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Abstract

The in-depth crash causes analysis for commercial vehicles is necessary to develop more
effective safety countermeasures because the crash severity due to commercial vehicles is much
higher than other vehicle types. A viable countermeasure to cope with commercial vehicle
crashes is to conduct a traffic safety consulting for commercial vehicle drivers. The purpose of
this study is to classify the pattern of taxi drivers, which is a fundamental to developing a
customized consulting program. A two-stage clustering methodology is adopted to recognize
the pattern of taxi drivers based on driver’s intrinsic characteristics underlying the cause of the
crash occurrence that include working, health, and living conditions. Results show that it is
desirable to classify taxi drivers into four groups such as ‘overworking’, ‘life-imbalanced’,
‘work and life-balanced’, and ‘unspecified-normal’. Discussions on how to use four driver
patterns in conducting the safety consulting are presented. In addition, an example of consulting
method is presented, which is expected to be used for developing effective consulting programs.

Keywords: driver’s pattern, commercial vehicle safety management system, intrinsic
characteristics, mixed clustering, survey, taxi
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Step 1 : Data collection Step 2 : Establishment of variable set Step 3 : Pattern analysis of taxi drivers
 Interview survey and driver management

.  Extract valid data for analysis X X .
system data collection » Apply mixed clustering technique

. - « Derive accident severity variables
« Data matching based on taxi drivers

v Working environment Valid data extraction Hiefarchical . Non-hjerarchica}
e clustering analysis clustering analysis
v Traffic safety v Validation of v Valid sample v
In-depth - - variables classification Ward method means
. A v Individual characteristic clustering
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v Health characteristics T : . Y.
» p Definition of accident severity Determining the Taxi driver
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raffic safety characteristics based on taxi driver patterns

Figure 1. The overall framework
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Table 1. Investigation items and valid variables for taxi drivers

Division Investigation items Survey scale Validity of variable
Health Mental stress by passengers 5 points O
characteristics ~ Drinking frequency 6 points @)

Degree of health management 5 points O
Physical health condition 5 points O
Mental health condition 5 points O
Fatigue level 5 points O
The amount of sleeping time Narrative O
Drowsiness effects by disease and drug use 4 points -
The effect of dizziness by disease and drug use 4 points -
Nausea effects by disease and drug use 4 points -
Road facility awareness impact by disease and drug use 4 points
Impact of obstacle avoidance by disease and drug use 4 points -
Degree of smoking 3 points -
Intensity of emotional labor 5 points
Average alcohol consumption 5 points -
The amount of drinking on the day off from work 6 points -
The amount of regular use of the drug 5 points -
Working Working hours per week Narrative O
environment Continuous working period (year) at the current company Narrative O
Degree of satisfaction with the wage system 5 points O
Loss wages for one year Narrative O
Job stress level 5 points O
Needs for advanced driver assistance systems (ADAS) 5 points O
Waiting time for passengers 5 points O
Level of job satisfaction 5 points O
Comfort level of internal environment of the vehicle 5 points O
Frequency of weekend work per month Narrative O
The degree of physical burden of taxi driving 5 points O
Frequency of night work per week Narrative O
Frequency of workdays per week Narrative O
Time duration for personal affairs 5 points O
The degree of safety education conducted by the company 5 points O
Average driving hours per day Narrative O
Turnover rate Narrative O
Safety improvement degree by ADAS 5 points -
Living Average of living satisfaction 5 points O
conditions Frequency of meals with family 5 points O
Age Narrative O
The number of close acquaintances Narrative -
Traffic safety  Accident severity 3 categories @)

Step 3. E{Al S4ZARE THE 4
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W ohe] TYOE BRI PHOR AFH TYRA v ASH 2UEA O LITKShin, 2003). £ AoA
LAY Qi 25FA I B S 7] dste] A4 29 £8 ARG ASH TR 2P 5
% mete] §oIg K-means THEA o] 2D EF 21263 719& B9 K-means 2R 2
9 249 71 glo] 12 FUE Faolel Lol Fofdl 2y 47} 2 dlo]e) 72 A ¢

Z (o)

AZH ZARAL TP FAEI L AAEL Aeste] WEalzke B4 wholthLee, 2009). AZ A HE
Mol g 2 g e HA0) 27 4ol et FRE P2 4 QUeke Zoln] B 27 232 A2ske EgdeY
HE RIS BASAL BAARY 2 Sste] A3 Mt Hol Jof thHt 2 A5E AHske
HPo] YBFA0 = Bo] AQITK(Yi et al, 2006). & ATNAE 7 BB A WA Bl AT A% 2HEA
2 K-means ZHEA ] 229] 202 2451 $18H 02 4851900 SERS olgste] f2eE A

Aottt (Song and Chang, 2010). 7]& Aol 24 4 4 WA 7|02 AMEE = FAAE] CCC
(Cublc Clustering Criterion), PSF (Pseudo F Statics), PST2 (Pseudo t—Squared) 2] A 2|2} T4 7|52 Ta
AASHRE A 2 = T ol IhE SAIA B2 ol & A5t 54 ks Hol= 239 2] 4o
M, o] K-means 324 ot K| gto g ARGttt

Table 2. Statistical indicators for determining the optimal number of clusters

Statistical indicators Description Criteria
CCC + This means the deviation between clusters and is calculated by * Local maximum
(Cubic Clustering Criteria) comparing the observed R-square and the approximate

expected R-square.
PSF « This is the ratio of between—cluster variance to within—cluster ¢ Local maximum
(Pseudo F Statics) variance,
PST2 + This is an index that quantifies the difference in the ratio of * Local minimum
(Pseudo t—Squared) between—cluster variance to within—cluster variance when

clusters are merged at a given step.

2) HAZ4 Z8&A
H| A 22 -84 71 5 51l K-means 782492 MacQueen(1967)9] JOH At
Sk ANA|eE o] ST A E Axtstal A=l & | Aslsto] AIE RSk AR o]t (Cheong and
Oh, 2014). APl 572 22519 7, Kofl thet A &7} F=oj#fof shal, K7 47“4 2713k (seed)Bo] #42] &
ol et dFS F= A Fo] Ak (Bae and Roh, 2005).

K-means 5441 0] d 1 2]&2 o33t 2}, 3j9shs v (K& 27|18 e= AAstal, 2t /WAl E 77k
Z71gkel doto] FHS AT FH 24 LY B AAKtst] 27125 7341 Z3A1E ghell sl ool 2
& vhEsto] K9] 28 d-48-5 @77ttt 749 S4 () S =R E 9] Al g o] Hart 5 s JHE
gttt K-means 5442 dale]Eo] BectH A5 o B2 4o =5 ohE 4 JloH, 72 7|Hte
2 AAIE]7] o] BE M7} A4 2] o]ojof trh(Lee and An, 2003). Wb B QLo A= ALy WS &
g5t o AEAH FHEALS 53 &5 -S4 K& K-means w324 o] 2-85}ct.
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2 AFoNA = HAHA] 2LFAA} 781 thf o2 s34 2578, ALdd, A4EA A=E &8st
AR 8 BRE S5t AlSH 2B oA A AR & AIE v o2 25F A} 0§ 9]
A 5 AAHALE =% AA - 5 7|HEC 2 K-means w4242 ~a851o] HOlBIA] 241212 bf
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SN 24BARE M IE 4 A
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£ A 32 8 18T o AR 5382 oAl 71HA] ofoke] g 02 FEoh= o] A o2 wrto}
At} olof wret Table 30l A4+= w3 4= 570 olote] AuetE A|AstH o™, SA R H 2] ¥F0] §-2J3t 2|3 3ot
A o] #H 5 TSIt Table 394 Clusters Joined= w8 0] WU & A H M2 752 o5,
Freqe= @A) 4 2] =2 45 oJu]3cH(SAS Institute, 2016). A5 S0 &4 4=(Number of Clusters) 10114 2]

Clusters Joined CL29F CL162 w4 o] 228 & M= -2 B2 ofnfshH, +-4 9 7} shito] 7] ool A
Al 2 21 7810] HEA| &2 AAH At o] wf CL2+= s w0l w44 2 uf s o] AR == A= o

olRteh A ® 74 A3 CCCY ¢ =7 H 1S 22 7 ek 22iv 5 57F 47191 789 3te] 21 ¢
ol S gol= Aol Qu|7t ¢3-S oJu|st= PSF (Calinski and Harabasz, 1974)7F =5 2|17 0 2 BAE Q)
o, PST27t Haa 7= AL mEH QI webA A Le-FARe] 24 si|l o] 45 47 2 AP skl

Table 3. Results of statistical indicators according to the number of clusters

Cluster history

Local
800 maximum 2
700 - o~ 1
" , 0
600 v p
—8- CCC ' / b
N 500 \\ // -2
——pse © 400 " ) 38
5 \ ke ’ -4
£ 300 N A, 7
<o PST2 \ ., -5
\ ’ A
100 \-/ - ‘ ,
0 -8
1 2 3 4 5
Number of Clusters
Number of clusters 1 2 3 4 5
Clusters joined CL2 CL3 CL5 CL9 CL14
CL16 CL6 CL4 CL8 CL7
Freq 781 693 460 46 414
CCC 0 -0.75 -6.1 0.43 1.33
PSF = 646 653 742 708
PST2 646 332 299 59.4 232
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Table 4. The result of the average of significance variable by K-means cluster analysis

Variables Pattern 1 Pattern 2 Pattern 3 Pattern 4
(285) (129) (168) (199)
Age 57.06 57.88 55.98 60.32
Needs for ADAS 391 3.70 4,10 3.97
Working hours per week 53.96 (P) 55.52 58.49 N
Waiting time for passengers 2.38 1.78 (P) 2.20
Loss wages for one year 10.14 8.39 (P) 9 qu \\\
Job stress level 3.35 2.55 (P) Nb 3.72
Mental stress by passengers 3.21 2.63 (P) 3 \i 3.71
Time duration for personal affairs 85.00 90.35 (P) "Nb 71.26
The degree of safety education conducted by the company 4.02 4,40 (P) \ﬂ ) 4.32
Degree of satisfaction with the wage system 3.08 3.88 (P) 2 -‘!'\! ) 2.82
Comfort level of internal environment of the vehicle 3.23 3.80 (P) 2 3.57
Level of job satisfaction 3.17 3.77 (P) 3.23
The amount of sleeping time 7.14 7.59 (P) 6.89
Degree of health management 2.95 3.60 (P) 3.56
Fatigue level 3.40 2.88 (P) 3.57
The degree of physical burden of taxi driving 3.38 2.84 (P) 3.63
Drinking frequency 3.40 3.35 (P) 3.93
Physical health condition 2.93 3.82 3.87 (P)
Mental health condition 3.13 3.99 4.06 (P)
Average of living satisfaction 2.65 3.05 3.18 (P)
Accident severity 1.32 1.29 (P) . SN RN
P) Positive NN Negative
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Physical health Fatigue Working hours Needs Level of job Average of Age Accident
condition level per week for ADAS satisfaction living severity
satisfaction
[ Health characteristics | [ Working environment | [ Living conditions ] [ Traffic safety ]
Figure 2. The analysis results of taxi driver pattern
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Table 5. The consulting examples of taxi drivers and taxi companies for driver patterns

Pattern Consulting example for taxi drivers Consulting example for taxi drivers company
Overworking + To propose a management plan for * Restrict overtime work for taxi drivers
working hours and personal use hours « Establish a driving capability evaluation
system for elderly drivers
Life-imbalanced * To offer mental and physical health » Support the improvement of rest facility
management program for taxi drivers * Support the health medical examination
« Improve the driver's wage system
Work and life-balance + To diagnose improvement factors « Select exemplary drivers and provide
compared to drivers in the same pattern incentives
« Provide incentives to traffic safety officers of
taxi company
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Ahn OO driver Kim OO driver Rim OO driver
[ Overworking ] [ Life-imbalanced ] [ Work and life-balance ]
Physical burd f working Physical burd f Physical burd f
- ysical burden o . ysical burden o . ysical burden o
environment taxi driving environment taxi driving environment taxi driving
Working hours Job Working hours Job Working hours Job
per week satisfaction per week satisfaction per week satisfaction
Time for Loss wages Time for Loss wages Time for Loss wages
personal affairs for one year personal affairs for one year personal affairs for one year
Waiting time for Waiting time for Waiting time for
passengers passengers passengers
Health Health Health
EIEEEIe]  Mental health [EIEIEENIE]  Mental health [QIEIEE 4] Mental health
condition condition condition
Mental stress Mental stress Mental stress
by passengers Physical health by passengers Physical health by passengers Physical health
condition condition condition
Usual fatigue Usual fatigue Usual fatigue
Health Health Health
management management management
The usual amount of sleep time The usual amount of sleep time The usual amount of sleep time
Class C Class B Class A
Safety class : s Safety class : . Safety class :
y (High risk group) y (Risk group) y (Normal)

Figure 3. An example of customized safety consulting approaches for taxi driver patterns
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