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The development of the smart cities with new and integrated information and communication technologies has changed the
traditional industries’ processes. One of the domains is construction industry which plays an important supporting role for the
economic development of a country, but at the same time, the construction industry is also an industry with high energy
consumption and high pollution. Therefore, in order to alleviate the contradiction between economic development and
resources and the environment, the construction industry must achieve sustainable development and take the road of green
construction. In order to carry out the evaluation of the design effect of colleges and universities, this paper introduces the
multisensor perception and fuzzy comprehensive evaluation methods. First, through the design and analysis of the sensor
perception system used in the building environment, the collection, acquisition, analysis, and processing of complex
information of heterogeneous multiterminals are obtained. Secondly, cluster analysis and genetic algorithms are used in the
processing and analysis process of building multiterminal sensor data. The security aspect is also taking into account to design
the methods. The system test verifies the performance of the university building design effect evaluation model, which can

provide a reference for the sustainable development of the construction industry.

1. Introduction

People’s requirements for buildings are getting higher and
higher, and the complexity of buildings is increasing. Huge
changes have taken place in the types, scales, and forms of
modern architecture. This is also the requirement of the
rapid development of modern sciences and technologies
and social economy and is the inevitable result of the devel-
opment of the discipline of architecture [1-3]. The complex-
ity of building functions and the diversification of usage
requirements have increased the technical problems
involved in the use of indoor spaces. The development of
architecture inevitably requires the cooperation of various
disciplines. In the design stage, different disciplines are con-
sidered the construction of buildings from different angles,
so as to continuously improve indoor space environment
[4, 5]. The work related to building construction includes
construction, structure, water supply and drainage, electri-
cal, heating, ventilation, and other professional content. All

majors determine all aspects of the building in the design,
and most of the energy-related design decisions occur in
the early design stage [6]. When a building reaches the con-
struction stage, the significance of building energy saving
and emission reduction is only whether it can meet the
requirements of building design. The characteristics of the
building have been basically determined in the design stage
and realized through the construction process [7-9].
Modern technologies have gradually refined the division
of human activities. Architectural design is also completed
by the cooperation of multiple disciplines, and more and
more factors are considered by each discipline. Architects
should not only consider space requirements and architec-
ture. The aesthetic principles of form also need to consider
building energy-saving design [10]. Authors in [11] analyzed
the energy consumption costs of 12 types of buildings in 16
cities and calculated that traditional energy-saving technolo-
gies can save energy by 20% to 30%, and some buildings can
even achieve energy saving of 40%. Further, confirm the
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necessity and feasibility of energy saving and emission
reduction. Authors in [12] discussed the sensitivity of build-
ing envelopes, including the impact of multilayered wall
buildings (36 categories) and different sizes of glass (10-
90%) on building energy consumption, and studied the
impact of envelopes on building low-carbon impact of devel-
opment. Authors in [13] took the development of a commu-
nity in Northern Europe as an example, studied the resource
input and carbon emissions of high-energy-efficiency build-
ings in the construction phase, and proposed excessively
improving the energy efficiency of buildings, increasing the
input of building materials and energy during the construc-
tion phase. Increasing carbon emissions during the con-
struction period and forming a peak of carbon emissions
before the building are used and are not conducive to the
realization of the short-term carbon reduction target. Atten-
tion should be paid to the emission reduction during the
construction phase and included in relevant policy formula-
tion. Shaikh et al. [14] conducted research and verification
on existing building energy consumption simulation soft-
ware and believed that climate parameters are the main
parameters that affect building energy consumption simula-
tion. For the energy consumption simulation of the entire
building, accurate climate data is to achieve accurate quanti-
fication. It is an important component of the analysis and
discusses that different simulation targets should be selected
by different climate data.

Architectural design, as planning before building con-
struction, integrates the requirements of architectural func-
tion, architectural technology, and architectural art and is a
comprehensive display of various technical means on the
basis of satisfying the use of functions [15, 16]. Human
requirements for the indoor and outdoor space functions
of buildings always change with the development of the
times. To meet these ever-changing and increasing require-
ments, all participants are researching and improving the
design. From ancient craftsmen at home and abroad to
today’s engineers and scholars in many fields such as archi-
tecture, engineering, environment, and materials, a lot of
research on architectural design has been carried out [17,
18]. However, the construction industry is also an industry
with high energy consumption and high pollution. There-
fore, in order to alleviate the contradiction between eco-
nomic development and resources and environment, the
construction industry must achieve sustainable development
and take the road of green building. In order to carry out the
evaluation of the design effect of colleges and universities,
this paper introduces the multisensor perception and fuzzy
comprehensive evaluation methods. The system test verifies
the performance of the university building design effect
evaluation model, which can provide a reference for the
sustainable development of the construction industry. The
paper also presents the security architecture to secure the
data of the model. The main objectives of this paper are as
follows:

(i) Design multisensor perception and fuzzy compre-
hensive evaluation methods for the sustainable
development of the construction industry
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(ii) Design a security model for the sustainable
development-related data security

The rest of the paper is organized as follows: Section 2
discusses the architecture design effects and its evaluation.
Section 3 presents the multisensor sensing model. Section 4
discusses the evaluation of the effect of college building
design based on multisensor perception. Section 5 presents
the security model for development data. Section 6 con-
cludes the paper with future direction.

2. Overview of Architectural Design
Effect Evaluation

Due to the lack of bottom-up postuse evaluation applica-
tions, the above-mentioned problems have further lost the
opportunity to give feedback to planning builders and
designers. Friedman defined it as a “degree” evaluation in
his POE (Post Occupancy Evaluation) book [19, 20]. How
to support and meet people’s expressly or implicitly
expressed needs after the completion of the environment.
Each construction practice project is a complete system
composed of five stages, which is divided into construction
project approval, stationing planning, architectural design,
building construction, building operation, and post-use eval-
uation [21]. The postuse evaluation of penetration at various
stages continuously provides feedback and corrections for
the smooth implementation and good operation of an engi-
neering construction project [4, 22]. However, as far as the
existing research is concerned, the postuse evaluation is
mainly used by architects, and only feeds back to the “archi-
tectural design” stage, while ignoring the remaining four
stages. But only if these five stages are consistently revised
can the final architectural quality be improved. Figure 1
shows the closed-loop diagram of the whole process of archi-
tectural creation.

Postuse evaluation has three values: short-term, mid-
term, and long-term. The short-term value lies in the timely
assessment of the existing problems in the building and the
proposal of targeted correction strategies to avoid loss and
expansion; the medium-term value lies in the collection of
preliminary project data for large-scale renovation or recon-
struction; the long-term value lies in summarizing the design
experience of the same type of project and forming available
reference basis or industry norms [23, 24]. The evaluation
method includes two aspects: quantitative analysis and qual-
itative analysis. For the construction industry, quantitative
analysis is the main method adopted for objective evalua-
tion, while qualitative analysis is the main method adopted
for subjective evaluation. The objective evaluation is based
on the building design specification documents of different
building types, and the data contained in the specifications
are determined in a certain period of time. Subjective evalu-
ation refers to the psychological feelings of people entering
the building after it is completed. Subjective evaluation has
individual differences and is related to people’s educational
level, personal accomplishment, experience, and rationality.
Evaluation is based on people, and people’s subjective evalu-
ation of a commercial building is often more direct and
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F1GURE 1: Closed-loop diagram of the whole process of architectural creation.

specific. This is something that designers tend to ignore. The
content of the evaluation for commercial buildings includes
the age of the evaluator, culture, outdoor environment
design of the building, the integrated design of the traffic
around the building, the circulation, space, function of the
building, the parking design of the building, and the age of
the evaluator.

3. Multisensor Sensing

Sensors play an important role in smart transportation,
smart home, smart agriculture, and national defense secu-
rity. These applications have one thing in common, that is,
a wide coverage. Therefore, in order to realize these distrib-
uted applications, the system must first have a key function,
that is, the information sharing capability of the sensor [25].
At present, most sensor application systems usually use dif-
ferent devices to build sensors, which is an important part of
the wireless sensor network. It can be seen from the above
that the realization of perception depends on sensitive
devices, although researchers in the field of materials have
been striving to find suitable production materials. However,
sensitive devices will be greatly affected in certain environ-
ments, such as high temperature, corrosion, humidity, dust,
and electromagnetic fields [26]. Figure 2 shows a schematic
diagram of a typical sensor component.

Therefore, static characteristics can use range and mea-
surement range, linearity, hysteresis, repeatability, sensitiv-
ity, etc., as its indicators. The dynamic characteristic refers
to the response characteristic that the output of the sensor
changes accordingly when the input quantity changes
dynamically with time [27]. The dynamic characteristic of
the sensor firstly depends on the sensor itself, which is deter-
mined by the dynamic characteristic of the link that plays a
major role in the sensor. The bottom node directly contacts
the analog signal in the physical world environment to col-
lect and uses the embedded processor architecture to realize
the perception function [28]. The middle layer is responsible
for the collection and integration of the bottom-level section
information with only a single intelligent combination and
high-speed real-time upload. At the same time, the high-
level decision information is downloaded to the correspond-
ing node and executed. This layer can be a module, or it can
be set as a powerful module according to system require-

ments. The uppermost layer gathers all perceptual informa-
tion and has threshold judgment and decision-making
functions, and the PC can be used as a decision support
node.

4. Evaluation of the Effect of College Building
Design Based on Multisensor Perception

4.1. Cluster Analysis of Building Location. This paper selects
the data of the geographical location of the completed build-
ing and makes a cluster analysis of its latitude and longitude.
Cluster analysis is a multivariate statistical analysis to quan-
titatively study classification problems according to the char-
acteristics of things themselves [29]. It is a classification
method of multivariate statistics “things to cluster.” The
basic idea is to divide the location into several categories
according to the distance, so that the difference of the data
within the category is as small as possible, and the difference
between the categories is as large as possible.

Step 1. Data standardization.

Supposing domain x = {x;, x,,---x,} is the object to be
classified, and each object is represented by m indicators,

then each variable can be expressed as x;;.

Mean:

1 n
xj= —inj. (1)
i3

Standard deviation:

After standardization:

Xii— X
x5 = fsj L(s;#0). (3)

Step 2. Determine the similarity coefficient r;; using the
Euclidean distance method for cluster analysis.

Each task position can be regarded as a point in the
three-dimensional space. The task position constitutes the
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TaBLE 1: The latitude and longitude coordinates of the clustering points and the number of various tasks.

Cluster points 1 2 3 4 5
Latitude of cluster points 23.066 23.565 22.958 22.713 23.101
Cluster point longitude 113.03 113.55 113.75 114.06 113.30
Number of buildings in cluster area 80 23 159 72 187

point in the three-dimensional space. A matrix is formed
between the task position and the cluster center, and the
Euclidean distance between the task position and the cluster
center is calculated. Let x; denote the ith cluster center i =
1,2,3,4,5 and denote the distance between the ith cluster
point and the jth task position, the Euclidean distance calcu-
lation method is

1/2

452 = |3 (u-x?| Gj=12m). @
k=1

Step 3. Use SPSS to analyze the data completed by the
tasks in Annex 1, and we have obtained the latitude and lon-
gitude coordinates of the cluster center point and the num-
ber of tasks in each category. The latitude and longitude
coordinates of the clustering points and the number of tasks
are shown in Table 1.

4.2. Establishment and Solution of Multiple Regression
Model. First, analyze the Pearson correlation coefficient of
the four indicators to determine whether they are linearly
correlated [30]. First, integrate the data to calculate the Pear-
son correlation coefficient of each indicator and the rest of
the indicators, and then obtain the average of the square
sum of the Pearson correlation coeflicients of a certain indi-
cator and the rest of the indicators and obtain the A of each
indicator R,
The definition of Pearson’s correlation coefficient is B:

Rzli yi—y (xi—x):cov(Y,X).
ns\ s, Sy S5

()

If |R| = 0, it indicates that there is no linear correlation
between the two variables. If |R| = 1, it shows that the two
variables are completely linearly related. The direction of lin-
ear correlation is indicated by the sign of the correlation

TaBLE 2: The mean value of the sum of squares of the correlation
coefficients of each indicator and the other indicators.

Index 2 v, Vs vy
Mean sum of squares 0.856 0.758 0.625 0.791
coefficient, “+” means positive correlation, and “-” means
negative correlation.
R‘Z_ijquvivj S 12t (6)
vi T T J=5L2% ] # 1.

In the formula, v; is the index code, v, is the task loca-
tion, v, is the member density, v; is the distance between
the task and the member, and v, is the reputation value

within a certain range. R* ; represents the average of the
sum of squares of the Pearson correlation coefficient R of
the indicator v; and the remaining variables v;(i # j). m is
the number of variables.

Finally, it is determined whether there is a linear rela-
tionship between the three indicators of building geographic
location, personnel density, and the distance between build-
ing geographic location and personnel and task pricing. The
postuse evaluation of penetration at various stages continu-
ously provides feedback and corrections for the smooth
implementation and good operation of an engineering con-
struction project. Table 2 describes the mean value of the
sum of squares of the correlation coefficients of each indica-
tor and the other indicators.

It can be seen from Table 2 that the minimum value of

R?, is 0.625, and the linear relationship between various var-
iables is strong. The linear relationship between v,, v,, v,
and v, and task pricing y can be expressed by the linear
regression equation.

(7)

y=by+bx++bx, +e, £~N(0,0%).
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In the formula, by, b, -+-b,, 0 is an unknown parameter
that has nothing to do with x;, x,, -+, x,,.

Let (x4, %1501 V1 )5+ (X1 X+ X0 ¥, ) be @ sam-
ple. Estimate the parameters using the least square method.

Q= (yi_bo_blxn_"'_bpxlp)z' (8)

™=

I
—_

1
Take the partial derivatives of Q with respect to by, b;,

-++b,, and set them equal to zero, we get

Q L .
% =_2 (}V,-—bo—b1xi1_"'_bpxip)xij:0’ (]:1,2,’1))
=0

©)

1

Simplify the above formula to

n n n n n
by inl +b inlz +b, inzxi1+"'+bp inpxil = Zyixil’
i=1 i=1 i=1 i=1 i=1
(10)

that is, the maximum likelihood estimation of the
unknown parameter (by, by, +,b,). So the linear regression

equation is
Y=by+byx;+tbyx,. (11)
Calculated with SPSS19.0 software:

y=-23.56+0.35v; — 0.64v, + 0.26v; + 0.15v,, (12)
12
R*=0.58.

R? =0.58 indicates that 58% of the relationship between
the geographic location of the building and the four indica-
tors can be determined by the regression equation.

Assume that the functional relationship between task
pricing on the 4 indicators is

y=a,vy +a,v, +azvy +auv, + b (13)

Among them, g; is the parameter to be estimated, and b
is a constant. Estimated by the least square method: y=—
23.56 + 0.35v; — 0.64v, + 0.26v; + 0.15v,; the p value corre-
sponding to parameter v,, v,, v, and v, is 0.46, 0.47,
0.008, and 0.097. Perform a heteroscedasticity test on the
model to get p=0.891. The original hypothesis is that the
model is homoscedastic. Accept the original condition, that
is, there is no heteroscedasticity. The serial correlation test
DW =d=1.85, d,=1.83 satisfies d, <d<4-d, and it is
judged that there is no serial autocorrelation in this regres-
sion equation. Use the least square method to find the
regression estimation equations for each explanatory vari-
able one by one, and the results are shown in Table 3.

When the significance level is 0.05, F(1,29)=4.18 is
found. Because the independent variable v, is F=1.41<

5
TaBLE 3: Results of the first regression.
The estimated p Residual
Equation R? value of the F sum of
parameter squares
y=23.16 +56.12v; 0.056 0.2589 14.55  304.12
y=14.23-15.89v, 0.325 0.2345 9.36 204.23
y=0.258+0.68v; 0.256 0.025 17.58 160.25
TaBLE 4: The second regression analysis.
The
estimated p Residual
Equation R*  valueof F  sum of
the squares
parameter

0.063 42.1 58.1
0.025 51.2 87.9

y=0.561v; —0.398v, + 0.256 0.741
y=0.38v, +0.24v; — 0.368 0.76

Fy05(1,29) = 4.18, and the p value of the parameter estima-
tion is too large, it shows that the regression model of v, to y
is not significant, indicating that the member reputation
value has no great relationship with task pricing. Regarding
the independent variable v,, the regression significance is
not high, but for the variable v,, you can continue to the next
step of regression. Select v, with better test results in all
aspects as the first selected variable, remove the influence
of v, on y, and do the second time return. Table 4 shows
the results of the second regression analysis.

When the significance level is 0.05, F,5(2,28)=3.34
and F, 45(1,28) = 4.20 are obtained by looking up the table.
As the variables are added one by one, the improvement of
the variable y equation is basically unchanged. Since F, =
42.1 and F, =51.2, and both are greater than F;(1,18)
=4.41, it shows that the model is significant as a whole.
The heterogeneous test of the model is p=0.87, which
means that there is no variance in the model; the serial cor-
relation test is performed on the model. Since DW =d =2.02
and d, =1.67 meet d, <d <4 —d, it means that the model
does not have serial autocorrelation. So this model is the
optimal model.

4.3. Optimization of Geographical Location of Buildings
Based on Genetic Algorithm. Objective function expression:

max f = Z ijkyijkz - Zngk €p, (14)

i€emjem gen

where m is the node set, {0,1,2---i}, n is the node
collection of the task point, {1,2,---,g}, p is a collection of
crowdsourced member tasks participating in the task, {1,2,,
-k}, xj is the amount of tasks the member accepts at the
task point, and z is the member’s income for each task
completed.

Constraints on task points, membership amount, and
completion ability at each point. The amount of tasks
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completed by new members in a single time must not be less
than the minimum amount of tasks completed:

Zijkyjk >N. (15)

iemjem

The sum of the tasks accepted by all members is not
greater than the sum of the tasks generated by the positions
of all the characters:

22D XsQ (16)

iemjemkep

The task accepted by each task person is not greater than
its maximum task completion ability:

Z Z ijkyjk <M. (17)

iemjemUN™ kep

Time window constraints:
!

T =Yigrtio T =Ygk (Tjx + Tigi + tgn) toj = 0- (19)

Relational constraints between sets:

L=L"+)L,

e€E (20)
R=R"+)L,

ecE

Penalty function constraint:

(21)

P - B (Tw = LTy), Ty > LT,
g

) 0, Ty <LTy.

Decision variable constraints:

Yjgk = min {yijk’yghk}’ (22)

YVijer Yigk» Y ghi € {051}

The genetic algorithm is used to solve the problem by
programming, and the iterative process of the solution of
the model is shown in Figure 3.

The genetic algorithm used in this paper has been iterated
100 times and found that after roughly 27 iterations, the solu-
tion obtained has stabilized. The results obtained clearly solve
the problems of optimizing paths and merging tasks. Table 5
shows the solution results of the optimization model.

According to the above optimization results, a compari-
son between before and after optimization can be obtained.
Table 6 shows the comparison between before and after
optimization.

Cluster analysis and genetic algorithm are used in the
processing and analysis process of building multiterminal
sensor data. In this paper, a genetic algorithm is used to pro-
cess and optimize the sensor information, and the perfor-
mance of the university building design effect evaluation
model is verified through system testing, which can provide
a reference for the sustainable development of the construc-
tion industry.
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TaBLE 5: Solution results of the optimized model.

Personnel number

Member task completion path after optimization

Number of tasks

Member income

Completion

1 A9 — Al — B1 — B3 — Bl11 5 325 1+1+1+1+1
2 A8 — A9 — A2 3 210 I+1+1
3 A9 — A6 — B4 — Bl 4 199.5 I+1+1
4 A3 — A5— A4 —B5— B2 5 268 1+1+1+1
5 Al — A6 — B3 — B10 4 240 I+1+1
TaBLE 6: Comparison of before and after optimization.

Before optimization Optimized
The number of members needed (person) 68 46
Average single task evaluation (%) 66.5 86
Mission completion 62.39% 60.23%
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FIGURE 4: IDS system for edge computing.

5. Security Model for the Sustainable
Development-Related Data Security

The huge data is collected from the systems and sensor
nodes. The centralized database stores all the data for further
processing and analyzing. The data is collected from the
construction activities that start from planning and comple-
tion phases [31, 32]. As security is one of the challenge espe-
cially when the data transmitted to the edge computing or to
the cloud for further decision making, we proposed a IDS
solution at the edge computing side to protect all the data
coming from ground network and sensor devices. The Intru-
sion Detection System (IDS) is installed at the edge comput-
ing side to filter the data and detection and prevent the data

from any sort of malicious activities in the network. Figure 4
shows the IDS deployment at the edge side to protect the
building data from unauthorized access.

6. Conclusion

The buildings obtained from the construction activities
according to the drawings are the true manifestation of the
design results. The goals must be determined in the project
planning stage, and the specific implementation plan must
be determined in the design stage. Through a reasonable
design plan, the carbon emissions of the building’s life cycle
can be reduced. Architectural design, as a planning before
building construction, integrates the requirements of



architectural function, architectural technology, and archi-
tectural art and is a comprehensive display of various techni-
cal means on the basis of satisfying the use of functions.
Therefore, this article has carried out an evaluation of the
effect of architectural design. At present, the research on
building energy efficiency mainly focuses on building design
or the whole life cycle. There are not many researches on the
operation phase. The existing research mainly includes the
discussion of the owner and property management mode
and the development of the energy-consuming equipment
database during the operation. The research on energy con-
sumption evaluation standards needs to be further in-depth.
Building energy efficiency is a hot topic today. In the face of
my country’s current national conditions, the most direct
and effective energy saving should start from the operation
of existing buildings. The research done on this subject still
needs to be expanded in the following aspects. The research
on the energy-saving coefficient during operation still needs
to be further explored, guided by practicality, operability,
and effectiveness, to provide effective theoretical tools and
measurement scales for building energy saving. This paper
also presented the IDS system deployment model at the edge
computing side for data traffic detection and prevention
form any malicious activities in the network. Based on the
research content of this article, in the next step, we will try
to place the sensing method in different experimental envi-
ronments, further enrich the sensing model, establish a com-
plete sensor information database, and facilitate the addition
and identification of various sensors, while also standardiz-
ing the manufacture of sensors.
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