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Impacts of Situational Urgency on Drivers’
Collision Avoidance Behaviors

WANG Xuesong, ZHU Meixin, CHEN Ming

(Key Laboratory of Road and Traffic Engineering of the Ministry of
Education, Tongji University, Shanghai 201804, China)

Abstract: Using the high fidelity Tongji University driving
simulator with 8 degrees of freedom, this study examined
impacts of situational urgency on drivers’ collision avoidance
behaviors. By combining different initial headways (<(1.0 s,
[1.0s, 1.5 s), [1.5 s, 2.5 s]) and different lead vehicle
deceleration rates (0.30g, 0.50g, 0.75¢9), rear-end collision
scenarios with different levels of situational urgency were
established. Drivers’ perception response times (PRT),
throttle release response times, throttle to brake transition

times, brake delays, maximum brake pedal pressures and peak

ks H#H . 2015-11-04

decelerations were compared across different levels of
situational urgency. Results show: (D At higher situational
urgency., drivers release the accelerator faster, and brake to
maximum more quickly and forcefully; @PRT was near 1.2 s
when the initial headway was round 1.5 s, but PRT increased
dramatically when initial headways were larger than 2.5 s,
and could even reach 3 s; @ Transition time between throttle
release and brake initiation is about 0. 8 s and is not affected
by situational urgency; @At lower situational urgency, multi-
stage braking behavior leads to longer delay from brake

initiation to full braking.

Key words; rear-end collisions; collision avoidance behavior;
perception response time; braking delay; situational urgency;

driving simulator
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Fig.1 Tongji University driving simulator
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Fig.2 Video monitor displays and experiment scenario
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Fig.7 Perception response times for different initial headways and different lead vehicle deceleration rates
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Fig.8 Pre-brake reaction sequences for different initial headways and different lead vehicle deceleration rates
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Fig.11 Maximum brake pedal pressures and peak decelerations for different initial

headways and different lead vehicle deceleration rates



ol

EER,H . TOUR AR B BUBHEAT A 883

R B U 7 B R B B B L T 25 3
AR B g . AR BTS2 B0 B A Bl )
HLAZSRENRE TR, A 10 R T X —
H:L/0. 30g T T MR 4 B b s I AR T S/
0.75g .

4 i

FIFH RSB R 8 B HE S U7 E B MBI IR
TIBREE TS 2B E 20 BRI R
uﬁ WS ARW AL RME(<L.0s, [1.0s,1.5

s [1.5 s, 2.5 s A W) B 42 ok 28 B (0. 30g,
0. 50g, 0. 75g) M A, B 5L T AN [R) B 2R BE 1 A 42
R T T 00, 3R T R H) B SR T RHE T R
EZ5.

IIWTEE R E . OFEE TS 2 FE i Rsshn, 25
s 5% AR b R R T 3k B A R M 2R B AR A, O
B s R A sh 8 O S0 4k mE R 1.5 s
Fe A Bt B BRI BT I 20 1. 2 s, T S AR
FSLIEERE K E 2.5 s DL, B R 8 If TE] AR AR
WRCEFRAT 3 s; QB 1 5B FF RO 1 5 TF
W sh R RS R AR Z T B AR ER M, £5F
FE 0.8 s ;DM ELABET, B RRIAHT
B ELT R, HEEMRAREE SR EA G
BB RN ERRE .

BT 45 A TRAL T G 1 T 00 25 0 BRI A T
(B, (R Bt BT O 28 3 5y ) 07 B ) BRI 4T Ry
PR ALE Y. e Ah , B ST 45 51 v T DAL BT 1) s 751
ARG RN B RS

SR

[ 1] National Highway Traffic safety Administration. Traffic saftey
facts 2013 [ R]. Washinton D C.
National

Department  of

Transportation, Highway Traffic Saftey

Administration, 2013.

[27 DengB, Chen X, Wang X. Shanghai 2020 driving scenario
models and traffic 5 accident models development [ R].
Shanghai: Tongji University, 2011.

[37] Van Winsum W, Heino A. Choice of time-headway in car-

following and the role of time-to-collision information in
braking [J]. Ergonomics, 1996, 39(4); 579.

L4]

[5]

L6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Green M.
analysis of driver perception-brake times [J]. Transportation
Human Factors, 2000, 2(3): 195.

Summala H. Brake reaction times and driver behavior analysis
[J]. Transportation Human Factors, 2000, 2(3). 217.

Ising KW, Droll J A, Kroeker SG, et al. Driver-related delay
in emergency braking response to a laterally incurring hazard

“How long does it take to stop?” methodological

[C1]//Proceedings of the Human Factors and Ergonomics
Society 56th Annual Meeting. Santa Monica:
Publications, 2012; 705-709.

Muttart ] W. Estimating driver response times [ C]//Handbook
for Forensic Human Factors in Litigation (Ch. 14).
Raton: Taylor & Francis, 2005, 1-25.

Liebermann D G, Ben-David G, Schweitzer N, et al. A field
study on braking responses during driving. I. Triggering and
modulation [J]. Ergonomics, 1995, 38(9). 1894.

Hulst M V D. Anticipation and the adaptive control of safety
margins in driving [J]. Ergonomics, 1999, 42(2). 336.

Sage

Boca

Adams L D. Review of the literature on obstacle avoidance
maneuvers; Braking versus steering [ R]. Michigan: The
University of Michigan, 1994.

Ohlhauser A D, Milloy S, Caird J K. Driver responses to
motorcycle and lead vehicle braking events: The effects of
motorcycling experience and novice versus experienced drivers
[J]. Transportation research part F; Traffic Psychology and
Behaviour, 2011, 14(6). 472.

Abe G,
expectation for forward collision warning systems [J]. Applied
Ergonomics, 2006, 37(5); 577.

Abe G, Richardson J. The effect of alarm timing on driver

Richardson J. Alarm timing, trust and driver

behaviour: an investigation of differences in driver trust and
response to alarms according to alarm timing [ J J.
Transportation Research Part F. Traffic Psychology and
Behaviour, 2004, 7(4); 307.

Lee ] D, McGehee D V, Brown T L, ef al. Collision warning
timing, driver distraction, and driver response to imminent
rear-end collisions in a high-fidelity driving simulator [J].
Human Factors: The Journal of the Human Factors and
Ergonomics Society, 2002, 44(2). 314.
Lee J, McGehee D, Dingus T, et al.
behavior of unalerted drivers using a front-to-rear-end collision

Collision avoidance

warning display on the Iowa driving simulator [ J .
Transportation Research Record: Journal of the Transportation
Research Board, 1997, 1573; 1.

Young M S, Stanton N A. Back to the future: Brake reaction
times for manual and automated vehicles [J]. Ergonomics,
2007, 50(1): 46.

Every J L, Salaani M K, Barickman F S, et al.

behavior of truck drivers in crash imminent scenarios [J]. SAE

Braking

International Journal of Commercial Vehicles, 2014, 7(2014-
01-2380); 487.



