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Spatial andtemporal evolution of rear-end conflict risk at sharp
curves using vehicle trajectory data
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Abstract; In order to reveal the formation and change of rear-end collision risk between the lead and following
vehicles on sharp curves effectively, a typical accident-prone sharp curved segment is selected to collect traffic flow
data by vertical aerial photography from unmanned aerial vehicles. Vehicle trajectory information is extracted via
Tracker to determine the post-encroachment time ( PET) variable of rear-end conflict cross the sharp curve. The
results show that there is a spatial clustering feature in rear-end conflicts, which mainly concentrate in the upstream
of the entry transition curve and the downstream of the circular and exit transition curves. Four types of rear-end
conflicts make up 83.24% of all types of conflicts, and PET decreases both at threshold moment and within conflict
risk range with the former is even more so than the latter, resulting in declines of DPET ( derivative of PET)
values. Also, four indicators as speed of FV, acceleration, difference in speed and acceleration between LV and
FV have a significant impact on the DPET change at the threshold moment of rear-end conflicts. The mean value of
DPET during the conflict evolution process of T10 (LV decelerates and FV accelerates) is the smallest with the
PET sequence declines most sharply, which shows a significantly higher risk than other conflict modes.
Keywords: sharp curves; rear-end conflict risk; spatial and temporal evolution; post encroachment time (PET) ;
derivative of PET (DPET) ; vehicle trajectory
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Fig.1 Zones of current sharp curve
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Fig.2 Distribution of speed zones oncurrent sharp curve
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Tab.1 Changes in indicators for rear-end conflict patterns on

current sharp curves
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Tab.2 Variable statistics for critical conflict point
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Tab.4 Variable statistics of typical rear-end conflict modes
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Tab.5 Regression results of typical rear-end conflict modes
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Tab.6 Significance tests for conflict thresholds at different zones

_— HHE= S ablis ith £ bl £ T %
HE VES r A Tz r HE kS r

DPET -0.868 1.215 — -0.719 1.028 — -0.512 0.878 —

oLy 8.779 1.605 0.166 10.008 1.513 -0.090 10.069 1.451 0.420

ary -0.080 0.851 0.309 -0.925 2.127 0.608** -0.078 1.418 0.637"*
Vpy 9.470 1.796 0.307 9.212 1.330 0. 680 9.409 1.082 0.204

apy 0.362 1.138 0.847°""  0.422 0. 880 -0.549 0. 662 1.046 -0.905***
Av 0.690 1.333 0.215 -0.796 1.100 0.206 -0.660 0.855 0.187

Aa 0.442 1.394 0.880° "  1.346 2.203 -0.806*"*  0.740 2.050 -0.902%**

" * #FR p<0.01, " * * R p<0.001,

4 % b
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25.88% 22.38% 20.99% F113.99% .

2) INH B 22 Aa S22 BEBE R € T2\ T6 |
T10 X 5| & DPET 284k i) B 2 [H 2, 5% PET
FEHIE) T RS a5 Aa % T8 B AY DPET 254k
P 25 ), (5 ) R R 2% S /N T10 A
DPET ¥t /N, 28] PET 51 N Mt M RIZY , 5k

3) B Bl R i R AR S A A B s Rl R
PR, T2 FEAA T <R T i, 6 B 3804
T A E RN LA 25 2 A 26 Ui, T8 #55X
5110 S 204 TR TiE, D &afh T A
WM 2B, X 5 S i B A s LR IE—3,

ATFFEARE T 2 BB 2 g XU A i) 25
AT BRI T3, W R B A B e i B AR AN
{EL, R R — 2 T RSP B B b 58 U AT 5
PEUE TSR, . 2R AT B, AHIE 5T AR HA
LIKBIB R IEAT T RGN, LUK S50 %
ML 2 WY G S 2 R i B, TRl
1B R o A s T AL LA T I o R A Y T REE
FEARMRB TR R = S e AR SRS R
WEFEIL R, Tl [ w2 S5 A% B8, IR P9 i 4 25
T8 | 1] 5 i L S5 At X5 T 174 328 h 9 AH DG [R]
[FIFs ZR G025 S v e R ) R A A3 S ™ B R

5% ik

[1]WANG Y, PRATO C G. Determinants of injury severity for truck
crashes on mountain expressways in China: a case-study with a
partial proportional odds model[ J]. Safety Science, 2019, 117 : 100

[2]XIN T, XU J, GAO C, et al. Research on the speed thresholds of
trucks in a sharp turn based on dynamic rollover risk levels[]].
PLoS One, 2021, 16(8) : €0256301

[3]XU J, LUO X, SHAO Y M. Vehicle trajectory at curved sections of
two-lane mountain roads: a field study under natural driving
conditions[ J]. European Transport Research Review, 2018, 10(1) ; 12

[4]SALEEM T, PERSAUD B. Another look at the safety effects of
horizontal curvature on rural two-lane highways [ J ]. Accident
Analysis & Prevention, 2017, 106 149

[5]MINDERHOUD M M, BOVY P. Extended time-to-collision measures
for road traffic safety assessment [ J ]. Accident Analysis &
Prevention, 2001, 33(1) . 89

(6] Hemeld, iittsh, 3030, 45, FE TP EEE Y L X fE I M 2 1E
BB P ST )] P EARKSAR, 2022, 35(4) .
277
JI Xiaofeng, XIE Shikun, QIN Wenwen, et al. Dynamic prediction

of traffic accident risk in risky curve sections based on vehicle
trajectory datal J]. China Journal of Highway and Transport, 2022,
35(4): 277
(7] Sh¥amn, fREH, REXK, 5. FET PET LAY IHIE G I X 3558
RPN )], WAL TR SEE, 2018, 18(2):
142
MA Yanli, QI Shouming, WU Haotian, et al. Traffic conflict
identification model based on post encroachment time algorithm in
ramp merging area [ J ]. Journal of Transportation Systems
Engineering and Information Technology, 2018, 18(2) . 142
[8]CHARLY A, MATHEW T V. Estimation of traffic conflicts using
precise lateral position and width of vehicles for safety assessment
[J]. Accident Analysis & Prevention, 2019, 132 105264
[9] ORSINI F, GECCHELE G, ROSSI R, et al. A conflict-based
approach for real-time road safety analysis: comparative evaluation
with crash-based models [ J ]. Accident Analysis & Prevention,
2021, 161 106382
(1012210, FIHAL. TR0 Y & B B3 i X w22 B 1045
PRIFFEL)]. SCHfEE 5% 4, 2016, 34(2) : 39
JIANG Xuejiao, GUO Tangyi. Development of alternative indicators
of conflict at freeway diverging area using trajectory data [ J].
Journal of Transport Information and Safety, 2016, 34(2) : 39
[11]JLIY, WU D, LEE J, et al. Analysis of the transition condition of
rear-end collisions using time-to-collision index and vehicle
trajectory data[ J]. Accident Analysis & Prevention, 2020, 144
105676
[I2]MIARES, BEAIR, MR, 2. TR IRSF R A B 4
L2 S AR [ ], )B4l ( BRI |, 2021,
49(4): 499
LIU Benmin, LIAO Yanfeng, TU Huizhao, et al. Risk prediction
model of vehicle driving in small radius curves based on simulation
experiment|[ J |. Journal of Tongji University ( Natural Science) ,
2021, 49(4) : 499
(137548, skBE, SAW T, S5 BL T AU HE IR 10 T 20 2 B 25 T8 i B
ZE R KRG 1], SSEBM RS L RSE R, 2021,
21(2): 166
FANG Rui, ZHANG Qi, HU Chengyu, et al. Risk assessment
model based on risk matrix for traffic conflict on arterial highway
bend section[ J]. Journal of Transportation Systems Engineering and
Information Technology, 2021, 21(2) . 166
[14]VOGEL K. A comparison of headway and time to collision as safety
indicators[ J ]. Accident Analysis & Prevention, 2003, 35(3):
427
[15]KUTNER M H, NACHTSHEIM C J, NETER J, et al. Applied
linear regression models [ M ]. 4th ed. New York:; McGraw-Hill
Higher Education, 2004
[16 ]SHANGGUAN Q, FU T, WANG J, et al. Quantification of rear-
end crash risk and analysis of its influencing factors based on a new
surrogate safety measure[ J]. Journal of Advanced Transportation,

2021, 2021 5551273



