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Modeling of Driving Behavior and Design of Model Predictive Assisting Control

Based on Hybrid System Framework

Koji Mikamr*, Hiroyuki OKUDA*, Tatsuya SUZUKI*,
Yuichi TAzAakT*, Kazuyoshi Isajr** and Naohiko TSURU**

In recent years, there has been a growing demand in the automotive industry for a unified design principle
of assisting system to prevent rear-end collisions. This paper presents a new framework of the assisting system

design based on a mixed logical dynamical system description which unifies the piecewise ARX model of the
driver and the dynamical model of the car. Then, the design problem is formulated as a mixed integer linear
programming. As a result, an assisting system, which takes into account the function of the driver’s motion

control and decision making, is realized.

Key Words: safety, driving behavior, hybrid system, assisting control
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Fig.1 Configuration of driving simulator (DS)

Fig.2 Driver’s seat of DS

goooooooooooooobooOoooooooboobooo
gooooooooooooooocooOoooooooboOoo
gooooooooooooooobocoooooooobooboo
gooooooooooooooocooOooooooobooo
gooooood

2. 000OO0OOO0OO0OOOOo

2.1 0O00O0OO

Fig1 000000000000 O0OOO0O0O0OO0OD0O0OO
ODSOOO0oO0oOooooooooo bSO pC1OPC50O
5000000000000000O0DOO0O0OODODOOO
000000000000 (DepthQ)DDODOODOOOOODO
gooobooooooboooooboooooooboboboboooo
000o0ooooooOoooooOoOoOoOoOoOoOOOOvFig.2
ooooooooogo

goooooooboooobooooooboboooooooo
ooUuSBOOOO pPClO0O0OOOPCIOOOOOOO
goooooooooooooooboooooooboobobooo
O000000o0o0ooooooooo pC20PC30PC40
PCsO0000000O PCO2400000000000O0OO
PC300000000000000O0O0OOOPC20 PC4
gboobdoooboooooooboooooboobooobooo
ooooopCs000000000O0O0OOCOOOOOO
00ooooooooooo pCciooooOoOoOO DSO
O016[msec] 0000000000 DOOD

N
[&)

Velocity of forward vehicle(m/s)
= = N N w w
e g 2 o © O

[4)]

0 L L L
0 100 200 300 400 500 600
Time(s)

Fig.3 Velocity of forward vehicle

2.2 000O0OO

goooooooooooooooooboooooooon
gobooooooooobooooobooOoooooobooo
ooo0oooOo0o0ooOo0O00O00O000000 Fig.300O
0000000000000 oO00OooD 30m|OOoDOoo
goooooooooooooobooooooooDooboo
gooooovoooobooooooooooboobobooo
gooooooooooooooobooooooooooboo
gooooooooooooooobooooooooDoooboo
gooooooooooooooobooooboooooboo
goooooooooooooooooooooobooboo
goooooooooooooooooOooooobooobooo
ooooo

3. DOO0OoOooooOooOooooonDo

3.1 000000O0O0OOOOOOOOO
00000000000000000000000000
00000000000000 %0
0oo0oo0ooo
ey, 00000000000 (KdB)[dB]?
ey, 000000000000 [m]
ey;000000000000 [m/s]

u = [’LL1 uz ’LL3}T (1)

gooooooo

ey000OOO [m/s?
KdBOOOOOOOOOOOOOO0O0000000000
0000000000000O00

10 x log(—k) if k< —1
ur =4 —10 x log(k) if k> 1 (2)
0 if —1<k<l

oooo
us
- 3)

k=4x107 x
U2



gooooooooob Oo90 O650 20100 50 31

1007
| AP0, 8 s an DO B0 00 4 AN My
P Wwwvwwww W‘**

100 200 300 400 500 600

, kdB
N
S o

,_\
IR
Q Oy

200 300 400 500 600

o

o
=
o
o

1
=

Range Rate Range
o o o =)
q QT Q@

Accel.

0 100 200 300 400 500 600
time

Fig.4 Result of mode segmentation (time-series data)
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Table 1 Computational time of MILP

horizon | average max
3 65.864 | 119.832
5 101.212 | 182.209
7 135.510 | 272.423
12 188.704 | 1190.005
15 282.251 | 4940.494
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Fig.8 Configuration of Assisting system
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Table 2 Identified parameter 0

Examinee | "mode” 1 911 9[2 913 9[4
A 1 -0.0636 0.3056 0.1684 0.9485
2 0.0023 -0.0001 0.0252 0.9592
B 1 0.0128 -0.0282 0.0209 1.0855
2 -0.0006 -0.0005 0.0152 0.9859
C 1 -0.0029 0.0161 0.0187 1.0307
2 0.0001  0.0004 0.0035 0.9945
D 1 -0.0432 0.3707 0.5041 1.1641
2 -0.0022 -0.0018 0.0419 0.9775
E 1 -0.0802 0.6904 0.3381 0.7581
2 -0.0042 0.0030 0.0143 0.8913
F 1 -0.0435 0.2728 0.2245 0.9354
2 -0.0028 -0.0011 0.0310 0.9403
G 1 -0.0152 0.0622 0.0676 1.0772
2 0.0024 -0.0007 0.0207 0.9851
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Table 3 Estimated parameter n

Examinee | 71 2 73 74 75
A 14.568 -29.203 -20.295 -17.226 -7.2514
B 28.777 -9.9842 -10.991 -3.5544 -16.692
C 25.338 -27.115 -20.737 -10.254 -11.161
D 21.277 -24.391 -28.721 -26.670 -14.977
E 56.096 -10.781 -11.077 -6.0384 -42.382
F 34.635 -18.949 -29.176 -14.960 -26.803
G 16.008 -13.947 -28.902 -9.2771 -12.161

Table 4 Average of KdB included in Mode 1

Examinee | without assist | with assist | inc. or dec.
A 43.40 40.56 decrease
B 38.19 34.29 decrease
C 35.58 39.20 increase
D 47.75 47.36 decrease
E 45.43 43.78 decrease
F 42.95 40.31 decrease
G 37.41 36.46 decrease
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Fig. 9 Effect of assist(driver A)

Table 5 Average of brake pedal operation by human(m/s?)

Examinee | without assist | with assist | inc. or dec.
A 0.3375 0.2528 decrease
B 0.2680 0.2241 decrease
C 0.2917 0.1735 decrease
D 0.3866 0.6249 increase
E 0.2613 0.2549 decrease
F 0.2677 0.1575 decrease
G 0.2711 0.2158 decrease
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Fig. 10 Data profiles with proposed assist(driver A)

o 40
o

g
& 30

-50 0 50
KdB (a) without assist Range
10
5
2
o 40| g
£ 20
&30 g
@
-5
-10
50 0 20 40 60
(b) with assist Range

Fig.11 Effect of assist(driver E)
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Fig.12 Data profiles with proposed assist(driver E)

Table 6 Number of data included in Mode 1

Examinee | without assist | with assist | inc. or dec.
A 395 215 decrease
B 372 228 decrease
C 429 295 decrease
D 257 402 increase
E 362 413 increase
F 390 154 decrease
G 295 288 decrease
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