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Driver Longitudinal Behavior Analysis Based on Natural
Driving in Cutting Scene of Front Vehicle
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Abstract: Based on the natural driving data, the longitudinal driver response behavior of the scene cut out of
the car in front is analyzed. For the driver's longitudinal response behavior, firstly, the acceleration behavior
domain related to TV1 (Target Vehicle I) was divided by support vector machine method, and then the accel-
eration time was represented by the transverse body overlap rate of the Vehicle and the Vehicle in front at the
initial acceleration time, and the acceleration response process was represented by the average acceleration and
the maximum acceleration. The influencing factors were analyzed by one-way anova and Pearson correlation
test. The results show that the factors that significantly affect the acceleration time include cutting average
lateral speed, vehicle type in front, longitudinal ttc-1, turning signal in front and lighting weather. The factors
that significantly affect the average acceleration include vehicle speed, longitudinal ttc-1 and cut average trans-
verse speed, among which the first two have significant influences on the maximum acceleration at the same
time. Finally, a regression equation is established to describe the driver's acceleration time and response process
by using multiple linear regression method.

Keywords: the front car cuts out the scene; Longitudinal response behavior of drivers; Support vector machine;
Multiple linear regression
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Table 2 .Support vector machine result accuracy of 10 fold cross validation
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Figure 1.Results of acceleration behavior domain division related to the first target vehicle
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Figure 2.Shows the relationship between the average transverse vehicle speed and the overlap rate at the initial acceleration time
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Figure 3.Shows the relationship between the average transverse vehicle speed and the overlap rate at the initial acceleration time

3. DI TR AR SR MEN N ER R X RE

4.3 PRIRASZIE % TT et E TR E

BT iR, Wil 2Rtk BIA T, SEE AT B AN R DR 28X N B ATL P 5 ) e A S A AR
(B )= 53 My i et 25 5% 5 AR SR DR A B 2 [R) IR A R A O &R, R —FhRNABIRY, NI 2 S BT 4 B 42
WHEMENSHEEN. EACH Y, FEEEYGENENZEE%, AFERZMEMEZR, MRHAZ T
LR MER . HZudkEREAR R A W R
y:ﬁo+ﬂ1)(1+ﬂzxz+---+ﬂmxm

Hot, Bor PP 2 mal AkE, PogonEaws, AoPofonmn s X g m A
LIRS B 0 B 3T 42 B 1 — s i, B e s i, Y B R A By 5 e R B TSR PR b R,
SEBRR L F @S SPSS B A 5E Al .

4.4 SREMOEPSRREHRESE

—2
D) RIS EE R I A R R I8 2 e DR T R REA S B LS B, AR AR
=2 SSE/(n—m-1)
R =1-
SST /(n-1)

176 INFATS Conference in Changsha, November 14-15, 2019



Hob, SHHEA, FRER, WBUEE OB 1 2. BN 1, AT, ML 0, AR,
2) FE R B PR S RIS B R — IR S R 2 MRS B E MR R, —K
KH F s, AR
_ SSR/m
~ SSE/(n—-m-1)

BN, F GiERA (m, n-m-1) ANEBER F A T SPSS B, S it A4t v & 1l
AN Z LR p (E. — B3 p /DT80 W EF K (0.05) , IBATEAZTRi, #inlHTREEE.

BT b /N R R R TS ZE 0 M M BRI VR SGUE 45 R, W DA . O B R A8 A B 3 S A (A DR A T
R WIRA. VI PR M m) TTC-1.  sbAh, BT L5 XTI A5 15 100 B AR AR R AR 6 A Jk 2
o, BRI —E A, WO RN AR . AR R, SRR U O S, Tk
AT B HAT Y, WK 4 PR

Table 4.Classification variable coding

R4 FATRED

oy RA R A Z K ZhY
R RS, [SUIISPN 1
FoAth 214 2
[IEE =] [ElEEE 1
T’ 2
7R3 T T i 1
KIFE 2

—2
FIF SPSS HAFHEAT 2 et lul )3, #5508 F 4 ) Rt ik e R =0.282, Wbl & Rt o [l )37
fRE AR RRY], AREREESRERNBIHXARSE (F &I p A7y 0.000, &/ 0.05) .

Table S.Multiple linear regression coefficient of overlap rate

=5 ERENSTAMERRER

A JEbrifEIL R %L B bk 3 3
CRED 1. 290 / 0. 000
D R (ks ) -0. 253 -0. 397 0. 000
[t -0. 181 -0. 257 0. 001
L TIC (s 7)) -0. 466 -0. 190 0.018
B 2R ) )T -0. 087 -0. 168 0. 031
MRS -0. 088 -0. 166 0.038

Fh g — A EIH R B BEER p 1, $/0hF 0.05, AT ILEIHRFA EEE L. £ B FIEN
REORBIENERE, EMSE T % H R FAR R W IE 7. i A B 2R 1 & AU Y
AN, W BB RS S Lz B AR R RS SRR B RN, AR R AT DR B, LA RN KR
ZH AR RAR B R B K, A BRI R
WIUE I B %1 25 B % =1.290-0.253* 1] H T H B 54 -0. 18 1% {2525 4 -0.466* J [7] TTC-1-0.087*Hif 4754 14T -0.088*[1&
PNt

INFATS Conference in Changsha, November 14-15, 2019 177



5 TV1 X} niRd 2 H9RNa

AN IR B TS R MGG IR I 2046, & SO0 42 58 e 2ot 2. s R b, W LRI N
o E SR S IR S8 0 R s PR e R 3 B2 R S R S i 2 FR) SER E o 151 B s 4T g BT sk v 7 o R 2 H K 48
THRFEINER 6 Fom. SRR, 2B sl T~ nE 2 MifE 0.18g JEFIIN .

Table 6.Statistical characteristics of accelerated response process parameters
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Figure 4.Relation between vehicle speed and acceleration response process parameters at initial acceleration time
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Figure 5.Relationship between longitudinal ttc-1 at initial acceleration time and acceleration response process parameters
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Figure 6.Relationship between longitudinal vehicle distance and acceleration response process parameters
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Table 7.Multiple linear regression coefficients of average acceleration

®7 PHMEENS TR MEEEREER

A AEbriEfL 74 B PR F 5 P
EE) 0.621 / 0.000
AR (km*h-1) -0.009 -0.460 0.000
YA TTC-1 (s-1) -0.831 -0.272 0.000
PIHAE (m*s-1) 0.173 0.174 0.017

R )a —HNEA R B R p B, /0T 0.05, W] L E AR R R R B A B2 L.

Table 8.Multiple linear regression coefficients of maximum acceleration

£ 8 RAMEENZ TLEEIARK R
T ebrifEt 25 B bRt R 3L P
CHED 1.174 / 0.000
AELEH (km*h-1) -0.012 -0.528 0.000
A TTC-1 (s-1) -0.814 -0.216 0.004

A E PR TR R
SEFIINIE 5 =0.621-0.009* 4 22 223 -0.831* 4[] TTC-1+0.173* V)] H 3 1] 238
B K INE E=1.174-0.012* A - 4238 -0.814* Y\ 7] TTC-1

6 B4

ATCHET B IR WM ST T AT 4R U H 375 vh 2 s A AT R IE SRR T T AT T B AR AR X A A i N AT
NI . B el 10 HrA8 AR R SCRF [ ALE, MR R ZE A TTC-1 PME R R 7 55— H
PREMRIIEAT AR, A%E TVL Z KRR RAAEENZAT 85 2558 A R REIniE, 75 0 75 22 B alss
Ko SRPIAIAA TN I 2 5 B AR RALEAR R IE RS AL, P S0 AN f5e AN T R R AL s iy ML A, i 5 A
BT 225 T AN B RAEMAR SRR AGL TG 73 AT R [R] 3R 45 AR W, 2 35 S MDD i LAY PR3 B 1 ) H T S R 2
AT 9N TTC-1. AUARC AT TP R G DL B R IR R B3 S P i FE i R s A AR R 4 )
TTC-1 MYJH VI 1 22k, e iy P (R I O dpe RO P 7 A R 25 5« e Je T 22 Je 2R Ak Il A T ik Sr 1
P03 225 58 O3 s I AL s g 7 3o S [ U3 5 R

B i (Acknowledgement)
SRR PG 7 TR B S 2 AR B AR R P AR 3 !
2E#k (References)

[1] CHEN Mingyang. Application of natural driving research in the development of autonomous vehicles: [master's thesis]. Shanghai: tongji univer-
sity,2017

Wriads. EAREBBT AL QS SR ETT R PO R (L2 Arig ] kil [FIBEa:,2017

180 INFATS Conference in Changsha, November 14-15, 2019



[2]
[3]
[4]
(5]
[6]
[7]
(8l
[9]
[10]

[11]

[12]

[13]

[14]
[15]
[16]
[17]

Gipps P G. A behavioural car-following model for computer simulation. Transportation Research Part B, 1981, 15 (2): 105-111

Wiedemann R. Simulation des straf®nverkehrsflusses: [dissertation]. Karlsruhe, Germany:Karlsruhe Institute of Technology, 1974

Jiang R, Wu Q, Zhu Z. Full velocity difference model for a car-following theory. Physical Review E, 2001, 64 (1): 1-4

GU Rongrong. Research on vehicle natural driving conditions and characteristics: [master's thesis]. Shanghai: tongji university, 2015

JBERER. IR AR B ER TR T SRR AT [l 2 e ], B [RIBF R, 2015

Yang H H, Peng H. Development of an errorable car-following driver model. Vehicle System Dynamics, 2010, 48(6): 751~773

LI Lin, he jinpeng, liu weiguo et al. Risk estimation algorithm based on characteristics of driver emergency braking behavior. Journal of tongji
university (natural science edition), 2013, 42(1): 109-114

2K, DUES, X DESE. BT A K ARSIAT ORHIE R SR A TR, FIREREE R (ARRMERMD |, 2013, 42(1): 109-114

HE Jingwei. Research on potential risk assessment model of car-following scene: [master's thesis]. Shanghai: tongji university,2018

L. PR SR RS PG BB BT AL [ ie S0, B [R5 R42,2018

Do Q H, Tehrani H, Mita S, et al. Human drivers based active-passive model for automated lane change. IEEE Intelligent Transportation Systems
Magazine, 2017, 9(1): 42-56

Lee T, Kim B, Yi K, et al. Development of lane change driver model for closed-loop simulation of the active safety system. In: Proceedings of
the 14th International IEEE Conference on Intelligent Transportation Systems. Washington D.C, USA: IEEE, 2011. 56-61

LIU Xingliang. Research on lane change characteristics and lane change intention detection method of drivers in natural driving: [master's thesis].
Shanghai: tongji university, 2016

KUPETE. R v ZE TE AR HRFAIE A 2 3 O3 AR T B PRI T VA A [ 2 A i8] B RIS, 2016

Lin yeting. Characteristics analysis and model research of driver lane change behavior: [master's thesis]. Shanghai: tongji university,2018
WREBIT . 2500 AR AT NRFIE S AT -5 B ORI A [ E 2408 50]. g [RIHFK5,2018

Ding shifei, gi bingjuan, tan hongyan. Review of support vector machine theory and algorithm research. Journal of university of electronic science
and technology of China, 2011,40(1): 2-10

TR, SR, EALH. SCRpR SIS SEIEDIARR. TR R4, 2011,40(2): 2-10

Cortes C, Vapnik V. Support-vector networks. Mach Learn, 1995, 20(3): 273-297

Mahesh P. Kernel Methods in remote sensing: a review. ISH Journal of HydraulicEngineering, 2009, 15(1): 194-215

Trevor H, Robert T, Jerome F. The Elements of Statistical Learning. USA: Springer, 2013.134-135

James G, Witten D, Hastie T, et al. An Introduction to Statistical Learning. USA: Springer,2013. 349-354

INFATS Conference in Changsha, November 14-15, 2019 181



