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Abstract：An adaptive controlleris proposedforoutputtracking ofnonlinear systemswith unknown highfrequence gain． 
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Iligh frequency gain． 
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具有未知输入增益的非线性系统的跟踪控制 
曲怀敬 ，张 颖z 

(1．山东建筑工程学院 信息与电子工程，山东 济南 250014； 

2．新加坡制造技术研究院 自动化技术部 ，新加坡) 

摘要：针对具有未知输入增益的非线性系统，提出了一种可实现系统输出跟踪控制的自适应控制方法．通过在 

backstepping设计 中引入一种新的 Nausbaum增益，按该方法设计的控制器可以在系统输入增益未知的情况下实现 

系统输出的渐近跟踪 ． 

关键词：自适应控制；高频增益；Nassbaum增益；backstepping设计方法 

1 Introduction 

In the adaptive control community，one common con— 

cemed is the problem of designing an adaptive controller 

without the knowledge of the sign of the system hi 

frequency gain．For linear systems， this problem has 

been well treated by various approaches in【1—4 J．For 

nonlinear systems，however，little has been done on this 

problem．Recently in[5]，Nassbaum gain incorporating 
with the backstepping technique was used to design 

adaptive output stabilizer for hJ gh order nonlinear sys— 

tems with arbitrary relative degree．However， certain 

sector conditions Oil system nonlinearities ale still needed 

in[5]to achieve global stability． 
In this paper，an adaptive control design  scheme using 

the backstepping technique wi th Nassbaum gain is pro— 

posed to achieve output tracking of nonlinear systems．It 

is shown that the controllers design ed by the propo sed 

scheme Can achieve asymptotic tracking for minii／lum 

phase nonlinear systems  with unknown hi gh frequency 
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gain and arbitrary relative degree．In comparison wi th 

the results in[5]the proposed adaptive control design 

scheme is much simpler and effective both in controller 

structure and stability analysis．And the sector conditions 

in[5]are removed． 

2 Problem formulation 

Consider a class of nonlinear systems  that Call be 

transformed into[6] 

f露：Zl +6( ) ()，)u+∑ ()，) +Co(Y)， 
{ 
【Y( )=Cc ， 

(1) 

where (·)∈ 
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O O O ⋯ O 

《 l_ 

，  

) × 鑫宣 

∈ 

C O O  l 

∈ 

、J ● ● ● ● ／=、 一 一 ．． 一 

O  l ； O  

艮  

l O O 风 

C  O O O 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


274 Control Theory& Applications Vl01．20 

b(0)= 

O 
● 

： 

0 

b 
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60 

∈ 蕊“，c =[主]∈蕊“， 
wim system relative degree fD= n — m． 

The control objective is to force the system output 

asymptotically track a given reference signal Yr(t)in the 

presence of unknown ai and (i=1，⋯，P， =0，⋯， 

m)． 

Remark 2．1 Unlike previous results in [6]and 

【7J，the parameter b ，which is referred to as the high 

fWZlUence gain，is not required with a known  sign ． 

Remark 2．2 As conventionally required in the out— 

put tracking problem，the reference signa1)，r(t)and its 

first ID—th derivatives are assumed to be known  and 

bounded．In addition，)， (t)is piecewise continuous． 

3 Backstepping design witll a Nassbaum 

gain and auxiliary signal 

In order to obtain the desired adaptive control law by 

carrying out the backstepping procedures，we defines ，as 

follows，an input-output filter similar to those in[7]． 

1eo=Ao +ky+ 0(Y)， 

{色=Ao￡+ (y)，1≤i≤P， (2) 
L = Aovj+ e,_ja(y) ，0≤ ≤ m， 

where 

后垒[后l，后2，⋯，k]T， (3) 

e =[0，⋯，0，1，0，⋯，O]T∈ ， (4) 

A0= 

一 后l 

一 后2 

— - k．-1 

一 后 

⋯  O 

⋯  O 

● ● 

’

． 
： 

⋯  

1 

⋯  O 

(5) 

The vector后in(3)is chosen such that the matrix A0 is 

strictly stable，i．e．，all eigenvalues ofA0have negative 

real parts． 

Th us，we obtain the following expression 

= cuT0 + + e2= b
m vm

．

2+ + 面T0+ ￡2， 

(6) 

t) 
。
f= 。 +1一 后 

．1，i=2，3，⋯，』D一1， (7) 

t) 
。
P= ．P+1一 。1+ (Y) ， (8) 

where 

垒 ，2+ ，1 (9) 

0=[b ，⋯，b0，口口，⋯，口1]T， (10) 

ra0=l'Ore,2，13m_1，2，⋯，'00。2， 。2+ ．1，⋯， 

l。2+ l。1]T， (11) 

面 = 【0， 一1．2，⋯，1)o．2， ．2+ ，1，⋯ ， 

l。2+ l
。l (12) 

In above equations，1)i
，
2 denotes the second en try of I)i， 

￡．2the second entry of￡， f。1(0≤i≤ )the first en一 

仃y of f，and￡2 denotes the second entry of￡where￡ 

denotes the state estimation error defined in the salne 

way as in[7]． 

In order to ob tain the desired controller，we take the 

change of coordinates 

Zl=Y—Yr， (13) 

=  
．f一)，j 一̈ 一口f—l，i=2，3，⋯，』D，(14) 

where cti一1 is the virtual co ntrol at each step and will be 

determined in later discussions．T0 illustrate the back- 

stepping procedures using Nassbaum gain，the first two 

steps of the design are given in details as follows． 

Step 1 Define 

∞l=[面T，Clzl+ zl_．Y，+ ]T， (15) 

， (16) 

where is a new variable defined by 

=  

1 
z}+y， (17) 

夕=(cl+ )z2． (18) 

It follows from(6)，(13)and(14)for i=2 that 

l=一(Cl+ ) l+ 

6m( 2+口l+∞ l+ ，)十￡2． (19) 

Take the following virtual control law t／l and adaptive 

law l for estimating 01 in this step wi thout using the sign  

of b ， 

口l=一∞ l一 ， (20) 

al=N(X)I1l∞lzl， (21) 

where rl is a positive ma trix of p ) ( +p+ )and 

the Nassbaum gain N(X)is chosen as 

N( )=Xcos( )． 

To proceed，we defin e the Lyapunov function 

Vl=OTr； l+ ￡TP￡， (22) 
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where 01垒一 1+01，尸 is a positive matrix such that 

+ AoTP =一 ，
，
and d1 is a real positive number to 

be determined later． 

Using(17)，we have 

I iv(x)z1 I ≤I 1 I≤ =Cl 1 + 1 ． 

It thus readily follows that 

+南 一 z，(23) 
tt d1 ls clloscn such that d1≤ I bm I／4． 

Step 2 Now，evaluate the dynamic of the second 

state 2．Differentiating(14)for i=2 and using(7)， 

there is 

22 = tJ 
，
3一 k2tJ 

．1 一 ， 一 1． (24) 

Define the Lyapunov function for this step as 

= 1 + 
1 2

2 + 
1 

eT +吉 r一 ．(25) 
Using(23)，it follows that 

；+ +南 z ， 
(26) 

when the virtual control for吐lis step takes a value of 

ot2=一C2Z2+ +2N( ) 1+ 

z(努) (27) 
where 

r2=一r 2， (28) 

+ +

j =1 

(一 + 

，+1+ y))+ ，+ 

耋 c 小-+ 
y))+ ． (29) 

Step i(i= 3，⋯，p) These steps aIe similar tO 

those iIl[7]，which include defming = 一1+ 1 { 

+去T ，taking 
口 一 c ( 3y ! -1+ + 

T + 
一  

o v o 订 ’ 

(蓥
k=3 

Oak
_

1) Oai_l， 
and choosing ri= l— f． 

Finally，the ac~al adaptive controller is obtained by 

(t)=ao／a(Y)， (30) 

=  ． (31) 

The final Lyapunov function satisfies 

≤ 一妻 + om+ m．(32) I=2 。~， 。 
"INs inequafity is similar to the one in[4]where a 

linear system is comidered．Following the si眦 proce- 

dures as in[4]，me stability of the closed-loop system 

caIl be concluded as s拄It。d in the following theorem ． 

Theorem 1 For a minimum phase n~ linear system 

with known relative degree P ，the ad~ tive controller 

given by(30)and(31)caIl Blake the output ofthe sys— 

tem asymptotically track an arbitrary signal with bounded 

derivatives of up to order P while all the signa~ in 

closed-loop system are bounded． 

4 Conclusion 

This paper studies the problem of designing an Iap· 

tive output-feeffoack controller for output tracking of 

nonlinear systems with unknowii hi frequency gain． 

To solve the problem，a scheme using Nassbamn gain in 

the backstepping design is proposed．It is shown that the 

controller obtained by the proposed design scheme can 

nlake the output ofthe system asymptotically track a giv— 

en signal while all the signals in the whole ad~tive con— 

tml system remain stable．The stability analysis here is 

obtained without imposing any growth conditions Oil sys— 

tem nonlinearities． Another feature of the proposed 

scheme is the way of constructing Nassbaum gain．Un— 

like the conventional approaches as in all previous results 

using Nassbaum gains．an augmented tracking error is 

no longer used here and the dyn锄 icS about the Nass— 

baum gain variable is determined only by a first-order 

system．This erlsuI℃s that the order of auxilliary system 

which is used to construct the Nassbaum gain is reduced 

to minimum ． 
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