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Characteristics analysis and prediction model of lane changing
behavior under different driving styles

LIU Styuan', YU Wei', LIU Jieying', YIN Xiao-mei’*, WU Yi-hu'
(1.School of Traffic and Transportation Engineering, Changsha University of Science and Technology,

Changsha 410114, China; 2.Hunan Urban Professional College, Changsha 410137, China)

Abstract: The lane-changing process exerts a significant impact on traffic safety and urban
congestion issues. Drivers’ different driving styles were considered in lane-changing charac-
teristics analysis. Results of the questionnaires were first examined by SPSS, quantifying
different driving styles via principal component analysis (PCA). Drivers were then catego-
rized into two types: aggressive type and conservative type, using K-means clustering
method. Vehicle trajectory data were collected separately for each driver type (aggressive
and conservative) , and fitted by polynomial models with high goodness of fit. Further, pre-
diction models for lane-changing process were also furnished in both temporal and spatial
fashion. A time—logarithmic model considering driving style factor was developed to predict
lane-changing time, as well as a longitudinal distance prediction model. Results manifest
high accuracy of the prediction models developed in this paper compared with the experi-
mental data.
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Table 1 Driver questionnaire
1 2.10 1.61 0.874**
2 2.29 1.54 0.867**
3 1.86 1.04 0.865**
4 2.28 1.25 0.855* *
5 2.43 1.09 0.842**
6 2.79 1.05 0.823**
7 2.47 1.37 0.817**
8 2.73 1.92 0.804**
9 2.45 1.15 0.801**
10 0.57 1.90 0.747**
11 2.72 1.77 0.603*
12 1.65 1.58 0.545*
Ok ox 0.001 ( ) P 0.05 ( )
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Table 2 Principal component coefficient table
F, F, F, F,
a 0.359 370 077 0.080 865 930 —0.214 931 198 0.050 625 648
b 0.346 178 517 —0.078 533 259 —0.093 486 334 0.162 384 153
¢ 0.332 986 956 0.166 397 203 0.002 621 112 —0.161 428 952
d 0.301 007 417 0.032 657 395 0.208 815 270 —0.464 227 637
e 0.113 527 366 —0.083 198 601 0.705 952 878 0.460 406 834
A 0.358 170 844 —0.083 198 601 —0.110 960 415 0.013 372 813
g 0.333 786 445 —0.066 092 347 0.319 775 685 0.152 832 144
h 0.187 480 051 0.570 726 854 —0.200 951 933 —0.003 820 804
i 0.162 296 164 0.615 825 161 0.259 490 105 —0.042 028 840
J 0.235 849 105 —0.063 759 676 —0.421 999 059 0.537 778 107
k 0.267 029 156 —0.384 890 726 0.024 463 714 —0.448 944 423
[ 0.329 389 258 —0.287 696 098 —0.038 442 978 0.036 297 634
3
Table 3 The scores and composite scores of the main components of the driving style of partial drivers
F, F, F. F,
1 3.113 41 2.135 78 —0.529 13 —0.683 59 1.797 86
2 6.162 72 —1.446 26 —0.410 34 0.311 13 2.997 34
3 —0.144 31 —1.388 76 —0.491 85 0.357 54 —0.287 63
4 —0.526 72 1.259 54 —1.183 12  —0.535 35 —0.279 61
5 —2.383 49 0.335 10 0.221 37  —2.652 53 —1.414 98
6 0.955 19 —1.664 19 —0.162 23 —1.016 79 0.158 12
7 —2.450 21 0.246 13 0.570 86 0.865 75 —1.102 74
8 —0.616 75 —0.942 35 —0.251 03 —0.881 02 —0.558 95
9 —0.526 64  —0.002 22 —2.040 12 1.139 76 —0.393 55
10 —2.440 63  —1.165 43 0.671 16 0.869 54 —1.280 66
11 —1.537 95 —1.061 66 1.565 65 0.145 65 —0.763 79
12 0.996 72 1.765 88 1.776 97 0.444 89 0.997 56
13 2.006 57 0.853 83 1.581 42 0.651 57 1.396 78
14 —2.607 29 1.075 70 —1.319 64 0.984 89 —1.266 58
1.4 4
) Table 4 Driver style classification results
H ’
i K-means 1,2,12,13,16,19,21,24,28,32,34,37,42,43.,45,
49,52,54,57,58,61,63,66,67,74,76
1.797 3
3,4,5.6,7,8,9,10,11,14,15,17,18,20,22,23,
’ 26 3 25,26,27,29,30,31,33.35,36,38,39,40,41,44,
—0.718 9 N 46,47,48,50,51,53,55,56,59,60,62,64,65,68.
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Table 5 Two groups of driver lane change statistics
/ /
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Fig. 2 Lane change time and lateral displacement map



33

16 1 s
’ N 8 Lag~ L
6 ’ 8 Lead ~ X
3.9 s ’ Aviy  Avyg
5s o o
2
o 3 o M
) 4 .
° ’ }‘Ju.g
‘ i
A PR — —_
Y e——ry v ) »
o T e O
: IDIE
120 1 7 Sk DN f—— Bl —|
i o SE T2 I A
E 110 . 4 M
4 . HE
= 100 - 3"3:«0 ° Fig. 4 Schematic diagram of vehicle M lane change scene
g0t R
80 \a | | | F
2 4 5 6 7 8 fv
B I [ /s ,
3 Inz, =aX, +e. D)
Fig. 3 Lane change time and speed map oL, n 3 X,
sa 5€ °
3 80% 298
SPSS s
[0,1] s 95% )
3.1 f\ Lo~
N M U1~ N
8 Lag Av t
( 7 )
s 7
R Table 7 Significant influence factor extraction and
.D parameter calibration summary table
M ; ¢
@ 1 xo/m 0.189 5.288
0 s 2 Zlag/m —0.006 —3.086
3 v1/(mes 1) —0.132 —3.112
36)
4 Avig/(m s s™1) —0.048 —2.915
s M
5 s —0.756 —2.127
’ M 6 Avip/(m s —0.124 —2.824
F 7 )
. F H M Xo . X
sF o ’ ’
M ° Ui~ Avy;




34 ( ) 2019 3

Avis 8 lag ’ i
o F b b
F D) D) H ° SPSS
,F b b o b 6
80% 298 I v :
(7, 0=17.064 —0.168v +5.524 f, (10)
. 20% 74 0.987, .
’ Lr 1o , 0
€q ’
0 ,
ey =t—1,, (8
5 ) 5 ’ o
M . N, L
s *02’\’02 S ’
—0.004 s, 0.072, ’ ’
M N L o
, M N
50 ¢
40 - . M N
351
30 s M N
& 25
g 20 ,
15+ )
1(5)\ s(t)=g1‘ag+J [(vy +at)tcos 0 — (v, +
[ 0
702 01 0 01 o2 a,t)tcos §1dt >0,¥t € [0, T] . (1D
J60 T A i) T 5% 25 /s .5 () M N
5 st sa as M
Fig. 5 Absolute error of lane change time N s, <o <v v
PR s

3.2

o

s 2.5~3.6 m s

M y ()
0 y(t)=v1cos€t+%a1cos€tzo 12
’ 80% 298
’ ’ (1D (12),
° . 20%
0 M
M 0) y’
Ay (t ' ’
0 (¢) =arctan ai El‘; (9 74 , e,
2 (t) ;v (1) .
, 0 €=y~ Yo 13



16 1 >

35

o 6 ,
—0.4~0.4 m , —0.019 m,
0.138, o

WK

-04-03-02-0.1 0 0.1 02 03 04
3B I 1) B T % 2% /m

6

Fig. 6 Absolute error of longitudinal distance of lane change

D ,

2)

[1]
[D]. ,2017.
LIU Jie-ying. Driver lane change trajectory analysis
and auxiliary lane change system design under differ-

ent driving styles [ D].Changsha;:Changsha Universi-

(2]

(3]

(4]

(5]

L6]

7]

(8]

ty of Technology,2017.
; . .
,2013,19(4) :92-95.
SUN Long, CHANG Ruo-song. Current status and
prospects of driving style research [J] .Ergonomics,
2013,19(4) :92-95.
bl. .2014,
22(2).222-224.
SUN Long, CHANG Ruo-song, DONG Yue, et al.
The impact of driving experience on driver driving
style and traffic violations [ J] . Chinese Journal of
Health Psychology,2014,22(2) :222-224.
Ren D B, Zhang ] Y, Zhang ] M , et al. Trajectory
planning and yaw rate tracking control for lane chan-
ging of intelligent vehicle on curved road[ ] ].Science
in China Series E: Technological Sciences, 2011, 54
(3):630—642.
J. ,2012,30(5) :39-44.
WANG Chong-lun, LI Zhen-long, GAI Yan-rong, et
al.Research on sliding mode tracking control of vehi-
cle lane trajectory[ J]. Traffic Information and Safety,
2012,30(5) :39-44.
. . ;. NGSIM

. .2015
(6):19-24.
ZHANG Ying-da, SHAO Chun-fu, L1 Hui-xuan, et
al. Microscopic characteristics analysis of lane chan-
ging behavior based on NGSIM trajectory data[ J] .
Traffic Information and Safety,2015(6) ;:19-24.

L.
,2017,47(5):1037-1041.
SHI Jing.LLIU Meiyu. The influence of driving style
based on driving simulation experiment on highway
lane changing behavior[J].Journal of Southeast Uni-
versity: Natural Science,2017,47(5):1037-1041.
[D].
,2013.
HOU Hatjing. Research on the method of lane
change intention recognition for freeway drivers [D].
Changchun:Jilin University,2013.
[l »2016,26(4) :90-95.

LI Li, HUANG Xiao-meng, GUO Yan-jun,et al. Re-
search on time prediction method of opperating bus
changeover[ ] ].China Safety Science Journal,2016,26
(4):90-95.



