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HE THONG MU NO RON V61 HOC CAU TRUC TREN CO SO
CONG HUGNG THICH NGHI VA U'NG DUNG
TRONG DIEU KHIEN “DON PAU TRUGC MOT BUGC”

CHU VAN HY

Abstract. A neural fuzzy system with structure learning based on the adaptive resonance theory
can dynamically partion the input-output spaces and find proper fuzzy rules. The back-propagation
algorithm is then used for tuning membership functions. A nonlinear one-step-ahead control strategy
is applied. Rather than using two nets, here we need only one net. The stability of the tracking
system is also analysed.

1. MO PAU

Mang noron cé khd ning hoc c3u tric 1d rit cin thiét khéng nhitng cho digu khi€n cic hé
thdng phi tuyén véi cdu tric thay d8i, ma cdn ding dé 14p md hinh cda d&i twong trong giai doan
luyén mang - cho di¢u khién cdc hé thdng véi ciu tric khong d8i. Trong 7, 8] ching t5i di nghién
ctru mot s8 mang dic biét loai ndy - goi 14 mang cé cdu tric thich nghi. o diy ching t5i gidi thiéu
mot hé thdng m& no ron (Lin C. J., Lin C. T., 1994): c6 thé thuc hién rit mém déo phan chia m&
c4c khong gian diu vio, dau ra va tw dong thanh lip hé ludt - trén co s& li thuyét cdng hudng
thich nghi (Adaptive Resonance Theory) trong qué trinh hoc theo s& liéu vio/ra, ma khéng yéu
ciu ngudi st dung phdi cung cip thém nhitng thong tin nhu: tri théc cda chuyén gia vén hanh,
cdu tric thé va cic gid tri ban diu cho luyén mang v.v... [1]. Hoc ciu tric theo ART s& xi If tirng
loat cic no ron dwgc sip xép theo véc to, thay vi tinh todn cho tirng no ron mét, nén t3c do kha
nhanh. Théng s8 dwgc hoc theo phuong phip gradient. Pay 14 mét phwong phép t6i wu héa phi
tuyén, tinh todn twong d8i don gidn, nhung cé mdt s8 nhwoc di€m, nhu: vin dé cuc ti€u cuc bs....

Chiing t5i nhin thiy ring: trong mét s3 trudng hop cé thé bidu dién sai s& xap xi bing mdt
him tuyén tinh d8i véi véc to tim cic tip md cia diu ra. Do d6, cho céc no ron trong 16p 5 ¢ thé
4p dung thuit hoc theo phwong phip binh phwong cyc ti€u truy hoi - d€ ddm bdo wéc lwong dat
t3i wu todn cuc. V&i nhitmg wu di€m trén, hé thdng m& no ron ART 13 mét cdng cu rat thich hop
cho gidi bai todn diéu khién thich nghi tdng quat: khi d&i twong phi tuyén cé ciu tric va thong s
thay d3i, khong biét trwéc. Trong bii, mét s8 so d6 diéu khién st dung mang no ron loai nay dwgc
phan tich. Trong d6 chién lwgc digu khi€n dén diu trwéc mdt buéc (One-Step-Ahead Control, Yip
P.P.C., Pao Y.H., 1994; Tan Y., Cauwenberghe A.V., 1996) c6 nhirng djc diém ding chi y: ta
chi cin mdt mang cho tinh d3u ra dv bio §(k + 1), tin hidu di€u khi€n dwoc sinh ra kha don gin,
khong cin 1ip mé hinh ngwoc cda d8i twong, va c6 thé ddm bdo tinh Sn dinh cda hé thdng bim -
mdt vin dé khé phirc tap cho cdc hé thdng diéu khién no ron vi diéu khi€n mo, hién vin con rit
it két qud [6].

2. HE THONG MO NO RON ART

Thyc chit 13 mét mang no ron gom 5 lép. Cé N no ron diu vao, M no ron diu ra. C4c him
thudc cé dang hinh thang. S8 no ron luat bing s6 no ron tdp m¥ (no ron dinh han) cda cic dau
vdo, va dugc ndi twong tng diy dd véi ching. Céc d3u ra ciing c6 s8 no ron tip m& bing nhau. D
luyén mang, véc to dBu vio z = [21, zz,...zn]T (Vi véc to d3u ra yéu ciu zq4 =/[z4;, 245, -+ Zap]7)
cin dwoc chuin héa va chuyén thinh dang mi bd (Complemefit Coded Form) z’ (vﬁ}zd')e k, / j L/
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z' = [Z1, %3, Za, %3,--- 3N, ECN]T =[Z1,1-%1, %2, 1 - %3, ...Zn, 1 - EN]T’ (1)
trong dé: S —
Z = (%1, Za2,...Zn|T = z/||z]|, (2)

| - || kf hiéu chuin O'clit.

2.1. Chitc n3ng cia cic no ron trong méi 16p

Lép 1: Gdm N no ron ngdn ngit diu vio, dé truyén tin hidu vio 16p ti€p theo, dwoc md td bing
ham tich hgp F(-) vd hdm hoat déng a(-) nhu sau:

F(E.',ff) =(z:,%)=(Z1,1-%), ©=1,2,...N via=F. (3)

Lép 2: Cé6 N nhém no ron tip m& diu vio - véi s8 no ron bing nhau. M3i no ron thue hién mét
ham thudc dang hinh thang

F=[1- G((Z)I.-J- - (2),,“., ) - G((z)s‘,-j — (2)1,.1.’ 'y)]/N vi a=F. (4)
Trong d6: (2)I,~J~ ki hiéu diu viao tir no ron ngdn ngit thir + té1 no ron tip md tht j, (2)1.-,- = T
(2)5‘,-3- va (?)y;; 12 hodnh d3 cda dinh trii v dinh phai cda hinh thang;
1 néusy>1
G(s,7)=4¢ s7 néu0<sy<1 (5)
0 néusy<oO
v 14 46 d8c cda canh bén hinh thang, biéu dién mirc d6 m& cda ham thudc.
Lép 8: M&i no ron ludt trong 16p niy c¢6 N diu vio tir tit ¢4 N no ron ngén ngir diu vio, dé

thuc hién phép tinh
N
F=) OI vaa=F. (6)
=1

Lép 4: Céc no ron tip m¥ diu ra cé 2 ki€u lam viéc. Trong ki€u truyén tir dudi 1én ching thuc
hién phép OR m¢o

F = max ((4)11, 1, ..., (4)1,,) via=F. (7
Trong ki€u truy®n tir trén xudng, ciing véi cdc khau ndi (link) ti céc 16p 5 mdi no ron tic déng
nhu mét him thudc dang hinh thang véi céc dinh ®)¢,, (®)y;; - gidng nhw & 16p 2.

Lép 5: C6 M c3p no ron ngdn ngir dau ra thudc 2 loai, twong tng cho M d3u ra. No ron loai
th& nhat thwe hién ki€u truyén tir trén xudng, dung cho luyén mang theo gié tri yéu ciu &
dang ma bu:

F=(§d,',§fﬁ)=(2d",1—fd"),i=1,2,...M via=F. (8)

No ron loai thir hai thuc hién ki€u truyén tir dwéi 1én, t4c ddng nhu 13 bd gii m& (rd héa):

F= Z (5)771‘](5)11 Vi\]. Zy=a= F/Z (S)Ij, 'l,-—_— 1, 2,M (9)
J J

Trong d6: () I, 13 d3u vio cda no ron ngdn ngir diu ra thit ¢ t¥ no ron tip md diu ra th 5; (OImy;
ki hiéu tdm cda tip mo

(s)mii = ((s)fij + (5)"‘:')/2 : (10)

Ta thiy: ham tich hop (6) cda no ron luit (tht 5) chinh 12 md t4 mét ham thudc N chiéu dang
hinh thang (4) - goi 13 him thudc siéu hop (Hyperbox) - véi cac dinh
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(P Prag) e (Deige D)y (P, D).

Nén, néu mang hién cé T, no ron luit, thi sé cé6 T, ham thudc siéu hép IH,,..., IH,, ..., IHy, duwoc
dinh nghia trong khéng gian diu vio RY. Twong tw, néu cic diu ra hién c6 T, tip md, ta cé T,
ham thudc siéu hép OHy, ..., OHj, ..., OHr, dwgc dinh nghia trong khéng gian dau ra RM. Theo
céc khau ndi & 2 phia cda siéu hép ITH dén siéu hép OH, ta lap dwoc so do khéng gian cda qui
trinh suy dién m¢&. Trén so dd c¢6 tinh dinh lwong ndy, ta c6 thé hidu d& ding qué trinh tinh toin
ciing nhur qud trinh hoc cau tric cia hé théng mo.

2.2. Hoc cdu tric

Hoc c8u tric gom cic qué trinh tu hop m& (Fuzzy Clustering) diu vao, tu hop m& diu ra -
thuc hién dong thoi tir 2 phia cda mang, va qué trinh thanh 13p hé luit.
Qua trinh tu hop mo dau vao:

Ta st dung thut hoc nhanh ART d¢ tim c4c théng s8 (?)¢,., (P)u;; cho thanh 1ap céc siéu hdp

IH;. Néi khéc di, ta thuc hién phép tu hgp md& - hay phin chia m& - khéng gian dau vao.
Cho véc to ddu vao mi bl z’, ta tinh cic gid tri

S; =& Aw|/(B+|wl); 7=1,2,..T,. (11)
Trong dé: w; goi 1a véc to trong ba - thanh 14p tir véc to toa dé céc dinh cda siéu hép IH,
T
Wy = [((2)§1j7 1= (2)1/1]'): ey ((2)§i]') L= (2)'/1'1')1"-1 ((2)§Nj) 1= (Z)VN]')] 5 (12)

A 13 phép AND md: cho a, b 13 cdc véc to n chidu
(@ Ab)i :=min(a;, b;); 1 =1, 2,...n; (13)

chuén |- | dwgc dinh nghia

la] := Zlail; (14)

f 13 hing s3: B> 0.

Ta thiy: S; biéu dién mic d6 gidng nhau gira véc to z' véi véc to trong bu wj, 7 =1, 2,..T,. Ta

cin tim wy, giéng z’' nhit - d€ c6 thé coi z thudc siéu hép THy. Chi s§ L dwoc xéc dinh nhu sau:
Sp = max(Sy, Sz,...57,) . (15)

Su cong hudng (Resonance) xy ra khi wy, dat tiu chuan
2" Awi|/|='[ 2 p, (16)

trong d6 p € [0, 1] dwoc chon mét cich thich nghi (gidm din theo thdi gian).

Néu di€u kién (16) khong théa man, can chon chi s§ L méi theo (15) - nhung nhé phdi loai bé S,
di dwoc thi ra khéi danh sich (Si, Sz,...S7,) & vé phdi. Trong trudng hop tit cd cic véc to wy
khong thda man (16), thi hdp siéu hdp méi - ki hiu bang I Hy, tng véi véc to trong b wy = 7',
dwgc thanh 14p. Vi mdt no ron luit méi, cing véi N no ron tip m& diu vao méi duoc sinh ra.
Theo cich thi€t k& mang: t&t cd N no ron tip md& niy dwoc ndi véi no ron luit méi.

Qua4 trinh tu hop mé& dau ra:
Twong tw nhu trén. Miu luyén & day 13 véc to diu ra yéu ciu dang ba z/;. Ta ki hiéu siéu hép
d3u ra dwgc chon hojc méi dwgce thém vao la OHg, va véc to trong b twong dng 1a

WK = [((5)§1K1 1— (S)VIK),"" ((5)§iK1 1= (E')!.ViK)y"" ((5)§MK1 1 — (S)VMK)]T
”
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Qua4 trinh thanh lap hé luat:

Ta phdi xdc dinh dwdng ndi tir siéu hép diu vio IH dén siéu hdp diu ra OHg - d& tim cic
kh&u néi tir no ron luit L téi cdc no ron tip md diu ra twong ng véi siéu hop diu ra OHy.

Buéc 1: NEU IHp, 13 méi dwoe thém vio, THI néi IH; vé61 OHy .
Buéc 2: KHAC DPI: NEU IH,, khéng dwoc ndi véi OH tir trwée, THI loai bé chi s8 L, thwe hién
qué trinh tu hop m& diu vao d€ tim L méi théa min (15), (16). Tré lai buéce 1.
Buéc 3: KHAC DI; khéng cin thay ddi ciu tric.
Cap nhit cic véc to trong bu theo ludt hoc nhanh ART mé:

wL(new) —gl A wL(old); wK(new) — zdl A wK(old). (17)

2.3. Hoc théng sd

Dé don gidn, ta xét trudng hop mang c6 N diu vio vd 1 diu ra (M = 1). Sau khi di hidu
chinh lai cqu tric, ta cip nhit cic théng s8 cda mang theo phwong phip gradient, d€ cwc tidu héa
him sai s8

Ji = €3/2, (18)
trong dé e, la sai s x4p xi diu ra
e =24— 2. (19)
Lép 5: Luat cap nhit cho dinh trai cda ham thudc nhu sau
®)¢ (b +1) = B¢ (k) — 28]y /3®)¢ (k). (20)
Theo (18), (19), (9), (10) ta tinh dwogc
Ok +1) = Clg;(k) +alza — 2) P15/ (2 ) 1) (21)

7
Twong tw, cho dinh phdi cia ham thuéc
©vi(k+1) = Ov,(k) +a(za—2)OL; = /(2) CIy). (22)
:

Lép 4: Ta tinh tin hiéu sai s§

W, :=08J,/0Wa=08J,/091; = (8J,/8®a).(8®a/8®)}). (23)
Trong d6: theo (18), (19), (9) ta tinh
8J,/8®a = 8J,/8z = (24 — 2) (24)

va theo (9), (10) ta cé

8(5)0./8(5)[ = (5) Z D g Z (8)ym (5)] /(Z (8) 1 )2 (25)

Lép 8: Tir (7), (23) ta tinh tin hidu sai s§ (*)6;. Sau khi chu&n héa theo diu vio 16n nhit ta dwoc

s, :=8J,/8®a = (8J,/8Wa).(8Wa/0W [,). (W)W 1nax) = D6,;(VI;/ P o). (26)

Lép 2: DE 1ap luit cip nhit cho (2)5',-]‘, ta tinh dao him riéng
8J1/8P¢, . = (8J,/5%)a).(3®a/8a).(3Pa/8Ps¢, ). (27)
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Thira s8 thr nhdt & vé phdi chinh 13 (*)5;. Theo (6) thira s thir hai bing 1. Tir (4), (5) ta c6

—y/N néu0< (@ i(k)-z)v< 1

812 g/83@)e. (k) = { 28
a/8¢:(k) 0 cho céc gid tri khic (28)
Ta cé cong thic
@ik +1) = P (k) — alV5;(0@a/0P ¢, (K)). (29)
Twong tu, luit cip nhit cda Py, 12
iy (k1) = Py (k) - 95,(3P a8y (K), (30)

trong dé:
/N néu0 < (3 — Pu;(k))y < 1

(2)5/8) y. (k) =

O aa skl = { 0 cho céc gid tri khdc (1)
Ghi chii: Ching t6i nhan thiy ring, trong trudmg hop bit dinh théng s& cda ddi twong dieu khién
twong d8i nhé, thi sau khi di luyén mang xong ta cé thé chi cin hiéu chinh ham thudc cda cic no
ron tip m& diu ra ciing dd d€ mé phéng su thay ddi cda d8i twong (nhw vi du trong [2]). Lic dé,
thay z = §(k + 1), 24 = y(k + 1) vao (19), (9) ta cé: sai s8 xdp xi e,(k + 1) 14 him tuyén tinh déi
véi véc to tam f(k) cda cic tip md diu ra

ealk +1) = y(k+1) — §(k+ 1) = y(k + 1) — o7 (k) 6(k). (32)

Trong dé
8(k) = [®)my (k), BV my(K), ..., Ome, (k)] (33)
(k) = [ 1, (k), © L, (k), .., ¥ Iz, (k)] (34)

Do d6, c6 thé st dung phwong phép binh phwong cuc tiéu truy hoi aé phép xidp xi dat t6i wu toan
cuc.

3. UNG DUNG TRONG DIEU KHIEN THICH NGHI PHI TUYEN

Ta xét trwdng hop khé nhéat: khi ciu tric cda ddi twong thay dSi va hoan toan khong biét:

y(k+ 1) = f(z(k)) = f(z(k), ... zn(k); Znt1(k),...zNn(K))
= f(y(k — n+1),...y(k); u(k — m+1),...u(k)). (35)

3.1. Piéu khién st dung mé hinh nguge cda déi tuwong

Phuong phip nidy (Chen V.C., 1989; Nguyen D., Windrow B., 1990; Pao Y.H., Philips S.,
Sobajc D. J., 1992; Xiaohong C., Feng G., Jixin Q., 1996...) di trinh bay trong [7]. Ta cin 2 hé
théng md no ron ART: hé théng S1 d€ hoc cdu tric va théng s8 cda d8i twong nguwge u(k) =
f_l(x(k),y(k + 1)); hé thdng S2 sé sao lai ciu tric va théng s8 cda S1 va sinh ra diéu khién
um(k) = f‘l(x(k), Ym (k + 1)) - d€ téc dong vao d8i twong. Vin dé & day 1a: su tdn tai cda phép

a

bién d8i ngwgc f~1(-) va d6 phirc tap tinh todn cho cac hé thdng MIMO.
3.2. Pieu khién dén diu truéc mét budc

o diy ta chi dung 1 hé théng m& no ron ART mic ndi ti€p sau bo diéu khi€n va song song véi
d8i twong. B diu khién 14y tin hiéu khong nhitng tir diu ra yéu ciu y,, (k+ 1), ma con tir diura
cia mang no ron. Nén, mang no ron con goi la mang hdi qui [4]. Cé thé md t4 hoat dong cda hé
théng nhu sau. O thoi didm bit diu qué trinh diéu khi€n, t#= 0, ciu tric va thong s8 cda mang
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cling nhu digu khién u(0) di dwgc xic dinh qua qué trinh luyén truéc dé. Tai diu ra cda mang ta
cé: 2(0) = §(1) = f(y(—=n +1),...y(0); u(=m + 1),...u(0)) - 12 x&p xi diu ra cda hé thdng & thoi
diém cit miu thi 1. Nén, gi4 tri §(1) ndy phdi dwa vio khiu tr, giit chim lai - d€ dung vio cip
nhit mang sau chu ki cit miu 7. Con biy gi¥, trong khodng thdi gian t/T € (0, 1], bs didu khién
can tao ra tin hiéu diéu khi€n u(t/T) sao cho binh phuong sai s8 ¢(2) duéi diy 12 nhd nhdt

J2 = €2(2) = [ym(2) — fy(=n +2),...4(0), §(1); u(—m + 2), ... u(1))]2

Tai thoi di€m cit miu tht k£ = 1, d3u ra y(1) dwoc do, vd ciing véi §(1) giit chim -
ching dugc st dung cho hiéu chinh lai cdu tric vd théng s8 cda mang. Véi c4c diu vio méi
y(—n +2),...y(0), y(1); u(—m + 2),...u(1), tai d5u ra cda mang da cap nhit ta cé 2(1) = §(2)...
Qua trinh 1ap lai nhu trén va ci thé ti€p dién. TOng quét, & chu ky cit miu thi k ta phdi tim
luit digu khién u(k) d€ cwc ti€u héa ham sai s8

Jy = (k+1) = [ym(k+1) = F(ylk— n+ 1), 9k = 1), 5(8); ulk — m+1),...u(K)2.  (36)
Ta c6 thé 4p dung phwong phip gradient:

u(k + 1) = u(k) — n (8J2/3u(k))
=u(k) +2ne(k+ 1)(8f(y(k — n+1),...y(k — 1), §(k); u(k — m+1),...u(k))/du(k).  (37)

Trong d6: héng s8 n > 0. Dao him riéng 8f(-)/du(k) di dwoc tinh theo thuit toén lan truyén
ngugc trong buéc hoc théng s8. DE u(k + 1) t&i gin gid tri t8i wu chd doi, cin phdi chia chu ki
cdt miu T ra nhidu khodng nhd va thyc hién (37) nhi€u lin, hojc t3t nhit ta s dung cic thi€t bi
x& If tin hiéu lién tuc.

Ta xét tinh 8n dinh cda hé thdng bim. B&i vi hé thdng m& 1 mét cdng cu x4p xi van ning,
nén bang cich ting s8 tip md diu vio, s8 luit vi s8 tip md diu ra, ta ¢ thé dat dwgc sai s xap
xi eq(k + 1) nhé tuy y. Sai s8 e(k + 1) & trén chinh 13 tong sai s8 xap xi v sai s6 bam:

e(k+ 1) = ym(k+ 1) — §(k + 1)
= (y(k+1) = g(k+ 1)) + (ym(k + 1) — y(k + 1))
=eq(k+1)+e(k+1). (38)

Dé 4p dung phuong phip Lyapunov, ta xét trudng hop lf twdng: e,(k+1) = 0, nén e(k+1) =

et(k + 1). Ta chon ham Lyapunov
V =e (k+ 1)2 (39)
T dé tinh
AV /8t = 2e,(k + 1) (3es(k + 1) /du(k)) (3u(k)/at).
Cé thé ldy gin ding .
AV = 2e,(k + 1) (Bes (k + 1)/Bu(k)) Au(k). (40)
Thep (37), (36) ta c6 -
Au(k) = u(k + 1) — u(k) = —2nes(k + 1) (Oe: (k + 1) /du(k)).

Thay vao (40), ta nhin dwoc

AV = —4ne(k + 1) (3es(k + 1)/3u(k))* < 0.

Diéu d6 chirng té hé théng bim 13 8n dinh. Ta ciing di dén két luin d6 néu khdo sit ham ning
~ lwong cda mang no ron [4].
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4. KET LUAN

Trén diy ching t6i di mé t4 céu tric, nguyén ly ldm viéc vd phwong phép hoc cia hé thdng
m& no ron ART. Diy 13 mét trong s8 nhitng céng cu thich hop nhit dé xiy dung bé duw bio cho
céc d8i twong phi tuyén cé cfu tric thay d8i. B diéu khién dén diu trwéc mét bwéc khi don
gidn, ddm bio tinh 8n dinh cda hé thdng kin. D€ ting d6 chinh x4c, ta cé thé xét ham sai s8 phitc
tap hon - nhu trong [5]

Ja(u(k)) = e?(k + 1) + §[Au(k)]?. (41)
Phwong phép trén ciing d& ding 4p dung cho cic hé théng cb tré.

Cudi ciing, chiing t5i thiy ring: phwong phip sé d& hi€u, tinh to4n sé don gidn hon néu thay
cho cic véc to ma bu 7', 24/, wr, wk, ta sk dung cdc véc to 27, 24, wp T, wx ":

z~ = %1, —%1, T2, —Z2,...ZN, —zN]T, (42)
24~ = [2a1, —2d1, Zdz, —2d2; - ZdM> —ZdM )" s (43)
wy™ = [(Bgyp, ~Pvin), o (Pgip, =Bvir)y e Doy, ~Bong)]”, (a4)
wg~ = [((5)5‘11{: _(5)V1K’y'"((5)§s'1{1 _(S)ViK)v--((s)fMKr _(S)VMK)]T- (45)

Lwu y: chuin héa cic véc to z,zg 13 mdt tiay chon nhim trinh su ting 1én qui ding s3 lwong no
ron tip m& va no ron thit trong mét sd trudng hop [1].
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