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White Paper on Train Intelligent Detection System (TIDS)

Preface

e

GRS
As one of the most important public transportation, urban rail transit bears great operational
pressure and relies completely on signaling system to maintain its safety and efficiency. Once the
signaling system fails, the assurance on safety and operational efficiency will be affected, and it is

required to switch to manual driving mode under reduced train speed.

PUESSCE R A~ B FIGN i KIE Al TR, W8 TR IIEE B ), MRS 5%
RGAERF e, WAOELT. FAS B, JEBEIIANTERESERT, Ba

MRS N TAORGE %42, R0 L VERIEE AR BERE .

Today’s rapid technical development on artificial intelligence; sensor, and autonomous
driving provide us a feasible solution to overcome this challenge. By using Train Intelligent
Detection System (TIDS), we can detect any abnormal obstacles during operation, and lead the
driver to take the emergency actions.

I bR 52 fre 1O N TR REFIART, BHRRAR BT DA B S 28 B by 2tk Lok I RESR4H 1 T
ATETT 1), IS E S RE BRI R TT SRS DG, TR A5 S AT B DS RS
AR It o

This White Paper is specially complied to illustrate the requirements, usage and testing result
of Train Intelligent Detection.System (TIDS).

it W15 B BE R BRI R A ISR L A A5 R SRR AR, R A B

This white paper-is jointly organized and prepared by Innovation Research Institute for
Hong Kong Railway and National Engineering Laboratory for Urban Rail Transit
Communication and Operation Control.
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This document may involve patents, the issuer does not assume responsibility for the
recognition of these patents.
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White Paper on Train Intelligent Detection System (TIDS)
1. Introduction

S DTN

The efficiency and safety of rail transit operation are mainly ensured by the signaling system.
Once the signaling system is failure, the operation would be completely depending on driver's
visual operation. In this case, the dispatcher and the driver would be under great pressure, which
often causes serious delays and shutdowns. To solve the above problem, many companies and
research institutions around the world have conducted relevant research on it for.dong, but-there
are still many technical deficiencies and it has not been applied to actual system.

PUESSE I RN 2 e TR AE IR R RS 598 R H R AT 78 2 AR

RS H ATHT AT R, B AN E) BRI R EOR R T, AT i B B A B
TR, 5% B B A58 R OB EAT TR I R, EE BV 2 AL, A
NIER R EERS

Under this circumstance, Hong Kong MTR and Traffic Control Technology Co., Ltd jointly
started the research of TIDS in early 2018 and carried out a comprehensive real train test on Tsuen
Wan Line. The test result is promisingfor further development into application level and target to
achieve SIL2 level safety certificate. Once the system is completed, it will provide effective
services for operation and.become the most advanced rail transit intelligent obstacle detection
system in the world.

FEUET 5N ARSI S B P BRI G TA 2018 AEWIBA LG TIDS HARTIwFT, I AE 250
ARBA R T At r) SIS, AR R A BT 78 DR A B R AT AP, B SEEl SIL2
LARRER A bps AR RGUE AR HIE 28 B SR A RIS, AT b R it e A i
RE R BBl 2550

F B2 BE PSRRI R Brh T B



White Paper on Train Intelligent Detection System (TIDS)

2. System Function and Performance Requirement

RN b]jjﬁb/\r hg‘j‘z

2.1 Functional Requirement

ThREER

TIDS can detect and alarm the sudden intrusion obstacles in front of the -train, and

implements braking if necessary. At the same time, the information of the train‘location will be

reported to the train operation control center as needed.
TIDS BIERT T FE A7 NCASAR NGB, B IRehmill B e, 2 S e o) Bl o
T3 MRS 5 B R DLE R R 2 LA B AR T A A P

TIDS has the following functions:

TIDS JEBM W~ Thag

a)

b)

c)

Intelligent obstacle detection function: Qbstacles on the track ahead of the train (such as
vehicles, people, cabinet, etc.) can be actively identified and the distance for obstacles
can be accurately perceived. It.can also warn the driver (in the case of human driving)
and take emergency measurements to apply a brake.

RE e el - S P AT R 7 WUE N ROBERREY) CAnEEim . AN, BEAESE) AT 1
B R RS AR R B V) PR B, 0 B ) BB B YRS (A ANBS BRI Bk
Jit T o AR BB 73 6 Tt 4 7

Fully independent environmental perception: Obstacle distance measurement and
self-speed measurement can be achieved by collecting the physical characteristics of the
environment without the need to install supporting equipment and no external input
from the train or signaling system.

ST KRB RE /7  JE I [ By B BRI FRRR A PR AR S B R B ) A A
H Sy LR, 7 A R 22 L B R DA A A 1 B (5 5R R A ST
LIPS

Rail transit multi-scenes detection: TIDS can detect straight track, ramp, curve and other

scenes. It can adapt to weather conditions such as daytime, night, sunny, cloudy, rainy

F B2 BE PSRRI R Brh T B
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days, etc. It applies to the ground, tunnel, elevated and other operating environments.

YUEAE L35 SRR 77 « /£ AR ELIE, SIE, 18 70 5 I e R 3 A A T i 7 B AR
AN PR R ) L 55 B (LS5 R (S 9RAESE) RO, REEER.
B WER BER. MREERFURRE, WM. Pl mAsEE TR

i

d) Train position and abnormal status report: TIDS can upload train position and the image
data with the abnormal status to operation control center through 4G.
PN B R R RBRIR: LA BRERM BT B BUE A, ke A4k R LA S8
R RE ) [ (R BRI 4G S5 4 4% b8 2= M TR B

2.2 Performance Requirement
PEREZLR

TIDS shall meet the following performance index:

TIDS J&iw 2 LA 1 ReFa 1

Table L TIDSPerformance Index

%= 1 TIDS #38pE 38

Obstacle types Obstacle sizes Detection distance
R B R B ) B RN H R
Train 2.8m*3.8 280
.8m*3.8m >280m
I
Person
L, 1.7m*0.4m >120m
TN
Small obstacles (such as box) 0.4m%0.4 50
4m*0.4m >50m
ANETEEY) CUnAE 1)

To meet the high-reliability requirements of rail transit, TIDS shall meet the following index:
i AE WU A2 I8 R T SE R, TIDS R&THEm A2 DL T FR A
1. Rate of missing detection: <<0.01%;
RIRE © <0.01% ;

2. Rate of false detection: <<0.01%;

ﬂlll‘

R¥RE 1 <0.01% ;

F B2 BE PSRRI R Brh T B




White Paper on Train Intelligent Detection System (TIDS)

3. Distance measurement error for obstacle <=1 m;
RERERURRIBERR Z <1m
4. The error of system velocity measurement < 1 km/h;
A GURlE ERZE <1km/h;
5. Safety Integration Level (SIL) is no less than level 2.
LeTERTR (SIL) MER 2 4R,
Notes:
Rate of missing detection = failure to report the number of frames for obstacles in the actual
effective distance ahead / the total number of frames during the effective working period
7
wERR =B MRRI 7T B SUERE N B R MR sE R U PR e B/ A 3 TR 480a 5L,
Rate of false detection = report the number of frames of non-existing obstacles in the actual

effective distance ahead / the total number of frames during the effective working period

AR =B BRAT 776 SRR Y B IR T 4R L R AR B/ B A TR AR IR gL
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3. System Architecture and Key Technologies

R B B BT

3.1 System architecture

AREH R

TIDS system consists perception layer, cognitive layer, and decision-making-layer. The
perception layer is mainly used to receive data that comes from the visual sensor.and,radar sensor.
The cognitive layer mainly processes and integrates the input from sensor data,.combines the deep
understanding of the driving scene to obtain the environmental information:in front of the train.
The decision-making layer further processes the data through ‘the perception results of the
cognitive layer and the vehicle status, calculates the allowable running distance and recommends
driving speed, and judges whether the train is speeding or not according to the allowable running
distance and the train speed, so as to give an alarm or brake the vehicle. The entire system is
integrated through three key technologies: track-recognition, obstacle recognition, and data

fusion perception. TIDS architectureis'shown in Figure 1.

TIDS RH A RENE . RRAVE R G A RO 2 YA B S (R R
DI B B 2 (AR O s RN RE T A RS BB AT R B A S, A S IE
AZIE R BT B, SRS ER AT T BRI AE S R SRR A RN R A R A A S
EOIRREIE — D BB AT g B, RTINS AT B B, R WARYE AT Bl BEA 51
R A Wl A AT R s AT B R R SUEIEUER. FRBRAIRR Ll K
BB AR — THR S AT AR BB . TIDS RGtas i anlE 1 Fros.
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camera camera LSt Laser
: Radar Radar
110V DC Power TIDS Host Monitor

Fig. 1 TIDS Architecture
1 TIDS ZefH

TIDS consists the following equipment:

FLBE) TIDS &0 Nk -

a)

b)

c)

f)

9)

TIDS host;

TIDS FjEH &5

Cameras (The detection distance =300m, supporting illumination intensity: 0.001lux);
TR CRrfIPESE=300m, SCHFFRREHE: 0.001lux) ;

3D lidars (The detection distance =300m, or 80 line and above, angular resolution is less
than 0.2 9;

3D WO T (iR =>300m,.80 4R KL UL I, fr#Es ik 0.2° )

A millimeter wave radar;

Wireless -module (Transmission of train location and status from the train to control
center);

ERER (A TSI A E ., KRB

MMI(Optional)

NEAZ M (BB TS DU A s O

3.2 Track recognition

RILIE il 31 Bl S 5 AT

The cognitive layer of TIDS uses deep learning algorithm, by constructing a deep

convolutional neural network (CNN), applying convolution-deconvolution network, designing

F B2 BE PSRRI R Brh T B
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feature extraction operators such as sparse convolution and cascade down sampling, extraction of
global feature and local feature of the tracks, the acquired sensor data are processed. It can also
obtain end-to-end track information, so as to achieve accurate track line recognition.

TIDS FRJNJE i 36 8 B RS OB AT SR B, SRR S B Bk, e R g
UCETRAPAL AR, BB G RAAS LM, BGTMEUERA. AU N BRI T T,
HIWUEE AT &R R EON R AR EER A, BB 2w AR S, B IR R BE AR .

The performance of TIDS track recognition is shown in Figure 2. At the present stage, the
following track types can be identified: straight track, ramp, curve, turnouts, etc., TIDScan also
be applied to tunnel, elevated road and other scenes. The recognition effect is. satisfactory in
daytime, night, sunny day, rainy day, cloudy day and other weather conditions.

TIDS #iE R Nk 2 fras, BIFSBCHMAEIE., SiE @R FPERH, A
AEARABSIE,. SRS, AR W BER. WK, BERERFUIRIE N 3945 54 (13
IR

Fig. 2 Performance of track recognition

2 WUIERIRCR

3.3 Obstacle detection

[ B0 i) ] S 5 AT

The TIDS adopts convolutional neural network (CNN) to realize obstacle recognition in the

forward track, by setting a particular detection criterion for obstacle, using the depth separable

F B2 BE PSRRI R Brh T B
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convolution, applying the residual network structure and combining the multi-layer feature layer
for predicting results. The obstacle detection results can be further regressed to obtain the final
obstacle output.

TIDS JiE G R A8 A 4% 8 T A7 [ WL b PR il ), B ) e i 5 o M ) A YR 2
HE, PRITRBERT rBEG A, IR 2 A0 AR Al i, 000 3 22 o R U i AT R & SR 5
FAEAT TR, I — 2D BB R A RS SR IEAT [l S, DETT1S B A P gt L

The performance of TIDS obstacles detection is shown in Figure 3. At this stage, TIDS, can
achieve identification of trains, pedestrians, and signal, it is suitable for obstacle recognition up to
300m in different weather conditions.

TIDS [t O nlEl 3 firos, RS B R 2 i iRV s ge 0, H A E AR F1
N ERESERD, BB AR AR RFGIRIC S, B B aRdE 300m (I Fh Bl b i -

Fig. 3 Performance of obstacle recognition

3 BB A ROR

F B2 BE PSRRI R by B A
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3.4 Fundamental principles of fusion perception

R B ] B AT

TIDS further combines the rich image information from camera and the radar's accurate 3D
measurements, to achieve a deeper understanding of the environment. Firstly, the system builds
model for the track environment. It acquires visual information and radar information based on
this model, by using information matching and space-time unification, and applying multi-level
vision and radar fusion algorithm to obtain obstacle distance and type, combining pre-verified
knowledge to re-verify, then, finally obtain the perception output.

I — P A R [ GO R IR U AR R S, SRR M5 B R S DR TR I R = AR
5, LR N IREE . RATE S W WO IRSEAT A, 7R LI

PR S5 BB IE(E S, B B UL B 2t —, Wi« DR 2 R 5 B R I i A

&
=
B
e
s
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4. Test in Hong Kong Tsuen Wan Line

A comprehensive test of TIDS was commenced in Hong Kong Tsuen Wan Line in mid-2018.
The test data has accumulated over 2TB in eight months testing. Systematic and comprehensive
functional test and system capability analysis for typical application has been carried out in Tsuen
Wan Line with its rich scenes, including straight track, curves, tunnels, elevated, and tunnels with
low illumination.

TIDS R&U/ 2018 4F Hh B AR 7E Ak 2 AR ME AT 4 TS, JIRAIR ) 49 8 8, I B
HHIE 2TB. AEZEEA MRS EHIGS, O8AHE. BiE. BE. &SR, FRERE
RIS, A RO R 4 T A D REA I RE I .

HH

4.1 Actual installation of products

LD

TIDS shall be easily built and installed. With highly flexible design, the actual installation

space for different train types can be customized.
JEEAGE A B35 e TR BB PR A0 B, HA TIDS MR Abakat, AT S B B g R e
2, EHI 2 AT 5

F B2 BE PSRRI R by B A
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Fig.4 Actual Sensor Installation on Site (Driving Cab Installation.Scheme)

il 4 (HERES R TPRACR (RBE 2 4E)

Fig. 5 Actual-Sensor Installation on Site (Roof Compartment Installation Scheme)

il 5 fHiEas RTPRACR (HTHLER)
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4.2 Product performance analysis

AR

As of March 13th, 2019, TIDS has been running for test for 2,160 hours in Tsuen Wan Line,
with accumulative data volume of 2.42T. The collected data includes various weather scenes such
as sunny, cloudy, rainy, daytime and night, covering straight track, curve, turnout, elevated track,
and tunnels and covers all track and running conditions under normal train operation. A-detailed
performance analysis was carried out for the test of TIDS in Tsuen Wan Line. The-main
performance indexes included obstacle missing detection rate, false report rate; and farthest
recognition distance. In addition, detail statistics has been carried out on the test performance of
straight tracks, ramps and curves. The statistical data includes864 hours of data, which are
cross-validated by automatic analysis tools combined with. manual supervision, and through
multiple rounds. The test results show that the TIDS can meet the functional requirements and is
promising for achieving the performance indexes in near future.

L 2019 ££ 3 [ 13 H, TIDS A& CE ZISRRELNELT 2160 /MKy REHBHREIE 2. 427,
REMBHBU SRR, R, MR AR WEELZ RS, MEEE. Bl 837,
A PBESE 2 MG, ME B IERIEAT TR T A S R DL, $HRZEIEAR TIDS
AGIEATRHV T BASTERE AT, B IR AR AR BRI A A AR R IR R B A
5, WAMKREUETH EE, WOl SIEERAEIEREEAT TR, SiET IR A 864 /MKy
Yok, EiE A e RS N LR E T 2R3 s, JhAIREY], TIDS RHi%
THDNRe e im R 2K, MRS HUK W R I BRI E K.
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Curve scene Ramp scene
HiE R WoEY 5

Curve + ramp scene Straight track scene
A5 5 i

More than one train recognition in turnout scene Side track recognition
AT 2 A A

Fig. 6 Sample of Recognition Effect of Statistical Data in Tsuen Wan Line

fil 6 ZEVEARATHTBUE A w0 ORI
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5. Future Product Plan

22

TIDS will become an indispensable product for improving the safety and efficiency of
operation, reducing the time for recovery operation, and improving the operational service level
under signaling system failure or unequipped signaling system scenarios. In addition, with the
further development of Al technology, the performance and safety level of TIDS will be further
enhanced and will definitely have a greater impact to railway industry.

TIDS 5 A fEBLIE S A5 9% R RECR M E IR RGUG R T, ST g 1T 22 4
RO, WERDE B AR IR [, R THEAT IR AT B b fi 2 e TRIRFBEZE AT AT HOIE
TG, TIDS R IET BRI HAERE S 224K, ke S L JiE e s 2 7 A B R RE 2
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