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Abstract

This paper describes a human driver model developed based on finite preview optimal control method.
The human driver steering model is constructed to minimize a performance index which is a quadratic form of
lateral position error, yaw angle error and steering input. Simulation studies are conducted using a vehicle
simulation software, Carsim. The Carsim vehicle model is validated using vehicle test data. In order to
validate the human driving steering model, the human driver steering model is compared to the driving data
on a virtual test track(VTT) and the actual vehicle test data. It is shown that human driver steering behaviors
can be well represented by the human driver steering model presented in this paper
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Fig. 2 Driver-Vehicle System

g A oAy w2l e 7%
(e PEAE A ()F A9 2ol Ak
N2 % ehd

Ay, =V, at+Vv at- (&) (1)

yr :Vy+vx'(‘9_gd)

aty = v, .At, Sd VY (2)
P P
3 d¥s AAs7l SAsiA, oA

(preview control) ©] &2 2 -83fo] FAAF oY
o] EEAHARE 7IX 1, JrIEdr Ao JdHES
AAQsIATt. FAARE  ddAold] HEgs7]
A& A (3) ol&3ke] preview time(T)o = ¥
a9l
Lp
VX

FAAY = AFY TN £ 2 229 2
gl me gel Agsst

T =

p

3)

22 A7) AAE AT B WA

Aot7] AAE s FHG SErt Agsiria

(Fig.3)

o <&

+F v’ Fyrl +F

yrr

Fig.3 2DOF Bicycle model

m-v,+m-v,-e=F,+F, +F

yrl+Fyrr (4)
I,-&é=1-(Fyg+Fs) -1 -(F +F,)

yfl yrl

¥l Avtm gt 4 @)
2% ol g3, golo] FHe ohdsh ol A4

TR
v+l ¢
Fyfl—er:Cf'(5f_ s Vf )
yr+| (g—g) .
=C 8 T o) - i)
v, =1l ¢
Fyrl :Fyrr :Cr'(_ )
O L Gl ) BPPR WL P (5)
Vv

X X

2 G)E A @ ddstd, A @Y 2o
H,

X=A-x+B-o, +F, -w,

. .t (6)
x=[y, ¥V, e-¢& £-4&]
o 7] A,
01 0 0
0 A -A A 0 00
Al W v, 5 B| [0 [d,
oo 0 1 Tlo| Cfool YT,
A3 A4 1 B l 01 l
0 = _ A3
Vy A& Vy :
—2-(C, +C)) B _2C
=— 1 =
m m
N 2.(-1,-C, +1.-C,) g 2Ch
B W e B Bt 24 , =
m Iz
2-(-1,-C, +1,-C)) 2
2 Gl G) o--Lihy,
z P X
—2-(12-C, +12.C,) A .
:+ vdz_vi“.gd_gd

z X

ERAN( L& &)7 AoE0] U85S G

4 tlo

o]
PR

23 HA dAA] o]
FAAE ol BE
o] AR = xdzte A

4=(performance index)7} # 23} ¥ == AA L

=
L

fllo
)
ofo
rot
2
9
N
i
i)

T t1l, 1 T
J—J,'ELKE[L SOTQ v+ RA] (D)

Figa = 4 o 7xle] o|2& o] 43 Ao}l
25 tholoj 1 et

856



fload mformation

Snaping Filter

Iroad previwer]
Feedforward
disturoance
—j o

2 0)

dp=uptu, Plant
Carsim
Viehicle Madel

27k olzle] 4 @) Lol = o]
B(-G-x(1)3} A=ZA= Ao JHFM(D) )
= 7Aen?

S, (t)=ug +Uy =M () +{-G-x(t)} ®)
sea ARG )= A (9% 22 Riccati
equation . =g +& 4= glvh?

G=R*-B"-P,

T _ -1 T _ (9)
P.-A+A -P,+Q-P.-B-R"-B'-P, =0

dAe] ol2& o83 HEEZAE Ao <
g2 4 (10)e2yE 73 & gk

M@©=-R*B- [ F©)-w(t+&)-de

F(t)=e*"-P,-F
A =A-B-R*-B"-P, (10)

~—~~
H
£
o

ZHE oA o] <3 A7
b2 A2 Uit T8 t+T, 7-A)el
Are o9& AAHS & & Atk

N

Y0 i
[ -2
M

J

o

24 AAIHAY 2AY

Aol71 AAE 2% de ANAD 22
2 ARE AzEel AATHAL Bl
Carsim A% walo] A gHrh AATHAL Figs
of Lhehd QA B4 4ES B Qe A9
HolEE ol gstel, A4 mua 2FA 2~

Mo virol BUY soithY
Q7.914 mae A 11)3} o] A7HAle] AT

e olgatel mulY ST, THA2HLE 27
NzElel Pejm weae s,
T T,
|
1 T T T T
——  SHimuluz Signal
= pof = = . Ratarenca Input : F
@" ——— Experimant Data I _||I
= wf - ] H—Tr
® “r : Heferrance Input
a0k i E3.2 % Al 2
5 1
an 05 140 15 2I[: 25 30 35 4.0
Tume [sec]
Fig. 5 the test data of human response
. -T,-s+2 w2
G(s)=—1 : . 15)

T, s+2 $°+2-¢-W,S+W

A7VA, =112, w, =1T, =w, -\1-¢?

3. AR AP B AYRD AF

3 2k CarSim 2p&F melo] 332 A
ol CarSim e mdleo] AlEwolMd A
[e3]

(e rlo M g

3 v GAFsdnh AxAE S A
T W E AR A g
s v A A= TWEF 4%, yaw rate, Roll

=
i
4»
T 3

angle 1¥]aL W rpEeoltt, ol WG 4
of AbgE AME B KA, AolR Az:E

(yaw rate sensor), 7F& e AlA 9 7L Al o)),
2

rr

F%)]: E‘ = o O ©° = % %—HO]—

F s adE IS sslen, =% <

g AAAFe] 2T AA A D2 G AL

stoith 32k CarSim A4 R =i wpEAS
Al &

jatil
o«
o
ok
o2t
IB
b
il
2
(o]
o
ay
o]
=0
i

SWA [deg]
N NS
o ©o o o
O g

Time [sec]

857



68 T T T
EXP Data

66 - - — Filtered Exp data A
Carsim Vehicle
64 . 1
" e
62| > Z) ]

60 I . I . I I I
0 1 2 3 4 5 6 7
Time [sec]

Longitudinal speed [kph]

— — Experiment Data
CarSim Vehicle Model

Yaw Rate [deg/s]
«

Time [sec]
§ — — Experiment Data
2 3| ——CarSim Vehicle Model
[}
) = -_—
<0 -y
S al
g 3
6
0 1 2 3 4 5 6 7
Time [sec]
6 -
9 — — Experiment Data
E 3 CarSim Vehicle Model | ]
’5 /\..__.
g o i
b Q
3 3
8
< 6 L L L L L L
S 0 1 2 3 4 5 6 7 8
Q
g Time [sec]
—

Fig. 6 Double Lane Change Test

e _
32 £vhE A9
2= 1] O =% 5 AT = o
ot AEE FWYE £585 o 80kph
- = =1 o
gk Aol At
100
D s0f
[}
S
< ©
=
[
100 I I . I I I .
0 2 4 6 8 10 12 14
Time [sec]
g 84 . . - —
= Experiment Data
3 " — = Filtered Exp Data
@ ;/“'\ —— CarSim Vehicle Model
& #~
°
2
g 1 . . . . . . .
2 o 2 4 6 8 10 12 14
o .
3 Time [sec]

16

— - — Experiment Data
—— CarSim Vehicle Model

Yaw Rate [deg/s]
858

16

30 . . . . . . .
0 2 4 6 8 10 12 14
Time [sec]
§ 8| — — Experiment Data
S, —— CarSim Vehicle Model
o AF 1
2
< ° 1
S a4l i
g 4
-8

0 12 14

2 4 6 8 1
Time [sec]

o

16

10| — — Experiment Data

_—— CarSim Vehicle Model

o

o

&

N
o

o 2 4 6 8 10 12 14 16
Time [sec]

Fig. 7 Slalom Test

Lateral Acceleration [m/s’]

Fig6 ¥ Fig.7 ¥} o] dAddy 43 =%
b3 S 21e FAS W, vd A" AE
S oM, AFRAS AFEAd

Fig.8 & 2 W7 Astel A FAA(L, ) W
st M A 2% A AAE = 2FY
g A% Wah 549 ek,

80

60 ——Lp=10m 8,

S 40 ‘!"1\ —-=Lp=20m 7"\\
Lab AN\ =
= B J
0 -40 s\'l -\\ l
Vi
-60 \/
-80

0 1 2 3 4 5 6
Time [sec]

Fig.8 A Al w& x3zte] 54 s}

~
©
©

Table 1 F=A A W& x3F7 54 4
TAAE [m] 10 20 30
Input start time [s] | 2.165 | 1.575
Input Max [deg] 66.14

o) MwASE wY, FAALYL Sk, =
Fdeol wel Agshu, 237ke] A 2717
Aobr & o 4 gk

858



120 ~
Tn=0.1sec FNA
> 80 —-=Tn=0.15sec /\ N
3 40 Q — — Tn=0.2sec i\
< o0 Q RPN A -
5 a0 N NN ) =
-80 "// “q/l
-120
0 1 2 3 4 5 6 7
Time [sec]

Fig.9 T, o] W2 Zazte] 54 v

Table2 T, o w2 Z&7 54 £
Ty [sec] 01 | 015 0.2
Input start time [s] 0.46 0.51 0.54
Input Max [deg] 78.27 | 96.74 | 111.02

Table 2 o vhehdl Ty ol ulg = gel v
Antg ww, ool F7hekw, 2ol
g3ha, 29249 A AN FAHEE 4 &

Y0 B K

Fig. 10 Virtual Test Track

B AT ASE b FHAY AL AA
A3t BAW BHL FAdy, 4PL Fsh]
M 7Y we} 4% 49 vﬂolas— H g

obel 9] Fig. 11 2 AFEHL=S 60kph = | 5tH
A AEAEo] 135m l A =2E F agls
o, b FAAE) A A 2% e &
Az 2FEAe] AES Hlasglt

70

‘ Human Driver Model
_ % | = — VTT Data
2 50
k=7
%( 40
30 A\ -
2] T\wa — ]
20 (¥
10
ol
0 10 20 30 40
Time [sec]
= 604 5
S Human Driver Model
= — = VTT Data
2 60.2
(5]
o
K3
> 60.0 P\‘\
E l
£
T 508ty
D
c
S 596
0 10 20 30 40
Time [sec]
20 -
Human Driver Model
? 16 A | = = VTT Data
2 12
2
ISl 8 N
ha 1V>A- O
2 a4
©
s v
0
-4
0 10 20 30 40
Time [sec]
& 5 -
° Human Driver Model
E 4 | = = VIT Data
c
e 3
gL
[ 2 Fa EN P —
g qy”
g 1y
8 o
k]
8
0 10 20 30 40
Time [sec]

Fig. 11 Comparison Virtual Test Track with
Human Driver Steering Model

Fig.ll =B, 42 23 wde %3 A%
ﬁ**&t ‘Zr’\]ﬂﬂ(Lp), A7ATEA ] AT
o

4
9 ERAS T 2GS

[} o
AT},
4.4 27330l Aak A dolEE o] &g
A2 2FREe] AF
Fig.12 & A4 W7 AJ3ellA 58 A3 dio]H
A 23 Bl 27t A4S valskyd

o

859



80

Human Driver Model
— — Experiment Data

40 o 7
LN o
0 "’ ./

Correlation Coefficient = 0.9731

SWA [deg]

-80
0

1 2 3 4 5 6 7
Time [sec]
E s
e
£ 4t ==
B
8 2
G 2 £ 1
> ]
= o - ]
% Human Driver Model
O — — -Experiment Data

0 20 40 60 80 100 120
Global X Coordinate [m]

Fig. 12 Comparison Test Data with
Human Driver Steering Model

Fig.13 = Fig.12 o =3 195 7HS v A
e} = > &) <
F oot A AA o HuARE Yl
68
Human Driver Model
T 66 - — — Experiment Data
%g LZnrole s Snd oy el twritrapatoanbey )
= O
59 64
S o
S0 e
0 1 2 3 4 5 6 7
Time [sec]
' 30
2 20 Human Driver Model
h=) 10 — — Experiment Data
Q - Vi
¢ ° ’\\\/ y
= -10 ~
3
-20
> 0 1 2 3 4 5 6 7
Time [sec]
— 6
2 4 Human Driver Model
= 5 — — Experiment Data ~
ER " 7 X\
P~
g: > N 97/\e—y
o
4
e 1 2 3 4 5 6 7
Time [sec]
T o :
E & —— Human Driver Model
c — — Experiment Data L\
S 3 ,
g /
[9] N
g 3 \./ v/
< 6
s 0 1 2 3 4 5 6 7
o Time [sec]
k|
Fig. 13 2% &5 ¥ 7 v
o = o o 5
AR 2 RIS AA AR 2Fzd FAL
&

3 A717] 1M Ao Fa $Es) =
L

el wepA HH-g FAA(L,), AELS5A
AAG(T, )Ll HA A weighting  matrix

(Q, R) A4l Basit

5, A&

2 AFAAAE HAA dHAo] o] &S o] &,
w2 2EgRASs dsileh e &daE =
o mdle] HAFS fsiA 7 FaAd A9
A W7 gl FaAY AdE AREsESl o,
ol Ed HA 2 mdo]l FAIAY, AAZ
Aol mel ghebulEl 183 Weight matrix & 2]
As] gl met HAA EHAe] 2EF SAS
dadd s AT 5 Uk

7]

o

o] AFAIE AHAALAR- A Flol| FHdh=
AEAp 7N 7)1 A Ak e A Al Human
Factor 88 Mot A= =F 45 H7b 7w

7lE A wredoh

WL

i
Fig
rev

al

1) W.S.Sung, “ A study on driver model for steering
simulation of wvehicle ”, KSAE, \ol.10, No.3,
pp.245~253, 2002.

2) Jungsoo Ha, “ Validation of 3D \ehicle Model and
Driver Steering Model with \ehicle Test ” , KSAE,
2003.5

3) Huei Peng “ \ehicle Lateral Control for Highway
Automation . University of California at Berkeley,
19924

4) Jeffrey B.Burl, Linear Optimal Control, pp.179~226,
1998

5) Long Chain Chen “ An active suspension system with
preview control for passenger automobiles 7,
Massachusetts Institute of Technology, 1988. 3

6) Astrom-Wittenmark, Adaptive Control (second edition),
pp.41~81, 1995

7) Torsten Butz, “ Optimal Control Based Modeling of
Vehicle Driver Properties ”, SAE, 2005. 1

8) R.A.Hess, A. Modjtahedzadeh, *“ A control theoretic
model of driver steering behavior ”, IEEE control
systems magazine, August, pp.3~8, 1990.

860





