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Fault discovery based on text information
extraction for on-board equipment of CTCS
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Abstract: The on-board safety computer of Chinese Train Control System generates a large number of Log files during
operation every day, which together with the quality analysis record sheet, record the running status of all equipment and
provide data support for the fault discovery and processing of the equipment of train control system. The use of these two
types of text data is still limited to manual record, query and analysis, which has the problems of low efficiency, strong
subjectivity and easy omission and error. The on-board safety computer Log files and the quality analysis record sheet
were taken as the research object, and designs an information extraction method and the fault discovery automation
scheme to replace the existing manual working mode. The information of Log files and manual recording by the staffs
were analyzed, the word segmentation algorithm and information extraction algorithm were selected to find useful infor-
mation automatically from two kinds of record to avoiding the cumbersome manual search. Then a failure analysis dic-
tionary was built. The automatic fault discovery application was established by using regular expression algorithm. The
automatic fault discovery and analysis functions of the application were validated by experiment.
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1 3l5

I T¥EHI R4 (Chinese train control sys-
tem, CTCS) TG T RAEMMIN T RS G4
T RAWFEFE R SRR A i1 R 5
FLHE N 24 PUE L #1248 T (train control
center, TCC) /J&kM1%EH0 (radio block center,
RBC) T &4%. CTCS HUH T HuHfE SHl, 8k
WAL 22V ENL, WHLTH T RGP HUE Bk
HEIZEIE A,

CTCS-3 A s R G4 T GSM-R Jo2k
WAF LA EIBATHE N, DRE IS 2 4 il 4E,
FRUEAT « 514 A 384 Cautomatic train protection,
ATP) RGURF BB &M ELEA N, ATP RS
W TH 5 R GE BRI AT ok AR ) R s AR
OUREAT SERF sk, FF H LA 2 Mok 2 ) SR AT A7
fitt, PR AT ENLHE S (BUR AR H &
) BEARZ Ml —, s CTCS iafrid
PRV AR 0 T B R A

TERFRBAT IR EAE TAERS, TAEANRGEE
YIS, TERUR R T TIX TAE LSRR, XL
JE o AT TIX AR I sk B2 R A1 s AT ik f b
A P ) R B R (P . H R SO AN B A
Bk 2 A E EE NN R TEAN R
BREar LIX TR G, FEFLEMH
SO, K N TR RN AL g R
e, TR AT, dEmN B AT XL
PRI SR AL SR ) MR AT S A T AR . DAL,
H & SR 2 B XA il s Bt o 2R 4
WAL B R I O, R R A
RILHIE B o

H AT 2E T H & SO I N AR TR Ak H3 R i Sf 5
TR TR W R I S e T AR GBI, I
O AN TAERLRE, (HBE#E CTCS MK, LU
) A Ay 1O

(1) HESCH R SRR, DL SCAR PR
CTCS3-300T 441 M, L 2016 4 4 HHIH
OISR EIA 120 000 245, S Il 300 £
%, N LA H AR R il i TAE AR K.

(2) NLHAF NS FHOs I Bk
IA—EE . R BT TIX TAE IS s 2
WEE TAE N B ZREG,  [R)— Wb ] BEAT AN [7) (1) e e
PR, ) A — kst n] e 2 MR 7 X, SOA

AR e R ] B P 22

(3) K1 N7 HESC T E s Hr TIX T
PRSI ORI FIAZ NS, BORARAK, HAEZ TN

B A R AE A5 S AL HE S VR 5T IR AR TE S AL
FARMHELD, RZM0N THIRFEL 1 TS
BV AR . ASCERNT CTCS H & ST 4k Ab £
S R I, 5N Re AR EACH AR, R
B> T A, TR T MO B R DU E A
A FEETAFMW R

o IR H SO EE I R Re AL R, AR
1E#E TFIDF (term frequency and inverse documen-
tation frequency) Sk AT EAMEL, H 3 E A
IR P 3 A WA )1

o FRHTE DN T X TAEIC S S AR HE 5
12, ASCE R ECRIUEHE (maximum matching, MM)
SRS T A, D S T AR AS SR
BRI R AR IR T 58, $8 T — MR I
SN TSN Y S SO T

o W F RS SCAR AR g R A SCAR P ) B R a5
FIFHIE 234 (regular expression) 435z
ISR A ) F A e A, AR AT, T
KT W A BRI E AR AT .

2 BEESTERATE

2.1 HEXGSH

RSO RO SRR T ki S8l 42 B 2016 4F
4 F30 RIHEAE, dxEdh 120 000 245, T
EN R R0 300 2450 Jai H A SR 1
FT7R o

FAHE A 250 &£ fs Bids, &
ALK PRy, B — A R B R AR R
55 I FOX A B A R R A IS AT IR A .
R ILRE, S MBEA4FREE. 1 “13 16-04-01
09:24:19;129  FID: stmm.cpp LID: 3459
TID:SMGM Log Task 000077199 ATP A
4A29R000 STM reports failure state.” , %h)/&—
RN E, “137 2EZAGRMNIT S, Rox
Ffe B AR A L R 13 415 B
“16-04-01 09:24:19” FKINZAA Bl I R] 2
2016 44 A 1 HIY 9 B 24 43 19 #;  “129 FID:
stmm.cpp LID: 3459 TID: SMGM Log Task
000077199 ATP A 4A29R000” £ 7~ 1% 4515 B HIACHS
& o WS B IR A, IR0
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B R 4R B S PR R S, PRI AR S T
AT KA. “STM reports failure state.” & 1% 515 5
A RS, IR TS T R IR,
AR ZA7 K78 STM (specific transmission module)
PR 5 Ak T R s

CSS: RTS: 1.10.2.3
Filename
Time SUN OCT 26 13:49:08 2014
Address  0xd0000
Size 3767200
Checksun 341920332
Comment 3EST120-50 CSS Fun time system
ETS_Mom—> ae
LIST OF ALL STORED APPLICATION EVENTS

1 16-04-03 00:52:04;135 FID:  tih_a.cpp LID: 2754 TID:SMGH_LogTask

000041253 ATP A AICZRO00 Vehicle Ready Active (Lifesign 8 OK).
2 16-04-03 00:62:03,638 FID:  tih_a. cpp LID: 2005 TID:SMOM LogTask
000040985 ATP 4 AIBIRT20 Aliwve Lifesign 2.

3 16-04-03 00:52:03;637 FID:

AOONANEEE
vvvvvvvvv

tih_a.cpp LID: 1999 TID:SMGM_LogTask

ATD 4 MBORTIO dldgps Lifaziss 1
ATP A ALBORTIO Aliwe Lifesign 1.

4 16-04-03 00:52:01;620 FID:
000038541

stmm. cpp LID: 5127 TID:SMGM_LogTask
ATP 4 4A13R000 STH commection rumning,

5 16-04-03 00:62:00;620 FID:tih_a_stmdat LID: 461 TID:SMGM_LogTask
000037942 ATP 4 AOGADOBO Profibus TI-H to TSG connected.

6 16=-04-03 00:52:00,119 FID:bih_a_stndat LID: 468 TID:SHGCH_LogTask
000037343 ATP 4 A4CODOBO Profibus BI-H to TSG commected.

Hit any key to continue or ESC to stop ...

T 16-04-03 00:61:52;619 FID:JruHandler.c LID: 1750 TID:SMGM_LogzTask
Q00036745 ATP A BE1OROOO Unexpected telegram counter in JRU status
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TAENAERFRAT B E TAET, R4 k&
T, S BRSO s BE B Tl s M o 4,
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A BT AR SR AL A R . R 1 AKX T
CTCS3-300T 1375 5o

F1 RESHIXI{EIERE (CTCS3-300T)

i Py

e 5542

Uity 5 0

% b

ks H 471H

| 12:49:24

fdC i AN, C3 45 C2, JRU H': %E4) ATP 7F 12:49:20
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BB CUE AR BT
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N RS, SR — AN (R mT B A7 AR AR R i 22
S, AHSEAEREIAE B BB, 55 7 THFNEE 8 I
TR TR R AR S AR B T

AR R, AR N DU BT 0 X AR
WA RATE RIS, Wi, TEANIERE
BB A I T AT S B B AT IR Bl % R ok, U2
SIS B QT TIPS SN TR SN TP B S7S
W, DRI 75 BN &R SO AT 50 4 S0 44
R, ARRIA IS A PIRS 2 AE B BT
T AR s B BAR AN 4, H 2 2RO A
TR SN, 2R N Tl R 4n
F IR, AL A 4 A TR e i IR SR AN 1R A ) B
i SCHF
23 AENAEEMSINEEENA

H & SCPFRI T o0 A X TAE I sk )m T
ROCAHEG, X P SCA K W B 35 I &R AT P A
o PIENEANR, HEXHZIER TPl
KRR ARSNGB ARG S, e i
TLIX AR A 3 B 0] A H R PR B 1) T 4 4 R
IR KA BT % o WE B, FrE i TIX T
Rl sk s rhocid sk, HEXH ARG e
o PRI, ST 2 SCAEE 20 A 7 R AN

IOEZRFAS
XSO, R o A SR AT AL P,
WL 0 R SR EEAT R AT R LG B

ff. BEFGEh. BT o sl R
SCR I 7 4 H3 AR g R VB e 7 3] S92 Ak B o
IR LI AR ISR B R R g e R,
) IS T A, AT RESE fir 20 Rl ) A1) 1 UL
FiC i) 2 rh K frg A U,
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CiEE

HET CRYS% (document frequency, DF) 4.

T{% K (mutual information, MI) %M1 TFIDF
SRVAE o AR SOR H B i T AERA 26 5 (1) TFIDF $E5%)
H & SCPEREA7 AR PE . TFIDF S0353% 4 (term
frequency, TF) HifiZCAM# (inverse document
frequency, IDF) $HOR VEAL JEim] 20 T — AN iE R
JET IR A SCAF I BE RS . TF A ¢, A2 SR d
HILHR, 8k tf(t,d); DF h%5AE 0 1) SRS
B, BIAE A SO AR A b I o 1 SOR B

WA df(t) s IDF AR AE SO0 SCR A A, EAL 5
] 2% ¢, I SO /b, IDF 80K, W3] 4% ¢, FAT S 4T
(2 IX 5 66 71, ik idf(¢,) = log(n/df(¢,)) »
ton ROR GRS BB W o B W an =X (1D
Prow .

W =tf(t,d)xidf(t,) (D

TFIDF BER IR B . Bam] 4 e e soptrh B0
(AT i, T E JLAR SRS o H IR AR LA, i3t
Bz 4 0E & T 28 A8 AN 4 (0 SOk
Dy A44SR P 2 R R R

H & SR R 2 B X AR 3t A2 AR 45
SCAE R, PRI AR SO IE 2k s VA AT SO
TR AL, DURCREAET, SR H S SCHE B
AT, .

3 BiRSMESTFHREER

BT BT, ARSCRAE R A5 B ET
H & SO AR 40 A T X A A s BBk AT 40 i A
P, MR AT 8, BETE A B R Ao
SEBNT H A& SO A X AR sk R S
(R A [ B UL .
3.1 A&k

X2 1 T R 43 B DX A A 3% e e gt s
R E F AT, EEDBIN,

IR 1 WAL ELE B RS P BT T
r LI TAEIC il %, Wi Jslis 7, 44t
F KIS, 0 MaxLen , ASHFST AL BEEHE
()5 K171 4% 4 MaxLen=14 .

W 2. DbR iS5 AR R T g, T

IR 3. UGG I AN oA AR,
mJGE n NF, n<<MaxLen, BbEZETIE 4,
IR 4 WEREEP) n AT — AN B,

W oyin sy, e AR 6, TNk A S,
A5 B NP — N S n=n-1,
B DR 4, ARECPIWTRIERAT, Wby, HE
n=1.
R 6: FHiR SPGB, WA 4
» WIBRESHR, 5 WEke 205 3,
AR T BEPLEUR, 19BN e R R AL BR
T Ab BT 5
BET A HR IR e R TG IE 43 3] B ] DUOK T A
WS PO HEAT 2], TS VLR ) A AR AT
HEPE, RIARAE BT AT X AR I s b L)
AR S R R B (R AR R T S B 2 TR R B ot i
ST X CAR IS B AT /0 SRR, W] LIS
B “ 2RI IREEE” T “JEHL BSA #ikE” 4
LB AL R

Hi

str=
Columns 1 through 6

M RIEI36RE ARKEF] RBCHIR S EFki
JrufdE ‘C3HECY IREBFRIR BRI

Columns 7 through 11

FEMIREE8 PRI “ATPRFCA Tl KA 1364 /5
ARULFIRBCEIR “ FHAHLBSARF

K2 agiostl

3.2 TFIDF &%

i TFIDF &30t H &SR B, 4
BRUE

IR T E T T T AR IS S B i e
TSI TA],  iff e 6 B (R BT A H &30

PR 20 W H S A SR )T IO
l, AR AN .

IR 3 TR TR AR A HAESUE P
LKL TF

IR 4 TFECRANETE AR TAT I H SO
L% DF, 15 IDF.

IR S MRS (D THEAGE, R IEOR.

IR 6: MR THE S A R R A R O
HEin

AR T LT B OC B, A R )
i

AILLL “Speed sensor failure” A, THHEIXA
AV AE S R ) 42 B 2016 4F 4 H 30 KT H
B R ILOACE, JLg R 3 R
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. . . HAE P 4 L R A s Ak 8 2 U )
0 0 0 Sy T R AT T IX T A S B AT £ e A
49128 0 0 I H 1A .
’ X Z 4 BT ARSI HE L R
5.694 4 5.694 4 5.694 4 4.1 Eﬁﬁﬁﬂifﬂgéﬁlﬂ LE\E%Z‘Z
0 1670351 0 AL CTCS 23 B 4 Wb I M ST 7S 5t
0 0 ° DL 5 SR RLFR AT TX T 5 20 SR g,
0 ° ° AT e BN :, TFR T Wk e, %
4.008 8 4.008 8 4.008 8
. . . S
. o ot o SERIMESNIT I, KT ATAKNL
. . . b Sy AT I A

K3 BCE AR

Bl 3 J2 T H &SSO AR “ Speed sensor
failure” WAL IFE &5, Hrp R —47 5k 27
[/ — R 10, 93 il AREE “ speed” “ sensor” “ failure ”
A .. MZERTTCUEH, 5 1. 20 5 SRAT X R
FA ) H & Sl s AR th I X — i bsii ), 5
3. 4y 6 SEATN I H AR H & SOl sk A L
XAMBEE Y, D, ARAESCE T A ST LA 4R
HE R I PR AR 44
3.3 HES T

FE T HT SCHR B 1 43 R A FNE B EL TFIDF
S0k, T RAMOBE B2 BT 1 DX AR s SRR Y H 35
(1) H &SRR EUOCHE A5 B, DA ) Rl B 44
FRARG], A HNERAR B T A5 B XS
FOCHR, MR IE S o A -, h A Bl 3
BEE T RN S

o fERE R E AL DIRE s

o RIFHIANIACHAE Sy, (A ERAE S
4.2 SR IVRERYIRIERIZ

ASCHET MATLAB JT A )t b A LR AT 4
3 ANUIRERES Y SCPFSEICTRER . R E A7 1R e
A ¥ LS EE A P R S R VAR R B 2 e i sy
B HIRE e 500k H A& SO 45 R 3E AT e 4
ARBE,  SCHLERRE R EAL . WRR A LA S S
B 4 Fros, BAFERAERER T .

AR 1 HPERARSG BN,
T s i B A] 6 SR A

AR 2 P REANTFM, sy N, ik
TP B AT M A A H RS S

YR 30 R e R ) B A
SR TR o M | R D S B VA (TR D VA
BEAIALE S DRI RS, ZIRen] Ll B S ST Tk
SO E A b A A R B8 SR Y BT 1 e e

%2 EHEFHESTFHR (EBH)
e i) WA AR YL S
ATP A LOG MSG ATPCU Hfifff s i ATPCU FLEL 5

SPL_Initialise-104

JAHL BSA i

BSA Permanent Error

Speed sensor failure E2 2 I EpENL{
JRU message could not be sent JRU REAF-Hcbs

(event size too long)

EBFR state wrong i3l S Ak v

W 2% Bt AN R

Network resource not available

B R E)

BB AP TSR ks TR TAES IR, W
ETRIESHbR R E WSS, 5 U5 4

e ATP Rl JRU MR ARG RR, e JRU TP, 37 LT 4

K BFB 4k Hias 5 i 2o 8 5 R M BAT ¥ 8l s 25 kA 8 5 Fovk K
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PUES . N IR T ANC SR AR 25 5 HH IR id s dt
RPN ZE 8T o AR ST T 5 TR B
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