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Application of four-wheel steering control of the vehicle lateral motion

Student : Yi-Shiun Luo Advisor : Dr. Te-Sheng Hsiao

Institute of Electrical Control Engineering

National Chiao Tung University

ABSTRACT

Four-wheel steering (4WS) systems have advantages over their two-wheel counterparts
in terms of smaller turning radii and better stability in vehicle lateral motion. With the aid of
latest electronic and sensing technologies, four-wheel steering controllers can compensate for
both front wheel angles and rear wheel angles to enhance the maneuverability and stability of
the vehicle.

On the other hand, most commercial vehicles exhibit understeering properties, which
help reject disturbances due to cross-winds and uneven road surfaces. But neutral steering
vehicles perform better in object avoidance in emergency cases than understeering vehicles.
Therefore, this thesis presents a 4WS control law to reduce the sideslip angle and change the
turning characteristics of the vehicle from understeering to nearly neutral steering by means of
the H,, output tracking control method and a delicately designed reference model.

This experimental vehicle is equipped with gyroscopes, accelerometers, potentiometers,
encoders and other sensors as well as the DSP controller to implement the four-wheel steering
control system. Experiments confirm that the vehicle sideslip angle and the yaw rate could
follow the given reference trajectories, while external interference could be effectively

suppressed.
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A—9 Plant

Bl 3-1 -~ Ecenf34g & o4 BT & B

3.2 H_ Output Tracking Controller % 3+

oAl SR DT e F - B R R F PR PR PR R
Foo w2 4 PID & Lead-Lag ##1 B4 2 ik frdlavk B w i d] 325 K e
Bhenin B ARERRAID R o A o F R P B s e A f A2 Sl
Flo RERRFL R R B 3 h RIBRRBYR A d o LABRES BT
HAZARTDR Y -

Zames *+ 1984 & 4% 141 * H_do%ic (H, norm) % ikdp 0 4 1% 3 247 & Moo 4y
2 &R S8k (Sensitivity Function) [17] > H, 442 & 8§ - B % 52X D) &+ 3 ~
Fe o N F A kR FEFGFRERRGF LA DL - LY
(memﬁﬂ’ﬁﬁ%§@ﬁﬂﬁ@%ﬁ%%%igﬂiﬁﬁ—%ﬁrﬁug FER s H_ £
e ¥ E A - B BRI B & (the Worst-Case Design ) i1 % -

EEY - WA BB KRB AL BRI RERE S A B A
By 4] B A b 2 K(s) &2 K (s) » 7=

A, (8) =K (S)(B(S) —Bres (5))

A, (8) =K, (s)(r(s) — I (5))
BB B, Au R EERLEERDLTNE o 57 & P(S)Pe(S) %
r(sy (3l iE - R 2dmicdgm e BAEFL I RIRG PR T Y
R H e 5 1 BRI B R B WA R

B Tio( TR 147 5 722
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x=Ax+B,w+B,u
Z:C1X+ D11W+ DlZ u

B0 ox AR R A Plant) sk 5 R H w R P IRE (2 2 HERRLE) U S I B
(Ky(s) ~ K (8))" i diy » >z 3l 0 oy 5l B(K () ~ K (5))= By~ -
#¢ > AB B G G DDy REFAH > EER Dp b fXEFS
well-posedness o

e B B2k N FE(n>0)4 1 2L % (Linear Time-Invariant, LT1)ie 32374 B K ¥ £ 7 %

X.=AX *tB.Yy )
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TR BB ART AT S
X=A, x+B, w "
z=C_x+D (19)
2 Dy AW > AiEARA T L EF T
AC| B A A B B
N o |GG Dal
CcI DC| C Dll D12
24 ZHG:
A 0 B, B, 0]
O 0 0 O Inxn
Gé Cl O Dll D12 O
cC, 0 D, D/ B
10 1, 0 CI Al]
FHIFIEK T 20 &
= - T
Q2 A,P+PA]+(PC]+B,D] )R *(PC}+B,D]) +B,B] 0

R21-D,D]
R EHER0 T - BP>0% @ Q0. Fpt 0 1 @F Hodrdl B Ko #-2 f 2
M aE 2 % 3 (Linear Matrix Inequalities ,LMI) > %% [13]¢ chd dm Sdic > 3 K V=32
m/ss 4 Iwasaki[14]4% 1 2 Hodr $1 B £f2 i 25 B 3-2 F 4% & i 2 8 £ & #i(Weighting

function)s& 3 241 % > BB I B(S) =B (S) PFF 1 ek SLALE
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wb =1
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e
-1 ! & pH—» @ ¢
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" > O Y -—+>u-—@—> e,
@&l « U @
N/ I Y I \/
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Bode Diagram
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Step Response
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He ok aERET AR S8 k=lFL P e k<L L7 Bfgw > KL L

BiEs > d iR L F R SRELERE > bldoF s B L0 5B k=0~1

A
KASZT L RA%R T e 0 2 Fo@gd g EERIFIEY 7 5 fm > Fl AP

KDLFRATEY it Bapho FLEERET 457

i

EHS RS F 0 B ()T A EE S

) i b. 1|
2C, |1+ A+ - . -
o) ifad) | rg

A A i rref Zéf
A1+ 2C, | I+ — 22
2G| -1+ _ {f k) W, | (22)
M Miv, |
=4ﬁﬂ+mﬂ
I’ref

BR2FY AT BHF A EEATY B A AR TR PR T

Tk R P AR RE S R0 39 R wi ] F ()N 47 B

o
X = Ax+[B, BZ]B} (23)
-(2C,+2C,) (-2C +2C\l)) 1 2C; 2C,
ﬁ} My Mv? My My
He x= ~ A= X X ~ B = X ~ B, = X o A
{ r -2C | +2C 1, 2C.I?+2C I? b 2C, ? _2C |, =
Iz Izvx IZ IZ

Naraghi[21] iy 412 e 857 » FHE SR EHY 7 i Biwin

5, =Gx+H,5, (24)

~or(23)58 0 e
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X=Ax+[B, BZ]E“}
= Ax+B,3; +B, (G,x+H,3; )
= (A+BzGl) X+ ( Bl+BZHl)8f

“i0d 0 T 0L 5] A=A+B,G, 1 2 B=B+B,H, x4 7 B ¥ ® % EHT ok > B39 %
PR RREEREES G 0 FAED M T A

{@ =G,x+H,0

(25)
5, =Gyx+H,0
~on(23)58 0 TrE F
. 8f
x=Ax+[B, B,]| ¢
= Ax+B, (G,x+H,0) +B, (G,x+H,0)
=(A+B,G,+B,G;)x+(B,H,+B,H,)6
73 G ASALBG,+B,G, 11 & B=BH,+BH, B4 7 114 39 Kif¢ R F L 15

Wil 57 i A 5 (2A)50 & (25)5° M A 0 RIA A R~ (22) st 0 3-0 % i
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1. - @R 2WS T @
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. Cl | mv C
3. Whitehead[20]#74% 41 2. & B /% &7 52 © § =| —1 f
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35| — 4ws with Ackermann's reference model !
30— -
25—
20—
€
15—
///
10~
/
{
|
51~ \
\
AN
o \
5 —
r r r [ [ [
0 10 20 30 40 50 60
m

B 3-10 ~ BT vt R

26



rad

rad/s

Beta

1.6 ; T T T
4ws with proposed reference model
2ws
14 4ws with Whitehead's reference model
4ws with 8r=0.255f
T 4ws with Ackermann's reference model
12—
1
0.8~
0.6~
0.4
0.2~
0
0.2 -
04 [ [ [ [ [
0.5 1 1.5 2 25
sec
RN N
W 3-11 ~ plif & v R
Yaw rate
S ] T T T —
4ws with proposed reference model —~
2ws //
— 4ws with Whitehead's reference model ///
4ws with 3r=0.255f -
4 4ws with Ackermann's reference model /// -
3 4
2 4
1 4
0 4
1 r r r r r
0 0.5 1 15 2 25 3
sec

R 3-12

N E P A a8

27



180 T T T
4ws with proposed reference model

2ws /f

4ws with Whitehead's reference model /"
160 4ws with 5r=0.253f / 7

4ws with Ackermann's reference model /

140~

100~

m/s?

80~

40—

20~

0 0.5 1 G 2 25 3
sec

Bl 3-13 ~ 4eig &V FR

d B 3-10 ¥ g R o did Bl 3-9 iy I e FE R Y S¥c T Ui AWS T 2
EHEL W 2WS A B 2 By P e adEd o 2 od B 3-11 - B 3-12 ¥ v Avig Rl &
fri et @ R AR 39 T4 AT ARG PR LR IHmT Uz X 21 TR
BRHLERRE OGS B A PER .

BFoRGHmbdEe A iR i o BFRLES LR 024 2 M
STEL 64 0 BN LIS R RI B Se 2 4FF L 20HZ - R RS 0.01 M2 T35
z gl ege F R ELEE e 4 0 H R 5B 3-14 TR 317 H P o Rlw besd

B A A a,=v, (B+r) g 4N F e o *“B{? | # jca AR o T € 5 B IR o A

s I AR 39 iR A T hd b o iRl # R FIT i & &1 Output
Tracking Controller %3+ p% » §1* Hyoed %4 5 K 3+ (the Worst-Case Design ) 44 > i

PR IR LS A

28



0.6

0.5

0.4

0.3

0.2

0.1

path

4ws with proposed reference model
2ws

4ws with Whitehead's reference model
4ws with 8r=0.258f
4ws with Ackermann's reference model

20 40 60 80 100 120 140 160 180
m
Bl 3-14 ~ B3 PR
Beta
0.04 T T T

4ws with proposed reference model
2ws

4ws with Whitehead's reference model
4ws with 8r=0.255f

4ws with Ackermann's reference model

B 3-15 « RIF & 1 §2 ]

29

200



rad/s

mis?

Bl 3-17 ~ 4o B v )

30

0.04
4ws with proposed reference model
2ws
4ws with Whitehead's reference model
0.08 4ws with 5r=0.255
7 4ws with Ackermann's reference model
0.02 —
0.01—~ }
il
{
il
0 | T
i W
1
0.01 u \
|
0.02 —
0.03 ~
0.04 ~
-0.05 L : L
1 2 3 5
sec
2w g L
Bl 3-16 ~ R & & & v
Ay
50 -
4ws with proposed reference model
2ws
40|~ 4ws with Whitehead's reference model
- 4ws with 8r=0.2558f
4ws with Ackermann's reference model
30—
20—~
101 B ,\1 j b H
. " g Jﬂ.w L Ll
Irk [ ’-‘ 'lj
g u I
10 ) 1l
I g : |
20+
30+
40+
50 r r r
0 1 2




Ex

(NS S L35 TR P

PR IR e B dR R B2 ot 0 B R & Kok p i g
[23] » H 5 ~ s L PRSI S o 193540 @ $03) (bicycle model) > & @ 4w (7 i
i T DR R A E R et R T 0 D TRARIIRE i
Ro B EA* DSP & ¥ R Sl B2 FBRICABER PIEfrRE Eipd

B PEFREREPIEE Tl @3 SD e+ 1. G- - A Sl

Fr o g (TAMIYA) k 7liGdpd TXT-1 0 4ol 4-1 957 0 £ 1/10 7 & 55/ v bl
Wtk d o fen FABRRBH A B SEHE T EY PIRBIEHES > BT Kb

b L340 1 BERIRBIEHI DR BB PER o

B 4-1 ~ TXT-1

31



4.2

\;3\\
Eis
W

F‘_k
;>\_
=
T

ST o o RFEBE Z BB ENE PR S BING o AFHT L i

4 7

|rml

Bk ® o #* FAULHABER % 7] 3557 3] 006C % i & » F 5% T o £

Feik A AT H Y AR B PR T SELATEED TR A RIRBIG
AFEHT S d S BRI A uirdl e s e o

43 RPIE

FEHRT SREORBIBRE ¢ fEr BIMA

LoFedRik 7 2R3 £300 A/4) 0 Bl 5 DS RITTR S 475V-525V ) § %
B4 A SMVIEIF) » * BRI mOEHEEAER o

2. sriE ¥ RRIE £15G 0 FAcE 5 800MV/G » # 1T & 3.3V ¥ £l fmenf
wAvid R e

30 BB IR A BT A NBINGT  Shige RIR T S 5 FplE S i
wAR T ERFELLAS R HKETRL 4555V gh LA sl H &
B & 44mV/R -

4. AR DL A AV 04V kR i (F TR 45~55V 0 7 £ 018 &

PR S Eamehh Roi- AN U7 @A EHE L F S RE AR R

44 BB AT B H w % 27 R

A< &% DSP f& ¥ 5461 % E 2 P TMS320 4 7] F2812[8] » 3 ¥ & & & 150MHz »

B

% %% 5t £ % Spectrum Digital #72 & cheZdsp™ F2812[91F 5 4% - 3% (F T & 5 5V

32



AP AR R FH 1 & 0w Code Composer [10][11] % & 4238 i it 45
FHTHRAE 52 BIvA
1. SDzf+ 9% T | SDeRFEF L BRPIB2Ed @ > NEREELST -
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, 7.5167s” + 52. 2255 + 340
T, (s) = 2
s” + 11.21s + 55. 33
, 2.3258s” + 15. 8255 — 282. 333
T, (s) = 2
s” + 11.21s + 55. 33
22.5bs + 75.59
g - 22 .
2(8) = 11 21s + 55,33
_17.87s — 64. 55
") . .
2(8) = 571 a1s + 55. 33

da,=v, v y=v, (BHy) 0 T EI(L3) 5 ek st o R

{B(S)}{TH(S) le(S)}Ff(S)} 27)
()] [Tuls) Tx(8)][3,(5)

s

Ao
06264 (s- 356. 31
T (s = 006264 (s 356.3D
& +11. 218 + 55,33
0. 01938(s+925. 34)
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22.55s + 75.59
g L 22 .
2(8) = = ols + 55,33
_17. 87s — 64. 55
\ A, . .
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