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Abstract: Community green spaces (CGSs) constitute a crucial element of urban land use, playing a
pivotal role in maintaining the stability of urban ecosystems and enhancing the overall quality of
the urban environment. Through the post-occupancy evaluation (POE) of green spaces, we can gain
insights into residents’ actual needs and usage habits, providing scientific evidence for the planning,
design, and management of green spaces. This ensures that CGSs better meet residents’ needs and
improve their quality of life. The POE of CGSs relies heavily on high-precision data support. However,
the current POE system for CGSs faces challenges, such as limited data collection methods, incomplete
indicator systems, and excessive manual involvement. To address these limitations in data collection,
this study proposes a comprehensive, dynamically monitored, objective, and sustainable POE system
for CGSs. This system incorporates a multi-dimensional perception system that integrates the
Internet of Things (IoT) and sensors to collect data from various sources. It establishes an evaluation
framework from the perspectives of policy guidance and usage needs for CGSs, utilizing neural
network systems and artificial intelligence techniques to compute the evaluation results. Using the
Jiayuan Sanli Community in Beijing as a case study, this paper demonstrates the feasibility of the
proposed system. A comparison between the POE results obtained using the multi-dimensional
perception technique and those obtained manually reveals an 87% improvement in the accuracy of
the evaluation results based on the multi-dimensional perception system. This system bridges the
gap between planning perspectives and user experiences, contributing significantly to future urban
land planning and land policy formulation.

Keywords: community green spaces; multi-dimensional perception system; post-use evaluation;
data processing

1. Introduction

Enhancing the quality of the living environment stands as a pivotal goal within the
United Nations’ achievable development objectives [1]. According to revised estimates from
a United Nations report, it is projected that the urban population’s proportion will likely
soar to 68% by 2050 [2]. This underscores the growing importance of urban ecosystems
for human habitation and livelihoods. As a vital component of the urban ecosystem, CGSs
play an active role in maintaining stability within the urban environment [3], providing
ecosystem services [4], and improving the quality of the urban habitat [5]. In the context of
increasing demands for the quality of living environments, the post-use evaluation and
updating of already established CGSs is necessary [6].

At present, the post-use evaluation of CGSs mainly focuses on aspects such as the
physical environment [7], attributes of green spaces [8], comfort in public spaces [9], and
perceived pleasure [10]. Most studies analyze CGS indicator data from the perspective
of objective data. For example, Yu et al. established a link between the scale of public
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landscapes and the degree of urban heat island effect mitigation [11]. Yang et al.’s research
demonstrated the pattern of differences in the effects of water bodies and vegetation
cover areas on urban ecology in summer and winter [12]. However, in recent years,
researchers have found that CGSs are increasingly important for improving the health and
mental health of residents, especially in the post-pandemic era. Pouso et al.’s research
demonstrated that accessible CGSs effectively alleviated anxiety and depression symptoms
caused by the lockdown situation [13]. Further, Venter et al.’s research demonstrated that in
the post-pandemic era, the use of green spaces by teenagers (13 to 19 years old) is increasing
at a rapid rate, while the opposite is true for middle-aged and older adults (35 to 64 years
old) [14]. Therefore, a combination of objective and subjective data can better serve urban
residents during the post-use evaluation of CGSs.

However, how to combine objective data with the public’s subjective experience of
space use is a problem to be solved. Most of the current methods for collecting information
on perceptions of use for CGSs are limited to carrying out a single questionnaire [15]. Such
an evaluation system can obtain a subjective judgement of how welcoming some of the
spaces [16] and facilities [17] in the CGSs are. Researchers have made various attempts to
combine research data with objective spatial data. For example, Xiang et al. obtained visitor
gathering points by spatializing points of interest and traffic data, and they determined
the spatial and temporal distribution characteristics of the park visitation experience
through a fixed-point questionnaire [18]. Peng and Maing corrected the observations of
seniors’ preferences for public space use by combining them with metro and sunlight data
through linear regression, demonstrating that the metro is not a major factor influencing
seniors’ leisure activities [19]. All of these studies chose the most suitable method with a
single objective in mind. However, there are still not enough respondents to construct a
unified and universal evaluation system. With the many types of data and the need for
multiple evaluation indicators, the establishment of a coupled indicator system has become
almost the only option [20]. The coupled indicator system enables the introduction of a
comprehensive indicator system for the effective evaluation of complex needs [21].

Further, in order to eliminate differences in competence in planning data acquisition
and analysis, the construction of a multi-dimensional sensing system based on the linkage
and collaboration of multiple sensing devices is inevitable [22]. An effective multi-behavior
sensing system can meet the application requirements of complex business scenarios
through intelligent sensing [23], intelligent recognition, and intelligent warning [24]. Mean-
while, based on the coupled indicator system, sensors can be used to perceive the user
behaviors and indirectly evaluate the space-use behaviors of CGSs [25]. In order to better
eliminate the subjective element in CGS assessments, the involvement of planners should be
minimized. Thanks to the increasing sophistication of deep learning algorithms, evaluating
data and outputting planning guidelines through AI models is a reality [26]. Introducing
deep learning algorithms into a post-use evaluation system can be an effective way for
planners to make subjective judgements on the output data of the coupled system [27].

Therefore, this paper constructs a complete post-use system consisting of “subjective
research + passive perception data acquisition—index system coupling material spatial
environment and public communication behaviors—multi-layer perceptron (MLP) to de-
termine weights—based on OpenAI to calculate evaluation results”, which is based on
the multi-perceptron system of CGSs’ evaluation process. This paper uses a typical CGS
in Beijing as an example to evaluate CGSs’ function, spatial layout, and environmental
quality with high accuracy. The system unifies the current imperfect post-use evaluation
system and effectively improves its accuracy and objectivity; this can effectively help future
urban land renewal. High-precision data support enables a more comprehensive, dynamic,
objective, and sustainable post-use evaluation of community green spaces, providing a
deeper understanding of the residents’ actual needs and usage habits. This serves as a
scientific basis for the planning, design, and management of green spaces, ensuring they
better meet the needs of residents and enhance their quality of life. In turn, this contributes
significantly to future urban land planning and land policy formulation.
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2. Materials and Methods

The establishment of a sound post-evaluation system requires that the measurement
elements included in the system be sorted out. In order to minimize the subjective factors
in the post-evaluation research process, the system’s priority must be its ability to directly
observe and compile quantitative data. The selection criteria must consider the coupling
relationship between the data collection source, the form of data processing and storage,
and the data received, assisting researchers in acquiring the technical knowledge required
to ensure the scientific integrity of the post-use evaluation (Figure 1).
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2.1. Sensor Layout and Data Collection Sensor Layout

The Jiayuan Sanli Community is a commercial housing community built around the
year 2000. Green spaces were equipped according to the needs of the residents. However,
after more than 20 years of development, the green spaces can hardly meet the current
demands and urgently need to be updated and renovated. The Jiayuan Sanli Community
can represent the communities built in Beijing during the same period. Meanwhile, the
green space in the Jiayuan Sanli Community is located in the center of the community and
has a high daily usage rate. The construction scale of 16,337 square meters facilitates the
placement of sensors and the collection and analysis of data. Residents are also highly
motivated to participate. Therefore, the Jiayuan Sanli Community was ultimately chosen
as the research subject of this study, as it possesses practical value, feasibility, generality,
and reproducibility.

The Jiayuan Sanli CGSs are located in the Jiayuan Sanli Community of Majiabao,
Fengtai District, Beijing. They stretch from Majiabao West Road in the east, to the Hanhe
River in the south, to Jiayuan Road in the west, and to Jiahe Road in the north (Figure 2).
The land area is approximately 16,337 square meters, and it belongs to a community-type
green space. The green space is generally trapezoidal in shape and has a flat terrain. There
are entrances and exits in the northeast, southeast, and northwest directions, making it
convenient for residents to enter. It is considered that there are a certain number of trees at
the S-shaped gate site near the river on the south side, and it is recommended to preserve
and improve this area for environmental beautification. We selected CGSs in the Jiayuan
Sanli Community, located in Majiabao, Fengtai District, Beijing. Overall, the Jiayuan Sanli
Community consists of 20 residential buildings, including 2 panel-type buildings, 3 tower-
type buildings, 4 commodity buildings from Xuri Jiayuan, 6 commodity buildings from
Mingri Jiayuan, and 5 affordable housing units from Mingri Jiayuan. Within a 1 km radius,
there are 3 bus stops and 1 subway station. The surrounding population is relatively dense,



Land 2024, 13, 698 4 of 23

with a total of 4683 households, 12,000 residents, 2750 elderly people over 60 years old, and
1380 youths under 14 years old (Figure 3). The population is concentrated in the residential
areas to the west and north of the green space. The CGSs cover an area of approximately
16,337 square meters and currently comprise 7 functional areas. These areas are mainly
designed for the activities and use of the elderly and children, with adult activities and
companionship playing a supporting role. This meets the expected requirements for a
typical pilot CGS.
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The current ecological space of the Jiayuan Sanli Community is divided into 7 parti-
tions (Figure 4). Functional Area 1 is located in the northwest of the overall space, adjacent
to the northern entrance, and comprises the small building of the Yue Lao Pavilion, fre-
quently used for daily activities. A monitoring point was set at this location. Functional
Area 2 is mainly the community office building, which is not open to the public; therefore,
no sensor points were set here. Functional Area 3 is a multi-functional square, serving
as both a daily activity space and a festival venue. It is a key monitoring area and has
1 monitoring point. Functional Area 4 serves as the main space for activities under the
forest canopy and represents an important node connecting Functional Areas 3 and 5.
Monitoring points were also set here due to the limited range of image perception caused
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by the existing trees. Therefore, 3 monitoring points were set here. Functional Area 5 serves
as a current activity site and is adjacent to the subway station, which is prone to noise
pollution. Therefore, 1 monitoring point was set here. Functional Area 6 is the current
public toilet; 1 monitoring point was set here.
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The evaluation of public spaces in the pilot community is carried out based on a
CGS evaluation system based on a multi-sensory system. This evaluation mainly includes
3 aspects: sensor installation, data collection, and analysis and evaluation. In the 7 multi-
dimensional sensing installation points in the 4 main functional areas of public spaces,
spatial characteristics, coverage radius, and evaluation factors were set.

After obtaining the user behavior, usage situation, and environmental information
data of the CGSs, the effective data obtained through edge computing was input into the
established CGS evaluation system for evaluation using multi-layer perceptron. When
applying data to a multi-layer perceptron, Chinese characters cannot be used for input
and output. Therefore, indicators and data in the established CGSs’ evaluation system
are numbered. Among them, a refers to multi-dimensional perception data, and b refers
to subjective survey data. Then, a dataset is constructed that includes indicator numbers
and corresponding values. Each datum should contain the values of all indicators. In the
established CGS evaluation system, there are 45 indicators and 57 evaluation data, and
each dataset contains 57 values.

2.2. The Construction of an Evaluation System Based on a Multi-Dimensional Perception System

To ensure the scientific and reasonable evaluation items in the post-construction
environmental evaluation system of CGSs, this study uses the scientific construction of
evaluation indicators as the starting point and establishes the construction method of the
post-construction evaluation system of CGSs. This mainly includes the selection of data
acquisition methods, the screening of evaluation indicators, the real-time dynamic adjust-
ment of evaluation indicators, and the hierarchical integration of evaluation indicators, as
well as data processing and calculation.

The existing evaluation indicator systems for community green spaces include the
evaluation of community green space quality and the assessment of the built environment
of community green spaces (Table 1). Drawing on the reference of the existing evaluation
indicator systems for community green spaces, this study proposes 4 levels of evaluation
elements based on the interpretation of policy orientations and the analysis of user needs
across 4 aspects: the creation of space environments based on user needs, the diverse user
experiences of different users, the enhancement of vitality in community green spaces, and
the strengthening of public participation and attention to social impacts. This evaluation
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system sets up 4 first-level indicators, namely, public facilities, landscape environment, use
behavior, and cultural connotation. They, respectively, target the basic functions, greening
and comfort level, use situation, and local humanistic and historical presentations of public
spaces. The second-, third-, and fourth-level indicators are constructed based on existing
evaluation systems, combined with subjective research and multi-dimensional perception
systems, aiming to comprehensively evaluate the role of public spaces in urban life (Table 2).
Among them, traffic facilities, ecological facilities, cultural design, cultural inheritance, and
other aspects of secondary indicators cannot be efficiently replaced by multi-dimensional
perception systems; therefore, traditional subjective research methods can be used to
quickly and efficiently obtain information. Other indicators can be monitored through
multi-dimensional perception systems.

Table 1. Research on existing evaluation indicators for CGSs.

Author Indicator System

Wang H. (2012) [28]

There are more than 60 influencing factors, including sensory vitality (such as environmental suitability,
architectural facilities, and visual landscapes), social vitality (such as management and operation,
accessibility), economic vitality (such as aggregation scale, marginal effect, and land use), and cultural
vitality (such as cultural taste and cultural activities).

Lu L. (2013) [29] Using the ecological level, landscape, cultural level, operation and maintenance conditions, etc., as
evaluation indicators.

Wang Y.R. (2020) [30] Sensory attributes, perceptual attributes, cognitive attributes, and behavioral attributes.

Jill (1987) [31] Protection, comfort, enjoyment.

Carmona (2010) [32] Social, economic, and environmental characteristics of spaces, such as attractiveness, spatial vitality,
accessibility, safety, cleanliness, pollution level, etc.

Mei T. (2014) [33] Inclusiveness, meaningful activity, pleasure ability, safety, comfort.

Praliya and Garg, (2019) [34] Accessibility, maintenance, attractiveness, comfort, inclusivity, activities and usage, rationality of
design, safety and security.

Zhou J. (2003) [35] The study is made up of three aspects: activities, image recognition, and operational support, which are
divided into 11 second-level indicators and 60 third-level individual indicators.

Table 2. Post-use evaluation system of CGSs.

First-Level Index Second-Level Index Third-Level Index Fourth-Level Index

Facility perception

Public service facilities

Rest facilities Leisure facilities for all ages

Activity facility

Sports and fitness equipment

Children’s play equipment

Space use flexibility

Convenience facility

Electric charging pile

Water drinking machine

Toilet

Facility operation

Security guarantee

Facility maintenance

Feedback on facility problems

Traffic facilities

Road conditions
The density of road network

Internal accessibility

Visual guidance system
External range

Internal range

Ecological facilities

Green material application Recycled material application

Green technology application New energy, sponge city,
and other technologies

Ecological space construction Using ecological methods to create
shading and noise-reduction functions
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Table 2. Cont.

First-Level Index Second-Level Index Third-Level Index Fourth-Level Index

Perception of environment

Landscape aesthetics

Color matching
Rational use of color matching is

essential to create a visual effect that is
layered and vivid

Design style and overall harmony

The overall proportion and scale
should be carefully considered to

achieve harmony and unity among
various elements

Operational environment
monitoring

Spatial overall
environment perception

Temperature

Humidity

Illumination

Wind speed

Air quality

Microenvironment perception

Illumination

Wind speed

Noise

Air quality

Daily maintenance monitoring
Afforestation maintenance

monitoring
Soil moisture content

Plant growth

Behavior perception space function and usage

Function layout

Functional area usage density

Whether complete or not

Spatial region preference

Functional transformation

Coverage of requirements

Diverse user groups

Time-sharing service connection

Functional preference

Cultural connotation

Cultural design

Neighborhood atmosphere
building Landscape sketch

Cultural display Design of cultural features such as
fences, streetlamps, and rest seats

Landscape value

Scientific value of landscape
The potential value of landscapes lies in

scientific research, education
popularization, and other aspects

Ecological value of landscape
The contribution of landscapes to the

ecological environment and
human health

Cultural value of landscape
The value of landscapes lies in cultural
inheritance, historical memory, leisure
and entertainment, and other aspects

Cultural inheritance
Cultural protection Preservation of cultural relics

Regional culture shaping Historical background introduction

Community green
space governance

Public engagement Resident participation Focusing on the level of involvement of
residents in green space governance

Green space management Maintenance and
administrative standards

Emphasizing the standards and quality
of upkeep and management conducted

by the relevant authorities

2.3. Data Processing

After obtaining the user behavior, usage situation, and environmental information data
of CGSs, the effective data obtained through edge computing was input into the established
CGS evaluation system for evaluation using a multi-layer perceptron (MLP). This system
is a feedforward artificial neural network model that maps multiple input datasets to a
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single output dataset. It comprises an input layer, hidden layers, and an output layer. Each
neuronal layer consists of numerous neurons, with the input layer receiving input features
and the output layer delivering the final prediction results. The intermediate hidden layers
are responsible for extracting features and performing nonlinear transformations. Each
neuron receives the output from the previous layer, performs weighted summation and
activation function operations, and generates the output for the current layer. Through
continuous iterative training, the MLP can automatically learn the complex relationships
among input features and predict new data accordingly. When using data in a multi-
layer perceptron, Chinese characters cannot be used for input and output. Therefore, the
indicators and data of the established CGS evaluation system are numbered.

With a CGS evaluation system that has been numbered, the multi-layer perceptron
(MLP) network model can be trained. The information collected from public participation
is not suitable for MLP and has not been numbered. It will be used as supplementary
information in later stages. MLP is a neural network system with multiple hidden layers.
Compared with general neural networks, MLP has more analysis parameters [36] and can
analyze problems more comprehensively, analyzing the most accurate target answers from
numerous data. This is the basic network logic structure of MLP. The leftmost layer is
the input layer, the last layer is the output layer, and there are 2 or more hidden layers in
between, with each layer connected to each other separately (Figure 5).
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The linear function relationship z = ∑wixi + b is supplemented with an activation
function f(z).

The use of a multi-layer perceptron (MLP) neural network involves both forward
propagation and backward propagation processes. The forward propagation algorithm is a
sequential process that uses the output results of the previous layer to calculate the output
results of the next layer, all the way to the final output layer [37]. Forward propagation is
mainly used for the application calculation of MLP. Assuming the input training data are
(x1, x2), the total number of input layers is L, and all the weight matrices W correspond
to the hidden layers and output layer, the offset vector is b, and the calculation of each
layer’s output is al, the final output is aL, f is the activation function, and z is the output
after passing through the neuron.

al = f(Wial − 1 + bl) (2 ≤ l ≤ L) (1)

When performing forward propagation of MLP, the weight matrix W and offset vector
b are all uncertain values. The MLP backward propagation algorithm is used to determine
the appropriate weight matrix W and the offset vector b. The algorithm of MLP backward
propagation optimizes the overall structure logic by using the loss function to determine
the extreme value. The loss is measured by the mean squared error in each layer function,
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and the loss function for each input sample is obtained accordingly. Backpropagation is the
training process of MLP.

J(W, b, x, y) =
1
2
∥ aL − y ∥2

2 (2)

After the entire algorithm outputs to the L layer, the W and b of the output layer satisfy
the following function formula:

aL = f
(

zL
)
= f

(
WLaL−1 + bL

)
(3)

For the final output layer parameters, the loss function becomes the following formula:

J(W, b, x, y) =
1
2
∥ f

(
WLaL−1 + bL

)
− y ∥

2

2
(4)

When solving the gradient, we, respectively, use the derivative of W and b in the
following formula:

δJ(W, b, x, y)
δWL =

δJ(W, b, x, y)
δzL

δzL

δx
=

(
aL − y

)(
aL−1

)T
⊙ f ′(z) (5)

δJ(W, b, x, y)
δbL =

δJ(W, b, x, y)
δzL

δzL

δx
=

(
aL − y

)
⊙ f ′

(
zL
)

(6)

According to the MLP forward propagation algorithm, we can obtain the following:

zl = W lal−1 + bl (7)

Then, we can obtain the gradient of W l and bl at the L layer of the MLP system as
follows:

δJ(W, b, x, y)
δWL =

δJ(W, b, x, y)
δzL

δzL

δx
= δl

(
al−1

)T
(8)

δJ(W, b, x, y)
δbL =

δJ(W, b, x, y)
δzL

δzL

δx
= δl (9)

We can obtain the recursive relationship of δ in MLP as follows:

δl = δl+1 δzl+1

δzl =
(

W l+1
)T

δl+1 ⊙ σ′
(

zl
)

(10)

According to the recursive relationship in the MLP system, we can obtain the recursive
relationship of W and b as follows:

W l = W l − a∑m
i=1 δi,l

(
ai,l−1

)T
(11)

bl = bl − a∑m
i=1 δi,l (12)

When the changes in W and b are both less than the threshold for a layerwise iteration,
we output the linear coefficient matrix W and offset vector b for each hidden layer and
the final output layer. The entire neural network training is complete. It can achieve
processing results that are consistent with the calibration data. That is, it can be used for
multi-layer perception calculations of multi-dimensional perception system data and can
score individual items according to the established evaluation system (Figure 6).
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After obtaining the data, the initial processing of the data can be carried out using a
multi-layer perceptron, and the evaluation scores of each evaluation index can be obtained
(Table 3).

Table 3. Evaluation scoring table of post-use evaluation of ecological space in the Jiayuan Sanli
Community.

Primary Index
(A)

Secondary Index
(B)

Three-Level Index
(C)

Four-Level Index
(D)

Multi-Layer Perceptual
Operation Score

(10 Points for Each Item)

Material function
space (1)

Supporting facilities (1)

Other facilities (1)
Recreational facilities (1) 7

Security facilities (2) 8

Activity facilities (2)

Exercise equipment (3) 7

Play equipment for
children (4) 7

Flexibility of open-space
usage (5) 5

Facilities for convenience:
Water (3)

Electric charging piles (6) \

Dispensers (7) \

Toilets (8) 9

Facility operations (4)

Safety assurance (9)
facility 7

Maintenance (10) 7

Feedback on facility issues (11) 6

Transportation
accessibility (2)

Road conditions (5)
Road network density (12) 5

Internal accessibility (13) 6

Signage system (6)
External range (14) 8

Internal range (15) 8

Sustainable
development (3)

Environmental protection
material application (7)

Recycled materials
applications (16) 8

Green technology
application (8)

New energy, sponge city and
other technologies (17) 8

Ecological space
construction (9)

Use ecological methods to
create shading and noise
reduction functions (18)

6

Natural environment
perception (2) Landscape aesthetics (4)

Color matching (10)

Rational use of color matching
is essential to create a visual

effect that is layered
and vivid (19)

8

Design style and overall
harmony (11)

The overall proportion and
scale should be carefully

considered to achieve
harmony and unity among

various elements (20)

8
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Table 3. Cont.

Primary Index
(A)

Secondary Index
(B)

Three-Level Index
(C)

Four-Level Index
(D)

Multi-Layer Perceptual
Operation Score

(10 Points for Each Item)

Natural environment
perception (2)

Operational environment
monitoring (5)

Spatial overall
environment

perception (12)

Temperature (21) 8

Humidity (22) 8

Light (23) 8

Wind speed (24) 8

Air quality (25) 6

Microenvironment
perception (13)

Light (26) 5

Wind speed (27) 6

Noise (28) 7

Air quality (29) 6

Daily maintenance
monitoring (6)

Green maintenance
monitoring (14)

Soil moisture content (30) 6

Plant growth (31) 7

Spatial function and
activity perception (3) Space use (7)

Function layout (15)

Functional area usage
density (32) 5

Function is complete (33) /

Spatial preference (34) 5

Function conversion (35) 6

Demand coverage (16)

Multiple user groups (36) 6

Time-sharing interface (37) 8

Functional preferences (38) 8

Cultural
connotation (4)

Social factor (8)

Public participation (17)

Requirements summary (39) 8

Satisfaction survey (40) 8

Summary of comments (41) 8

Social influence (18)
Social evaluation (42) 8

Media promotion (43) 8

Landscape value (9)

Scientific value of
landscape (19)

The potential value of
landscapes lies in scientific

research, education
popularization, and other

aspects (44)

8

Ecological value of
landscape (20)

The contribution of landscapes
to the ecological environment

and human health (45)
7

Cultural value of
landscape (21)

The value of landscapes lies in
cultural inheritance, historical

memory, leisure and
entertainment, and other

aspects (46)

6

Cultural connotation (10)

Cultural design (22)

Landscape sketches (47) 6

Design of cultural features
such as fences, streetlights,

and rest seats (48)
8

Cultural protection (23)
Heritage conservation (49) 8

Historical background (50) 8

Community green
space governance (5)

Public engagement (11) Resident participation (24)
Focusing on the level of

involvement of residents in
green space governance (51)

7

Green space
management (12)

Maintenance and
administrative
standards (25)

Emphasizing the standards
and quality of upkeep and

management conducted by the
relevant authorities (52)

8



Land 2024, 13, 698 12 of 23

This study coupled the indicator weights obtained through the multi-layer percep-
tion machine method with the objective weights ui derived from the entropy weight
method to acquire the composite weights λi of the lowest-level indicators relative to the
highest-level λi:

λi = awi + (1 − a)ui (0 ≤ a ≤ 1)

As can be seen from the formula, the composite weights change with the variation in a.
When a = 0 and a = 1, the composite weights correspond to the entropy weight method and
the multi-layer perception machine method, respectively. In this study, 5 experts, including
Liu Ze [38], Hui Xiaoxi [39], Lv Yuan [40], Wu Yingshi [41], and Du Qingchun [42], were
invited to assign weights to the multi-layer perception machine analysis and the entropy
weight method. The average value of these assignments was calculated to obtain a = 0.725,
based on which the composite weights λi of the fourth-level indicators (Layer D) in the
comprehensive evaluation system for community green space were calculated relative
to the target layer. Subsequently, the composite weight sets were calculated for Layer A
relative to the target layer, for Layer B relative to Layer A, for Layer C relative to Layer B,
and for Layer D relative to Layer C, based on the calculated λi values.

A = [A1 , A2, A3, A4, A5] = [
18

∑
i=1

λi,
31

∑
i=19

λi,
38

∑
i=32

λi,
50

∑
i=39

λi,
52

∑
i=51

λi]

BI= [B1, B2, B3] = [
4

∑
i=1

λi/A1,
6

∑
i=5

λi/A1,
9

∑
i=7

λi /A1]

· · ·

BXII= [B12] = [
1
∑

i=1
λi /A5]

CI= [C1, C2 · · ·C9] = [λ1/A1B1, λ2/A1B1 · · · λ9/A1B1]
· · ·

By multiplying the composite weight set of the fourth-level indicators (Layer D)
relative to the third-level indicators (Layer C) by the scores of the fourth-level indicators, the
comprehensive evaluation scores of the third-level indicators were calculated. Eventually,
the comprehensive score of the green space in the Jiayuan Sanli Community was derived,
allowing for a comparison of the green space quality among different communities using
weighted results.

2.4. Validation of Evaluation Results Effectiveness

After the completion of the optimized design scheme, in order to determine whether
the optimized scheme can meet the needs of users, public participation was used to evaluate
the optimized scheme, and on-site discussions were carried out. Residents’ representatives
of Jiayuan Sanli, as well as street and community management personnel were invited to
the meeting. Among them, 47 residents’ representatives attended the meeting, including
7 teenagers, 22 young and middle-aged people, and 18 elderly people. Other management
staff totaled 7 people, with a total of 54 people attending the meeting. Questionnaires
were randomly distributed throughout the day around the community green space, and
a total of 248 questionnaires were collected. Among the residents who participated in
the survey, 9 were under 18 years old, 16 were between 18 and 24 years old, 57 were
between 25 and 40 years old, 40 were between 41 and 50 years old, 43 were between 51 and
60 years old, 41 were between 61 and 70 years old, and 39 were 70 years old and above. A
total of 3 staff members, 17 residents’ representatives, and 167 questionnaire respondents
were very satisfied with the plan. A total of 1 staff member, 3 residents’ representatives,
and 98 questionnaires focused on optimizing the signage system in Plot 6, believing that
the visual guidance of Plot 6 needed to be increased. Through a review of the overall
evaluation process, it was found that when using multi-dimensional perception system
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data for spatial evaluation, the utilization efficiency of Plot 6 was relatively low, and the
number of people passing through the surrounding roads in Plot 6 was also small. Through
multi-layer perceptron and OpenAI, it was judged that the main reason was the poor
road accessibility. Therefore, in the optimized plan, the surrounding roads of Plot 6 were
improved. At the same time, during the traditional subjective research process of the visual
signage system, it was found that the visual signage system was well-equipped, and no
problems, such as unclear semantic expression or logical confusion, were found. Therefore,
the post-evaluation results of CGSs based on the multi-dimensional perception system can
more fundamentally discover essential problems in space use, enabling the formulation of
more effective spatial layout optimization strategies.

3. Results
3.1. Evaluation Results

After the installation of monitoring equipment in the Jiayuan Sanli CGSs, continu-
ous data collection was carried out for a total of 361 days, from 14 December 2021 to
10 December 2022. After edge computing processing, a total of 49,721 valid data from
seven collection points were collected. Combined with subjective survey information, the
NFT data information was compiled and stored permanently on the OpenSea open plat-
form. The data from each collection point for 361 days and subjective survey information
(Table 4) were input into the multi-layer perceptron for analysis, and the evaluation score
was obtained.

Using the trained OpenAI to analyze and translate the evaluation scores, the final post-
use evaluation results of ecological space in the Jiayuan Sanli community were obtained.
The facilities are basically well-equipped and well-maintained, but the rest facilities are
slightly insufficient; the activity facilities are basically well-equipped, but spatial flexibility
is low, and the sharing of facilities is insufficient; the convenience facilities are missing;
some facilities operate but need improvement. The accessibility and road network density
of the space need improvement; the guidance system is complete. The application of green
sustainable technologies is good, but the use of ecological methods is lacking in space
creation. The overall environment of the space is good, but the air quality is average. Some
functional areas have a poor micro-environment due to lack of facilities and low green
coverage. In terms of spatial function and activity perception, the current CGSs ignore the
frequent usage by the elderly and children. The spatial environmental design of the CGs
ignores the multiple needs of the elderly and children for companionship and interaction,
lacks spaces for different age groups to play and relax together, and has problems such as
single-function type, scattered spatial layout, and low environmental quality.
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Table 4. Post-use evaluation data of ecological space in the Jiayuan Sanli Community on 27 April 2022, AM.

First-Level Index Second-Level Index Third-Level Index Fourth-Level Index Multi-Dimensional Perceptual
Data

Subjective Survey
Information

Material function space Supporting facilities

Other facilities

Leisure facilities (1)

Facility 1 operating hours:
0521~0523; 0611~0619;

from 0642 to 0701; 0744~0839;
the facility was used four times in
one session, and the maximum use

time was 55 min.

\

Security facilities (2) \ Equipped with security
facilities and equipment

Activity facility

Sports fitness equipment (3)

Facility 1 operating hours:
0711~0713; 0811~0809;

from 0812 to 0821;
the facility was used three times in
one session, and the maximum use

time was 9 min.

Basic functional facilities
are complete

Children’s play equipment (4)

Facility 1 operating hours:
0711~0713; 0811~0809;

from 0812 to 0821;
the facility was used three times in
one session, and the maximum use

time was 9 min.

Basic functional facilities
are complete

Open-space use flexibility (5) \ The space basically supports
diverse activities

Convenience facility

Electric charging pile (6) \ \
Water dispenser (7) \ \

Toilets (8)

Facility 1 entry time: 0601; 0613
0644; 0649; 0659; 0732; 0741; 0756;
0801; 0813; 0827; 0836; 0849; 0850;

the facility was used
14 times in 1 session.

Well-equipped



Land 2024, 13, 698 15 of 23

Table 4. Cont.

First-Level Index Second-Level Index Third-Level Index Fourth-Level Index Multi-Dimensional Perceptual Data Subjective Survey
Information

Material function space

Supporting facilities Facility operation

Safety assurance (9) / Settings complete

Facility maintenance (10) / Settings complete

Feedback on facility issues (11) / Settings complete

Transportation
accessibility

Road conditions
Road network density (12) / Moderate

Internal accessibility (13) / Good

Guidance system
External scope (14) / Settings complete

Internal scope (15) / Setup perfect b

Green and sustainable

Green material application Recycled materials
applications (16) / Apply

Green technology application New energy, sponge city, and
other technologies (17) / Apply

Ecological space construction
Use ecological methods to

create shading and
noise-reduction functions (18)

/ Part of the application

Natural environment
perception

Landscape aesthetics

Color matching

Rational use of color matching
is essential to create a visual

effect that is layered
and vivid (19)

Good

Design style and
overall harmony

The overall proportion and
scale should be carefully

considered to achieve harmony
and unity among various

elements (20)

Good

Operational environ-
ment monitoring

Spatial overall environment
perception

Temperature (21) 17 ◦C; 26.3 ◦C /

Humidity (22) 45%; 52% /

Light (23) 350 lx; 976 lx /

Wind speed (24) 0.5 m/s;1.92 m/s /

Air quality (25) 65; 71 /
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Table 4. Cont.

First-Level Index Second-Level Index Third-Level Index Fourth-Level Index Multi-Dimensional Perceptual Data Subjective Survey
Information

Natural environment
perception

Operational environ-
ment monitoring

Spatial overall
environment perception

Light (26) 300 lx; 775 lx

Wind speed (27) 3–4 m/s

Noise (28) 45 dB to 55 dB

Air quality (29) 51; 100

Soil moisture content (30) 65; 71

Daily maintenance
monitoring

Afforestation maintenance
monitoring

Soil moisture content (31) 45; 46 /

Plant growth situation (32) / /

Spatial function and
activity perception

Space use

Function layout

Functional area usage
density (33) 1; 5 /

Function complete or not (34) / Basically complete

Function conversion (35) Existence

Requirement coverage

Multiple user groups (36) Existence Basically agree

Time-sharing interface (37) 1; 5 /

Functional preferences (38) 8:09; 8:27; 10:26 /

Social factors

Public participation

Requirements summary (39) / Collect opinions

Satisfaction survey (40) / Collect opinions

Summary of comments (41) / Collect opinions

Social influence
Social evaluation (42) / Good/fair/bad b

Media promotion (43) / Is b involved?

Landscape value

Scientific value of landscape

The potential value of
landscapes lies in scientific

research, education
popularization, and other

aspects (44)

/ Good

Ecological value of landscape
The contribution of landscapes
to the ecological environment

and human health (45)
/ Good
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Table 4. Cont.

First-Level Index Second-Level Index Third-Level Index Fourth-Level Index Multi-Dimensional Perceptual Data Subjective Survey
Information

Cultural value of landscape

The value of landscapes lies in
cultural inheritance, historical

memory, leisure and
entertainment, and other

aspects (46)

/ Good

Cultural connotation
Cultural design

Landscape sketches (47) 2 Configured

Design of cultural features such
as fences, streetlights,

and rest seats (48)
/ Configured

Cultural protection
Heritage conservation (49) / Configured

Historical background (50) / Configured

Community green
space governance

Public engagement Resident participation
focusing on the level of

involvement of residents in
green space governance (51)

/ Configured

Green space
management

Maintenance and
administrative standards

Emphasizing the standards and
quality of upkeep and

management conducted by the
relevant authorities (52)

/ Configured
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3.2. Space Layout and Management Measure Optimization

When conducting spatial evaluation using the multi-dimensional sensing system data,
it was found that the utilization efficiency of Functional Area 6 was relatively low, and the
number of road users around Functional Area 6 was also small. Multi-layer perceptron and
OpenAI determined that the main reason for this was poor road accessibility. Therefore, in
the optimization plan, the roads around Functional Area 6 were improved. At the same
time, in terms of the visual guidance system, it was found that the visual guidance system
was well-equipped during the traditional subjective research process, and there were no
instances of unclear semantic expression or logical confusion was found. However, the
fact is that the utilization efficiency of this area and its surrounding roads is low due to the
defects of the visual guidance system in this area.

The specific optimization design plan includes seven aspects of specific optimization
and transformation nodes (as shown in Figure 7):
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The micro-topographic landscape path in the park allows users to stroll, exercise, and
socialize. By utilizing terrain changes, it enhances vertical experience and provides users
with multi-level spatial experiences.

A sports field retains the original trees on site, combining them with tree pits to add
rest spaces under the trees and improve the spatial quality of the site. A basketball court
will be added to diversify user groups and enhance park vitality.
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The community garden is a shared garden full of blooming flowers. This creates a
warm and harmonious community environment, promotes resident communication and
integration, and provides a public space where people can perceive and experience nature.

The rest area is a resting space in the park that supplements the park’s functional gaps
and enriches the activity types of nearby residents. The green space intertwines with paved
ribbons, complemented by ribbon seating to enclose and define spaces, providing users
with psychological safety and a pleasant and cozy space for cooling off and chatting.

The children’s activity area supplements insufficient functions, focuses on safety,
and is oriented around a sandbox. It has facilities such as climbing micro-topography, a
children’s trampoline, and small hanging wooden stakes for walking. There are also rest
seats for parents to accompany their children, making it a fun public space for parent–child
interaction and sharing between the young and the elderly.

The central square breaks up the original paved square and alleviates the centripetal
force of the circular square. It enhances the square’s seating forms and qualities, adds
ecological sunshade facilities, increases lighting facilities, enhances the welcoming and
communicative atmosphere of the square, and serves as a core venue for citizens’ daily
gatherings and large-scale activities.

The Silver-Hair Farm is a small farm consisting of micro-farms and a sports area. It
is suitable for carrying out popular special sports events such as diabolo and table tennis.
In addition, it cultivates demonstration crops to promote agricultural culture, making it a
shared space for the young and old that enhances science education.

To establish a community green space management system that is jointly built and
shared by all, it is necessary for personnel at all levels within the community to fully
participate and actively cooperate. On the basis of the management and maintenance
responsibilities of government functional administrators, community managers actively
encourage residents to participate in the construction, conservation, and management
of green spaces and adopt corresponding incentive mechanisms to fully mobilize the
enthusiasm of community residents. At the same time, by inviting professional enterprises
or social organizations to provide guidance, small green spaces can be integrated to improve
the fragmented green space environment within the community, thereby achieving the goal
of maintaining the healthy development of green spaces.

4. Discussion
4.1. A Comprehensive Post-Construction Environmental Evaluation System for CGSs

The results of this study show that the post-construction environmental evaluation
system accurately represents the results of the post-use evaluation of green spaces in the
Jiayuan Sanli community. This can be explained by the fact that the four-level indicator
system and the 45 indicators included can characterize CGSs more objectively and compre-
hensively. The indicator dimensions we constructed are similar to those in the evaluation
system constructed by other studies [43–46]. A widely recognized study proposed a com-
prehensive monitoring tool for CGSs with three first-level indicators: basic principles,
defining accessibility, defining attractiveness, and the inclusion of culture and history.
It also includes secondary indicators, such as facilities, a variety of qualities, functional
levels, and many other secondary aspects. These classifications are similar to our own
for constructing evaluation indicators [47]. A study on the potential of green spaces in
Beijing’s old urban areas corroborated our indicator system, concluding that the evaluation
of the potential of CGSs needs to include several key aspects, such as architectural style,
environmental facilities, and cultural resources [48]. In contrast, the green space evaluation
indicators established by many current studies tend to focus on specific aspects and fail to
comprehensively characterize the green spaces of communities. For example, the evalua-
tion of CGSs using soundscape/landscape indices lacks the use of objective parameters and
may be subject to bias due to the subjects’ own preferences [49]. Therefore, the construction
of indicators for a post-construction environmental evaluation system can represent the
characteristics and assessment results of CGSs in a more comprehensive and objective way.
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4.2. Adding Public Participation Sessions to Correct Evaluation Results

Through the results of this study, it was found that the current calibration training of
the multi-layer perceptron or the optimization of OpenAI still cannot guarantee the com-
plete accuracy of the data. This is because some data are indeed misjudged by the system,
leading to bias in the final evaluation results [50]. Numerous studies have shown that this
is a common problem in the operation of multi-dimensional perception systems [50–53].
Therefore, this study corrects the evaluation results by adding a public participation com-
ponent. Starting from the perspective of discovering the root causes and focusing on
public participation, we further optimize the entire post-evaluation system of community
public space based on a multi-dimensional perception system. Our working method is as
follows: data collection, data processing, AI analysis, evaluation of results, optimization of
programmer design.

After using the multi-layer perceptron to obtain the scores of each evaluation index,
based on the evaluation scores of each index and the independent public participation
content, OpenAI is used to obtain the final text evaluation results. The five test set samples
obtained in the previous text, their corresponding scores, and public participation informa-
tion are translated into evaluation result texts using OpenAI. Five expert teams in the field
of CGSs are invited to subjectively evaluate the data of the five test sample spaces using
the established CGS evaluation system. The final evaluation results achieved a coverage
rate of more than 87% using both the multi-layer perceptron and OpenAI. Considering
the differences in language expression between subjective evaluation and OpenAI, the
accuracy of the final evaluation results of OpenAI meets actual usage requirements. At the
same time, the multi-dimensional perception system is used to achieve full-time, full-area,
and full-user coverage of CGSs. The data collected by the perception system are open
to the community residents, and their opinions and suggestions are fully considered to
improve the use effect and user satisfaction of public spaces. This system can achieve
more comprehensive coverage of post-evaluation personnel in CGSs, gather 24 h data,
and produce evaluation results that are more authentic and effective. The combination
of multi-dimensional sensing devices and CGS design can collect data consistently and
monitor CGSs’ usage in the long term, avoiding the need for formalization and enabling
real-time evaluation after use. This provides sustainable and effective data support for
management decisions.

5. Conclusions

As a crucial component of the urban ecosystem, CGSs s play an active role in maintain-
ing the stability of the urban ecosystem, providing ecosystem services, and enhancing the
quality of the urban environment. However, the planning of urban CGSs requires more pre-
cise data support. Due to limitations in data collection methods, previous post-occupancy
evaluation systems suffered from issues such as a limited range of data collection, in-
complete indicator systems, and excessive manual participation, resulting in insufficient
authenticity and objectivity in evaluation results. Based on a multi-dimensional percep-
tion system, this study comprehensively evaluates urban CGSs and explores methods to
optimize the evaluation system, laying an important foundation for enhancing the levels
of intelligence, precise planning, and organic renewal in urban communities. Technolo-
gies such as multi-dimensional perception, image recognition, and multi-layer perceptron
are introduced to establish a comprehensive, objective, and sustainable post-occupancy
evaluation system for CGSs’ utilization, focusing on four aspects: the material functional
environment, the natural spatial environment, spatial perception and activity perception,
and the emotional shaping of regional culture and community. This research found that
by collecting multi-source data through the multi-dimensional perception system of the
Internet of Things and sensors, and by constructing an evaluation system based on artificial
neural networks and artificial intelligence technology, the accuracy of the evaluation results
can be improved by 87% compared to manual evaluation. This evaluation system is more
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realistic and objective and eliminates the gap between the planning perspective and the
user experience.

The optimization design of community green space is being conducted based on
the post-occupancy evaluation results from the multi-dimensional perception system.
Environmental improvements and enhancements to the atmosphere of party-building
activities are being made to the original central plaza. The table tennis function is relocated
to the southwestern corner of the site to facilitate the zoning of active and quiet areas.
Additional leisure areas in the woods, children’s playgrounds, and community gardens
are being added. Fitness facilities, rest seats, shade and rain shelters, and safety protection
measures are being improved. Landscaping elements, such as water collection, irrigation,
and drinking water facilities are being added. The planting configuration is being adjusted
to enhance the greening and aesthetic environment. A circular park trail and track are
being installed to meet residents’ daily fitness needs for running and walking in the garden.
However, we would like to note the potential limitations of this study. Due to the limited
number of test samples, certain deficiencies in the evaluation system and shortcomings in
work methods may not have been fully apparent, resulting in inadequacies in the workflow
and deviations in evaluation results in the final community public space evaluation system.
In the future, we will increase the number of test samples to make up for the shortcomings
of the evaluation system. As organic urban renewal continues to take place across various
regions, the renovation of CGSs will also continue. In the future, it is hoped that the
post-occupancy evaluation system for CGSs, based on the multi-dimensional perception
system developed in this study, can be applied to more projects and continuously optimized
through numerous practical applications.
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