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Dimension Reduction and Multivariate Analysis
of Variance for Drivers’ Forward Collision

Avoidance Behavior Characteristics
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Abstract: The process of collision avoidance under rear-end
scenarios can be divided into several stages (e. g., pre-brake
different

perspectives (e. g., brake delay and brake intensity) exist,

and post-brake ). In each stage, analysis

and different key time moments and measurements can be

defined. Therefore, lots of parameters are involved in

’ avoidance

systematically describing drivers collision

ks B 2015-11-12

behaviors. Studies that focused on a certain parameter can
only give information on a specified parameter rather than the
underlying behavioral patterns behind the parameters. This
study did dimension reduction analyses for the multiple
parameters of collision avoidance behaviors, and investigated
the impacts of situational urgency on each type of parameters.
The high fidelity Tongji University driving simulator was used
to test drivers’ collision avoidance behaviors under different
initial headways (1.5 s, 2.5 s) and different lead vehicle
(LV) deceleration rates (0.30g, 0.50g, 0.75¢g). Parameters
characterizing drivers’ hazard perception, throttle releasing
and braking process were recorded. Dimension reduction
analyses on collision avoidance behaviors was conducted with
principal component analysis, which generalized collision
avoidance behaviors into three aspects: perception response,
braking delay and braking intensity. Multivariate analysis of
variance was applied to investigate how initial headway and
LV deceleration affect these three aspects. Results showed
that perception response was affected by both initial headways
and LV deceleration; braking delay was affected by initial
headway, LV their
simultaneously; and braking intensity depended solely on lead

deceleration  and interaction

vehicle’ s deceleration. As situational urgency increased,
drivers responded faster and braked to maximum more

quickly, and braked harder.

Key words: driving simulator; forward collision avoidance
behavior;

variance

dimension reduction; multivariate analysis of
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Fig.1 Video monitor displays and experiment scenario
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Tab.1 Definition of collision avoidance behavior parameters
4 B¥ B
1 Trc A 5T B BE B R [F] (time-to-collision) : Trc= ViEV
sV v
2 minTr¢ B R PR I B Treff
3 FrnaxBrake SR PR R R, N
4 Dinax EEOBERBEE, m. s ?
5 Tperception S 2 BT T, T 00 fi 2 38 R R BSGRE R i (P S B3 BT T8 A BiF 18] (perception response time)
6 Thrake G 2 sk [ » T30 Ak 2 28 T 4 A0 4 1 3h I T4 #E O B ] (braking response time)
7 Tnitartheole  FERETERCH ] A BT, 00 A 28 4 B 503 |1 B AR T Y F6 (¥ B} 18] Cimitial throttle release time)
8 TinalThrottle SRR T B 1], FE AR R ] 2 5e 2 B [ B iE #E AV E] (final throttle release time)
9 T transition T BT ] , S8 REH I T2 I 4R BR R 25 BT 4 FE A9 A 18] (brake transition time)
10 Torsiers fﬁﬂi;/bi 25 %0 BEARE F7 0 IA] , FF 44 ) 30 2 30 ZE BEAR R F1 R BB AR AR BR (250 ND Y 25 %6 BT #€ A4 Bt 18] Ctime to
ke 25% brake)
11 Tiraeso ‘rﬁﬂfi/bi 50 %6 B AR 7B ] , TR 44 1 30 A0 ZE AR FE 1A B FE T AR BR (250 ND 19 50 Y6 T #E 14 Bt 18] (time to
e 50% brake)
12 TrnaxBrake il B S5 R B AR R 7 Bt 1], FF Ay ) Bl 2550 2 RO ) B BB R (i B YE #E A A U] (time to maximum brake)
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Tab.2 The correlation between variables

A minTc Diax FrnaxBrake Thrake ThnitialThrorle T final Throttle Transition Thrakezs Thrakeso TnaxBrake
minTr¢ 1. 000 0. 449 —0.527 —0.017 —0.135 —0.043 0. 202 —0, 057 0, 053 —0. 098
Dinax 0. 450 1. 000 —0. 677 —0. 065 —0.163 —0. 166 0. 278 0.002 0. 282 0.174
FraxBrake —0.527 —0. 677 1. 000 —0.092 —0, 046 0. 100 —0. 146 —0.182 —0. 337 —0. 164
Thrake —0.017 —0, 065 —0.092 1, 000 0. 610 0. 365 0. 205 0. 396 0., 406 0,225
ThnitalTheote  —0. 135 —0, 163 —0. 046 0,610 1. 000 —0. 154 —0. 436 0, 066 0, 069 0,037
ThinalThrowte  —0. 043 —0. 165 0. 100 0. 365 —0. 154 1. 000 —0.132 0. 268 0.179 0.112
Trransition 0. 202 0.278 —0.146 0. 205 —0, 436 —0.132 1. 000 0. 221 0. 307 0. 161
Thrakezs —0. 057 0. 002 —0.,182 0. 396 0. 066 0. 268 0. 221 1. 000 0., 688 0. 627
Thrakeso 0. 053 0. 282 —0. 337 0. 406 0. 069 0.179 0. 307 0. 688 1. 000 0, 786
TrmaxBrake —0.098 0.174 —0.164 0. 225 0. 037 0.112 0.161 0. 627 0. 786 1. 000
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Fig.2 Parallel analysis scree plots
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Tab.3 Results of principal component analysis

EEY
£ Pc, P, Pc, hz e

minTrc —0.12 0,79  —0.07  0.65 0,354
Do 0.13 0.8 —0.17 0.73 0.266
FnpsBrake —0.18 —0,87 —0.11  0.80 0.201
Theake 0.47  0.04 0.67  0.67 0.328
Thinitial Throttle 0.02 —0.,05 0. 97 0.93 0.066
Tzansition 0.43 0.25 —0.50 0.49 0,508
Thoakezs 0.85 —0.03 0.09  0.73 0.270
Thakeso 0.90  0.21 0.07 0.8 0.141
TinaxBrake 0.85 0,01 —0.01 0.73 0.270
FrE Bl 0.30  0.24 0.19

Bl &t 0.30  0.55 0.73

FERREE L 0.41  0.33 0. 26

BT R 0.41 0.74 1.00
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Tab.4 MANOVA test results for perception response

parameters
HAR HHE HotellingLawley { 4% F (& P&
B 2 0,222 3 5.07 5.90X107°
F3LifiR 2 0. 306 3 6. 99 6.20X1077
I 4 0.048 1 0. 55 0. 88
B 140

5y 3 WURF SN RS EI ML F-test Ky Te:
ShAL. BRI Bk B AR A OIS B] C T ) FIFE
TR T B 1B Tt ) 32 35 52 8 42 3k B B 52
M) o B B 4 S B B 4% 14 5 2 B 5% A JRRR R LR R
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Tab.5 Single variable F-test results for perception response parameters
(s Thrake Tinitial Throttle Tiransition
SER AR Y AE PfA A OEE P SR A PfE

BT ZE R 12. 4 6.21 4, 20X1075 2.2 1.12 0.12 5.9 2. 969 0.001 9

F LR 19.9 9. 94 1.90X1077 113 5. 64 4,90X1075 0 0. 007 0.984 4
ZHIR 1.7 0.42 0. 57 1.3 0.32 0. 66 0.4 0.103 0.923 4
e 80. 3 0. 57 74.0 0.53 63.6 0. 454
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Fig.3 Hazard perception parameters for different initial headways and different lead vehicle deceleration rates
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Tab.6 MANOVA test results for braking delay

1, R parameters
(15m, 30 km+*h"t; 30m, 30 km+ h™*; 30 m, 60 AR HiiE Hoteling Lawley [ % F I PR
kmeh™'; 60 m, 60 km » h™) FHRF N BTE],  fiEmsy 2 0. 387 5.87  1.30X10°°
s e e ) 183 g LM 2 0. 296 450  0.000 29
H#ﬁfﬂaﬁﬁ%ﬁﬂjﬁ,%gﬂim‘fiﬁjﬁﬁa Hulst™* bl . o, 350 o7l 000176
THERE2MMAFRMEEBEEE (O ms *52m- B 94

s~ 2T HORR BTSN 6] , -t 2 BRI A vl B Ok, 2
B 53 SO AR
4.2 HIFHEIR
F 6 ARIBERX SR BER. iR KV
5 B A BT O A2 BRI A el R 0 Sk i i
R, R AR 2 25X 2 AR R (9 58 B IR .
TR T BT #1380 Z 2520 (Thares) B 1] LA

S BB B 8h T 50 %6 (Thrateso ) Fl 5 K HI 1 42 B AR
F 33 CT e ) JIT 5 B4 R TR 32 2 4 Sk P B8 R T D6
R JBE P A2 EL IR W 33X 3 W T 2 DBl BE A 7Sk e B
XF T Trateso M Tt IR WA FEAR LB AT 5 T
2 Ak it BB B AL BRI 2 — b TR
St (ke A B8 /) s o ol S8 0 D » 73 4h— T R
R A5 1L.

RT FIHNERESHBATE F-test HR

Tab.7 Single variable F-test results for braking delay parameters

Qs Thrakezs Thrakeso Tnaxralee
SER AR Y AE PfA A OEE P SR A PfE
BT ZE R 1.31 0. 657 0. 002 21.0 10. 49 4,9X107° 15.3 7.67 0. 028
ZE3LAtiE 1. 96 0. 980 0 19. 7 9. 87 8.4X107° 16.7 8. 36 0, 020
ZHIR 0. 34 0. 085 0. 487 24,1 6. 04 1.4X1074 24,2 6. 05 0,025
e 9.19 0. 098 89. 2 0.95 193.7 2. 06




1864 Rl ¥ k2 2 WE KRB 2B B4 %

B 4 Bon T AR LA EIAIAT 4RR BE T H3h  SHIERINAT e, MV Bk BRI 4 3 30 G IR AN S B
LIRS HAIE. HEE BT AU B R R Rt kBRI B 0 8 TR A A — s I TR A8, (B

LR, FISNERESHEEVRN TR AR RS AR ESEE T XFH 3 ERY
R B RN EAT R T H MR R T X 25
ORI ZE R 5% B AR & 71 I (] C R ZER2 5% T I 15 5] T FIZEZ 5% B AR IR 1 Fe 1]
I )7 5 50% BRI A7 I A I 77 2 50% B R 77 R T I ) 7 2 50% BRI 7 I A
6.0 AS ;ﬁg%%%ﬁﬂ’é‘*ﬁ}ij} e 1] 6.0~ Hl BN 2 B KBS 7 I ] 6.0 A~ B 2 B KPR s 7 B[]
2500 ' 2 50t 2 s50f
3 422 g
@4.0 - %\2 R @ e
D30 " a 255 R 2 3.0F e 230
5 o} 2 162 " earsy 220 B Ta 26 20} .
® 10 0.78 03 = Lol e . Ao S onge o719
3 1.OF : . 4 1.0r 0. 0.46| 0.57 4= LOp U e A 40
0 T ew " (el g m IR IO
0.30 0.50 0.75 0.30 0.50 0.75 0.30 0.50 0.75
BEREE/ g WZEREE/ g W E /g
a KHIIR & KA EE b SRR 45 Sk R c EYIHFELm IR

4 FRESXMESWERRE THHTRESHME

Fig.4 Braking delay parameters for different initial headways and different lead vehicle deceleration rates
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Fig.5 Braking intensity parameters for different initial headways and different lead vehicle deceleration rates
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