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Abstl'ltlCt_-Networked eonlzol system (NCS)w re雩；aIded as a sampled-da~cotattol system with output time-delay and a 

mathemalical model w Set up．So afalilt 0乇联 w constructed，and吐 indicator of sysm nfaults-tl~idml was咎删删 ． 

Then fault detection and iltolfllion(Foi)approach bo,~ed On this observer was ilm-qxluced．The design algQfittma ofthe FDI oh- 

v盯 was飘Ⅱnmarized．At last．锄 example is given to show the aOproech is feasible． 
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带有输出传输时延的网络化控制系统基于观测器的 FI}I设计 

郑 英，方华京，王 华，李 力 

(华中科技大学 控制系，湖北 武汉 43oo74) 

摘要：将网络控制系统(NCs)看成一个具有输出时延的采样控制系统，并建立了其数学模型．接着构造了一个 

故障观测器，产生了系统故障的指示器残差．然后在此基础上介绍了一种故障检测和分离(FDI)的方法，总结了FDI 

观测器的设计算法．最后，一个实例证明了此方法的可行性． 
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1 lntroduelJon 

Networked eonlxol system (Ncs)is锄 emerging re- 

search topic which has received increasing attention． 

Nowadays NCS can be found in manufacturing plants。 

aileraft， automobiles， and many otl'l~ systems． In 

NCS．tI information not only from S~ISOIS to conlxoller 

but also from conlxoller to ll~_3ntOr is transmitted by net- 

、)In0哐k．sIl6h as serial c0r砌 llnica60n channel[1]
．  

From Fig．1。we can see nd ，0削 conlxol system 

contains continuous-time plant and discrete··time COIl-· 

Ixoller． 1 can be synchronized by sending syn- 

chronous signal throu~ the network．So NCS is factual- 

ly sampled-d~ control system．We can discretize the 

continuous plant of NCS to get the discrete mode1． 

———一 eontinous signal ⋯ ~ discrete sigMJ 

One of the basic problem of NCS is the time-delay． 

In this paper the processing time of the observer and 

eonlxoller is omitted．So time-delay is actually tmlIsf~ll"- 

delay r．Obviously r is time-v'afiant．W e asstHne the 

maxjnl1Ⅱn ofr is limited． 

For observcr-I：lllsed fault detection and isolation(FI)I) 
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approach，the generation of residual r(t)is a crucial is— 

sue．Generally，fault is detected by comparing the resid— 

ual to zero_．r(t)equals to 踟 for fault-free case； 

otherwise it will be non—zero．If r(t)has a fixed direc— 

tion when responding to a fault， fault isolation is 

achieved ．Though there are lots of observer-based FDI 

results，few is for time—delay system ． 

This paper deals with the fault diagnosis problems of 

networked  co ntrol system．An FDI observer is present— 

ed ．Then the FDI scheme is set up． 

2 Problem formulation 

From Fig．1，we can get the continuous—time，state— 

space model of the linear time—invariant plant dynamics 

『 (t)=A (t)+nu(t)+ (t)+ (̂t)， 

【Y(t)= Cx(t)+Of(t)， 

(1) 

where (t)is the state vector，u(t)and y(t)are the 

control and output vector，d(t)is the unknown input 

(or disturbance)vector， t)is the unknown fault vec— 

tor，which includes the actuator fault (t)and the sen— 

sor fault (t)．Matrices A，B，Bd， ，C，D ale of 

compatible dimensions． 

Discrefze(1)，we can get 

『 ( +1)=Ax( )+含u( )+含 ( )+ ，-厂( )， 

【y( )= ( )+bf( )， 

(2) 

where 

A = e刖 ，C = C，D = D ， 

台：fTeA(r ds， 

台d ：fTeA(T-s)Bed(s)ds， 3 

台f；=＼ToeA(T-s)Bff(、s 。 
Because of the netw ork-induced delay the input of the 

discrete controller is w(k)=Y(k一 ) And is the 

sampled  periods’number of delay． 

Yu Z X et all2]designed  a state observer and proved  

its observablity In this paper we extend that and con— 

struct an  output fault ob server which can compensate the 

transfer delay． 

Iterate the following equation 

(k+1)=A (k)+台 (k)+含 (k)+含 (̂k)， 

we call get 

(k一 )= 

r． 

A一 耽( )一∑A —r．～hu(k— )一 
i=l 

∑ r．一 台 ( 一 )一∑ r．～hj(k— )， 
i=l i=l 

(4) 

w(k)=Y(k—z-k)= 

A-qx( )一 ∑~i-rtc-IBU(k— )一 
i=l 

r． 

仑∑A 一 一 含 ( 一 )一 

仑∑Ai-~,-Ihj(i,一 )+ 一 )． (5) 
i=l 

The observer wi th the compensation function has the 

following structure 

露(k+1)= 

A露(k)+含u(k)+ 
．(w(k)一 

r． 

( -rk露( )一e∑hi-r．一 台u(k— )))， 
i= l 

y(k)： (k) (6) 

Combine(2)and(6)， 

e(k+1)= (k+1)一露(k+1)= 

r． 

e( )+ r．仑 Ai_r／,-IBd(k— )+含 (后)+ 

r． 

∑ ～ 一￡)+鲥  )一 )， 
i= l 

h~f(k 

(7) 

where Lq A — FqCA-rk~ 

Now we have the following theorem： 

IAsai~ 1 To system(1)，if(A，e)is observable， 

then Lq can deploy the poles freely for an y transfer de lay 

z-kt 

Proof See[2]． 

3 Residua1．generation and fault detection 

The z—transform of e(k)can be got from (7)： 

e( )= 

r． 

( — )一 ( ∑A 一 ，+ 
i= l 

i-r／
,

- 1 

r． 

含d)d( )+( —Lq)～(r~fX
．

ai-r~-1 Z-t ，+ 

+ 一q1)f( )． (8) 
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The residual r(￡)is generated from the eil't~of the Obviously when conditions 1)or 2)is satisfied we caII 

actual and estimated mea叫Ie of the output： conclude = 0
． 

D 

k QDf(

‘

k e()+ )． 

From(8)and(9)，we have ’ 

r( )= 

Q~(zl— )一 ( ∑ 一 一 ，+ 

+[ + 

i=

(

1

Ba)d(z) 一 ) ( 一 

一

ql+ i-r~-1 z-il)If( )．(10) 

(10)indicates that the residual r is only relevant with 

the disturbance d and the fanltf．To design a disturb~ce 

decoupled residual，we need to make the transfer func— 

tion from the disturbance to the residual G,d be 乃elD． 

while ，wlfich denotes the transfer function from the 

fault to the residual，should not be  zero．That is 

=  ( —Lq)～Eq= 

Q~(zI-C ) ( + ～Baz-il)=0， 

(11) 

G =Q6+Q~(zl—L )一 f—F p kl+ 

e∑ ‘ nfz-0)≠0． (12) 

But it is a complicated process to achieve(11)and 

(12)because the transfer delay is time-variant．In actual 

systems， some ineas~ can be  taken to change the 

time-varian t delay into relative constant delay in order to 

sim#fy the problem[ ，引．So the following lemma is de． 

signed to achieve(11)． 

Ll蝴 2 Set H = Qe，then the sufficient condi． 

tions for saasf~ g the disturbance de-coupling require— 

ment(11)are either of the following： 

1)HBd=0，职  i-rk-I =0，HLq=0； 

2)肪  =0， e i-rk-I =0， =0． 

Proof (11)can be expanded as 

G =H(zl—Lq)～Eq= 

日(J『+ + +．． )( + 

Remark When condition 1)holds true，(12)will 

be 

= +： 日( 一r~pzq1+ 

e∑Ai一 一· z-0)． 
‘  

=l 

The design  of Ff ，Lr
．

will be hcubrated in the next 

section． 

4 Fault isolation and design algorithm 

In general，fault isolation task can be  fulfilled via a 

directional residual vector．Pl'eSUlne Grf∈ RP (p < 

m)．If Grf has full lOW rank P，then we can easily find 

a matrix Po∈ R P so that PoG，f∈ RP p is invertible． 

Residue matrix coefficient call be  design ed as 

P(：)=A(：)[Po(：)Cr，(：)]一P0， (13) 

whereA( )is in aP× diagonal form．So the transfer 

function from fault to residual P(：)Cr，(：)=A(：)is 

in a diagonal form ．Th e fix ed-direction residual make 

fault isolation possibleC 41
． 

If Grf is not of full column rank，the above design 

method is not feasible．Under such a circumstance，we 

can achieve optimal fault isolation design ．That is to 

find P(：)which minimizes the following performance 

index： 

Jo= ll以(：)一P(：)Gr，( )ll ， (14) 

where ll·ll denotes H ．norm which is defined as 

I1 G I1 =sup {G}． 

The realization of (14)is a st~laid model-matching 

problem in robust contro1．[5]provides the solution 

of it． 

Th e design  pIDI∞dllre of the FDI obsel~er of NCS is 

summagiz~ as the following algorithm ． 

Step 1 Choose Q so that HBd=0． 

Step 2 Select 
。 which satisfies conditions 1)or 2) 

of Lemma 2． We can use eigenstmcture assignment 

technique by assiLming left eigenveetors or altemative 

fight eigenvectors．If it fails，the problem can not be 

solved．Stop． 

Step 3 Compute(12)．If Grf≠0，continue；else if 

all solutions of Step 2 fail to satisfy(12)，Ⅱ1e probtem 

call not be  solved ，stop；otherwise go I：m k to Step 2． 

Step 4 If Gr／∈ RP has full lOW rank。compute 

、，  

．

V 

一 

一 

一 

．̂A ∑ 
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尸( )by(13)；ofl~erwise use model-matching approach 

tO find P(z)which minimizes(14)． 

5 Example 

Consider the following continuous plant 

ct ：【 ：】 ct +【0] ct +【0]dct +【 t ， 
= 【三 If( 

where d(后)is random and the fault vector is compos~ 

of one s‘：IIs0 fault VtXfKR'S and one actuator．0rot isf= 

[ ]T． 

Set T=1 S and r=0．1 S，Use(3)，we can get 

(后+1)= 

【4
．

．

1945 3 1945] (尼)+【1
．

．

7183]3 1945 4 1945J 1 7183J (后)+ l ，+l ，+ L 
． 

。 L 
．  

。 

1．718 3]砌 + If( 

，，c后 =【 】 c后 +【吕 If(后 ． 
Obviously l"k 1，follow the design aigorifl~n in Sec- 

tion 4． 

st印 1 Choose Q=[1 —1]tO蝴 Qe台d=0． 

S唧 2 Use eigenstmcture assignment technique by 

assigning left eigenveOxns，SO 

=  20．4 19．41 ] 

and 

： ， = 【 】． 
Step 3 Compute(13)according tO Remark 2 of 

Lemma 2，We can get 

Gr，：【一 1 】≠0． 
Step 4 Since Grf∈ R “，mutual fault isolation caII 

一 ～ ． 以= 0】’P-[． ]Tis 
found tO minimize(14)． 

F'mally，the residual has the form of 

=  )】-一1 - 1 ． 
The r'dlldom unknown input d(后)and the residual of 

the fault-free case is shown in Fig．2．And Fig．3 is the 

simulalion result of the residual in the fault case．From 

actuator fault with amplitude 10 ocoJr at 4 S and 7 S， 

they can be almost signified by CUl"VeS 1 and 2 respec- 

tively． 

= 
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Fig．2 Fault-free case 

Fig．3 Fault case 
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