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Design of H_, tracking control for linear systems with saturating actuators

FWPE - 2EE"-SHED
(Yearn-Gui Yi - Myoung-Soon Kim - Jin-Hoon Kim)

Abstract — In this paper, we consider the H. tracking control of linear system with a limited actuator capacity. The
considered reference is a general time-varying one with bounded magnitude and rate. By adopting a similarity transform
and a new state variable, we convert the original system equation to new one which has a tracking error as a part of
the new state variable. First, we obtain a result on the low-gained H, tracking control which never permits the actuator

saturation. Next, we give a result on scheduled H, tracking control which uses the actuator capacity more effectively.
All results are in the form of linear matrix inequalities(LMI) which can be easily checked their feasibility. Finally, we

give a numerical example to show the validity and usefulness of our results.
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2(t) = Az (t) + Bysat[u(t)]
e(t)=y(t)—y(t)=Cz(t)—y.(t). (5)
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B5Y: A1, w(t)Tw(t)<wl, o122, z(¢) € 0 FA(S,

2(t)TQ 'z (t)<ogwl, )l e Thgo BAAlo] Yot

LMI (12)

ralQ Y ' Winax & YGT' ;
< 0 1—a,a0"[ | g Y Hi> 0

= az(t)"Q 'z (t) + (1 — 0100 )w () w (¢)

EETEIE HE MY Aladel H, £5 Moz 4

Trans. KIEE. Vol. 54D, No. 4, APR, 2005

2

)
2 2 Wy, T
— alaowm“+(1—alcro)wmx—[ “‘6’") u' ;>0
U;

- |Ui(t)| < U.'O
gy $ge gee dedh
LMI (12) with z({) e 2 — u(t) e U (15)

oo
= i S

Aol (198 #He (e AFL
z(t) € 29 Z&U(by contradiction)o & BRIt & )
B 2(0)=0e 2 dolx= BT HIFY Al 29} A
o] A 2 Wl EAgz A TP AE AH A&
el 23t thgg TEIE AT 4> 07 WEA EAEH
opgtct.

A2 &3

o 15 € 2 te(0,4]
z(t)Z 2,t€ (h,kh+¢€],e>0

(ii) %V(z(t))ltzfo 16

8™ 24 (159 98 tgo] Agsta
lu(t)] <ul, Vie [0,%]
Aad (L &3 2o A¥gyoz F g

2(t) = Az (t) + Byw (¢) + By (K2 (t) + Huw (t))
e(t) =Cz(t), Vte [0, t]

metx vie [0,%]o0A, oo FAZ 4 Eate] okt
LMI (13)

o z(t)TQ'[AQ+ QAT+ B,Y+ YTBI+ a Q@ 'a(t)

+22(t)7Q (B, + ByH)w(t)~ acyw(t)Tw(t) < 0
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+22(t) Q™" (B, + By H)w(t) —vw(t) w(t) <0
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TheoE 919 Axy AZel weby hee e
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u(t) = u(k)(t) i ze 0=y k=1,2,-,N-1
u(N)(t) Jif z e 2y
5. x| ofH
ez FAe 3 15718 2= N29e 4ZFax.
2(t) =g 1o(6) +[%5 satfu(t)]
y(t) =[1 0]z(¢). (25)
q714 FE71Y §3FL o =1581 32, 71EYY y,<t)
& w(t)Tw w(t)<wl, =18 TW=Fcn 5t} I8lm ARFE
(open-loop) Al=€e] T{A7F (1,2) P02, A& 7131%)
B AFZ A2 EHY(unstable)d Al A€ o)t}
5.1 oIS Ho{7| A A @
Aol71e AolS AN e 7t E g
Type (i) : u(t) = Kz(t)
Type (i) : u(t) = Kz(t) + H,y,(t)
Type (iii) : u(t) = Kz(t) + Hw(t)
GE ® 12 FY 1€ o438t LMI (11)-(13)& BEsha
A LolS 78 HAJHREE HAY Aol Aojrlg o5
2 o] W) L,o]5¢ 7z melch
x . HAE Mol& H, F&H0{7|
Table 1. Designed low-gain H,, tracking control
AAE A7) o5 Lol 5
Type (1) | K=—[34.3655 1.6078] 0.1488
Type (ii)| K=—[42.5604 1.7057], H,, =—3.3547 0.0678
Type (iii)] K=—[113.2836 1.9466], H=[-3.8806 1.9407] | 0.0028

o) AAE Aoj71g AAsZ
w(t)Tw(t) = y.(8) Ty, (t) + ¥,(t) Ty, (t) Swl, =
tge 71E2YE(2Y 2

1 BEae

y,(t) = 0.568 [sin (¢) + sin (0.5t)) (26)

AR ANz YAZ Hestge W don Hy F2
2ae g ® 29 2o
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Table 2. Maximum tracking error

Type (iii)
1.1197

Type (ii)
39.73F7

Type i)
110.7225

max]e(t)] (x 1073%)

aei vg I¥ 28 dEHOZ Type (ii)dl qg 7lE
dE(y,), 24D FZE24(e)S E‘#-r‘:}

“%a 10 20 30 40 o 10 20 30 40
tima(sec) time(sec)

3™ 2 J|EY™, £ O2|D FZ2RHX 0SS HOf)
Fig. 2. Reference, output and tracking errorllow gain control)

A8 E 2004 BRo], HAG Aojr] 5L g,y EEE
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Y FF  HANE  HARD  og 9ily

6,=11,5,5%5° 519} (2009 A& o|&dte o)X AAY
AHEANS g 5749 Hew Basin
kalz:zTQ“lz < Laowrﬁul,kzl, 2,-+,5
1 % |
42 28 o83t 7 MEM § AHolSL BAIFUA
Lol5& HAL2 3e L,o)5S 78 Rol dge E 30tk

x 3. & MoiiMel Lois
Table 3. L, gain at each sub-ellipsoid

2, 12, 2 A 2
Type (i) 0.1488 | 00677 | 0.0605 | 0.0605 | 0.0605
Type (i) | 00678 | 00464 | 0.0464 | 00464 | 0.0464
Type (i) | 00028 | 0.0026 | 0.0026 | 0.002 10.0026
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F2AE et

E A AU FZAH2AHEZ HOH)
Table 4. Maximum tracking error{scheduled control)

Type (iii)
1.1062

Type (ii)
20.897

Type (i)
21.055

max|e(t)] (x107%)

el & 29 ¥ 4904 HXo], Type (i), Type (i), Type
(i) zZtZre] Ao 2AEF Adv A5 Aloje nsd
HAgexe =77t oF 80.98%, 47.36%, 121% AAHUSS
g £ A &F, 2AEHY Aoy HLE Type )FF Type
()9 ALde wW$ HeMde]l =Hu, Type Gi)el H$9
A AN ¢ ongE BoEd o2 o|f+ Type (iii)
9 AS dY FEoxU A4 HoAM 2AEH Az A
& A% ol HeE RAFEL

o3 2¥ 38 Type (ol A& 712938y, 28T
FZ9A(e)E BAFE Holx, O¥8 4v WEFHSZ Type
(i AS 2AEY AAE & A% AAYH(u(®)s} 25
53 AAA AL A7 Jdd2E Y 2ol

1.5 0.03

— ¥
—_— Y
1t g 0.02}
a.s E oot} f l/\
ot o ﬁ} e e X
05t g o0t} L
-1t E 002}
185 10 20 30 0.035 10 26 30
time{sec) time(sec)

aY 3. 7|1FYy, 58 g2l FIAH2HEDZ M)
Fig. 3. Reference, output and tracking error(scheduled controt)
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Fig. 4. Control input and control index (scheduled control)
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