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Tom tit: Bai bao nay d& xuét hé diéu khién thdng minh hiéu qua cho ddi twong phi tuyén. Péi twong duoc
chon 12 md hinh hé céanh tay robot n-link bat ky. Hé canh tay robot ludn ddi mat véi sy thay doi bat dinh
trong dong luc hoc ciia no. Pé giai quyét van dé nay, hé thong diéu khién théng minh bao gom bo diéu
khién cAu triic md hinh mo ty t6 chirc (NSOFC) déng vai tro chinh dugc xay dung bang su két hop bo dicu
khién mé hinh tiéu ndo (CMAC) véi phuong phap diéu khién trugt (SMC) dé udc luong bo diéu khién ly
tuong va bo diéu khién bu loai di 16i xap xi. Diém dang chi y dbi véi md hinh tiéu ndo (CMAC) thong
thuong 1a viéc st dung lai dit lidu trude d6 dé tron ddng bo trang théi hién tai dé kiém tra sai s6 bam dudi
chinh xac hon. Hé théng diéu khién vira diéu chinh on-line théng sé md hinh duya trén Iy thuyét 6n dinh
Lyapunov ma vira tai cau tric caa bo diéu khién chinh — ting hoac giam céc 16p mot cach tu dong. Cudi
cuing, thdng qua két qua thuc nghiém canh tay robot 2 DOF dugc cung cip dé chirng minh hiéu qua cua hé
thdng diéu khién dé xut.

Tir khoa: Ky thuat tu t6 chirc, bo didu khién md hinh tiéu ndo, hé canh tay robot.

1. GIOI THIEU

Trong nhimg nam gan ddy, cic nghién ciru phét trién xay dyung hé théng diéu khién cho céac hé thdng phi
tuyén duoc chu y dang ké trong linh vurc robot cong nghiép, noi bat I1a hé canh tay robot n-link bat ky. Hé
canh tay robot ludn ton tai sy bat dinh cac tham sé cAu tric va nhiéu khong cau trdc, nén rat kho dé xay
dung hé thng diéu khién dia trén mé hinh. Dé giai quyét vn dé nay, viéc st dung phuong phap diéu khién
théng minh cho hé canh tay robot 12 giai phap t6i wu va hiéu qua nhat.

Nhiing nghién cttu sir dung mang neural (NNs) [1-5] hay mang neural md (FNNS) [6] xap xi hé cénh tay
robot bao gom ca tham sé bt dinh va nhidu ngoai dugc @ng dung rong réi va su chu ¥ dang ké. Mé hinh
tiéu ndo (CMAC) dugc dé xuat ciia Albus nam 1975 [7] cho viéc nhan dang va diéu khién cho hé théng
dong hoc phirc tap. C. M. Lin, T. Y. Chen dé xuat b diéu khién CMAC ty t6 chac cho hé théng phi tuyén
bat dinh [4]. Ju Tsao dé xuat md hinh tiéu ndo sdu (DCMAC) bé qua nhidu thich nghi (ANC) nam 2018
[8].

Nghién ciru nay dé xuat hé FCMAC ty t6 chire méi (NSOFC) cho h¢ canh tay robot bat dinh. Phuong phap
dé xuat cho phép nhiing phucmg tién tong quat hon RCMAC trong [2-5], [9] phan hdi cuc bo dé tim gié tri
ngd vao cho by RFBFs va gia tri trong s6 cua hypercubes. Phuong phéap nay st dung mét truot dugc tich
hop va xép Chong GMF truge d6 1an GMF hién tai & mdi l6p dé tao thanh tong cua hai trang thai dung dé
du bao cac sai so uoc lugng. Cau trlc ty to chire dugce nhing vao dé xac dinh sy can thiét cua viée tang hay
giam sé 16p hién tai. Phuong phép dugce dé xuit tong quat hon so véi phuong phéap hdi tiép cuc bo, viéc sir
dung don vi hoi quy dé xac dinh ham lién thudc hon hop méi, xac dinh nhiing gia tri ngd vao cho RFBFs
va trong s6 cuia hypercubes cho CMAC. Phuong phap PI thich nghi dugc st dung dé diéu chinh nhiing
thong s6 thich nghi va ham Lyapunov duoc st dung dé cai thién su 6n dinh cho hé thdng. Cudi cung, nhitng
két qua thyc nghiém cua h¢ thong canh tay robot 2 DOF dé ching minh hiéu qua cua phwong phap dugc
de xuat.

2. MOTAHE THONG ”
Nhin chung, phuong trinh chuyén dong cia h¢ canh tay robot n khép quay c6 thé mo ta nhu sau:
M(q)§+C(q.9)q+G(q) =1 1)

© 2022 Truong Pai hoc Cong nghiép Thanh phé H6 Chi Minh


mailto:ngothanhquyen@iuh.edu.vn

BO PIEU KHIEN CAU TRUC...

V6iq, 4, § € R™a céc vecto twong ng cia Vi tri, van toc va gia toc khop, M(q) € R™™1a ma tran cua mod
men quan tinh, C(q, ¢)la ma tran caa lyc ly tdm va Coriolis, G(q) € R™1a vecto cta trong luc, T € R™*1a
vecto ctia momen xoan dugc st dung.

Gia str hé thdng hoan toan diéu khién duoc, khi d6 ton tai biéu thirc nghich dao ma tran cua M(q) va phuong
trinh (1) c6 thé duoc viét lai nhu sau:

i = -M(@(C(q0)q+6(@) + M (g @
=f(0) +g()T
00
e =9 ) = ~M @) (@ i + 6(@) € R,
fu®)

g1 (@) - gin(®)
g(x)=( = K =

: . : ) = M~1(q) € R,
gnl(x)  Gnn(X)

Vi f(x), g(x) la cac ham dong hoc phi tuyen gia tri cua cac ham nay 1a rat kho co thé xac dinh chinh xac
do sai s6 trong do luong, théng so tai thay doi, ma sat va nhidu bén ngoai. Bé giai quyét van dé nay, ta gia
sir gia trj thuc té cua f(x), g(x) duoc chia thanh: fy(x) € R™1, go(x) € R™"Ia thanh phan danh dinh
twong ng cua f (x), g (x). Gia sur I(x)la tong cac thanh phan bét dinh chua biét va bi chan.
Gia sir rang hé canh tay robot (1) c6 thé diéu khién duoc va g, (x) kha nghich cho tt ca q.
Phuong trinh (2) dugc viét lai nhu sau:

q) = fo(x) + go ()7 + I(x) @)
Véi x = [qT¢T]T la vecto twong ing cua vi tri va van téc khop.
Sai s6 bam dugc xac dinh nhu sau:

e=qq—q ) N )

V6iqy = [9419a2 - qan ]’ € R™ latin hiéu mong muon. Vector sai so bam cta hé thong khi dé dugc
xac dinh nhu sau:

e=[ele” .. e VT |T g pmn (5)
Mt truot dugce dinh nghia nhu sau:
s=e" ke 2+ o+ ky [ e(r)dt’ (6)

Véi s(t) = [s1(8)so(t) -+ s:(E) -+ sni(t)] € R™ trong don; = m,k; = diag(kj1kip -+ ki) € R™™ la
ma tran hang sé duong, i = 1,2, ,nvak = [k - kI - kI] e RP™™,
Néuf, (x), g,(x) va l(x)trong (3) duoc biét chinh xac, thi bo diéu khién 1y tuong thu dugc nhu sau:

) Uig = 9o (Olda — folx) —1(x) +kTe] ()
Thay thé phuong trinh (7) vao (2), ta dugc phuong trinh déng luc hoc sai so:
s=e™ +kTe=0 (8)

Trong (8), sai s6 bam & — 0 khi t — oo néu k duoc lwa chon phil hgp vai tiéu chuan on dinh Hurwitz. Tuy
nhién, thdng so I(x) thuong khong the bict dugc trong nhitng tng dung thuc tién, vi vay u;, trong (7) khdng
thé tim duoc.
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Proposed NSOFC Scheme
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Hinh 1. So d6 khdi cua hé thong diéu khién NSOFC

Vi vy, NSOFC duoc sir dung trong truong hop nay dé dat dugc diéu khién nhu mong mudn. Hé thong
diéu khién NSOFC dé xuat trinh bay ¢ hinh 1 dugc m6 ta nhu sau:

. . . U= Unsorc T Ucc ©
V6i uysorc 1a b diéu khién chinh xap xi nhu bo diéu khién 1y tuong trong phuong trinh (7) va bd diéu
khién bu u,, dugc dung dé ude lugng sai SO Xap Xi.

3. THIET KE BQ PIEU KHIEN PE XUAT

3.1.Bp diéu khién CMAC mo dwa vao ham lién thugc Gaussian xép chong:

Mot bo CMAC truyén thong [6] va RCMAC [3-5], [8-11] duoc st dung dé diéu khién nhitng hé canh tay
robot bat dinh chi c6 mét GMF dugc kich hoat & mdi 16p. Phuong phap dé xuat dung hai GMF méi 16p.
Bdng 1 trinh bay su so sanh gitta phuong phap RCMAC hdi tiép cuc bo va phuong phép dé xuat. Nhan thay
rang phuong phap dé xuit c6 hai hé sé diéu chinh thich nghi A, va B, vi vay hé thng linh hoat hon trong
viéc tim ra gia tri ngd vao cho RFBFs va gia tri hypercubes. Dbi voi mot quy dao di chuyén tir trang théi
dang kich hoat dén trang théi tiép theo, thi GMF trudc d6 van dugc kich hoat trong khi GMF hién tai dang
dugc kich hoat. Ky thuat tu to chuc ciing dwoc sir dung dé diéu chinh sé 16p trong FCMAC. Néu sai s6
vuot ra ngoai khoang thiét ké ban dau thi mot 16p méi dugc sinh ra. Cau tric caa NSOFC sir dung GMF
xép chong, duoc trinh bay & hinh 2, né bao gom ba anh xa lién tiép va mot ngd ra, duoc viét nhur sau:
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Hinh 2. Cau tric NSOFC dya vao GMF xép chng dugc dé xuit

I - A(Ngovao —» Bonhé lién két)

A - R (B6nhé lién két — Trwong ti€p nhin) (10)
R - W (Trwongti€p nhan — BO nhé trong lwong mang)
Ngé ra 0: 0(I) = WHtng hop | (11)

Nhiing luat didu khién mo sau day duoc sir dung cho phuwong phap dé xuat:
RI:If I is Qup, I is Qap, -, and I, is Qi then
Wi = vp(Wiep) + v1(Wjr) (12)
forj=1,2,---mandk=1,2,--,n

1A
> Q'irior
ik =7mmeeel ]
|
| (t) ﬂkarlor +ﬂinresent
1
-------------- > Qprese______.
I
7/
o_irk)resen; S . | prlor
I
| J U >
05 O_ipk)resent GiErlor v |i 05
Hinh 3. Hai GMF xép chongdé tinh RFBF han hop
1. Bién trang thai vaol = 117 . Ini Tkét ndi véi mot bd nh¢ lién ket A, chi chra mot khdi mai 16p.

MGi bién trang thai vao dwoc sap xép trong mot khdi cua mdi 16p. O mdi khéi, c6 hai GMF xac dinh mot
RFBF hdn hop. Hai GMF nay dwoc trinh bay ¢ hinh 3 duoc sir dung: QP 5™ va Q;,P7°". Gié tri
QP77 duoc luu trong bd nhé va nhitng gia tri QP 5™, Q,;,P"°" dwoc tinh toan nhu sau:
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(Ii_mlp}:ior)z '

W ) l:1!2I...Inilk:1I2I...lnk (13)
o

(I‘_lk present 2

#I»i=1»2:"':ni:k=1:2:”':nk (14)

QP (1) = exp [—

2
present
("ik )

Q7 (1) = exp [—
Gié tri ngb vao cho RFBF dugc tinh todn nhu sau:
I;() = A" + By P (15)
Véi QP75 13 RFBF hién tai, m;, PT%e™ 1a gid tri trung binh mean va ;, P7¢%¢™t 1a phuong sai cho 16p
thirk twongirng vai bién ngd vao thiri véi trang thai hién tai. Tuong tu, QP77 1a RFBFtrude d6, my,Prer
la gia tri trung binh va 0,4, P7" 1a phuong sai cho trang thai trudc do. A, va S 1a hai d6 lgi du bao thich
nghi.
Tgl‘ang thai trude dugce luu trir trong bo nhé nhu 1a mot du bao cho trang thai tiép theo. Vi vay, khi trang
thai hi¢n tai duoc kich hoat, thi n6 két hop véi trang thai truée d6 dé dy bao cho trang thai ticp theo.
2. Vi du hinh 4 miéu ta khdéng gian 2D, ngd ra tirt NSOFC la tong gia tri trong hypercubes, caa trang thai
hién tai 14 (6, 5) va trang thai truéc do6 1a (5, 4). Mot hypercubes téng hop Ht%"9 9P dugc tinh nhu sau:
Htong hop — =H= /U_Ipnor + BHpresent /1 H prior + ﬁ Hnl ,Q present (16)

Bang 1: So sanh giira phuong phap dé xuit va RCMAC hai tiép cuc bo

Gid tri ngd vao cia RFBF A B
RCMAC hoi tiép cuc prior prior Diéu chinh §
bo [11],[13] (1) = helye ™ + Breli = ey + 1 truc tuyén Bang 1
o - Diéu chinh Diéu chinh
. A X ) _ __prior . present , .
Phuong phap de xuat Li(t) = el + Bk truc tuyen truc tuyen
(@
Gi4 tri cia khoi hypercube
RCMAC hbi (I; — moresenty?
tiép cuc b@ Htong hop _— 1_[ Qpresent: 1_[ exp |— present)z
[11],[13]
Hf5ng hop — lkhzrwr + Bk 1_[ Q?kresent
Phuong phap i=1
dé xuat n (1. _ ‘,npresent)2
_ prior _\J ik
- Akhk + ﬁk 1_[ exp present 2
i=1 Oik )
(b)

V6i A = [A4, 42, , Ay, Any ] VA B = [Ba, Bas -+ Bier -+ » By J1 C4C trong s6 dy béo thich nghi cho khoi
hypercube trudc d6 va hién tai.
HPTIOT = [T, QP77 = [y P R P e mPTOT e by, PTTTIA gid tri cua hypercubes trude do.
Hprese‘n_t 1—[ Qlkpresent — [hlpresentthresent hkpresent hn present]T Iégiétri hién tai cua
k . v .
hypercubes.
H = AHPT" + pHPTesent = [ hy by, hy, ..., hy, N ) < R™ I3 gid tri tong hop cua hypercubes
trudc do va hién tai.
3. Boi véi NSOFC, do loi cta trong so w va hypercube h duoc tinhvj, = wj, hy,v6i wj la trong so cta
hypercubes thir k twong tng voi ngd ra thu j.
4. Ng0 ra thtr j cua NSOFC duoc the hién nhu sau:

u=0=WTH=[wyw, - w; - Wm]Tlhf\ 17)
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u= Oj — WT[AHprior + ﬁHpresent]’j =1,2,-,m (18)

V6i W = [wyw, Wy M{m], wi= [wyj wpj o wh, 7.
Thiét ké mot bo diéu khién toi vu u™:
Uig = uw+A= WTH* + A (19)
Véi A 1a sai s6 xap xi va W*, H*, m* va o*dai dién cho ma tran va vector thong sb t6i uu twong ung cua W,
H, mvao. Trong thuc tién, nhitng vector va ma tran tbi wu nay kho c6 thé tim duoc gia tri xap xi gan nhat
v6i bo diéu khién 1y tuong, vi vy gia tri cua i dugc wde luong truc tuyén dé xac dinh u*.
Ham udc luong 4 duogce tinh nhu sau:
a=WwTH (20)
Véi Wva H 1a ma tran va vector thong sé udc lugng twong tng véi W*, H* va i, 6, A, f1a nhitng vector
théng sb twong ng vai m*,*, A* va f*.
Sai s6 uée lvong duoc xac dinh nhu sau:
= wy — fysope = WTH* — WTH + A= WTH + WTH + WTH + A 1)
V6i W = W* — W vaH = H* — H. Khai trién Taylor dugc sir dung dé chuyén d6i ham phi tuyén thanh
ham tuyén tinh[12]:

H = Hy,M+ H,6 + Hhdl+ Hpf + 6 (22)
Véim=m"—m,éd=0"—6,1=1"— AL =" —f,0la mot vector bac cao,
_ [ ohy | Ot g _ [ ohy  Ohmy 7
Hn = [ 5mom ™ am1 Im=mlo =[5555 551 o=,
_ [ Omohy Mmoo p0hidhy  OMmy g
B =15 oA |'/1=/1'H5 =[5 ap ap " B |'G=B'
1, A
—- o T +1
8 Prior State Present State
- T G4 (6.,5)
AN/ 8
. 5 |
— — _4__
_ 3]
2 -
1
A
_ Statet>
(Layer l=
Layer2 .
o L |

1 | | 1
L Layer ne | /L)N

Hinh 4. C4u tao 2D cia NSOFC dua trén co s GMF xép chong

Thé (22) vao (21), ta duoc
i=WTH+W"(HpnM + Hy6 + Had + Hpf +0) + WTH + A (23)
=WTH + m"Hj,W + 6THIW + ATH{ W + BTHyW + W™ + WTH + A
Pé tang tinh hoi tu cho trong s ngd ral *, dugc tach thanh hai phan [2]:
w* = vap* + vwt, (24)
Véi wy,* va w;* twong (ing the hién thanh phan ty 1¢ va tich phan cia W* vaw;* = fot wy*dT, Va v, VA v;
1a nhitng hang s6 dwong. W dugc tach ra 1am hai thanh phan:
W = vpWp + v,W; (25)
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Véi Wp va w; tuong tng la thanh phan ty 18 va tich phan cia W va w, = fot Wpdt. Vivay W dugce tinh nhu
sau:
W = v,W; — vpWp + vpwj (26)
V6i W, = w;*- W;. Thé (26) va (23), ta dugc:
it = (v;W; — vpWp + vpwp) H + AT HLW + GTHIW + ATH{W + BTHZW +WT0 + WTH + A

= v W H—vpWiH + m"HL,W + 6THIW + ATH; W + BTHy W + ¢ (27)
V6i he sobat dinhe = vpvyT H+ WTO + WTH + Axap xi tong sai so,bi chin bsi 0 < ||e]| < E; , véi E;la
hang sb dwong.

3.2. C4u tric tu té chiic:

Phuong phép tu hoc cau truc va tham sb truc tuyén cua NSOFC dugce dé xuat nhu mé ta ¢ hinh 1. Nhiém
vu dau tién cua viéc hoc cau trac 1a xac dinh xem c6 Can bd sung thém I6p mai hay khong trong bo nho
lién két A, dong thoi tao hypercubes va bo nhé trong sé cua nd. Néu ngd vao hién tai nam trong gidi han
cua tap dir liéu xac dinh thi NSOFC khong tao I6p méi ma chi cap nhat nhitng théng sb cho nhitng luat hién
tai.
Khoang céch trung binh, DM, ,dugc tinh nhu sau:
DMy, = |lI = myl; (28)

V(:)’l my = [mlk,...,T’nik' ...,mnik ] T
bé xac dinh co6 tang so 16p hay khéng, xem xét [4]:

k= arg min DM, (29)

1<k<ny
Néu max DMy, > Bgthi mot 16p méi dugc tao ra, véi Bgla gia tri ngudng da duoc xac dinh trudc.
Néu khoang cach giira dir liéu vao mai va gid tri trung binh 16n hon gia tri ngudng, nghia la gia tri hién
hanh cia GMF hién hanh qua nho, khi ¢6 mét 16p méi s& duoc tao ra. S6 16p duge ting nhu sau:
ng (t + 1) = nk(t) +1 (30)
Véi ny (t) 12 s6 16p hién tai ¢ thoi diém t.
Gia tri trong lugng ngd ra duoc tao ra ngiu nhién cho mot 16p mai, gid tri trung binh ban dau va phuong sai
cua GMF duoc xac dinh nhu sau:

Mip, =1 (31)
Oin; = Oint (32)
Win, = Or (33)

V6i I; 12 ngd vao méi, o, 12 hang s6 duoc xac dinh trudc, va 6, 1a gia tri ngau nhién.
bé hoc cau tric, bat ky Iop hién dién nao ma khdng can thiét phai bi x6a. Bé giam so 16p [4].ty 1€ caa thanh
phan thir kcta ngd ra thir j duoc xac dinh nhw sau:

) SE]k = v]k/OJ . i (34)
Ty 1€ 16n nhat cta ngd ra thir j khi d6 dugc tinh toan va twong ung vai thanh phan nho nhat Ia:
k =arg min max SEjy (35)

i 1<ksni 1<jsm
Neéu SEj;, < fp(36), khi do 16p thir k phai bi x0a, véi B, 1a ngudng gia tri duoc xac dinh trudc.
Phuong trinh (36) cho thay rang thanh phan nhé nhét cia 16p hién hanh nho hon ngudng gia tri thi n6 phai
bi x6a.
3.3. Hé théng diéu khién NSOFC thich nghi:
Hg thong NSOFC sir dung phuong phap PI thich nghi, nhu trinh bay & hinh 1. Luét diéu khién (9) thay vao
(3) va str dung (6) va (7), khi @6 phwong trinh tong hop sai o tré thanh:

$=eM + ke = go(wig — Avsorc — Uec) (37)
Sir dung (27), (37) dugc viét lai nhu sau:
$ = go(Ww] H— vpWhH + m" HRW + GTHIW + A"H W + BTHZW + € — ) (38)

Dé dam béo tinh 6n dinh cua hé thong diéu khlen ham Lyapunov duorc Chon nhu sau
V= —s Tgyls +—tr(W, W) + —T?lefl + TO’ ) +—ATA +5—

(39)
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V6i vy, Vp, Vi, Vg, V2, Vp VA E; 12 nhitng hing s6 x4c dinh duong (learning rate). Dudng bién bat dinh cua
E, thi khong thé tim dugc trong nhitng (ng dung thuc tién vi vay duong bién udc luongE,; duoc sir dung.
Buong bién 16i duoc uée lugngE; = E; — £y dugc xac dinh.
Lay vi phﬁn phuong trinh (39). Va sir dung (38), ta dugc:
. —~ Py 1 ~ A 1 =~ A 1 ~ A 1 ~ A
V=s gO S — UItT'(WI WI) — —mme — ZO'TO' — ZAT& - gﬁTﬁ - EE[E[ (40)
= v XL, Wh(s;H — wy) + mT (STHT W — ﬂ) + T (STHZ;W — %)

+ZT<STH{W—%)+ET(STHEW ) Up Y7Ly Wips; H + 5T (s—uCC)——ElEl

Nhitng phuong trinh v,tr(W,TvT/,) = 2}"21 gt Wﬂ vasTwlH = ZFISJ ],H duoc sir dung
Nhiing luat thich nghi dwoc viét nhu sau:

W]P = S]H nI(W]I W) (41)

. W]I = S]H nI(W]I W) (42)
M = vy [sTHLW — 1 (L — mg)] (43)
6 = va[STHEW — (6 — 09)] (44)
A= vAlsTH{W = 0y (A = 20)] (45)
B =vg[s"THzW —ng(B — Bo)] (46)

V6in, MmN, M1 V& np 1a nhiing hing s6 duong nhd, wy , my , 0g , Ao , Va Bola nhitng vector uéce
lwong ban dau caa W* , m* ,6* , 1*, va B* twong ung, va bo diéu khién bu duoc viét nhu sau:
uq. = Ejtanh (%) 47)
Luat dé udc lugng duong bién 1a:
él = vg, [s tanh (%) — g, (B, - Elo)] (48)
V6i tanh(.) 1amot ham tiép tuyén hyperpol, E;, lagid tri ban dau ciia E; , €, va ng, 1a nhitng hang s6 duong
nho. St dung (41) — (48), (40) tro thanh:

V= Z Tom (Wi — wo) + A N (M —mg) + 671y (6 — 0p) + (A= 20) + ﬁTﬂﬁ(ﬁ —Bo)

= . s
—vp Z Wi [Wip + 1, (Wj; — wo )| + se — sE; tanh (E)
=1

1 2 s N A
— — Ejvg, [s tanh (E) - nEl(El - Elo)]

E;

m
< Z W]:I;vlnl(wjl - Wo) + A Ny (M — Mg) + 67156 — 0p) + ZT’YA(/T - /10) + ETUﬁ(ﬁ - ﬂo)
=1
- X7 Wﬁvpn,(wj, —wp) + IsT|E; — sTE; tanh (?) - E [s tanh (?) - nEl(E'l - Elo)] (49)
Vi bét ky &> 0:
0 < |sT| —sTtanh (%) < k¢ (50)
V6i K 1a mot hang sb théa méan K = exp(-(K + 1)) [14].
Str dung (50), (49) tro thanh:

V= Z Tom (Wi — wo) + A Ny (M — mg) + 671y (6 — 0p) + (A= 20) + ETUﬁ(ﬁ - Bo)

m
Z oy (@1 = wo) + Byt + Ey[ng, (B — Buo)]
j=

1 - 1 = - 1 = 1 - 1 =
S = JVMEw, = 3 MmEm — 770“0' nm = 5MpE — 5 VpMiEw, — 5 Mg S, + E1k§ (51)
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Vi

- * ~ 112 * 2 N 2

Ew = ;nl[” 1= Wil + [wj — wo| _”W]I_WO”] (52)

Em = [lIlm* —m||2+||m —mollz—llm my||?] (53)

Es =llo” —0|I2+|I0 = aoll> = 16 — gy I?] (54)

5=l —,1|| + ||,1*—/10||2— 14— 2| ] (55)
g =l 12 =118 = Boll’] (56)

= ~ 2 —~ 2

Ewp = X2 [” Wjp _Wﬂ” + [[wip = woll” = W = Wl = (15 — wo | ©n

Eg, = [|El - El|2 +|E, — Epl® — |E, - ElO|2] (58)

Phuong trinh (51) khi d6 duoc viét lai nhu sau:
V< = 2o Pl + nalll? + 01602 + nal|2l + ngllBI° + e, | Bl
+%[V1771 271:1”‘7‘\61 - Wo”2 + Nl — mg |12 4+ 0y |16 — oo ll* + TMH/i - /10”2 + 77[3”3 - 50”2]

+vpn; Xieq (”ij - Wj1||2 + ||Wp — Wo||2) + 1, |Ey = Epl? + Ejxé (59)
Vi || . |[laEuclidean norm. Str dung (39), (59) tré thanh:
o V<—pV+p, (60)
V6i py va p, la nhitng hang s6 duoc xac dinh nhw sau:
p1 = min(My, NV, No Ve, NAV2 N Ve, NE, VE,) (61)
R 2 . . A 2 A 2
P2 = %[1717]1 Zj'n=1||Wj1 - Wo” + Nl — mgll? + 4116 — opll* + 77/1”/1 - /10” + 7]3”5 - .30” +
Uply 271:1 (”ij - Wj1||2 + ”ij - Wollz) + g, |E; — Epl?* + P152] + Ejxé (62)

Néu (62) thoa man:
0<V(®) <Y+ (V(0) —WP)exp(—pit) (63)
Véi ¥ = Z— > 0, khi d6 e, w;, g, A, Bva E; bi chan chic chan. Sir dung (39) va (60) va dugc cho bat ky
&> 2W, néu T ton tai véi tit ca t > 7, 13i théa man:
. ) le®)|<¢ (64)
biéu d6 chirng minh hé thong NSOFC duogc dé xuat 6n dinh.

4. KET QUA THUC NGHIEM

Hé canh tay robot hai bac tu do cua Quanser nhu hinh 5 dugc sir dung dé kiém chimg do hiéu qua cua hé
thdng diéu khién NSOFC duoc dé xuat. Board card thu thap dir liéu NI PCle-6351 lip dat bén trong méay
tinh duoc sir dung dé diéu khién hé cénh tay robot qua Simulink trén Matlab. Dé thé hién hiéu suét kiém
soat vuot troi cua hé thong diéu khién NSOFC dé xuit, hé thong didu khién WFCMAC ciing dugc bd sung
V&0.
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Data acquisition interface board

Servomotor 2

e

Data acquisition board installed in a PC with
Matlab

Hinh 5. M hinh robot 2 DOF

Hg thong diéu khién WFCMAC c6 thé bieu dién nhu sau: 7 = Ty repac + Tasire  (65)
Céc thong so dieu khién dugc chon cho hai hé thong diéu khién dugc trinh bay nhu bang dudi day:

Bang 2. Bang so sanh thdng sé giita hai bo diéu khién CMAC va NSOFC

Hé thong diéu khién WFCMAC Heé théng diéu khién NSOFC
Bo diéu | - S6 lop: ny, = 5 (co dinh) - S6 16p: ny, = 5 (€O thé thay do)

khién | - S6 khoi: n; = 11

chinh - Mt truot: s(t) = é(t) + ke(t), k = - Mat truot: s(t) = é(t) + ke(t), k =
1001, 1001, .
- Trung binh va phuong sai ban dau cia - Trung binh va phiong sai ban dau cua
GMF: GMF:
m; =[-1—-0.8—10.6 -0.60.81] mP"" = [-2-1012]
o; = 0.15 mP e = -2 -1 012]

l .
o™ = 0.15

t
O_ipresen — 0.15

- Trong sé ddu ra ban dau: wy = 0.05 -Trong so dau ra ban dau: wy = 10

-Toc dg hoc:n = 0.01 - Toc dp hoc: n = 0.001,v = 0.01

- Thong so du dodn: A = 2 va 8, = 10

- Ngurong gia tri: B; = 0.35va S, = 0.01
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B diéu | - Thong sé tap mo:
khién by | a; = 0.2
by, = [~1—0.75—0.500.5 0.75 1]

- Ham worc luong dwong bién: - Ham worc luwong dwrong bién:
Cio = [-3.5— 25— 150 1.5 2.5 3.5] E = 0.1
- Tée d hoc: B = 0.01 - Tée ds hoc: ng = 0.001, v = 0.01

Két qua thuc nghiém cua hai h¢ thong diéu khién dugc thé hién nhu 6, 7, 8, 9 duoc chia lam hai cot twong
ung voi hé thong diéu khién WFCMAC (a) nam bén trai va hé théng diéu khlen NSOSC (b) nam bén phai.
Vi tri va sai s6 bam dudi cua cac khop dugc thé hign o hinh 6, vi tri va sai s6 bam dudi cua dau cong tac
dugc thé hién ¢ hinh 7 va dién ap tac dong duogc thé hién ¢ hinh 8. Ngoai ra, sai s6 chuan cua dau cong tac
giita hai h¢ thdng diéu khién dugc xac dinh theo céc tiéu chuan sai sb IAE, ISE, ITAE, ITSE va ISTE, duoc
t6ng hop so sanh nhu bang 2.

02 T T 02

¢ (rad)
(=]

¢ (rad)
(=]

A
A

- Mong Muon — Thuc i Mong Myon ——Thue

02 ; i 02 ; ;
0 2 4 6 8 10 0 2 4 6 8 10
Thoi gian (s) Thoi gian (s)
0.1 T T T T 0.1 T T
s —Sai So Bam s —Sai So Bam
=2 =2
PR (1 oo S R S — =% o=
5 5
g g
= =
01 ; ; ; ; 01 ; ; ; ;
0 2 4 6 8 10 0 2 4 6 8 10
Thoi gian (s) Thoi gian (s)
0.2 T T T T 0.2

0 (rad)
(=1

B
0 (rad)
(=1

B

= Mong Mypon ——Thue

0.2 H H = Mong Mypon ——Thue

“02 L L -
0 2 4 6 8 10 0 2 4 6 8 10
Thoi gian (s) Thoi gian (s)
0.1 T T T T 0.1
?E‘. ——3Sai So Bam ?E‘. ——3Sai So Bam
Qm 0 Wm‘ Qﬂﬁ 0
5 5
= =
= =
0.1 i i i i 0.1 i i i i
0 2 4 6 8 10 0 2 4 6 8 10
Thot gian (s) Thot gian (s)
(a) (b)

Hinh 6: Vi tri, sai s6 bam dudi goc quay cua cac khép giira hai bo diéu khién: () CMAC (b) NSOFC.
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«w:Mong muon: — Thuc ~:Mong muon — Thuc

True Y (inch)
Lh
True Y (inch)
Lh

45F 45
4 ; ; ; 4 ; ; ;
4 4.5 5 5.5 6 4 4.5 5 5.5 6
True X (inch) True X (inch)
0.04 T T 0.04 T T

= 0.02
2

= 0

-
= .0.02
0.04 i ; ;
0 2 4 6 8 10
Thoi gian (s) Thoi gian (s)
(@)

(b)
Hinh 7: Vi tri, sai s6 bam dudi vi tri ciia dau cong tac end-effector giita hai bo diéu khién: (a) CMAC (b) NSOFC

2 T 2
~——Dien Ap
z z
=0 =0
g g
- -
A . L L L A L L L .
0 2 4 6 8 10 0 2 4 6 8 10
Thoi gian (s) Thoi gian (s)
2
z z
m o 0
=l =l
- -
. L * . L 2 r L r *
0 2 4 6 8 10 0 2 4 6 8 10
Thoi gian (s) Thoi gian (s)
(@) (b)
Hinh 8: Dién ap tac dong tai cac khop gitra hai bo diéu khién: (a) CMAC (b) NSOFC
6 T T 6 T T
w NSOFC ——CMAC w NSOFC ——CMAC
£ 4} E g
= =l D
& ST (Y e
=) s | T
NV 3,
0 2 4 6 8 10 0 0.002 0.004 0.006 0.008 0.01
Thoi gian (s)

Thoi gian (s)
Hinh 9. S6 16p hay sb nat luat (ny) giira hai bo diéu khién: (a) CMAC (b) NSOFC




Tac gia: Ngo Thanh Quyén va Cong sur

Bang3. Bang so sanh gitra hai bo diéu khién CMAC va NSOFC

Hé s6 so sanh B diéu khién CMAC  B& diéu khién NSOFC
IAE 0.3062 0.2062
ISE 0.0202 0.0220
ITAE 1.4115 0.7175
ITSE 0.0233 0.0078
ISTE 0.1527 0.0412

Két qua thé hién ciia phuong phap CMAC va phuong phap NSOFC dé xuét thé hién do chinh xéac cao vé
kha ning bam dudi, vé toc d6 bam dudi va triét tiéu sai s6 rat nhanh tién vé khdng, mac du ddi tuong diéu
khién 1a hé thdng phi tuyén bat dinh. Cac chi s6 so sanh giira hai bo diéu khién quéa nho dé nhan biét sy sai
léch tir d6 thi dang song, vi thé bang so sénh dura trén tiéu chuan sai s6 dugc &p dung nhu bang 3cho thiy
gié trj tinh dugc tir moi tiéu chuan sai s6 thi bo diéu khien NSOFC dé xuat déu ¢ ngudng gié tri nho hon
S0 voi bo didu khién CMAC, tir d6 cho thay rang phuong phap dé xuat hiéu qua hon phuong phap CMAC
thong thuong. Viec ap dung viée tang giam so 16p da lam thay doi linh hoat vé kha nang thich nghi ké ca
trong hé théng bat dinh bit chap tdn tai nhidu ngoai.

5. KET LUAN

Trong bai bao nay, mot hé thong didu khién NSOFC duoc dé xuat cho hé canh tay robot bét dinh. Trong hé
NSOFC d& xuat, dong luc hoc ciia hé thong hoan toan khong biét trong qua trinh diéu khién. Luat diéu
chinh truc tuyén céc théng s6 thich nghi cia NSOFC va bo diéu khién bu duoc xac dinh dwa trén ly thuyét
6n dinh Lyapunov dé 6n dinh hé thong duge dam bao. Trong bai bao khéng nhitng phat trién thanh cong
mot hé thong diéu khién NSOFC cho hé thdng phi tuyén bit dinh ma con dua ra thuét toan ty té chic truc
tuyén céc 16p caa NSOFC nham giam bét bo nhé thap nhat c6 thé. Cudi cung, thdng qua két qua thuc
nghiém cua h¢ thong diéu khién NSOFC duoc kiém chimg doi véi canh tay robot hai bac tu do ctia Quanser.
Két qua thuc nghiém da cho thiy phuong phap dé xuat dat duoc bam dudi tét cho hé thong nay va ciing c6
thé &p dung cho nhirng hé canh tay robot n bac tu do bat dinh khéc, ké ca nhitng hé thdng phi tuyén bat
dinh.
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A SELF-ORGANIZING FUZZY CEREBELLAR MODEL ARTICULATION
CONTROLLER BASED OVERLAPPING GAUSSIAN MEMBERSHIP FUNCTION
FOR ROBOTIC SYSTEM WITH UNCERTAINTIES

NGO THANH QUYEN %, HOANG BiNH KHOI* NGUYEN ANH TUAN 2 BUI THI CAM QUYNH !
Faculty of Electrical Engineering Technology, Industrial University of Ho Chi Minh city

’Lixil Global Manufacturing Vietnam Co., Ltd,
*Coresponding: ngothanhquyen@iuh.edu.vn

Abstract: This paper proposes an effective intelligent control system for nonlinear objects. The selected
object is n-link robotic manipulator model. The robotic manipulator system is always facing uncertain
changes in its dynamics. To solve this problem, an intelligent control system consisting of a new self-
organizing fuzzy cerebellar model articulation controller (NSOFC) plays a key role built by a cerebellar
model articulation controller (CMAC) with a sliding mode control (SMC) to estimate the ideal controller
and the compensator for eliminating the approximation error. The remarkable thing about the conventional
cerebellar model (CMAC) is the reuse of previous data to synchronously mix the current state for more
accurate tracking error checking. The control system not only adjusts model parameters on-line based on
Lyapunov stability theory but also restructures the main controller — increasing or decreasing layers
automatically. Finally, the robot manipulator 2 DOF is provided to demonstrate the effectiveness of the
proposed control system through the experimental results.

Keyword: Self-organizing technique, cerebellar model articulation controller, manipulator system.
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