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Abstract: With the evolution of train operation control experimental platforms from conventional control
and protection functions toward integrated perception, computation, and decision-making, higher
requirements have been placed on continuous multi-source perception data access, spatiotemporal
consistency, and stable recognition of key targets in complex railway line scenarios. In response to
the high cost of field testing, insufficient coverage of typical scenarios, and limited repeatability of
multi-source data validation, based on the testing and validation requirements of the holographic
perception function in a train operation control experimental platform, a reproducible and quantifiable

testing environment and method were developed. Based on the closed-loop replay of real line data
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from the holographic perception experimental platform (HPEP), three test methods were designed
for line-environment adaptability, multi-sensor consistency, and environmental target recognition
accuracy. Replay experiments of multiple line dataset show that the proposed HPEP exhibits no
obvious data anomalies, maintains stable time synchronization with the deviation controlled within
20 s, and achieves detection accuracy above 94% for five categories of environmental targets
including signal light, wire pole, kilometer post, hundred-metre sign, and bridge, with an overall
fallout ratio no greater than 5% and a miss ratio no greater than 3%. The results indicate that the
HPEP and the proposed testing method can support systematic validation of holographic perception
capability, providing evidence for evaluating multi-sensor perception link stability, spatiotemporal
consistency, and environmental target recognition performance.

Keywords: Train Operation Control; Holographic Perception; Closed-Loop Replay; Multi-Source

Perception; Target Recognition
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Fig.1 Logic composition of holographic perception experimental platform
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Tab.1  Performance tests for holographic perception experimental platform
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Tab.2  Function test items for holographic perception experimental platform

MK PR ke M7 BRIEELRD
LRI R T B £ Il B s 2 R R AT I B

Z I A R 22 S AL B R P

TE DI Sl

BATRENE, BURfEmAREN, RBCH:

IMU. ONSS. Camera. LiDAR 42t TERRREAEVECIN . REFRBRGELE AN SALE BH O], BRKELEH , RN
BRI ) » amen, OSSR, AR VSRR E P, IS s Bk )R R L, G 2R S B A L 2 )

(=S e Yyt

WA ESITE P, BEAt. AEAR, 2k T AR B SR B 4 2 1k, H A A 0 8 Y 7 2
R, 5 N CARTE RS T 25 (] LTS E 2

Mk FORAR SR 5 M0 A br

— B 22
SISOIRIERE . AR AR TR

HARAE BREE RS b BR800, IF S e W S 56 F- 5
e 2 A T 1) SE PR A T RS e . A BRI
Bo-F- 5 D RELR PRI 18 B T 1L T 2 BT

N
Vs || G i T Ly i
e A AN 2
i4-, g
A B (e b A
2 BT . A
ARG FRBOR AR
ERHRIGE, PRTESRE)
I I
R C RETEABEIREA
3 AL LA SO RS2 TR L R
Y RYIB S
J
p
> TR
4IRS

HA PSR E  RE )

>R PR SEPEWIR IS . PEiREE
tﬁ%iﬁlﬂ%{%linﬁ?ﬁ . FFE)

FliE

E2 £BRHMLKTEINGEEBIMEENEMNNT E
Fig.2 Line-environment adaptability test method for holographic
perception experimental platform function
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Fig.3  Multi-sensor consistency test method for holographic perception
experimental platform function
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Fig.4 Environmental accuracy test method for holographic perception
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Fig.5 Test procedure for holographic perception experimental platform function
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