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Abstract：The design of variable structure conlxolfor discretetime system using discrete reaclanglaw isdiscussed
． Based 

on the attenuating conlxol，the attenuating variable rate and the attenuating power reaching law are proposed in this paper．"lhe 

theory analysis and simulation demonstrate the effectiveness of the methods，which not only retain the asymptotic stability，but 

also reduce the chattering of the system． 
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离散时间系统变结构控制基于衰减控制的趋近律 

肖雁鸿 周靖林 葛召炎 彭永进 

(湖南大学电气与信息工程学院·长沙，410082) 

摘要：讨论了利用离散趋近律设计离散时间系统的变结构控制问题。在衰减控制的基础上 ，提出了衰减变速趋 

近律和衰减幂次趋近律．理论分析和仿真结果表明，本文所提的方法是有效的，既保证了闭环系统的渐进稳定性． 

又大大减少了系统的抖动现象． 

关键词：离散时间系统；变结构控制；衰减控制 ；趋近律 

1 Introduction 

The research of v able structure control for discrete 

time system is an important branch of control theo· 

ry[ ，21
． Almost the focus of all the research of variable 

structure control for discrete time system is the reaching 

condition． Th e traditional inequality reaching condi· 

fions[3]aI℃not sufficient Or too harSh which mdke the 

solution of variable structure control difficult or compli· 

cated． 

Gao W eibing put forward the equation reaching condi· 

tion in 19951 
， that is the discrete form of expo nential 

reaching law： 

s(k+1)=(1一qT)s(k)一eTsgn(s(k))， (1) 

where T is the sampling cycle，￡ > 0，q > 0，qT < 1． 

Th e main drawback of(1)is that when the system is 

in switching region，it can not reach the original po int， 

but tends to reach a chattering close to the original 

point．The stationary chattering region is 2eT／(2—— 

口 )L 5。． 
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Based on the an alysis of inner relation between attenu· 

ating control and discrete expo nential reaching law，two 

kinds of new discrete reaching law：attenuating variable 

rate reaching law and attenuating po wer reaching law are 

propo sed，which not only retain the asymptotic stability 

of variable structure closed loop system，but also reduce 

the chattering of the system ． 

2 Attenuating control and discrete expo- 

nential reaching law 

Theorem 1 Consider the following SISO discrete 

time system ： 

(k+1)= (k)+bu(k)， (2) 

s( (k))=CT (k)， (3) 

where ∈ 蕊 ，u∈ 蕊，A ∈ R ，b∈ 蕊 ，CT： 

【C1，C2，⋯，C 一l，1]．It is assumed that C satisfies the 

stable condition of sliding mode an d A，b are completely 

controllable pair． 

When the system (2)is controlled by the following 

rule： 
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： 一 (CTb)-l CT(A—pI x(k)，I ID I<1， 

(4) 

the system state locus will converge to the original point 

with the attenuating rate coefficientp of s(x(后))． is 

called attenuating control and the attenuating coe fficient 

is as follows： 

p=s(k+1)／s(k)． (5) 

The proof of Theorem 1 can be found in reference 

[3]． 

Theorem 2 Discrete exponential reaching law is the 

co nstant rate reaching law un der the attenuating contro1． 

Analyzing the control U for the discrete expo nential 

reaching law，we conclude that U can be decomposed 

into two parts：Ur and Ua． is the attenuating control 

an d Ua is the discrete variable structure control based on 

the constant rate reaching law，which only differs in a 

coefficient．Th us，the discrete expo nential reaching law 

can be equivalent to the combination of attenuating con— 

trol and constant rate reaching law． 

For convenience，assume 0 < lD 1一 q < 1 and 

the equation(1)can be rewritten as： 

s(k+1)= (k)一eTsgn(s(k))． (6) 

In no confusion cases，the equation(6)is just called 

constant rate reaching law based on attenuating control in 

the following． 

Here ，Ur enables the closed loop system to converge 

to original po int asymptotically，but the chattering pm- 

duced by Ua depends upo n the constant rate．With the 

co nstant rate，the chattering can not be weakened and 

the system locus can  not converge to the original po int． 

Th e following attenuating variable rate reaching law and 

attenuating po wer reaching law ale propo sed to solve this 

problem ． 

3 Main results 

Combining the attenuating co ntrol and discrete vari— 

able rate reaching law，we get the following reaching 

law： 

s(k+1)= s(后)一eT ll (后)ll 1sgn(s(后))， 

(7) 

where II (后)II l：∑ I (后)I is the State norm， 
i=1 

0 < p < 1，e > 0． 

Equation(7)is the variable rate reaching law based 

on attenuating control(AVR reaching law)proposed in 

this paper．Th e correspo nding co ntrol is： 

U：一(CTb)-l[CT(A—pI) (k)+ 

￡ II (k)II lsgn(s(k))]． (8) 

Theorem 3 Let the systems(2)，(3)be controlled 

by the equation(8)based on the attenuating variable 

rate reaching law (7)，the system stationary switching 

region is I s(k)I<e ll (k)ll 1．When 0<e < 

rain{(1一ci)／2，(1+ci)／2}and l c l<1，i=1，2， 
⋯

， n，the system State loc us will converge to the origi— 

nal po int asymptotically． 

Similarly， adding the attenuating coe fficient to the 

discrete power reaching law，it can  be rewritten as ： 

s(k+1)=ps(k)一eT l s(k)l sgn(s(k))， 

(9) 

where 0 < p < 1，e > 0，0 < a < 1． 

Equation(9)is called the discrete power reaching law 

based on attenuating control(AP reaching law)．The 

corresponding control is： 

=  

一 (cT6)一[cT(A—pI)x(k)+eT I s(k)l s (s(后))]． 

(1O) 

Theorem 4 Let the systems (2)，(3)be controlled 

by me equation(10)based on the attenuating power 

reaching law(9)，the system stationary switching region 

is 2exp(1n( )／(1一a)．When，e <1，the sys 

tem State locus will converge to the swi tching region 

asym ptotically with faster reaching rate．Th e chattering 

can be weakened by increasing the po wer coefficient a． 

Due to limited space，the proof of Th eorems  3，4 is 

omitted． 

Note that the stationary swi tching region for AVR 

reaching law is variable an d attenuating，but the station— 

ary switching region for AP reaching law is constant． 

4 Simulation example 

Consider the following simulation model【 J： 

(k+1)=Ax(k)+bu(k)+D( (k))，(11) 

s(k)=CT (k)， (12) 

where 

A =[ 一 2] 

CT=[_0'8 1]， (。)=【O。．
．

2

5
5 ]． 

D( ( ))is the uncertain part of the system，which sat． 
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isfies the matching condition，that is o(x(后)) = 

bdx(j})． 

Assume￡= 0．09，q= 0．3，a = 0．6，T = 1，d =0 
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The switching function and the state locus for the PCV 

reaching law[6l and AVR
，
AP reaching laws are listed in 

Fig．1，Fig．2 and Fig．3． 
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Fig．1 PCV reaching law Fig．2 AVR reaching Iaw Fig．3 AP reaching law 

The simulation results demonstrate that AVR and AP [M]．Beijing~Science Press，1996 

reaching law not only retain the asymptotical stability of [2] Zhai amglian and wlu Zhiming·V ab e s廿u c0n“ol deSi 

PCV I1。achjng law， but alsO weaken tl1e cha仕ê ng． 妇 lmc n di蹦 e sy l J]·Ac Au啪  c s“ca， 

M ver．the cOr血Dl calcul ofAVR and AP reach． 200O,26(2)：l84一l9l 

laW are s ler that of PCV麟h啦laW． [。] ’H啪 q 删 gsIl0ng． 。 呻 
When d≠ o，the simulation also demonstrates that the [

4] G幻 w西 ．mg．v 出le cture。0n舡ol 0f discrcte．tiIT sys【eIrIs 

variable structure control systems designed by AVR and [J]
． Acta Aut0m鲥c Sinica,l995,21(2)：l54～161 

AP reaching law have good robustness under certain pa [5] B矾 czA
． Rernarks 0n“Dis州 e．tifne variable smlc哝 ∞n∞ l 

rameter conditions． system'’[J]
． —
IFJ~

—

． 
． on IIldusnja1日ecⅡoI1i ，1996，43(1)： 

5 Conclusion 235—238 
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