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ABSTRACT: The work aims to design an integrated design scheme for campus-oriented innovation services, to offer new
approaches to constructing a smart city driven by big data and digital twins and address the persistent issues of data silos
and intelligent decision-making in smart city integration design. In this research, a standardized information model for
smart campus data was established and Internet of Things (IoT) sensors primarily using structured data were deployed. By
leveraging big data and deep learning methods, a smart campus brain was realized. Furthermore, a human-machine inte-
grated visualization platform driven by Web 3D and digital twins was developed, and an operability perspective, feasible
and implementable smart campus design was formulated. Starting from the characteristics of big data, the construction
status of smart campuses was analyzed. A standardized model for smart campus data was established, and a Web 3D and

digital twin-driven visualization platform based on GRU-CNN deep learning for the smart campus brain was designed.
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Experimental results demonstrated that this system possessed data visualization and intelligent decision-making capabili-

ties, offering users an immersive, multidimensional, and dynamic human-machine integrated interactive experience. The

utilization of a big data-driven digital twin visualization platform enables the integrated operation of campus facilities,

enhancing the intelligence, efficiency, and user-friendliness of the campus infrastructure, thereby improving overall utili-

zation efficiency. The design of a smart campus integration platform also facilitates the advancement of modern cities by

promoting new modes of data interconnection, data visualization, and intelligent service management. It provides tech-

nological and theoretical references for the current development of smart cities.

KEY WORDS: smart campus; integrated design; digital twins driven; big data
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462 fl % T & 2023 4 9 H
AR [ > BsRE [ > kB [ > 2ERE [ > \uE
IR o AR U EAI T et )
Fig.5 Convolutional neural network architecture

: - fir o7 > SE A Bl ) BRI, £ T web 3D FIEUFE 2R
3 BEREERTA Az 3K B ) AL LR DL AT AL S0 A o et ml
AT« ] Y R SR Pl AR - S 2, WL 6. LA
RSB IO 0 AT A BBV ERIRBUI g g0 e 5 RO QIR S B RTROR R IE B
& BAL @ S P A AE R 0T PRI A | 55 ARGk % WEERS . BIERLTES . RS S5005 4 AR

A A RN R | A5 BB AR AE RS 55
W A ) R - o AR el s S AR AR H AR o 48
T, DR ERREERE NN, AHZEG RS B
V& BB E MG R Z24En] AL fE BE .
BIM+GIS B z2it: SRR, W5 B LF ARA &
FIAE AT S T A BT, L2 R R
B A B EERT 5, MEMER S

FPE AT R fE . TEK. Tﬁ%%ﬁﬁ%
3.1 E&EMFAEMIZIT
$iuﬁﬂﬁﬁ%%%%@%iﬁﬁ%ﬁﬁﬁ

F

J

AT 58 BN S PR R el 1%
3.2 HEREHIEEERE

ROPE HE KRR S BhE fE i —F o=, Bl
LLILEAS [A] i) B 2 40 2 () R4 TRk 24 20 538 5o EK
M S B4 3R S AR 5 B LA L BOCR R g5 5 P
O B e 55 0 AR Bl 25 454 oA B 2 8] 174 5 4 3t
EEFNAS e MEEE | SR, IR (= 27 A A 3R R %
A, Al A AR SRR A Ty = Gl M SR SE B

AR 22 8] ) i 22 =0, B 20K bl 204 B B BGA
] DIGE ARG B4, Bk EuE i Eg Al i, %%

Jo

AEFehE 3 E R B R BETHEEY . A R EGRE 5L PR B @ B AR R WA 7,

E BT RS

i B B EERS TR AR AT
% : BrimR A |
:: K L NIFB{ERY KiRIEhE ;
A% B - - |
& B Iy
%[% .y #ICT ROMA| | ¥UAi | | GIS BIM =
sl | O
1) '

X ig 4G/5G Wi-Fi 5/6 NB-loT Ethernet PON E-LTE
*
@] il O —
g wy | <R b ® B | §5 =
zﬁ Bl 1 B PRAS BE BRASK BR O FESE  —b8
Z]

GRS CATE S B R e X

Fig.6 Design architecture of smart campus integrated system



444 E 518 1] W, SF s REUE S8 2R A R R B SR el R s TR

463

MTCconect/OPC-UA/MQTT BETNY

41 RBFESHFZFEERIHAARLES

-'r'f'. 1
1
1
]
1
1
1
1
1
1
1
1
1
1
|
1
1
1
1
1
|
1
1
1
|
1
|
1
1
1
1
1
|
1
1
|
1
1
1
1
1
|
|
1
1
1
1
1
1
1
1
1
1
|
]
1
1
1
1
1
1
1
]
1
1
1
]
1
]
1
1
1
1
1
1
1

'i-

REEET TSl RS B%%Fﬁ%ﬁﬁ; szim

s e e ST
N T e L
it R e e

---------------------------------------------------------------------------
B e T - o - E A S S = = = T i e " —

Y P PP O

YRR SAREE REAMSLIANEE RBEHE  RREUE METTELE

MTCconect/ OPC-UA/ JDBC/ODBC JDBC/ODBC
OPC-UA/MQTT ]\ J MQTT/CoAP f /
——————————————————————— . | g |
; = ' MTCconect/OPC-UA/MQTT L
S PITRVIETUR | BEIY N e | Hy
>l RARMESUR ) 1
5 OPC-UAMQTT/CoAP | | = R
L BRARFERNYESIR IS TN | 4

7 B SR s T T A &

Fig.7 Smart campus data interworking and interconnection system

Socket/RPC/MQSeries R4

_ BOGARAEE, AEPEHO N U] AN OGN S 1A T4
4 BERESERNMHA BOR(E 8 . SRR EFTIRA . W B R,
R R ek 78 2 45 b T LU B v HE AT

PeiEve . B2k MR AR

=

ST

T Web 3D SHCTASE RS, KAk Kol SEA R TS | SR R e 0 BT
KelE 1AM S S R B AT I A, AR I, 7R AT BLL 5 o T A G A

SRCFAE A I Al L o TR
XA, A B RS RO — RS BRI
REDLIR . MRI5 QBT A aSas B Pl | B e P S

KSR B 5

ISRV IKES

—

JIBESEBER I %, R SEINBRIC A e R A 2
SERR, XA S A R A A
I A B T A ROR A A T 25 B A a7

NP

SEPLD TR 2R 1A F‘_:XHL MR PO TR, X RGER S5 SO S IR 55 DAk AR
E_ﬂé Y5R35 23 TR S R A% 2| TRAE, ok 1 AR B K a] 1Y S
WHE 8, kﬁ%@*iu—-ﬁi{tkﬁm% AT BIRARR , IR T AT I I A IC SRR A L
AT TSR R, BT R RS S R T AE R T TAE R SR A SRR

/8 R A AL A

Fig.8 Smart campus digital twin visualization platform




464 i % T

i 2023 49 H

i V- B A2 A 5 2l . AR e gy &
fRalR I HEA S, PR ANTILE . 408, I
SO RS iR AN T A, BRBdE e B,
[ B 2R N T 3R A7 SR BRI o0 2 A7 70 3 R B 4
I SE O, R B 1 R B LA BE A IsF B it A el
HA s TG @ty A SR ENR B A, &

el 2 B AT AR S T RE AT . B ERUR L RS MERR
P R MR T 1AL B AR BRARCR . [RIE 3k F GRU-
(mNm FRE DR N, 38 o X B -5 RS AR D

FEAT R PR 30 ARG ) 0 r m] bR SR B B A AE 255 . R
M\R%Lﬁﬁﬁﬁfﬁﬁ%%ﬁﬁﬁicﬁﬁﬂﬁ
AN BB i B 47 #0028, I b s A R B s ol A0 4k T
B, [R] AR 8 TR 0 21 A7 7 28 4 BRUB AT D iy RS ] T
ﬂﬁﬂhmﬁﬁ'ﬂu=ﬂﬂMH*ﬁﬂ-?Tﬂﬂﬁ%ﬁi
xR, "B T FHEAmNRCR, LA 9.

42 HEMSHMSEERR
B SRS el B T 15 8 0 X B Rl 5 I TR Y
ARG BIETTE T &b, R REukss ity

WV 55 REC S g sethla], ok T 0y %ﬁmjxﬂ%ﬁ
FEWR M7 G, (&R bd R4k 55 2879 58 in (8 | R
$E . e ﬁ%ﬁm@ﬁ%%ﬁ%%%ﬁ%ﬁﬁ%bﬁ%%
tr, BTN 2R RRE N —H B YE, T8
G- pih PR B e 22 18] Y O R A, JFAE e BE R A%
AR .

N T EUFEE T GRU-CNN W 4875 B 24 2 B g
0 Z BT RN AR A TR O B AT
T 05 ESEE R N Wi T R A AR R PRI T
AN REAE S IEH8E B 40 000 25, 400 40 41T
SCHG, BEZH 1000 5. B CNN., RNN., LTSM K2
HRAESEATXT L, Bk HAS AR A SO0 ER A, AT
ZERILE 1,

HER 1 AlHl, LRGSR E = Bk,
CNN G BAE N ¢ el 59 B AZ AL 3R AR AL AR
I RIS, R S 5 TEIN B, B GRU
BHeoh Faster R 5§ LSTM 23 1T P4 5L 5, Faster
R-CNN J&—# H frfai 58y, o] 42 FH A 28 & . LSTM-
CNN & —Fhil id /£ CNN e — 2 LSTM J2 2k

K19 254G R B B0 n] ALK T A

Fig.9 Comprehensive management large-screen data visualization panel

x1 REFIEEMRAIILE

Tab.1 Comparison of advantages and disadvantages of deep learning algorithms

¥ 7S W= i i S H7 HER R/ %
| CNN éif’?lﬁ%”ﬁ S BEhT E{Jﬁiﬁﬁéﬁﬁﬂé ,  WEME, WERKEAE., PH 04 33
32T T SE PR B9 A i 28 X 245 o SUASH
HA 1t H IRE JEE TH B
2 RNN b FRAT 2 K 1 4 A JRE R K ) i vty 90.15
A i R AL 22 A S
3 LTSM oM3E T RNN e iR KT (m] B TR R FERT W 22 89.63




544 45 45 18 M EALLR

o KBS RO 2R A TRl R SR el AR s Tt 5 465

2 e B () sf e AL HE T, AN TTTAE FH B[] 41 A
A A RN T4 T 55 o R, MR 4 Y 375 5 98 U5 I
TR 3 Al & B AT A RCE AN OGP ) 52 56 X
o, JFHERAR . DINZRECE . T R AT R | 25 2
BoaE 4 DRI, HXF LR 2,

R2 REFIFEMAXEITLE
Tab.2 Comparison of fusion experiments of
deep learning algorithms

Bk W W% o

G fsE 7l Wi%/% BfEl/s  per/s SH
| GRU-CNN 99.8 8859 221 1788162
2 LTSM-CNN 99.29 10 711 227 2552 802
3  Faster R-CNN 99.6 25698 2.08 3365963

3 2 TR B SRR A HTR 0 SRt
L5, GRU-CNN 7Bt 1 58 (A 5 1 25 1)
es , TR 28R B 08 TSR e

a3, kel %, 35T GRU-CNN B ek R &
GEAEARG O . ISP [a) 0 FE S5 I o BE A XA, R T
TEFALT IR . ABIRS . 2SS P, BB W) 45
e 00 AN v S B o i o N A ) L, B TR B R
RSB B S stk . Rk, 3£F GRU-CNN & 25K
Mﬁ%ﬁﬁﬁ$&ﬂT&H&ﬁm HEELKE, BE
5 el & ﬂﬂﬁ*ﬂ%ﬂii{ﬁﬁi iz HTERNAK
R R 7 ﬁﬁﬂxabﬁﬁéﬁmo
20
18 + 2
| 8 LT
ﬁm i % TN
Y144 & 8 ASH
gu 1 " TR
goll! W, "
o A 1IN T
19 1 1 1 'R
o LIEES S i L i B¢ | il
9 10 11 12 | 2

H
E 10 ESREBESE T FE

Fig.10 Statistics of colleges and universities

28 i it % B 2R A ] WAL 4R W & — B i (]
Je, 120 8 ) e — e DX AN R B8 03 L &L 10 A7 7E
AN [ 98 & S 4 e 17 B2 5 A A Y A st A ] 0 A R
BT BN EPPIREA, HE 10 /A, ZK K 9—10
H H@a&ﬁi_a{ﬁFﬂnﬁxﬁziﬁ*ﬂ%&t@ﬁ%%luJ WA 3
e, ACERmm N AR, 11—2 H, S ARAL R
%@%I@ﬂt%,Mﬁﬁﬂ%%% R v A PR

BOR ., B4 SR RRS | A
5 4HiE
R el 42 4 1 [ el e 1 HA il 20 25 = A s o i

) B R 2, AL e e el 22 B 8RS 7 X N T3 A 40
S DL A SN R UE LN BB R iR L R 4%
5 B R G R IS B B Je: M it ik,
SCHRARH TIRED B . WEF2) . KEHE . Web3D
WA RORSEIMNEOR, L8 “Bds s . 5
AL M5 ARG HAE | e 7 YR 2R S R,
F)FH B B 3l 1) 8507 28 A ] WA B S RS X —
ALz 1745 G AR5 B A 250 8 e m] DUl e A
I gefl . =R A PEAL, DT BE 4 b iR 55 F 274
FIZOR 5 T A5 K, 5 B 22 A 0 4 s 6 R) 9 5 R
Tt , v AR o B AR Bl £ BT 15 TR AR K 1
T 2 2 onib fR se b, FE AR R 1
HEBERELHIRBENEQ R BT S 6
il B o o 2 A B B R el 4 T 5 S B [ s
h SR BT AR SR e T R ST B, BB
BRAR A0k T 8 A5 58 B A A o B ﬁ%?ﬁw g
RS AE R

S % 3L :

[1] MIN-ALLAH N, ALRASHED §S. Smart campus-A
sketch [J]. Sustain Cities Soc, 2020, 59: 102231.

[2] HAN Xu; YU Hua; YOU Wen-hao, et al. Intelligent
Campus System Design Based on Digital Twin[J]. Elec-
tronics, 2022, 11(21): 3437-3437.

[3]1 /e, R0, mfsfs. DR R H ER I )%

RSB e A S S BRAR AT [J]. K s B AR,
2023, 11(5): 49-61.
QIAN Xiao-long, SONG Zi-yun, HUANG Bei-bei. Overall
Implementation of Immersive University Smart Cam-
pus: Theoretical Construction and Practical Analysis[J].
Research on Higher Education in Chongqging, 2023,
11(5): 49-61.

[4] XIE Chao-man. Construction of Smart Campus Cloud
Service Platform Based on Big Data Computer System[J].
Procedia Computer Science, 2022, 208: 583-589.

[S] VILLEGAS-CH W, PALACIOS-PACHECO X, LUJAN-
MORA S. Application of a Smart City Model to a Tradi-
tional University Campus with a Big Data Architecture:
A Sustainable Smart Campus[J]. Sustainability, 20109,
11(10): 2857.

[6] SNEESL R, JUSOH Y Y, JABAR M A, et al. Revising
Technology Adoption Factors for loT-Based Smart Cam-
puses: A Systematic Review[J]. Sustainability, 2022, 14(8):
4840.

(71 &5, THa4E, BRFeW, S5, A R B SR B
I ZR S8 A B9 5 50 e —— DA L Ik B8 2 8 45 L Bl 2
B[], WO E AR EE, 2020, 41(32): 66-609.

GAO Yong, YU Yan-hua, HE Ling-he, et al. Research
and Practice on Building a New Ecosystem of Big Data
Smart Campus Application System—A Case Study of
Baicheng Medical College[J]. Vocational and Technical



466 % T 2 2023 4 9 H
Education, 2020, 41(32): 66-69. [12] /i, SR AG. 2t T 8= 240 A 09y 1H hk 5 5 i

[81 #MEXNER, 2= . REUET AR R & i w58 — LA EARBMIFR[I]. 3 T, 2021, 42(14): 47-55.
“BEHA A PHEERE, 2018, 14(6): 548- LU Shi-zhu, GUO Yu-qing. Monitoring and Precaution
553, System of Revolutionary Sites Based on Digital Twin[J].
LUO Hui-xia, LT Guang. The Research of Smart Cam- Packaging Engineering, 2021, 42(14): 47-55.
pus Construction under Big Data—Taking the Smart [13] Z=E, BHFS, SHrKK, BoAZ24 0K 50 5l P i 7Y R
Gansu Agricultural University for Example[J]. Science FRALRE LR Z T A BRsh i b[]]. AL2E T2, 2021, 42(1):
& Technology for Development, 2018, 14(6): 548-553. 163-170.

[9] DENG T, ZHANG K, SHEN Z-J. A systematic review of LI Lian-hui, MAO Chun-lei, LEI Bing-bing. Multi-
a digital twin city: A new pattern of urban governance Station Synchronized Optimization of IoT-Enabled
toward smart cities[J]. Journal of Management Science Mixed-Order Packaging Line Driven by Digital Twin[J].
and Engineering, 2021, 6(2): 125-34. Packaging Engineering, 2021, 42(1): 163-170.

[10] WU Y, ZHANG K, ZHANG Y. "Digital Twin Networks: [14] Bti8E, B, RWARSE. IR Rl ik i)
A Survey[J]. IEEEInternet of Things journal, 2021, 20 K B S ORI TFENL TR S N, 2023,
8(18): 13789-13804. 59(4): 312-319.

[11] Fg &, XUEFIR, sk, <%, ZFZEA4 4R K 1K HONG Tao-pu, YANG Chao, WU Ya-dong, et al. Multi-

QU ], TEREPLEE il R 4¢, 2019, 25(1): 1-18.
TAO Fei1, LIU Wei-ran, ZHANG Meng, et al. Five- Di-
mension Digital Twin Model and Its Ten Applications|[J].
Computer Integrated Manufacturing Systems, 2019,
25(1): 1-18.

View Data Management Method for Immersive Flow
Field Visualization[J]. Computer Engineering and Ap-
plications, 2023, 59(4): 312-319.

LS FRAE

( FFE5E 457 v1)

[26]

[27]

[28]

[29]

[30]

ROCHA C S, ANTUNES P, PARTIDARIO P. Design for
Sustainability Models: A Multiperspective Review[J].
Journal of Cleaner Production, 2019, 234: 1428-1445.
EHEME. kst 5aF M) dbat: PR Tk
i RitL, 2015,

WANG Guo-sheng. Service Design & Innovation[M].
Beijing: China Architecture & Building Press, 2015.
2 SO 7o AV o1 03 1 o e el ) A N2 e
MSCHE 2R RR), 2021, 20(6): 81-87.

ZHAO Yu. On the Cross-Media Symbol Production of
Cultural Products[J]. Journal of Jiangnan University
(Humanities & Social Sciences), 2021, 20(6): 81-87.
S, WA Al R T BRAACKS: 45 7 il i 95 R ALY
MESR T[], 13 T, 2023, 44(6): 94-105.

HU Yue, HU Wei-feng. Conceptual Design on Product
Service System of Physical Examination Vehicles for
Employees[J]. Packaging Engineering, 2023, 44(6): 94-105.
SRIGTL. JZ Ak RN R B M), dE st BT
Tolb AL, 2014,

ZHANG Bing-jiang. Analytic Hierarchy Process and Its

[31]

[32]

[33]

Application Case[M]. Beijing: Publishing House of Ele-
ctronics Industry, 2014.

TR, M4, B, o B A N RS PR L ™ i
Bt B R iR [T TE95 K27 22 i (H AR R 22 i),
2006, 27(S1): 64-66.

YU Ming-jiu, YE Jun, LU Chang-de. Application of
Chinese Adults Anthropometric Dimensions Standard in
Product Design[J]. Journal of Jiangsu University (Natu-
ral Science Edition), 2006, 27(S1): 64-66.

MLV AR, B P A RS R R R A R M B R
WFFE[0]. 2% T/, 2021, 42(16): 29-35.

FENG Ya-juan, ZHAO Zhan-xi. Perceptual Image of
Representative Plastic Materials in Additive Manu-
facturing[J]. Packaging Engineering, 2021, 42(16): 29-35.
PRESCOTT A R. The Barometer of Sustainability: A
Method of Assessing Progress towards Sustainable So-
cieties[R]. Victoria: International Union for the Con-
servation of Nature and Natural Resources and PA-
DATA, 1995.

AT . BRIE



