, Y. Zhang, M. A. Iqbal Hussain, and F. Ahmed,
“UAV-assisted hybrid scheme for urban road safety based on
VANETs,” Electronics, vol. 9, no. 9, p. 1499, 2020.

[17] E. U. Rahman, Y. Zhang, S. Ahmad, H. I. Ahmad, and
S. Jobaer, “Autonomous vision-based primary distribution
systems porcelain insulators inspection using UAVs,” Sensors,
vol. 21, no. 3, p. 974, 2021.

[18] D. Chen, N. Roohi Sefidmazgi, and H. Bahia, “Exploring the
feasibility of evaluating asphalt pavement surface macro-
texture using image-based texture analysis method,” Road

Materials and Pavement Design, vol. 16, no. 2, pp. 405–420,
2015.

[19] H. M. Zelelew, A. T. Papagiannakis, and E. D. de León Izeppi,
“Pavement macro-texture analysis using wavelets,” Interna-
tional Journal of Pavement Engineering, vol. 14, no. 8,
pp. 725–735, 2013.

[20] R. Elunai, V. Chandran, and P. Mabukwa, “Digital image
processing techniques for pavement macro-texture analysis,”
in Proceedings of the 24th ARRB Conference: Building on 50
Years of Road and Transport Research, pp. 1–5, ARRB Group,
Melbourne, Australia, 2010.

[21] A. Ayenu-Prah and N. Attoh-Okine, “Evaluating pavement
cracks with bidimensional empirical mode decomposition,”
EURASIP Journal on Applied Signal Processing, vol. 2008,
p. 861701, 2008.

[22] B. Doll, H. Ozer, J. J. Rivera-Perez, I. L. Al-Qadi, and
J. Lambros, “Investigation of viscoelastic fracture fields in
asphalt mixtures using digital image correlation,” Interna-
tional Journal of Fracture, vol. 205, no. 1, pp. 37–56, 2017.

[23] H.-P. Povel, “Imaging Stokes polarimetry with piezoelastic
modulators and charge-coupled-device image sensors,” Op-
tical Engineering, vol. 34, no. 7, pp. 1870–1878, 1995.

[24] G. K. Adam, P. A. Kontaxis, L. T. Doulos, E. N. D. Madias,
C. A. Bouroussis, and F. V. Topalis, “Embedded micro-
controller with a CCD camera as a digital lighting control
system,” Electronics, vol. 8, no. 1, p. 33, 2019.

[25] A. Mandal, S. Panda, and A. Goswami, “Driving a charged
coupled device (CCD) by microcontroller for LIBS based
application,” in Proceedings of the 2018 International Sym-
posium on Devices, Circuits and Systems (ISDCS), pp. 1–5,
IEEE, Howrah, India, 2018.

[26] C. Yuan and H. Cai, “Automatic detection of pavement
surface defects using consumer depth camera,” in Proceedings
of the Construction Research Congress 2014: Construction in a
Global Network, pp. 974–983, Atlanta, GA, USA, May 2014.

[27] A. Fossati, J. Gall, H. Grabner, X. Ren, and K. Kurt, Consumer
Depth Cameras for Computer Vision: Research Topics and
Applications, Springer Science & Business Media, Berlin,
Germany, 2012.

[28] M. Hansard, S. Lee, O. Choi, and R. Patrice Horaud, Time-of-
flight Cameras: Principles, Methods and Applications, Springer
Science & Business Media, Berlin, Germany, 2012.

[29] X. Wang, “Autonomous mobile robot visual SLAM based on
improved CNN method IOP Conference Series: materials
Science and Engineering,” IOP Conference Series: Materials
Science and Engineering, vol. 466, no. 1, Article ID 012114,
2018.

[30] Z. Zhang, “Microsoft kinect sensor and its effect,” IEEE
multimedia, vol. 19, no. 2, pp. 4–10, 2012.

[31] D. Jiang, Z. Zheng, G. Li et al., “Gesture recognition based on
binocular vision,” Cluster Computing, vol. 22, no. S6,
pp. 13261–13271, 2019.

[32] K. Seil, “Progress in binocular design,” Optomechanics and
Dimensional Stability, vol. 1533, pp. 48–60, 1991.

[33] Z. Kuocheng,Design and Algorithm of Stereo Vision Processing
System for High Voltage Line Inspection Platform, Harbin
Institute of Technology, Harbin, China, 2017.

[34] E. F. J. Ring and K. Ammer, “Infrared thermal imaging in
medicine,” Physiological Measurement, vol. 33, pp. R33–R46,
2012.

[35] T. J. Phillips, “High performance thermal imaging technol-
ogy,” III-vs Review, vol. 15, pp. 32–34, 2002.

[36] C. Brooks, R. Dobson, D. Banach et al., Implementation of
Unmanned Aerial Vehicles (UAVs) for Assessment of

14 Journal of Engineering



Transportation Infrastructure: Phase II. No. SPR-1674,
Michigan Technological University, Houghton, MI, USA,
2018.

[37] J.-S. Lee, G.-W. Hong, K. Shin, D. Jung, and J.-H. Kim,
“Recent developments involving the application of infrared
thermal imaging in agriculture,” Journal of Sensor Science and
Technology, vol. 27, no. 5, pp. 280–293, 2018.

[38] J. Ma, X.-M. Zhao, S.-H. He et al., “Review of pavement
detection technology (in Chinese),” Journal of Traffic and
Transportation Engineering, vol. 17, no. 5, pp. 121–137, 2017.

[39] A. Ragnoli, M. R. De Blasiis, and A. Di Benedetto, “Pavement
distress detection methods: a review,” Infrastructure, vol. 3,
p. 58, 2018.

[40] X. She, Z. Hongwei, Z. Wang, and J. Yan, “Feasibility study of
asphalt pavement pothole properties measurement using 3D
line laser technology,” International Journal of Transportation
Science and Technology, vol. 10, no. 1, pp. 83–92, 2021.

[41] W. Cao, Q. Liu, and Z. He, “Review of pavement defect
detection methods,” IEEE Access, vol. 8, pp. 14531–14544,
2020.

[42] S. Kansal, G. Cook, C. Amazeen, and K. Sherbondy, “Mod-
elling uneven terrain for geo-location of mines detected via
vehicular mounted sensors,” International Journal of Systems
Science, vol. 36, no. 9, pp. 559–571, 2005.

[43] S. Kakara and V. Chowdary, “Effect of pavement roughness
and transverse slope on the magnitude of wheel loads,”
Arabian Journal for Science and Engineering, vol. 45, no. 5,
pp. 4405–4418, 2020.

[44] H.-N. Kim, M. Jane Irwin, and R. Michael Owens, “MGAP
applications in machine perception,” in Proceedings of the
Conference on Computer Architectures for Machine Perception,
pp. 67–73, IEEE, Como, Italy, 1995.

[45] D. Zhang, Road pothole detection method using built-in sensors
in smartphone, PhD Dissertation, University of Dundee,
Dundee, UK, 2017.

[46] T. Fukuhara, K. Terada, M. Nagao, A. Kasahara, and
S. Ichihashi, “Automatic pavement-distress-survey system,”
Journal of Transportation Engineering, vol. 116, no. 3,
pp. 280–286, 1990.

[47] H. D. Cheng, X. Jiang, J. Li, and C. Glazier, “Automated real-
time pavement distress analysis,” Transportation Research
Record, vol. 1655, pp. 55–64, 1999.

[48] https://www.dronedeploy.com/blog/pavement-inspections-
with-atlas10/.

[49] R. V. De Jongh, L. P. Ligthart, I. V. Kaploun, A. D. Schukin,
and A. Yarovoy, “Design and analysis of new GPR antenna
concepts,” Tijdschrift-Nederlands Elektronica En Radio-
genootschap, vol. 64, pp. 26–32, 1999.

[50] K. N. Kadhim, “Application of ground penetrating radar to
determine the subsurface features of the project of shams al-
shmoos hotel building in Al-Najaf Al-Ashraf, Iraq,” Inter-
national Journal of Civil Engineering and Technology, vol. 9,
2018.

[51] A. Benedetto, F. Tosti, L. Bianchini Ciampoli, and F. D’amico,
“An overview of ground-penetrating radar signal processing
techniques for road inspections,” Signal Processing, vol. 132,
pp. 201–209, 2017.

[52] Y. Liu, P. Su, M. Li, Z. You, and M. Zhao, “Review on
evolution and evaluation of asphalt pavement structures and
materials,” Journal of Traffic and Transportation Engineering,
vol. 7, pp. 573–599, 2020.

[53] K. Azhar, F. Murtaza, M. H. Yousaf, and H. Adnan Habib,
“Computer vision based detection and localization of potholes
in asphalt pavement images,” in Proceedings of the 2016 IEEE

Canadian Conference on Electrical and Computer Engineering
(CCECE), pp. 1–5, IEEE, Vancouver, BC, Canada, 2016.

[54] Ta Y. Goh, S. N. Basah, H. Yazid, M. J. Aziz Safar, and
F. S. Ahmad Saad, “Performance analysis of image thresh-
olding: otsu technique,” Measurement, vol. 114, pp. 298–307,
2018.

[55] J. Tang and Y. Gu, “Automatic crack detection and seg-
mentation using a hybrid algorithm for road distress analy-
sis,” in Proceedings of the 2013 IEEE International Conference
on Systems, Man, and Cybernetics, pp. 3026–3030, IEEE,
Manchester, UK, 2013.

[56] Y. Hamishebahar, H. Guan, S. So, and J. Jo, “A comprehensive
review of deep learning-based crack detection approaches,”
Applied Sciences, vol. 12, no. 3, p. 1374, 2022.

[57] N.-D. Hoang and Q.-L. Nguyen, “Metaheuristic optimized
edge detection for recognition of concrete wall cracks: a
comparative study on the performances of roberts, prewitt,
canny, and sobel algorithms,” Advances in Civil Engineering,
vol. 2018, Article ID 7163580, 16 pages, 2018.

[58] M. D. Yan, S. B. Bo, and K. Xu, “Pavement crack detection and
analysis for high-grade highway,” in Proceedings of the 2007
8th International Conference on Electronic Measurement and
Instruments, IEEE, Xi’an, China, 2007.

[59] W. Wang, M. Wang, H. Li et al., “Pavement crack image
acquisition methods and crack extraction algorithms: a re-
view,” Journal of Traffic and Transportation Engineering,
vol. 6, pp. 535–556, 2019.

[60] Y. Huang and B. Xu, “Automatic inspection of pavement
cracking distress,” Journal of Electronic Imaging, vol. 15, no. 1,
Article ID 013017, 2006.

[61] S. Sorncharean and S. Phiphobmongkol, “Crack detection on
asphalt surface image using enhanced grid cell,” in Pro-
ceedings of the IEEE International Symposium on Electronic
Design, pp. 49–54, IEEE, Hong Kong, China, 2008.

[62] D. Li, L. Zhang, C. Sun, T. Yin, C. Liu, and J. Yang, “Robust
retinal image enhancement via dual-tree complex wavelet
transform and morphology-based method,” IEEE Access,
vol. 7, pp. 47303–47316, 2019.

[63] K. C. P. Wang, Q. Li, andW. Gong, “Wavelet-based pavement
distress image edge detection with a trous algorithm,”
Transportation Research Record: Journal of the Transportation
Research Board, vol. 2024, no. 1, pp. 73–81, 2007.

[64] F. Yang, L. Zhang, S. J. Yu, D. Prokhorov, X. Mei, and
H. B. Ling, “Feature pyramid and hierarchical boosting
network for pavement crack detection,” IEEE Transactions on
Intelligent Transportation Systems, vol. 21, no. 4, pp. 1525–
1535, Apr 2020.

[65] R. Ali, J. H. Chuah, M. S. A. Talip, N. Mokhtar, and
M. A. Shoaib, “Structural crack detection using deep con-
volutional neural networks,” Automation in Construction,
vol. 133, Article ID 103989, 2022.

[66] Z. Tong, D. D. Yuan, J. Gao, and Z. J. Wang, “Pavement defect
detection with fully convolutional network and an uncertainty
framework,” Computer-Aided Civil and Infrastructure Engi-
neering, vol. 35, 2020.

[67] R. Augustauskas and A. Lipnickas, “Improved pixel-level
pavement-defect segmentation using a deep autoencoder,”
Sensors, vol. 20, no. 9, p. 2557, 2020.

[68] J. Gao, D. Yuan, Z. Tong, J. Yang, and D. Yu, “Autonomous
pavement distress detection using ground penetrating radar
and region-based deep learning,” Measurement, vol. 164,
Article ID 108077, 2020.

[69] Z. Tong, J. Gao, and D. Yuan, “Advances of deep learning
applications in ground penetrating radar: a survey,”

Journal of Engineering 15

https://www.dronedeploy.com/blog/pavement-inspections-with-atlas10/
https://www.dronedeploy.com/blog/pavement-inspections-with-atlas10/


Construction and Building Materials, vol. 258, Article ID
120371, 2020.

[70] Z. Tong, D. Yuan, J. Gao, Y. Wei, and H. Dou, “Pavement-
distress detection using ground-penetrating radar and net-
work in networks,” Construction and Building Materials,
vol. 233, Article ID 117352, 2020.

[71] T. Saar and O. Talvik, “Automatic Asphalt pavement crack
detection and classification using Neural Networks,” in
Proceedings of the 2010 12th Biennial Baltic Electronics
Conference, IEEE, Tallinn, Estonia, 2010.

[72] W. X. Xiao, X. Zhang, and W. Huang, “Preliminary study of
pavement surface distress automation recognition based on
wavelet neural network,” Shanghai Highways, no. 2, pp. 22–
25, 2004.

[73] Q. Li, Q. Zou, and X. Liu, “Pavement crack classification via
spatial distribution features,” EURASIP Journal on Applied
Signal Processing, vol. 2011, Article ID 649675, 2011.

[74] C. Cortes and V. Vapnik, “Support-vector networks,” Ma-
chine Learning, vol. 20, no. 3, pp. 273–297, 1995.

[75] W. Na and W. Tao, “Proximal support vector machine based
pavement image classification,” Energy Procedia, vol. 13,
pp. 6684–6688, 2011.

[76] A.M. Sha, Z. Tong, and G. Jie, “Recognition andmeasurement
of pavement disasters based on convolutional neural net-
works,” China Journal of Highway and Transport, vol. 31,
no. 1, pp. 1–10, 2018.

[77] K. Kamal, S. Mathavan, T. Zafar et al., “Performance as-
sessment of Kinect as a sensor for pothole imaging and
metrology,” International Journal of Pavement Engineering,
vol. 19, no. 7, pp. 565–576, 2016.

[78] P. Wang, Y. Hu, Y. Dai, and M. Tian, “Asphalt pavement
pothole detection and segmentation based on wavelet energy
field,” Mathematical Problems in Engineering, vol. 2017, Ar-
ticle ID 1604130, 13 pages, 2017.

[79] S. Li, C. Yuan, D. Liu, and H. Cai, “Integrated processing of
image and GPR data for automated pothole detection,”
Journal of Computing in Civil Engineering, vol. 30, no. 6,
Article ID 04016015, 2016.

[80] J. Lin and Y. Liu, “Potholes detection based on SVM in the
pavement distress image,” International Symposium on Dis-
tributed Computing and Applications to Business, Engineering
and Science, pp. 544–547, 2010.

[81] C. Koch and I. Brilakis, “Pothole detection in asphalt pave-
ment images,” Advanced Engineering Informatics, vol. 25,
no. 3, pp. 507–515, 2011.

[82] H.-T. Zhang, J.-S. Zhang, H.-H. Zhang et al., “Automated
detection and quantification of COVID-19 pneumonia: CT
imaging analysis by a deep learning-based software,” Euro-
pean Journal of Nuclear Medicine and Molecular Imaging,
vol. 47, no. 11, pp. 2525–2532, 2020.

[83] M. E. H. Chowdhury, T. Rahman, A. Khandakar et al., “Can
AI help in screening viral and COVID-19 pneumonia?” IEEE
Access, vol. 8, pp. 132665–132676, 2020.

[84] M. Wazid, B. Bera, A. Mitra, A. K. Das, and R. Ali, “Private
blockchain-envisioned security framework for AI-enabled
IoT-based drone-aided healthcare services,” in Proceedings of
the 2nd ACMMobiComWorkshop on Drone Assisted Wireless
Communications for 5G and beyond, pp. 37–42, London, UK,
September 2020.

[85] R. Gupta, A. Kumari, and S. Tanwar, “Fusion of blockchain
and artificial intelligence for secure drone networking un-
derlying 5G communications,” Transactions on Emerging
Telecommunications Technologies, vol. 32, no. 1, Article ID
e4176, 2021.

[86] B. H. HemaMalini, “Akshay padesur, manoj kumar, and atish
shet. “Detection of potholes on roads using a drone,” EAI
Endorsed Transactions on Energy Web, vol. 9, p. e4, 2022.

[87] J. Huyan, W. Li, S. Tighe, J. Z. Zhai, Z. C. Xu, and Y. Chen,
“Detection of sealed and unsealed cracks with complex
backgrounds using deep convolutional neural network,”
Automation in Construction, vol. 107, Article ID 102946, 2019.

[88] C. A. T. Lettsome, Y. C. Tsai, and V. Kaul, “Enhanced adaptive
filterbank-based automated pavement crack detection and
segmentation system,” Journal of Electronic Imaging, vol. 21,
no. 4, Article ID 043008, 2012.

[89] Y. C. J. Tsai, C. L. Jiang, and Y. Huang, “Multiscale crack
fundamental element model for realworld pavement crack
classification,” Journal of Computing in Civil Engineering,
vol. 28, no. 4, Article ID 04014012, 2014.

[90] Z. Lu, C. Wu, D. Chen, and S. Shang, “Pavement crack de-
tection algorithm based on sub-region and multi-scale
Analysis,” Journal of Northeastern University (Natural Sci-
ence), vol. 35, no. 5, pp. 622–625, 2014.

[91] G. Moussa and K. Hussain, “A New Technique for Automatic
Detection and Parameters Estimation of Pavement Crack,” in
Proceedings of the International Multi-conference on Engi-
neering and Technological Innovation, 2011.

[92] E. Salari and G. Bao, “Pavement distress detection and severity
analysis,” Save Proceedings, vol. 7877, 2011.

[93] L. A. Silva, H. Sanchez San Blas, D. Peral Garćıa, A. Sales
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