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Tém tiit

Chiing téi phdt trién mét bé diéu khién thich nghi
bén vitng cho mét I6p cdc co hé di dan dong. Loi
cia bg dieu khién dugc thiét ké dua trén diéu
khién twa truot trong khi co cu thich nghi dwoc
xay dung dwa trén huong logic mo. Hiéu qua va
kha nang lam viéc cia b diéu khién dé xudt duoc
kiém chimg thong qua immg dung ciia né téi mét
tay may hai bdc ty do.

Tw khf')a: Co hé Euler-Lagrange, ky thudt logic
mo, diéu khién thich nghi bén viing.

Abstract

We develop an adaptive robust controller for a
class of fully actuated mechanical systems. The
control core is designed using sliding mode-like
method
mechanism relies on fuzzy logic approach. The

while  constructing an  adaptive
application of controller to a 2DOF manipulator
shows the effectiveness of hybridized control
approach.

Keywords: Euler-Lagrange systems, fuzzy logic
technique, robust adaptive control.

1. Giéi thiéu chung

Céac may moc cong nghiép, cac thiét bi co chuyén
d6ng 1a nhitng hé co hoc din dong bang cac dong co.
Thong qua hé théng truyén dong, cong, cong suét, luc
hay mé men cua dong co dugc truyén dén khau cudi
cung (end-effectors) ciia hé théng chuyén dong, tic
dong 1én ddi twong (objects) dé thuc hién nhiém vu
yéu cau. Chuyén dong cta nhitng hé co nhu vdy dugc
md ta bang mot tap cac phuong trinh vi phan cap hai.
Phuong phap thiét 1ap mé hinh toan cia mot hé dong
luc dua trén cac k¥ thuat co hoc gidi tich va co hoc hé
nhiéu vat. Euler-Lagrange 13 mot hudng thiét 1ap mo
hinh toan cho hé nhiéu vat. M6 hinh toan cta hé dong
luc duge xay dung bang phuong phéap noi trén goi tit
la hé Euler-Lagrange (Euler-Lagrange systems) [1].
Trén quan diém dong luc hoc va diéu khién, mot may
hodc thiét bj dugc goi 1a da dan dong (fully actuated
system) néu sé dong co bang s tin hiéu cin diéu
khién, duoc goi 14 hut dan dong (under-actuation) néu

s6 dong co dn dong it hon s6 tin hiéu diéu khién [2].
Nghién cou nay gi6i han trong cic co hé
Euler-Lagrange du dan dong.

Hau hét cac ky thuat diéu khién tir co ban dén
nang cao da ap dung cho nhidu dbi tugng 1a hé co du
dan dong. Trong nghién ctru nay, ching t6i phat trién
mot thudt toan didu khién cho mot 16p cac hé du dan
dong mo ta bang mot hé phuong trinh vi phan phi
tuyén cp hai dudi dang ma tran. Chung t6i hudng
dén mot bo didu khién dat dugc dong thoi ca tinh
bén virng va thich nghi. Vi hudéng diéu khién bén
viing, ching t61 dya trén ky thuat tya truot
(SMC-like method). Thuc vy, k¥ thuat SMC [3] rat
hiéu qua dbi voi cac bai toan dan dong (tracking) va
on dinh hoa (stabilization) cac tin hiéu ra ciia mot hé
dong lyc. N6 dam bao tinh bén viing cua cac dap tng
bét cha?ip su bién ddi rong cac tham s6 cua hé, nhidu,
vé tham chi 1a thiéu thong tin vé& mo hinh toan cua hé.
Tuy nhién, huéng diéu khién nhu vay 1a chua thong
minh. SMC don gian 1a dam bao tinh bén viing
nhung khong thay dbi linh hoat cu trac cua bo diéu
khién. Vi vay né chi hiéu qua trong mot dai gii han
cac bat 6n (uncertainties). Huéng didu khién thich
nghi khic phuc dugc tinh trang nay. N6 lam cho hé
tro nén thong minh hon, c6 kha nang huén luyén,
nhan dang, va udc lugng cac yéu té bat én. Co nhiéu
hudng diéu khién thich nghi khac nhau nhu thich mo
hinh tham chiéu (model-reference adaptive control
-MRAC) [4], tu chinh (self-tuning control - STC) [5],
thich nghi no ron (neural-networks control - NNC),
va hudng logic mo (fuzzy logic system - FLS) [6].
Nhin chung, hai huéng MRAC va STC phu hop véi
hé c6 tham sb bién d6i rong. Hai hudng nay chu yéu
dé xay dung co cau thich nghi c¢6 chirc ning udc
lwong tham s6. N6 khong c¢6 chtc wdce luong nhiéu
va cac yéu t& phi mé hinh (unmodeled dynamics).
Huéng NNC va FLS to ra cao cip hon. N6 c6 thé
Xap xi tit ca cac thanh phan bat 6n cua hé thong qua
mot thanh phan quy d6i duy nhat. Tuy nhién hai k§
thuat nay can nhiéu tinh toan lap va phirc tap vi can
nhiéu 16p no ron, 16p md dé xép xi, nhan dang, va
huin luyén hé théng. V&i cach tiép nhu véy, ching
t6i sir dung k¥ thuat logic m& FLS dé xay dung mot
bd udc lugng, dat trén duong hoi tiép, dé cung cip
thong tin udc lugng cho bd diéu khién. Toan bo cac
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bat 6n va yéu td chua biét ciia hé dong lyc dugc quy
vé mot thanh phan duy nhit. Co cu thich nghi chi
can nhan dang duy nhét thanh phan nay va cung cip
thong tin t&i bo diéu khién, gop phan dan dong tot tin
hi¢u ra cua hé.

Bai bao duwgc cdu trac nhu sau: Muc 2 md ta
téng quéat hé dong luc di dan dong; Xay dung luat
diéu khién dua trén k¥ thuat tya SMC; Thiét ké mot
co ciu thich nghi bang FLS dé udc luong tit ca cac
yéu t6 bat 6n, nhiu va cac thanh phan chua biét
khac cua hé dong lyc; Chirng minh 6n dinh hé mach
kin cling dugc thao ludn trong muc nay. Muc 3
kiém chimg hiéu qua cta hé théng diéu khién dé
xuat bang cach ap dung n6 téi mot tay may hai bac
tu do thong qua mo phong. Yéu td can udc luong &
day 1a ma sat ngau nhién trong cac khép cua rd bét.
Phan tich cac dap ung tin hiéu ra, tin hi¢u diéu
khién, kha ning thich nghi va wéc lugng ciing dugc
thao luin trong muc nay. Sau cung, cac két ludn,
kién nghi, hudng nghién ciru tiép theo dugc trinh
bay trong Muc 4.

2. Piéu khién mo hé Euler-Lagrange

Xét dbi twong didu khién 14 mot co hé du dan
dong n béc tu do tuong Gng véi n toa do suy rong
qeR" duogc diéu khién bang » tin hiéu diéu khién
T eR". Tinh chat ctia hé dugc mé ta bang mot tap n
phuong trinh vi phan cp hai duoc viét gon lai duéi
dang ma tran

M(@)d+C(a.9)a+G(Q) +F(a.6.6)=T (1)
v6i ma tran khéi lugng M(q) e R™ xac dinh
duong, C(q,q) e R™ la ma trdn can, G(q)eR"
la véc to trong truong, va F(q,q,§) e R"la dai
lwong quy ddi cua cac yéu td bat 6n trong hé dong
luec, chfmg han nhu su bién dong cac tham sb, tac
dong cua nhiéu, cac yéu t6 khong biét nhu ma sat,
can. Nhu vay, tat ca cac dai lugng chua biét hoac
bién dong déu dugc quy gon vao thanh phin nay.
Khi thiét ké bo didu khién, thanh phan F(q,q,d)
1a chua biét 1a s& duoc xdp xi thanh F(q,q,d)
bang luat thich nghi dya trén ky thuat logic mo.
DPinh 1y sau cung cép mot bo diéu khién duoc thiét
ké dé dan dong cac tin hiéu ra q cia h¢ dong luc (1)
dén cac dich qu(f) mot cach tiém can.

Xét luat diéu khién thich nghi c6 dang:

T=M(a)(d-d,)+C(a.a)G-q,)
+F(§,9,9,2) - Ks —nsgn(s)

voi K=diag(Ki,...,K,) 1a ma tran duong chéo hé¢ so
diéu khién vi phan, n=diag(71,...,7,) 1a cac hé sd

duong dong ngit mat truot. Mt truot se R" duoc
xac dinh bang biéu thirc:

s=(4-d4)+Mq—qy) 3)
voi A=diag(Ai,...,4,) 12 ma tran duong chéo cac
hé s hoi tu sé mil.

Thanh phan F(q,4,§) dic trung cho cac dai
luong chua biét hodc bit én (uncertain) ctia hé s€
dugc wdc luong bang mot cau trac thich nghi. O day,
F(4,0,0,9Q) laxapxicia F(q,9,§) bang ky thuat
16 gic mo. HE mo F(4,d,0,L2) co tin hiéu vao
z=[GqqleR™, ma tran trong 50
Q=[Q Q, Q,]eR™, co tin hiéu ra dugc udc
luong bang luat thich nghi:

Q =—y;'s¢(q.9.4) “4)
va:
F(6,9.0.2)=Q"(q.4.4) )
v6i §(q,q,q) 1a véec to cua cac ham co s6,
vy, =diag(y,, -, 7,) 1a n ma trdn h¢ s thich nghi,
va S, lanthanh phﬁn cua mat truot s.

Pinh ly: Duéi tac dung cua bo diéu khién truot
(2) két hop véi ude luong thich nghi (4) va (5), cac
tin hiéu ra q cua hé Euler-Lagrange (1) hoi tu sé mi
dén dich yéu cau qu.

Chirng minh: Ta bat dau voi mot ham Lyapunov
duong:

V(t)=%(STM(q)s+Zn:fziTyiﬁiJ>0 (6)

voi Q=0 -Q, la sai s6 uéc luong cla cac
ma tran trong s6, ©, l1a udc luong cia Q, eR".
Lvu y rang M(g) x4c dinh  duong
q'M(Q)g>0 VgeR",y, 1a ma trdn duong chéo
hé sé thich nghi duong y,, >0, vi vay V(t)>0.
Pao ham ctia ham Lyapunov (6) c6 dang:

VO=SM@s+ZSM@s+ Y a1 )

Bo diéu khién thich nghi (2) d4n mé hinh dong
luc (1) dén mot hé mach kin:

[M(q)qd +C(a,9), +G(q)} CEE.4.0.9) ©
+Ks-+mnsgn(s)

) voi ﬁ(q,q,q,ﬂ):F(q,q,q,ﬂ)—F(q,q,q) 1a SE’H
s0 udc luwong quy doi. Pao ham cua mat trugt (3) ket
hop véi (8) va co cdu thich nghi (4) va (5) thi suy tir (7)
ra duogc:
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V (t) = —s'Ks—s"nsgn(s)
——Z(K +]si[) <0

Diéu kién (6) va (9) thoa man dinh 1y thir hai vé
6n dinh Lyapunov, nghia 14 ca s va Q, déu ¢ trong
bién xac dinh. Noi cach khéc, s tién dén 0 (hay q tién
dén q4) dong thoi ﬁi tién dén Q, mot cach tiém can
khi t—>o0. Dinh 1y trén da dugc chiing minh.

®

3. Vi du ap dung cho tay may hai bac tw do

Ta kiém chimng thuat toan bén viing (2) v6i bd
ude lugng md (4) va (5) bang tay méy hai bac tu
do ¢ so do vat Iy nhu Hinh 1. Cac tham sb vat ly
cia tay may gom mi= 1kg, mo= 1.5kg, )= Im, va
L= 0.8m. M6 men T=[T; T>]" tai hai khép O va 4
dan dong hai goc lic q=[¢1 ¢2]” dén dich yéu cau
q=[q14 q24]". Gia st quy dao chuyén dong mong
mudn cia tii & diém B la dudng tron ban kinh
0.5m twong tmg phuong trinh géc 1ic mong muébn

tai hai khop lan lugt 13 ¢1,~=0.5sin2¢ va
q24=0.5s1n2¢.
A
y By m,
lz //
Q;,/
4 8
L, m
e SN
[9)

Hinh 1. So dé tinh tay mdy hai bic tw do
Vé6i dang md hinh toan (1), bn phan tir ciia ma
trefm khéi lwong M=[mi mi; ma gdm
=(m,+m, )r2+m r7 +2m,rr, cosq,,
m12 =m,, =m,I} + ML, COSq,, vd& M,, =m,I/ Céc
phan tir ciia ma tran can C=[c c12; ¢ 0;] gom
€, =Cyy =M,LL,SiNG,, C, =2M,Lr,sing,. Hai phin
tr cia véc to trong truong G=[g1 g2]” cho boi
= (m, +m,)r, c0S, +m,, Cos(q, +0),
g, = m,r, cos(q, +0,).

Céc hé s6 cua bo diéu khién va co cdu thich nghi
dugc chon gom K=diag(17,17), n=diag(1.4,1.5), va
7=p=1.2x10"*. Didu kién dau ciia mo6 hinh dong luc
va co céu thich nghi 1an Iuot 1a ¢(0)=¢(0)=0,
Q,(0)=[0.15],, . Ching ta xét F(q,q,4) duoc
gian lugc thanh F(() chi cac yéu td ma sat trong rd
bét, co dang:

F(4) =[10¢, +3sgnd, 86, +2sgnd,]" (10)

Luu y rang ma sat (10) c6 trong mo hinh dong

m22;]
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luc (1), con bo diéu khién (2) khong biét thanh phan
ma sat nay. Ciu trac thich nghi logic mo (4) va (5) s&
Xap xi ma sat trong 16 bt co dang F(q, L) rdi cung
cap nd cho bo didu khién. Mdi thanh phan ¢ (z)
(z=qeR?, [=1-5) ciia ham co s& §(q)trong (4)
viét duéi dang mo hoa don (singleton fuzzifier)
dang:
1,41, (%)
me) =g ————
15

D My ()]

1=1

(1)

O day, #y(x) 1a cic ham thanh vién

(membership functions) dugc chon:

X — X, ?
Hy (X)) = EXD{( /24j] (12)

vo1 i=1-5, Yi' duogc chon g@)m {-m/6, —m/12, 0,
/12, n/6} tuong g véi tip mo A dang {NB, NS,
Z0, PS, PB}. Két qua md phong gém chuyén dong
quay cua hai khéu, téc d6 chuyén dong, cac gia tri
udc lugng cua ma sat tai cac khdp, quy luat tac dong
ciia md men quay dong co tai cac khop, lan luot
duoc thé hién trén céac hinh tir 2 dén 5.

Khau 1 (rad)
' o
(=) 8]

=]
38}
T

Tin hiéu dat 8 10
Goc quay thuc

Khau 2 (rad)
' o
[=} (i8]

=3
)
T

Thoi gian (s)
Hinh 2. Goc quay ciia hai khdu

Khéu 1 (rad/s)

Khau 2 (rad/s)

0 2 4 6 8 10
Thoi gian (s)

Hinh 3. Vin téc géc ciia hai khiu
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Ma sat thye
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Z Ma sat u6c luong
g O
=
M
100 '
0 2 4 6 8 10

Khau 2(N)
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Hinh 4. Uéc lwong luc ma sdt F

’g 50
&
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<
M
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Hinh 5. M6 men quay tgi cdc khop
0.8 —
Quy dao yéu ciu
0.6 - - Quy dao thuc
0.4r
0.2
>
ES O
-
[_4
-0.2
-0.4r
-0.6 1
0.8 . | I
1.55 1.6 1.65 1.7 1.75 1.8

Truc x
Hinh 6. Quj dao chuyén dpng ciia tay gip (Diém B)

Thé hién trén Hinh 2, kha nang bam tin hi¢u dat
clia goc quay ca hai khau khé &t véi su trd nho. Vi hé
théng thuc hién dong thoi nhiéu nhiém vu vira dan
dong vira u6c lugng ma sat nén kha ning dan dong
clia n6 khong tét bang cac bo didu khién chi thuc hién
mot nhiém vu. Mot 1y do nita 1a ta chua chon dugce cac
hé s6 diéu khién va hé s6 udc lugng thich nghi t6i wu.
Hinh 4 thé hién cac gia tri udc lugng ciia ma sat. Thuc
té, hé thng diéu khién khong quan tim dén sy chinh

xac cuia woc lugng nay. Pon gian 1a n6 két hop vai bd
diéu khién dé thuc hién muyc tiéu chinh la 6n dinh hoa
mot cach tiém can cac dap Gmg ciia hé. Hinh 5 thé hién
quy luat thay d6i mé men quay tai cac khép. N6 co
nhiéu dinh hodc “chaterring” 1a do tac dong ctia thanh
phan déng - ngit sgn(s) trong luat diéu khién (2).

4. Két luan

Chung toi d4 phat trién mot hé thong diéu khién
thich nghi bén vimng cho mot 16p cac hé dong luc du
dan dong. Tinh bén viing cta cac dap ung dat duoc
béng k¥ thuat tua trugt. Trong khi do, kha nang thich
nghi, kha ning udc lugng cac bat on, cac yéu td chua
biét cta hé dong lyc dugc xu 1y béng ky thuat logic
mo. Mot hé thdng didu khién nhu vay cé tinh thong
minh, Gmg xir linh hoat, va thich tng tot vdi cac bién
dong ca moi truong lam viée ciia co hé. Két qua mg
dung t6i mot tay may cho thay thuét toan diéu khién
dé xuat lam viéc tot, hiéu qua. Ching t6i du kién tich
hop k¥ thudt mang no ron vao 16i diéu khién mo
trugt dé nang cao tinh hoc (learning skill) cho cac co
hé Euler-Lagrange & nghién ciru tiép theo.
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