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摘要：在输A和输出信号均有噪声污染的情况下，提出麓机模糊逻辑神经网络系统及其参数学习算法，给出了 

参数学习公式；仿真计算表明本文所提出的算法的有救性．它明显优于没有考虑噪声的模糊逻辑神经罔络系统。 
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1 In由．‘ l眦 叫  

Fuzzy controlI J can simdate blain’s吐Ijn Ⅱg ability 

to describe control sys啪 s．The c。re offuz 。0n廿Dlis 

to set up control ml that are pre~ ed by hlⅡnan’s 

lang~ge，notby a咄 equations．So f eontrol is 

a g0od way to s01w eomplex control pmbler~ that afe 

difficult to establi~ nlan1eHIa models．Recently．pa- 

rame缸 seg-leami~g and self-tuning in fl山zy logic fIeId 

have beentakeninto great eoosider~on．and血eⅡeI删  

network andfhzzy吐-eo have been combinedto form 

fuz neIl脚 ∞tW0fl=．A p~ameter lean~ g method of 

fuz 一mⅢ network based 0n singletonfuⅡ 日and sm— 

gleton~fuzzier is lxesenled in[2J．A lrame心 leam— 

ing method in which恤 inputs afe nonsirIgl咖 fll~er 

is also pI％∞协djn【3J．Thefhzzylogic systemwhich 

has 啦 le Dn fIlz五日is systematically studied in【4J． 

In this paper，a l I：~rallle[er lea∞ing method for 

stochastic fIlz rem'al network with non出 gl bm fll~ er 

and nonsinglet~n di】 is pIopOscd，and simulation 

resul估 illdicate lh砒 血e method caIl accelerate leaming 

rate．】n practical applic ，inp呲 and 0I】印Ilt si鲥 Is 

are渤 p。Ⅱu ed by n(吐8 ，山即。f0∞，the I曲 0d p - 

seatedin血is p日p are valuable boIh jn吐-eo 锄d in 

pm嘶ce． 

2 StO icfIl l0j s~-tm  

c0llsi出 a fuz l0《 sy~em 砌 I ml】l -i叩 毗 and 

sidle output．Ass哪∞ lh砒 血e fIlzzy system has M if- 

也既 ml ： 

R ：ifXlis ，and⋯，∞d is一；Ⅱl豇I Yis Gf． 

(y)= [ ． ( ，y) ( )]·(1) 

h(1)， and cf denote based 0吡the 

cm(i=1，⋯，n)and Vc砬，r髓 ve峥，whefe = 

1，2，·--，̂f．Atthe涨 血ne， =( l，·--， ) ∈U1 

X X⋯ X =U锄dy∈ arelmg~ra：v耐曲 ． 

Supposethat lhzzy姒  isfhzzyi冲ut，ⅢIdM is 

血erolemmIb目 offhzzyl皑ic 蜘 ． 

1k mlcsof(1)d蚯∞a nd of 叫蚯0n： × 

’”X + ，WhOSe 圳椭 flln~ons of缸 

sets based叩 血einput and aI】 Ilt spa。 U X V are de- 
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cided by x．x一一 ( ，Y)．如 is defined as afuzzy 

set ofthe inpIlt spa∞ U，mad R‘presents the combined 

fuzzyiDf 愀 R 0n ofthe fuzzy set = 。R ， 

which is based on the ought spa∞，wl1ere wo adopt 

sup一 ∞ the combined cakulation． 

pmpo~ offI】z五eris∞ mapthe accttra~ point 

= ( 1，⋯， )∈ Uinto afuzzy set Oatis based oD 

the setU．Consid~ the nonaingletonfuzzieT，ifx = ， 

rhea ( )=1；howeveT，as is apart fIom ，the 

value of ̂ ( )砌 d∞rease flora 1 to 0．To analyze 

the stochastic fuzzy system withGaussi~ noise． de— 

fine ( )and ( )as the following Gaussian 

functions： 

叫唧【一( 门，㈤ 
= 唧【一( 门．㈤ 

In(2)and(3)，we c孤 嬲懿lme廿IatⅡ =1 and n一= 

1． 

As raention~ above，the mcIm'a蛐 function 

,ud(y)ofthefuzzy set based Ollthe output spa∞ is 

Y=，( )= 

de,ned罄 tlIe foUowmg Guassi~l矗mdj0吐： 

( )= 【一(Y- mgl，I 】． ( ) 
And．a ；l】埘lethat bd=1． 

The pIlrp0se ofthe defm eristomap thefuzzy sO； 

based on the sO；V into m Igxazrate point Y∈ ．To 

solve the influcnc~ of the aoise，we define a 印。cia1 

m0dified center defuzz~ ．whichis 0wed asfollows： 

∑ [[ ( )／ ] 
y= —————一 ， (5) 

∑[~d(Yd)lad] 

whel~ is the adj删 vahl~of the ceairal value of 
Calassia~ memlx~slfip function based 。n the fuzzy set 

． hI(4)， (Y)is&cicled by(1)． 

Forthe 8todlasficfuzzyl咄 system described by(1) 
～ (5)， c∞ deIive the following也aⅡ that de— 

notesthe relationship ben input and output． 

1lle嘲 n The s协曲脚 cfuzzylogic system uhatis 

compose~ of tlIe nomngl~ton fI1 er。infcmn~ rule， 

modified cealier de~uzzier and Guassia~ m 曲 

functions in(1)～(5)，nle mapping relationship be- 

nvecn h~put and outputis asfollows： 

：  ． ㈩  ’ ⋯  

Proof usmg the 衄ce rule．we c龃 obtain the 

followingfomaula丘om (1) 

唧 【-( y2】· 

垂唧【一( 等门． 
(8) 

supp0：；e mat = ( l，⋯， ) is血e input signal of 

缸珂 logic system．Ev-出n姆，m sIl d adoptⅡle 

inpuE signal as me c即删 V of me Gu~sshm 

membem~pfuncfioDin(2)．11Ⅻ ，(8)c龃be de— 

note~i asfollows． 

(于 )= 

唧[一(、H础-~，I ] 垂唧【一( (弩) 】 
(9) 

A 盯 s(心 dedvations，we can 0bIa_m 吐1atthemax-val— 

ue of ∈ Uiis曲 脚 bythefonnul~(7)． 

Thiefore，(9)c龃be denoted[is follov~． 

l(Yd)= 【一( 门· 

【一( 『-(等  
substituting(10)into(5)，we obtainthe mappmg rda- 

fionship(6)，finally． 

Ⅱ should be Voint~ out flaat，in oi'd~r to deal with 

stochastic Guassian output signal，the membexship time— 

fion of in(4)is adop~ asGuassiaafunction，buty~ 

should be adop~ asthe adja0∞t value ofthe cealer of 

(y)，not asthe c口I时 value 0f (y)． 

二==一 ̈=== 一 一一 阿 一 

一 
吨面 

卜一卜 扣 

∑ ∑ 
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FllrttlcaltlO／g，from the sRJch~ c fuzzy logic system 

described by(1)～(5)，we can further obtain the im— 

pI 。dmapping relationshipwhichis aSfollows． 

Y=f( )= 

善 ：【 ==! ： 
蓦 【一( n [_ 

( 一 ) 1 

+ 口 J 

( 一m，明 
丽 】 

(11) 

Proof Substlt1．1~ (7)into(6)，after deriva- 

tions．andwe obtainthefinal result(11)． 

3 st0c fI卿 neural network(删 ) 

aridits髓 learning algorithm for 瑚 I· 

etex~ 

"Itlem pi玎g relationship betweeninput and o~tputof 

the stock呲jcfuzzylogic system(1)～(5)is described 

by(11)．Infact，the cal~ating process ofthefO,)in 

(11)cm be 酬 aS aforward network system． 

mla ，(11)c柚 be analyz~ as the fouowing 

forrll~ 

r：iA
， (12) 百， L 

A：∑口 ， (13) 
= l 

B：∑b (14) 

f ( 。一m ) 

i 1 

ex L_ ： L ， T 
．  

一  唧 【一( 

毒e砷(一( 

】j 

) 】， 

n， 

(15) 

(16) 

(17) 

=  ． (18) 

At吐le s锄 e Im ，we can also0|pfess吐le calculating 

pmcess as aforward networkwhichis shown by Fig．1． 

The network is a stochastic fuzzy neural network 

(SFNN)withmulti-input and single output． 

The SFNN mentioned above can usethe back propa— 

ga~on(BP)leaming algorithmtotrainthe parmneters of 

neural network． 

∞ ding1：othe givenj玎 and output data( ，yd J， 

whine =( 1，⋯， ∈U C and ∈ C U．The 

back 叩。g l皿 (tip)k啦 algcfithrais usedtotrain 

the SFNNmode1．The o0 n衄 indexf1．1lK~onis： 

E={[，( )一y ] ． (19) 

x1 恐 

Fig 1 Forward network forf(x) 

In O出 to—m—lnlmi~'ethea[10rE，wec柚 nmethefob 

lowing 嗽lr口栅 ，such as于 ， ，q，m ， and ：· 

Suptx*ethat the w螂  is the p趣铷n曲 that c,ml be 

adjusted．SOw c柚Ob~~lthefollowing n1le： 

一 氖， (20) 
t￡l( +1)： ( )+aAw( )+叩△l￡l(七一1)， 

(21) 

where ∈【0，1]is the leam~ coefficient，and ∈ 

[0，1]is the momenlllm factor．In titans of ate index 

fllnelion E，after dahvations， pa a1 dl~iVa- 

tions ofparmaelersⅢe shown as follows： 

器-(，一 ) ( 一f)bt 2(xl—m ) 一‘ ’ ， 

(23) 

务 ·搿  
(24) 

aE 

a 一 

塑
0y r 

(26) 
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蕊OE 【2( ． 
(27) 

4 Simulations 

ConsiderttaeExample 3．2in[2]，we simulateit by 

thementioned algorithms．Thatis atwo-order differen． 

tial equatiOlltaesented a5follows： 

y(k+1)=g[y(k)，Y(k一1)]+u(k)． (28) 

In equation(28) 

g[Y( )，y(k一1)]= y(k)y(k一1)[y(k)+2．5] 

1+Y (k)+ ( 一I) 

(29) 

and u( )=sin(2~k／25)． 

Seri —parallelidentifieris described bythe~ owmg 

equation： 

y(k+1)： y(k)，y(k—1)]+u( )．(30) 

us in[2]and our raethod，respectively， 

whcae 

( )=u(k)+0．2 randn． 

g (k)=g(k)+1．0 randn． 

Fig．2 Results from I2] 

Underthe b0Ve conditions．we call obtain 200 pairs 

ofinput-output datawith noise，andthentrain pararnc· 

teas．P脚 Ⅱ 屺鸭 are selected randomly at the following 

Fallgc： 

：(0—4)，mF：(一1．35—1．35)； 

mg：(0—4)， ：(2 randn)； 

：(4 randn)，却：(2 randn)； 

Accord~ tothe mentioned conditions． choosethe 

data nmdomly to train the stcctn~fic fuzzy neural net- 

work，and calculate the output value．1he results are 

showcd bythefollowingfigures(the dottedlinedemon． 
sttat~ the simulated output，Ⅵ the solidline dd彻 ． 

sttatl~the output datawithout noise)． 

The simulation results indicate．whenⅡle input and 

output sig~ lsme pollutedby noise．the parameterlearn— 

illg al 岫 pl=ented above am betterthan algorithms 

presentedinl2J． 

5 Conclusion 

1e situation where the input and output s~nats am 

polluted by s't~~aastic noLqes is a common nmttt~ in 

applications off lz甜 neural network．In this paper，wg 

pI a p 咖 |eamin8 algorithm 协 o'~ea'con~ 

the口airIiⅡg elTorwhichis oftl~l caused byhat,at and OUt- 

put nosie．Simulation resultsindicatethatthe pm n眦 r 

learning Mgorithm of stoc~ { lz碍 neural／l~twork 

presented by血e authorsism0IB effective and betterthan 

thatin【2]．& the stochastic noise always existsin 

practical p ecb，the theory of stochas~ fuzzy neural 

network will be iiioi~ important and useful in practical 

projects． 
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