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TOM TAT 

Cling vai su phat trien manh me cua khpc hpc va Id thuat; he md va mang noron ngay cang 
dugc ung dung rpng rai frong nhieu ITnh vuc. Dua fren logic cua con ngudi, vdi tm diem dan 
gian va xu li chinh xac nhimg thong tin khong chac chan; he md va mgng noron nhan tao da dem 
lai nhi6u hieu qua dang ke frong linh vuc di8u khien va tu dpng hda. Toi uu he diSu khien md 
noron ta bai toan quan trpng va can thiet de nang cao hieu qua dieu khi8n, tao tien de cho viec 
giai quyet nhiing bai toan kl thuat vdi dp chinh xac cao, nhat la nhimg bai toan khdng the hoac 
kho mo hinh hda. Bai bao nay trinh bay ung dung cua logic md va dai sd gia tu vao dieu khien 
md, ket hgp mang noron nhan tao va he dieu khien md xay dung fren li thuyet dai sd gia tu, ket 
hgp giiJa giai thuat di truyen va giai thuat lan truyen ngupc de nang cao do chinh xac ciia bp 
frgng sd frong mang noron nhan tao. 

Tir khoa: tdi uu hda, he md-noron, dai sd gia tii, giai thuat di truyen. 

1. Gl6 l THIEU 

Logic md va mang noron nhan tao da dugc nhieu tac gia nghien cuu va ung dung frong ITnh 
vuc dieu khien va tu dgng hda. Cd rat nhieu cdng trinh va bai bao nghien cuu ve dieu khien md, 
dai so gia tu, mang noron nhan tao, ciing nhu he md noron dua fren logic md co diSn. Truoc 
tien, ta thay logic md phii hgp vdi logic ciia con ngudi [1] nhung nd khong the lam rd dugc gia 
tri ngii nghTa cua cac bien ngdn ngii [2], hem the niia ta phai xay dung khdi luat hgp thanh trong 
logic md, dieu nay gay nen sai sd frong qua trinh dieu khien. Li thuyet dai sd gia tii ra ddi de 
khac phuc nhugc diem ciia logic md [2], tang tinh don gian trong qua trinh xay dung he dieu 
khien. Ben canh do, mot sd tac gia da ket hgp mang noron nhan tao vdi logic md va cung da dat 
dugc nhirng ket qua kha quan frong viec xay dung he dieu khien. Tuy nhien, su ket hgp chiing 
van cdn phiic tap va de gay sai sd trong qua trinh xap xi. De khac phuc dieu dd, bai bao nay se 
de cap den viec ket hop mang noron nhan tao vdi he md xay dimg fren dgi so gia tu; ta se dung 
mang noron lAan tao de xdp xi gia tri ngu nghia cac bien ngdn ngu dau ra khi diiu vao la gia tri 
ngu nghTa cac bien ngdn ngii dau vao ciia h? md thong qua qua trinh luyen mang. Nhu vay, 
mang noron chi ddng vai trd xap xi da thuc nen ta se dung mang noron truyen thSng. Them vao 
dd, bai bao cung neu viec ket hgp giiia giai thuat di truyen va giai thuat lan truyen ngugc de dl 
dang thu dugc bg trgng sd toi im ciia mang noron, giiip viec xap xi tang do chinh xac. Ta se 
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dung giai thuat lan truySn ngugc d6 tim ra nhiing bd trgng s6 dgt hoac gSn dat tdi cue tieu dja 
phuang ciia ham gia, sau dd diing nhirng bp trgng sd dd lam quSn thS gdc ciia giai thuat di truyen 
d^ giijp chiing vugt qua cue tilu dia phucmg, hudng tdi gia tri c r̂c tieu loan cue, cudi cung ta lay 
bO trgng so thu dugc tu giai thuat di truySn lam bg trgng sd ban diu cho giai thugt lan truyen 
ngugc, ta se dat dugc bp trpng sd cd dp chinh xac rat cao ma each lam rat dan gian. Tat ca cac 
bp diSu khiSn dugc xay dung bang M-File ciia MATLAB, sau do diing Simulink md phdng kiSm 
tra kSt qua, khdng diing bp dieu khiSn co san trong Simulink. 

2 . T 6 I UtJ HOA HE MCf NORON 

Z.l.Logicmo'. 

Tap mo F xac djnh tren tap kinh diSn X la m^t tap ma mdi phin tu .ciia nd la mpt cgp cac 

gia fri (X, ^F(x)), trong dd: t^p-.X -» [0,1]. [3]. 

Ta cin chii y tdi cac thdng sd dgc trung cho tap md. Cac phep toan trong tap md, cac dgng 

ham thugc ham, biSn ngdn ngir, luat hgp thanh va giai md. 

Mpt he luat hgp thanh dugc md ta bing n menh de: [3]. 

R, :NSu ... thi. . . hogc 

Rn: NSu . . . th i . . . ( Vdi i=l...n-l) 

Gpi B, va fl, la tap md va ham thudc ciia lugt hgp thanh R,, khi do tgp md R ciia lugt hgp 
thanh : R ' = B | U B 2 ' U...UBn' [3]. 

2.2.D^is6 gia tir 

Vdi mdi biSn ngon ngii X, ggi X = Dom(X) la tap cac gia trj ngdn ngCT ciia biSn X. MiSn gia 
tri X dugc xem nhu mpt DSGT ^ ^ = (X, G, H, <) trong dd G la tap cac phin tii sinh, H la tap 
cac gia tCr cdn "<" la quan h^ cam sinh ngii nghTa tren X [2]. 

Ta can chii y tdi do do tinh md va ham dinh lugng ngii nghTa: 

Bg do tinh moe: Ki hi^nfinix) la dp do tinh md ciia phin tu T, T e X va chiing ta ciing gia sir 
ring do do tinh md cua mdi phin tii ludn thugc dogn [0,1]. Mgt sd tinh chat truc giac ciia/m(T): 
(4] 

(1) fm{x) = 0, neu r la gia frj rd. 

(2) NSu h la mgt gia tur va T la gia trj md thi hi dgc trung han T, vi vgy ta cd 

fmihx) <fm(T) va fm(hT) = \i(hym(T), vai V T e X 

(3) NSu c+, c— la hai phan tir sinh trongXthi: 

/m(c+)-l-/m(c-)=l. 

Hdm dinh luffng ngir nghia: Cho fm la ham dp do tinh md tren tap X. Ham djnh lugng ng& 
nghta u: X -»[0,1], ket hgp vdi ham fm, dugc xac dinh nhu sau: [2] 

(1) I (W) = e = fm(c'), ir(c) = e - a, fm(c-) = p.fm(c-), a(c*) =9 + a.fm(c^). 

(2) i i(hjx)= ^,(x)+ Sign(hjX).{i;^s,g„^^fm(hiX) - a)(hjX)fm(hiX)}. 
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frong do: o)(hjX)=-[l+Sign(hjX).Sign(hphjx).(P-a)],va j G ( j : - q < j < p & j =̂  0} = [-q...p]. 

2r=-q li (hi)= a va ti=i n (hi)= p , vdi a, p > 0 va a + p = 1. 

Trong logic md, he lugt dugc thS hifn dudi dgng bang FAMs m chieu, ta s6 dung cac cdng 
thuc djnh lugng ngii' nghTa tren dS dua bang FAMs ve bang gia fri ngii nghTa SAMS. 

2.3. Kit h9p m^ng noron va hf md' d^i so gia tir 

Cac cdng frinh d̂ ra frSn dinh If ciia Kolmogorov du kien ring toan bg cac anh xg lien tyc tir 
[Ojl]'' d8n [0,1]" deu cd the dugc xSp xi bang mgt mgng perceptton ba ldp ,cd Ic^ vao gom p 
noron, ldp ra gdm n noron va ldp £n gom (2p+I) noron. Gia frj dau vao ciia mgng noron la ngit 
nghTa ciia cdc biSn ngdn ngu nen gia fri nim frong khoang (0,1), nen ta se dung ham chuyen la 
ham sigmoid, vi ham sigmoid xfr li tot vdi cac gia tri diu vao nim frong khoang (-1,1). 

Ta diing gidi thu^t lan truySn ngu^c sai so: 

Bu&c 1: Chgn hing so hpc i] > 0, hing s6 quan tinh a, sai so cho phep En^x, khdi tao bp frgng s6 
ban diu \k gan E = 0, k ^ 1. 

Bir&c 2: Huan luyen mgng. 

Vdi miu hgc thfr k: tgi ldp vao (q = 1), vol mpi i ta cd: ""yi = Vi = x'',. 

Lan truyen tin hifu tii Idp vao tdi ldp ra: Vi^ gCnet;) = g(J]j ' 'wy.'~Vi)-

Bie&c 3: Xac djnh tin hieu loi tgi ldp ra: 

E = i S r - i W ' - "yif + E va 16; = ( d"; - VO.g'.Cnet,). 

Bir&c 4: Lan truyen ngugc sai so. 

AVij = -q". 5f " \y , va Vy = V j + AV.j. 

n , = g'.(' '-Vt,).E; % - . "^5; vd i j=q ,q- l , . . . , 2 . 

Bitaic 5: Kiem tra dieu kif n lip. 

Neu k < p thi k = k+1 va quay lgi budc 2. Ngugc lgi, nhay tdi budc 6. 

Bir&c 6: Kiem tra ldi. 

N€u E < Einax thi kSt thuc qud frinh hgc vd dua ra bp frgng sd. 

Ngugc lgi, gan E = 0, k = 1 va nhay tdi budc 2. 

Luu y: Ta nen chgn bg frpng s6 khdi tgo w,j nim gidi hgn [-3/y/kl, S/y/lq]. 

Trong do: 1̂  la tong so lien ket tii noron j tdi noron I [5]. 

Ta cung nSn diing hing so hgc thich nghi va them vao thanh phin quan tinh dS nang cao dp 
chinh xdc va tdng kha nang hgi tu khi hpc [6]. 

2.4.Kit hgrp giai thuat di truyin va giai thuat Ian truyin ngugrc sai $6 

Giai thugt lan truyen ngugc sai so rit dl cho ta mgt ket qua rai vdo c\rc tiiu dia phuong ciia 
ham gia, nhung niu vugt qua dugc cvc tieu dja phuong thi giai thudt nay dl dang dua den gia tri 
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cue tieu toan cyc. Tuy nhien, de ldm dugc dieu do ta phdi mat rit nhiSu thdi gian vdo cdng viSc 
chpn bp trgng sd khdi tao, hdng sd quan ti'nh [7]. Ngugc lgi, ta cd gidi thu$t dl truyen vdi uu 
diem lam viec fren mgt quin thS nen de dang giup ta vugt qua khdi c\rc tiSu dia phuang de tien 
tdi cue tiSu todn cyc [8]; nhimg do khdi lupng tinh toan khd ldn nen hgi tu rdt ch^m. [9]. Ta se 
ket hgp hai giai thuat nay vdi nhau dl thu dugc bp trgng so cd do chinh xdc cao vd don gian. 
Phin gidi thifu tac gid da neu nSn y tudng ket hgp hai gidi thu^t nay, va gidi thugt lan truyen 
ngugc sai so da dugc neu fren, tiep theo ta se de cgp den giai thugt lan di truyen. Giai thu^t di 
truyen gom cdc todn tu chinh : tai sinh, lai ghep, dpt bien va chgn Igc. 

Cau true giai thu^t di truyin tong quat 

Bu&c 1: Tai t = 0 ta khdi tgo quin thi goc P(t) va chpn sai s6 cho phep Emax-

Bw&c 2: Xac dinh ham muc tiSu va tinh do thich nghi cho cdc ca thi trong quin thi P(t). 

Bie&c 3: Tgo cdc ca the mdi bang cac toan tir tai sinh, lai ghep vd dot bien frSn quan the gdc P(t). 

Bir&c 4: Xdc dinh ham myc tieu cho cdc cd the con va dua tat ca cd the bd me va ca the con vdo 
quin thi mdi P (t). 

Bu&c 5: Kiem fra diSu kien. 

Neu thda man diSu kien thi dimg Igp vd dua ra cd the tdt nhat. 

Ngugc Igi, ta quay vS budc 3. 

3.AP DUNG CAC PHUONG PHAP DIEU KHIEN VAO MO HINH ROBOT 

De thugn ti$n cho hudng nghien ciiu tiip theo, frong bdi bao nay tdc gia se neu bdi toan ca 
cho h? robot tac hgp g6m robot hdn 6 bgc ty do (6 khdp quay) va robot tac hgp 4 bdc tu do (2 
khdp quay vd 2 khdp tinh tiSn), hinh 1. Sau dd dp dung cdc phuang phap dieu khiin dugc neu 
frfn cho robot tac hgp 4 bdc tu do di kiSm nghiSm tinh diing ddn, tin hieu dat cua cac bg diSu 
khiin la vi fri, van tdc, gia toe cac khau robot tac hgp 4 bgc tu do, liy tii bai toan ca ciia md hinh 
hf robot tdc hgp tren. 

> Robot hdn: Gdm 6 biin khdp: ^ Robot tdc hgp: Gdm 4 biin khdp: 
- Bienkhdpthunhitquayquanhzogdcqi. " Bien khdp thii: nhit: tjnh tiin dpc theo zo'mgt 
- Bien khdp thii hai: quay quanh zi gdc q2. dogn q?. 
- Biin khdp thii ba: quay quanh Z2 gdc qs. " ^ '^" l^op thir hai: tinh tiln dgc theo z/ mdt. 
- BiSn khdp thii tu: quay quanh zj gdc q4, dognqg, 
- Biin khdp thii lam: quay quanh Z4 gdc qs. ' B'®" khdp thir ba: quay quanh z;2 mgt gdc q?. 

Biin khdp thur sau: quay quanh Zs gdc qe. " BiSn khdp thir tu: quay quanh Z3'mgt gdc qio. 

Dgt q = [qi,q2,...,qio]^ 

Bai todn CO dgt ra do Id cho trudc quy dgo mong muon ciia dudng hdn, tir dd ta se tim ra 
cdc biSn khdp cua robot ban vd robot tac hgp dS diu han cd thS th\rc hifn duac dudng hdn frong 
hf tpa do bdn mdy. ° 

Tga dO va hudng cua diu han frong hf tpa dg ban may: x - [x,,X2,.. ..x^]"^. 

Vdi: x,,X2.X3: hudng cua diu ban trong hf tga dp ban may. 

X4, Xs, Xfi: vi fri ciia diu han trong hf tga do ban may. 
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Hinh I. M6 hinh he robot tac hop vd cdc hf true tga do dJit tren cdc khau 

Hf r(j)bot tac hgp ta dang xet dugc xem nhu hf robot du ddn d^ng, xac djnh dugc 6 phucmg 
frinh lien kit frong khi cd 10 biin khdp can tim. Ta dung phuang phap tam dien thugn triing theo 
de xdc djnh 6 phuang frinh lien ket frong hf robot tac hgp, thSm vao dd la bai toan toi uu chuan 
vector v|in tdc suy rpng va chuan vector gia tdc suy rdng. Sau khi giai dugc bdi todn co cua hf 
robot tdc hgp, ta se diing nhSng kit qud do di dp dyng vdo nhiing bg diSu khiin da dugc nSu 
fren. Nhu dd ndi, ta se diing nhihig kit qud ciia bdi todn co de ap dyng dieu khiSn robot tac hgp 4 
bgc tu do. Sau khi kiSm nghifm dugc tinh diing dan ciia nhiing phuong phdp dieu khien tren, tac 
gia se tiep tyc dp dung bai todn diSu khien cho hf robot tdc hpp trSn. 

Vdi bdi todn d^ng hpc ciia hf robot tdc hgp fren ta cd mdi quan he sau: 

x = fi:q) 

trong dd X G R** va q G R 

Dgohdmhai ve ciia (3.1) ta dugc: 

-Kq).q 

(3.1) 

(3.2) 

trong do J(q) = 
Sfl 

[8/, 
d , , 

a/6 
aui 

8A 
aqi 

a/s 
dq. 

«=J(q)4+/(q).9 (3.3) 
Diing phuong phap tam difn triing theo ta cd mdi lien hf gifra robot han va robot tac hgp: 

°T!,= "Tb.Th => 'Th= ("Tb)-'."Th. (3.4) 

Ddt 

B=(°Ti,)-'."TK=>n-h=B (3.5) 

frong do: "Th: Ma fran Denavit Hartenberg ciia diu han so vdi he tryc tga dg co djnh XoyoZo. 

"Tb: Ma fran DH ciia bdn may so vdi hf tryc tpa dp co djnh XoyoZo. 
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'Th: Ma frgn DH ciia diu han so vdi hf tryc tga dg bdn mdy. 

Thay cac thdng sd dugc chgn nhu dudi vdo (3.5) ta se thu dugc mdi quan hf (3.1): 

Thdng si DH giiJa hf tga dp phdi vd diu hdn: 

a = 0; d = 0; a = 0; 0 = 0,27rt + ^ . 
' ' ' ' 30 

Thdng so DH giiia hf tpa dp phdi vd bdn may: 

A = 0,01; d = 0,05+0,01cos(t); a = ^ ; 6 = 0, 27rt + ^ . 

*Th[l,l] = B[l,l], *Th[l,3] = B[l,3], 'Th[3,3] - B[3,3]. (3 phuong frinh vi hudng). 

'Th[l,4] = B[l ,4], 'Th[2,4] = B[2,4], 'Th[3,4] - B[3,4]. (3 phuong trinh v i vj frQ. 
Ta da cd 6 phucmg frinh vdi 10 in s6, di tim dugc ldi giai cho bai toan dpng hgc ngugc ta 

sS d6ng phuang phap nhan tii Lagrange de xii li ma frgn t^a nghjch dao ciia ma trdn Jacobian, 
ben cgnh do dua vao dieu kif n tdi uu chuan ciia vector van tdc suy rgng va gia toe suy rgng. Tdc 
gid cung dua ham khodng each vao khi toi uu chuan cua vector vgn toe va gia toe suy rgng de 
kit qua cac biin khdp tim dugc franh va vao gidi hgn lam vifc. Ap dyng phuang phdp hifu 
chinh gia lugng vector tpa dp suy rgng tim ra ldi gidi cho bai toan. 

3.1. Bai toan toi un chuan ciia vector van toe suy rdng 

Gidi (3.2) tim ^ tu x vdi diiu kifn lam cyc tiiu hdm: 

g = i ( ^ z ) \ W . ( q - z ) + ; . ' ' . ( i : - J . ,7 ) . 

Chpn W = Iio (ma frgn don vt) ta thu dugc nghiSm cd chudn nhd nhit: 

^ = r . x : + ( I io - r . J ) . z . 

frong do: z G R ' ° dugc chgn z = oc* - ^ . Vdi hdm khodng each dugc chpn de vj fri cac khdu 

franh va vdo gidi hgn khdp: 

2 \qiM - qiml 

frong dd: Ci: cdc frgng so duong. 

qiM, qun: gicri hgn ldn nhit vd nhd nhit ciia biin khdp thfr i. 

qi: gia tri giua cua khoang ldm vifc. 

3.2. Bai toan toi un chuan ciia vector gia toe suy rgng. 

Gidi (3.3) tim q tfrir vdi dieu kifn ldm cyc tiiu hdm: 

%=\iq-z<,y.y^.(q -Zo) +1^.{ X- J ^ -}{q).q ). 

Th\rc hifn cac budc biin ddi toan ta thu dugc kit qua: 

q = r . ( i : - y . ^ ) + ( X - r . J ) . z o . 

frong do: Zo ciing dugc chpn di franh va vdo cac gidi hgn khdp khi robot hoat dpng vd dugc xdc 
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3.3.Phuvng phap hifu chinh gia luQUg vector tga do suy rong 

Ta xdc djnh vi tri ciia khau thao tac tgi cac thdi diem lam vifc t .̂ Chia thdi gian lam viec T 

ra N khoang => budc thdi gian h = - . Vgy 

tk+i = tk + h. 

Diing khai friin Taylor ta cd q(tk-n)=q(tk) + q(tk).h + -q(tk).h^ (Bd qua cac vd cung be bgc > 2 ). 

Trong dd: <j(tk) = r.±(tk) + [ I„ - r . J ].z 

q(tk)=r.( x(t„)-;.qk)+(in-J*.j)-zo=r.x(tk)-r.;.(r.x(tk)+[i„-r.j].z) +(i„-r.j).zo 
Vgy: 

qk.1 = qk + r(qO. x{tO . h + [ I„ - r(qk) J(qk) ] -Zk.h + ̂ [J^(qk).x(tk) - r(qk).;(qk). ( fiq^).x(tO + 

[ I. -r(qk). J(qk)].Zk) + (I„-r(qk).J(qk) ).zok].hl 
frong ddk = 0..N-l.(*) 

Tuy nhien gid trj q thu dugc trong phuang trinh (*) con khd thd. Cd thi khdng cdn thda 
man phuang trinh x = f(q); vi vgy ta hifu chinh di dat dugc q cdch q khoang ngdn nhdt va thda 
mdn X = fl;q). Khi dd bai todn frd thanh tim q thda man x = f(q) vd ldm cue tiSu ham: 

8 = i(q - ^ )\W.(q - q) = ^Aq)\W.( Aq). 

Ta nhgn dugc: Aq^ = [KROt -[xk - f( ^k)]-

Muc dich ciia vifc cue tiiu ham muc tieu tren dd Id ta di tim dugc nghifm thoan man x = f(q) 
vdi q nim frong da tap cac gid trj cua q vd cdch q khoang ngin nhit. 

Phuomg phap hifu chinh gia lugng vector toa d$ suy rong 

*) Hifu chinh gia lugng vector tga dp suy rpng tai thdi diim tk: 

Bu&c 1: Xac dinh gia tri gin dung cua tga dp suy rgng tgi thdi diem tk: 

?k=qk.i+ r(qk.i).i:k-i.h + [Iio - J'(qk-.) .J(qk.i)]-Zk-i.h +i[r(qk.,).Xk.i - r(qk.,).;(qk-i). (Aqk-O-ik-i "̂  

[ Iio - J'(qk-i)- J(qk-i)].Zk-i) + ( I io- J'(qk-i).J(qk-i) ).2k-,].hl 

Bu&c 2: Hifu chinh gia lugng dS thu dugc gid tri gan dung tdt hon: ^k = ?k + A^^. 

Agfe = [J{gOr.[xk-f(qk)]. 
Bu&c 3: Ta liy flk = flk + Aflfc vd so sanh: 

NSu \\Aq^ II < £ thi ta liy qk = Qk-

Niu llAqfc II > £ thi ta tiip tuc liy qk = Qk + Aq^ va Igp lai budc 2 cho den khi \\Aq^ \\<e thi lay 
qk = ?k va dirng vifc tinh qk. 

Bu&c 4: Tir gia fri q̂  da tim dugc sau khi hifu chinh ta ap dyng vdo cac cong thirc da thiit lap 
dk tinh vgn tdc vd gia toe. 

Bu&c 5: Kit thiic tinh toan bai todn dgng hpc ngugc. 

*) Hifu chinh gia lugng vector tpa dg suy rgng tgi to ta lam tuong tu nhu frSn nhung bd qua 
budc 1 do q^ dugc xac djnh theo thuc tiSn. 

Trong bai bao tdc gia diing £=10"^. Thuc hifn gidi sd trong khoang thdi gian T^ 9(s). Budc thdi 
gian Id h = At = 0,005. 

691 



Phan BCii Khfii. NauvSn VSn Todn 

q3 = 

q6 = 

dqs 

dqe 

-17O°-i-260° 

±360° 

= 3,14 (rad/s) 

=10,5 (rad/s) 

Thdng si cua he robot tac hop diing trong bai toan tii iru chuan vector v^n toe va gia toe 

Hing so a = 1; cac frgng sd duong c, dugc chpn tiiy y. 

Robot han 

Khong gian ldm viec cua cdc bien khap: 

q, = ±m' q2 = -155°^100'' 

q4=±180° q5 = -50°^230° 

Van (dc lan nhdl cua cdc khdu: 

dqi = 3,40 (rad/s) dq2-3,32 (rad/s) 

dq4 = 6,98 (rad/s) dqs = 6,98 (rad/s) 

Robot tac h^ 

Khong gian Idm viec cua cdc bien kh&p: 

q, = 0 -̂  0,6 (m) qs = 0 -̂  0,4 (m) q9 = ±60° qio = + 180° 

Vgn tdc lan nhdt cua cdc khdu: 

dq7 = 0,3 (m/s) dqg = 0,4(m/s) dq, = 3,5(rad/s) dq,o =5,2(rad/s) 

Bdi toan co dugc thuc hifn frSn MAPLE. Sau dd vi tri, van tdc vd gia t ic cdc khdu ciia 
robot tdc hgp tgi tung thdi diem dugc xuit ra file text dS Idm tin hifu diu vdo trong 
SIMULINK 

Thdng so va d^ng luat duwc ap dung trong cac b9 dieu khien tren 

> Bg dieu khiin M& 

Chpn lugt hgp thdnh Max-Min, phuong phdp gidi md trgng tam, hdm Hen thu^c dang tam 
gidc. 

Diu vdo gdm sai ISch vi tri e vd sai Ifch van tdc de. Dau ra la Iugng diiu chinh momen vd 
lyc dgt vdo cdc khdp u. 
MiSn gia fri vat Ii cua dau vdo ra: 

e ^ [el, e2, e3, e4]. Vdi el , e2, e3, e4 lin lugt la sai so vi tri ciia cdc khdp. 

de = [del, de2, de3, de4]. Vdi del, de2, de3, de4 lin lugt Id sai sd van tdc cQa cac khdp. 

u = [ ul, u2, u3, u4] . Vdi ul, u2, u3, u4 lin lugt Id lugng diiu chinh momen vd l\rc vao cac 

khdp. 

Gid frj cy thS : 

el = [-5, 5] (mm) e2 = [-5, 5] (mm) e3 = [ -1,1] (dp) e4 - [-1,1] (dp) 

del = [-5, 5] (mm/s) de2 = [-5, 5] (mm/s) de3 = [-1,1] (dp/s) de4 - [-1,1] (dg/s) 

ul=[-120,120] (N) u2-[-400, 400] (N) u3=[-10,10] (N.m) u4-[-0,4, 0,4] (N.m) 

Ta chia moi ddu vao ra thdnh 5 gid tri ngon ngii; bdng 1 biiu diin h? lugt ma: 

AL: am ldn AN: am nhd Z: zero DN: duang nhd DL; duang ldn 
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Bang I. Bdng FAM bifiu diln hf ludt md (GTNN: gid tri ngfin ngft). 

GTNN 

AL 

AN 

Z 

DN 

DL 

AL 

DL 

DL 

DL 

DN 

Z 

AN 

DL 

DN 

DN 

Z 

AN 

Z 

DL 

DN 

Z 

AN 

AL 

DN 

DN 

Z 

AN 

AN 

AL 

DL 

Z 

AN 

AL 

AL 

AL 

'> Bo dieu khiin mar dai so gia tit 

Dau v^o ra vi d îng lu|lt dugc chpn nhu tren, ben c^nh do cac tham s6 gia tii dugc chpn 
nhu sau; 

O = {0, S, W, B, 1} vcri S= Small; B = Big. 

H={H-,H*} VoiH- = L ;H*=V => q=l ,p= l . VoiL = Little; V= Very. 

fm(S)-8 = 0,5.^l(L)-^(V) = 0,5. -> a = p = 0,5 vafm(B)= 1-fm(S) = 0,5. 

Cac gid tri ngon ngu ddu vao ra trong logic ma duac chuydn sang gid trf ngon ngir trong dai so 
gia tu nhu sau: 

AL => VS. 
AN => LS. 

Z=>W. 
DN => LB. 
DL => VB. 

Tir nhung thong so tren, diing ham djnh iugng ngii nghia de chuyin bang FAM sang bang 
SAM (Bang 2; GTNN: Gia trj ngu nghia). 

Bdng 2. Bang SAM. 

GTNN 

u(VS)=0,125 

u(LS)=0,375 

t)(W)=0,5 

U(LB)=0,625 

u(VB)=0,875 

D(VS) =0,125 

0,875 

0,875 

0,875 

0,625 

0,5 

u(LS)=0,375 

0,875 

0,625 

0,625 

0,5 

0,375 

«(W)=0,5 

0,875 

0,625 

0,5 

0,375 

0,125 

t)(LB)=0,625 

0,625 

0,5 

0,375 

0,375 

0,125 

D(VB)=0,875 

0,5 

0,375 

0,125 

0,125 

0,125 
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Luuy: De khdng bd sdt bat ki trudng hgp ndo frong qua trinh xap si, nSu diu vao cd gia fri y$t Ii 
ndm bSn trdi mien gia tri vgt Ii ciia gid frj ngdn n^ii AL thi gia trj ngif nghia ciia nd dugc lay la 
u(0)= 0. Niu gid fri vgt If ciia nd nam ben phai miin gia tri vat If cua gia fri ngdn ngii: DL thi gia 
fri ngir nghTa cua no dugc liy la i)( 1) = 1. 

> Ket hgp mang noron va he md dai so gia tii' 

Chpn cdc thdng sd nhu frSn, riSng hdm Hen thugc ta chpn hdm sigmoid nhu da ndi. Diing 
mang noron truyin thing 5 ldp vd giai thugt lan fruyen ngugc sai sd; hdng sd hpc thich nghi vdi 
gia tri khdi tgo Id n = 0,6 va cir sau k = 99 vdng lap liSn tiip ma ham gia giam hogc tang liSn tyc 
thi hing sd hgc se thay ddi 0,005. Hang s6 qudn tinh dugc chgn la: 

anphal = 0,005; anpha2 = 0,01; anpha3 = 0,006; anpha4 = 0,007; 

Vdi nh&ng thdng sd tren va bp trpng so khdi tgo, ta thu dugc bg frgng sd vdi sai so E ^ 0,0002. 

> Kit hgp giai thu^t di truyin va giai thuat lau truyin ngugc di toi uu bo trong so trong 
m^ng noron md DSGT 

Hdm gia dugc chgn: 

E = i(yl-dl)^ 

frong do: yl Id dau ra th\rc; dl la dau ra mong mudn. 

Diing phuong phdp ma hda trgng sd, tdi sinh bing cdch quay banh xe Routlle, dgt biin 
BL\SED. 

Bp frgng sd thu dugc vdi sai so E = 0,00005. Cach thuc hifn don gian hon, thSm nfta Id ta 
khdng phdi ton nhieu thdi gian cho vifc chgn hing s6 qudn tinh va hing sd hgc md Igi thu dugc 
bg trgng sd cd sai so tdt hon rdt nhiiu khi chi diing giai thuat lan truySn ngugc sai so. 

M6 hinh SIMULINK 

Hinh 2. Mo hinh Simulink. 
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Cac khoi chinh trong mo hinh SIMULINK 

VanT&cLy Thuyet 

Trong dd: vitri.mat, vantoc.mat, giatoc.mat la \i tri, \aii toe, gia tdc tinh loan nhgn dug*. 
tir Maple sau dd xudt ra file text, diing From File dua vao Simulink ldm tin hieu dgt. 
BoDieuKhien la khdi chiia bd dieu khien, TinhLucLyThuyet la khdi tinh todn luc va momen li 
thuyet vdi ddu vao Id vj tri, van tdc, gia toe thu dugc tir chuang trinh Maple, Robot la md hinh 
robot, tat cd dugc viet trong M-Fiie, sau dd dimg Matlab Function dua vao Simulink. 

Ket qua mo phdng 

> Bg dieu khien md cd dien: Cac hinh 3, 4 bieu dien ket qua md phdng iing vdi bg dieu khien 
md cd diin. 

Hinh 3. Do thi toa do, vSn t6c mo phong va toa dp, van toe tinh toan cua 4 khau. 

Hinh 4. Do thi sai so vi tri va sai so van toe ciia 4 khau. 
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> Bo diiu khiin Md DSGT: Cac hinh 5, 6 biSu diSn kit qua md phdng iing vdi bp diSu khien 
md kit hop dgi sd gia tii. 

Hinh 5. Do thi toa df, van toe mo phong va tpa dp van toe tinh toan cua 4 khau. 

Hinh 6. Do thi sai so vi tri va sai s6 van tic cua 4 khau. 

> Bo Dieu khien Noron-Md DSGT: Cac hiiili 7,8 bieu diSn kit qua md phdng irng vdi bd diiu 
khien ket hgp Noron-Md-Dgi sd gia lu. 

Hinh 7. Do thi toa dp, van tic mo phong va toa do. van tic tinh toan ciia 4 khdu. 



Toi uu hoa he ma- noron trong diiu khiin Robot 

Hinh 8 D6 thi sai so vi tri va sai so van toe cua 4 khau. 

> Bp dieu khien Noron-MdDSGT cd kit hgp giai thuat di truyin ^ a giai Ihuiit lan truyin 
ngytfc dugc bicu dicii ticn cac hmh 9. I 0 
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4. KET LUAN 

Nhirng Itet qua tren cho thay bg dieu khien dua tren logic ma va bg dieu khien dua tren dai 
so gia tir cho ket qua tucmg tu nhau, bg dieu khien noron-mo DSGT cho ket qua tot hem va bg 
dieu khign noron-mo DSGT CO su k^t hgp giua giai thuat di truyen va giai thuat lan truyen 
ngugc sai so cho ket qua tot nhat. Trong ngi dung, bai bao can so sanh cae phuang phap vdi 
nhau nen tac gia chi diing bien ngon ngir co mirc phan hoach dung bang 2 (k = 2) khi ap dung 
dai so gia tu. Neu sir dung v6i muc phan hoach k< 2 thi chac chan ket qua ciia phuang phap co 
lien quan den DSGT con chinh xac han niJa. Tuy vay, nhirng ket qua mo phong cho thay nhirng 
bg dieu khien lam viec kha chinh xac, duoiig tga do va van toe mo phong gan nhu trimg khop 
vai dugng tga do va van toe tinh toan. Hucmg nghien cuu tiep theo tac gia se ap dyng cac 
phuang phap di6u khign tren vao h^ robot tac hgp. 
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Tdi au hda h& mO- noron trona diiu khiin Robot 

Along with the strong development of science and technology, fuzzy system and artificial 
neural network are increasingly widely applied in multiple field. Base on human logic, with 
advantages that is simple and it process exactly uncertain information; fuzzy system and 
artificial neural network have brought many considerable efficient in field of control and 
automation. Optimizing neural fuzzy system is important and necessary to improve control 
efficiency, creating fundamental factors to resolve technical problems with high accurate, 
especially problems that we can not modeling or difficult. This science article perform 
applications of fuzzy logic and fuzzy algebra for fuzzy control, incorporating artificial neural 
network and fuzzy algebra control, combining genetic algorithm and error back propagation 
algorithm to improve accurateness ofthe weights of artificial neural network. 

Keywords: optimizing. Neural Fuzzy System, Fuzzy Algebra, Genetic Algorithm (GA). 
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