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Robust H-infinity control for electric power steering based on
genetic algorithm
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Abstract: To deal with the model uncertainties and road disturbances in the electric power steering (EPS) system, we
propose a robust H-infinity control scheme based on genetic algorithm. In this scheme, the model of the EPS system is built
and the robust H-infinity method is applied to minimize the impact of road disturbances to the driver’s steering wheel for
obtaining the maximal robustness. The weighted matrices in the design are obtained by optimizing multiple objectives using
the genetic algorithm. The torque on the steering wheel produced by the road disturbance is analyzed. Simulation results
show that this robust controller enhances the robustness and the ability of disturbance rejection, consequently, improving

the driving safety and comfort for the driver.

Key words: electric power steering; robust control; genetic algorithm; road feeling

1 5|% (Introduction)

ML) By g e tm) & 48 DL AL T R B R AR
R BN R R T, TR
28 sl ) AR ok R Y. s AL go i i B e ok
BETE 4 I SR, EPS(electric power steering)$5 27 15 774
PURE R P T B FR AR T S B . (R S B i
B, EPSR S A G AFEAH Y, Hi RS B )
FE ML PR A0 03k e 2 PR M, i B VR s 4T L A%
1, RGRFIE S R AR, WO ST R B A A S s
bR RGAFAE R 22 A T, DR, A% e #R IS
ANRETALEPS R AL e H AR LRI IE Aok, &
FEH FE AT 4k 3 FH 21 TEPS R4, SLA pi A& Y
AEAEAN € PRI, B ise vt B2 i 247 Be AT R g 4 1l
PERE R PP SR A H o A B B B AR 5V EPS 8 il 4%,
JE RS EA LE, g8cb T A0 g B T, 5
K REVR BT LU G ST EPSIRAS ¥ W) 7
e, & S el e il ds, 72— e g Lok

WA H 39: 2010—12—01; Weds sokis H 35: 2011—07—04.
AT H: B K A RRRAEE 4% B IR H (50237020).

b T B AR A B 0 B R R AR v e sk B
S TR A HoH oo 72551, TR S & 0 P e M sh 2 1k
RELOT. ELAE B B s (K BETH I R v, A R ) 126
PR B2 1 5 3%, AR OB T v H Ak,
RSB SR L. I R B I 25 LS M 1) R4
(a2 it 5, DRI, o] i vy 45 A 4 A e R b A ey
HU A 126 HUREPS £ M H o 725 1 T 1 — > 22 220
FLIRAEL.

ASCPE I T B AL VA EPS & M H o £ S,
iz 8 A% S AL E UM e 8. 8245 55 (GA) 2
R R A B LB G S T R R G
PR B & SRR BT A SCHEEPS £ 4 47 ]
A BETE AR A AN S SR, RIS R i1 3
WA e H b ), Jf 38 A% SR A I B 2
B, AT P AL H I . B TR SR &
PP 787> 5 18 T BB AN 2 1L, 1598 T R
PRRUETE. ARGU B A5 KUY T F il Skoms (1A 24k



5 4 3 P SR A5 B TS SV 1) LBl B 3 e 1) R G R HL o 425 1 545
HIERTE. r = Az + Bu, ®
2 EPSHK 4t 73 #t [ 3 3 15 U () #) 22 (EPS y=Cz+ Du.

analysis and dynamic model) Hore
hy o3 BT T T A, R A 1 LA 1) B 1) AT A=
faj 40181, 159 20 8405 MEPS R 483 J) 2R, bl 13T [ 1 0 0 o ]
7. ABCBRE ) R GEIE I R, 2% R GUR TS AL K. B, K 0 0
P T A TR AT 1) AR I et R4 g 0 S ), e ST B Js
He 1) R B AL 0 0 0 1 0 :
Jsés + Bsés = Td - Ks(gs - 90)7 (1) 7KS — Ks+ Ko —G2Bm + Be G
. . G2 Jm+Je Gimtde  GPJm+ Jo GPJm+Je
Jb.+ BO. =T, + K0 —0.) — T, (2) KoK o KuK.  GK. R
Tl + B = T, — To /G, @ Lt F ot L L]
: 1
U= Ri+Li + K, T R K0 =K. 00] o o
TCZKS(QS_GC)7 (%) _Oooio N 00 1 00| -
T, = K8, (©) Im
T, = K,i. ) Mu = [Ty T Bly = [T. 0"k o £k B nT i

\ ; ~ ; AKXG(s) = C(sI — A)7'B + DFH|, /5 N1~

A T B ASEIE, T, 0 sbLisisn, ) o A DR

T, R VR F G 17 R Bh g, T ok FH A s DA A,
T A F B8 m B BT, 0, )5 B8 £, 0.0 5%
] /NAFEEEA, 0., 8 NP fR, Js = 0.0459 kg-m?
N R AR, By = 0.361 Nam-s/rad g 4% a4+
PHJE %L, K, = 20N - m/rad A 31HAL KRN E/Zf:
2, J. = 0.01kg - m? A /MARESIE, B, =
0.3N-m -s/rad N ¥ ) N R P E R, K. =
62.22 N - m/radjj?s ) /N 34 B8 W R AL, T, =
0.002kg-m? A LA HLE B 1 &, B, = 0.02N-m-
s/rad i LA HLPELJE R 50, U B HLH K, i FL 3
FLHSA, R = 0.15 QA HEHLHEFE, L = 0.0015HA
HLBIHLAL, K, = 0.02N-m/AJy F B HUE A H L
K. =0.02V - S HEIHLUR A RE, G = 304 1%
B,

J, 0,
Kl 1 EPS R4:5)) )i
Fig. 1 EPS system dynamics model

HERAGEEILHK RO, = GOo; 3 —
I, KU ST RIE: U = K, - T, Kﬁﬂbj}i"/\

AR L Bl T 1) AR G R oy T R L R SN
REFR TR, B XRERRELE N = [0, 0,
0. 90 l] s W T Hu = [Td Tm]T, iﬁu’.’ﬂ%ygy =
[T 0]". RGEHARE TN

G(s) = [911(5) 912(3)} 9)

g21(5) ga2(s)|
3 EPSE#H, % HIWF5(EPS robust H,, con-
trol research)

EPS & W H, T A 2 BRE #2 LI ml LU 27
RIRGCRHE, HPG(s), K(s)7 MAAKREPS &
28 Ffin B S 8 v, v, w i ISR I T
WHE S AN RN, 2 = [21 20 23] TRIRTER
PRI H . NS A w B PR IR R 2 e 75 5 A w Al
SR oy P PH R A 328 bR 2510V 2

S(s)=[I+G(s)K(s)] ", (10)
R(s) = K(s)[I + G(s)K(s)] ", (11)
T(s) = G(s)K(s)[I +G(s)K(s)] " (12)
)

b S(s)MT (s) 73 2 ZR GE ) R bR B b R
HE %, WS(s) + T(s) = I. EPSREM#H H
PR DR AL 25 B O3 SRR I T3 3l R G AT
SRR R DL, SNSRI A ek
%IWS( )~ ML 5 7 £ 5 i A 3o K A A ek 2

Wr(s)s RALARGEEREVE IR BV (s). &

G WG N
Ws —WsG A B, B,
P= 8 xR = Cl D11 D12] 5 (13)
' Cy Dyy Dy
I -G
Horr:
T
0oLtoo0o
A=A, B,=0, B,=| ,
000—0



546 oW w5 N A %529 %
[ WsK, 0 WsK, 0 0 BB
O, = 0 0 —-Wg 00 ’ H = (@14, G2i, agi, by, bay, €14, €21), (15)
0 0 0 00 i=1,---,m,
. 0 0 0 00 a;; € Rj, by € Ry, cni € Ry, (16)
WrKs 0 —WrKs 00 j=1,2,3, m=1,2n=1,2
0 0 Wp 00 . . o B
=1 _x o K ool F: @i, Dy s B WL S A B, mAors
° ? ﬁ{zkj(d\, R]9 Rm’ Rnﬁj\%uﬁﬂ—:\‘agm bmi’ anljga&gg%
| 0 0 -1 00 s
T .

DH_[WS 00 0] Dm_[o 0Wgr 0 ] K AL i ERS MR A 2
0 Ws00]’ 00 0 Wg]’ BOIEAT i i, BEASZH0 0 0l e 4 1O 1 ) Ha
00101" ay, al, by, b, ), ch, FEAEATT B AR — W —

Doy = [0 00 1] ;y Doz =0 ANTORT ) G o AR s AN AL, g = {a}, ab, ay, by, b,

¢ ch . TP A X A AL R A L FR AR AL
............ e BFIAME, FFAAME— B, i E T3 AL
BRI AL ASRZEE AR 19 5] R LT T AW =

e(t) @_’ Z,

rElg Y
[ K(s) |~

Kl 2 B BH oo TR R B
Fig. 2 Robust H-infinity mixed sensitivity control

RBENSE ARV i 2 = [21 20 23]T I
A 358 R R Ky
WS
T..,.= |WrR]| . (14)
WxT
TR B R RS 5 ) B 2 T HRE W A B R
B K (s), GG 5u = K(s)y, HT,.,0
STl |oo < s v FEHUELR L. 38 X3S INAL PR E 53
bilb]
bis+1
@ cis+1’

Ws(S) =

b38+1
css+ 1

4 &AL 0 40 1Y B B Hoo 32 il (Genetic opti-

mization of robust H., control)

4.1 B0k % FS 5 fi# #%(Chromosome coding and
decoding)

A Y A% SR ik 22 H AR DLA 1) AL, 8 o 25t
TR RR BOHAT G LAKE Jl AN, A4 mp 6 251 7] I
B3 IR B A B 45 € i S ECERA E3 AN N

Wr(s) = as, Wr(s) = a3

<W57 WR'} WT)
4.2 3V FE bR ) #8 € (Determination of fitness

function)
Sh A 25 A S A e RORS AR R NS T
W (s) N BA et s AR RE I W (s) R N B A e
YRR, AT EOE SRR W (s)— MR SEF
H. LA UL RS, I eR B AT R A il 2 —
AN LA (1 g/ M )
1) BB R b
&1 = 20 x log[o[P(jw)]].
o()FRI KA. 240, < O, Blg, = o[P(jw)];
M6, > Of, g, = 1000.
2) itk
dz = 20 x log[o[Ws(jw) - S(jw)]]-
%52 < OEH‘, EX¢2 = &[Ws(JW) . S(JW)L %52 = Olﬁ_,
ey = 10.
3) EH R ER:
d3 = 20 x log[o[Wr(jw) - T(jw)]],
3y = 20 x log[o[Wg(jw) - R(jw)]

M6 < O, My = o[Wr(jw) - T(jw)]; 2165 > O,
s = 10; 296, < OHF, Wlgy = o[Wr(jw) - R(jw)];
25, > O, Hlg, = 10.

4) W (jw) RIWop (jo) KA T 5

d5 = 20 x log[o[Wg ' (jw)] + o [Wr " (jw)]]-
165 < OB, HL

¢5 = 20 x loglo[Wg ' (jw)] + oW (jw)]];
%55 > O, Hlgs = 1000.

5) FRERZR G ER

Me(t) > O, ¢ = j0°° le(t)|dt; He(t) < OF,



%4

PR IR A5 e T AR ST (K v Bl ) ) e 17) R 485 R H oo 121 547

%:f(Mﬂ+mmewﬂﬁuE?dﬂ
HRGARIE, t N T,

5 b A S S P RE S 0 H A
f= Zqﬁl i e N 2R, SCIE Y R BT A I

ﬂbitij_l/f 2 AR R /NI, 38 RS pR R
TEBRR, HLARIE A IE 4L

WAL FIL IS AT S HON: AR/ M = 100; 8t
EARRHG ., = 100; 2 X MR P, = 0.8; B 5% P, =

K(s) =

0.1.
K HIMATLAB5: A4 53k T B 615 24040 1 i AL
RGP

236(0.0039s + 1
Wa(s) = ( )

, Wa(s) = 0.0107,

7.695 + 1
0.661(0.0088s + 1)
Wrls) = 00065 11
VR A R B SR AR s mixsyn B 1T 15 H S FR 2 2
A

2.1 x 105(s + 1717) (s + 101)(s + 7)(s + 3)(s? + 7s + 650)

BB, (| Tow oo = 0.7511 < 1, T A 421 5
faPF.
5 {iE 45 % (Simulation results)
TEMATLAB/Simulink A58, 45 & 15t sk i1
bl g, HSTEPSHT EL RS, K3 W E IR IS RS
B;;Ej’:ﬂﬂf MEBH T LG H, IS FEH oo 72 I
5 i) 453 6 e A5 5 R RN, 2k 380 B I 1] ik
N GG R Gese A T, HARPOA BT E.

1.4
1.2
0.8
0.6
0.4
0.2

0.0 1 1 1 1 1
00 05 1.0 1.5 20 25 3.0

t/s
(a) A

1.4 T T
12F
1.0 s
08 [/, ’
06r [/ — b
o4r [/ AR B
02F// B

00 4 1 1
0.00 0.05 0.10 0.15

t/s
(b) IIAFE I

J7 A5 / Nm

J7 | BLEEAL / Nm

3 7 [ 5L RO K i

Fig. 3 The step response of the steering wheel
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