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Abstract

With the continuous expansion of railway transportation, operation safety in complex scenarios such
as railway stations, tunnels, mountainous areas and shunting operations has become increasingly
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important. Affected by satellite signal obstruction, multipath reflection and insufficient positioning
continuity, single BeiDou positioning is difficult to meet the requirements of worker protection, ve-
hicle positioning, trajectory tracing and risk warning. To summarize the application progress of
BeiDou/Inertial Navigation System (INS) integration in railway operation safety, this paper reviews
related studies and typical scenarios from the aspects of BeiDou high-precision positioning, inertial
navigation, integrated navigation, railway track constraints and map matching, fusion algorithm
performance comparison, electronic fencing and traffic safety warning. The results show that Bei-
Dou/INS integration can combine the absolute positioning capability of BeiDou with the short-term
reckoning capability of inertial navigation. When satellite signals are blocked, RTK status degrades
or short-term signal loss occurs, the integrated system can provide trajectory compensation and im-
prove the reliability of position perception in complex railway environments. This technology can be
applied to worker positioning, shunting vehicle positioning, worker-vehicle distance warning, line
inspection, and weak-signal positioning in tunnels and mountainous areas. In the future, further re-
search should focus on multi-source integrated positioning, scenario-based warning, lightweight ter-
minals and coordination with digital railway platforms, so as to provide support for railway opera-
tion safety protection and traffic safety management.
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Figure 1. Overall architecture of BeiDou/INS integrated railway operation safety system
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Table 1. Comparison of BeiDou p0s1t10n1ng inertial navigation and BeiDou/INS integration
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Table 2. Comparison of railway map matching methods
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Table 3. Comparison of GNSS/INS fusion algorithms in railway scenarios
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Figure 2. Typical application scenarios of BeiDou/INS integrated tech-
nology in railway operation safety
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ARA, b/ 15 T R B BORAE R B A M 22 4 i B S P AN B R 5 B A RS BE SR THJZ 0T, T E T 1) AN [+
VEML I ST R ZE R EIRTT B o X T IT IR R I8AG A — el b7 s o, WIS R AL @ b S ha L ARt &
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HPhE 5

T, VAR i AN Z R . W T ol . MrR R T7 . BEIE DML X 2R S5 B 205, T
S REG . ZUMERAE B MBUEH EIZ R, 5w 8 Ar i Sk MRS 7 T FE 1k

2R R AR ONTRTT R BE MAE A T 1A BEE AL F AR GG B AT b A S AN e
T, R RN 23 AR 55 Ll A2 38 32 A A A S e i T AR R VR, DBk 22 BT A s e SR
HESCE23]. BRI TSN, RgTEtDRE A B E AL AR A A e A
FR. M T AR S, B BRI ST F TR A R R o TR RE A R, B
LT SR B EARIEAT 7 R T QR AR, Db e LA X KU AR S [24] -

Dy RS 2 A TUE R BN RGN B i o BRERAR 2 4 RGEAN A S e A 45 2R, T RE4S & N 5
BB ZEWPRAS . AT RIAD R RN REAT S5 5 I o 2R b B 5 007 N R BE M i a3y,
LA % OO I T R I e B AN S H A BT, BETE (L X 37 WU B s O 59 45 T 4 R SIS
M A L R

L e L m R HE B D) 2% A FLSEI AL . BRER VRNV I W REAFAE IS AR E . Jm 6 Wi B IE R A
Ul LAETEANG S EWBUTAE T 6 5E M. Tk, ARk 53 255 A 2R 40 15 a6 B EL 4% 5 AR ST P24
s T ER AT AR E AN EARGZAFBE T, AE 2% 57 8 I 75 BE 58 B AR XU S R

S5 FHRET SRS R IR T CE Z 2 B BT (BT RRER D) WA R B A
Pl Bt AR AR, A B e L A TV R G B O BT R N AL AR 2 (2570 BeAh, Bk
8 (L5 T RGUE BOL T AT S BREAT W B B AN 22 2 B EOR, SEBLBOR S b 5 TR ] SiZiit
PEEIGE—([26]. AbLH/AR SR G E A B T SR i T ARML TR REE RS, N VE B R G
BHET 4SS, IR RETTALA  XUESOIRAS SERH AU AT 22 48 BEUE AL o JR BT TEIE N SRVE A [A] R 48
Z IR BRI B E AL 0B R e, R 5 s R AR S AR 55 Tk AR e e B

5. &g

AT GEAC /1 T Rl S RORAE R L 22 e BN EAT T ERiE, BB 7B h ks EEE AL . MEMS
R SN & SR E TR R AR, L TR A ek WAMEL . LA, BEIEA L X 553 5
AT T N HIOE . ARSI, SR/ S R RS AR RS T . RTROIRARIB AL B I A 4
USSR 5 R AR BR B A 5T N A B R SV AR S 1k

VNN B s P s % NIV (S| NI AR NN SR = S E S UTE NI S = VAN SRR TR )
EC SR AN E S IR AR Bt S . S —dbbE AL, Jbs AR SR E T E S uip s . .
MR 5 RS AL X AR B 55 i 26 A AN E IO 5, TIAETT R R B AT — Az 5, AT AR A
5 RN 2B AR L PR TR AL A R 7 2%

J BERIE U BN S R A SR BR PRGN (58 MLV S R A UE RUWIE AT, IR0 28 s 545
R ARMLTHRIAIER RS B & 2 (B R Al Sl Bt — DR T RS SR AN AR E R A0, bR
R B BAERREE DA ENL 22 A B SRR PN XU T v A 4 B AR E HA T B

eI
I 176 4 R 2 A BT U v o) TR SR U TR 1 R B 3 AR ol 1) I S v B2 o T R 22 4 0 i
7 (WHSS: 202612715006).
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