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Driving Style Analysis for Car-sharing Drivers
with Low-frequency Trajectory Data

YU Rongjie' , LONG Xiaojie' , TU Yingfei® , LI Jian'
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Education, Tongji University, Shanghai 201804, China; 2. Shanghai
International Automobile City Group Co., Ltd., Shanghai 201805,
China)

Abstract: Driving style analysis was conducted based on the
operation data of a car-sharing project located in Shanghai.
Rather than high resolution driving behavior data in most
driving style studies, low-frequency trajectory data were
utilized. The relative speeding time ratio and its coefficient of
variation on urban expressways were used as feature
variables. K-means clustering algorithm was used to classify
driving styles. A total of three categories were concluded,
which are calm, moderate and aggressive with the
percentages of 54. 04%, 36. 60%, and 9. 36%
correspondingly. Then, for the purpose of understanding
different driving styles, comparison analyses were further
conducted from the aspects of trip characteristics, vehicle
operation features, and personal information. The results
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show that drivers with distinct styles have substantial
differences in their trip and vehicle operation characteristics.
The aggressive drivers tend to drive faster, holding higher
speeding tendency but better vehicle energy efficiency.
Besides, no statistically significant differences in age, gender

or violation between driving styles are identified.

Key words: car-sharing drivers; driving style; low-frequency

trajectory data; cluster analysis
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Tab.1 Input characteristics for driving style recognition
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Tab.2 Operation characteristics of urban expressway
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Tab.3 Description of driving behavior evaluation dataset
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Fig.3 Clustering analysis results
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Fig.4 Boxplots of relative speeding characteristics for

different driving styles
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Tab.4 Descriptive statistics of different driving styles
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Tab.5 ANOVA analysis of driver’s characteristics for
different driving styles
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Tab.6 Driving style composition for age groups
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Tab.8 Violation characteristics for three driving styles
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Tab.9 Trip characteristics for three driving styles
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Fig.5 Boxplots for trip characteristics
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Tab.10 Trip characteristics for three driving styles
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Tab.11 Vehicle energy efficiency for three driving styles
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Tab. 12 Comparison of driver characteristics between
three driving styles
WH 3 NFHE
b JEIE 54, 04% 380 36. 60%, 3k 9. 36%

AN OFR ENTEE LT ©18~25 $FHEE R ARk
FAE K% B AR
5 ST R AR 2 AR T L% i sk s @Bk
v BRMABEFEL, HRERECLLMLEE LD
%{ﬂf =X
EER
DB WATT- 217 3 BT B0 il w5 2R KA
AT LR AT s @ AT B (E] L) s BRI
FRHAE AR IRA B s Q7] 1 B B IA] LE 1 b 7 B R
Wk R G, B USRI T B 2 5
W OFBH AT 39 B b BRI O B R A
BT H; ORI AR R BRI B @ F M AEAE
FAAE O m B U I I
5 4#iE

AR AR AT D 4L AT AF 25 B XUAR SR B



EloM

IR 4 F TRIPE R 80 0 I R SR 2 B0 A 25 30 RKUA% 207

1469

FE T T N\ P 76 3 s TA] BB R 5k HE 4 A 0 R
B 1] b PR S R AR B, 4 2 i XA 3R R L R
AN s e PO N L = I U N = o N S R 7 N )
9. 36 %.

AFE I RA7E AT M As THRE 7 T B A 2
St X ATRMIE R R S I R
P47 3 AR | B YR AT 7 3 B R g 0 A 7 Bl B
1] LR IR IR, R T 3is AT R AE  JEAE R A
HEEE Ik N B8 U ) B 1 TR N R RERE SR AR
I SRTAT o 25 3 XUAR ]S ARRAE AR PR D K
HEFMESIT LB EER.

AT FEALES X 308 T PR % 2 B AT oA SR SRR B
BTt TE B 2 A Gy B B kT B B ) iz
ATHRHIE AT 4R A 55 000 28 B XUk B XU 14647 58 42 T
FITEAT. BEAh s ZRTXTE BT R B A5 15 B FE A
B B o Yo T2 s XU R ) 2 S TR, BT %o
BT EFWH S UBI J7 255 KU B # R H, LR
I B R BT Al B XU

Sk

[1] BEZRERSL. mEILZEZG R RFEERSE (2018)[EB/OL].
[ 2018-03-02 ]. http://www. sic. gov. cn/archiver/SIC/
UpFile/Files/Default/20180320144901006637. pdf.

The State Information Center. Annual report of China’ s
sharing economy development (2018) [EB/OL]. [2018-03-
027]. http://www. sic. gov. cn/archiver/SIC/UpFile/Files/
Default/20180320144901006637. pdf.

Pricewaterhouse Coopers. Development and trends of car-
sharing market in China [ EB/OL7]. [2017-06-15]. https://

www. strategyand. pwc. com/media/file/Development-trends-

(2]

of-car-sharing-market-in-China_CN. pdf.

WAEE, BB, WL KESEMTRRTREHLH
FrLE 5PR0]. @ SR, 2017, 4(6): 32.

TU Yingfei, LIANG Xiucheng, YE Jianhong. Opportunities and
challenges for insurance mechanism innovation in car-sharing
industy[J . Public Utilities, 2017, 4(6): 32.
MERRIKHPOUR M, DONMEZ B, WANG C,
Associations between drivers’ safety records and driving

[3]

[4] et al.
styles: a naturalistic study [ C] // Proceedings of the Human
Factors and Ergonomics Society Annual Meeting. Los Angeles:
SAGE Publications, 2013, 57(1): 1973.

FENG F, BAO S, SAYER J R, et al. Can vehicle longitudinal
jerk be used to identify aggressive drivers? An examination

[5]

using naturalistic driving data [ J]. Accident Analysis &
Prevention, 2017, 104. 125.

YANG J, DUF, QUW, et al. Effects of personality on risky
driving behavior and accident involvement for Chinese drivers
[J]. Traffic Injury Prevention, 2013, 14(6): 565.
JOHNSON D A, TRIVEDI M M. Driving style recognition
using a smartphone as a sensor platform [ C] // 2011 14th

L6]

L7

L8]

[9]

L10]

[11]

(12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

International IEEE Conference on Intelligent Transportation
Systems (ITSC). [S.1.]: IEEE, 2011: 1609-1615.

DOSHI A, TRIVEDI M M. Examining the impact of driving
style on the predictability and responsiveness of the driver:
real-world and simulator analysis[ C] // 2010 IEEE Intelligent
Vehicles Symposium. [S.1.]: IEEE, 2010, 232-237.
ERICSSON E. Variability in urban driving patterns [ J .
Transportation Research, Part D.; Transport and Environment,
2000, 5(5): 337.

DORR D, GRABENGIESSER D, GAUTERIN F. Online driving
style recognition using fuzzy logic [C] // 17th International
IEEE Conference on Intelligent Transportation Systems
{ITSC). [S.1.7]: IEEE, 2014; 1021-1026.

XU L, HU J, JIANG H, et al. Establishing style-oriented
driver models by imitating human driving behaviors[J]. IEEE
Transactions on Intelligent Transportation Systems, 2015, 16
(5): 2522.

SAGBERG F, PICCININI G F, ENGSTROM J, et al. A review
of research on driving styles and road safety [J]. Human
Factors, 2015, 57(7). 1248.

HONG J H, MARGINES B, DEY A K. A smartphone-based
sensing platform to model aggressive driving behaviors[ C] //
Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems. [S.1.]: ACM, 2014; 4047-4056.
CONSTANTINESCU Z, MARINOIU C, VLADOIU M. Driving
style analysis using data mining techniques[J]. International
Journal of Computers Communications & Control, 2010, 5(5);
654.

WA, RET, RS, . PEBEAE R T B
ZHESII] BHRRESEH: B AR, 2016, 56
(12): 1320.

QI Geqi, WU Jianping, DU Yiman, et al. Driving styles
during rapid urbanization[J]. Journal of Tsinghua University:
Science and Technology, 2016, 56(12): 1320.

LIG, LIS E, CHENG B, et al. Estimation of driving style in
naturalistic highway traffic using maneuver transition
probabilities[J ]. Transportation Research, Part C; Emerging
Technologies, 2017, 74. 113.

BANERJEE T, CHOWDHURY A, CHAKRAVARTY T.
MyDrive: drive behavior analytics method and platform[ C] //
Proceedings of the 3rd International on Workshop on Physical
Analytics. [S.1.]: ACM, 2016, 7-12.

I, REEM, Wk, 5. ETERMEEZREEER
BEREETHREARI] XBEREALEIBESER,
2015, 15(6); 82.

SUN Chuan, WU Chaozhong, CHU Ruifeng, et al. Driving
speed behavior clustering for commercial vehicle based on
connected vehicle data mining[J]. Journal of Transportation
Systems Engineering and Information Technology, 2015, 15
(6): 82.

RA. BETEMIT R UBl #REEHEA[D]. Jtt: jb
ASE K, 2017.

GAO Yan.
classification [D]. Beijing: Beijing Jiaotong University, 2017.
WANG J, ZHENG Y, LI X, et al. Driving risk assessment
using near-crash database through data mining of tree-based
model[J]. Accident Analysis & Prevention, 2015, 84. 54.

(T#% 1527 |)

UBI rating model based on driving behavior



EloM

Rl 5, 4 I SRS B BT IR A B i A 5 Ak

1527

£8]

[9]

[10]

Society, 2013, 64(8);: 1106.

QIJJ, LIUY]J, JIANG P, et al. Schedule generation scheme
for solving multi-mode resource availability cost problem by
modified particle swarm optimization [ J ]. Journal of
Scheduling, 2015,18(3):285.

AW . 5 PR BT IR L B N B 1A B Ak AT 55 T 9 40 T B A R
[D]. & #RlHEK,2012.

HU Shufang. Preemptive project scheduling with resources of
multi-skill Wuhan:
University of Science and Technology, 2012.

BT S, X R IT, Be PR 240 BR R UR B[R] 8 29 PR T 3 H A B
RICI/ HEERH SRRV KPP HRERH, 2014:
4885-4891.

LIAO Guangrui, LIU Zhenyuan, BI Yang. Project scheduling
with time window constraints on multi-skill resources[ C] //
Chinese Control and Decision Conference. Changsha: [s.n. |,
2014.4885-4891.

and time-windows [ D 7. Huazhong

(L3258 1469 T1)

[21]

[22]

(23]

[24]

[25]

[26]

[27]

SIMONS-MORTON B G, KLAUER S G, OUIMET M C, et al.
Naturalistic teenage driving study: findings and lessons learned
[J7. Journal of Safety Research, 2015, 54 41.

TOLEDO T, MUSICANT O, LOTAN T. In-vehicle data
recorders for monitoring and feedback on drivers’ behavior[ ] ].
Transportation Research, Part C: Emerging Technologies,
2008, 16(3): 320.

ALJAAFREH A, ALSHABATAT N, AL-DIN M S N. Driving
style recognition using fuzzy logic [ C] // 2012 IEEE
International Conference on Vehicular Electronics and Safety
(ICVES 2012). [S.1.]: IEEE, 2012: 460-463.

REYMOND G, KEMENY A, DROULEZ J, et al. Role of
lateral acceleration in curve driving: driver model and
experiments on a real vehicle and a driving simulator [J].
Human Factors, 2001, 43(3): 483.

CHOI J, TAYR, KIM S, et al. Turning movements, vehicle
offsets and ageing drivers driving behaviour at channelized and
intersections [ J ]. Accident Analysis &
Prevention, 2017, 108. 227.

MARTINEZ C M, HEUCKE M, WANG F Y, et al. Driving

style recognition for intelligent vehicle control and advanced

unchannelized

driver assistance: a survey [ J ]. IEEE Transactions on
Intelligent Transportation Systems, 2018, 19(3): 666.
KARGINOVA N, BYTTNER S, SVENSSON M. Data-driven

methods for classification of driving styles in buses [ R ].

(1]

(12]

[13]

[28]

[29]

[30]

[31]

[32]

[33]

o 6k, R . BT M e R 2 T RS
B B E LT ). B B AT 5E, 2013, 33(13) 1 229.

QI Fangzhong, HU Dan, YE Leihong. Study on resource
allocation of multi-project based on time window and critical
chain[ J]. Science and Technology Management Research,
2013, 33(13):229.

XRTC, B REESH R ELR TR EEELN] 24T
#£,2014(10):126.

LIU Zhenyuan, HUANG Yajian.
constraints of multiple time windows on resources[J]. Systems
Engineering, 2014(10):126.

RG8R, Mi = 3R . RYUB S MR B KO I8 i 2 AR A
Ul Tk TR 5%M,2017,22(1):95.

WU Yiwei,
aircraft moving assembly line[J]. Industrial Engineering and
Management, 2017, 22(1):95.

Project scheduling with

LU Zhigiang. Modeling resource leveling for

Detroit: SAE, 2012.

Mapbox. Open source routing machine EB/OL7]. [2018-06-
15]. http: / project-osrm. org/.

B8, S, BRI, 5. i PGE R 5 R EEE L]
5B 5iB%r, 2006 (3 2) . 28.

BAI Xu, ZENG Shengnan, DU Yuchuan, et al. The research
of urban expressway free-flow velocity [ J]. Traffic &
Transportation, 2006(S2): 28.

MACQUEEN J. Some methods for classification and analysis of
multivariate observations [ C] // Proceedings of the Fifth
Mathematical ~ Statistics
Probability. Berkeley: University of California Press, 1967:
281-297.

KAUFMAN L, ROUSSEEUW P J. Finding groups in data: an
introduction to cluster analysis{ M]. New York: John Wiley &
Sons, 2009.

B AN, B¥ SRS EAT AT EB/OL]. [2018-06-
30]. https: / weizhang. zuzuche. com/wz_action renking list.
php? page=1&city_id= 0&province_id=310000.

Shanghai traffic violation query. Shanghai traffic violation
ranking [EB/OL]. [2018-06-30]. https: // weizhang. zuzuche.
com/wz_ action _ renking _ list. php? page = 1&city _ id =
O&province_id=310000.

CHEN K T, CHEN H Y W. Driving style clustering using
naturalistic driving data[J]. Transportation Research Record,
2019, 2673(6): 176.

Berkeley Symposium on and





