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Abstract:

Complex network theory (CNT)is one of big data analytics methods which can be
used to explore unsolved problems in previous studies. It has been found recently that
researchers have just begun to apply CNT to railway accident and incident studies.

This study aims at establishing a complex network model to explore factors
contributing to TRA'’s (Taiwan Railway Administration) accidents and incidents. In
addition, the text analysis and correlation analysis are also used to find out the key
factors of accidents and incidents. In order to discover which key factors can greatly
reduce the occurrence probability of accidents and incidents, cascading failure theory is
used to establish a safety propagation model in this study.

Empirical results point out that the key factors of accidents and incidents are
abnormal train power, abnormal train brake releasing, personal irregularities and signal
failures. The key factors of vehicle failures are abnormal train power, abnormal train
brake releasing, automatic train protection (ATP) system failure and unclosed VCB. To
avoid from personal irregularities can reduce the occurrence probability of accidents and
incidents by 47%. To avoid from abnormal train brake releasing can reduce the
occurrence probability of vehicle failure by 40%.

This study has also used visualization toolbox to show the network model and the key
factors in graphs which can more easily overview the factor correlations and the
importance of the key factors.

According to “TKU Personal Information Management Policy Declaration®, the personal information
collected on this form is limited to this application only. This form will be destroyed directly over the
deadline of reservations.
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EMO01 [EMO02 [EMO03 [EMO04 |[EMO0O5 |[EMO06 [EMO7 |[EMO08 |[EM09 [EM10 |[EM11 |[EM12 |[EM13 [EM14 |EMI15
13 1 1 1 1 4 2 1 9 9 2 12 1 28 1
EM16 |EM17 |[EM18 |EM19 |EM20 |EM21 |EM22 |EM23 |EM24 |EM25 |[EM26 |EM27 |[EM28 |[EM29 |EM30
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EM01 |EM02 |EMO03 |[EMO04 |[EMO05 |[EMO06 |EMO7 |[EMO08 |EM09 |[EM10 |EM11 |[EM12 |EM13 |EM14 |EM15
0.0219 |0 0 0 0 0 0 0 0.0057 |0.0148 |0 0.0093 |0 0.0123 |0
EM16 |EM17 |EM18 |[EM19 |[EM20 |EM21 |EM22 |[EM23 |EM24 |EM25 |EM26 |[EM27 |EM28 |EM29 |EM30
0 0.0054 |0.0135 |0 0 0 0.0012 |0 0 0.0040 |0 0 0 0.1997 [0.0117
EM31 |[EM32 |EM33 |[EM34 |[EM35 |[EM36 |EM37 |[EM38 |EM39 |[EM40 |EM41 |[EM42 |EM43 |EM44 |EMA45
0 0 0.0025 |10.0124 |0 0.0043 |0 0 0 0.0027 |0 0 0 0.0023 |0
EM46 |EM47 |EM48 |[EM49 |[EM50 |EM51 |EM52 |[EM53 |EM54 |EM55 |EM56 |[EMS57 |EM58 |EM59 |EMG60
0 0.0040 |0 0 0.0001 |0.0049 |0 0 0 0 0.0144 |0 0.0001 |0 0
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0.0001 |0.0010 |0 0 0.0007 |0 0.0002 |0 0 0.0002 |0 0 0 0 0.0049
EM76 |EM77 |EM78 |[EM79 |[EM80 |EM81 |EM82 |[EM83 |EM84 |EM85 |[EM86 |[EM87 |EM88 |EM89 |EM90
0.0003 |0.0022 |0 0.0023 |0 0 0 0.0009 [0.0055 [0.0574 |0.0161 |0 0 0 0.0050
EM91 |[EM92 |EM93 |[EM94 |[EM95 |EM96 |EM97 |[EM98 |[EM99 |EM100|EM101|EM102|EM103|EM104|EM105
0 0 0 0 0 0.0297 |10.0092 |0 0.0379 |0 0 0.0078 |0 0.0087 [0.0002
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0.0049 |0.0011 {0.0001 {0.0008 |0 0 0 0 0 0.0001 |0 0 0.0003 |0.0001 [{0.0059
EM121|EM122 |EM123 |EM124 | EM125|EM126 | EM127 |[EM128 | EM129|HO01 HO02 HO3 HO4 HO5 HO6
0.0210 [0.0022 {0.0061 |0 0 0 0 0 0 0 0.2213 |0.0455 |0 0.0087 [0.0003
HO7 HO8 M01 |[M02 |MO03 |OO01 002 003 004 005 006 007 008 009 010
0.0016 |0 0 0.0472 |0 0 0 0 0 0.0194 10.0016 |{0.0002 |0 0 0.0041
011 012 013 014 015 016 017 018 019 |A0L A02 A03 A04  |A05 A06
0 0 0 0.0001 |0 0.0010 |0 0.0001 [0.0001 (O 0.0427 |0 0.0025 |0.0004 |0
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EQO1 |EQ02 |EQO3 |EQ04 |EQO5 |EQO6 |EQO7 |EQO8 |EQO9 |EQ10 |EQ11 |EQ12 |EQ13 |EQ14 |EQI5
13 |1 1 1 1 4 2 1 9 6 2 12 |1 26 |1
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EQO1 |EQ02 |EQ03 |EQ04 |EQO5 |EQ06 |EQ07 |[EQO8 |EQ09 |EQ10 |EQ11 |EQ12 |EQ13 |EQ14 |EQI5

0.0248|0 0 0 0 0.0001|0 0 0.0075/0.0043 |0 0.002 |0 0.00770

EQ16 |EQ17 |EQ18 |EQ19 |EQ20 |EQ21 |EQ22 |EQ23 |EQ24 |EQ25 |EQ26 |EQ27 [EQ28 [EQ29 |EQ30

0 0.001 |0.008 |0 0 0 0.0005|0 0.0027]0 0 0 0.0142 {0.0209 |0

EQ31 |EQ32 |EQ33 |EQ34 |EQ35 |EQ36 |EQ37 |[EQ38 |EQ39 |EQ40 |EQ41 |EQ42 |EQ43 |EQ44 |EQ45

0.0002/0.0056 |0 0.0072|0 0 0.0003|0 0.0001|0 0.0001 |0 0 0.0044 0.0005

EQ46 |EQ47 |EQ48 |EQ49 |EQ50 |EQ51 |EQ52 |EQ53 |EQ54 |EQ55 |EQ56 |EQ57 |EQ58 |EQ59 |EQ60

0 0.0001|0.0006|0 0 0 0 0.0132]0.0005|0 0 0.0001 |0 0 0

EQ61 |EQ62 |EQ63 |EQ64 |EQ65 |EQ66 |EQ67 |[EQE8 |EQ69 |EQ70 |EQ71 |EQ72 |EQ73 |EQ74 |EQ75

0 0.0004|0 0 0 0 0 0 0.00040.0003 |0.0012 |0 0 0 0.0061

EQ76 |EQ77 |EQ78 |EQ79 |EQ80 |EQ81 |EQS2 |EQS3 |EQ84 |EQ85 |EQS6 |EQ87 |EQSS |EQ89 |EQ90

0 0.0005|0 0 0.0008|0.0058 |0 0.0014|0 0 0 0 0 0.0165 [0.0022

EQ91 |EQ92 |EQ93 |EQ94 |EQ95 |EQ96 |EQ97 |EQ98 |EQ99 |EQ100|EQ101|EQ102|EQ103|EQ104|EQ105

0 0 0 0 0 0 0 0 0.003 ]0.0054|0.0139 |0 0.0053 |0 0.0093
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4.3.1 1B ZEER AR

4.3.1.1 ¥R EE

A% > B3RP & gkanfs 2 @ (Initial protection)4p & 3t Ap i i2 4 ¢ 2L
A4 fof(Load) o & d BT LT EFRFHIY > LR B LFRE LS
BB AT E T ERDAEFZ I M AL 25 TR FEE
BLenT o4 R E - B PIIEEERESTE MR FL PR S L E
AT IRAE 2R R € AT ES GRS E > P(0) 5 & BRih

o 7

PO=) 0 (4.1)

ijev(j=k) Ost
Ea@D)? o) s & BRI BT TR ST
Osr o FERG e B @i [T BB -
4312 ZZEFEE
AT > B3 Y FELang > e (Threshold)4p & »t4p g @b @ & 2k
FFE o R BERFEFZRAY > SBRDEIPEEL - BFF SRR
PHREFIERMPEE X BRI ERpEEEINE ) P HBEOT 2P
R RS R PR RNFEF L FAE TR T 2P
B R € AT ESREAMEE T2 8P % 2R -
T = yPi(0) (42)
25N42)Y cyR e FE S B AN EN L
P;(0) 5 & Bhichd~ 47 B -
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FHEIPPEEAHLT 2R TP > T B3 EBEST % 2k i

B BRI 0 b SRR TR A A B B B
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Pi(t)-T;
apy =29 e 1 (4.3)

N3 (4-3)T 0 AP G TR 2R DS BB AR S B
Pi(t) 5 tFe % P & BEichfZ 3L B
T, 5 & 8hich® > P HEE S
d;(t) 5 tPFE%| pF & BLicPR (&
I 5 & 2hichip & 8L & o
PR s SRS B AEREN IR E RGNS B b apE

B A T B

P(D) = B(t = 1) + AP = By(t — 1) + P
i (t) GIOEYD)! (4.5)

pa+1)_{T PO >T)

J

4.3.1.4 FAFEYER
FEBLIESTE MR RRACET LB EUBE) R EE o

B =50 (4.6)
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432 L= ERERR
AR AT AT EIOpST 2B T K

@ BEAFFFEy=15> 27 FFFZEHNAA 254 G EE T
XY@ 15 BpF > W, = 1.5P(0) 0 7 L REE Fl R S RAST R

PEIMAE P L EREANT L enga

44



® i FEIKREPM)>T, it + 1PFaha BhidjE 248 F & F 2 FE 3¢

SR RESR TSRS La 10 RS e
ZIH B SEPEEE RIS G T BB A PR g &

Bep g gL nE 2P TR <T) o

@ BARALt=1IF HFFZE&ES B AP EE2BHA 4 254 FTiho
RFFSLERIAMNEIRE FLEPEEANA L 2R R
PR EIE 30K - FIAp

® BXAL I FBEMBDIHEG > T AFF DL S Lo

433 EEESHMMEEZEEE

P A2 H P o Tis 0 T A EM29(5] B F04 B K ) - S BEE BhF 0 A
o) R S BE EM29 B 4o AR X > B3 o

0pF > & 8LEM29 e > R & 5 27722 H A4~ 4573 & 5 3696.28 -

y)
it

At=1pF > &2 EM29 ¢ otz 2% >Rk ik - B 4.10 ﬁfﬂfﬁ*w >E >
RS B R B o F] 5 At =0fF AT} BXKC v &8 EM29 54 2 &
LA R A TR ESEEEM2 it 2% 2R §BEEM29 o i iE &
Wp P PR FI F AR B APy (1) -k Pk 4.3.1.2 & ¢ P s
T B ATIE (7 fie 0 M pER B EM29 ehjp it &gk T BT B L

Pemio(D-TEm10  3696.28—2772.2
APgyag; = = =16.5
EM29] dEm10(1) 56

45



EM112

e = g o

i 5= : ! L

5y ! \ L
o A1 ; S e —
0
N
P 68
s EM42 \ h 006

WA4105]|3 84 B § (=1 Rrif R R i

ht = 2pF > & BLEM29 304 AR RS BEAST 2 2 & DR

199 4312 § ¢ tha N s & G Eatt = 2eh e T

Pi(1) (Pi(1) <T)
r@={7

¥ S BEEM29 chdp i S BRIR X I B B ES 0§ 33 BE AT R XA 2R
o Ao 413477 o B ALl S BRRSTRE 2R 2R E SRR DRRE > F M

&8k EM29 cdp 48 4 8L 2K 535 B 4o o

Peai01(2) = Paor(1) + APgypz0; = 204.41 + 165 = 220.91 < 306.62 = Ty,
Peat0s(2) = Praog(1) + APgypzo; = 2.33 + 16.5 = 18.83 > 3.49 = Tpy06
Pea09(2) = Prpoo(1) + APgpzo; = 49.29 + 16.5 = 65.79 < 73.93 = Tgpo0
Pea10(2) = Pen1o(1) + APgprze; = 173.07 + 16.5 = 189.57 < 259.61 = Tpyy0
Peai1(2) = Ppy11(1) + APgpz0; = 0.18 + 165 = 16.68 > 0.27 = Ty
Peai2(2) = Ppy1p(1) + APgyz0; = 87.33 + 16.5 = 103.83 < 130.99 = Tgyq,

PEM14-(2) = PEM14-(1) + APEM29j =116.93 + 165 = 13343 < 17539 = TEM14-
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Pir16(2) = Payne(1) + APpyzg; = 10.95 + 16.5 = 27.45 > 1643 = Tyyy
Per17(2) = Pganr (1) + APgyzg; = 50.75 + 16.5 = 67.25 < 76.12 = Tgyy,
Pn1s(2) = Peyag(1) + APgye; = 121.38 + 16.5 = 137.88 < 182.07 = Tpypg
Pgp20(2) = Ppuzo(1) + APgyze; = 0+ 16.5 = 16.5 > 0 = Tgyz

Pen22(2) = Powas(1) + APgyng; = 41.32 + 165 = 57.82 < 61.98 = Tpyyy,
Pirzs(2) = Paazs (1) + APgy; = 39.43 + 16,5 = 55.93 < 59.15 = Typpzs
Pin30(2) = Pewso(1) + APgyze; = 11952 + 16.5 = 136.02 < 179.27 = Tgyao
Pirsa(2) = Pgyaz(1) + APgy; = 23.59 + 16.5 = 40.09 > 35.38 = Tyya
Pirsa(2) = Peyza(1) + APryno; = 118.29 + 16,5 = 134.79 < 177.43 = Tpppas
Pgyss(2) = Pemzg(1) + APguz95 = 0+ 16.5 = 16.5 > 0 = Tgy3g

Piraz(2) = Poyas(1) + APgyne; = 0.38 + 16.5 = 16.68 > 0.27 = Ty
Piras(2) = Poyas (1) + APpyzg; = 21.54 + 16.5 = 38.04 > 32.31 = Tyyas
Perar(2) = Ponar (1) + APppz9; = 45.63 + 165 = 62.13 < 68.45 = Typay
Pgpao(2) = Pemao(1) + APgpze; = 0+ 16.5=16.5> 0 = Tgpuo

Pemsa(2) = Peysa(1) + APgpa9; = 0 + 16.5=16.5> 0 = Tgysa

Peyss(2) = Peyss(1) + APgpz9; = 0+ 16.5=16.5> 0 = Tgyss

Pinss(2) = Pauss(1) + APpyzo; = 401.9 + 165 = 418.4 < 602.84 = Tyyse
Pirs1(2) = Payer (1) + APpyng; = 127 + 165 = 17.77 > 1.91 = Tyye,
Pgmea(2) = Pemea(1) + APgpa95 = 04 16.5=16.5> 0 = Tgpea

Pemes(2) = Peyes(1) + APgpz9; = 0+ 16.5 =16.5> 0 = Ty

Pirier(2) = Power(1) + APpyze; = 2.14 + 16.5 = 18.64 > 3.2 = Tyyey
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Pemes(2) = Pemes(1) + APgpyze; = 04+ 16.5 = 16.5 > 0 = Tryeg

Pereo(2) = Pgpeo(1) + APgp29; = 0+ 16.5=16.5> 0 = Tgyeo

Pirrs(2) = Pawys(1) + APryzo; = 39.59 + 165 = 56.09 < 59.38 = Tpyy5s
Perir6(2) = Payrs(1) + APgyng; = 222 + 16,5 = 18.72 > 3.33 = Tyyrg
Pirir7(2) = Payrr (1) + APpyzg; = 22.61 + 16,5 = 39.11 > 33.91 = Tyyr,
Pgpy78(2) = Pemzg(1) + APguzo; = 0+ 16.5 = 16.5 > 0 = Tgy7g

Pir79(2) = Pearo(1) + APgyo; = 22.61 + 16,5 = 39.11 > 34.36 = Tz
Pgyg1(2) = Pems1(1) + APguze; = 0+ 16.5 = 16.5 > 0 = Tgyg;

Peung2(2) = Pgygz(1) + APgyae; = 0+ 16.5 = 16.5 > 0 = Trysg;

Peuyss(2) = Peysgs (1) + APgpz9; = 363.37 + 16.5 = 379.87 < 545.05 = Tgpygs
Pinss(2) = Paugs(1) + APpyzo; = 182.77 +16.5 = 199.27 < 274.15 = Tpygq
Pirioo(2) = Peuoo(1) + APgyo; = 47.1 + 16.5 = 63.6 < 70.65 = Tgpa0
Pero3(2) = Pgpos(1) + APgp29; = 0+ 16.5=16.5 > 0 = Tgpyo3

Permo7(2) = Pepyo7 (1) + APgpp9; = 122.16 + 16.5 = 138.66 < 183.24 = Tgpo7
Pini9o(2) = Peaoo(1) + APgppzo; = 261.8 + 16.5 = 278.3 < 392.7 = Tgpo0
Pem100(2) = Pemi0o(1) + APgy29; = 0+ 16.5 = 16.5 > 0 = Tgpy100

Perio2(2) = Pgpio2(1) + APgpz9; = 1.83 + 16.5 = 18.33 > 2.74 = Tgy102
Pgm103(2) = Pgmio3(1) + APgy29; = 0+ 16.5 = 16.5 > 0 = Tgpyq03

Per104(2) = Peyioa(1) + APgyze; = 26.78 + 165 = 43.28 > 40.17 = Tyy04
Per106(2) = Peaos(1) + APgazo; = 48.9 + 16.5 = 65.4 < 73.35 = Typpr06
Peri110(2) = Pgya10(1) + APgpa9; = 0+ 16.5 = 16.5 > 0 = Tgpq10
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Pem113(2) = Pgmi13(1) + APEM29j =0+16.5=16.5>0 = Tgy113

Per120(2) = Pepyaz0(1) + APgpz9; = 41.64 + 16.5 = 58.14 < 62.46 = Tgp120
Peri21(2) = Pgyiz1(1) + APgpag; = 180.89 + 16.5 = 197.39 < 271.34 = Tgpyqpq
Pro2(2) = Py (1) + APgpz9; = 2026.87 + 16.5 = 2043.37 < 3040.31 = Ty
Pp01(2) = Ppo1(1) + APgpz9; = 0+ 16.5 = 16.5 > 0 = Ty,

Pyo6(2) = Pyoe(1) + APgpyz9j = 0+ 16.5 = 16.5 > 0 = Ty

PA07(2) = PA07(1) + APEM29j =0+ 16.5=165>0= TA07
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