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Analysis of Active Safety Perfor mances of Automobile Based on
Driving Maneuversin Emergent Situations

Shun'ichi Doi, Sueharu Nagiri, Yasushi Amano
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Abstract

Vehicle safety is an urgent problem for decreasing
traffic accidents. Almost all the causes of the
accidents are related with human factors in driver's
maneuvers; recognition, judgement and operation.
Improving the active safety performance of vehicles as
well as basic motion stability and controllability
becomes more important for ordinary drivers. It is
indispensable to discuss from the viewpoints of the
vehicle performance and driver's behavior.

In this study, taking the driver-vehicle closed loop
system into account, the active safety performances in
emergent situations were analyzed, and evaluation
methods were proposed. Under such a critical
condition, ordinary driver's driving performances were

ooooo

examined using a motion-type driving simulator.
According to the driver's maneuvers, a database of
driving operations under various emergent conditions
was constructed, and a mathematical model of driver's
operation was also derived from the database. The
performance of the driver-vehicle system was predicted
by computer simulations. The agreements between the
maneuver predicted by the simulation and the
experimental result obtained using the driving simulator
were verified from the results in emergent situations.
Supposing the sudden change of the road surface to a
slippery situation, the effect of assistant control of
steering was also estimated from both of the model
simulation and experiment using a driving simulator.
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Fig. 2 Example of front view image for driver.
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Fig. 5 Examplesof driver's maneuvers.
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Table 1 Characteristics values of driver's maneuvers.

steering maneuvers | braking maneuvers

T b [Thsec Bs%

modes of
maneuver

success
[fail

T sec BJ max [ max

0.74
0.69

0.39
0.36

65
67

0.72
0.73

355
372

104
121

total all

panel's
operations

S

f

0.78
0.70

0.41
0.37

63
64

0.70
0.70

333
369

85
132

case of
associated
operation

case of

single
operation

S

f

0.72
0.55
0.59

316
378
421

101
102
111

0.76
0.63
0.80

0.40
0.36
0.42

62
80
65

S
f

T
g max : Maximum steering velocity (degree/sec)
S max : Maximum steering angle(degree)

: Steering reaction time (sec) T b : Braking reaction time (sec)

Tb : Braking time const.(sec)
Bs : Braking stroke(%)

goboboooboobooobobooobboo
goobooobobboooobboooboboo
o200 oooooooooooooo
gboogbobobuobopoooboutdbOobOo
goooobobbbobboooooogooooo
gobodoboboooboooboobobooooboo
guobooobboooooooougoogoo
gooooobobbobboooooogooooo
gobooooobooooobboooboboo
gooboooobbooobobooooboo
gogboobooobbbooooboboooboboo



o003y ooooo
gobogooobooo

gobogpobooobooo

00000000000000000
0000000000000 00000000
0000000000000000000000
0000000000000000000000
000000000000 0000000000
0000000000000000000000
0000000000000 00000000
000000000000 0000000000
O60kmhD 000000000 40mO0O0000
000000000000 0000000000
0000000000000000000000
00O002000/000000000000000
000000000000 0000000000
000000000000 0400700 90%0 30
00000000000000000O0Fig. 7(a)0
(MOO0DO()I0D00000D0DO0ONooNon
0000000000000000000000
000000000000 0000000000
0000000000000000000000
0000000000000000000000
000000000000 0000000000

goboooboobbooboooboonoog

ooobooooboooobboooboboo
gooboooboboooobboooboboo
goboboooboboooobobobooooboboon
gooobod
googg
gooogdgd
gooogg
googad
gooog
gooboo
gooobod
gooobood

N
o

Cou

ud
ud
0od
ud

NN

=
o

Collision

o
ol

Avoidance

Braking Reaction Time (sec)

o

0O 70km/h0 O O 0 05 10 15 20

Steering reaction time (sec)

loomo oo (a) Braking stroke 40%

gooobood

gooobod Fig. 7

35

O00O00Op0100005000000000
OO0Fig. 8(@0(0 0000000000000
0000000000000 0000u0000
000000000000 0000000000
000ADODO0OCOOOOO0OO0OOODOOO0O0OO0O0O
000000000000 0000000000
OBOODODDODOOODOOOOOOOOOOOO
000000000000 0000000000
ooQ

000000000000 050000000
0000000 00000000000000
000000000000 0000000000
O0O00C0Fig. 9@0(O 0000000000
Dadb000cO0O00O0D0OO0D0OO0D00OO00OOO
000000000000000000000
0000000000000000000000

©
£
E
c
2
3 °
x 02

0

0 200 400 600 800 1000
Maximum Steering Velocity (deg/sec)
Fig. 6 Reaction time and steering velocity on curved

road management.

Course out
|

| Avoidance|

@’@

0 0.5 1.0 15 20 0 0.5 10 15 2.0
Steering reaction time (sec) Steering reaction time (sec)
(b) Braking stroke 70% (c) Braking stroke 90%

Obstacle avoidance performances due to driver's maneuvers.

0000000 R&DOODODOOVol. 33 No.1 (1998.3)



36

gobooooboobboooobbuooobboon
gboboooobooooobobuooobbood
goboooooobbooobbooobboon

obobbobabbUcOoooonbooooonon
gobopooboobooboobooooon
goboobobooboooboobooo

00000000000 0Fg. 100000000 gofdooooooooooooooooon

gooooooooooooooooooon goooooooooobodoooooon

0oodooooooooooboooobooood Ogooooooooooooboooooooon

0oodooooooooooooooooon goooooooooooooooooooon

gooooooogao

goooooooon

> 300 ‘ ‘ 0F goooooooon
g . : B(1=0.7->0.5) 1

%200 """""""""""" N N 2 3 ogoooooooon

g 1O T Pl ; Ooooo0ooon
g 0 g :

20-100 | /4 .g-so 0ooooooooo

5 200f - . L A(T=0.7) : E ooooooooog

5_300 : : : : -120 . . : '\f
0 2 4 6 8 10(sec) 0 40 80 120 Houoooo

a) Steering Maneuvers Distance (m) gogboooooon

b) Trajectries of the vehicles Oo0ooooooon

Fig. 8  Simulation results for predict time change. boopbodooo

gooooooogad

500 00 0Fig. 11(a0 (hd O

Distance (m)

ckr=0.655 :
X : b(t=0.7)

Steering Angle (degree)

gooboboogXoo
gooooooobo
goobooooooyd
gboobooogbo

-120} :
_ 1 1 . \ :
5(0)0 N ] P ) 10(sec) 43' g(() ) 120 ooooooooaoz
. 1stance (m oooooooooo
a) Steering Maneuvers b) Trajectries of the vehicles
Oo0o0o0o0oooon
Fig. 9  Simulation results for different predict time. goooooooon
5 g
° o° o c(t =0.65)
g ¢ o7
2 ° °
g ; ,°°°° °
© % o (deg) - d -
2 5 oo, ."‘00 300 low friction area .{X, (Jeg) low friction area -
: = = T7] T
5 1 100 1 5 Y
@ o o 0 N WD 0 A
0 -100 ﬂ,,____&\[/ N e I S Y Vi kY
0 02 04 06 08 10 12 14  -200 i 0 \"T VAN
Steering Reaction Time (sec) '3000 2 4 6 3 10(sec) 0 > 4 5 8 10(sec)

a) Steering Angle

Fig. 10 Steering maneuver and
dlip angle of vehicle.

0000000 R&DODODDOOVol. 33 No.1 (1998.3)

b) Front Steer Angle

Fig. 11 Simulation results for steering control.
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