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Robust Design of Gain Matrix of Body Slif) Angle Observer for Electric Vehicles and
its Experimental Demonstration

Yoshifumi Aoki and Yoichi Hori (The University of Tokyo)

Abstract

Electric Vehicles (EVs) are inherently suitable for 2-Dimension control. To utilize EV’s advantages, body slip angle 8 and
yaw rate 7y play an important role. However as sensors to measure 3 are very expensive, we need to estimate 8 from only
variables to be measurable. In this paper, an improved estimation method for body slip angle 3 for EVs is proposed. This
method is based on a linear observer from side acceleration a, and 7y sensors. We especially considered the design of gain
matrix and we achieved succeeded in exact and robust estimation. We performed experiments by UOT MarchII (Fig. 1). This
experimental vehicle was made for study of advanced control of EV to be driven by four in-wheel motors. Some experimental

results are shown to verify the effectiveness of the proposed method.
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Fig. 1 UOT Marchll
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Fig. 2 Four-wheel model of vehicle motion
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Fig. 3 Two-wheel model of vehicle motion

O (0000000000 00b0O00O0O veosgO0n
oooooooooooooon

a, = v(g+7) COS[B «rerrrrenn e (8)
O()0 (80000000 (2000000

T=AT+ B e (9)
—2(Cs+C) —2(5C5—1nCr)
'U2 -
A= —z(lfcn;v—zrcm —2(7%:cf+lic”
I Iv

ﬁ
o[ 2] =[]

I

3. boopboooboogoooboo

/400000000000 00000DO00DO00DO00n
000 (10)00000 00000000, 00000000
0000000000000000000000000000
0000000000000000000000000000
0oooo0o0o0oooo @o®o@o® ooooooooogo
000000000000 0000000000 gOo0000
0000000000000000000000000000
0000000000000000000 400000000
oooooo

oooooooooooooooooooOobobooooooo
oboooooooooooooooooooboooooooo
gboooboooooboboodoboooobooboooboboo
000000O0o0oo0o go0oOoOooOoooOoO

gbooboobooobooboooboobooobooooa
ooooooooooooooooOoOoOoOoOoOoOooObobOoo
gboboobo~y00OO0OO0O0DOO0DDOOOyOO0ODOOOOODOO
gbboobooobooboooboobooboboboobooboooboo
oooooooood

gboobooboboobooboobooboobooooboo



0000000000000000000000000000
000000000000000

00000 (ax)

0000 (ay)

00000 (y)

e,0000000000000000~0a, 000000
0000000 4,400000000 (8)0 (2)000000
0e, 0000000000000

ay :U(a115+a127+b16+7) ................ (]1)

oo0oooooooo 3)uooooo

o 0 1 |10 _|ay
C|:vanv(a12+1)}’ D[vbl]’ y|:'y]

ooooooooo

ooooooooooooOoooooooobooooooo
oooooooobooooooooboooooooo

000 KOOOOOOOODOOOOO
0000 e=/3-4000000000

E=(A—KC)e -+ (15)

oo0000b00 KOoOoooooooo,0o0000000
oooooooooooooooooooooooooDobobo
oooooooooooooo

03110 O000oo0Ooooooooo0

ooooooooooooooooooooOoboboooooo
oboooooooooOooooooOoOoOoOoOoOoooobbo
O0oo00oD0 00000000 OoOOOO0OOOOODOOOOn
00 KOOOOOOOOooooooooooooooooooo

gooooooobooboOoOoOoOoOoOoOoOoooooooooo?2
ooooooOooooooooooooooooooooooo
oboooooooooooooooooOoOoOooooobbd
oooooooooobooooooooooooooooDobbo
ooooooooooOooooooboboooooooDon

OO00D00DA-KCOOOOOooooooooooooo
A-KCUOO (15 000000000A-KCOOOOOOO
oooooooooooooooooooOoooooobobod
oooooooooooooo

80 ax

60

— W
40

velocity(km/h)

|

|

<

=
acceleration(m/s

20

25

20

15

10

— beta by simulation 0
— — beta by observer

’ 0 20 40 60 80 100 ’ 0 20 40 60 80 100
time time

beta(deg)
gamma(deg/s)

—— gamma by simulation
— — gamma by observer

04 OJ0OOD0OODODOOD

Fig. 4 Simulation result
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Table. 1 Sensors of UOT MarchIl

PC to control Pentium MMX 223[MHz]

AMD K6-233[MHz]

oS Slackware Linux 3.5

RTLinux rel. 9K

encoder pulse 3600[ppr]

number

acceleration sensor | ANALOG DEVICES ADXL202

HITACHI OPTICAL FIBER
GYROSCOPE HOFG-CLI(A)

yaw rate sensor

CORREVIT S-400

noncontact

optical sensor
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Table. 2 Experimental conditions
Experimental No. | v[km/h] | §[deg] | road type
1 40 90 dry
2 40 180 dry

EV was accelerated, and draws
3 a circle with a radius of

26.5 meters in wet road

In Experiment No.1, another
4 observer gain with model

error was used
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Fig. 5 No.1 experiment Speed is 40km /h
and steering angle § is 90[deg]
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Fig. 6 No.2 experiment Speed is 40km/h
and steering angle § is 180[deg]
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Fig. 7 No.3 experiment EV was rotated

in circle on the wet road
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Fig. 8 No.4; Measured value and estimation of 8 with
two different gain matrixes; Speed is 40km/h and

steering angle ¢ is 90[deg]
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