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Design and Application of Remote Operation
and Maintenance Auxiliary Twin System of
Rail Transit Equipment

JIANG Liangkui, YANG Zhaoxia, LIN Lan, HAN
Yong

Abstract With the rapid development of rail transit technolo-
gy, higher requirements are put forward for the operation and
maintenance mode and efficiency of rail transit equipment. Rail
transit equipment shall be combined with the characteristics of
'industry 4. 0" and 'intelligent manufacturing’, and its operation
and maintenance management shall be upgraded by using AR
(augmented reality) three-dimensional registration, virtual re-
ality fusion display, human-computer interaction and other
technologies. Based on the hybrid architecture of Uinty3D and
Android, a remote operation and maintenance auxiliary twin
system of rail transit equipment is developed. The system can

support the intelligentization, mobility and informatization of e-

quipment operation and maintenance of remote users such as
smart glasses and mobile phones. Users can share perspectives
through remote video calls, interacting with virtual models in
real time, so as to improve maintenance efficiency of the e-
quipment. The system has developed virtual teaching and train-
ing function, which supports multiple operations of the virtual
model, saving training cost and reducing mis-operation.

Key words rail transit; equipment intelligent operation and

maintenance; augmented reality ; man-machine interaction; re-
mote operation and maintenance auxiliary twin system
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Fig.1 Framework diagram of remote operation and mainte-

nance auxiliary twin system of rail transit equipment
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Fig.2 Client end framework of remote operation and
maintenance auxiliary twin system of rail transit

equipment
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Fig.4 Screenshot of sending video call interface

3.2 FEIER
3.2.1 ELRFIHS

P PESE SR i “ study ™ (52 ) 4% 41, B
KR MR, KRG TIRER, $x %
B R S T & . RGEER IR
PUN I =UR ) Vuforia 5566 £ B 5 N B9 FRRAE A,
Jt5 Vufoira 5% = 174t i W B9 808 247 % T, DG
T Dy S DUDRS v 22 in ) E 8] R SOLBE AR, o Ay
PHE”  nE I Bl UL A G 3 5 T8 0 1 5
AAG B, WA S FroR, I BT 48 a5 A0 B R 5 A2
R,

[ || e | emece |

$ 4 ; Exam F#145 ; About 5T ; Logout
B 5 e UL U208 i A

Fig.5 Screenshot of Ul text introduction interface of the

11 : Data eI

device

e 6 Prs, side “Yep iR " Jm, RGO LI
el 0977 2R s BRI S WAL A AR R ZE B 4R AR
oy da Sl U RAWE

- 209 -



[sueee | [smenee | [ s | [semsen ]

F16  BLar4EME ) lim S i A
Fig.6 Screenshot of equipment maintenance learning

animation interface

3.2.2 EL&RFEA

TER I ] 8 s XN, S Exam” 4% 44, 7]
NESCHE 2 it AL Ak BBOAS () 7 =5 8, DL U T AR 7Y
Fralm AP R B A B R P T
PAERE FFUGVERS” gl N —R Yl 5 |, an &l
TR s FHRVERS B, s H DL U 5 X
Y L PR R, #5887, REe
BEATL A EORT & H AL P

BT B8 P 25 A A
Fig.7 Screenshot of the examination interface of ordinary

users

A AR5 SRR, S Exam” $04HL, RGE
BBk BB 5 & WA BT, S R A R v L
B AR B 0S5 | 4 FR OHERE S5 I A6 H
HEATHEI IR B AR AR
3.3 IERIESEHR
3.3.1 BRRREFAR

R P AUy i R A AR 1 S, 2R G Bk 2
FHP e 8 0T, S0 i 75 A 4l P A 6050 it
5 ULTAR Ay 48" sl s de 57 . Horpr:
MG A v >k ] Vuforia 0F A 47 1988458k, T4
MR A I 1 5 2 G R S i s e AR AR e DU
Ja R B A B RS Sk o A U I TR R, R AR A
052 BRI Y S T Y 2 R R GEERIA Y o B

- 210 -

M2 560 14F x1 040 4%,
3.3.2 BEAAFITAEES

WEFEAR Sl T el UL
T LSO AR R AR T S, A AR A BT R Y R
F o EAL RS HEA NG EARIC (UNZ 5% ik 55 R4l
TR B AL, AT TS AR T B T AR AR T
H, 45 B A6 vy 2 0] JE 7 A6 sl i, O 32 (4 18
ToRTE T B 418 i 1) 38 A6 5% AT 75 it 2 A U
BB AFTIE A T H, a0 8 Pis

AR

HHTHR
T A

YL
5| L2

K8 I =4EbriciE B g dh AL
Fig.8 Adding three-dimensional marks to indicate the

maintenance parts of the equipment

3.3.3 mAREAES

AR S i 1 I T A S e A o TR R A
B, RGUR G PR 7 i o B i 4E B R 3R VR 45 T 30
] RS BT A LR e s . 4R
S AT A U 38 A P P TR R 4 A
(L7 ARABAMRAEE o F Al P> T8 fil il i
FOURETEY , 28 G o A W 418 k5% S50 f 5 s B
BB TR AN BERE SRR, N 9 R

K9 BRI Y8 v fi 52 L

Fig.9 Touch screen interaction on field maintenance end

4 £5iE

ARSI A LI S8 B A I A i Ak B AR B

RIERGE,5IA T AR VR £OR, 3T Netty i 55 4%



WAF BRI EE TR G I R A AR IE & 45 5 4%
A RHEREL . A B r T Bt i 1 Bl 52 ik

B IR FRCE M BT . ZRGN EEA
WZAET T AR B RESS H AR T DL 44

0 1) R S 191 F) BT S T o 0 4R G T A
W6, SCRFEOR A B AT I B2 12 W MR AR 4 2
AR HIREAE ROA R N 4R T 5 i 57 A UT 5 T A )
PR TR i ) = A4 T g, AR E 45 i ok
T HESEEE A IR, (B AR B 5 AR 5L
TR ESUEL T INER U8

BB A I RE R F RERARCEE
BT HBEE AT RE, Rt E , (AR A7
TELLR [ B 20— 20 ke - (D5 T YRR 1938
BRI ROR MG JEE 52 ' 56 1 52 Wi 5K i
WFFEARRAEAN DG IR 26 4F T 3B BR ik R 2 15 @
¢ HR A BT AR, I RE D L 520 4 (]
B R 4eiE 5, 8 T — P R G kb
A58 2 224> T 37 5, S8 B H A 33 o 1 2 BE

27 ST

(L] WP XBE X T, . Wk A b i s 4 SO R B i
TESBLT]. BREEEORAIHT, 2014(3) :32.
CHANG Gongping, LIU Jieyong, LIU Weibo, et al. Design and
implementation of high-speed railway station equipment operation
and maintenance support system[ J]. Railway Technology Innova-
tion, 2014(3) :32.

(2] EIF AREAME R 500w Sin A ARl B &5 K R% 3
BAHOR[T]. PalimfR(E", 2016(3) .32
WANG Lingling, QI Min, SUN Qiliang. Standardized operation

D 0

(L4258 205 11)
XIE Xiongyao, LI Jun, WANG Qiang. Automatic monitoring
and mobile data publishing system of ground settlement induced
by shield tunneling [ J]. Rock and Soil Mechanics, 2016
(S2):788.

(2] A JEMME T B R R R SR HLT]. 1
TH5R%E,2016(2) :19.
LIU Jie. Development and application of remote real-time inter-
active data software of shield construction[ J]. Underground En-
gineering and Tunnels, 2016(2) :19.

(3] skRR, DA A= i fy 6 i i i A ME I mF o 5 e B [T ]
TP 5 34,2018 (9) :126.
ZHANG Weimin, MA Jie. Research and implementation of the
real-time data remote monitoring for manufacturing facilities[ J].
Computer Applications and Software, 2018(9) :126.

[4] RITfE. 5T OpenTSDB WYREMAE B RGIAT MBS D].
FoIN 2R Ak R, 2019.

SONG lJiangjian. Research on parallel architecture of energy

(3]

[4]

[5]

[6]

(7]

(8]

[5]

(6]

(7]

management platform and mobile access technology of Beijing-
Shanghai High-speed Railway[J]. Railway Signalling & Commu-
nication, 2016(3) :32.

KOUR R, KARIM R, PARIDA A, et al. Applications of radio
frequency identification ( RFID ) technology with eMaintenance
cloud for railway system[J]. International Journal of System As-
surance Engineering & Management, 2014, 5(1) :99.

LWL ATEEF AR, 5. PUB s AT R R S LR 5
BFEL)]. B, 2017(4) 577,

WANG Weiming, HE Yaxuan, REN Bin, et al. Research of rail-
way vehicles working augmented reality simulating system [ J ].
Journal of Graphics, 2017(4) :577.

B R. R sl om S B = e BRI D ] TN T
AT RENLH TR, 2016.

FANG Shunmu. 3D interaction for mobile augmented reality as-
sembly[ D]. Guangzhou:; School of Electromechanical Engineer-
ing, Guangdong University of Technology, 2016.

PR, kY, T, SR ROV AR A B ——Fh Rk A llis
i) ]. YL RHIE RS, 2017(1) . 1.

TAO Fei, ZHANG Meng, CHENG Jiangfeng, et al. Digital twin
workshop: a new paradigm for future workshop[J]. Computer In-
tegrated Manufacturing Systems, 2017(1) . 1.

SR, AR TR R 0L S = Ak O L s AL T I AR 5
[J]. MRS ER, 2015(24) :174.

ZHANG Wei, RONG Jia. Research on optimization method of 3D
simulation scene of high-speed railway virtual reality[ J]. Comput-
er Knowledge and Technology, 2015(24) :174.

SEME, W24, T Netty HE SR 0% o 18 THUIR &5 R g i it
[J]. JRZE@fEHoR, 2016(1) :46.

GONG Peng, ZENG Xingbin. Design of the data communication
service system based on Netty framework[ J]. Wireless Communi-

cation Technology, 2016 (1) :46.
(ks H 19.2020 - 05 -07)

management system based on OpenTSDB [ D ]. Guangzhou:
Guangdong University of Technology, 2019.
S kb DR, AL 224, T OPC UA H AR i 52 it #3im 7 55
BB SR LT]. ELS L2017 (22) 25,
CHAI Chuchu, HAN Qingmin, DU Junzhao. Research and ap-
plication of real-time data service based on OPC UA technology
[J]. Microcomputer & Its Applications, 2017(22) 5.
Rz, BRI, RAAE, 5. BT OPC UA # AR Labview 4
PLCIEfE[J]. THEHLRGN,2017(2) :231.
QIU Yun, JI Zhenshan, ZHANG Zuchao, et al. Communication
between Labview and PLC based on OPC UA [J]. Computer
Systems & Applications, 2017(2) :231.
LRy, —FhIET OpenTSDB fyifg o S BE A7 R 45 [ D].
JoIN AR LT R4, 2016.
SHAN Ruogqi. A massive real-time data storage system based on
OpenTSDB [ D]. Guangzhou: South China University of Tech-
nology, 2016.

(Wi H 1#9:2020 - 05 -05)

- 211 -



