Journal of System Simulation

Volume 35 | Issue 12 Article 1

12-30-2023

Development of Several Typical Virtual Reality Fusion
Technologies

Qigi Feng
Army Academy of Armored Forces, Beijing 100072, China; PLA 32290 Troops, Ji'nan 250002, China,
594472717@qqg.com

Zhiming Dong
Army Academy of Armored Forces, Beijing 100072, China, dong_zhiming@163.com

Wencheng Peng
Army Academy of Armored Forces, Beijing 100072, China

Yi Dai
Army Academy of Armored Forces, Beijing 100072, China

See next page for additional authors

Follow this and additional works at: https://dc-china-simulation.researchcommons.org/journal

b Part of the Artificial Intelligence and Robotics Commons, Computer Engineering Commons, Numerical
Analysis and Scientific Computing Commons, Operations Research, Systems Engineering and Industrial
Engineering Commons, and the Systems Science Commons

This Paper is brought to you for free and open access by Journal of System Simulation. It has been accepted for
inclusion in Journal of System Simulation by an authorized editor of Journal of System Simulation. For more
information, please contact xtfzxb@126.com.


https://dc-china-simulation.researchcommons.org/journal
https://dc-china-simulation.researchcommons.org/journal/vol35
https://dc-china-simulation.researchcommons.org/journal/vol35/iss12
https://dc-china-simulation.researchcommons.org/journal/vol35/iss12/1
https://dc-china-simulation.researchcommons.org/journal?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol35%2Fiss12%2F1&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/143?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol35%2Fiss12%2F1&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/258?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol35%2Fiss12%2F1&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/147?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol35%2Fiss12%2F1&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/147?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol35%2Fiss12%2F1&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/305?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol35%2Fiss12%2F1&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/305?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol35%2Fiss12%2F1&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1435?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol35%2Fiss12%2F1&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:xtfzxb@126.com

Development of Several Typical Virtual Reality Fusion Technologies

Abstract

Abstract: Virtual reality fusion can realize the two-way interaction, mapping and linkage between virtual
world and physical world, which attracts the attention of countries in the world. In order to sort out and
make statistics on concept connotation, academic status and application of the related new
technologies, digital twin, cyber-physical systems, metaverse and live-virtual-constructive simulation are
taken as representatives. The comparison on the development process, functional characteristics, target
trends, etc. is carried out.

Keywords
digital twin, cyber-physical systems, metaverse, LVC simulation, virtual reality fusion

Authors
Qiqi Feng, Zhiming Dong, Wencheng Peng, Yi Dai, and Bingshan Si

Recommended Citation

Feng Qiqi, Dong Zhiming, Peng Wencheng, et al. Development of Several Typical Virtual Reality Fusion
Technologies[J]. Journal of System Simulation, 2023, 35(12): 2497-2511.

This paper is available in Journal of System Simulation: https://dc-china-simulation.researchcommons.org/journal/
vol35/iss12/1


https://dc-china-simulation.researchcommons.org/journal/vol35/iss12/1
https://dc-china-simulation.researchcommons.org/journal/vol35/iss12/1

Feng et al.: Development of Several Typical Virtual Reality Fusion Technologie

RGN AFEHO

Journal of System Simulation

Vol. 35 No. 12
Dec. 2023

35 %58 12
2023 F 12 H

JUh St 2R ) R SR 5 SR R SR AT T

) - 1k * =~ TR =
B, FERT, ZIR', #on', gkl
(1. BEZEZEH 22Be, dbat 1000725 2. B N RFRECE 32290 #FBA, LA BFRE 250002)

WE: RERSZFNENEREMEHR NG XL, PRI 57X, RALNEEXE
R E, ARFGERTEERFTOFEARAKRAL, AHKFEAL, FEWEEL. LFHREL-E
-y A ARE, BL&SABANE, FRIK, ZAFLSEITRELT, FFARCNG L RS
2. ARedF R BAREEEFT BT AT,

KA, BT TA; FEMEEL, LFH; LVCHA; BEabs

25 TP391.9 kAR £ A WE S 1004-731X(2023)12-2497-15
DOI: 10.16182/j.issn1004731x.joss.22-0793

SIS SR DR, HAE W], 200, S TR R A0 R SE R BOR SR BT TE[T]. RS0 FAE AR, 2023, 35(12): 2497-
2511.

Reference format: Feng Qiqi, Dong Zhiming, Peng Wencheng, et al. Development of Several Typical Virtual Reality
Fusion Technologies[J]. Journal of System Simulation, 2023, 35(12): 2497-2511.

Development of Several Typical Virtual Reality Fusion Technologies

Feng Qiqil’z, Dong Zhimingl*, Peng Wenchengl, Dai Yi', Si Bingshan1

(1. Army Academy of Armored Forces, Beijing 100072, China; 2. PLA 32290 Troops, Ji'nan 250002, China)

Abstract: Virtual reality fusion can realize the two-way interaction, mapping and linkage between virtual
world and physical world, which attracts the attention of countries in the world. In order to sort out and
make statistics on concept connotation, academic status and application of the related new technologies,
digital twin, cyber-physical systems, metaverse and live-virtual-constructive simulation are taken as
representatives. The comparison on the development process, functional characteristics, target trends, etc.
is carried out.

Keywords: digital twin; cyber-physical systems; metaverse; LVC simulation; virtual reality fusion

physical-systems, CPS). JG F # (Metaverse). 3£
B—FE - R 4 H(LVO). HE LI SE (VR) & AR
KEELa SR ARED KR, FEA W N 25
v, Tolkdlig . B FEH . ER S,

i

0 5

REAHE ST S ERARME BT RN, BN
WATIERIBC 5 B2 6. BUCRHL R HoB A MY

IR 7 AT b B R e BRI AR, T AR A AR
SR M. BB BReTT mEE, dmE
B 7Y FRS B R RS LA . XS
=N, —ERIETFAEEADT). BBV RS (cyber-

Wk H il 2022-07-08 BEH: 2022-11-15
FEETH . AR T IR (YI2021C107)

NI LAE . 2 SRR IE A R T 2 RE A B8
" B, BEE SRR ARWI IR, 1)
RN IRBOZEHT £, DA RAE, HEHIA
Mo ABEWNE, ACHEEEL. FERMEA

HEEF: MER(1992-), 2, WA, WAV E . E-mail: 594472717@qq.com
BEE: EEW1977-), T, #ag, WL, ORI ZEMIE . E-mail: dong_zhiming@163.com

Published by Journal of System Simulation, 2023



Journal of System Simulation, Vol. 35 [2023], Iss. 12, Art. 1

FISHE 12
2023 £ 12 H

Gt TUT RIS DL — R AU A4 3 17 B 4 Rl i TR 1
SER A HORBEAT LR LLEK

1 FFZRAEMR
1.1 SN

A A SRARYE AR T 20 20 36 [ 1 KA 25
RIFG(NASA) IR S TR, 380 4 A R 4 1) 27
AR AAOR e B SEARFEBIUIRAS B B OR G2 Ak B AT
12003 4, 5 B K10 Dr. Michael Grieves
FEP2 i A dr A PAT UR B4E T “S 0 T4 HE
B REAME R IR BT, BN R B AR A
SRR E. ZJE, i NASA % 5 John Vickers %
WK “Digital Twin” —iIEX S A",

DI R e SR T (U= ) A NES S IR
ONEARAEHE, I B84 25 H A —
SR QMK R R, N AR AR
PO EL G G 1 R IR B A T (B MR 55 T B
S, R AR R B S i R G T
WFB, R RRAEXTEZ, 532 HAHIA
A g R, B A R RSB B S
TEAG B2 A PR i i B B oR B AR R 1
UK T T B R AUASE R AT 5 4 3 S A 4 A i B
AR ORFE— 2
1.2 ZARBRIURGE T

(1) IR FRE S F R A

7E A [E %11 A Web of Science 5 #5 J2E 3t 17 K
R, PR EEN BT AR AR
U Xpha” B0 “BIARAE, TR R TN
“digital twin” B “digital twins” , £ & I [1] A
2012-01-01—2021-12-31, K1 MK REH . AL
B, AL 10K CENG6 118 5
ROCEFIE TR HOE K, JCHE SERI R,
2021 A AR AOSCR R H IR 0004, 227t
WA EAL. EE. Bshith. Tk, #5.
2 AR A5 A o

RGN AR

Journal of System Simulation

Vol. 35 No. 12
Dec. 2023

(2) AHRACERZ AR

BrrZe Bl 5 TN R E LSS, Eib
R FAE i Twin-Control: A Digital Twin Approach
to Improve Machine Tools Lifecycle, The Smart
City in a Digital World; E WA (Fv2r4g) (37
ARSI (RS ARG T RA) (BerRAd Rk
IR SERR) (Brrdids: BT aBraIsRaisE), &
AL KA T (BT AR AR SOR B R A5 2019)
(B R R 45(2020)) (e 2R A B G E
Fo) (e AEBORN A B A5(2021)) (i £y
AE AR 152022 i)Y Zdg Gk SO

(3) WHTEHLEI (7 ) S H TR 22l

AN TT T, I ok 4.0 BF FEBE T 2019
FEREHFEEATIWHR—H RS
(digital twin consortium, DTC). 2 )5, FEH. fE[H
G AR Gl T el uN I P =
Jim, PAABHRE K SRR AR A — LB
Ty AR S R BRARRRAE . AL
S rmAs S0, 20172021, A
20 Z TS HIT 1 s “Hy e S
REMIIE IR S5 AR 217, A [ 477 J 2 28 I
T BT SEEERNGE T FEYARD . Kk
TG B 0T T 41 B B T 2R A 1) B A R AN R VR b R
7 HEAEH .

1.3 KRNI

EJLE, BF AR SRR, £V
AT B P R T BB, T TRBEIA
BRI, TG T IR R+ B R
P+ SE IR AT ARAE T RS
RS ffy It A ERSCAR T BEAT T B A A,
SR ERP 2T 77 i AL P IS AR B S

PO IR MBI 6. 2162
FE R IX e 2 R R X A N R IR I
FARAYRT, AMXBEIALEC B AL BUR, S RET
MyRERKFEM, EZHHDEREG. KEATF.
FE ST i B A T R R i

http: // www.china-simulation.com

e 2498

https://dc-china-simulation.researchcommons.org/journal/vol35/iss12/1

DOI: 10.16182/j.issn1004731x.joss.22-0793



Feng et al.: Development of Several Typical Virtual Reality Fusion Technologie

235 55 12

2023 4512 A T FH, A5 UM S ) R S A B R B AT

1 8007
1 600f
1 400f
12007 =[EHp =[5

i# 1000f

& 800+
600F
400¢

200} 7
00 01 32 45 g 17 28

2012 2013 2014 2015 2016 2017 2018
b
(a) E M 2R AR A R SR SR T L

2063%) 23(0.61%)
. 0 —= | |
26(0.69%) — 7 \_ Ll
26(0.69%) -
33(0.87%)
34(0.90%)
34(0.90%)
38(1.00%)

/ 619(16.31%)

53(1.40%)

59(1.55%),
61(1.61%)/ ,

92(2.42%)
96(2.53%)
111(2.92%)

150(3.95%)

™~
166(4.37%) "

175(4.61%)

181(4.77%) — J 346(9.12%)
213(5.61%)
(b) B2 AW AR A I L

1 PR R BRS04 T

471(12.41%)
471

373(9.83%)

Vol. 35 No. 12
Dec. 2023

1651

1353

I ——nee;nwe

O

[\
[=}
[3%)
S
N
[=3
[\
—_

(WSS R SRR .
OS5 B2 5 MBI b
BE LA

B LAVZ5
WEHRIES TR

B A AR S TR
BTk

B UL D B S T R
WAL Tk
BEJES e R TE
B2

WEERAR
DA 5 KIS

B RAS T

By TR
W/KFK L T2

BAEAA Tl

BikigiEm

0 TV AR R %
AT

e
BRE Tl 5 E A
TP B e
A
BT S e B
Wit AL AR A

Bz TAF Tk
SAHLLT

e

Fig. 1 Statistical distribution map of status quo of digital twin academic research

Y, 5 B 7l O A AR A BOR SR

2 ZE T FU SE e A R UL 24 AR BT B R

F-35 i HLA 722 T2 R M e RIXT AT B2 (B Weapon ONE fI%7 28 £ g™, X es TR g

BT 201948, 36 G ST AL RE A T
R ARG SRS, FESOTRIERT 4
R 2R TR “ Ky s 20214, SEE

FREAT R AR R BE5E 1 SRt

WSS G MR, B A E R ERINE

http: // www.china-simulation.com

* 2499 -

Published by Journal of System Simulation, 2023



Journal of System Simulation, Vol. 35 [2023], Iss. 12, Art. 1

FISHE 12
2023 £ 12 H

R S BSC AR IR (A B, 3 B — 2,
TEbrsh&FL . BB RS, Brd
AR A RS Y BN HL ). A EsE
S P EEFONS NLAR [ R RE S o X BN R B
M5, B2 AN 5 S BESAR LT 454
BEATHERR I ZIE A HA 1 FURBEREAT . RS
I 18] _E (224 IR 2 4 5 SRR A AR 46

2 [ERUERGMN

2.1 A

R RGASH TYEM. =it &, R
SRR S 5™, EEERXREESS
(national science foundation, NSF)i\ NG5 B
FARME S TR R N R GAE Tl A
FERFH, 58T IR ) iR 5 B 2 ) S5 4 B 4% )
(&A™, T2, NSF 4 Helen Gill 7E 2006 4F
2 B ghifE T “Cyber-Physical Systems”
WM& AABEFNAX —RIEHEF HNASA #
Y, E L A AN AR 2R AR T P

ANFEIARHE B R BB AEAR, R
WL CPS RHAFMHLERSIEMIRSL™: CPS
R R A R R RS CPS K
A% 24", NSF & S CPS 2 it i+ 4
RN RG)LIRED . $56] . SR,
EA TR RS, I E K bR GB/T40021-
2021 (5 EWE R AE)Y NN, CPSEiEIdEE
B RERTEREN . THE. S EHISEE BB
HaEHEAR, w5 E B2 mH A
Mle ¥, W5, (B EEE R BB, &2 H
mRh R RS
2.2 AR FRIVRG

(1) WICR R R R AR A

KASHFZEEMAERRREEL, PR
FEAH “EEVMHERS” “EEMEBEG RR”

“IREVB RS B M HEREG KRR, FEL
KR F 8N “cyber-physical systems” or “CPS”,

RGN AR

Journal of System Simulation

Vol. 35 No. 12
Dec. 2023

2 9l A AN R R R I L. TRAE . CPS g
SCRMRECE R, 104 81T 826 2035, EH P4k
ROCEZERAWE, EAMESEZ)ZE A K 10
H, PSRRI T RN
THREBLN T EBRR AR . Tk 28 50 45 s i) =
R

(2) HARMEREAE

3% [ T & Cyber-Physical Systems Executive
Summary, Framework for Cyber-Physical Systems,
A 21st Century Cyber-Physical Systems Education %%
fa S M, H AR 5 $E Principles of Cyber-
Physical Systems, Embedded System Interfacing:
Design for the Internet-of-Things(loT)and Cyber-
Physical Systems(CPS), System Design, Modeling,
BK B~ A
CyPhERS. Cyber-Physical European Roadmap &
Strategy; fi& H BX Guide to Computing
Fundamentals in Cyber-Physical Systems; [E P & 4fi
(EEMHREZELN) (FEWHRGERIE)
PRI S bR e (R 3 2025) (15 BB R St
FEF(2017)) (5 BB R SE(CPS) St 78 3 JH 22451
$(2019)) (5 BYH R G Wi (2020) 25,

(3) WE AN (52 e A il

HLNMTT I, RERGL T CPSHFFTHR T/
HMAILTARA, E AR EAE 2007 505 30
T CPSHIBERAT 5™, 8 PR 2 RAE R K 2
O3 B B LR BB AL 2 A IR 55 U SR M
L=E. NIMRGEReELh=s. #ETMm,
[® br b PANSF. A1 50 F) Tk CPS B 58+ 0« IEEE
N CPS HiARZ Ui & = RILIR VAR, B A LA
FUFE L IRSE L O8R5 T A 3% IEEE
CPS-IoT Week. 3% [ “CPS 5L H 77l — % K
TR R R BT &L TR CPS ik
Iz, UCCPS WEMitIz%s. 2022411 H, EHFrdF
RN BRI TR b BT 1 2022 4B (5 B R 4t
SR PR (2t 1 CPS Mk b K i -

and Simulation using Ptolemy II;

http: // www.china-simulation.com

* 2500

https://dc-china-simulation.researchcommons.org/journal/vol35/iss12/1
DOI: 10.16182/j.issn1004731x.joss.22-0793



Feng et al.: Development of Several Typical Virtual Reality Fusion Technologie

235 558 12

2023 4512 A T FH, A5 UM S ) R S A B R B AT

O ) =8 G
NAEF2EE

2.3 RIEN BRI

[ Py &b 5T CPS IR 78K 2 £ 48 Tl Ak &
BORTERE M EZRIX, TR T Bond. REH.

Vol. 35 No. 12
Dec. 2023
—HAENR. —HbLEE

— NS T # RS IR CPS BT i 5t
TR P IR o R R R B A e

4 000r " "
55 [ 4h ves 377
3530 E
3500t = = =
304 &= = =
3 000¢ E B B B
2717 = B = =
B = = = =
2500t £ = = = =
e 2259 8 = = £ =
A E = = = = B
4 2000 153 § E E E EBE E
w B B B B B B B
1s00r 120 B E E E E E E B
= = = = = = =
oo 20 BB E BB E B0 E
E E E E E E E E E E
500F = = = = =] B g = g
a- e 90— 159 1835 225 212 286 237 238
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Ay
(a) B P AME B R G4 B U S
9(0. 37%)
10(0.41%) =%%%ﬁ7k .
1 1(101‘(‘(; :}5)%) Va 574(23.49%) =g§%%§&ﬁﬁmm..
11(0.45%) - %z
16(0.65%) L LER 5% NI
17(0.70%) BB SKEE
17(0.70%) WEFFEETE
20(0.82%) RN W5 2T SR I
ey =\ L L
%Y ! / m
e e
24 oggtyo i [ ARG YIRCEIEESTN
| N
29%1 19/3 / I =%}%§%$EI£
i B
39% I Wz
37(1.51%)7 /| lé%‘ﬁsﬁ
i ¢ S Aaee
435(5i(27g§/) ; | =Zéﬂ& FE R EGR
%)" o F
RN 472(19.31%) l%m}%ii%ik
149(6.10%)
B s AR K%
182(7.45% l%%ﬁ?k
o e
AT )

398(16.28%)
(b) 15 B RGBT T F R A5 Dl

B2 {5 B RGEARTESIUR G4 A

Fig. 2 Statistical distribution map of status quo of cyber-physical systems academic research

http: // www.china-simulation.com

* 2501 -

Published by Journal of System Simulation, 2023



Journal of System Simulation, Vol. 35 [2023], Iss. 12, Art. 1

FISHE 12
2023 £ 12 H

CPSH T HZMHME. FEE T 4.0 KIEEY
PR A 2R 77 2 4t (cyber physical production system,
CPPS)SEIL 1 Tl A 2 phy £ o 20 ] 1) 70 Wi o o
P AR s toRHE TR SR R R 2 R R N
HRRGWEZEN, REESWHEE RS
(cyber-physical-social systems, CPSS), Il L M
FIAE 7 22l i3 S Q00 o ) R e A 5 T 1)
B — AR e )G B2 N~ 15 B - B & 4t (human-
cyber-physical systems, HCPS), 4% Gl i i F24%
M CN-PBERG” — U RRKEN “N-ER-W
HARG” —IKR,

BEAh, CPSIEAE % S U AT AL % 345 B
FE R Gt (military cyber physical systems, MCPS). X[
PRV T A0 3% BEURIR 45 (1) MCPS 1 2 2244 ™;
T8 W45 R MCPS i 19 i 2 U B0 R AR S Rt &
SHHAR™ IR AR A MAIE RS T
iAo MICPS it fil 1) R 4 o 5 8 N ThT 17 3 P2
H 4T o AR 55 1) MCPS 284 & 67 F R 5 2
MCPS i 23245 % JE A5 B4 76

2.4 /Mgt

MHESCRE &SR, ERME RS L ERI
NEBRGESMHAGMNZE, —HLAEEK
A EE . B CPS IR IKIERT R, BB i %
SR tHHEL EESEEERS SR SIE
gzl 2 MY HE RS S B AR e L IlgE
—EH, AFEFE Y S RGN BN 2%
REME SR R AL . DAREs 32 R O], MCPS
LB R & SR IEER RS H RS
AR, A BT HERER 2 AR & LA AN
(G

3 JLFEHBMN
3.1 B

19924, EEAEFIB/R « W 58w
CEY Bz | — AN S sett 5-PAT I i = 4
A A “Metaverse” . WG, HE (BEW

RGN AR

Journal of System Simulation

Vol. 35 No. 12
Dec. 2023

ED) ChgIux) (RE\EIR) FH0E L s
5 EMA AU E i R R 2™ R, EIEiE ‘T
T MR AR L AR AT IE T AR
HIER “Facebook” #AFHE 4 A “Meta” © 77,

AT, AT T e FEHE AR S AHEE. Sk
T T2 AR BTREENNTTFE
i & “VR/ARIRGE ERBA TR ™ T
s CRHUBE, ATHERME. SCRE G = 4R R
I SN = R 3 N 1 0 G = = I PR = A1 b
LA ™, UL “ Bt R S EL St A i
B S KRR TR A S
TR AE (R Y R SIEAH Rl ) ELIER D9 I FH A 4 2
B, EETT RMSEHEAR MR kL, BT
Her 2B R O S R AR, HE T XU R,
RIERATR, KRR SIS RAEZRT R
G, HRRG. B Rg LEVRG, JEH AR
AP HEAT A A A R R
3.2 FAB RIS

(1) WICRRE LR o A

KSR EMAER R RN, PR E
BN “TFH”, EXRMEREBN “Metaverse”,
L3 9 N AN BER R ARG L. BN, SRR S
“Metaverse” X3 “ 4 —4EM BRI, M
EA 2T “Z0FH”, S0 AR
FINGE . ATLLEH, BN 2021 4 K IETF6
W TCF T, AR SCE T 500 5, AHKIE
RGUR TVHENL BriEEEE. &5 BE . k.
B Z AU LD B

(2) HHRARFEEE

B E AR (e i) OoFifam) o
FHEA): BRNTIR CoFlHE50FETE) (o
FH: BUooTFHE) CoFEd: witasdE) O
FH A Web3.0 5704 A7) GuF i) (oo
FHIEUE) OoF il RBHD) €2020—2021 475
R B FRE) (RlmE R kR “+ 1Y
.7 BRIy SEBESCH, e RE .

http: // www.china-simulation.com

* 2502 ¢

https://dc-china-simulation.researchcommons.org/journal/vol35/iss12/1
DOI: 10.16182/j.issn1004731x.joss.22-0793



Feng et al.: Development of Several Typical Virtual Reality Fusion Technologie

235 558 12
2023 4 12 A

(3) WEAHLR () S LR 25
AN, FE RO T oo T TR A
ESR T o2 s b v ok 1 Nl LSRN Sy 2 Bl N Sy
RIETFH R G = FEJEER T EH R
RRRE. KW, R A R CR T A
600r

500

4001

I .
o i

& 300}
200}

100

I, S5 LR A R SRl A BOR R R BT AT

= [E 4

06 07 04 05 06

Vol. 35 No. 12
Dec. 2023

SEANVE AE R G E PR, EE R LR ALK 2
5 [E Immerse 2Bk Ig 255 E AL “TR W TFE
H, B HAE” WMC2022 e 35 K4, #5
fES N R IEEN g o

05 06 03 07

0
2012 2013 2014 2015 2016 2017 2018 2019 2020

F

(2) FA AT Tl IR RS L

2(0.48%)

—=1 ||

(W LR R SR
o LT ‘
i HE
48%) > o RCOSTR) e b S5 i o
3(0.71%) 4 [ praratiiiyiis
) 7 :gﬁ%%s%mz*
4(0.95%) 7 S
4(0.95%) 7 /1 | B
s A | B AL
157 ) B
Lo/ \ \ :E:%Hiwmﬁﬁiﬁ%u
6(1.43%)"// \ e
ol ——
7(1.67%) WS R G
7(1.67%)'[ | :g}ggsﬂyﬁwﬁ
7(1.67%) |\ [ e
7((1.67‘V2) \\ [ 17S: N1
9(2.14%) || =g%¢&%%m%@
13(3.10%) | ~E,
1(5(3.57%) ( o
17(4.05%) :i%ﬁg@ ;@;W&m
ISR
V4 \86(20.48%) W E S -
27(6.43%) mik A
, ki

48(11.43%) 7

(b) JCF H W FL R A DL
B3 JeF AR IR G T A B

Fig. 3 Statistical distribution map of status quo of metaverse academic research

http: // www.china-simulation.com

* 2503

Published by Journal of System Simulation, 2023



Journal of System Simulation, Vol. 35 [2023], Iss. 12, Art. 1

FISHE 12
2023 £ 12 H

3.3 RIEN MBS

VFZ AN IESNIE —H AT EZE S 577,
BHERNAE 1554038 . 2021 5, 3 EER A4S F
£ Roblox THH “IJuF i 58— K" HIFR S EA LR
Dy L™, i 500 73 IF & % 7E Roblox £ 5
BIENIZr 2. Meta BIE R “ s F&”, W)
P PRI B HCE R P00 A F) S A s R
HEH B MPTE 270 MK — R A
7% [A] Mesh for Microsoft Teams.

E N, FHEskshIFRIcTFEH 2 TR, O
PIUFHM S AR MM “ZRAT7 il VR
R ARl . LRI R H 5 APP “JRXT &7 &,
J# iU 9 Roblox W [E R AT 77, HEH ™ i (B AR
B, HIEEM WOt CBEIE R T T
“EHEICFH” Fritr. 2022F9H, MEFEEKR
FURRBEEHE AW, oL FHot i, It
¥ BERIERY BN “TuTFHLER.

FEFEFGI, KEKTFEHAR S0 EE W
7« BRI, EFHuFHAEH T EES Y
Y5 PATHALSS, RRITH ZEFE 2 6 TR

3.4 /NGt

MEESERL SRS, JoT i EERBUN R
FEULM AL E, LB . —
Ji, JUTFHRMARNS HEMYURE, E R
Blsk. NTERE. Wbl 0 EFBEm, AL
SIAH SR RIS ShVE A 22 AU S, EORZ THIER
HRESLAS ] U7, TS AT MR D)
BT By, U7 RSB SB[ — R R
TAE. 200580, BB IEMEB 2. TR/
I R EWTIRAE, MRS R I B Sl B &2

4 SEH- B O B
4.1 BEEHIRE

20 28 70 SEARKT, AR R G0 H ISk
AT A TR AR I R 755K 7 LR iR 75 A

RGN AR

Journal of System Simulation

Vol. 35 No. 12
Dec. 2023

SLIBATRE A R A AL Y . 1983 4F, K%
IR A% ) 2% THRI (SIMNET) B IR SE R 1 ¢ H s 2
$H e A FRSTADL A% B Wl [F) AR A 5% . 90 AR AR,
5 7 R B Al (v SRS B 3 . I
W, MIFIRME S, B . MG S B
=, BONLVCIHESETE . JaK, &5 B EmRIE
H 4
organization, SISO) I =X B 5210 — iz 400 — 44 1 47 32
Sl R RS 5 00 1 4 059K

S — R AUL A4 38 07 L MRS AR W, A
A0 SEBLT E(L) R0 (V) A& 17 Z(C) Y
AR, Hh, L2ty iie
AR R A TE S VRS A R A B
VRSB BB NG SN C A2 M S 7E iR 000 53 v
VE R UL A% 22 £ 15 30
42 ERFIIRG

(1) WK R E KR A

KA HFFEMANRREEX, PRz
TR - ARG T B B SR -
WA “LVC” B “LVCHiH”, SECR R Ll

N “live-virtual-constructive

(simulation  interoperability  standards

simulation”  “live
virtual constructive” or “LVC simulation”, K4 X
WAMG RGO TTRAEH, B NAFLVC A
RIXBEHAZ, BiF2295, WA KT EHLK
PRI ENRI A . B3 T S ERHE AR, EH,
B Dok, HIRM ARG

(2) AR EAE

IEEE & Aii 73 A1 3058 B.ATf F A5 HE 1278.1-2012-
IEEE Standard for Distributed Interactive Simulation-
Application Protocols, 3 [E Hihix | Cyber Modeling
& Simulation(M&S) for Test and Evaluation(T&E),
Modeling and Simulation Support for System of
Systems Engineering Applications, e /R
SRR B (RS 07 AR R TR IR D
R (3% AT AR K e 5 P R T 4R 7 )
(RGEM SR (R @7 A ek ) -

http: // www.china-simulation.com

* 2504 -

https://dc-china-simulation.researchcommons.org/journal/vol35/iss12/1
DOI: 10.16182/j.issn1004731x.joss.22-0793



Feng et al.: Development of Several Typical Virtual Reality Fusion Technologie

235 558 12
2023 4 12 A

(3) WEAHLR () S LR 25
AANR 7, FREEE e 7R & w5
LVC & REMFRLL ], SISO BUI T #5075 F i
IR EAM AT A, P E RS R LVC )
25

EE K
20t

15}

ROCE:

10}

[1]1111]/

T <~

2014

2012 2013

[\
S
—_
W

1(0.58%)
1(0.58%) %
1(0.58%)
2(1.16%)
2(1.16%)
2(1.16%)

2(1.16%)’/
3(1.73%)’
3(1.73%)
3(1.73%) |
3(1.73%)
4231%) || -
42.31%) | |
6(3.47%) |
6(3.47%)
2(4.05%)

|
|

12(6.94%) /
,V

13(7.51%) /

I, S5 LR A R SRl A BOR R R BT AT

Vol. 35 No. 12
Dec. 2023

FLI RS o W7, &2 H 23 i (Winter
Simulation Conference). TSIS. I/ITSEC &1z
BEfiE R, HFEPATALA . BUF. EJ7. 5%
PN R AR LVC 17 F A8 i el o

= [E 4h 21

—
(93]

(T =

TECRTCENRCCITOOD =

I >
(TR e

(Il
AR FREETHORRE R AR

L FC R ERC R RECT R

DS T ECTT AT CR AT
[l

S
[N
o
—_
[ere]
NS
S
%]
(=]
\S]
S
NS}
—

o

T
i
+
o
=]

EEX
H
s
%.

-~ 480775%)

= A
»

H
A\

Il BRI FE S - L
A | K

IR SRETEE HHE

s

o
SHAETRN  SESEMREED o

5 TR

D

SSLIES

SR RS
S

=

TR H TSk
X
2

NN SRS

N 36(20.81%)

=1

FAAER % 5 RYRE

BT EIREHE IS HE SRR MY 2 P HE S R

BE R

P
SSESEESEEEENEENEESEEETEEEEEEESE

&

(b) LVCHj B 2= AR 5 IR Gt 43 i 5 150
K4 LVCO BRI FBURGE 7340 K

Fig. 4 Statistical distribution map of status quo of LVC simulation academic research

http: // www.china-simulation.com

* 2505

Published by Journal of System Simulation, 2023



Journal of System Simulation, Vol. 35 [2023], Iss. 12, Art. 1

FISHE 12
2023 £ 12 H

4.3 RIEN BT

LVCHi B R E— M RN G BA. AL
MAEFE 2 25 TR, EAMITH T SIMNET.
DIS. ALSP. HLA. TENA. CTIA. LVC-G.
SCARS %5 R AIKERLAIBR#E, RSP T s34 7
SR BRSO R . SRR LA TG . AT
AFE SRS F LN R RGN H
AR IR AR LVC BE 38 N
Hh AL T 65 T PP O AR, [ R
K % KD-RTI Fl YH-RTI". fii & #L 1 2 4] SSS-
RTI. dbu0HT2 iR K% BH RTU/DVE_RTI. #iiL
K2 CADRTI. ik Tk k2 DVTA™, h[EiE#H
KRBT BE VITA™ . w8 /R ¥ Tl oK % HIT-
TENA"™, Jt5ipi B JOSIM' it 235 Ff 2
B TISA" ™ Koy % G sx i I6 A g™,

LVC i B AR S, (2R 2 FEH i3
R¥FETEREM. #lw, EE%E “245H20-17
TR, 75% A ST B R AT S R, 25% it
W RITHE 7 1 SE SRR K R g e il £
WEZE “2021 KIUBLEE ~) 7 BEES 17 AN X 2 A1
W, W36 AN BN 50 2 AN K AULRN AL i
BN, SRR T2 A OB I LVC iR 5™ i [ i
ZRR T AT RLVC EII RS, & N164E

RGN AR

Journal of System Simulation

Vol. 35 No. 12
Dec. 2023

KN GGt TN %R RESZFEHLE 2 IRA
GG P Egs, MR E LVC Sl & i)
R

4.4 NGk

MR SERlG MAER, LVCHiH 3 BRI L
oS, SERoiRdE . IR LIAI A T, 33K
PR AL G EA . L A, 3%, 5
PRURAR R FSEIN, 2 SR ZEKR, IR I 2R
REM A Vi NG B B A SR K
(K1, ORI AL, BEORIE T FCSEK,
MIGEIF RGN SR Ch AR, e AT
VR LT, H S R TREE, A BT
AT SRR

5 DT. CPS. Metaverse 5 LVC H]
B 5%

M 20 22 80 AR LVC, 21 44 DT
5 CPS, F32021 41 Metaverse, JUFh R SZabl &
BORBEMAL K e, NEHBKR, MR R SL iR
SEETAN, SR —HED . WL RGIREE
J R SE AR FHE AR 2 TR SR . R 14
ot S it 5 52 AR R 0T B AR 00

R AP A BRI B

Table 1 Comparison of four virtual reality fusion technologies

BARGRE s KRR Tfieh s H A A
Wik TR, ZNH TS, WX RSl AR A g, sk N I
DT 2003 S 52 [ K
T s, mes S BRI
M I SIE M TAESE i, 7 B TEEENR, BLRGTF ,
CPS 2006 4 L ST I T30 Bk
Metaverse 20214 WIMIERZE, W RAWE&R. B, APt R S4B e ERY By At ENAER
OUfE) AR HBEM AT AR, RS IAll Al 2 ]
> "‘;L, = /‘\ﬁi'j ‘\ N =25 0 L“ﬁﬂ?\‘, . 2 N IS
Ve 1083 4F RIBRH, FEFUIAERE. U WHextpizESRRk, A 3% HIﬁV\CEﬁEﬁEﬁW

g5, WIRRUR B

B85 R S BRSO AN

MK e itREE , e KR HIg st
GBERAE RN, OAT B AR R
MEEFB 20114, KEZFEMEH DT KT

S f B, ek T AENL, 2RI
BARIHOA (A 28 BAT Hr i & F 1k, (AR DA% 46 21
Tolk i B, By7 Ui CPS Bk

http: // www.china-simulation.com

* 2506 ¢

https://dc-china-simulation.researchcommons.org/journal/vol35/iss12/1
DOI: 10.16182/j.issn1004731x.joss.22-0793

10



Feng et al.: Development of Several Typical Virtual Reality Fusion Technologie

235 558 12
2023 FF 12 H

DL, RS EAR Tl b ot & A0 0 e Al A 2%,
BB EAR IR R N 7 TR, IR
LIRS0 NI = AN 13 N v B 3 = |
Metaverse 7£:#1 — U5 B R R HES) T 1E 2 WFHL]
ANBEEEILSE, AN B & TTHRER T AL
R, BRET, WOHEZNH TR BRAA.
SEHIEMATIE; LVC 2 4 PR o R i 5t
N, HHTR I AR T T o A S U R ]
G ELBE A, 75 LVC A 2R el
B P HBRFEN, MNEEIES . SPtil g
GBS SR & ST E N

MIDIRERE &, EATSLRHES) TS ME G
MR, BEIHAZE M. SERHE. BE S  E
FRAE™. DT RER T Y FE SR 7E 305 25 IRl i AR A
B, RIS AL SHORE. R &
55 Bt 42 v PR AT SR, PRGBS A P A
KBGO AR CPSERKL 718 B R A
RGWEEER, & T Tl E R,
FEnl 2 e R AL ) S A R S s A R Thae, ar b
AR TUA L R R, A RS SRR N () R0 2
H; Metaverse fift & 1 3 St 5 1) = 4L 53 45F0 K 41
SRR R R, HACGRYEAT AW 5
TRRBILE], AALHEE B AUE # R g kBN, 1
WEF T, ERORH R T AT 40l 2
R BERGE: LVCHTIE T AN 2. HEESE L
TR A AN E AR &R, il KR TR
IR GE BRSBTS 57
MEZET R, IR—IHEMR S, XA T AN
Mg

ME BRSBTS, BN IR 2 8] 5
WA R, BRI LASEIREE, DL S
HOR . DT H 52 BE08 58 B4 #8436 R i) 20
1o, IESRYIB SR 5 R0 S A 2 1AAE B A
W, NP R AR B A U R R AR L KR
0075 T6) 9 5 6 G A S5 A7 M 3L i) b 3SR R
CPS HARZE R W I, H— & B %
HHERGEEEN, T PHEESKTEYH

R, S JUA R ) R SR S BOR R R T

Vol. 35 No. 12
Dec. 2023

18] L 2% LA 545 S8 7 T 19 2 oty 130 22 4 1 ) 7
Metaverse H 5 7 £ 37 N\ etk 23 1) jg 4004 A7 2 1]
NS58 7S ae% 3 HHER, T BFER
AR =ML B ) i E U AL B R

PAR s B SR s J1; LVC HARZL. V. C
FIRCHE BARAE, 30T SEI LA A+
ARt J . BUERHRAL A -+ RE UL A O W )1
TSGR RN S DR R R
WIAE R FEE, DA A it ) R FE 4

6 45t

@Y LR Jib) M S SRS
BEOL, ok T By A EEMBE ARG, T
TR TSI DL~ RE AU - 38 07 RO IR . A R HE
TS HIE DL TR b, 2R T EAIER
JEHERE . Dhfehr . Hin@H I mrk R 5 Xl
SRV, AREBOREEARE R 2RI R, hARE
RA—R, AR ERESMEENFRB. AF
Wty AN BAR AL .

S W :

(1] B T HER bR AT T B, MR BB IR A w).
By 25 A4 N ARz (2020 ) [EB/OL]. (2020-11-16)
[2022-03-19]. https://mp. weixin. qq. com/s/J7sD6kplF8
HHkBahMZzG4g.

(2] EB, WA, BZE, &5 B 2R A R B AR R ).

S FL 582 A, 2021(8): 10-14.
Wang Wei, Liu Yongsheng, Liao Jun, et al. Key
Technology and Architecture of Digital Twin[J].
Designing Techniques of Posts and Telecommunications,
2021(8): 10-14.

[3] Grieves M W. Product Lifecycle Management: The New
Paradigm for Enterprises[J]. International Journal of
Product Development, 2005, 2(1/2): 71-84.

[4] FKIK, 2R, T3 ARAR. BT 20 A4 80y TR )
BNFITAI]. RG34, 2019, 31(3): 369-376.
Zhang Bing, Li Xin, Wan Xinxin. From Digital Twin to
Digital Engineering Modeling and Simulation Entering a
New Era[J]. Journal of System Simulation, 2019, 31(3):
369-376.

[5] Grieves M. Virtually Perfect: Driving Innovative and
Lean Products Through Product Lifecycle Management

http: // www.china-simulation.com

* 2507

Published by Journal of System Simulation, 2023

1



Journal of System Simulation, Vol. 35 [2023], Iss. 12, Art. 1

FISHE 12
2023 £ 12 H

[M]. Cocoa Beach, FL: Space Coast Press, 2011.

[6] Glaessgen E H, Stargel D S. The Digital Twin Paradigm
for Future NASA and U.S. Air Force Vehicles[C]//53rd
AIAA/ASME/ASCE/AHS/ASC  Structures, Structural
Dynamics and Materials Conference. Reston, VA, USA:
ATAA, 2012: ATAA 2012-1818.

[71 EWK, B k. #2248 TI100 AR E (445 308)
[EB/OL]. (2016-05-19) [2022-03-19]. https://mp. weixin.
qq.com/s/98xLVNpEC4i8WM7HakCSpA.

[8] TKFk. RTH G2 M 2% LIS 5 i @iy 5
BRI RGe05H AR, 2020, 32(4): Hi4d1-10.

[91 #wa3, Fdhoe, B . Ber 2 S 5 R ). 184E
BRARGSHA, 2021, 12(5): 38-42.

Yang Shangwen, Zhou Zhongyuan, Lu Lingyun. Concept
and Application of Digital Twin[J]. Command
Information System and Technology, 2021, 12(5): 38-42.

[10] B %, ST, BIR 2, &5 B 22 B AR MEAR R[], THEHL
LRI R4, 2019, 25(10): 2405-2418.

Tao Fei, Ma Xin, Hu Tianliang, et al. Research on Digital
Twin  Standard System[J]. Computer Integrated
Manufacturing Systems, 2019, 25(10): 2405-2418.

(117 ZEI, X5, T3 FRR. B3 284 N e 22 4 I J 473l ).
R AR, 2019, 31(3): 385-392.

Li Xin, Liu Xiu, Wan Xinxin. Overview of Digital Twins
Application and Safe Development[J]. Journal of System
Simulation, 2019, 31(3): 385-392.

[12] " EBSEEA R AR T, R IR A, i
PR IA (S BHEARBAT AR AR, &5, B2 B HoR
M A Bz 45 (2021) [EB/OL]. (2021-12-09) [2022-03-19].
https://mp.weixin.qq.com/s/einok0TSiwnHEgqiQ2o0aZw.

[13] 57, B, Hor 22 B BRI T [CL/2021 4 (5 L)
FE KPS BABORIR IR0 . BF g IR, IR
IR 22, R B KRR AR TR, 2021: 1-4.

[14] i M, 2%, K. Bor B ESoR M S  J5ik v
HIC/5520 J v [ 5 G205 B BOR B LR 2 R 2
(20th CCSSTA 2019)i 3048, A WhE H b4,
[ R4 HoF 4, 2019: 129-133.

[15] I BT, Brr2m A IR . R R TR AS A 3L [T]. R A AN
HEAUHLER, 2018(9): 28-33.

[16] FbKEE, BRI, £, 55 B2 51T R G0 R I

R XTEE KR EN] B33k, 2019, 45(11): 2001-
2031.
Yang Linyao, Chen Siyuan, Wang Xiao, et al. Digital
Twins and Parallel Systems: State of the Art,
Comparisons and Prospect[J]. Acta Automatica Sinica,
2019, 45(11): 2001-2031.

[17] 28, FRURHE, Mk, 55 BOr PR GRS T 5K
JE R[], FRUSAAEIAR, 2022, 6(1): 1-6.

Nie Rongmei, Zhou Xiaoya, Xiao Jin, et al. Analysis and

RGN AR

Journal of System Simulation

Vol. 35 No. 12
Dec. 2023

Perspective on Digital Twin Technology[J]. Astronautical
Systems Engineering Technology, 2022, 6(1): 1-6.

[18] 2.0 3. 48 [ A A 4 B ar " Tk % - 28 A Rk b 222
[EB/OL].  (2020-10-28) [2022-03-19].  http://www.
innovation4.cn/toutiao/108220-1328811954/.

[19] P &, 5KiA, FRVL0E, 55 B 20 4 25 8] —-—Fh R R 42 1R
IBATHE ] TN R E R 4, 2017, 23(1): 1-9.
Tao Fei, Zhang Meng, Cheng Jiangfeng, et al. Digital
Twin Workshop: A New Paradigm for Future Workshop
[J]. Computer Integrated Manufacturing Systems, 2017,
23(1): 1-9.

[20] B %, TRBE, BROPRAE, 4. B a2 R a4y i S B ).

THELHLEE RIS R 4, 2020, 26(1): 1-17.
Tao Fei, Zhang He, Qi Qinglin, et al. Ten Questions
Towards Digital Twin: Analysis and Thinking[J].
Computer Integrated Manufacturing Systems, 2020, 26
(1): 1-17.

[21] P&, TR, VTG, 5. o2 AR 4 s B s mh & 2

W5 BRI 5P G G R S, 2017, 23(8):
1603-1611.
Tao Fei, Cheng Ying, Cheng Jiangfeng, et al. Theories
and Technologies for Cyber-physical Fusion in Digital
Twin Shop-floor[J]. Computer Integrated Manufacturing
Systems, 2017, 23(8): 1603-1611.

[22] P, SR, BROCHEK, 4. B 2R AR b B N D).
TR ML RIS R4, 2021, 27(1): 1-15.

Tao Fei, Zhang He, Qi Qinglin, et al. Theory of Digital
Twin Modeling and Its Application[J]. Computer
Integrated Manufacturing Systems, 2021, 27(1): 1-15.

[23] B, RURFER, TRl 5. BT ar A YRR T R At

2], TR NS i &R 4, 2019, 25(1): 1-18.
Tao Fei, Liu Weiran, Zhang Meng, et al. Five-dimension
Digital Twin Model and Its Ten Applications[J].
Computer Integrated Manufacturing Systems, 2019, 25
(1): 1-18.

[24] MK, RIEFER, X He, & B2 KR RTHR R ).
THELHLEE RIS R4, 2018, 24(1): 1-18.

Tao Fei, Liu Weiran, Liu Jianhua, et al. Digital Twin and
Its Potential Application Exploration[J]. Computer
Integrated Manufacturing Systems, 2018, 24(1): 1-18.

[25] IR, B K. B 2R AR R PPN 4R AR A R[], THEAL
LRI RS, 2021, 27(8): 2171-2186.

Zhang Chenyuan, Tao Fei. Evaluation Index System for
Digital Twin  Model[J].  Computer Integrated
Manufacturing Systems, 2021, 27(8): 2171-2186.

[26] Tao Fei, Qi Qinglin, Wang Lihui, et al. Digital Twins and
Cyber-physical Systems Toward Smart Manufacturing
and Industry 4.0: Correlation and Comparison[J].
Engineering, 2019, 5(4): 653-661.

http: // www.china-simulation.com

* 2508 ¢

https://dc-china-simulation.researchcommons.org/journal/vol35/iss12/1
DOI: 10.16182/j.issn1004731x.joss.22-0793

12



Feng et al.: Development of Several Typical Virtual Reality Fusion Technologie

235 558 12
2023 FF 12 H

R, S JUA R ) R SR S BOR R R T

Vol. 35 No. 12
Dec. 2023

[27] PR, 2R 8050, B TR 2R A 1 8 BT It 7S ).
VU NAT B B 241, 2021(5): 18-26.

Tong Linjie, Niu Chaowen. Research on the Construction
of Smart Cities Based on Digital Twin[J]. Journal of
Sichuan Administration Institute, 2021(5): 18-26.

[28] Mohammadi N, Taylor J E. Smart City Digital Twins[C]//
2017 1IEEE Symposium Series on Computational
Intelligence (SSCI). Piscataway, NJ, USA: IEEE, 2017:
1-5.

[29] ZERIT, SRR T, Rl B2 SO LR S 4
RITHE[T]. 3% 2 i, 2022(6): 51-53.

[30] BT9R, H 0. e 22 A gl I RE A i 4 e S B
[RHT BBR[T]. F T IELSS, 2021(8): 67-79.

Bl THEEMERGRERIZ. GEDEAFAKD
(2017)[EB/OL]. (2017-03-01) [2022-03-20]. http://www.
cesi.cn/uploads/soft/170302/1-1F3020PJ4.zip.

[32] BAMSHE. $v TR REFE"— Sl s 7 H e SGR
) Ky 28 4 BUOR[EB/OLY. (2021-01-26)[2022-03-20].
http://mp.ofweek.com/aerospace/al56714250107.

[33] HAAL. % F CPS 5 Digital Twin ft] J# I 5 %} EL [EB/OL].
(2017-12-26) [2022-03-20]. http://www. innovation4. cn/
toutiao/125717-2026580654.

[34] I T HOARARAEAL BT FE B 15 S B R Gi(CPS) LR
82 IR IM]. b5t HF TTolk i pAE, 2019,

[35] Liu Yang, Peng Yu, Wang Bailing, et al. Review on
Cyber-physical Systems[J]. IEEE/CAA Journal of
Automatica Sinica, 2017, 4(1): 27-40.

[36] Lee E A. Computing Foundations and Practice for Cyber-
physical Systems: A Preliminary Report[EB/OL].
(2007-05-21) [2022-03-20]. https://www?2. eecs. berkeley.
edu/Pubs/TechRpts/2007/EECS-2007-72.pdf.

[B7]1 1k, W H, 28, & FE-MERS /G AT 08
o] 2R IR [J]. T R ALE 5T 5 K R, 2012, 49(6): 1149-
1161.

Li Renfa, Xie Yong, Li Rui, et al. Survey of Cyber-
physical Systems[J]. Journal of Computer Research and
Development, 2012, 49(6): 1149-1161.

[38] i, XL, X245, 55 A5 B RGHARIVIR 7B

5Bk 0] By 515 B 5K, 2021, 43(12): 3393-
3406.
Yang Ting, Liu Yachuang, Liu Yuzhe, et al. Review on
Cyber-physical System: Technology Analysis and Trends
[J]. Journal of Electronics & Information Technology,
2021, 43(12): 3393-3406.

[39] MMz ERE R, i ERE RS FR
YH R4 RiE: GB/T 40021-2021[S]. b 5i: H Elr#E
th L, 2021.

State  Administration ~ for ~ Market = Regulation,

Standardization Administration. Cyber-physical Systems-

terminology: GB/T 40021-2021[S]. Beijing: Standards
Press of China, 2021.

[40] H [ BT EOARbRAEALHE SR, T EE B R G KR
Wiz, 5 S RS ¥ 45 5 (2020)[M]. (2020-08-28)
[2022-03-20].  http://www.  cesi. cn/images/editor/
20200828/20200828110931649.pdf.

[41] SHBL. & 9 CPS B 7% B 25 3% [§ A £ i 2 [EB/OL].
(2017-10-08) [2022-03-20]. http://www. innovation4. cn/
toutiao/107617-1908162047.

[42] M40, 12 RAG, TRIRER, 5. B RehG S BB R R 24

W] 15 B2 & 9E, 2017, 3(8): 727-735.
Xiao Hong, Cheng Lianglun, Zhang Rongyue, et al.
Research on Intelligent Manufacturing Information
System Security[J]. Journal of Information Security
Research, 2017, 3(8): 727-735.

[43] XURREE, FHEE)I, XUBEBE. TAVCPSHA . BEH K B F 5
S TE[]. HPOIEIRECR, 2016, 22(5): 17-20.

Liu Difei, Tian Hongchuan, Liu Hehe. Technologies,
Architecture and Application Strategies of Industrial
CPS[J]. ZTE Technology Journal, 2016, 22(5): 17-20.

[44] X75, EWE, EE K, 55 ERE B RGHMN K

GRS E PEWE FE ()] R 3% 5 42 24, 2016, 2(4):
309-314.
Deng Su, Wang Rong, Wang Zhifei, et al. Architecture of
Military Cyber Physical System and Stability Analysis of
Dyanmic Resource Scheduling[J]. Journal of Command
and Control, 2016, 2(4): 309-314.

[45] LW, Sx i, ERel. F (5 B EREYIRCY/

B TRE RO e R v i 1 3m - B — AN LR e 5
AU (¥ AR ) IR 20 194F o B4 LK £ 18 4R
2019.
Dong Zhiming, Feng Qiqi, Wang Xiaolu. On the Military
Cyber Physics System[C]//International High-end Forum
on Engineering Science and Technology Development
Strategy-model Technology and Simulation Technology
and 2019 China Simulation Conference. 2019.

[46] 5KIH. H T % H 28 A4 B R G0 e IR H R BF 7 IR
R B B S5 AS, 2013, 32(8): 6-10, 17.
Zhang Bo. Research Status and Development of Micro
Power Sources Technologies for Military Cyber Physical
Systems[J]. Transducer and Microsystem Technologies,
2013, 32(8): 6-10, 17.

[47] &%, AR, RIEE, 5. T m) i FERS A 4T 7 R 55 015 2
PIBL R G [C/2014 58 — Jii o [H 48 45 #2 1) K 2 18 S04
(b). Abmt: v E IR 5222 &, 2014: 533-536.

(48] NI, K&, FIKL. SEIE B Z it il a3 4 2 i i
SEM)]. 25 TR AR, 2015, 15(1): 41-43.

Wang Gang, Zhang Han, Meng Qingwei. Influence of
Cyber Physical System on Weapon Equipment

http: // www.china-simulation.com

* 2509

Published by Journal of System Simulation, 2023

13



Journal of System Simulation, Vol. 35 [2023], Iss. 12, Art. 1

FISHE 12
2023 £ 12 H

Construction[J]. Journal of Air Force Engineering
University, 2015, 15(1): 41-43.

[49] Eizik, FKE, ERERE, & T a R, KERH

BRG] PEEZHEHEAR, 2022, 362): 121-
129, 133.
Wang Yunwu, Wang Yongzhong, Wang Tengteng, et al.
The Origin, Development and Educational Implication of
the Metaverse[J]. China Medical Education Technology,
2022, 36(2): 121-129, 133.

[50] E#eJE, ZF PR, 2R, J0T i A AL S 22 4 A
WETELT]. 2% 5515 B 22 4244, 2022, 8(2): 132-138.
Wang Hailong, Li Yangchun, Li Yuxiao. Research on
Evolution and Security Risk of Metaverse[J]. Chinese
Journal of Network and Information Security, 2022, 8(2):
132-138.

[51] TR, HHELL, AR RN, Jo T8 B A ER I R R[]
HH FE, 2022(1): 76-84.

Zhang Hongzhong, Dou Weihong, Ren Wujiong.
Metaverse: Scene Imagery of Embodied Communication[J].
Journalism and Mass Communication, 2022(1): 76-84.

[52] Zhang Liangjie. MRA: Metaverse Reference Architecture
[C]/Internet of Things-ICIOT 2021. Cham: Springer
International Publishing, 2022: 102-120.

[53] . JGFH . F— 4% H Bk M [EB/OL]. (2021-10-26)
[2022-04-22]. http://vr. sina. cn/news/2021-10-26/detail-
iktzscyy1828383.d.html.

[54] 77 B, LA R RN SC AR ST - 76 T 1 ) 8 it

FLI]. PRk B, 2022(1): 5-19.
Fang Lingzhi, Shen Huangnan. Conceptualizing
Metaverse: A Perspective From Technology and
Civilization[J]. Review of Industrial Economics, 2022
(1): 5-19.

[55] # PHRE. IG5 8 10 24 N 5 K SR [EB/OLY]. (2022-04-20)
[2022-04-22].  https://mp. weixin. qq. com/s/W159-
xDvW2Qx73LIEP5S5Q.

[56] 75 %. JUF M BRI K RBUIR L2 R K g 2 [EB/OL).
(2022-03-28) [2022-04-22]. https://mp. weixin. qq. com/s/
14X09Z10ga9HjNbjdc5eNw.

[57] % & K % . o6 5 1 R B WF 50 i i 2021[EB/OL].
(2021-10-31) [2022-04-22]. https://mp. weixin. qq. com/s/
01JAqrD1AAO0q5jLaWnTd9w.

[58] th4a. BRAT A A 2" T "2[J]. 4B AR B, 2021(9):
78-79.

[59] Stokel-Walker C. Facebook is Now Meta-but Why, and
What Even is the Metaverse? [J]. New Scientist, 2021,
252(3359): 12.

[60] [ 5 Zh . 547 Bk 2l fF WK ok 22 55 on Tl =R E
[EB/OL]. (2022-02-15) [2022-04-22]. https://www. sohu.
com/a/522944953 250147.

RGN AR

Journal of System Simulation

Vol. 35 No. 12
Dec. 2023

[61] frTmee, £ 3. SE %" Sl - RE -3 "0 AR K e
Je SRR FE[T]. s Feds, 2021, 28(6): 14-18.

He Xiaoxiao, Wang Binghan. Research on Development
and Application of LVC Simulation Technology in US[J].
Aero Weaponry, 2021, 28(6): 14-18.

[62] A%, KA, X5, . RELVCEE BRI Ko 3 7))
FE IR K] MEZE RS, 2020(8): 45-48.

[63] Tk, TR IR, BIEIE. T [ LVC I 2RI 2 5 48 LI
REFR[T). RGN E2AR, 2013, 25(11): 2515-2521.
Zhang Yu, Zhang Mingzhi, Hu Xiaofeng. On Multi-
system Integration Technology Oriented to LVC Training
[J]. Journal of System Simulation, 2013, 25(11): 2515-
2521.

[64] I F 7, 28 bR, S5 K%, HHLVCH BRI K et
FI). Pl TRE, 2020, 39(27): 176-179.

Feng Qiqi, Cai Zhuohan, Xian Darong. Development of
Military LVC  Simulation Technology[J]. Value
Engineering, 2020, 39(27): 176-179.

[65] M3, iR, SR T MILVCEL & LB R & 2], 5
R #5405 5, 2020, 42(5): 135-140.

Bai Shuang, Hong Jun. Development of U.S. LVC Joint
Training  Technology[J]. Command Control &
Simulation, 2020, 42(5): 135-140.

[66] BT, SR, IRE R, & LG RINA R4S

FIRFFL[I]. LR LT XL, 2016, 32(2): 18-21.
Huang Yueping, Cai Xuhong, Xu Jianjun, et al. Research
on the Architecture of Multi Range Joint Operation Test
and Training[J]. Aerospace Electronic Warfare, 2016, 32
(2): 18-21.

[67] VF 5. s 2 & 2R A 17 ORI IR B SR B BOR BT 9T [D).

Kb [E PR AR R, 2013,
Xu Xiao. Research on Key Technologies of Synthetic
Simulation Test Environment for Weapon System of
Systems[D]. Changsha: National University of Defense
Technology, 2013.

[68] KOG, 43 ke fUh 150 R Guis AT S 1k R 45 HHF 75 [D].
782 Padb Tl K2, 2007.

[69] 452, BIEE, AXHh, 45, IR IR FoAR K e JB AT T ).

THEHLIIN R 5 72, 2009, 17(3): 437-439.
Zhao Wen, Liao Xin, Dai Kun, et al. Development
Research on Virtual Test and Evaluation Technology[J].
Computer Measurement & Control, 2009, 17(3):
437-439.

[70] EBRMG. w56 I Zhfd 2R 4544 b RF T K [D]. Wa 7R3 iy

IRIE T KRR, 2012.
Wang Xianpeng. Development of Test and Training
Architecture Middleware[D]. Harbin: Harbin Institute of
Technology, 2012.

[71] &4k r, WIFLEL, W50, SCRELVC B A 1 4 A1 =BG

http: // www.china-simulation.com

* 2510 ¢

https://dc-china-simulation.researchcommons.org/journal/vol35/iss12/1
DOI: 10.16182/j.issn1004731x.joss.22-0793

14



Feng et al.: Development of Several Typical Virtual Reality Fusion Technologie

235 558 12
2023 FF 12 H

R, S JUA R ) R SR S BOR R R T

Vol. 35 No. 12
Dec. 2023

FUTRBARBII]. REu R, 2015, 27(1): 93-97.
Cai Jihong, Qing Duzheng, Xie Baodi. Research of Joint
Simulation Platform Supporting Interoperability of LVC[J].
Journal of System Simulation, 2015, 27(1): 93-97.

[72] S50, # B RN GR— A B3P & B
FUI). THEMLTE, 2020, 37(9): 1-5.
Guo Qisheng, Dong Zhiming. Research on Design of
Test and Training Integrated Simulation Supporting
Platform[J]. Computer Simulation, 2020, 37(9): 1-5.

[73] B0, S50 HE. WIS — A0 E S BORBT FE ).
ML E, 2021, 38(2): 1-3, 23.
Dong Zhiming, Guo Qisheng. Research on Support
Technology of Test and Training Integrated Simulation[J].
Computer Simulation, 2021, 38(2): 1-3, 23.

[74] WAL . LVCER & 536 14 & 45 0 [ - B 5 R B 7T D).
Kb HPRFARAR K, 2016.
Tu Yibin. Research on LVC Joint Test Architecture and

Key Technology[D]. Changsha: National University of
Defense Technology, 2016.

[75] et R R SRR GO, “L40E20- 17 350
W 3 % 2% 1 /7 [EB/OL]. (2020-04-24) [2022-05-01].
https://mp.weixin.qq.com/s/rrwBgXwwZeEJL-yBiVpXOg.

[76] REL . 56 [FH 25 5 2« KRR 2120217 P10 58T A
i M 2% [EB/OLY]. (2021-08-17)[2022-05-01]. https://mp.
weixin.qq.com/s/5aednrwgPtaGflffXVzaFg.

[77] XU %, <IN GRATHE ) < SE AR 36 e A8~ K J3-2015
LLPE B 227 2 e A [X b A Siz e S s = e [J].
IARZE T, 2015(8): 24-31.

[78] 2= 5t e, BT, R SLRl A 5 —AUE B HOR[CY/E -t
Jii s E CAE TR AT HoR 210 A, g 1 v [ )
FRPENE TARR &, R AT G SR
2z, o EIERLIN L b2 2R ] B b R 2, BV
48 [ B RS Tk A5 EAE 2, 2021: 38-43.

http: // www.china-simulation.com

* 2511 »

Published by Journal of System Simulation, 2023

15



	Development of Several Typical Virtual Reality Fusion Technologies
	Development of Several Typical Virtual Reality Fusion Technologies
	Abstract
	Keywords
	Authors
	Recommended Citation

	/var/tmp/StampPDF/8b6zRFBoYA/tmp.1706164563.pdf.j5KYx

