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Development for City Bus Dirver’s Accident Occurrence Prediction Model
Based on Digital Tachometer Records
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ABSTRACT

This study aims to develop a model by which city bus drivers who are likely to cause an accident can be figured out based
on the information about their actual driving records. For this purpose, from the information about the actual driving records of
the drivers who have caused an accident and those who have not caused any, significance variables related to traffic accidents
are drawn, and the accuracy between models is compared for the classification models developed, applying a discriminant
analysis and logistic regression analysis. In addition, the developed models are applied to the data on other drivers’ driving
records to verify the accuracy of the models. As a result of developing a model for the classification of drivers who are likely
to cause an accident, when deceleration (Xdeceleraiion) and acceleration to the right (Yign) are simultaneously in action, this variable
was drawn as the optimal factor variable of the classification of drivers who had caused an accident, and the prediction model
by discriminant analysis classified drivers who had caused an accident at a rate up to 62.8%, and the prediction model by
logistic regression analysis could classify those who had caused an accident at a rate up to 76.7%. In addition, as a result of the
verification of model predictive power of the models showed an accuracy rate of 84.1%.
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<Table 1> ~ <Table 3>3} Zt}.

(Table 1) Number of Samples of Research Subjects

Drivers who |Drivers who have
Classification |have caused an| not caused an | Total
accident accident
For developing 3 36 129
models
For verifying
models 63 63 126
Total 106 149 255

(Table 2) Composition of Samples of Research
Subjects by Region

January February Total
Month No. | Comp No. of Comp No. of Comp
Class. of | onent onent onent
. data . data .
data | ratio ratio ratio

Seoul 3 7.0 6 140 | 9 | 209
Daejeon | 8 | 189 | 7 163 | 15 | 349
Gyeonggi | 13 | 302 6 140 | 19 | 442
Subtotal | 24 | 558 | 19 | 442 | 43 | 100
Seoul 6 7.0 12 | 140 | 18 | 209
Daejeon | 16 | 189 | 14 | 163 | 30 | 349
Gyeonggi | 26 | 302 | 12 | 140 | 38 | 442
Subtotal | 48 | 558 | 38 | 442 | 86 | 100
Total 72 | 558 | 57 | 442 | 129 | 100

JUSPIOOR O/M | JUSPIOOR /M

(Table 3) Composition of Samples for Verification

. Drivers who have
Drivers who have
Class. . not caused an Total
caused an accident .
accident
Seoul 19 40 59
Daejeon 16 12 28
Gyenggi 28 11 39
Total 63 63 126

o F3trfo] FHE T YUk o] & {3t B
:r1°ﬂ*11_, TEMTFE Sty AT FA4 7]‘3
Z WEAQA ZA2~E 3| A EA (Logistic Regression
Analysis)® ¥ £ (Discriminant Analysis)S AH&-
Rom, 7 247 AR S e g
2849 AE44E YeEhZ] W 7 &771H 9
HIE Fsto] Ao EREFS AAsAT
AU 2 2R AlndEny 7fad 9
TFAA FAWE 9 A= <Fg 1> 2t

Contents and Procedures of Analysis

Setting Variables for Digital Tachometer Records
Information-based Analysis

Verification data

i Ead
Model development ‘ ‘Atmﬂq rate (1) ‘A:mn:} rate (1)‘
t_f

Drawing optimal classification model
of driversw/ or wio accident

ofaccident caused by driver

‘Presenting a prediction model of occurrence ‘

(Fig. 1> Procedures and Methods of Analysis
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(Fig. 2> Definition of Acceleration Variable
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(Table 5) Processing Acceleration Variables

Item Unit Definition of variable
X, Y m/sec2 AVX, AVy Resultant force
Resulta| 1x +v mfsec® |+AVx, +AVy Resultant force
t
n +X, -Y m/sec2 +AVx, -AVy Resultant force
acceler
ation | X *Y | mjsec’ |-AVx, +AVy Resultant force
X, -Y m/sec2 -AVx, -AVy Resultant force
Lateral acceleration )
+ AV
(YD) m/sec \ y |
olg3t ol BH AP AFWEE HAS
How, HF B8 W4= <Table 6>3 2t}

(Table 6) List of Variables for Analysis

Variabl Descripti f .
No r;a:;ee es\f:rli)aglel © Concept applied
1 A% Velocity
2| pm No. of Ftngine
rotation
3 brake_o | Brake operation
n signal
Acceleration in the
4 Vx Acceleration (£Vx) |direction of progress of
vehicle
5 Xa" Acceleration (+Vx) Acceleration
6| xd’ Acceleration (-Vx) Acceleration
Left/Right) Lateral
7 Vy Acceleration (+Vy) (Left/Right) . era
acceleration
. Acceleration i ti
8 Y Acceleration (+Vy) e ;ra tilznril;lhtac on
Acceleration in action
1) . _
9 Y1 Acceleration (-Vy) o the left
10 Y Size of acceleration | Size of (Left/Right)
(xVy) lateral acceleration
ul xy Resultant acceleration Size of resultant
(£Vx,tVy) acceleration
- .
2| Xayr Resultant acceleration Refiuctlon '
(+Vx, +Vy) acceleration to the right
Resultant acceleration Reduction +
13| XaYl .
a (+Vx, -Vy) acceleration to the left
- I
14| xdyr Resultant acceleration Refiuctlon .
(-Vx,+Vy) acceleration to the right
Resultant acceleration Reduction +
15| Xdyl .
(-Vx, -Vy) acceleration to the left
Note) 1. a : acceleration d : deceleration r : right 1 : left
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§o3 Ao JEgon &5vy) 2 Hyolg F Variables
=34 AdPurek 7lE e = 97 3E& 7k .
53| <, Y3k 7} Vx) = 9 N & a5 1 Variable vy XY <d i S
o)zt folatA @e Aoz RMHUAT. A Class
- CaSel * * *% *% *%
Ao w2 HF Fous A A= <Table 8> casc2 " T = T
I 2o case3 * * x w w
CaSe4 * * *% *% *%
CaSeS * * *% *% *%
(Table 7) Result of Significance Test on Des- case6 * * o PR
criptive Variables between Groups case7 * * o PR
(Case 1) case8 * * *k K%k K%k
Classification case9 i * o * *
CaSelO * * *% *% *%
Vari- of group Standard 11 * * *k *k *k
bl (1 : w/ accident| Average deviati t-value p case
avie 0 : wjo ceviation casel2 * * ok i i
accident) casel3 * * % *k *k
1 19.190 9.311 casel4 * * *% Kk Kk
\" -1.446 | 0.151
0 22.105 | 11.456 3 casels % P I R
brake 1 1349.558 | 756.425 casel6 n P IR p——
- 1.291 .1
on 0 1195.686 | 570.714 ? 0.199 casel7 * * w* w** ok
1 776.678 | 268.641 casel8 n P I p——
-0.889 | 0.378
o 0 815.596 | 142.505 @0 |+ |+ | = e
* * *% *% *%
Vx (1) g'gzg g;gi’ 0.120 | 0905 case20
- - Note) *: Significant at a level of p-value 0.05,
Vy (1) (())%(;?; 8(1)23 2268 0,()25* **: Significant at a level of p-value 0.01
-0. 054
1 0.243 0.254 *
) X =AM
XY 0 0143 | o195 | 2% |00 3) tSsdd
Xa : ole 02  an | o160 474 A% fo@ W52 A4" WsE
d 1 0149 [ oa4l | ol ABAE Fotstr] 93t gEIFHEE s A
0 0078 | 0068 | "7 |” o 71RA R gEFAA A FARATL 01
Yr (1) ggzz 8(1)22 1718 | 0.092 o]stZ ZAY VIF(Variance Inflation Factor) 7} 10
v 1 0079 | 0048 | | ool g olfold tE A TAV T B
0 0070 | 0048 | ‘
1 0095 | 0.31 . _ o
Y 0 0058 | 0053 2.309 |0.023 (Table 9) Result of Analysis of Multicollinearity
XaYr 1 0.186 0.252 1.888 | 0.063 Variable Tolerance limit VIF
0 0103 | 0.1% Vy 0.076 13.109
XaYl : 0182 | 90219 ') 462 | 0.146 XY 0.586 1.706
0 0126 | 0.198 Y 0.402 2.486
0 0021 | 0024 Xd 0370 2705
1 0135 | 0.125 XdYr 0.047 21.496
Xdyl 0 0054 0,056 5.121 |0.000

Note) *: Significant at a level of p-value 0.05,
**: Significant at a level of p-value 0.01

Vy, Y, XY, Xd, XdYr 3 XdYl
ol dd o

5 6 &= W
A4 24 A, Vy, Xdyr
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(Table 10> Result of Discriminant Analysis

Multicollineari . Classification accuracy(%)
ty variable Bigen | C2R0Ml | e
y . Input factor 8 correlation Discriminant functional formula w/o w/
(exclusion value . Lambda . . Total
. coefficient accident | accident
variable)
Y, XY, Xd, 7=-0.760+4.558(XdY1)+7.538(XdYr)
Xdyr, Xdyl 0.322 0.493 0.757 2.068(Y)+0.023(Xd)+0.591(XY) 96.5 62.8 85.3
Y, XY, XdYr, Z=-0.762+4.547(XdY1)+7.526(XdYr)
v XdY1 0.322 0.493 0.757 2.057(Y)+0.593(XY) 96.5 62.8 85.3
y —
Y, XdYr, XdYl | 0318 | 0491 | o759 |ZTO7444956(XAVITAIT(XAYD) 965 | 628 | 853
-1.212(Y)
XdYr, XdY1 0.316 0.490 0.760 | Z=-0.814+5.215(XdY1)+6.781(XdYr) 94.2 62.8 83.7
XdYr 0.270 0.461 0.787 | Z=-0.567+9.808(XdYT) 95.3 48.8 79.8
Vy, XY, Xd, 7=-0.649+12.520(XdY1)-2.287(Y)
Y, Xdvl 0.353 0.511 0.739 +0.787(Xd)+0.417(XY)+7.819(Vy) 98.8 53.5 83.7
Vy, Xd, Y, 7=-0.613+12.987(XdY1)-1.864(Y)
. Xdyl 0.351 0.510 0.740 +1.059(Xd)+7.911(Vy) 98.8 53.5 83.7
T
Z=-0.697+12.028(XdY1)-1.286(Y)
Vy, Y, XdYl | 0.350 0.509 0.741 +7.404(Vy) 98.8 53.5 83.7
Vy, XdYl 0.346 0.507 0.743 =-0.772+11.662(XdY1)+6.832(Vy) 97.7 58.1 84.5
XdYl 0.207 0414 0.829 | Z=-0.945+11.701(XdY1) 73.3 62.8 69.8
Vy, XY, Xd, Z=-0.766+10.288(XdY1)-2.343(Y)
Y, Xdyr 0.302 0.481 0.768 -1.226(Xd)+0.954(XY)-1.912(Vy) 96.5 55.8 82.9
Vy, Xd, Y, 7=-0.694+11.109(XdY1)-1.307(Y)
vt XdYr 0.293 0.476 0.773 0.787(Xd)2.547(Vy) 95.3 58.1 82.9
7=-0.629+11.850(XdYr)-1.789(Y)
\% . . . . . .
y, Y, XdYr | 0.293 0.476 0.774 2797(Vy) 95.3 55.8 822
Vy, XdYr 0.288 0.473 0.777 | Z=-0.729+11.272(XdYr)-3.084(Vy) 94.2 535 80.6
XdYr 0.270 0.461 0.787 | Z=-0.567+9.808(XdYr) 95.3 48.8 79.8
YAASE 2, AL B4 LA AL WL L S
A A ERHICEA 7MY FFYHe] e Hro] 9F9d FAH FH& =5 1
HTFE XdYr(HE+ 9309 248 7S )EA ol A3, Y, XY, XdYr 2 XdYl 47 ¥5FE 238
AAFE AL AAE B{FE 7Aool H of 4% A At v AR 942%, A
AAH, v dFEE A E YE- 99 ) A A 744%) ERES JERAI O, ALY
&% 2N A gl AYSE ATRY £AA A AR ERLA UF FHEA AY B F
2 RFD bsAe] Wolde ¢ F Atk BHAR S XdYr GEWSE BIAT EQtE FS
o he 2R AREE BAG AT A1 n2d & o 767%9 BRES deidg
A4 Ade An v e84 dvow 43t OEEAA NS XdYr B BAHeR o
A EFoe HlEE 942%, ALEA A2 F s 32 ¥ AYHSE AAL ALdde, Vy, Y,
AR SRz Ao BFRSE WEE 791%  XdYlI 3 fouSrt 448 2ydA A B
2 Uehtom, AWAY BH YA 1% b HHES 87692 7PY %A Uehgon], Ay
Bt Hd EFEF MES st FAHCR A R AEE =3 69.8%= /M E=A UE
FolsA g MEE AARTL 9ol g A Wk dEEAA WS XAV 2 BAHCE §
< HFRE BN AAS 7tEA AdE 2Y ofstA ¥ AYHMTE AAT FFole Xdyr &
o ERATE WelFe BASRE BU, FAR Y BU4E madel 483 49, AL I &
MoE E3AA JANSE BAs BRRY A4 9% 4TI £ UE BRASEE 7
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(Table 11> Result of Logistic Regression Analysis

Multlcol.lmeant Model Pendo R2 Hosmer& Classification
Y variable Tnput factor 2Log Chi-square Leme- Model formula acouracy(%)
(exclusion P Likehood ( -ve?lue) Cox& | Nagel |McFad show Test w/fo w/ Total
variable) P Snell | kerke | den accident | accident 0
XY, Xd, Y
o 91.688 Logit=-3.071+39.325(XdY1)+59.784(XdYr)
XdyY 2.532 . . . .4 94.2 .1 | 89.1
X(ciinl’ 7233 (0.000) 0509107070558 0435 -50.161(Y)+7.597(Xd)+4.416(XY) 7 8
XY, Y, 89.993 Logit=-3.717+37.935(XdY1)+52.133(XdYr)
Xdy 4.22 : .502(0.698|0.548| 0.722 iy ‘ : 942 | 744 | 87.
X((iinl, 74227 0.000) 0.502|0.698 |0.548 | 0.7 46421(Y)+5.078(XY) 7 87.6
Vy -
Y, Xdyr, 78.316 Logit=-2.957+28.357(XdY1)+41.014(XdYr)
XdYl 85.905 0.000) 0.455|0.632|0.477| 0.032 26289(Y) 93.0 | 744 | 86.8
XdYr, 72.077 .
XdYl 92.144 0.000) 0.42810.595|0.439| 0.875 | Logit=-3.418+7.946(XdY1)+44.227(XdYr) 90.7 | 744 | 853
70.111 .
XdYr 94.110 0.000) 0.419|0.582|0.427| 0.172 | Logit=-2.991+49.062(XdYr) 919 | 76.7 | 86.8
vy, XY, 84.532 Logit=-2.898+92.660(XdY1)-40.232(Y)
Xd, Y 9,689 j 1481 0. 515] 0. - : o 96. 4 | 86.
)?&Yl’ 7068 (0.000) 048106680515 0857 +6.687(Xd)+2.883(XY)+50.110(Vy) 65 | 67 868
Vy, XY, Y, 83.180 Logit=-3.437+82.530(XdY1)-37.226(Y)
81.040 0.475|0.660|0.507 | 0.341 96.5 | 674 | 86.8
Xdyl (0.000) +3.535(XY)+42.169(Vy)
XdYr Vy, Y, 76.373 Logit=-2.920+69.498(XdY1)-25.315(Y)
XdYl 87.848 0.000) 0.447|0.621|0.465| 0.767 +35.551(Vy) 96.5 | 69.8 | 87.6
79.962
Vy, XdYl | 91.259 0.000) 0.432|0.600|0.444 | 0.958 | Logit=-3.343+54.869(XdY1)+9.785(Vy) 942 | 674 | 853
30.498 .
Xdyl 133.723 0.000) 0.211]0.292|0.186| 0.026 | Logit=-2.129+16.973(XdY1) 86.0 | 442 | 72.1
vy, XY, 81.694 Logit=-3.028+74.626(XdYr)-26.370(Y)
);El(,wﬁr{, 82.526 0.000) 0.469|0.652|0.497| 0.414 +4.626(Xd)+4.279(XY)-11.145(Vy) 919 | 79.1 | 87.6
Vy, XY, Y, 80.867 Logit=-3.430+69.491(XdY1)-25.895(Y)
XdYr 83.354 0.000) 0.466|0.647|0.492| 0.798 +4.694(XY)-12.661(Vy) 919 | 744 | 86.0
Xdyl XY, Y, 79.244 Logit=-3.549+60.867(XdYr)-11.277(Y)
4.9 .4 . 4 .51 91.9 .1 .
XdYr 84.976 0.000) 0.459|0.637|0.483| 0.513 +4386(XY) 79 87.6
XY, XdYr | 87.163 (707 '058) 0.450{0.625|0.469| 0.560 | Logit=-4.004+56.385(XdYr)+3.558(XY) 919 | 72.1 | 853
70.111 .
XdYr 94.110 0.000) 0.419/0.582|0.427| 0.172 | Logit=-2.991+49.062(XdYr) 919 | 76.7 | 86.8

Zt 91.9%, 76.7%i
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Pseudo R2

&2 Hosmer&Lemeshow 47443} p<0.05¢ 4$-&
ALen RE ALANA Cox&Snell 0.419~0.509,
Nagelkerke 0.582~0.707, McFadden 0.427~0.558% U}
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(Table 12> Comparison of Results of Development of Models According to Method of Analysis

Multicollinearity Discriminant analysis Logistic regression analysis
variable Input factor . Classification Variable . Classification
X X Accident Accident
(exclusion variable) accuracy % accuracy %
XY, Xd, Y, No occurrence 96.5 XY, X d*, Y, Xdyr, No occurrence 94.2
Occurrence 62.8 Occurrence 79.1
Xdyr, Xdyl Total % 853 Xdvi Total % 89.1
No occurrence 96.5 No occurrence 94.2
XY, ;&Y)l(dYr’ Occurrence 62.8 XY, Y, XdYr, XdY] Occurrence 74.4
Total % 85.3 Total % 87.6
No occurrence 96.5 No occurrence 93.0
Vy Y, XdYr, XdYl Occurrence 62.8 Y, XdYr, XdYl Occurrence 74.4
Total % 85.3 Total % 86.8
No occurrence 94.2 No occurrence 90.7
XdYr, XdYl Occurrence 62.8 XdYr, Xdyl' Occurrence 74.4
Total % 83.7 Total % 85.3
No occurrence 95.3 No occurrence 91.9
Xdyr Occurrence 48.8 Xdyr Occurrence 76.7
Total % 79.8 Total % 86.8
Vy, XY, Xd, Y, No occurrence 98.8 Vy, XY, X d*, Y, No occurrence 96.5
) Occurrence 535 XdYl Occurrence 67.4
Xdy Total % 83.7 Total % 86.8
No occurrence 98.8 No occurrence 96.5
Vy, Xd, Y, XdY]  Occurrence 535 Vy, XY, Y, XdYl Occurrence 67.4
Total % 83.7 Total % 86.8
No occurrence 98.8 No occurrence 96.5
XdYr Vy, Y, XdYIl Occurrence 535 Vy, Y, XdYl Occurrence 69.8
Total % 83.7 Total % 87.6
No occurrence 97.7 No occurrence 94.2
Vy, XdYl Occurrence 58.1 Vy, XdYl Occurrence 67.4
Total % 84.5 Total % 853
No occurrence 73.3 No occurrence 86.0
Xdyl Occurrence 62.8 XdYl Occurrence 442
Total % 69.8 Total % 72.1
Vy, XY, X4, Y, No occurrence 96.5 Vy*, XY, X d*, Y*, No occurrence 91.9
Occurrence 55.8 Occurrence 79.1
Xdyr Total % 82.9 Xdyr Total % 87.6
No occurrence 95.3 ) No occurrence 91.9
Vy, Xd, Y, XdYy  Occurrence 58.1 Vyk, XY, YA, XdY: Occurrence 74.4
Total % 829 Total % 86.0
No occurrence 95.3 No occurrence 91.9
Xdyl Vy, Y, XdYr Occurrence 55.8 XY, Y*, XdYr Occurrence 79.1
Total % 822 Total % 87.6
No occurrence 94.2 No occurrence 91.9
Vy, XdYr Occurrence 535 XY, XdYr Occurrence 72.1
Total % 80.6 Total % 85.3
No occurrence 95.3 No occurrence 91.9
XdYr Occurrence 48.8 XdYr Occurrence 76.7
Total % 79.8 Total % 86.8

Note) *: p>0.05

3 RENY 2y 25 g2 M we BYE WHoE sgon,
= 2~
2R 19 WA LAT F Qo 1Az “Table 12> Al A UEd Xayr w5 el
9E ARE Yo g Wi a4 ey T EFRIE AL AT, TAHL G
Qe ga Ae = a0 2en ge g ACH@QF FESD 238 AdUe 2y 4
483l Y] 43 9 A% BRE gud g SO ATEE G AR A viddy 2an
[e] [e] [e]
t EAA 43¢ 2t vyl oo ggy O BT 07R A B EARS BF 76799
Mzo wu mE 2 Auwd eAde ve o HFEE BUG EW AF 2RE A9 A7
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H FAA A §AAH AFdAAE H4A 2H
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(Table 13> Test on Accuracy Rate of Model

- 857%% 747 Grolzl Wk AFTEA 7 A9
B Y5 A2 84.1%2 71E 767% 2Tt
=S 02 Yy MiE 2y gg4dE /A
o1 g £ 9

(t1~12) (Table 15) Verification of Accuracy Rate of
Accuracy rate (1) (tl) Accuracy rate (I1) (t2) Models (t3)
Predictive Cla.?siﬁ Bgliteioe Cla.?siﬁ Classification model Accuracy rate (II) (t3)
value cation value cation — —
Observ o accurac Observ o accurac Predictive | Classifi Predictive | Classifi
ation Occur ation Occur value cation value cation
oceurte| once | 2 oceurte | once | 2 Obsery N accurac Obsery N accurac
nce % nee % ation O | Occurr . ation O | Occurr .
No No OCCUIT |~ ce % OCCUIT |~ ce %
ence 0 ence 0
occurre| 79 7 91.9 |occurre| 78 8 90.7 No No
nce nee occurr | 79 7 91.9 |occurr | 52 11 | 825
Oceurr| 1o | 33 | 767 |OUT g0 | 33 | 767 onee e
ccurr ccurr
Total 86.8 | Total 86.0 ence 10 33 767 ence 10 3 84.1
Total 86.8 | Total 83.3

(Table 14) Test on Homogeneity of Predictive
Classification Group (t1~t2)

Verif

yert Standa Signifi
1cat1
. Avera| rd cance
on Predictive value N . . t
. ge |deviati proba
vaua on bility
ble
No Acf‘f';‘c(yﬂ;aw 89 | 0.016 | 0.018
l?rz(r:llé Accuracy rate 0098 ) 0922
xd | e (I ©) 88 10.017 | 0.018
Y
" l0ceu Acf'fgic(ydgate 400149 | 0173
rrenc 0.051 | 0.959

Accuracy rate

4110.147 | 0.171
dn @

L2 AR F R Lol AgEA B 1267
o A2E BESAY. AZAR RS Hge
o ol AN AT BALAA B AT
A AR AR B AZEE 2481, A9 A
U Hes Bae] ARa mye By ¥ B
A fo4e Azsan

AZAEd ALE 5¥e A4e A,

(Table 16) Verification of Accuracy Rate of
Models (t4)

Classification model
Predictive Classifi

Accuracy rate (IV) (t4)
Predictive | Classifi

Observ value cation |y value cation
ation | No Oceurr accurac | 7. C1 No Oceurr accurac
occurr - y occurr — Yy
ence % ence %
No No
occurr | 79 7 91.9 |occurr| 54 9 85.7
ence ence
Ocaurr| 15 | 33 | 767 [OccuT| 15 | 53 | 841
ence ence
Total 86.8 | Total 84.9

(Table 17> Verification of Homogeneity of
Predicted Classification Groups (t3

~t4)
Verific N kall_ndda Signific
ation | Predictive value | N [©V¢™@ || artl)c% .
variable g viatl probabi
on ity
Accuracy
rate (I) | 62 | 0.03 | 0.016
No 3
occurr -0.055 | 0.956

Accurac
ence | e (V) | 64 | 0.03 | 0016
4
Accuracy
rate (III) | 64 | 0.103 | 0.045
Occurr | (t3)
ence | Accuracy
rate (IV) | 62 | 0.103 | 0.045
4

XdYr

0.072 | 0.943

12 QAFTSYUL|=EN
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