
Research Article
A Study on the Small Organic Cities in China Combining PCA
and CNN

Mengdie Xu, Zhiwei Yang , Zhiting Li, Die Liu, and Tan Yang

Chongqing College of Humanities, Science & Technology, School of Architecture and Design, Chongqing 401524, China

Correspondence should be addressed to Zhiwei Yang; xczx@cqrk.edu.cn

Received 26 September 2021; Revised 26 October 2021; Accepted 30 October 2021; Published 17 November 2021

Academic Editor: Fazlullah Khan

Copyright © 2021 Mengdie Xu et al. /is 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.

Background. Organic development is one of the evolutionary development models for cities, and it can facilitate cities to
continually adapt to their surroundings and therefore adjust their development. Former research is mostly focused on cities and
environmental changes, and research on the organic development of cities in various conditions is rather scarce. Purpose. By
creating an evaluation index system for organic cities, this paper has established a multifactor evaluation model and improved the
evaluation methodologies for organic cities. Methods. /e authors have come up with a method that combines PCA and CNN,
established an optimized model to calculate the organic cities, verified the accuracy of the evaluation index system for organic
cities, and finally concluded that urban organic development is mostly associated with the aspects of the natural environment,
economic basis, land use, and population scale of the city. Case Study. In addition, the examples of Bishan District, Chongqing,
and Jiangyin, Jiangsu Province, are simulated and compared, and an accurate prediction for the organic development of small
cities in China is given. Conclusion. /e evaluation index system for organic cities devised by this paper can be applied effectively
to evaluate the organic city of cities, and the neural network prediction model for organic cities designed by this paper can provide
references for further research on organic cities.

1. Introduction

Urban development evaluation is defined as the evaluation
of a city in the process of urban development. On the one
hand, it can be used as the guidance for the urban devel-
opment of the next phase, and on the other hand, it can be
referred to as the standard for similar cities’ development.
Common evaluation includes sustainability, ecological
construction, green construction, low-carbon construction,
and urban renewal. /ese often correspond to a certain field
related to urban development; for example, the urban
sustainable development evaluation index often corresponds
to resource allocation, economic development, environ-
mental protection, and social development [1–3]. /e eco-
logical city (green city) evaluation index is connected with
resource-saving, eco-friendly character, and economic
sustainability [4–8]. Urban renewal evaluation means
evaluating the first, middle, and final phases of urban re-
newal [9–12]. /e evaluation for urban development

mentioned above sets most store by the changes of urban
development and is focused on one aspect of urban de-
velopment. Although it can provide some scientific guidance
for the process of urban development, the drawback is
obvious in that it fails to cover the overall situation of urban
development.

At present, the commonly used evaluation methods
are based on the establishment of the evaluation index
system using the Delphi method, analytic hierarchy
process, grey relational analysis, principal component
analysis, and so on to determine the index weights and
then calculate the results with the weighted means of the
indices [13–17]. After setting a systematic and scientific
index system and reasonable index weights, these
methods can evaluate the weighted means of various
evaluation indices and therefore indicate the develop-
ment level and abilities of a city in a specific region more
comprehensively and scientifically. However, the prob-
lems of these evaluation methods cannot be ignored; the
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results can only provide the rankings of the evaluated
targets in most cases but cannot explain why evaluated
targets with lower rankings take up such rankings and
cannot provide clearer references to optimize the ad-
justment of evaluated targets. On top of that, these
methods choose specific and limited indices and overlook
the fact that the city is a complex megasystem, and many
factors contribute to urban development in a nonlinear
manner.

To address the problems mentioned previously, this
paper comes up with a comprehensive evaluation for
urban development combining the principal component
analysis (PCA) and convolutional neural network (CNN),
that is, the evaluation for the urban organic city. /e
concept of organic cities emphasizes that the urban
system itself is structural and active like an organism, and
the inner motive of urban development is featured with a
virtuous cycle and can create an environment that can
provide a healthy life for the citizens to the greatest extent
[18]. /is research applies PCA to establish the evaluation
index system for organic cities, based on which the
convolutional neural network is used to extract eigen-
values, and ResNet (Residual Network) is further utilized
to establish the optimized model for urban organic
feature calculation.

/e major contributions of this paper are as follows:

(1) /is research applies the principal component
analysis (PCA) to create an evaluation index system
for organic cities and improves the evaluation
methods for the urban organic cities. /is research
establishes an evaluation system, which can make an
objective evaluation of the existence of an organic
city for urban construction.

(2) In addition, the research comes up with a method
combining PCA and the convolutional neural net-
work’s residual network (ResNet), and as the net-
work layer deepens, it introduces the residual
connection to effectively address the problem of the
training’s increasing errors caused by too many
layers in the real network training and ultimately
improves the accuracy of the prediction for the
organic cities.

(3) /is research establishes an optimized model for
calculating urban organic cities and chooses Bishan
and Jiangyin for the case study.

/e rest of the paper is organized according to the
following pattern.

In Section 2, the establishment of the evaluation index
system for organic cities is discussed. In Section 3, the
PCA evaluation method is discussed. In Section 4, the
case tests for organic cities are conducted. In Section 5,
the experiments are conducted on organic cities that
apply the convolutional neural network’s residual net-
work ResNet. In Section 6, the CNN analysis results of
geographic and ecological indices, urban industrial and
economic structure, and population development are
discussed. In Section 7, the comparison analysis is

conducted, and then the whole paper is concluded in
Section 8.

2. Related Work

In Section 2, the evaluation of the index system for organic
cities is discussed. Also, the establishment of the evaluation
index system that consists of five parts is discussed.

2.1. 'e Evaluation of Index System for Organic Cities.
Following are the major steps for the evaluation of index
system for organic cities:

(1) /e nature of organic cities is analyzed. /e research
should analyze both the nature of the chosen city and
the focus of the construction and, with relevant
analysis, determine the indices and their weights in
the evaluation index system.

(2) /e index system is established. /e research aims to
establish an index system that can be applied for
general situations, but in actual application, for
different features of different cities, the indices can be
modified and improved.

(3) /e evaluation method is determined. /e research
chooses the principal component analysis to truly
indicate the nature and construction focus of the city
(as shown in Figure 1).

/e steps to establish the evaluation index system for
organic cities are presented in Figure 1.

2.2. 'e Establishment of the Evaluation Index System.
/e whole evaluation index system consists of 5 parts (as
shown in Figure 2).

(i) Target A: the composite index for organic cities
indicates the level of urban organic development.

(ii) System B: the target is further divided into 4 systems
according to the constituent systems of the idea of
organic cities.

(iii) Subsystem C: the systems are further divided.
(iv) Indicator D: the constituent factors of the idea of

organic cities are connected with corresponding
systems and subsystems (as shown in Table 1).

3. Method

In Section 3, the PCA evaluation method is discussed, which
transforms linearly collected variables into new ones and
then sequences the new variables in the order of decreasing
variances.

3.1. 'e Application of the PCA Evaluation Method. PCA
transforms linearly collected variables to new ones and then
sequences the new variables in the order of decreasing
variances. In the mathematical transformation, the total
variance keeps constant, then the first variable will have the
greatest variance, being the first principal component, and
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by the same token, each variable will have one principal
component. PCA is a method that reduces dimension.

3.1.1. Standardizing Evaluation Indices. Suppose that there
are k indices and n samples and the original data matrix can
be obtained (as shown in Table 2).

/en, corresponding standardized data for each index xij
are as follows:

xij �
Xij


n
i�1 Xij

, (1)

where i� 1, 2, . . ., n, j� 1, 2, . . ., k. After the standardization,
the value for each index can be limited to [0, 1].

3.1.2. Determining the Weights of Evaluation Indices. /e
SPSS software is applied to analyze the main components of
the collected data, which correspond to each index in the
index system, and the explained variance rate and score
coefficient matrix of each principal component are presented
in Table 3 (as shown in Table 3).

From the table, it can be seen that the former 5
principal component eigenvalues are greater than 1, their
contribution rates are greater than 85%, and accumulated
variance contribution rates reach up to 95.758%, which
can cover the information needed for evaluation more
comprehensively. Summing the products of 41 indices’
coefficients in 5 principal components and the variance
contribution rates of principal components and after the
process of standardization, the weighted vector for each
evaluation factor is as follows:

W � 
m

a�1
gq · aqi, (2)

where gq is the variance contribution rate of q principal
component, aqi is the score coefficient of i factor in q
principal component, and w is the weighted vector. /e
weighted value can be obtained then.

4. Case Tests for Organic Cities

In this section, the small cities are selected for the case study.
/e table of urban organic composite index evaluation is
presented in Table 4, and then the organic composite index
and scores of each system and index are calculated as shown
in Table 5. /e statistical results of the actual indices of the
urban growth boundary, urban scale, urban economy, and
urban environment are presented in Table 6. /e analysis of
the urban organic composite index is discussed in the
following.

4.1. Choosing the Cases. /is paper only researches small
cities in China. According to Announcement Concerning
the Adjustment of Urban Scale Classification Criteria
published by the State Council in November 2014, the small
cities in this research are cities (urban districts) whose
population is smaller than 500,000. Bishan District,
Chongqing, is chosen as the research target in this paper.

4.2. 'e Establishment of Urban Organic Indices.
Chongqing’s Annals of Statistics, Bishan’s Annals of Sta-
tistics, statistical communique of people’s economic and
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Figure 1: Construction steps of organic city evaluation index system.
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Figure 2: Hierarchical graph of the evaluation system.
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social development, the eleventh and twelfth 5-year plans,
and so on are referred to for acquiring 350 data in total from
2011 to 2020. Using the evaluation index system for organic
cities from Section 2.2 to create the evaluation system for
Bishan, the table of urban organic composite index evalu-
ation is presented in the following (as shown in Table 4).
Finally, the organic composite index and scores of each
system and index are calculated (as shown in Table 5).

/e organic city of Bishan is mainly indicated by 16
indices of the urban growth boundary, urban scale, urban
economy, and urban environment, and they can reflect the
overall situation of the city’s organic city more compre-
hensively. By calculating the accumulated variance contri-
bution rate, the scores of 16 indices have different influences
on the organic composite index of Bishan, and among them,
the natural environment accounts for 10.71%, artificial

Table 1: Index E: this paper chooses various indices that correspond with the indicator.

Target
System

Indicator Index
Subsystem

A: the composite index for
organic cities (100%)

B1: urban growth
boundary system (25%)

C1: material boundary
subsystem (15%)

D1: geology and
geography (5%)

E1: ratio of the area which is not suitable for
construction to the total urban area

D2: natural ecology
(5%)

E2: ratio of the area of water to the total urban
area

E3: agrarian area
D3: human

intervention (5%)
E4: number of urban parks

E5: area of urban protection regions

C2: space boundary
subsystem (10%)

D4: urban population
(5%)

E6: number of urban populations per unit of area
of built-up regions

Land use (5%) E7: area of built-up regions
E8: area of urban construction land use per capita

B2: urban scale system
(25%)

C3: population scale
subsystem (15%)

D5: population size
(5%)

E9: permanent residents
E10: growth rate of urban population

E11: growth rate of permanent residents
migrating from other places

D6: population
structure (5%)

E12: sex ratio of urban population
E13: ratio of aged population

D7: population
density (5%) E14: urban population density

C4: land use scale
subsystem (10%)

D8: development
intensity (5%)

E15: ratio of the area of built-up regions to the
total urban area

E16: average plot ratio of urban built-up regions

D9: main functions
(5%)

E17: ratio of the area of public green regions to the
total urban area

E18: ratio of the area used for the industry to the
total urban area

E19: ratio of the area of residential regions to the
total urban area

B3: urban economic system (25%)

D10: economic
growth (5%)

E20: GDP growth rate
E21: GDP per capita

D11: industrial
structure (10%)

E22: ratio of the primary industry to GDP
E23: ratio of the secondary industry to GDP
E24: ratio of the tertiary industry to GDP

D12: production
process (10%)

E25: energy consumption per unit of GDP
E26: water consumption per unit of GDP

B4: urban environmental system (25%)

D13: artificial
environment (10%)

E27: conditions of the urban lifeline system
E28: ratio of green space in built-up regions
E29: ratio of centralized processing for urban

domestic sewage

D14: natural
environment (10%)

E30: ratio of rehabilitation for degraded soil
E31: ratio of recycled water usage

E32: number of days per year when the air quality
index is below 100

D15: social
environment (5%)

E33: urban Engel’s coefficient
E34: ratio of registered unemployed people

E35: coefficient of variance of disposable income
per capita between the urban and rural regions

Table 2: /e original data matrix.

Sample A1 A2 . . . Ak
S1 X11 X11 . . . X1k
S2 X21 X . . . X2k
Sn Xn1 Xn2 . . . Xnk
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environment 9.64%, geology and geography 9.27%, natural
ecology 9.19%, urban population 7.04%, urban land use
6.53%, human intervention 6.3%, population size 5.09%,
population density 4.81%, population structure 4.71%, social
environment 4.61%, development intensity 4.33%, main
functions 4.13%, industrial structure 3.84%, production
process 3.78%, and economic growth 2.90%, respectively.

With the statistics of 16 indices, the statistical results of
the actual indices of the urban growth boundary, urban
scale, urban economy, and urban environment are presented
in Table 6 (as shown in Table 6).

To better compare and analyze the trend of variation and
connection between the four systems, different coordinate
systems are applied to conduct statistical analysis for the
data, which are presented in Figure 3 to highlight the trend
of variation of different systems (Figure 4).

4.3. 'e Analysis of the Urban Organic Composite Index.
It can be well observed that the scores for the urban envi-
ronment increase more rapidly every year, but the growth rate
has been slowed in 2017 and 2019. /e scores for the urban
growth boundary have increased rapidly and evenmore rapidly
from 2013 to 2018. In addition, the scores for the urban scale
and economy systems increase more slowly, and these two
systems are positively correlated to each other, which indicates
that as the urban economy develops, the urban scale is
expanding as well.

SPSS is used to conduct PCA on the collected data,
and with the variance contribution rate, the corre-
sponding weights for different systems are 38.33% for the
urban growth boundary system, 23.07% for the urban
scale system, 13.64% for the urban economic system, and
24.96% for the urban environment system, respectively.
Consequently, the urban growth boundary has the
greatest influence on the final results of the urban organic
composite index, and the urban growth boundary sys-
tem > the urban environment system > the urban scale
system > the urban economic system. /e analysis of the
urban organic composite index is shown in Figure 5.

With the statistics of the index results of four systems,
the scores for the organic composite index of Bishan organic
city from 2011 to 2020 can be acquired (as shown in Table 7).

From Figure 6, it can be seen that the average annual
growth rate of the organic composite rate of Bishan is 5.31%
for the past 9 years, with the lowest 1.51% in 2015 and the
highest 10.18% in 2014.

From the scores of the organic composite index of
Bishan, it is obvious that the construction of the organic
city in Bishan is rapid, and from 2011 to 2020, the organic
composite index scores have even doubled. In addition,
from the analysis of the composite index of Bishan, the
development of the city relies on the urban environment,
reasonable urban growth boundary, and controlled urban
scale, which all stimulate the economic development of
the city.

5. MockExperiments on theUrbanOrganicCity
Based on Neural Networks

/e experiments apply the convolutional neural network’s
residual network ResNet, which is used to predict quickly the
organic city of the urban development as shown in Figure 7.
Before the deep learning method, the datasets need to be
integrated. /is research adopts the model-theoretic value
simulation methods to generate 3600 datasets in total. In
Figure 8, a comparison analysis diagram of data simulation is
discussed.

5.1. 'e Establishment of the Convolutional Neural Network
Structure. To better address the problem of vanishing or
exploding gradients when calculating the backpropagation
caused by optimization and at the same to avoid the poor
generalization of the network layer, the experiments will
apply the convolutional neural network’s residual network
ResNet.

Firstly, annual data of the indices of the geology and
geography, natural ecology, human intervention, population
size, urban land use, urban population, development in-
tensity, main functions, production process, artificial envi-
ronment, population structure, population density,
economic growth, industrial structure, natural environment,
and social environment are obtained and input.

/e data are extracted for features by the network front
end backbone for later use. /e backbone network adopts
ResNet50, with 50 layers of neural networks. It is connected
with a pyramid pooling module to extract multiscale in-
formation and to fuse the features collected from the overall
and partial information. Further, feature data from different
levels are merged through skip connection, and finally, with
the output network, classification and segmentation are
conducted. After comparing the model classification and
segmentation results of every training and actual standard

Table 3: /e explained variance rate of the principal components.

Principal component
Eigenvalue

Characteristic root Variance contribution rate (%) Accumulated variance contribution rate (%)
1 30.989 68.864 68.864
2 6.342 14.093 82.957
3 2.833 6.295 89.252
4 1.720 3.821 93.073
5 1.209 2.686 95.758
Source: the author.
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Table 4: Urban organic composite index evaluation table.

Target
System

Indicator Index Weight
Subsystem

A: the composite
index for organic
cities (100%)

B1: urban
growth

boundary
system (25%)

C1: material
boundary

subsystem (15%)

D1: geology and
geography (5%)

E1: ratio of the area
which is not suitable for
construction to the total

urban area

3.84

D2: natural
ecology (5%)

E2: ratio of the area
of water to the total

urban area
3.87

E3: agrarian area 3.66

D3: human
intervention (5%)

E4: number of urban
parks 3.80

E5: area of urban
protection regions 3.65

C2: space
boundary

subsystem (10%)

D4: urban
population (5%)

E6: number of urban
populations per unit
of area of built-up

regions

3.78

D5: land use (5%)

E7: area of built-up
regions 3.15

E8: area of urban
construction land
use per capita

3.94

B2: urban scale
system (25%)

C3: population
scale subsystem

(15%)

D6: population
size (5%)

E9: permanent
residents 3.87

E10: growth rate of
urban population 3.96

E11: growth rate of
permanent residents
migrating from other

places

2.88

D7: population
structure (5%)

E12: sex ratio of
urban population 2.89

E13: ratio of aged
population 2.72

D8: population
density (5%)

E14: urban
population density 2.90

C4: land use
scale subsystem

(10%)

D9: development
intensity (5%)

E15: ratio of the area
of built-up regions to
the total urban area

2.39

E16: average plot
ratio of urban built-

up regions
2.47

D10: main
functions (5%)

E17: ratio of the area
of public green

regions to the total
urban area

3.55

E18: ratio of the area
used for the industry
to the total urban

area

3.40

E19: ratio of the area
of residential regions
to the total urban

area

3.69
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Table 4: Continued.

Target
System

Indicator Index Weight
Subsystem

B3: urban economic system (25%)

D11: economic
growth (5%)

E20: GDP growth
rate 3.03

E21: GDP per
capita 2.68

D12: industrial
structure (10%)

E22: ratio of the primary
industry to GDP 2.47

E23: ratio of the
secondary

industry to GDP
2.70

E24: ratio of the
tertiary industry

to GDP
2.87

D13: production
process (10%)

E25: energy
consumption per
unit of GDP

2.90

E26: water
consumption per
unit of GDP

2.43

B4: urban environmental system
(25%)

D14: artificial
environment

(10%)

E27: conditions of
the urban lifeline

system
2.81

E28: ratio of green space
in built-up regions 3.91

E29: ratio of centralized
processing for urban
domestic sewage

3.55

D15: natural
environment (10%)

E30: ratio of rehabilitation
for degraded soil 3.39

E31: ratio of recycled
water usage 3.89

E32: number of days per
year when the air quality

index is below 100
2.97

D16: social
environment (5%)

E33: urban Engel’s
coefficient 2.63

E34: ratio of registered
unemployed people 2.61

E35: coefficient of
variance of disposable

income per capita between
the urban and rural

regions

2.06

Source: the author.

Table 5: /e statistical results of Bishan city organic index calculation.

Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Geology and geography 77.31 87.33 80.86 91.93 102.34 117.79 126.55 139.51 150.46 161.9
Natural ecology 151 160.3 157.2 153.4 162 161 158 163 167 168.9
Human intervention 189 176 166 163 145 139 135 129 128 125
Urban population 158 166 191 184 177 206 183 192 168 148
Urban land use 141.26 171.05 199.26 174.34 187.52 189.39 209.08 207.36 205.31 203.88
Population size 41.26 71.05 89.26 74.34 97.52 94.39 97.08 98.36 101.31 113.38
Population structure 85 76 84 92 91 92.8 94 94.6 96 97.3
Population density 62 61 63 65 67 68 73 77 79 84
Development intensity 8.9 7.63 6.66 6.33 4.53 3.91 3.35 2.99 2.38 2
Main functions 2.8 2.66 1.91 1.84 1.77 2.06 1.83 1.92 1.68 1.48
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data, the loss value of the loss function is minimized. /e
weighted values of nodes in the neural network are con-
sistently adjusted to make the prediction closer to the real
model. A well-trained neural network can be used to predict

quickly the organic city of the urban development (as shown
in Figure 7).

/e urban organic index datasets are input into the
network front end backbone, and according to the

Table 5: Continued.

Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Economic growth 286.74 356.84 499.7 573.22 686.7 851.81 970.86 1220.4 1439.49 1651.23
Industrial structure 373.21 424.8 540.14 693.69 323.54 439.93 414.89 561.06 804.33 1010.63
Production process 220.95 261.5 313.6 350.23 365.21 425.49 466.09 526.52 601.61 675.01
Artificial environment 386.74 456.84 599.07 673.22 786.7 951.81 1070.86 1322.4 1539.94 1751.23
Natural environment 378.13 450.66 690.78 779.16 923.55 1126.21 1252.1 1493.1 1832.23 2026.81
Social environment 330.59 371.6 403.06 460.23 476.33 535.95 587.19 636.25 702.16 786.11
Source: the author.

Table 6: /e statistical results of Bishan city organic index calculation.

Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Urban growth boundary system 77.31 101.33 80.86 101.93 122.34 147.79 186.55 229.51 240.46 301.9
Urban scale system 15 16 22 21 23 28 35 41 48 52
Urban economy system 33.6 37.1 40.3 46.2 47.6 53.5 58.7 63.6 70.2 78.6
Urban environment system 231.48 271.06 304.6 305.2 307.33 403.9 408.7 503.2 602.1 608.3
Source: the author.
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Figure 3: /e CNN analysis results of geographic and ecological indices. Source: the author.
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Table 7: /e urban organic composite index evaluation scores for the past 10 years.

Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
An organic composite index score 289.3475 306.3725 311.94 418.5825 425.0675 458.2975 472.2375 509.3275 540.19 560.2
Source: the author.
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backpropagation formula, when the value of the input layer
is extremely great, the gradient value of the input layer
calculated by the backpropagation will become extremely
great, causing a lower learning efficiency and large con-
sumption of time. So, when establishing the convolutional
neural network (CNN) model, the experiments will firstly
batch normalize (BN) the data information, the data pro-
cessing for hidden layers will perform the BN processing as
well, and after the BN processing, the network will have the
most optimized computational process.

/e BN algorithm is shown as follows:
Batch processing input x (min-batch):

β � x1, x2, . . . , xn . (3)

Standard network input:

yi � BNy, β xi(  . (4)

(1) Calculate the mean of the batch processing data:

μρ⟵
1
m



m

i�1
xi. (5)

(2) Calculate the variance of the batch processing data:

σ2β⟵
1
m



m

i�1
xi − μβ 

2
. (6)

(3) Standardization:

xi⟵
xi − μβ

�����
σ2β + ε

 . (7)

(4) /e variation and deviation of the scale:

yi⟵ γxi + β � BNγ, β xi( . (8)

(5) Returned values: the scale factor c and shift factor β
in the learning parameters.

/e data information of three channels passes the net-
work front end backbone module ResNet50 and is filtered 64
times by a 7∗ 7 convolutional filter to obtain data of 64
channels. Further, the data are pooled by a 3∗ 3 pooling
window and go through convolutional computation 48
times, the number of channels is expanded to 2048, and
these steps can maximize the ability to extract the features
from the data information. /e data are then calculated in
the pyramid pooling module after forward-propagation and
pooled by 1∗ 1, 2∗ 2, 3∗ 3, and 6∗ 6 pooling windows,
respectively, to acquire multiscale data feature maps. Fur-
thermore, the number of channels is reduced after the
convolutional computation of a 1∗ 1 filter, and the output
data are sampled by bilinear interpolation and enter the
module of feature fusion, where either the channels will be
concatenated (Concat for short) or the corresponding fea-
ture maps are added for convolutional operation. Suppose
the input channels are x1, x2, . . ., xn and y1, y2, . . ., yn,
Concat processing is defined as a convolutional computation
on the input.

Concat � 
n

i
xi ∗ ki + 

n

i
yi ∗ ki+n. (9)

When the data enter the output end through back-
propagation, the data need semantic segmentation to divide
the data results into possible classifications. As for the binary
classification, the last layer of the neural network adopts the
Sigmoid activation function and the Softmax function for
multiple classifications. /is research applies the Softmax
activation function. During the classification, the function
maps the output of various neurons to the range (0, 1) to
complete the classification. Taking into account the training
duration and difficulty, the research aims to normalize the
output end of the data to a discretized classification, and
different from the continuous output values of regression,
the classification’s neural network output is a series of
discrete values because the input data are a series of discrete
frequency data. Softmax is more suitable for the training and
prediction of discrete values, and at the same time, the mean
square error (L2 norms) loss function that is commonly used
in regression is added to the target function.

/e Softmax function is defined as follows:

aj �
ezj

ie
zj, (10)

where zj stands for the input of j neurons in the last network
layer, aj stands for the output of j neurons in the last layer,
the natural number e is used to intensify the difference of the
possibilities, and iezj is the sum of all neurons in the last
layer. /e Softmax function will judge the output of the
neurons in the last layers with the possibility distribution,
and the higher the possibility of a certain neuron is, the
better authenticity the classification that the neuron cor-
responds to has.

5.2. Training and Prediction. Before the deep learning
method, the datasets need to be integrated, and for the field
of computer vision, the dataset training is open and accu-
rately calibrated and calls for millions of datasets. However,
in real life, relevant data of the urban organic composite
index, either measured on the spot or converted, are limited.
As a consequence, this research adopts the model-theoretic
value simulation methods to generate 3600 datasets in total.

/e datasets are classified into 16 types according to the
combination of urban organic composite indices, and they
are geology and geography, natural ecology, human inter-
vention, population size, urban land use, urban population,
development intensity, main functions, production process,
artificial environment, population structure, population
density, economic growth, industrial structure, natural en-
vironment, and social environment. /ese 16 classifications
correspond to the annual combined data (of 10 years), and
finally, 160 datasets are designed.

(i) First, after determining the content of the model,
160 times numerical simulations are performed,
which is realized by the codes through stochastic
model repeated computation.
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(ii) Second, the data of organic parameters are sorted
into 160 pairs of models, among which the datasets
are the input samples, the true model is the cali-
brated datasets, and the corresponding relationship
between the input datasets and calibrated datasets is
guaranteed.

(iii) Finally, the trained datasets are input into the
designed convolutional neural network for repeti-
tive training to perfect the weight distribution of
each node in the convolutional neural network.
After several rounds of training, the data which
await inversion is input into the neural network to
realize the data prediction and the inversion result.

5.3. Numerical Simulation. Five datasets are chosen ran-
domly from the researchmodel to serve as the example of the
convolutional neural network inversion, and the results are
presented in Figure 8 (as shown in Figure 8), where the first
chart is the urban organic composite index (results of PCA),
the second is the inversion results of deep learning, and the
third is the true data.

It can be well observed that the measurement and
prediction of both PCA and CNN are close to those of the
true data, and the prediction of CNN is better than that of
PCA. PCA conducts data computation in terms of the
weights, while CNN does according to the original database,
and hence CNN has better accuracy. From the figure, the
indices for the human intervention (blue) and urban pop-
ulation (yellow) have the greatest fluctuation and variance.
By comparing the original input data of these two pairs of
data, PCA has a worse accuracy for factors associated with
humans but a better accuracy for factors that involve less
human influence. So, we can confirm that the deep learning
convolutional neural network can accurately realize non-
linear inversion for the organic city data of small cities in
China, and as for conditions with more complex data and
various human interventions, it can still achieve rather a
good inversion.

6. Analysis of the CNN Experiment Results

6.1. Analysis of the Influence of the Urban Geographical and
Geological Structure. After comparing the indices of the
geology and geography, natural ecology, and human in-
tervention in Bishan, we find that, from 2011 to 2020 (as
shown in Figure 3), the geology and geography index has
increased steadily every year, and the urban construction of
the city has set more store by the original geological and
geographical conditions. In addition, the natural ecology
index with less variation indicates that the original natural
ecological environment has been protected during the urban
construction and the impact of urban construction on the
natural environment has been minimized. Further, the
annually decreasing human intervention index implies that
the urban construction of Bishan has adapted to the local
conditions, integrating the development of both the city and
nature.

6.2. Analysis of the Urban Industrial and Economic Structure.
Comparing the indices of the economic growth, industrial
structure, and production process (as shown in Figure 9) from
2011 to 2020, the economic growth index has increased more
rapidly every year, indicating that Bishan’s economy remains
in a phase of accelerating development. /e production
process index has shown an accelerating trend from 2017
based on a steady increase because the production process has
been upgraded since the adjustment of Bishan’s industrial
structure. However, the industrial structure index has gone
through several phases of fluctuation and reached temporary
peaks in both 2014 and 2020 and hit rock bottom in 2015,
which indicates that the two phases of Bishan’s industrial
development have occurred before 2014 and after 2017.

6.3. Analysis of Urban Population Development Structure.
In terms of the population, the urbanization rate of Bishan at
the end of 2012 was 32.8%, and since then, Bishan has
entered the accelerating phase of urban development. From
Figure 10 (as shown in Figure 10) from 2014 to 2017, the
indices of the urban population size, structure and density,
and land use have simultaneously increased rapidly, indi-
cating that the urbanization process of Bishan has stimulated
the development speed of the urban land and the expansion
of the urban scale. After 2018, the land use index has started
to drop, while the urban population index has kept in-
creasing, implying that the large-scale urban construction
has been slowed, but the population bonus brought by the
urbanization still exists, and therefore with the continuous
population urbanization, the quality of it has been improved
as well. Further, due to the combination of urban devel-
opment, geology and geography, and the natural ecological
environment, the rapid expansion of the city is controlled,
and hence the population urbanization does not lag behind
the land urbanization, and the city develops in an orderly
manner.

7. Comparison Analysis

To guarantee that the results of the research enjoy some
generality for the organic city evaluation of small cities in
China and verify the stability of the data computation of
urban organic index in the CNN model, this paper conducts
a data measurement analysis for Jiangyin (small city),
Jiangsu Province, at the same time.

/is analysis, similarly, first adopts PCA to measure and
calculate the urban organic composite index and then input
the datasets formed by the organic index into the established
CNN model.

7.1. Influence of the Urban Geographical Environment on the
ConstructionofOrganicCities. After comparing the indices
of the geology and geography, natural ecology, and hu-
man intervention between Bishan and Jiangyin output by
CNN computation, we find that when the original geo-
logical and geographical conditions of a city are complex,
the natural ecological environment is good, the urban
development is limited by the geological and
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geographical environment, the urban construction which
is featured with human intervention is scarce, and the
urban development tallies better with the geographical
and natural ecological environment. When the original
geological and geographical conditions are simple, the
city has some natural ecological resources, the urban
development needs to specify different urban growth
boundaries for different phases of urban development,
and the urban development needs to take into account
both the protection and maintenance of the natural
ecological environment, causing some human interven-
tion, but the intervention will gradually decrease with the
urban development and protection of the nature (as
shown in Figures 11 and 12).

In conclusion, the geographical and natural environ-
ment not only lays the foundation for the construction of
organic cities but also determines the basic form and path for
the construction of organic cities.

7.2. 'e Influence of the Urban Economic and Industrial
Structure on the Construction of Organic Cities.
Comparing the indices of the economic growth, industrial
structure, and production structure between Bishan and

Jiangyin, though the economic growth index of Bishan is greater
than that of Jiangyin, its other two indices are both smaller than
those of Jiangyin. It can be inferred that the economic growth
cannot sufficiently reflect the conditions of the urban industrial
structure and production process. /e adjustment and
upgrading of the industrial structure can directly lead to the
upgrading and transformation of the production process.
Further, in Bishan with the original economic basis and in-
dustrial structure, the ecology and industrial structure have been
improved to boost the rapid economic growth, while the ratio of
the primary, secondary, and tertiary industry to the entire
industrial structure needs to be optimized. By contrast, in
Jiangyin, the organic sustainable industry system is brought up
based on the original industrial structure, and the technological
upgrade of the secondary industry improves the production
efficiency./e ratio of the tertiary industry increases to augment
the level of the whole urban industrial structure, leading to a
benign development and sustainable growth of the urban
economy (as shown in Figures 13–15).

/rough the comparison of these two cities, we find that
different economic bases will have different effects as the urban
organic economy develops. When the city is in a period of
economic growth due to the adjustment of the economic
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industrial structure, the adjustment will boost the rapid growth
of the economy. However, when the city is in the period of
maturity, the upgrading and transformation of the industrial
structure and the innovation of the production process and
technology are both needed to stimulate the city’s economy. In
summary, though the urban economy and industrial structure
are the economic foundation for the construction of organic
cities, the modes of the economic development and industrial
structure should be consistent with the development period of
the city.

7.3.'e Influence of theUrbanPopulation on theConstruction
of Organic Cities. In terms of population, the urbanization
rate of Bishan was 32.8% at the end of 2012, and since then,
Bishan has entered the period of accelerating development.
According to the statistics of index scores presented in
Figure 16, from 2014 to 2017, the four indices of Bishan show
a trend of fast growth simultaneously, indicating that the
promotion of the urbanization process in Bishan has spurred
the development and construction speed of the urban land
use and also the expansion of the urban scale. After 2018,
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however, the land use index has started to drop every year,
while the indices of the urban population have kept in-
creasing. It demonstrates that the large-scale urban con-
struction in Bishan has been slowed since 2018, but the
population bonus due to the population urbanization still
exists, leading to an improved urbanization quality with the
continuous population urbanization. In addition, because
the urban development of Bishan goes well with the geo-
logical and geographical conditions and natural ecological
environment, the fast expansion of the city is controlled, and
hence the population urbanization does not lag behind the
land urbanization, and the city is developing in an orderly
manner.

FromFigure 17, it can be seen that the relationship between
the urban population and land use in Jiangyin can be classified
into 2 major phases, before 2017 and after 2017, respectively.
Before 2017, the growth of the urban population size spiked in
2013 and touched bottom in 2017, while the scores of the urban
population density and structure increase annually and posi-
tively correlated with the scores of the urban land use index.
Hence, it can be inferred that the population of Jiangyin has
reached a certain size and the urban scale is less influenced by
the population size, but the urban population density and
structure will lead to new functional requirements for the city.
Hence, the index of the urban land use is boosted. After 2017,
the urban population size has started again to increase and the
other three indices have shown a general increasing trend as
well. Since 2017, due to a new round of planning and
implementation of overall rules, the urban function of Jiangyin
has been further improved, the optimization of the urban
industrial structure has again promoted population urbani-
zation, and the demand for land has become outstanding. In
summary, for Jiangyin, which is about to enter the mature
period of urban development, the changes of the urban scale
are mainly influenced by urban functions, but if the devel-
opment of the urban scale is not well controlled, the population
urbanization will lag behind the land urbanization, and hence
the speed of the urban development and construction is the key
for the construction of organic cities for Jiangyin.

Considering both the cases of Bishan and Jiangyin, the
scales of urban population and land use will have different
influences on the development of the city in different phases

of urban development. When the city just enters the period
of fast development, the scale of the urban population has a
greater influence, and the city stays in a period of fast
growth. However, when the city approaches or enters the
phase of mature development, the scale of urban land use
will have a greater influence, and the city enters a phase of
internal optimization. In short, the urban population's in-
fluence on the construction of organic cities mainly takes
place in the period of fast urban development; a reasonable
rate of growth of urban population can effectively control the
growth of urban size for urban construction to proceed in an
orderly manner.

7.4. 'e Influence of the Urban Development Structure on the
Construction of Organic Cities. /e urban growth boundary
system of organic cities consists of the indices of geology and
geography, natural ecology, human intervention, urban
population, and urban land use.

From the pie charts (as shown in Figure 18), the urban
growth boundary has a major influence on the urban de-
velopment of Bishan, mainly due to the geological and
geographical conditions and the natural ecological envi-
ronment of the surrounding area of the city. Jiangyin’s urban
organic development is less influenced by the urban growth
boundary, mainly because the city is located in the plain with
simple geological and geographical conditions, and the
urban growth boundary is principally specified artificially (as
shown in Figure 19).

/e urban scale system of organic cities consists of the
indices of the population size, population structure, pop-
ulation density, development intensity, and main functions
(as shown in Figure 20).

/rough the comparison, Bishan is the period of fast
development, and the urban population size has a com-
paratively greater influence on the urban scale, while in
Jiangyin, which is in the period of maturity, the urban
population has gained a certain scale, and therefore, the
city’s development is mainly focused on the urban land
use and the influence of the urban main functions on the
urban scale serves well as the proof (as shown in
Figure 21).
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8. Conclusions

/is research applies the principal component analysis
(PCA) to create an evaluation index system for organic cities
and improves the evaluation methods for the urban organic
city. In addition, the research comes up with a method
combining PCA and the convolutional neural network’s
residual network (ResNet) to establish an optimized model
for calculating urban organic cities and chooses Bishan and
Jiangyin for the case study.

/e main conclusions are as follows:

(1) It is necessary to establish an evaluation index system
for organic cities to describe and reflect the organic
city and present development of a city and also to
monitor and assess the planned development of a
city. /is research establishes an evaluation system,
which can make an objective evaluation of the ex-
istence of an organic city for urban construction.

(2) In the process of urban construction, there exist rigid
conditions which can be quantified but also flexible
ones that cannot be fully quantified. /e research,
when establishing the evaluation index system, ab-
sorbs PCA to avoid subjectivity in the evaluation
process and therefore improves the scientificity and
accuracy of the evaluation results.

(3) /e research methodology also absorbs ResNet, and
the network strengthens the functions of the net-
work’s convolutional module, and as the network
layer deepens, it introduces the residual connection
to effectively address the problem of the training’s
increasing errors caused by too many layers in the
real network training and ultimately improves the
accuracy of the prediction for the organic cities.

(4) In the research, we choose 2 small cities in China to
conduct a case study, and the results prove the ef-
ficacy of the method in evaluating the organic city of
a small Chinese city.
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