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H,, Controller Design of Linear Systems with Saturating Actuators

MR EE
(Hyeon-Cheol Cho - Jin-Hoon Kim)

Abstract - In practical applications, we frequently encounter the actuator nonlinearity in control systems, and its
representative nonlinearity is saturation. A controller designed without considering this saturation nonlinearity is often a
source of degradation of performance. To treat the saturation nonlinearity more efficiently, we adopt the multiplicative
decomposition and the additive decomposition. Based on these decompositions, we present two controller design methods
in the LMI(Linear Matrix Inequality) form that guarantee the L, gain, from the disturbance to the measured output, is

less than or equal to a given value. Finally, we give two examples to show the applicability and usefulness of our

results.
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fi(x)=2T[(A-B,K)TQ™'+ Q" '(A~ B,K) + C"Clx
+ Dz (Kx)BTQ 'x+xTQ 'B,Dz(Kx)
+227Q  'Byw — Yww
<x"[(A-BK)TQ '+ Q '(A- B,K)+C'Clx
+ DzT(K%)S; 'Dz(Kx) +x"Q 'B,S;B/Q '«

+ 2xTQ—lBZw— P#wTw

agx, g AL BxAY 63 234 26) JHAM o
Z2o.

fi(x)=x"[(A-B,K)"Q '+ Q '(A-B,K)+ C'Clx
+xTKTI - R)S;7 (I - R)Kx+ g(x)
+2TQ !B, S,BTQ 'x+ 2x7Q 'Byw ~ Pwlw
=2"Q '[Q(A - BLK)"+ (A - BK)Q+ B,S;Bf
+ QCTCRIQ '
+x2TQTNQKT(UI-R)S; '(I- R)KQIQ ™ 'x
+2x7Q " 'Byw— PwTw+ g(x)

47N, g(x) e Gee BF

ot

o},

{g(x)SO, xeQ
g(x)>0, x&Q

Ed, Y=KQE o43td Festd g doh

fi(x)=2TQ QAT+ AQ— Y"BY - B,Y+ B,S; B
+QCTCQRIQ '«
+2TQ HYTU-RS;IU-R)YIQ '
+2xTQ 'Byw— PwTw+ g(x)
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H, QcT Y"U-R B,
=7 cQ -1 0 0
I-RY 0 -5, 0

Bl 0 0 — I

y+ g(x)

714, 274 (24)°) 8N xeQ22 g(x)<0°] o
o 284 (2 g3 f(x)<0°] Bk F, w2RH z
ALY L, o]50] yun Ax ¥ & & Atk 4714,
yT=[x7Q LxTQ LhxTQ w ]Itk

Aol AdE FEIE, 2104 (29), (25), 26)% H=3
|, Aozl @NE HAE Alz2d Q4 dstd, o=
reachable seto]l™, wZREH z7AA9 L, o|Fe] yxt}h
ax gL & F A% RN

4. %3 olH

A7l e HelAM AP Ao F44& Ao o
g A3td g9 F A A&dE 4R

Azd 1)
N 0 0.5
x(f)—[ 10 _lo]x(t)+ slSat(u(t))—% . w(f)
2AH=[5 0lx(d
Nad 2)
0 0.5
5;(:)=[0 l]x(t)-i— Sat(u( D) + w( )
0 0 5

2(D=[5 0lx(®

A7NM, wea =128k 23A AFZ FeelM Az
D tAstE, 29 2)&= BgAsTh &, AFZ A
A ANz 1) wRRE zAAY He =§S #8384
Fed whate], A2 2)8] H, =& F@doth
dq71e)x St AAsnA = AMirle TIFF7]
o AE Fzho] FolA AL( F, uliMe] Foln A$)
F 2 H2PAAE 4, § B3 HFIHAAE r2 BA
e A7l £33 Frrt FoiA ALl gty L, o5
£ H22 sE A7 g AARY AUdM 6=1, r=1
2 F4A A9 HAD Aoyl Iz TIHA &S
Agulsty, §=0.1, r=0.18 Fo|A A= AAF A
719 &8 X3 uAgyge 48 F39 108 °)drt 3
< gt g2 ¥ 13 E 3& A2 Do i@ Ao
. &, 4'™=1,3,59 37A Zzo ALd disy
#=1,0.1,0.01, »=1,0.1,0.019] 7%l digt L, o}5
< 2 e AANE FIAUE W, 27 L, °ol5E
EAF FAolm, (el A RS AARD ArE )43

um=coxtEll A Ae & A& H2 L, o]Solth. ¥
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E: 3 1 el 10] 2| X8 AMA| 1)oll i L, o|S(y)= E: 3 349 29 712 A2=" Do dFd L, o] (y)sd}
HAE Hols|(#E K) AAR Aol7l(38 K)
Table 1 Designed controller(Matrix K) and L, gain(y) for Table 3 Designed controller(Matrix K) and L, gain( )
system 1) based on Theorem 1. for system 1) based on Theorem 2.
Tl ) K- 4 6=1 6=0.1 8=0.01 Vil B E-S- r=1 r=0.1 r=0.01
1.1862 1.1862 1.1946 1.1862 1.1862 1.2036
I 7 1 1438 (0.3590) (0.2553) L1 oa0 7l (11439) (0.3590) (0.2621)
) K || (40871 (40,5705 [408.7802 K 140871 (405707 [408.3861
0.3712] 3.7125) 39.5533] 0.3712] 3.7125] 40.6174]
0.6922 0.6925 0.7161 0.6922 0.6982 0.7203
. 71 06659 (0.2625) (0.2329) N 7 | (06659 (0.2699) (0.2343)
’ x 001637 [102.2092 (1027.7 x |[101637 (103.3614 [1023.7
0.8400] 85427 935] 0.8400] 8.9764) 93.71
05301 0.5367 0.5582 y 0.5301 0.5443 0.5608
s | 20 || 5149 (0.2375) (0.2187) 5 | 30 (05148) | Q24300 | (0.2197)
| g (154328 11580006 |[1567.7 K (154328 |[158.2424  |[1563
1.1895] 12.8004) 134.9] 1.1895] 13.1741] 135.1]

F: (e AAY A7) KE u'm=coAudN dg

F AE d4 L, o549

AAE Ao721(FF K)
Table 2 Designed controller(Matrix K) and L, gain( 7)
for system 2) based on Theorem 1.

2 g 1o 7128 A= 2)d g L, o|F(y)7

T =1 6=0.1 8=0.01
0.7678 0.7995 0.8058
70 0.7162) (0.6628) (0.6675)
2 [o.0]
K |[7:5666 (73.3535 [727.6232
1.7397] 19.0463] 193.8840]
0.6306 0.6545 0.6591
; 7l (05869) (0.5554) (0.5601)
[e o]
K [[106438 1034631 |[10275
2.0634] | 2255852 229.8]
0.4956 05123 0.5155
s | o 7 1 (04601 (0.4454) (0.4497)
x [163076 11590811  |[15819
255401 | 27.9428) 284.9]
F (e HAY A7l K& u'm=coiHdH Adg

F AE dx Ly o159

F(0E 4AE A7l K8 4™ =ocoRHes dg
Ae Hax Ly o] 54.

x

AAE A7 i(FE K)
Table 4 Designed controller(Matrix K) and L, gain( 7)
for system 2) based on Theorem 2.

lim || ) r=1 r=0.1 r=0.01
07678 | 08027 0.8062

o | o || ©7162 | 06712) | (06686)
(75666 730665 (7272325

1.7397)]  19.2158]|  194.1011]

06306 | 06568 0.6504

3| e 7] 05869 | 5621 | (05610)
x|[106438 11031139 1027

206341 22.7821] 23011

04956 | 05139 05157

s | oo || 0460) | (04504 | (0450)
163076 1586408 (15813

25540)]  28.1799] 2845]

F:(0E AARY A7) K8 u'm=ocogdely dg F

AE 4 L, ol59.

A
N

4 B 20 712 A2" 2] i L, o|5(y)7

o, ¥ 29 E 4= A2 )0 P oA AwE ¥ 19
£ 39 Wgol Zzt veht Ak g, ¥ M=19 399
E infeasiblec] 22 2™=92 3 59 37lx H$E ag
3o},

5 4

Z3 FEIE e MY Al2"e He HO{7] £

o] =EolAEe <P (disturbance)oB2HE ZH7AA 9 H,
Ego] FoZ g old e BEE = X3 FFINE R
= AF AN2dY H, Aojr] AAE »4Y. 4dwrdq ¥
3 S o 84349 S 5A4E Agdez vy
A 7 B A2y Multiplicative  Decomposition
Approach)® & #3 FHI4W (Additive Decomposition
Approach)& AHg3l k. A7l A% PIF BFA(LMD
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