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Abst哺ct："~ith regardstothe c 喃cte s oftime-delay system andtheweakness of singlelxedicti~ colmol， pa· 

per putsforw~ a c0m l scheme ofmalti-step-ahead predictie~l and con31~ oa，whichmereas~ c．carel pM  effl~ velyt 

and'm 训嚣 dyn帕 曲叫ac0 瞳 ofthe sys~a．The paperalsodiscussesthe relatic~hipbetweenthe唧 m础b ofp删 c· 

妇 and cc ∞ andthe stability of sysm~ ． 

1畸 w啊：ds：time-delay 咖盯毽；mI1I 唧 ptedicti~l and c0∞pen ；increased step nIⅢIb盯P；stability 

Ik．cul眦 t code：A 

时滞系统的神经网络预测控制 
徐湘元 毛宗源 

(广东工业大学电气工程系·广州，510O90) (华南理工大学自动控制工程系·广州．51O64O) 

摘要：针对时}l}系统的特点和采用神经网络单值预测控制存在的不足，提出了多步超前预测与补偿的控镧算 

法．有救地增加了控{}I力度，改善了动态性能，并论述了增加的预测与补偿步数与稳定的关系． 
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1 Introduction 

Besidesthe dⅪuadB ofgeneral rm,Jine~ ty，the 

nonlille~ plantswithdme—de havethephenor~_nonof 

output-delay．which K easesthe deg~e ofdifficulty to 

conlrol further． 

The sing~predictive c~ntrol basedm neuralnetworks 

is∞ effectivewayto solvelttisproblem[‘· 
． But u(k) 

only affectsthe output at step k+ din futme．Contxol 

pov,~ is weak，andthe aym llic responseis poor，espe— 

cially when reference i B ~ -Lrlge or disturbances oc’ 

cur．In addilion．asthe actual outputY(k+i)(i=1， 

2．⋯，d)c∞ Imt bc got at step k，the删 intheileul~l 

ne臼吼 b a瑚 ot avoidthedilIiculty． 

2 The algoriiiau of mlIl廿-step l~ lictlon 

and c删∞pen鞠d伽 c∞t I 

To the weakness of the siIlgle prediction 

c蚰 Ⅱol，we pm forward the folloH ng aptm~ach：in— 

crease d steps predictionto d + P steps prediction，and 

change 0IIe point com 札s蚯0n to nmlti‘point c0mpeIm_ 

Reeei~ ld№ ：姗 一05—17；酬 蛐 d№ ：2001—01—04 

d∞ ，i．e．丘om k+dto k+d+l，⋯ ，“ d+p．Based 0n 

step k，wc pm P+1 s between the refer~ace input 

锄dthe predictive 0Il tin幻 the o0stf1．1l~ ffll ofllc粕=a1 

network~ntmller，舡ld strivethe opI controlⅡ(k) 

thatmakes 

上=告[ ( +d)一 (k+d)] + 

{妻[ ( +d+￡)一 ( +d+ )]2 1 [△u( )]2 
一 i=I 一 

(1) 

珈jIl1mlal，w}lerepisthejnae蕾。dpredi~  跚 I舡ld 

c0mpeI1 ，yr锄d is refer~ce 锄d sy蜘  

。di ve output respectively． 

Fig I Control$11"llCtlll'~ 
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The control slnKn】Ie of multi-step pn~cOon and 

compensation based 0n neural Dd Jod墨 is shown in 

Fig．1，whei~ NNC is the neural ne“呲 controller． 

NNP isthe neural network predictor． 

Ⅱ( )=NNC[y ( +d)．YF( +d一1)，·。 ， 

y ( +d—n)，u( 一1)，⋯，Ⅱ(k—m)] 

dcq~mined by廿 nolr~ nd controllerhas tomake 

J0 minima1． 

( +d+i)(i=0，1．⋯，P)am Iined by the 

neural nc幅日 predictorafteru(k)has been got and re- 

mainednot charie s t． 

fy~(k+d)=rc~ r．(k+d一1)⋯ ( +d一 

{ n)Ⅱ( )Ⅱ( 一1)⋯ u(k—m)]， 
lyp( +d)=ym( +d)+r(k)一 (k)． 

(2) 

f‰( +d+ )=册 [ ( +d+ 一1)⋯‰( +d+f— 

I n)Ⅱ( )Ⅱ( )⋯ u( 一Il1．+i)]， 

I yp(k+d+ )= ( +d+ )+y( )一 ( )， 
L (i=1，2．⋯，p)． 

(3) 

where ( +d+i)is the model predictive output． 

YF( +d+f)is the system pII vc output，which 

forms a closed-loop 00a cd system md c,ml decrease 

the model effIDl~．Adopt 

= {【y( +d)一y ( +d)]2 

as the cost fI 0n of the neural network pledJetor． 

Whenthe linking weighting coefficients of廿B neural 

llctwolk predictorⅢc a面usted and since actual output 

Y( +d)c龃not be got at step k，this paperpID1)o~$： 

Y( +d)一Y( )+ym( +d)一‰( )． 

This is becam~ the changing magnitude of the model 

predictive output step to step + dis similarto 

the actual ollq~uts．As lhe netwo~ converge．the~lTor 

caused by the approximation will be very smal1．The 

steps ofthis control a 0ritIIm a∞ 

1)Bring yr( +d)，YF(k+d一1)．⋯， ( +d— 

n)，u(七一1)，⋯，Ⅱ(七一m)to bear on NNc，get 

u( )．andthen send u( )tothe plant and NNP． 

2)Put ( +d一1)，⋯，Y ( +d—n)，u( )． 

u( 一1)．⋯．Ⅱ( 一m)toNNP，and get y口( +d) 

byfonnala(2)． 

3)Do not cadgelhelinkingweighing coefficients of 

， usingformula(3)to getyp(k+d+1)，yp(k+d+ 

2)，⋯，yD( +d+p)． 

4)Adjust the linking weighing coetTllC．~ts of NNc 

and NNP respecdvely 

w0(k+1)=wo(k)一 ， 

( +1)= ( ． 

where and am thelinkingweighting。oefj丘ci即bof 

NNC and respectively， and岛 the stlldy~ 

step-sizes ofNNC andNNP respectively． 

5) = +I，letum to step 1)． 

3 The relationship betweentheincreased 

step nurnber of prediction and contpen- 

sa~onand system stability 

Theorem Iftheincreased stepmmIb P of edic- 

tion and。0n ensad0n salisfi~ thefollowingmequality， 

then．the control system’s嘶出ili is not affected． 

o c忍cz{( ) + · 

耋【 】+ 
垒 ( ) 工 !(＆± l-1 
e(k+d)a a J ’ 

(4) 

雌 e(k+d)= (k+d)一 (k+d)，J9c isthe 

studying step-size of NNP． 

Proof Select Lyalxmovf1．m~Jofl 

( )=e ( +d)=[ (k+d)一 ( +d)】 ， 

thus 

AV：V(k+1)一 (七)=e2(七+d+1)一e2(七+d)= 

[e( +d+1)一e( +d)][e( +d+1)+e( +d)]= 

Ae(孟+d)[△e(七+d)+2e(k+d)]． (5) 

wl】c 

=e( + ) △ ． 

(6) 

Tothe coat function ofNNC，there is 

△ =一 = 

州小 +砉e(k+d+i)· 
+ ㈤  ]． (7) a a 。 、 
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Put(6)and(7)into(5)，there iS 

AV： +d) + 

喜e ck+d+i m  ̈ 。 
{区 ) +d+ 

) +aAu( ) j +d)1． 

AV<0，andgiven风 >0，themisformula(4)． 

As Lyapunov stability theorem，the neul~tl network13011一 

troll~’S study would be。onv口孚mt，andthe system ’S 

stability is not affected． 

Se七 

z(P)= 

!f ± !f ± ± !f ± ! ! 
e(k+d) a 

Fig 2 Outputof single predictive contro 

As P increas ，Z(p)咖 s increase．A1dⅢgh the 

positive of negative signs of s0n1e trams in Z(p)may 

c ，it is 龇 血at the value of z(p)b。 s 

greater．As soon as isfixed，formula(4)caIl not be 

saRfied。andt} nthe na船al network cotmTollerwill be— 

cc'rne unstable．Soitis very possible山atthe system be— 

o0】懈 unstable as step nmnberP incmases． 

4 Simulation eXl~_．riment 

cansid ngthe PLmt 

)= 础  一10) 400， 

y(k)= 

2 + ( 一10)+ ( )， c 400， 
wha (【．(五)is a曲。cb c dj占tI1Ibance，whose ampli— 

ladeis 0．06．Smuma'ethe pt~ ictor and controllerwith 

the radial basisful1．on neural nd 加 ．Their 3-layer 

coDs oI are，r pe甜v ，4—8—1，and 4一l0— 

1．Give凭击 nce inputs．then under the s锄 e initial 

conditions and saxiy step-size，WC adjust the liD rIg 

wei 衄 coetllcicnts，central vcctol~，and shape pa 

龙mx由：Is ofthe networks‘j ．With the single predictive 

control al mm，the~tput is shown in Fig．2．W ith 

the a~yyg：alg 吐Im，the outputs al'g shownin Fig．3 and 

．4．C．ompa~ the figures，we ca11 s。e that as P in— 

cI∞ses，the re叩0眦 becomes rapid，butthe~ ttmt~l,r- 

buleueeincreasestoo． 

Fig 3 Output when l 

Fig 4 Outputwhenp=3 

5 Conclusion 

n嘶 the analysis and simulation ex~ imeats，the 

algodlim~with multi-step prediction  and o0m 椭  

proposed in this paper has better control effect． It 

strengthens the control power， a~elel"ales l-esl2Ol-kSe 

speea．and has stron gex anti-inlerfeamace ability．But as 

P becomeslarge，the system stabilitywill not remainin 

good condition． 
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