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A Class of Nonlinear I-I Controller Design 

via State Feedback for Disturbance Attenuation 
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嘶 ：A class of dimⅡb al：li~-RuatJOfl approach is prmo~ for a m syst~ s
， whidl ddsthelocal 

stable systems 0fthese rl,~ ems啦 statefeedback standardH Ⅻ nDIfor unknownfinite bounded 酬 曲 l岫
．
The 

methodforthese 吐dc皤 is sb by using dissipati~linequality，and patm et~ of。0口t aIe derived． 

K w喇出 ：m舡liI蝴 r system；H。-cc~ll'ollelr；state feedback~di锄Ⅱban。e almlt=ai~  

I．ocIⅡ眦 t eode：A 

一 类抑制扰动的 H 状态反馈非线性控制器设计 

李 曦 唐小琦 周云飞 陈吉红 

(国家数控系统工程拄术研究中心·武扳．43Oo74) 

摘要：研究了一类状态可恻仿射非线性系统的扰动抑制问题，针对局部渐近稳定的非线性系统受到未知有界 

的周期性扰动，以H 状态反馈标准控制方法为基础．给出这类问题的设计方法，得到了控制器的参数化描述． 

美键词 ：非线性系统；H。控制器；状态反馈；干扰抑制 

1 Inlroduc~on 

A popular method to solve the standard H control 

problem is the state feedback al~roached and developed 

in【1 J．Recently，att~ oll was e,xte~lded to H robust 

perfolma~ problem for n0nIine systems andthere has 

been considerable progress in the design of robust H 

controllerfornonlinear systems．TheH optimal control 

0f sub-optimal controlⅥ developed by eral al1． 

thors[‘ lo．
． Thedi~ onoftheseproblemswas almost 

focused Oil output-feedback or measuretnem feed— 

back[ 刈 and state
-
feedback[ · · 

． Specially，【3] 

shows the conceptofdisturbance atl~uationinthe sellse 

0f 帕 nm andgives a setof sufficient conditionforthe 

problem of local distlllJO~ce ~enttation with mternal 

stability in a nonIiⅫ affme system via tleasuren'~ t 

feedback．that is when the set of measured variables is 

just afll~ onofthe state ofplant andofthe dismrbame 

it,mr(also see[2])，andinterms ofthe solution of a 

pair of~ ton-Jacobi inequality，which is the nolllin— 

eⅢ version oftheRiccati inequality consideredin analy— 

sis 0f the H*(sub)optimal control problem for linear 

systems．12J presents anece．ssazs,c~ditionforthe exis- 

tcnce of a solutiontothe probl~ of(1oca1)disturbal~ 

aUeml~ion in the casc of n坨a飘ln绷 mt fee~ ack．and 

yieldsthe construction of afee~ acklaw for disturbal~  

attenuation．The necessity of these sufficient eoQditJ~ s 

has also been discussed in[4]and[9]．[10]discuses 

dleH*-controller design problem in c勰e of decentral- 

izedlarge scale n0ILIim sysu~ byusingtheI"Lm'lilton- 

Jacobi i1~quality approach via nlea飘lreⅡ即 t feedback． 

The solutiontothe outputfeedbackH∞conlzolfor non． 

1inear systemsWaS obtainedinf4]andt9]．The state 

fee~ack H control has also been inv~igated in[5] 

and[6]． 

Mozle recent cootributionsto this aI∞ of rehash 

the works[6]and[10]．In particutar，[6]presentsthe 

i,robl~ of H control for IlolllJll~~ systeam with a 

known t,yaot=ov funcIJon，and啦 dissil,a~on in- 

equality a s诅te feedback conlzoller is,lesioned to grmt 

thatthe clo~xt-loop system is globally∞ 珥It口 sta- 

ble．TheIn0st adv-dz,,tageofthismethodis D0tlelym  so_ 

lution of any I-filE’s(H∞蝴幻Ⅱ-Jac0bi-b∞ equ=ioo)． 
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In this Paperwe addressed．alongthe mseaw．h line of 

[5]and[10]，llolllill~ H ．~ntrol problem for peri． 

odic disturban~ atk∞ua (or，periodical noBl~  

H ·control problem PNHP)．Using the notion of dissi· 

pauvcness andLyapunovfunction ．日。】m  di l岫  at- 

tenualionforthe solution ofH control problem are ob— 

tai．ned andthe suitable state controlleris consmmted ex． 

plicifly． 

2 Notation 

Dele tion2．1 Ifthe sigm "(f)satisfying 

lc『(f)：Ⅱ0／2+∑(Ⅱ‘cosi山 +blsini山f)= 
l：i 

Ⅳ 

ao／2+∑(嘶cosi +b~sinioa)+R(ioJt)≈ 
i=1 

Ⅳ 

Ⅱ0／2+∑(qcosi∞ +b#inioJt)， (1) 
i：i 

whereIimR(iag)：0，we calllcl(f)is a peiiodicz]sig． 

ha1． 

For all internal stable 衄Ils，the system zam for 

f 

( )：∑ ( )asinput si粤1aI c锄be appmxima~y 

expressed asfollows[ ] 

y～ (2) 

where≈(i=0，1，’“，1) the output ofdisugmnce． 

Considernonlinear sys佳m 三 

上  

三：膏=，( )+ 
．

( )Wi+g( ) ， (3) 

==h( )+d(x)H， (4) 

where ∈ stands forthe state，u∈ I丑 is the local 

coatmlinput，’．， ∈皿r(i=0，⋯，1)asDefinitic~2．1， 

are廿le sq e_ g lc exogenous di蚰Ⅱb锄ces，z∈ 

is all oat]3uttobe regulated，，( )，g(x) smoalh 

vec,toF fields in and皿m．如 ( )is a matrix for 

w~ight of exogenous di蚰曲肌嗌 ，h(x)，d(x)are all 

known snmoth mapping vector fui~ OllS of appropriate 

dime【lsi0lls，and sa Ⅱgf(O)=0，h(0)=0．For 

convenience，we denote暑面( )=[g ·一， ]，w= 

[’．， ，⋯，w1] ，such吐Iat三c衄bewritten as 

三：l=f(x)+ ( )’．，+g(x)H， (5) 

z=h( )+d(x)n． (5) 

D吐 -mi垃。瞳l2．2 Su珥l0sefortheinitial state of sys- 

tern三is x0：0 and a 删 ofX CA
_  

D， 0，for 

any ∈ ； exist a land a’．，(f)such吐lat ： 

( l，0， ，’．，(f))．Ifthistlappcns，th衄 calledthatthe三 

is state reachable at 0．Wherethe run．oil ( I，0， ， 

’．，( ))isthe solution ofequation量=，( )+如( )’．， 

+g(x) at 0=0 and取：0． 

Definition2．3 The pair{f，h}is saidto belocal— 

ly detectableifthem~Tdsts a ne lb( ofthepom．t 

= 0 suchthat，if (t)is锄yi 喇 alrve of =f 

( )咖 f(O)=0，h(0)=0． 

ThePNIiPtobe addr~ inthis paperis asfollows． 

Given a scalary≥ y一 )0，design alocally smooth 

iKilllinc0．r state feedback control game H a( )for三， 

with口(0)=0．andmchthat： 

1)The。IigiIIislocally asymptotically stable~nlh'bri- 

m poiat ofthe closot-loop 哑eIⅡ； 

2)the L2· dn ofthe closed-loop sysU~ 丘0m’．，to z 

is not larg than y ，i．e．，∞血i6es the following in· 

equality 

z ( (啪r≤坷 ( r， all r≥o． 
3 Mnin result 

Lemma3．1 If systema三at x0 0 is state iliad1- 

able，and there exists a differentiable smooth posif~ve 

defiffgematrix onV(x)，删i v(o)=0，so 

(aV／3x)f( )+h ( )h( )+ 

(oV／ax)g．(x)g~(x)(aV／ax) ／(4y2)≤0． (7) 

Pmof Sincethe如一 ofthe systemislessthanor 

equaltoyandthe system ismad~ le，for锄y Ti≥ 0， 

we have 

0≤I 1( ’．， (r)’．，(r)一z (r)z(r))dr<∞． 
fD 

(8) 

Thatis 

l( ’．， (r)’．，(r)一z (r) (r))dr≥ 

一 I ( (r)’．，(r)一z (r)z(r))dr． (9) 

We order 

’，( )=一
1

li
⋯

m  

E 
in
∞
f
．IJ ( w (r)w(r)一 

z (r)z(r))dr， (10) 

co商 d玎 仕 n0 I．蛐ear system is maclmble at x0 = 0， 

when’．，( )葺0，吐le ( )=x0is obviously吐 solIl 

， J  
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of z(f)誊0，so V【 )≥O． 

Obviously 

y( )≤f。(严’-． ( )’-．(r)一= ( )z( ))d <*， 
’ -口 

(11) 

when o=0，V(0)=0． 

Considerthe。pdmal pr~okrafor system∑ 

)=剥。(严’-． (r)’-．( )一= (出( ))d · 
(12) 

It cm be known from op~aal control theory that 

W( (f)，￡)satisfies 

aW 

d 

一  

1 y2’‘，T’-．一zTz 瓦aW(，( )+ ( )w)}
．  

(13) 

It alsoc锄be smdthatw(x(f)，f)satisfies 

aw  

d 

一  

{72’‘，T’-．一 z+a W(，( )+ ( )’-．)j
．  

“) a 。 

(14) 

Becatlsg， ( )：一y( )，thatis aW=
一

aI_v
，

and a百W 

= 0．so aSat 

一 咖{y 一 +a
。

w (f( )+ ( )’-．)}- 

一  

{严’-．T’‘，一 ～a
Ⅱ

v)
．

f( )一(a v)
一

_ i )’-．}= 

一  

{ 一  ̂( )̂( )一a 
r

v( )
一  

av ( ) ( )(aI_v) 
一  

专a⋯v一( )g：( )‘I_av) a v一( )w}= 
卿1 il 一 ( )‘ av) ii a v( )+ 

 ̂( )̂( )+上
4y2 

aV ( )g ( )( av) ]}：O
． 

Wedenote 

尸( )= ( )+  ̂( )̂ ( )+ 

赤 (比 )(a v) ．(15) L g x‘‘ 
Obviously 

il 一 ( )(a v ) ll ≥0
， 

so that 

，(x)= )+  ̂( )̂( )+ 

上  av ( )g：( )( av4y2 ) 《O 一  g 八 J‘《u 

Q．E．D． 

I~nmm 3．2 Sl珊p0 that the system 三 is 

w．．~hable at x0 0，ifthere exist 8 De酵Ib0由0od 

R and 8 differentiable smooth positive definite matrix 

funcfi~ y( )for (O)∈x，and suppose sys啪 ∑sat- 

isfies the删  ing hypothesis． 

Asstm~tion 1 There exists a smoo~ fl】ncti∞ 

y( )≥Oin山e nE姆ht10| 。f that O
d 

V
≤ O． 

~ tion2 MatrixfuJ]~Olld( )isoffull-col- 

umn rankf0r any ∈ R ． 

A躅啊叩p6舭 3 FI枷 锄 V(x)is a diag咖 mauix． 

Then鲫 any positive scalex y≥y～ >0，the control 

law 

： 一[ ( )d( )]一 [gr(x)(aWOx)T／2+‘， )̂( )] 

(16) 

solves nlcH control problem for出is system． 

Proof For convinece wc dmote Q( ) = 

[d ( )d( )]一 ，evidently Q( )>0． 

We know nAss 0n1，the diss a血毗_衄粤 

畸 of system satisfies 

V( ( 1))一V(x( o))+ 

I L(x(r)，’-．(r)，且(r))dr≤0for any￡1≥to， 

船 e 

L(x． ， )= ll h(x)+d(x)u Il 一y I J w Il。， 

(17) 

日( ，w， )= 

(I_aV ．+L( ，’-．， )= 

(加 )+ ( )--．+占( )l1)+ 

(̂ ( )+d( )且) (̂ ( )+d( ) )一y2w w= 

( )+a v ( )+a
—

v ( )“( )+ 

hr( )h( )+H ( )d ( )̂ ( )+ 

h (x)d( )u( )+ 

H ( )dz( )d( )H( )一y w． 

From As 。n 1，the syste~n sali蚯es the cc~ tion 

of saddle p0i叫，suchthatforwmad frccaOH／aw ：0， 

3H／au=Owe can窘ct吐Ie枷 cpintofH(x，w，搿)- 
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Wp= ( )‘ aV) 
， (18) 

= 一
( ( )d( ))～· 1 ( )( av) + 

( )̂( ))． (19) 

Consider(18)and(19)，we曲ta_m 

H(x，Wp，n。)= 

( aV) + ( 
， ， )= 

[，(虮  “( )g㈧ ( ) 一 

吉[d ( )d( )1．1g( )gT( )‘瓦av) 一 
[dT( )d( )]一 g( )d ( )̂( )]+  ̂( )̂( )一 

( ) ( ) ( )‘万av) 
一  

( )d(训 一 [g ( )(a
。  

v) + 

d ( )̂( )] d ( ) ( )一 

{[d ( )d( )1．1 ( )̂( )[g ( )( ) + 
d ( )̂( )]+[ ( )d( )]一 [1g ( )( ) + 

dr( )̂( )] ·[1g ( )(万aV) +dT( )̂( )]= 

( )+hr( )̂( )+ 

≯1 a v
一

( )g：( )( av) 一 

{Q( )o—r( )譬 ( )( ) 一 
Q( )a 

J

v
一
( )d ( ) ( )一 

Q( ) ( )d( )d ( )̂( )= 

P( )一Q( )II 1 a
⋯

v( )+d ( ) ( )II 
． 

sirr．eQ( )=[d ( )d( )]一 )0，gofl-mt 

Q( ) o
⋯r( )+ ( ( )l 

日( ，Wp， )≤考 ( )+̂ ( )̂( )+ 
1 a

⋯

v
一

( ) ( )( )T- 4y2 d工～  、 八 a 。 

n La砌 a 3．1 we咖 obl,Ym 

H(x， ， )≤0． 

O．E．D． 

4 Conclusion 

paper has considered 船  of noll[inp~  

H -controlpr~oleraforpe~oaic distmben~ attenuation． 

W e have dev amethodologyfor des~gm g nonlin- 

e盯 s1]tte feedback controllers flint ensI】re local stability 

and a~esclibed boundforthe closed-loop system．The 

proposed design methodology involves the explicit ODll- 

straction ofllae cont~l law Oll a Lyapunov ~ w,Iion of 

system．which avoids 廿le need for solving H]IE’s． 

Them is real valueinthework ofthis cr． 
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