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Field Test and Performance Verification of
On-board Oriented Train Control System
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'Korea Railroad Research Institute
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Abstract There is an operational efficiency problem about wayside equipment applied to the domestic low-density
branch as the equipment has been installed and operated similarly in the mainline. On-board oriented train control
system, which has been developed for train safety and operation efficiency, ensures safe train operation without
expensive ground control signal devices. Such system consists of on-board control system, wayside control system,
and local control system. In this paper, the details of tests such as suitability test, communication test, and interface
test are described by installing the on-board control system and wayside control system in field. Installation tests
include checking power, voltage, cable connection, LED status, etc. Field applicability of the developed system is also
verified through the dynamic operation tests with diverse scenarios, which are performed on the virtual line similar
to the real environment including switch machine and level crossing gate. Dynamic operation tests were conducted
for total 7 scenarios, and several tests were repeated for each scenario. The elapsed time for each operation was
computed by analyzing main process log, and we could check that each operation was accomplished within several
seconds. Furthermore, the developed system was verified through field test with an accredited institute, and testing
certificates were issued.
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Fig. 1. Field test configuration of the on-board oriented
train control system
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Fig. 2. Installation of on-board control system (OBCS)
(a) OBCS rack (b) DMI
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unit
2.2 SA H QEHO[A Al
2.2.1 XHHOIER|
Ao g oF TCSE Fholl Az o] S AJefoll A
AgA A} mERS At AFEAE G
= AR} FHARE Algdte] 715 A FQskl
o HA" 8, gAE E3, Bary JeAE, g

222 MEHEI| Y AGZRICI|E MEHF/O
x|
FOHEAFEHE oJHUllE St MEddr] w= 7
GRS e, Alelaie] HAAE dEato]
Aolgt & LED AelE ghelstgich Table 13} Table 2
7V 247y ARAET| AdEAdTY S &

LED JEj#A] 70|t} Fallback 715 782 A 94
o] AE|(LCC: local control center) Al E OB S &
FHoE Ao eE AFstyrh.

5515

Table 1., LED status of the switch machine

ILED status according to the operation of the
Type of board TyPe })f LED switch machine
indicator Normal— | Reverse—
Normal Reverse
Reverse | Normal
NWR-CHK ON ON ON OFF
RWR-CHK ON OFF ON ON
DIV board = g ON | OFF | OFF | OFF
R_KR OFF OFF ON OFF
N-WR OFF OFF OFF ON
DOU board

O TTTRWR OFF | ON | OFF | OFF

Table 2. LED status of the crossing gate

ILED status according to the operation of the
i 1
Type of board 7P f LED g e
Up P ownDOWn LRl Down
) @

R1-CHK OFF ON ON ON

R2-CHK OFF OFF ON ON

DIU board =cp 5N | OFF | OFF | OFF | ON
CR-UP ON ON OFF OFF

R1 ON OFF OFF OFF

DOU board

oir R ON ON | OFF | OFF

w

2

Fig. 6. Fallback control of the crossing gate via LCC
simulator
i
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2 el Aol

[root@falinux appl$ ping 192.168.10.10

PING 192.168.10.10 (192.168.10.10): 56 data bytes
64 bytes from 192.168.10.10: icmp_seq=0 ttl=128 time=8.
64 bytes from 192.168.10.10: icmp_seq=1 ttl=128 tim
64 bytes from 192.168.10.10: icmp_seq=2 ttl=128 tim
64 bytes from 192.168.10.10: icmp_seg=3 ttl=128 time
64 bytes from 192.168.10.10: icmp_seg=4 ttl=128 time=|
64 bytes from 192.168.10.10: icmp_seq=5 tt1=128 tim
64 bytes from 192.168.10.10: icmp_seq=6 tt1=128 time=4.

--- 192.168.10.10 ping statistics —--
7 packets transmitted, 7 packets received, 0% packet loss
round-trip min/avg/max = 3.8/4.6/8.6 ms

Fig. 7. Log data of the network status check
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Fig. 8. Excerpt from testing certificate of installation
test
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and interface test
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Table 3. Test scenarios of dynamic operation test

No. Test Scenarios

1 Normal drive on the track including switch machine

2 | Normal drive on the track including crossing gate

Applying full service brakes(FSB) or
emergency brakes(EB) based on speed monitoring

Control failure of the switch machine
(Fallback status)

5 Control failure of the crossing gate
(Fallback status)

6 | Reentry after the failure of ICT section entry

7 Route cancellation by the operator

3.2.1 M2HE| B3 LM HA =Y
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40 km/n
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Vit tine 8600 s2 | asor | esos | osos | ssto | Woera| eois | s | s | e
00 Ioos | o016 02 | o032 | o ml\ 056 064 072 | o0s0 | oss
A A A A

g T soch hci

Tenty 1T Entry Switch Machine Wavside Bt
Notice Tag Tag Enty Tag sy b

©0 ©079) 022 o B ©587) ©799) ©879)

Fig. 12. Speed profile of dynamic operation test #1
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Fig. 16. Speed profile of dynamic operation test #7
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Table 4. Result of dynamic operation test #1

changes from Non-ICT to ICT

Operation Classification ElTalpsed
ime
0 |After recognizing the ICT zone entry notice tag, mode| 925 s

|After recognizing the switch machine entry tag, tart off

2) fcommunication with the WOCU and control of switchl 13 s
machine from reverse state to normal state
3) |After recognizing the ICT zone exit notice tag, mode] 175
changes from ICT to Non-ICT s
3.3.2 ZESXIE7| =g =M HY T
1) 2gAdA7E ICT XY ellil Tag 12 F
Non-ICTE=94 ICT Z=2 3
2) AEE X} Tag <14 & A58 Ad=d
Aok S AMAEt g el AdE
A97)E A ez A8
3) A=W ZE Tag 14 F AEdEAE7 & W 4
Bz g
4) ICT A= oal Tag 14 & A 5 sljAlsto]
ICTE=YA NonICTE=Z A3
Table 5. Result of dynamic operation test #2
Operation Classification E};l_pscd
ime
I |After recognizing the ICT zone entry notice tag, mode| 833 s
changes from Non-ICT to ICT )
|After recognizing the level crossing entry tag, start off
2) (communication with the WOCU and control of crossing gatg 17 s
from an open to closed state
3) |After recognizing the wayside exit tag, control of crossing 5
lgate from a close to an open state
4 |After recognizing the ICT zone exit notice tag, mode| 167 s
changes from ICT to Non-ICT :
3.3.3 £=ZtA|0] oISt FSB/EB HMIZ
1) 2AgAZ7F ICT XY olal Tag 14 F

Non-ICTEEo|A ICT == Agt
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2) AGAGAE Al SE7t AdEE 239 A ZRAPIR R A9 HEH HAE L A Ao
FSB A4 213& &9sta Ea= A5 A7t 4) A1 A= Override EE2 F&sto] MEW
3) AEAGA = dA St ATFEES] 3% A% TagES 914 Al Override 2= 37
48km/h o|U|Z A Al FSB7F 6HX11 5) ICT %= o3 Tag Q12 § @A} 55 3Alsto
4) A&7t 50km/hell A 25km/mE A s &= 1t ICTEE0)A Non-ICTREZ 3%

oA 40km/hE Tz Al Al 6&#5 25km/hs
10km/h ©)d Z3sle] 2pdA|o} A= EB A2 Table 7. Result of dynamic operation test #4

AEE %Eﬂa}i Oéi ]——E A ﬂ%o] ?—]7 }9‘3 Operation Classification E,l;il:i:d
5) ij}7 ]' A Z] o]—Oi ]'/E?‘ ]o{%x]oﬂ ZVR 2357 } ?:} ) |After recognizing the ICT zone entry notice tag,| 3
253 DML A HE HFo] JdEHH EBE ) mode changes from Non-ICT to ICT s
|After recognizing the switch machine entry tag and|
6H X—ﬂ%ﬁ:]— 2 three times of communication failure, EB is applied 367 s
6) ICT 7 A& oa Tag olal B Az} =2 A5l Operation  management computer on  wayside
3) controls  the  switch  machine via  seria] N/A
ICTEE=A] Non-ICTEER #3 A4 communication
4 OBCS operates with override mode, then quit the| 467 s
override mode when recognizing WOCU exit tag ’
Table 6. Result of dynamic operation test #3 5 |After recognizing the ICT zone exit notice tag, 33
] ] ] Elapsed ) mode changes from ICT to Non-ICT 22
Operation Classification .
Time
|After recognizing the ICT zone entry notice tag| 975 s

D mode changes from Non-ICT to ICT ) 3.3.5 A9=Z2XIEt7| M| ATl (Fallback A&

When the current speed exceeds the speed limit oro _

’ o), X Z A LﬁE =
[FSB signal is generated and the brakes are appled 3.44 s **'/] a2 ‘1%71 oAl 2 Z}E}ﬂﬂ— ZﬂO]Q = A
to the train Q]oﬂ}‘_; %Oelg].\:]..

When the current speed is lower than 3% of the

2

—~

3 o . 3.48
) speed limit (48km/h), FSB is released s
When the train speed exceeds the speed limit of] Table 8. Result of dynamic operation test #5
4) R25km/h more than 10km/h, EB signal is generated 3.65 s r——
and the brakes are applied to the train Operation Classification ;pse
When the train stops and ZVR signal is entered to A — 1T = 1me
5) the OBC, and the release button of DMI is pressed, 9.67 s 1) after recognizing  the zone entry notice ftag, 967 s
. mode changes from Non-ICT to ICT
[EB is released — -
6) |After recognizing the ICT zone exit notice tag, 158 s 2) 1:1:er 'recognlfzmg the ‘cro'ssm%c 'igate ;r};try taglfir(lld 6s
mode changes from ICT to Non-ICT . three times of communication failure, 1s applie
3) Operation  management computer on  wayside| N/A
controls the crossing gate via serial communication
_ o - - OBCS operates with override mode, then quit the|
o o] Ao 3] Z2ro. © 3 5] §
] }\] “4 o }\] X} <= Manual Mode® -3} O} 4 override mode when recognizing WOCU exit tag 4s
i, BF A1) ApgA ol F X 9F TCS 92 Aol &S & 5) |After recognizing the ICT zone exit notice tag, 167 s
mode changes from ICT to Non-ICT

23tk 3|4 Als AaS dAs 3] Al AL

SEE dlo] FFAIZFE oF 3~4%7} HALL o)YE ¥

FA7HS sl FSBolA EBE A3kE = AE A3 3.3.6 77+ TIY A T AT

& 3%9A4 1022 FAste] AEE Jgsdch 1) ZA3AII A7 ICT WYY dlal Tag A4 T 23
HYAFEHE FAE JRAshY SA A 337

wrAlsle] 23m A HellA4] EB A2

A o1 g=] o ZVR A2 A5k DMI2 EB &

Al ME Aol 93] EB A

—

3.3.4 MEFE| Mo Aol (Fallback &%)
) ARAIRAE ICT A9 i Tag A4 ¥
Non-ICTEE|A ICT RE& 3+

~
~

2) AzAY] A9 Tag A4 F HEds]g Az 3) DMI9] FH|57ollA] 'LCC Connection Request‘ B
WA G A 1A Aslzk 33 wstel EB w A ARACI A e S
; ANt FAle] &
A4

3) Aol SATRNAFE T} AEd BAL 5 A 4) 2PFAAGA = B4 42 A3 ICT == A
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Table 9. Result of dynamic operation test #6

Operation Classification E};psed
ime
I IAfter recognizing the ICT zone entry notice tag and three) 633 s
times of communication failure, EB is applied ’
[EB is released via the ZVR signal and release button of|
2) DMI 10 s
3) Restart of communication via ‘LCC Connection Request’ N/A
button of DMI
4 IAfter the success of connection, mode changes from ICT t 4
Non-ICT and normal ICT zone entry starts
5) IAfter recognizing the ICT zone exit notice tag, mode) 2
changes from ICT to Non-ICT
3.3.7 2EX0ll Qg FAl= FA
1) A ZA7F ICT AY o Tag 914 3
Non-ICTEE=AA ICT BEZ 3 A4, T332
1 = A4
2) B6020IA Fa=2 53 %
3) A FEHAA ?‘%EEZ HArzm Hx7e
880moll A 480m= 7
4) AA) &=l gis] DTG g Azl dlell 7143k

wo] EB A2

Table 10. Result of dynamic operation test #7

Operation Classification E};psed
ime
I After recognizing the ICT zone entry notice tag, mode) 025
changes from Non-ICT to ICT and Line #1 is approved ’
2) [Line #2 is approved 15s
3) DTG changes from 880m to 480m due to the cancellation| N/A
f Line #2 by manually
4 [EB is applied with the consideration of the current speed 571 s
and DTG limit ’
3.4 37|12 AFANE 2ot
T4 & ARl disiM = e171E 3]sk A
glo] o]Folx o, Fig. 170 A@AAA dRs B
Ok -l A & = Slsto] A4 Al @S] AT Al VIE
& wE wEsgr,
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