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Identifying Accident Prone Bus Drivers with Digital Tachograph Records

Student: Yong-Siang Cai Advisor: T. Hugh Woo
Department of Transportation Technology & Management

National Chiao Tung University

ABSTRACT

The occurrence of traffic accidents is greatly influenced by inappropriate driving
behaviors. Therefore, traffic accidentsimay:be; prevented in advance if these abnormal
driving behaviors could be identified, and furthermoreavoided. Digital tachograph can be
utilized to enhance driving safety by providing information® of driving behavior, such as
over-speed, instant jacceleration and jbraking.-Thetdriving records of 337 bus drivers
between January_ T, 2007 land-December 31, 2007 were ‘collected from an inter-city
passenger transpert service provider,-which had equipped digital tachograph in its fleet.
Three thresholds=of the driving records in termsiof frequency were used to cluster bus
drivers, i.e. 50™percentile, 75™ percentile and g8 percentile in normal distribution. Cluster
analysis was used to classify the frequency.of drivers’ abnormal driving behavior into six
categories with the value of R* reaching'0.771. The risky factors which could significantly
influence the occurrence of traffic accidents were identified’ in Cox regression analysis,
namely abrupt emergency braking; medium emergency braking, medium turning without
deceleration, turning on left signal, over-heat of cooling’systém, over-running of engine
RPM, mis-engagement "of e gear, and electro-magnet braking. The risky factors for
mechanical failures were identified as over-heat -of cooling system, free-run by

disengagement of clutch, and mis-engagement of 7" gear.

Keywords: Digital Tachograph, Cluster analysis, Survival analysis, Driver behavior.
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ghptie fF a2 3o 2B T K 6F 2RI & 3 (conditional likelihood) (Cox
1972) » 8% £ % 3+ (marginal 11kel1hood) (Kalbfleisch and Prentice > 1973)% ¥R 4 $#£04
% 3+ (partial likelihood) (Cox » 1975) o s IR FEN G evE B o 2 B d CoxEE & T
CRER AVAT I @‘ﬁf“fu/ Eirafr s a BB g b EFEIRA RN G, fRA-7 T PR

f”\:'.;"'.lﬂi'/z-}{[w—_'\i B R 48 i;ﬁﬁ’}@‘u/x _‘m,z-;fq_)"}lljﬁ‘ Skl ek BE o

PSRN RN 0 7 4 AR G Sl A IR T 2 T L A T e i
GBI BEIRG I Flpt A e A o ol & e L2 M) o X IR PRI S o
AP B 0 B F A A PR Sl? o - R{RRBE o T L BHE K A
(asymptotic normal)z_ 4F 8 > @ 2 A AT » B2 iR m it T ARITW A R o Ft
Efron(1977)i2 % 38~ 202 53+ > S50 @ @ik § »f il ;L'% = 5 m Coxs 3u i 3R
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CHEEAF kR E RPEL 57.1% Afr ek 425 EE TSGR
ERE P RENE CPERBARE  HMEREARE P H R E LD

SRR o~ A AR ER I FHEES R BR I FE A2
fTf  RRED (v o RRESEAcR 430 AR A dE 117 4 1k 34.72% 0 B # 4 ¥k
L2 45 1 0.59% > C3 Ak 218 & o ik 64.69%

442 2 BEAPTEE
Between Within
df
SS SS
P RELND 384.74 2 138543 334 4638  0.000
P RE A 769.71 2 662623 334 19.40  0.000
PR AR 196.68 2 173546 334 1893  0.000
Mg R P A R 20951 2 & 64596 334 542  0.005
Froi o 9% 4449886 2 27221.004 334 273.00  0.000
FrL e 7654235 2 27925.07 334 457.75  0.000
FTipe s 220572  695.72° 334" 529  0.005
2
)
2
2
2
2

df F P-value

Fe v 3G9 11690 334 4.85  0.008
HARRR B F 55.35 1885.43 334 490  0.008

51 BF o 38 1 S 1.91 51.44 334 6.21 0.002
Byt Bk AFF 1331.23 14680.97 334 15114  0.000
#d ivh 2325.64 5835.98 334 | 6655  0.000
TR TH 1680.05 433098 334, 64.78  0.000

3043 = gHEBg

g | g
AB# | 117 3472%
BE#E | 2]05%
C % | 218 | 64.69%

Ko BHEAITEERF LR L4244 87 g 4 4479 hicld L3 e
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e R et
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#4-4 = B¥7 oo
ARg¥ BEH CE#H

B ERELD 4.50 3.05 2.25
B % &bk 5.83 5.49 2.67

PRERESARE 244 0.61 0.83
Mg RESARE 061 0.03 0.09
Fr=fg> e g 29.61 109.31 10.56
g e g 29.23  174.89 10.41

Frik R E 0.87 1.92 0.38
Ferp| o 0.46 0.19 0.25
S AP KRB B 1.57 0.68 0.72

51 8 i i 0.29 0.69 0.15
B S Bitn® L 6.59 8.36 2.47
A 1235 10.76 6.83
RN D (TH 10.24 9.14 5.56

H i L/p ol

422 v ¥ L

v BT A ke RO S 746% 0 Ak dck 450 EE TG G RAL
BAZd 7 RFAND VPR ABPARES T B v B LD R R R
Folor ~ SRR R 5 FRERR S RBELINT R o B EE A 460 A FA
#i 14 4 i 4.05% 0 B A B 183 A 5 ik 543% 0 C ¥ 4ldies 138 4 o ik 40.95% >
D# 4 dcs 2 4 ik 0.6%
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HPPv s s prels HrrEs  FRAAF I GRREY ¥ #3525
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R LI PERFIAAHE S F AN RRE > VLI RREF 5 F B
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245w BELTESE
Between Within
df
SS SS
e fLAEAT 12 16147 3 322.01 333 55.66 0.000
T RELE 453.04 3 1317.35 333 38.17  0.000
v RS AR 653.00 3 1279.39 333 56.65  0.000
Tz e 5172320 3 19996.65 333 287.11 0.000
TS e 86905.03 3 17562.42 333 549.27  0.000
3
3
3
3
3

df F P-value

Frig kg 23.27 694.64 333 372 0.012
Fer| v 5.18 115.22 333 499  0.002
HATKEE R 49.90 1890.77 333 293 0.034
51 8 ¢ 1 2.90 50.28 333 6.40  0.000
TR iTH 1816.60 4194.47 333 48.07  0.000

% 4-6 = B Rt

Al | B
AR N1 4.15%
B %% | 183 | 54.30%
C&H# | 138 |40.95%
D &3 2 0.60%

447 w B
AR#H BEHE CEHE DEF

$ fE A7 2.51 1.30 2.71 2.36
W R &LE 3.49 1.98 4.38 3.05

Vi RS AR 7.65 0.69 1.69 0.61
o g 4834 | 888 25.10 109.31
e e E 5449  9.07 23.67 174.89

TR EE 0.86 0.33 0.81 1.92

Ferg|wn 052 0.1 0.45 0.19

AET KR B 0.58  0.70 147  0.68

515 438 i 0.16 0.13 030  0.69

TRACH (T 8.88 508 9.82 9.4
B x/Fog

423 I ¥

THEHEgA D ka e RPE L 74.6% > 2w B3¢ RPEiTin o 44 3te &
Y BRI A Ak A RT BHP HBCoHEAUL 34181 4 > 2 A
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BHF IARES e FP RESERT « A58 % 40 48 FEFF 37 &K
BNV EREYARE 2 HE B L E S e E L REER S F R E
AR L BRI RRAD (T B H B AL 49 AH KL 2 40 1 0.59%
B#AH: 34 1:089% C3HAHi 181 & > i:5371% D AHE 13 4 5 ik
3.86% > B3 4 #ch 138 4 » ik 40.95% o

%48 T EHEL RS
Between Within
SS df SS
TR AEAD 44736 4 1323.02 332 28.07  0.000
v RS ARE 643.85 4 1288.49 332 41.47  0.000
Tz e E 51585.24 4 20134.80 332 212.65  0.000
TR e 87524.52° 4 1694296 332 428.76  0.000
S Er KRR B 5522 4 1885.43 332 2.43 0.047
4
4
4

df F P-value

51 8 bl < 2.78 50.46 332 4.57  0.001
B s BREFF 1013504 5877.06° 332 " 143.13  0.000
T ERALE T 178541 422570 332 .35.07  0.000

£ 49 T BB

S | B
- ) 0.59%
B ##1 3 0:89%
C 3 | 181-153.71%
D&+ 13 | 3.86%
E &% | 138 |40.95%

I RHEATREAF RS ER4I0 B FP B AR R ER b e
SIHHEE A NERFLAAAHACHENE RS B ¥ D EE- K AP
Fiap iy AR SR FARIE - BEEY P RAEKD  TRAD T R LE R
RAFENERFTLARL G H I RF - CHEY NFERIPHE @ H ERE HY
BMEF2 A -DEe? R ALY GRABEFRAREPRE B FE ARG > B
BEYVOAEEPN EHE? DERATRED (THZ LR ER DERGET LA
PHBFEEIRE > B FEY ACH P -

424 > BEAM 5

ERD CPGREPARE B e B L@ e B I HFREE S RS
BRBFE S DREED TR o FHESHIL 4120 AFE A KL 143 4 > £ 4243% 0 B

AHEEFTA N RAEE R E L T71% AR Ak 411 EEFF G R
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FAHS 14400k 415% CH A i 174 4 1 51.63% D # A #cs 2 40 i 0.59%
E# Adch 140 i 031% F#E Adch 34 0 ik 0.89%

% 4-10 T B¢ w8
AfR¥ BE#H CE¥ DEH EE#H
P RELD 3.05 5.41 1.99 3.31 4.33
PigE R R AR 0.61 3.20 0.69 7.79 1.67
TS e E 109.31  30.10 8.80 49.00 24.96
TS R 174.89  37.77 8.97 55.57  23.40

HAr KR e R 0.68 0.14 0.69 0.61 1.49
51 8 i i 0.69 0.43 0.13 0.17 0.30

BRAEER B FF 836 60.10 225 392 4.87
TS (T 9.14 | 1970, 507  9.07  9.75
Hr:=x/Fo2

B BEAFBERT B3 bpad-l3h 50 SEIAS DY HERAD R AK
EENE - ,anm $B¥EE TR (Fhpi BB F i iR 0 BB Rg
M7 A g€ H e PRl HE g F A ¥t D EEY o
Emfy o o B0 S i S~ RS TRARRE B Wl R o H T A
} R s R ’hﬁ‘”’#%#’alﬁ°E P B R R AR
R TEs S M aiiﬁéﬁ “éi‘;'l,iﬁé#%l“* FRed SR eSS
LRED (o R R £ B 9 i AR R e B SRS R R (T4 SR AT
s S & %#R'r%-ﬂiﬁ Lo

% 4-11 = B ¥ o755
Between Within
df
SS SS
W RE LD 456.04

F P-value

5 131440 331 2297  0.000
P RESARE 102252 5 909.92 331 7439  0.000
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