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Abstract: To meet the positioning requirements of cross-system rail transit operation under the
integration of national railway, intercity, suburban, and urban rail networks (four rail transit
networks), this study investigated a trackside feature object detection method for LiDAR -enhanced
train autonomous positioning. For complex railway scenarios with limited satellite signals, a dual-

module architecture comprising a passive feature library and an onboard positioning module was
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constructed to reduce reliance on active trackside equipment. To overcome the difficulties in detecting
railway trackside feature objects, the improved BiFPN-YOLO algorithm was proposed to enhance
multiscale feature fusion and adaptive weight allocation, thereby improving detection accuracy and
robustness. The detection results were embedded into the closed loop of positioning computation to
realize the integration and application of perception, detection, and positioning computation.
Experimental results show that, compared with YOLOv11, the proposed algorithm improves the
recall and precision of trackside feature object detection by 1.15% and 3.91%, respectively, and
achieves a mean average precision of 94.65%. The multisource autonomous train positioning scheme
based on the proposed algorithm achieves a mean positioning error of only 1.06 m across different
scenarios. It effectively addresses satellite positioning difficulties in weak-signal and signal-free
scenarios, improves the interference resistance and positioning continuity of the train autonomous

positioning system, and provides reliable technical support for LIDAR-enhanced train autonomous

positioning under the integration of four rail transit networks.
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Fig.  Working principle of planar array LiDAR sensor
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Fig.2  Architecture of LiDAR-enhanced multisource autonomous train positioning scheme
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Fig.5 Schematic of trackside features

ZREVE A R, nTAROH TRy
IR B A = R h A U RE S5 3 V. RE T -

SR A HE AL Windows 11 #ERSE, 0
AbFREE K Intel (R) Core (TM) i9-14900HX , Fit532 G
AT NAES GeForce RTX 4080 16 GBJfi~7 ik .
It R St 3T PyCharm ~f BN, FEIES N
Python 3.9, TREE2% 2] Y255 HEFRAKFE PyTorch HESE
SEEL, WeEE CUDA 12.0 I s . BRIl ZRpy
B, BAHERIINZR A R ETE 11.2~12.8 GB, GPU
SERJIIFEL) 145 W, CPU Y1282 58%; 57U i
HIRT B, i USRI A 5 24 3.6~4.2 GB, GPU
INFEL) 65~78 W, CPU 112824 22%~28% .,

M ESUE BiFPN-Y OLO F YL 52 R A 4 (1 45 00
MeRE, LA EPHPE(True Positive, TP). & BHE (False
Positive, FP). {EBEH:(False Negative, FN) R HELaH T
BFehr, PEHCERS I {H(mean Average Precision,
mAP)VE A A RIAS I A BE A% O P E TR AR, A5 H8 R
BRI .

1 [5] 5 FRAEAL R X LA v I 1) 5 Ar ng 300 fig
J1, HEEYES EREYE . R A A, Rk
AL I ) 4 bE . an=Xe)Win .

TP
Recall = m (6)

RS AR RAEBIRUG I S5 R b FCHVER S T,
FCPHME S FCRHE . R PP EZ AT LU(E, S S A
Mg ERa T, an=l7)FrR .

TP
TP + FP )

S EAAR JEE FH T A R R A B — 2B A A
e, HBCFE SO LA ISR . RS R R P
221l P-R LS AR BRAH B A TR, @) .

AP = [ P(RYIR (8)
mAP@50 38 I H B AE L 0.5 B A5 78U X T A5

Precision =

—8—

NS ) 1SRG A, S WRASE 1Y A i UL D g ™
M EE T ARG INRE ST, HA TS ans )R

mAP@s0 = - > AP,@50 9)
n =

e n RGN A S RE SR B AP,@50
RS i SR AESE T LU B R 0.5 B (A 2R B

mAP@50-95 FAE A2 I b [ {H M\ 0.50 % 0.95 LA
0.05 F A 10 BREE T, BRI IAPRS B S {E ) 55
ARSEIIE, L5 i ASTR] DC FC ™A% 5T AR (14 ARG
KERE, TORE S WS RIS I e SR v, HO T
BNR(10) 7R .

1 9
mAP@50-95 = E,Z)mAPi@O‘SO +0.05  (10)

. mAP,@0.50 + 0.05k /s3I L RIEAK K HL 0.50,
0.55, 0.60, -+, 0.95 XN AR AL mAP{E .

R 2R 58 YR R 300 58, ffb st JHBEAL
FEREE TR, WIMR2~ > R E R 0.01, FE R
S70.000 55 27> B RCR AR LR RS, HiE
2 2 AR ARAE S 0.000 1. SHHERIE BiFPN FLE G5
K vk e LA /E R, DAL ETAY YOLOvI 1 LAY 5
PSS 1 BiFPN-Y OLO A58 >R ] [m] — &4 42 T )1l
4, HeBRilE se MR INZ4S50, 2P BIRIRY
SEIAPRE R P A 2R An ] 6 TR o

H & 6 AT A1, Y2507 B BIFPN-YOLO #5 7U 1Y
mAP@50 5 mAP@50-95 B&AIK T 45 YOLOvV 1 #5678

Z04 — YOLOV11 (mAP@50)
) YOLOvI1 (mAP@50-95)
o2 — BiFPN-YOLO (mAP@50)

BiFPN-YOLO (mAP@50-95)

50 100 150 200 250 300
PE VN

El6 THRBEHEXLL

Fig.6  Comparison of mean average precision curves
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Tab.2  Performance test results of different algorithms
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