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To solve the application of Virtual Reality (VR) technology in the design of urban sculpture space, a VR network model is
implemented based on Internet of�ings (IoT) and Edge Computing. First, this work expounds and analyzes the theory of urban
sculpture space and the interaction of urban sculpture space. Second, aiming at the problem that the development of IoT cannot
meet the large amount of data and low delay of VR, a resource allocation algorithm, Joint Optimization of Resource Allocation and
FOV (J-RAF) strategy is proposed based on the user interest and the resource allocation problem of (FOV), and simulation
experiments are used to verify the e�ectiveness of the J-RAF algorithm. Finally, a VR network system is established based on cache
cooperation and user interest, and a resource allocation algorithm Joint Cooperative Content Caching and FOV (J-CCF) is
proposed, and its e�ectiveness is veri�ed. Experiments show that compared with random strategy and random viewport strategy,
algorithm J-CCF has 3% and 20% system gain. Compared with noncooperative cache scheme and random viewport strategy,
algorithm J-CCF can improve the system gain by 15% and 25%, respectively. It is veri�ed that the convergence of J-RAF algorithm
and J-CCF algorithm and the e�ectiveness of improving the system gain. �is work provides a technical basis for optimizing the
design method of urban sculpture and contributes to the optimal design of urban space.

1. Introduction

With the development of the Internet of �ings (IoT), a
variety of new technologies emerge in endlessly. �e tra-
ditional urban sculpture can no longer meet people’s
functional needs for urban sculpture space [1]. �e com-
bination of IoT technology and urban sculpture space has
greatly improved the interactivity compared with traditional
urban sculpture [2]. Urban sculpture, using IoT technology
pays more attention to users’ feelings and experience, im-
proves the interactivity and interest of urban sculpture space
and places and endows users with better spiritual experience
[3].

Scholars have done a lot of research on the combination
of IoT technology and edge computing, new technology, and
urban sculpture space. Du [4] proposed that the develop-
ment of a city should not only have the urban image with the
characteristics of the times but also make full use of his-
torical and cultural resources, retain strong local charac-
teristics and historical context, and form a unique urban

personality. Urban sculpture is the best form of expression
and the “eye of the city,” which shows the spiritual outlook of
the city and becomes the business card of a city. A good
urban sculpture embodies not only the beauty of form but
also the guiding sign of a city’s spiritual culture. Urban
sculpture is also one of the important elements of urban
landscape environment. Qiu et al. [5] proposed that with the
development of science and technology, more and more
science and technology played an important role in urban
construction, and IoT technology, as the current mainstream
science and technology, had been developed in various
industries. �erefore, through IoT technology, urban
sculpture is developed, urban design is planned, more
reasonable landscape elements are established for the city,
and it plays an important role in urban development. Wang
et al. [6] proposed a new model to collect reliable data based
on the edge computing of the IoT.�e nodes were evaluated
frommultiple dimensions to obtain accurate trust values. By
mapping the trust value of the node to the mobile data
collector, the best mobile path with high trust was generated.
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Jha et al. [7] proposed a novel simulator Internet of (ings
simulation-Edge (IoTSim-Edge ), which captured the be-
havior of heterogeneous IoT and edge computing infra-
structure, and allowed users to test their infrastructure and
framework in a simple and configurable way. IoTsim edge
extends CloudSim’s capabilities to include different features
of edge and IoT devices. (e effectiveness of IoTsim edge is
described using three test cases. To sum up, the current
science and technology have made great progress in the IoT,
edge computing, and the combination of the two, and the
IoT technology has also played a great role in urban design.
However, the concept of urban design based on the com-
bination of the IoT and edge computing has not been de-
veloped, so more research is needed to integrate the IoTand
edge computing. (e development of urban sculpture space
and place design is an innovative research, which will also
make more contributions to urban development.

First, based on the IoT and edge computing combined
with user behavior, this work puts forward the combination
of Virtual Reality (VR) and urban sculpture space. Addi-
tionally, according to the application requirements of VR
technology in urban sculpture space, a VR network system is
established based on user interest and Field Of View (FOV).
Finally, a VR network system is established based on joint
cache cooperation and user interest, which proves the ef-
fectiveness of the two algorithms for VR technology. (e
innovation is to use IoT and edge computing technology to
design the application model of VR technology in urban
planning, comprehensively analyze its application effect, and
innovate the technical methods of urban planning. (e
proposed algorithm has a good reference for the combi-
nation of VR technology and urban sculpture and improves
the interactivity and experience of urban sculpture space
based on user behavior.

2. Method

2.1. An Overview of #eory of Urban Sculpture Space.
Urban sculpture is a sculpture work standing in urban public
places. In a city with many tall buildings and vertical and
horizontal roads, it can alleviate the congestion, rigidity, and
singleness caused by the concentration of buildings and can
increase the balance on the open space [8]. According to the
theory of urban sculpture space, a certain space is designed
according to urban sculpture, and enough sculpture is
designed to beautify the city. (is design space is called
urban sculpture space [9]. (ere are obvious differences
between the current urban sculpture and the traditional
sculpture in terms of concept and function. Urban sculpture
is mainly aimed at the public and has publicity.(e design of
sculpture needs to be considered from the following aspects,
as shown in Figure 1.

Nowadays, with the development of the IoT, the com-
bination of the IoT and urban sculpture is more in line with
modern needs [10]. (e combination of digital technology
and urban sculpture breaks the form of traditional static
sculpture. (rough combining them, a variety of urban
sculptures appear, and the presented forms are more col-
orful. (e urban sculpture is also more life-like and popular,

and architecture and installation art can be displayed in the
form of sculpture; any landscape and landmark also can be
presented in the form of sculpture, and all small street
sculptures to large architectural landscapes are all modern
urban sculptures [11]. (e places of urban sculpture space
are studied, which focuses on the design of the places. (ese
also emphasize the participation of users, serving users, and
classifying them in terms of functions by the behavior of
users and the characteristics of the space, as shown in
Figure 2.

One of the important attributes of urban sculpture is its
spatial attribute. (e sculpture is not only a work of art but
can also convey the corresponding information of the urban
and space to the public. (e artistic effect of urban sculpture
and the interaction of the spatial environment complement
each other. (e sculpture not only needs to consider various
specific environmental factors of the environment in its
design but also needs to coordinate with the spatial envi-
ronment. (e sculpture itself also affects the environment in
which it is located and improves the spatial environmental
quality of the place [12]. (e interactive sculpture in urban
sculpture can improve the function of the space, increase the
vitality of the space, and enhance the spirit of the space.

2.2. A New Technology of Interactive Urban Sculpture.
With the development of IoT and digital technology, the
combination of multimedia technology and art came into
being, allowing people to participate in sculpture art and get
a variety of different feelings.(is open art mainly highlights
the experience and feeling brought by the work itself, so it is
also a challenge to the traditional sculpture art [13]. Tra-
ditional sculpture art combines digital technology and IoT
technology, changing from static existence to dynamic ex-
istence. (ere are many ways to combine digital technology
with urban sculpture. Usually, IoT technology is used to
design software, and electronic devices are added to the
urban sculpture itself. For example, using 3D modeling,
augmented reality (AR) or VR and other IoT technologies,
these technologies show the colorful and vibrant urban
sculpture art [14]. As one of the main IoT technologies in the
art reform, the current three-dimensional digital art has
played an important role in urban sculpture. Its fundamental
connotation is three-dimensional design, which is the basis
of a new generation of digital, virtual, and intelligent design
platform. It is a new design method based on plane and two-
dimensional design, which makes the design goal more
three-dimensional and visual.

Sculpture design

Public Aesthetic Social Value

Geographic factors Human environment Interaction

Figure 1: Framework of design considerations for urban sculpture.
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(e traditional urban sculpture is to place the completed
sculpture directly on the site and integrate the sculpture and
space. Works are less designed from the perspective of user
behavior. For users, the feeling given by urban sculpture is a
single psychological feeling of looking up [15]. Users are just
admirers of urban sculpture. (e interaction between users
and urban sculpture is poor, and lack interest and the single
form of interaction, which cannot make users become real
participants [16]. (e combination of the IoT technology
and urban sculpture greatly improves the interactivity
compared with traditional urban sculpture. Urban sculpture
using the IoT technology pays more attention to users’
feelings and experience, narrowing the distance between
users and sculpture art [17]. (e combination of the IoT
technology and urban sculpture is complementary, and the
two cannot be replaced each other. (e IoT technology can
help urban sculpture better improve its interest and inter-
activity. Combining the characteristics of urban sculpture
with new technologies can better provide users with spiritual
experience [18].

2.3. VR Network System Model Based on User Interest and
FOV. With the development of the IoTand the upgrading of
related equipment, VR technology can be well combined
with urban sculpture in urban sculpture spaces. It can create
an interesting and interactive space for users [19]. In the
urban sculpture space, if VR technology is to bring a good
experience to users, the problem is that it needs to meet the
requirements of low latency and consume a lot of network
resources. (ese are also the problems that the current VR
technology needs to be improved [20]. Mobile edge com-
puting (MEC) can provide good help for the pressure of
network resources brought by VR. MEC servers are
deployed at the edge of the network, which can improve the
computational capability and data caching capability of the
network, reduce user latency, and reduce network conges-
tion [21]. Song et al. [22] used mobile edge computing
(MEC) to extract FOV videos from 360-degree videos to
avoid transmission bandwidth occupation and backhaul link
traffic between the base station and the core network. (e
cache placement and FOV selection of wireless VR service
network are studied. Joint content caching and FOV se-
lection are expressed as an optimization problem, which
aims to maximize the utility function of the system under the
existing network resources. For multivariable-coupled
nonconvex problems, a joint optimization algorithm of
resource allocation and FOV is proposed, and the algorithm

is evaluated by Taylor expansion and successive convex
optimization. (e results show that the joint optimization
algorithm of resource allocation and FOV can effectively
meet the delay period and maximize the system revenue
under the efficient use of resources. (e specific network
framework is shown in Figure 3.

In Figure 3, there areM cells, N users in each cell, and H
types of videos in the system. According to the visual
characteristics of the human eye, the FOV video is trans-
mitted to the users. (e viewport size when user n requests h
in the M cell is fm,n,h ∈ θ1, . . . , θk􏼈 􏼉 in which fm,n,h is the
viewport angle. When multiple different versions of the
same type of FOV video are stored in theMEC, it will take up
too much storage space. (erefore, the FOV video is stored
in the MEC in a format of 360°, and the optimized strategy is
used to process it as a transmission of FOV video [23].

When a user sends a service request to the base station,
different revenue settings are performed by the system for
videos with different viewport angles. If it is found that the
video requested by the user’s service is in the cache of the
MEC, the MEC can directly send the video from the cache to
the user, which can save the transmission bandwidth, and
the resulting gain is shown in equations (1)–(3).

Gm,n,h � ∅∗
fm,n,h

360°
, (1)

Greward � 􏽘
M

m�1
􏽘

N

n�1
􏽘

H

h�1
ρm,n,hGm,n,h, (2)

Gcach � α 􏽘
M

m�1
􏽘

N

n�1
􏽘

H

h�1
ρm,n,hXm,hr

mec
. (3)

Gm,n,h user n brings benefits to video h in cell m. ∅ the
weight coefficient of return. ρm,n,h the popularity video.
Xm,h cache Set. α unity gain of saving bandwidth. rmec

transmission rate of sending video content. (ere is al-
ways a cache overhead when caching video in the MEC.
Even if the user does not request it, it will occupy the cache
space and consume the cache. (e 360° video is stored in
the system, which needs to be processed by the MEC, and
the FOV video requested by the user is extracted from the
360° video and sent to the user. If the cache of the video is
not requested in the MEC, and the video is fetched from
the core network. (ere are two processing schemes. One
is that the core network performs video processing, and
the 360° video is processed as FOV video and sent. (e
other is that the 360° video is sent first, and then the cell
performs video processing and processes it into FOV
video. To save transmission resources and reduce latency,
the first scheme is adopted. (e specific equation is shown
in (4)–(7):

Ccach � δS360 􏽘

M

m�1
􏽘

H

h�1
Xm,h, (4)

C
1
compute � β 􏽘

M

m�1
􏽘

N

n�1
􏽘

H

h�1
ρm,n,hz

mec
m,n,h, (5)
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Figure 2: Classification of functions of urban sculpture space.
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C
2
compute � β 􏽘

M

m�1
􏽘

N

n�1
􏽘

H

h�1
ρm,n,hz

core
m,n,h, (6)

Ccompute � β 􏽘
M

m�1
􏽘

N

n�1
􏽘

H

h�1
ρm,n,hXm,hz

mec
m,n,h􏼐

+ ρm,n,h 1 − Xm,h􏼐 􏼑z
mec
m,n,h􏼑,

(7)

δ is the unity overhead of storage space. S_360 is the size
of cache 360°video. zmec

m,n,h is the overhead ofMEC calculation.

β is the unit calculation cost. zcore
m,n,h is the core network

resources of consuming. zcore
m,n,h � η∗fm,n,h/360。. When the

video is transmitted to the user, the video cache is requested
by the user in the MEC. (e MEC directly provides the user
with the content. When the requested video cache is not in
the MEC, the content is sent from the core network to the
base station, and the base station sends it to the user. (e
specific equation is shown in (8)–(11):

C1 � αρm,n,hr
user
m,n,h, (8)

r
user
m,n,h � 􏽘

K

k�1
B
user
k ∗ log2 1 +

pmgm,n,kXm,n,k

􏽐
M
m∗�1,m∗ ≠m 􏽐

N
n�1 pm ∗gm∗,n,kXm,n,k + σ2

⎛⎝ ⎞⎠, (9)

C2 � αρm,n,hr
user
m,n,h + αρm,n,hr

mec
, (10)

Ctransmission � α 􏽘
M

m�1
􏽘

N

n�1
􏽘

H

h�1
ρm,n,hz

user
m,n,h + ρm,n,h 1 − Xm,h􏼐 􏼑r

mec
􏼐 􏼑. (11)

ruserm,n,h is the MEC user transmission rate in the cell. Buser
k

is the channel bandwidth of user downlink. σ2 is the additive
white Gaussian noise. Xm,n,k: whether the channel is oc-
cupied. If the requested content is not in the MEC, the core
network needs to process video, and the processing time is
shown in equations (12)–(14):

T
up

m,n,h � A + 1 − Xm,h􏼐 􏼑B, (12)

T3 �
Sm,n,h

Rm

, (13)

T4 �
Sm,n,h

Rc

. (14)

A is the requested time of uplink. B is the requested
time of base station uplink to the core network. Sm,n,h is
the size of the requested video. 1/Rm is the MEC pro-
cessing time of 1 bit. 1/Rc is the core network processing

time of 1 bit. According to the above equation, when the
user sends the request, the processing time is calculated.
(e time when the MEC is sent to the user, the time when
the core network is sent to the base station, and the time
of complete transmission delay are shown in equations
(15)–(19):

T
process
m,n,h � Xm,h

Sm,n,h

Rm

+ 1 − Xm,h􏼐 􏼑
Sm,n,h

Rc

, (15)

T5 �
Sm,n,h

r
user
m,n,h

, (16)

T6 �
Sm,n,h

r
mec , (17)

T
transmission
m,n,h �

Sm,n,h

r
user
m,n,h

+ 1 − Xm,h􏼐 􏼑
Sm,n,h

r
mec , (18)

MEC server

Core 
network

Return route

Human eye view

User Perspectives 
on Urban Sculpture

Figure 3: A model of VR network based on user interest and FOV.
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T
total
m,n,h � T

up

m,n,h + T
process
m,n,h + T

transmission
m,n,h

� + 1 − Xm,h􏼐 􏼑B + Xm,h

Sm,n,h

Rm

+
Sm,n,h

r
user
m,n,h

+ 1 − Xm,h􏼐 􏼑
Sm,n,h

Rc

+ 1 − Xm,h􏼐 􏼑
Sm,n,h

r
mec

. (19)

By optimizing the cache scheme of MEC and the cell
channel allocation of the user’s viewport strategy, the sit-
uation of optimally allocating resources is shown in equation
(20):

max
fm,n,h{ } Xm,h{ } Xm,n,k{ }

U,

s.t.D1: A + 1 − Xm,h􏼐 􏼑B + Xm,h

Sm,n,h

Rm

+
Sm,n,h

r
user
m,n,h

+ 1 − Xm,h􏼐 􏼑
Sm,n,h

Rc

+ 1 − Xm,h􏼐 􏼑

·
Sm,n,h

r
mec ≤TD, ∀m ∈M, ∀n ∈ N,

D2: Xm,h ∈ 0, 1{ }, ∀m, h,

D3: 􏽘
H

h�1
Xm,hS360 ≤ Sm, ∀m ∈M,

D4: Xm,n,k ∈ 0, 1{ }, ∀m, n, k,

D5: 􏽘
N

n�1
􏽘

K

k�1
Xm,n,k � K, ∀m,

D6: 􏽘
N

n�1
Xm,n,k � 1, ∀m, k

D7: fm,n,h ∈ θ1, θ2 . . . , θk􏼈 􏼉, ∀m, n, h.

(20)

In the equation, D1 is the user’s maximum tolerable
delay. D2 is the cache constraint. D3 is the maximum cache
capacity limit of MEC. D4 is the channel constraint. D5 and
D6 are the guarantees that the channel is only occupied once,
D7 is the viewport constraint of FOV. D2, D4, and D7 are
integer constraints. D1 is a nonconvex constraint, which is a
problem of an nonconvex optimization.

2.4.#e Solving Algorithm of Problems of VR Network System
Model Based on User Interest and FOV. An efficient iterative
algorithm is proposed by using variable relaxation, La-
grangian decomposition and other methods. (e three
subproblems are alternately iterated to obtain the optimal
scheme of resource allocation. First, the placement method
of the MEC cache is optimized, as shown in equation (21):

p1: max
Xm,h{ }

α 􏽘
M

m�1
􏽘

N

n�1
􏽘

H

h�1
ρm,n,hXm,hr

mec

− α 􏽘
M

m�1
􏽘

N

n�1
􏽘

H

h�1
ρm,n,h 1 − Xm,h􏼐 􏼑r

mec
􏼐 􏼑

s.t. − δS360 􏽘

M

m�1
􏽘

H

h�1
Xm,h − β 􏽘

M

m�1
􏽘

N

n�1
􏽘

H

h�1

· ρm,n,hXm,hz
mec
m,n,h + ρm,n,h 1 − Xm,h􏼐 􏼑z

core
m,n,h􏼐 􏼑D1 − D3,

(21)

p1 is the problem of standard linear programming.
D7are the constraints of convex multiple discrete-value.
Finally, the method of cell channel allocation is optimized.
(e use function of system efficiency and the objective
function, etc., are shown in equations (22)–(23):

U � α 􏽘
M

m�1
􏽘

N

n�1
􏽘

H

h�1
ρm,n,h 􏽘

K

k�1
B
user
k ∗ log2

􏽐
m
mi�1,m′ ≠m 􏽐

N
n�1 pm · gm′,n,kXm,n,k + σ2

􏽐
M
m′�1,m′ ≠m 􏽐

N
n�1 pm · gm′ ,n,kXm,n,k + σ2 + pmgm,n,kXm,n,k

⎛⎝ ⎞⎠, (22)

U � α 􏽘

M

m�1
􏽘

N

n�1
􏽘

H

h�1
ρm,n,h 􏽘

K

k�1
B
user
k log2 􏽘

M

m′�1,m′ ≠m

􏽘

N

n�1
pm′gm′,n,kXm,n,k + σ2⎛⎝ ⎞⎠⎡⎢⎢⎢⎣

− log2 􏽘

M

m′�1,m′ ≠m

􏽘

N

n�1
pm
′gm′ ,n,kXm,n,k + σ2 + pmgm,n,kXm,n,k

⎛⎝ ⎞⎠⎤⎥⎥⎥⎦.

(23)

U is the objective function. Xm,n,k is the variable. t is
number of iterations; p3 is the problem of convex pro-
gramming. (e joint placement cache and joint

optimization of resource allocation and FOV strategy
(J-RAF) are proposed. (e computational complexity is
O(τ(MH)2 + (MH) + (MNH)).
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2.5. VR Network System by the Joint Cache Cooperation and
User Interest. In the VR wireless network, the panoramic
video service has the characteristics of high data, low latency,
and many viewing angles [24]. (e main research is to use
the MEC-assisted VR wireless network to maximize the
efficiency of each part of the system, and a resource allo-
cation optimization algorithm is proposed to solve it. In the
specific system model, the number of cells is set to M, the
number of users in a single cell is set toN, the video category
is set to H in the system, and the user viewport is set to
fm,n,h, fm,n,h ∈ θ1, . . . , θk􏼈 􏼉. (e specific system model is
shown in Figure 4.

(e user first sends a request to the base station, and
the system is proportional to the income according to the
size of the FOV video. (e income of the cell and the total
income of the system are shown in equations (24)–(27).
(e cache can save the bandwidth of the backhaul link,
and this part of the bandwidth is called caching gain.
(ere is also caching gain in the transmission of user-
requested video and adjacent cooperative cells. However,
if the video in the cache is not the video requested by the
user, these videos will also occupy resources of system,
and the total overhead of system is as shown in equations
(24)–(27):

Gm,n,h � ∅∗
fm,n,h

360°
, (24)

Greward � 􏽘
N

n�1
􏽘

H

h�1
pm(h)Gm,n,h, (25)

Gcach � α 􏽘

N

n�1
􏽘

H

h�1
Pm(h)Xm,hr

mec
, (26)

Gcach � δS360 􏽘

N

m�1
􏽘

H

h�1
Xm,h. (27)

∅ is the gain coefficient, pm(h) is the distribution of
content popularity, α is the unity gain, Xm,h is the cache set,
rmec is the transmission rate is sent by the core network to
the cell. δ is the unit cache overhead, S360 is the size of 360°
video.(e videos of all the users finally receive FOV, and the
system needs to process and calculate 360° videos, and the
consumption of system resources is proportional to the size
of the processed FOV videos. If mmc1 are the adjacent cells
that cannot cooperate, or the user requests that the content is
not cached, the first method is that the core network can only
process the video as FOV video, or the core network directly
sends the video to the cell for processing by the cell itself.(e
second method can save some transmission bandwidth and
reduce latency. (e processed content is transmitted to the
user, and there are two transmission overheads corre-
sponding to the two scenarios, and there are a cache of
requested videos in the MEC and no requested video in the
MEC of the cell where it is located. However, there is a cache
in the adjacent cooperative cells, and the adjacent cells can
transfer cooperatively. (e specific transmission overhead is
shown in equation (28):

C1 � αPm,hr
user
m,n,h

C2 � αPm,hr
user
m,n,h + αPm(h)

· 1 − Xm,h􏼐 􏼑 􏽘
m∗ ≠m

Xm∗,hY(h)r
cell

C3 � αPm,hr
user
m,n,h + αPm(h)

· 1 − Xm,h􏼐 􏼑 1 − 􏽘
m∗ ≠m

Xm∗,h
⎛⎝ ⎞⎠r

core

+ αPm(h) 1 − Xm,h􏼐 􏼑

· 􏽘
m∗ ≠m

Xm∗ ,h(1 − Y(h))r
core

Ctransmission � 􏽘
N

􏽘
H

αPm(h)r
user

+ 􏽘
N

􏽘
H

αPm(h)

· 1 − Xm,h􏼐 􏼑 􏽘
m∗ ≠m

Xm∗,hY(h)r
cell

+ 􏽘
N

􏽘
H

αPm(h) 1 − Xm,h􏼐 􏼑

· 􏽘
m∗ ≠m

Xm∗(1 − Y(h))r
core

+ 􏽘
N

􏽘
H

αPm(h) 1 − Xm,h􏼐 􏼑(1 − Y(h))r
core

.

(28)

β is unit processing cost. zmec
m,n,h is MEC computing

processing overhead. zcore
m,n,h is the computing processing

overhead of the core network. ruserm,n,h is the transmission rate
of user. rcell is the cell transmission rate. rcore is the
transmission rate from core network to cell. When users use
VR, the network needs to meet the requirements of low
latency, and it is necessary to calculate the delay of each link.
When the content requested by the user is not in the MEC,
the video is processed through the core network. (e
processing delay and the transmission delay from the MEC
to the user are shown in equation (29):

T4 �
Sm,n,h

Rc

T
process
m,n,h

� Xm,h

Sm,n,h

Rm

+ 1 − Xm,h􏼐 􏼑
Sm,n,h

Rm

􏽘
m∗ ≠m

Xm∗ ,hY(h)

+ 1 − Xm,h􏼐 􏼑
Sm,n,h

Rc

􏽘
m∗ ≠m

Xm∗,h(1 − Y(h))

+ 1 − Xm,h􏼐 􏼑
Sm,n,h

Rc

1 − 􏽘
m∗ ≠m

Xm∗,h
⎛⎝ ⎞⎠T5

�
Sm,n,h

r
user
m,n,h

.

(29)

Sm,n,h is the size of the requested video. 1/Rm is MEC
processing time of 1 bit。 1/Rc is the core network processing
time of 1 bit. T

process

m,n,h is the processing delay of service calcu-
lation. If the content is in adjacent cells, the cells can transfer
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cooperatively. If the adjacent cells cannot transfer coopera-
tively, they need to be transmitted from the core network. (e
two transmission delays are shown in equation (30):

T6 �
Sm,n,h

r
cell + TqueueT7

�
Sm,n,h

r
core T

process
m,n,h

�
Sm,n,h

r
user
m,n,h

+ 1 − Xm,h􏼐 􏼑 1 − 􏽘
m∗ ≠m

Xm∗,h
⎛⎝ ⎞⎠

Sm,n,h

r
core

+ 1 − Xm,h􏼐 􏼑
Sm,n,h

r
cell + Tqueue􏼠 􏼡 􏽘

m∗ ≠m

Xm∗,hY

+ 1 − Xm,h􏼐 􏼑
Sm,n,h

r
core 􏽘

m∗ ≠m

Xm∗,h(1 − Y)T
total
m,n,h

� T
up
m,n,h + T

process
m,n,h + T

transmission
m,n,h .

(30)

(e system utility function of the VR network system
and of joint cache cooperation and user interest is shown in
equation (31) and the problem of optimization is shown in
equation (32). Xm,h􏽮 􏽯 is MEC cache placement, fm,n,k􏽮 􏽯 is
the viewport allocation of user. Yh􏼈 􏼉is the strategy of co-
operative cache.

U � Greward + Gcach − Ccach − Ctransmission − Ccompute, (31)

max
fm,n,h{ } Xm,h{ } Xm,n,k{ }

U

D1: T
total
m,n,h ≤TD, ∀m ∈M, ∀n ∈ N,

D2: Xm,h ∈ 0, 1{ }, ∀m, h,

D3: 􏽘
H

h�1
Xm,hS360 ≤ Sm, ∀m ∈M,

D4: Yh ∈ 0, 1{ }, ∀h,

D5: fm,n,h ∈ θ1, θ2 . . . , θk􏼈 􏼉, ∀m, n, h,

D6: 􏽘
m∗ ≠m

Xm∗,h ∈ 0, 1{ }.

(32)

D1 is the maximum delay of gratification of the user,
which needs to ensure a good experience for users. D2 is the
strategy of MEC cache prevention. D3 is the limit of MEC
maximum cache capacity. D4 is the cooperative transmis-
sion strategy of adjacent cells. D6 is to select one of the cells
of caching multiple requested content for cooperative
transmission. D1 is a nonconvex constraint, which is a
problem of nonconvex optimization.

2.6.#e Solving Algorithm of Problems of VR Network System
Based on Joint Cache Cooperation and User Interest. (e
problem of nonconvex optimization is divided into three
methods to solve. (e first method is the optimization of the
MEC cache placement, as shown in equation (33). (rough
the transformation and deformation, the equation (34) can
be obtained. Finally, the optimization method of the cache is
obtained by solving, as the input of the next question.

p2: max
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(33)

Human eye view

Figure 4: (e diagram of VR Network System by the joint cache
cooperation and user interest.
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(e second is to fix the MEC cache settings and co-
operative transfer method to transform the original opti-
mization problem p2 into a tractable problem p3, as shown
in equation (35). D5 is the convex multidiscrete value

constraint. (e third is to give the cache settings viewport
allocation method of users, which can convert p3 to p4, as
shown in equation (36):

maxQ(t)Wcoo 􏽘

H

h�1
􏽘

M

m

pm(h) 1 − Xm,h􏼐 􏼑S360fm,hYm,h 􏽘
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Xm∗,h

+ Q(t)Wbh 􏽘
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⎛⎝ ⎞⎠s.t.D4,

(35)

minQ(t)Wcoo 􏽘

H

h�1
􏽘

M

m

pm(h) 1 − Xm,h􏼐 􏼑S360fm,hYm,h 􏽘
m∗ ≠m

Xm∗,h

− Q(t)Wbh 􏽘

H

h�1
􏽘

M

m�1
pm(h)S360fm,hYm,h 􏽘

m∗ ≠m

Xm∗,hs.t.D3.

(36)

D3 is binary variable constraints. According to the above
three methods, the MEC cache setting, FOV allocation of
user, and cooperative caching strategy are optimized and
solved.(e Binary Code Decimal (BCD) algorithm is used to
propose an algorithm of resource allocation, Joint Coop-
erative Content Caching and FOV (J-CCF), that combines
MEC cache setting, FOV allocation of user, and cooperative
transmission optimization. Cooperative Content Caching
and FOV, J-CCF, and the computational complexity of
J-CCF algorithm are O(τ(MH)2 + (MH) + (MH)).

3. Result

3.1.AnAnalysis of ExperimentalResults ofVRNetworkSystem
Using User Interest and FOV. (e relationship between the
VR network system of user interest and FOV and the
number of iterations, and between the efficiency function
and the number of users are shown in Figure 5.

Figure 5(a) shows the relationship between the system
efficiency of the VR network and FOV and the number of
iterations. It is obvious that the J-RAF algorithm has the best
performance among the three comparisons between the
J-RAF algorithm, the random cache strategy, and the ran-
dom viewport strategy. Moreover, the J-RAF algorithm
becomes convergent after the seventh time, the speed of
convergence is fast, and the performance is good. (e
proposed J-RAF algorithm also has the best performance.
Figure 5(b) indicates the relationship between system return
and the number of users. As the number of users increases,
the efficiency function of the system also increases gradually,
and the increase becomes more and more gentle. (e re-
lationship between system benefit and the cache space, and
between the different cache spaces and user delay times of
user are shown in Figure 6.

Figure 6(a) shows the relationship between the size of the
cache space and the system benefit. Comparing the J-RAF
algorithm, the random cache strategy and the random
viewport strategy, the three methods are different. Com-
pared with the other two schemes, the J-CCF algorithm has
different performance; the gains are 3% and 20% respec-
tively. However, when the cache space continues to increase,
the benefit growth of the system gradually slows down. In
Figure 6(b), it is found that the user delay time of the J-RAF
scheme and the random viewport scheme increases with the
increase of the cache space, mainly because the increase of
the cache space can provide users with more services and
resources, resulting increase in the delay time.(e user delay
time of the random caching scheme decreases as the cache
space increases, and the delay time decreases because the
video does not need to be sent from the core network.

3.2. A Comparative Analysis of VR Network System Results
Based on Joint Cache Collaboration and User Interest. (e
efficiency of the network system varies according to the
number of iterations, and the comparative relationship
between the efficiency function and the number of users is
shown in Figure 7.

Figure 7(a) expresses the relationship between the effi-
ciency of the VR network system and the number of iter-
ations of joint cache cooperation and user interest. It means
that the J-CCF algorithm has the best performance among
the three comparisons between the cache strategy without
cooperation and the random viewport strategy. Moreover,
the J-CCF algorithm becomes convergent after the sixth
time, the convergence speed is fast, and the convergence
performance is good.(e proposed J-CCF algorithm has the
best performance. Figure 7(b) is a graph showing the
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relationship between the system benefit and the number of
users. As the number of users increases, the efficiency
function of the system also increases gradually, and the
increase becomes more and more gentle. And when the
number of users is more, it will slowly reach the highest
performance of the system. Figure 8 shows the relationship
between system benefit and cache space, and the change in
cache space and user delay time.

Figure 8(a) represents the relationship between the size
of the cache space and the system benefit. (rough com-
paring the J-CCF algorithm, the cache strategy without

cooperation, and the random viewport strategy, the J-CCF
algorithm has different boosts in terms of performance
compared with the other two schemes. (e gains are 15%
and 25% respectively. However, when the cache space
continues to increase, the benefit growth rate of the system
gradually slows down. In Figure 8(b), it shows that with the
increase of cache space, the average delay time of users
increases, and the increase of cache space will provide more
services, and the delay time of user will increase slightly. (e
service rate with and without the strategy is shown in
Figure 9.
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Figure 5: (e relationship between the number of users and the system efficiency function according to different optimization schemes: (a)
(e system efficiency function of different optimization schemes, (b) (e system efficiency function of different numbers of users.
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Figure 6:(e comparison of the size of caching space, the efficiency function of the system, and the delay time: (a)(e efficiency function of
the system for different cache spaces, (b) (e delay time of user under different cache sizes.
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Figure 9 indicates that when the cooperation scheme of
J-CCF algorithm is adopted, the overall load situation of
the service area is more stable and balanced than that of the
service area that does not use the J-CCF algorithm.(e load
situation can be doubled. (e variances of the two schemes

are 0.00236 and 0.00076, respectively. Using the cooper-
ation scheme of J-CCF algorithm can balance the load and
avoid the situation of business concentration, which ver-
ifies the effectiveness of the cooperation scheme of J-CCF
algorithm.
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Figure 7: (e comparison of the performance of J-CFF algorithm and the average system efficiency function under different numbers of
users: (a) (e performance of J-CFF algorithm, (b) (e result of the average system efficiency function for different numbers of users.
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4. Conclusion

Based on the IoT and edge computing technology, this
work analyzes the existing problems of urban sculpture,
introduces VR technology into the design of urban
sculpture space, and improves the interactivity and ex-
perience of urban sculpture space. First, aiming at the
introduction of VR technology, to meet the large amount
of data and low delay of the IoT required by VR tech-
nology, a resource allocation algorithm J-RAF is proposed
based on the resource allocation problem of user interest
and FOV,, and the effectiveness of J-RAF algorithm is
verified by simulation experiments. Second, a VR network
system is established based on cache cooperation and user
interest, and a resource allocation algorithm J-CCF is
proposed. Simulation experiments are used to verify the
effectiveness of J-CCF algorithm. Experiments show that
J-RAF algorithm can converge faster and has better
convergence performance, and has 3% and 20% system
gain, respectively. Compared with no cooperative cache
scheme and random viewport strategy, J-CCF algorithm
can achieve convergence after six iterations, with better
convergence performance and 15% and 25% gain in
system efficiency. It is proved that the two algorithms are
effective for VR technology. (e proposed algorithm has a
good reference for combining new technology and urban
sculpture and improves the interactivity and experience of
urban sculpture space based on user behavior. In this
work, the use of VR and the setting of user preferences are
fixed values, so there is no algorithm in the analysis of user
interest and consequently a lack of dynamic calculation of
user interest in the calculation process. Hence, the re-
search on resource allocation will be carried out in the
future research to strengthen the contribution of dynamic
calculation of user interest to the design of urban
sculpture space.
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