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Abstract

As a combination of the three elements of modern infor-
mation technology, smart sensor network is a brand-new in-
formation collection and management technology. The smart
sensor network is composed of a large number of smart sen-
sor nodes with low energy consumption. In order to improve
the performance of pattern design, this paper proposes an
urban sculpture artwork pattern design framework based on
intelligent sensor network. It uses intelligent sensor network
technology to build design models and design patterns for
urban sculptures. Based on the introduction of intelligent sen-
sor network technology, various computer software and pat-
tern texture calculation methods are used to process the urban
sculpture pattern in the design process, and the construction
of the urban sculpture pattern model is completed through the
construction process of the urban sculpture pattern intelligent
sensor network mode. Experimental results show that the av-
erage design time of urban sculpture patterns based on smart
sensor network technology is 0.42 s, the average resolution is
7200 pixels, and the average dot pitch is 0.27mm. Compared
with traditional 3D technology pattern design methods, the
design performance of urban sculpture patterns based on in-
telligent sensor network technology is better, and it meets the
design requirements of urban sculpture patterns.

Keywords: Smart sensor network, Urban sculpture, Pattern
design, Art perspective

1 Introduction

As the foundation of modern information technology,
sensor technology is a multidisciplinary integrated modern
science and engineering technology that includes sensor de-
sign, information processing and development, production,
implementation, evaluation and improvement. Compared
with traditional sensors, smart sensors combine integration
technology, micro-processing technology and sensor technol-
ogy, and have strong intelligence. It conforms to the concept
of intelligent design, and has been widely used in many fields
such as education, medical care, security, finance and auton-
omous driving, such as RFID sensors, gas intelligent sensors,
inertial intelligent sensors, etc. It brings great convenience to
people’s lives. The intelligent sensor network is a distributed
intelligent network system created by the intelligent sensor
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processing unit for network communication. In this system,
the sensor becomes an accessible node, and the smart sensor
network can remotely access the data and information from
the smart sensor, and edit the functions of each sensor online.

For the application of smart sensor technology in various
fields, experts at home and abroad have done a lot of re-
search. Garcia M R has designed a smart sensor that can pre-
dict the quality of retail fish under the ice store. It combines
information on biochemical and microbial spoilage indicators
(psychrophilic count and total volatile alkali nitrogen content)
with dynamic models to predict quality based on QIM and
EU grading standards [1]. S. Dissanayake used colorimetric
smart sensors to measure the quality of drinking water in an
area, used an automated mechanism to measure fluoride and
hardness in well water, and adds conductivity and pH mea-
surements. This colorimetric method is suitable for the use of
SPADNS reagents and complexometric titration color change
procedures to develop the proposed optical sensor [2]. X. Wu
proposed a discontinuous collection technology for switched
capacitor DC-DC conversion. The switching and leakage
losses of the DC-DC converter can be best compromised
with the losses caused by the non-ideal maximum power
point tracking operation. To obtain a better trade-off between
energy efficiency and charge pump efficiency [3]. L. Chong
constructed a network control system with a continuous-time
system of random measurement, where it is assumed that
the measurement channel is affected by the delay of the ran-
dom sensor. The design is realized by solving linear matrix
inequalities and numerical formulas are used to test the fea-
sibility and effectiveness of the system [4]. S. Famila uses
the advantages of the grenade explosion method (GEM) and
the Cauchy algorithm to propose a smart sensor environment
clustering algorithm based on improved artificial bee colony
optimization. It includes CH election based on hierarchical
clustering (HCCHE), enhanced particle swarm optimization
technology (EPSOCT) and competitive clustering technology
(CCT) [5]. A. D. Graziano uses intelligent sensor networks
to monitor the health of asphalt pavements, and introduces
the basic characteristics of wireless sensor networks used for
road surface monitoring for damage detection. And he pro-
vided a brief analysis of other possible supplementary appli-
cations of smart sensor networks, such as traffic and surface
condition monitoring [6]. A. Bono-Nuez combines inductor
and household induction cooker material identification. In a
simple R-L equivalent circuit, he proposed a new method for
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online inspection of pot materials. In this method, the induc-
tor contained in the stove is used as a heating element and a
sensor at the same time. The material recognition system is
implemented on the embedded processor, without the use of
additional sensors, the intelligent sensing function is integrat-
ed into the household cooking utensils [7].

In recent years, with the rapid development of network
information technology, the intelligent design of urban sculp-
ture artwork patterns is no longer limited to a specific aesthet-
ic design mode. It can create a more refined aesthetic design
based on sculpture materials, model structure, and pattern
lines. This article will take the application of smart sensor
network in urban sculpture art pattern design as the research
direction, and use smart sensor network to realize the pattern
design of urban sculpture.

2 Urban Sculpture Artwork Pattern and
Intelligent Sensor Network

2.1 Urban Sculpture Artwork Pattern

The concept of urban sculpture originated in the early
1980s and was put forward under a certain social and his-
torical background at that time. It is different from “outdoor
sculpture”, “environmental sculpture” and “urban landscape
sculpture” [8]. Sculptor Liu Kaiqu once pointed out that ur-
ban sculpture is an important part of the urban landscape. It
depicts the historical background and cultural connotation of
a city with artistic expressions. It is an important element of
modern urban civilization and an important symbol of cultur-
al level [9].

In recent years, with the increase in urban construction,
urban sculpture has become an indispensable part of urban
landscape construction. Whether it is in the content of the
pattern, the shape of the pattern, or the color and meaning, it
highlights the visual image of the sculpture and contains its
unique meaning [10].

(1) Construction of memorial sculptures of ancient figures

The statue of Confucius is a memorial sculpture of an-
cient people often seen in schools, as shown in Figure 1. The
material is made of stone, the whole body is white, without
distractions, suitable for the image of Confucius teaching
and educating people. It creates a strong cultural atmosphere
in the school. And with facial expressions “warm and fierce,
mighty but not fierce, respectful and peaceful”, it embodies
the image of a solemn, peaceful, humble, and wise man of the
world, and promotes traditional Chinese culture to countless
students of later generations [11]. The Confucian spirit repre-
sented by Confucius’ educational thoughts conveys to teach-
ers the spirit of educating people with virtue and learning as
a teacher. It conveys to the students the spirit of striving for
self-improvement, loyalty and ethics.

e ——

Figure 1. The Confucius sculpture

(2) Urban sculpture construction with modern themes

Nanchang Wanda Mall is a modern commercial complex
built with “blue and white porcelain” buildings, as shown
in Figure 2. The theme is bright, fashionable, and full of hu-
manistic charm, making this project a new urban landmark in
Nanchang [12]. Wanda Mao Building is composed of 26 “blue
and white porcelain” vases of various shapes, 400 meters
long and 200 meters wide, with an overall construction area
of 191,500 square meters. “Flowers blooming rich and hon-
orable”, “Golden jade full hall”, “Birds and Flowers”, “Flow-
ers and butterflies celebrate spring”, “Dragon and phoenix are
prosperous”... Each porcelain jar has been given a different
auspicious theme. It is rich in traditional Chinese culture and
Jiangxi regional characteristics, thus extending the creative
story line of the entire Wanda City [13].

Figure 2. Nanchang Wanda Mall
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2.2 Smart Sensor Network
2.2.1 Smart Sensor Structure

Smart sensors are mainly composed of sensors, micro-
processors, corresponding input and output circuits, and
power supplies. The structure diagram is shown in Figure 3.
The sensor module is responsible for detecting, sensing, and
receiving information from the outside world, and convert-
ing it into digital information. The microprocessor module

is responsible for processing various data from the sensor
and transforming these data into the required target data. The
input and output circuit is combined with the software in the
microprocessor to receive the data in the microprocessor and
transmit various information in the sensor node. The power
module is the power supply system of several other modules
[14].

Related input
Sensing element Microprocessor and output Software
circuit
[ [ A A
Power supply

Figure 3. Intelligent sensor structure diagram

Its working process is shown in Figure 4: The sensor
converts the measured information into corresponding digi-
tal information, and then enters the signal processing circuit
to prepare for data input, including data selection and ad-
justment [15]. The microprocessor is the core of the smart

<

sensor, it can save, analyze and process data. The input and
output circuit is combined with the software module in the
microprocessor for information exchange and data collection.
Finally, it can be output in the form of a digital quantity [16].
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Figure 4. Intelligent sensor working diagram
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2.2.2 Smart Sensor Network

As a new type of network system, smart sensor network
is composed of many smart sensor nodes. It can realize the
unified coordination of information collection, processing
and transmission [17-18]. It can collaboratively monitor, per-
ceive and collect various information in the network distribu-
tion area in real time, process the information, and transmit
it to the users who need the information, so that people can
obtain a large amount of detailed and reliable information at
any time, place and under any environmental conditions.

Compared with the traditional system, it has many new
features: It has self-diagnosis and self-calibration functions,
and can perform self-checking during work to determine
which link fails, which increases work reliability [19].
2.2.3 Intelligent Algorithm

In some cases, it is necessary to make mathematical de-
scriptions of specific intelligent algorithms for the character-
istics of these smart sensors, and to describe the characteris-
tics of the smart sensors by adjusting the circuit network.

(1) Regression analysis method

Regression analysis is a mathematical statistical analysis
and processing of causal influencing factors (independent
variables) and predicted objects (dependent variables) [20]. A
regression model is established:

y=a+Px+e,. 1)

Among them, ¢ and f are constants, and &; is a random
variable, also called residual error. For regression analysis,
it is usually assumed that & is zero mean. Same variance,

independent of each other, and obey a normal distribution.
Find the mean value of equation (1) and linear regression
equation:

E(y)=a+pBx. Q?)

But in reality, Replace o and S in the linear regression

equation with ¢ and ﬁ respectively to get the estimated re-

gression equation:
J=a+px. 3)

The fluctuation of the value of y is called the variation
y=y.

y=y=0-y+=y). )

The total sum of squares SST is the sum of squares of the

difference between the actual value of each dependent vari-
able and the mean of the dependent variable. Its formula is:

SST =Y (y,-¥). )

Regression Sum of Squares SSR The sum of squares of
the difference between the regression value of the dependent

variable (y values on the line) and its mean (the average of
the y values at a given point), i.e. it is the change in y due to
the change in the independent variable x, reflecting the y The
portion of the total deviation of y due to the linear relation-
ship between x and y can be explained by the regression line.
Its formula is:

SO -V =2 -+ 2. (G-
23 (3= 3)G - 7). (6)

Residual sum of squares SSE The effect on the change in
y cannot be explained by the regression line. Its formula is:

20 =0 X0 )

The ratio of the regression sum of squares to the total sum
of squares is called the coefficient of determination (R’):

R SSR_ 2 G-
SST 2 (=97

®

The value range of R” is [0,1]. The closer to 1, the better
the fit.

If all the points are on the regression line, it means that
the SSE is 0, then =1, which means that 100% of the change
in y is caused by the change in x, and no other factors will
affect y, and the regression line can completely explain the
change in y. If it is low, there may not be a linear relationship
between x and y.

Estimated standard error S, is an estimate of the error

term &; standard deviation, it is the square root of the mean

square error (MSE), and it is a statistic that measures the
spread of observation points around a straight line:

CSSE Y -3 )
B n B n '

Se:\/m: ,SSE: Z(yi_j}l) .
n n

The average absolute error MAE calculates not the sum
of squares, but the sum of absolute values:

MSE

(10

MAE :M (11)
n

The regression analysis method can be combined with the
mathematical model of the smart sensor, and the input value
or output value measured by the sensor is used as the inde-
pendent variable in the corresponding polynomial.

(2) Artificial neural network

Artificial neural networks are derived from important
discoveries in physiology, and are processors composed of a
large number of simple processing units (neurons) distributed
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in parallel. In the BP neural network, information is propa-
gated forward, and errors are propagated backward. BP neu-
ral network is used to integrate multi-sensor data in sensor
technology. The structure diagram is shown in Figure 5.

Cpj
Xpt Op1
Xp2 Op:2
Op3
Xpq-1
Xpq Opn

Figure 5. BP network structure diagram

The algorithm process of BP network is as follows :

a. Initialize the weight (W}, w};) and bias (6;,6;) .

b. Add the input variable X, =[x,,,x,,,...,x,,] to the in-

put unit.
c. Calculate the net input of the hidden layer:

q
ho_ h h
net,, = -21 w;x,, +0]. 12)

d. Calculate the output value from the sigmoid function
defined in the hidden layer:

flnet) =1+ e" W), (13)

¢, = [} (nety)). (14)

e. Go to the output layer and calculate the net input value
of each unit in the output layer:

K
net,, = Z wyc, +6;. 15)

J=1

f. Calculate the output, using the same S function, it can
get the output:

O, = f (nety,). (16)
g. Calculate the error term of the output unit:

o (et
0° =, — e 17
o ) S ey @

h. Calculate the error term of the hidden unit:

of ! (net")
5}1 — J ) 50 0.. 18
v a(netﬁj) Z %O pi W ( )

i. Update the weight of the (n+1)th iteration of the output
layer, where Q is a bias value.

w (n+1) =wj, (n) +aAw;(n—1)+ndc, +Q. (19)

j. Update the weights of the (n+1)th iteration of the hid-
den layer:

w_i.'i (n+1)= wj’i (n)+ ocij.'l. (n=-1)+n8"x,+Q. (20)

P

When the neural network starts to run, the output value of
the neural network is compared with the target value in order.
According to the back propagation algorithm, the weights are
updated step by step, repeating steps b to j until the network
converges to an acceptable error.

The standard BP neural network still has some defects,
such as easy to form local minima but not global optimal val-
ue, low learning efficiency due to many training times, slow
convergence speed, and lack of theoretical guidance for the
selection of hidden layers [21]. This requires that the initial
weights and thresholds have requirements. To make the ran-
domness of the initial weights and thresholds good enough, it
can be implemented randomly for many times.

3 System Verification

Design conception of urban
sculpture artwork pattern

Y

Application of intelligent

Tablet with input pattern
UL sensor network

y

Draft pattern design sketch

v

Build an intelligent sensor

network model of pattern
design

Accessory model

l

Detail optimization of
intelligent sensor network
model

A

Complete urban sculpture
artwork pattern design

Figure 6. Frame of urban sculpture artwork pattern design
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The basic design part of the urban sculpture artwork pat-
tern can be completed by traditional software. The pattern
design framework is shown in Figure 6.

On the basis of the urban sculpture pattern design frame-
work, the intelligent sensor network design of the pattern
is completed. In order to ensure the accuracy of the urban
sculpture pattern design, the optimization part of the pattern
model is added to the whole pattern design process, and the
details of the pattern model are optimized by using the in-
telligent sensor network technology to ensure that the urban
sculpture pattern design results are more in line with the de-
sign requirements of the pattern.

3.1 Draft the Design Sketch

Using Photoshop image software can simulate various
painting effects such as Chinese ink painting and watercolor
painting. ZBrush software can use traditional sculpture tools
and realistic clay materials to simulate the traditional sculp-
ture production process.

3.2 Build Design Model
The establishment of urban sculpture artwork pattern

Table 1. Pattern design information sheet

design model is divided into three stages: parameterization
of pattern design elements, construction of perceptual neural
network prediction model, and detailed pattern design. The
design information involves line density, curvature, basic
pattern shape, structure type, centripetal degree, pattern type,
and semantics, as shown in Tables 1 and Table 2.

If a sample has a certain characteristic attribute under a
certain category, it will be coded as 1, and if it does not pos-
sess the characteristic attribute, it will be coded as 0. Then,
the design element characteristics of the sample are trans-
formed into quantitative description characteristics, as shown
in Table 3. Common perceptual evaluation values are: bright,
bright, agile, ingenious, vivid and so on.

3.3 Detail Optimization Processing

The urban sculpture artwork pattern design model con-
structed by using intelligent sensor network technology may
have a small amount of error between the original design
sketch. After optimizing these details, smart sensor technol-
ogy is used to correct the accuracy of the model design until
the accuracy of the model is consistent with the accuracy of
the original pattern sketch.

Type Design elements Category 1 Category 2 Category 3 Category 4
Local pattern Density of the line Sparse Dense -- --
features Curvature of the line Large Small -- --
Overall Pattern configuration type  Spiral Balanced Symmetrical Multi-layered
vera

configuration  Basic pattern Square Round Polygon Natural
relationship o . .

Degree of eccentricity Centrifugal Radial Moderate --

Pattern type Animal pattern  Plant pattern Geometric Combination
Pattern content pattern pattern

Meaning of the pattern Commemorate  Protect Harmonious --

ancestors environment society

Table 2. Meaning table of the pattern
Pattern shape Pattern type Meaning of the pattern

Fish pattern Animal pattern

Dragon pattern Animal pattern
Bird pattern Animal pattern
Floral pattern Plant pattern
Ancient characters pattern Character pattern

Character activity pattern Combination pattern

Prosperity in the new year

Honorable and respectable

Be free

Respect for nature

Commemorating historical figures
Different meanings of different scenarios
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Table 3. Parameterization table of pattern information

Sample

Type Element

Density of the li Sparse
enSIyO € lIine Dense

Large

Curvature of the line Small

Spiral
Pat i fion ¢ Balanced
attern configuration type Symmetrical

Multi-layered

S O Ol= O|l= O

(=]

Square
Round
Polygon

Basic pattern

Centrifugal
Radial
Moderate

Degree of eccentricity

Animal pattern

Plant pattern
Pattern type .
Geometric pattern

Combination pattern

Commemorate ancestors

Meaning of the pattern Protect environment

OO = O O O O = O = = O = = O ==

Harmonious society

—_ O Ol O = Ol = =m0 O R|= = OO = ol =W
— O m,|O O = OO0 = Ol = OO0 = = Ol Ol =B

O = O = O =[O OO =IO =

4 Sculpture Artwork Pattern Experimen-
tal Design

In order to verify the operating performance of the smart
sensor network, the speed, resolution, color difference, and
dot pitch of the smart sensor network and 3D technology in
the design of urban sculpture patterns were compared and
tested through experiments.

(1) Rate comparison experiment

Use the framework of urban sculpture artwork design
based on intelligent sensor network proposed in the system
verification to complete the urban sculpture pattern design.
By comparing the design time of the two technologies in the
urban sculpture pattern design rate, the design time compar-
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2 0.0
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Pattern complexity /%
a

ison chart is obtained, as shown in Figure 7(a) and Figure
7(b).

Figure 7 shows that whether it is to design patterns using
smart sensor network technology or 3D technology, as the
complexity of the pattern gradually increases, the pattern
design time also becomes longer. The average design time
of urban sculpture patterns based on 3D technology is 0.64
s, while the average design time of urban sculpture patterns
based on smart sensor network technology is 0.42 s.

(2) Resolution comparison experiment

By comparing the resolutions of the two technologies in
the design of urban sculpture patterns, a resolution compar-
ison chart is obtained, as shown in Figure 8(a) and Figure
8(b).
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(a) A time chart of pattern design based on smart sensor network (b)A time chart of pattern design based on 3D technology

Figure 7. Pattern design time chart
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(a) A pattern design resolution map based on the smart
sensor network
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(b) A pattern design resolution map based on 3D technology

Figure 8. Pattern design resolution chart

Figure 8 shows that when designing patterns using smart
sensor network technology or 3D technology, as the com-
plexity of the pattern gradually increases, the resolution of
the pattern also continues to decrease. The average design
resolution of urban sculpture patterns based on 3D technol-
ogy is 5800 pixels, while the average design resolution of
urban sculpture patterns based on smart sensor network tech-
nology is 7200 pixels. When the complexity of the pattern
reaches 100%, the resolution of the 3D technology pattern is
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(a) A color difference diagram of pattern design based
on smart sensor network

only 4900 pixels, which is less than 5000 pixels, and the de-
gree of blurring of the pattern will be greatly increased. The
pattern resolution under the smart sensor network technology
has reached 5800 pixels.

(3) Chromatic aberration contrast experiment

By comparing the color difference between the two tech-
nologies in the design of urban sculpture patterns, as shown
in Figure 9(a) and Figure 9(b).

Chromatic aberration
=) = [y
tn o tn
o o (=]

=]
©
S

5 15 25 35 45 55 65 75 85 95
bPattern complexity /%

(b) A color difference diagram of pattern design based on
3D technology

Figure 9. Chromatic aberration chart for pattern designs

Figure 9 shows that when designing patterns with smart
sensor network technology or 3D technology, as the com-
plexity of the pattern gradually increases, the color difference
of the pattern design also increases. In general, the color dif-
ference of pattern design based on 3D technology is smaller
than that of pattern design based on smart sensor network
technology, but the stability of color difference is not as high
as that of smart sensor network technology.

(4) Point distance comparison experiment

By comparing the dot pitches of the two technologies in
the urban sculpture pattern design, the comparison result of

the pattern design dot pitch is obtained, as shown in Figure
10(a) and Figure 10(b).

Figure 10 shows that when patterns are designed using
smart sensor network technology or 3D technology, as the
complexity of the patterns gradually increases, the degree
of change in dot pitch is relatively small.The average design
point distance of urban sculpture patterns based on 3D tech-
nology is 0.30mm, while the average design point distance of
urban sculpture patterns based on smart sensor network tech-
nology is 0.27mm.
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Figure 10. Dot pitch chart for pattern designs

Table 4. Experiment result graph of Intelligent sensor network technology and 3D technology

Intelligent Sensor Network Technology 3D technology
Time of pattern design /s 0.42 0.64
Resolution /ppi 7200 5800
Chromatic aberration 0.70 0.56
Dot pitch /mm 0.27 0.30

Based on the experimental results, the average design
time of urban sculpture patterns based on smart sensor net-
work technology is 0.42 s, the average resolution is 7200 pix-
els, and the average dot pitch is 0.27mm. The average design
time of the urban sculpture pattern based on 3D technology is
0.64 s, the average resolution is 5800 pixels, and the average
point distance is 0.30mm. The experimental results are shown
in Table 4. However, the color difference is not as small as
the 3D technology pattern design method, but it is also in the
acceptable range (0.6~1.0).

5 Conclusion

This paper proposes a framework for urban sculpture pat-
tern design based on smart sensor network technology. First,
this article draws up a design sketch, then uses smart sensor
technology to build a pattern design model, then optimizes
the details to improve the accuracy of the model, and finally
uses a pattern design program to realize the design of the
urban sculpture pattern. And through experiments, the speed,
resolution, color difference and dot pitch of the smart sensor
network and 3D technology in the design of urban sculpture
patterns are compared. Of course, there are some deficiencies
in this study. At present, the information technology that can
be applied to pattern design is not only intelligent sensor
network technology and 3D technology, but also some infor-
mation technologies such as multimedia technology, genetic
algorithm and digital technology, so comparison experiments
of various technologies can also be carried out.
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