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TOM TAT
Trong bai bao nay, tdc gid xem xét thiét ké bo diéu khién thich nghi cho hé thong robot véi cdc

tham so cua hé thong la bat dinh. Mot bg dieu khién thich nghi khong dé quy maoi dwoc thiét ke de
xuat cho hé thong robot don, voi hé so diéu khién thay doi va dwoc cap nhat theo thoi gian nham
khong can dén thiét ke mot cong cy dé woc hwong cdc tham so bat dinh ciia mé hinh. B diéu khién
dwoc phan tich va chimg minh on dinh theo tiéu chudn Lyapunov. Sai s6 quy dao chuyén dong ciia
cdc khép va tat cd cac tham sé trong vong diéu khién kin héi tu tiém cdn vé goc va bi chian. Cudi
ciing, mé phong dwge thiee hién dé xdc minh tinh kha thi va hiéu qua ciia phieong phap diéu khién
dé xuat.
Tir khoa: Robot; Diéu khién thich nghi; Thiét ké diéu khién khong dé quy; Tham s s6 bét dinh cua hé théng.

1. MO DAU

Robot dugc tmg dung rat nhiéu trong hé thong cong nghiép: nhu phun men, han, lap giap thiét
bi dién tir,... Robot lam viéc trong cac hé thdng cong nghiép vi vy chiu anh huong nhleu cua
nhiéu ngoal ngoai ra cac tham sb ciia mé hinh robot 14 bit dinh. Song song véi sur phat trién cua
co khi chinh xé4c cho robot, thi diéu khién cho hé thng robot ciing dugc quan tim dén khong kém
nham cai tién gitip hé thong robot 1am viéc ngay mot tot hon. Piéu khién cho hé théng robot da
duoc rat nhiéu cac nha khoa hoc quan tam va phat trién. Nhu bo diéu khién PD, PID di duogc phat
trién trong [1, 2], cac bd diéu khién nay ké thira bo diéu khién truyén thdng, nhung cai tién thém
bd diéu khién bén ving dé loai bo nhimg anh hudng cua nhidu ngoai 1én hé théng, giip bo diéu
khién dat duoc hiéu suat bam tot hon. Ngoai ra, con c6 bo diéu khién truot duoc phat trlen trong
[3, 4], cac trang thai cua sai s6 diéu khién hoi tu dén mot ving nho tuy y c6 tam ¢ goc toa do.
Trong [5], bO diéu khién ché do truot dau cubi nhanh béac phén sd dugc phat trién dé giai quyét
van d& bam quy dao khi robot phai chiu sy bét dinh va nhleu ngoai. Pé loai bo nhidu ngoai tac
dong 1én hé thong bo diéu khién bén vimg di dugc phat trién trong [6], bd diéu khién sir dung 1y
thuyét dua trén Lyapunov vé sy On dinh dugce dam bao cua cac hé thong bét dinh. Hé thong robot
6 tham s bat dinh, vi vay, cac bd diéu khién thich nghi trong [7-11] da duoc nghién clru va phat
trién dé giai quyét van dé nay. Trong [7], bd diéu khién thich nghi m - no ron truyen nguoc da
diéu khién chinh x4c va hiéu qua cao dbi véi cac robot c6 dic tinh dong phirc tap dong thoi giam
chi phi diéu khién. B diéu khién thich nghi trong khong gian 1am viéc cho robot dugc phat trién
trong [8], da khic phuc duoc su bat dinh va giam hién tuong chattering thuong xay ra trong qua
trinh diéu khién. Bo diéu khién thich nghi mo - no ron két hop v6i bo diéu khién PID dé xuat trong
[9], dam bao sai s6 diéu khién cia hé thong hoi tu khi hé¢ thong bat dinh va anh huong cua nhiéu
ngoai. Dé nang cao d6 chinh xac diéu khlen ctia bo diéu khién robot, phuong phap diéu khién truot
két hop véi thich nghi no ron duoc dé xuét trong [10, 11], cac phan bat dinh cua hé thdng duoc
udc luong bang mang no ron véi luat hoc truc tuyén. Su két hop ca diéu khién thich nghi va diéu
khién bén vimg trong mét bo dleu khién dé giai quyét ca hai van dé: hé thong bat dinh va nhleu
ngoai dugc dé xuit trong mot sb nghién ciru sau. Trong [12] trinh bay bd diéu khién phan cp cho
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robot, dau tién bd diéu khién thich nghi dé dat dugc luc tuong tac mong mubn khi khong biét khoi
luong vat thé, tiép theo bo didu khién thich nghi bén vimg c6 tinh dén lyc twong tac mong mubn
trong dong luc hoc ciia robot. Bo diéu khién thich nghi bén ving trong [13] da phat trién duya trén
bo loc phu dé dua ra tham sd tuyén tinh cho hé théng ma khong st dung phép do tin hiéu gia tde.
B¢ diéu khién trugt két hop thich nghi logic mo duge dé xuit trong [14] diéu khién bam quy dao
cua robot trong khong gian lam viéc, bo diéu khién truot cé tac dung véi nhiéu ngoai, bo diéu
khién thich ghi dya trén logic md dé xap xi thanh phan bét dinh ctia hé thong. Trong [15], bd diéu
khién trugt voi thoi gian tac dong nhanh khong don 1¢ (NFTSM) duya trén mang no ron Wavelet
(WNN) duoc dé xuat Mang Wavelet dugc sir dung dé u6c luong gidi han trén cua bat dinh va
nhiu ngoai, sai sb quy dao hoi tu vé khong trong mot khoang thoi gian hitu han.

Tét ca cac bd didu khién thich nghi hay diéu khién thich nghi bén viing & trén déu cho thiy bo
di€u khién dugc thiét ke phuc tap, yéu cau tai nguyén tinh toan 16n. D€ giai quyet van d€ nay, trong
bai nay, mét so d6 diéu khién madi khong dé quy dugc dé xuat cho hé thong robot trong do tat ca
cac tham so hé thong déu dugc cho la chua biét. Poéng gdp chinh ctia bai viet co thé dugc tom tat
nhu sau:

« Bo diéu khién khong d¢ quy méi cung véi bo ude lugng mot tham s6 duoc thiét ké cho cac
hé thong robot ma khong can dén thiét ké cong cu dé€ udc lugng cac tham so bat dinh ciia mo hinh.

* Trong hé théng ¢6 nhiéu tham sd bat dinh, nhung chi can uée lugng mot tham sb can thiét.
Do @6, tai nguyén tinh toan duoc tiét kiém.

Phén con lai cta bai viét gdm: Hinh thanh bai toan diéu khién va mé hinh dong luc hoc ctia hé
thong duoc trinh bay trong phan 2. B di€u khién thich nghi, bd uéc lugng mot tham s6 va phan
tich on dinh cho hé thong robot duoc thiét ké trong phan 3. Két qua md phong duoc trinh bay trong
phan 4. Cuoi cung, két luén cua nghién ctru trinh bay ¢ phan 5.

2. MO HINH PONG LUC HQC

Mo hinh dong luc hoc cia robot duge mo ta nhu phuong trinh sau [16]:
H(@){+C(a.d)g+G(a) =7 i 1)

véi: H(Q) 1a ma trdn quan tinh ¢6 kich thuée nxn; C(g,q) 1a ma tran twong ho va ly tdm, dugc
xac dinh tir ma tran H(q) dwa vao tinh chat H(q)—2C(q,q) 1a tran d6i xtmg l1éch, c6 kich thudc
nxn; G(q) 1a véc to trong truong co6 kich thudenx1; 7 1a véc to mdé men tac dong 1én cac khdp
clia tay may c6 kich thudenx1; g,6,6 1a véc to vi tri, vén tdc, gia tde ctia cac khéop c6 kich thude
nx1.

Tir phuong trinh (1), mé hinh dong lyc hoc cta tay may dugc viét lai nhu sau:

G=H"()(r-C(a,9)4-G(a)) ()
Dit bién trang thai X, =0; X, =0, khi do, dong luc hoc ban dau ctia hé thong tay may c6 thé
dugc sap xép lai thanh:
X, =X
ol 3)
X, = H (Xl)(T_C(Xl' Xz)xz 'G(Xl))

Muc tiéu diéu khién cua bai viét nay 1a didu khién chuyén dong cta cac khép theo mot quy dao
tdi vi tri mong muodn g, . Cac bién trang thai cua hé thong dugc dinh nghia nhu sau: x; =q, : vi
tri mong mudn; @ = X, — X, : sai s vi tri ctia cac goc khop; @, = X, : van toc cac khép; u=z: tin

hiéu diéu khién. Sai s6 dong luc hoc cho (3) dugc xac dinh nhu sau:
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Amh% 0
¢ =H (g)u+h,(4.4)

véi hy(d.4,) =—H™(#)(C(4.4)8. + G(#))-

Do su ton tai cta cac tham s chua biét trong ma tran H - (4) duoc viét lai thanh:

d=H"'(4)s +.(4.4) )
¢ =H @)u+ f,(4.4)

vOTi:

f(d8)=(1-H"@))d - %,
(6)

f,(4.4,)=—H"(4)(C(d.6)8 +G(4))

I 14 ma tran don vi c6 kich thuéc nxn.
3. THIET KE BQ PIEU KHIEN VA THAM SO UOC LUQNG

3.1. Thiét ké bd diéu khién

_ Trong phan nay, bo diéu khién thich nghi khong d¢ quy va bo udc luong tham sO s& duoc thiét
ké dua trén chién lugc diéu khién mot bu(:rc, dé diéu khién vi t’ri cua qéc g(’)g khép bam theo mot
quy dao dat cho tru:éc t61 vi tri mong mudn. Phuong phap thiét ké dicu 1ghién khong d¢ quy nay
dam bao h¢ thong on dinh toan cuc ngay ca khi h¢ thong co cac tham s6 la bat dinh. Nhung lai
khong can dén bat clr cong cu nao nhu: ma tran hoi quy, mang no ron hay logic mo,... dé ude
lugng cac tham s6 bit dinh cua hé thong. Diéu nay c6 thé thay rang, bo diéu khién s& duoc thiét

ké v6i luat diéu khién don gian, do tin cdy cao, giam ganh ning vé tinh toan va thoi gian. Dé thiét
ké bo diéu khién, trude hét dat:
Onxn I nxn
A= (7)
2

v6i K, =diag(K, Ky, Ky, ) 5 K, =diag(Ky,Ksy,....K,, ) 12 cic ma tran hing sb x4c dinh duong sao
cho A 1a ma tran Hurwitz, P 1a ma trén xac dinh duong thoa man phuong trinh Lyapunov sau:
AP +PA=—1, (8)

trong do, 1, la ma tran don vi c6 kich thudc 2nx2n. pé tiép tuc, mot phép bién d6i bién duoc

thuc hién nhu sau:

e = i i =1, 2 9)
(L)
trong d6, L 1a tham s6 thay doi theo thoi gian voi diéu kién ban dau L(0) =1. Tir (9), hé ban dau
(5) duogc bién dbi thanh:

& =H"(4)Le, +— f(¢l ¢2)——e

_H@w . 1
2 L2

(10)

— h(4. ¢2)__ez

.
Dinh nghia e = [elT , e;] , va ung vién ham Lyapunov dugc lya chon
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V =e'Pe (11)
B6 diéu khién dugc dé xuat nhu sau:
u=-Kg -LK,4 (12)
Tham s L thay ddi theo thoi gian, dugc cdp nhat vdi luat cap nhat nhu sau:
L=e'e (13)

3.2. Phén tich 6n dinh

H¢ thong vong kin dugc thiét 1ap 6n dinh, s& chi ra rang v6i b diéu khién (14), hé kin (10) s&
hoi tu tiém can ve goc toa do.

Hé (10) duoc viét lai nhu sau:

é=M"LAe+ f (g, L)—%Ae (14)

H' 0 . ,
voi Mlz{o I—:Xﬂl} A=diag(11,...,1,2...,2)1a ma tran duong chéo cd chicu 2nx2n;

nxn

.
f(g,L)= {% f'(4.0,) % f) (¢1,¢2)} , khi d6, dao ham ctia ham Lyapunov (11) x4c dinh duoc

nhu sau:
V=¢6"Pe+e'Pé

. T .
= |:M1LAe+ f (g, L)—EAe} Pe+eTP[M1LAe+ f (4, L)—EAe} (15)
=Le'M?(ATP +P A)e+2e"P f(g,L) —%eT (AP +PA)e
Theo (8), phuong trinh (15) c6 dugc nhu sau:
V =—Le'Me+2e"P f (g, |_)—EeT (AP +PA)e (16)
Gia thiét 1: Ton tai mot hiang dwong y sao cho | f, (.)| < ;/ZM ‘, JeN,,
=1

Do L=e"e>0 vaL cé didukién dau L(0) =1, vi vy, tham sd thay d6i theo thoi gian L(t) >1.
Theo Gia thiét 1 va (9) co duoc:
fid.¢)
K

S%(|¢}|+|¢|)S7(|el|+|e2|):7/Qi ] (17)
trong d6, Q; =[l s 1pn]-
Theo (17) c6 dugc nhan dinh vé f (¢, L) nhu sau:
| f(¢,L)|< Qe (18)
véi Q=[Q;;Q,].
Theo (18) xét 2e" P f (¢, L) trong (16) co6 duoc:
2¢"P f(g,L)<|2P  (4,L)| <2[e"[|P|Qle| < 2|P| |Qlle"e <4y|P[eTe (19)
Theo (19) dao ham cua ham Lyapunov (16) c6 dugc:
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V<-Le'M e+ 4;/||P||eTe—EeT (AP +PA)e (20)

Do L=e"e>0, vi vdy: —%eT (AT P+ PA)e <0. M 1a ma trin nghich ddo cia ma trdn quan
tinh ctia robot, 1a mdt ma tran xac dinh duong. Do d9, ta co:
V <Ly, (M) —4y|P)e’e 1)

Trong d6, A, (M™)Ia trj riéng nhé nhat cia M™; L(t) 1a hang sb x4c dinh duong thoa man
diéu kién:

(47||P||+1)
L(t)>~————~ 22
( ) mln (M_l) ( )
Do vay:
V<-ee<0 (23)

Tir (11) va (23) suy ra duoc € bi chin khi t —> 0. Do d6, 4 (¢ e ) ciing bj chin khi

t — 0. Piéu ndy c6 nghia tat ca cac tin hiéu cta hé thong vong kin 14 bi chian va L(t) ciing bi
chan. Do viy, ta co:
limg=0 (24)

t—ooo
Nhu vy, bo diéu khién dam bao sal sO diéu khién vi tri s& hoi tu tiém can vé khong, van tde
chuyén dong ciia cac khop s& hoi tu vé khong khi cac goc khop di chuyén t6i vi tri mong mudn.
Dé minh hoa rd hon qua trinh diéu khién ciia bo diéu khién thich nghi khong dé quy va bd ude

luong tham cho hé théng robot don, so dd khéi cta bo diéu khién nay dugc minh hoa trong so dd
hinh 1.

Bo diu khién Béng lyc hoc q
cua robot q
— (12) i
Quy dao dit q4

Cép nhat tham
s0 L (13)

Hinh 1. So do khoi diéu khién hé thong robot don.
4. MO PHONG HE THONG
Pé xac minh tinh hiéu qua ciia b d6 diéu khién, khong lam mat tinh téng quat tac gia di mo

phong hé théng robot don 14 robot Planar c6 ba béc ti do quay trong mét phing. M hinh cua robot
planar dugc minh hoa nhu hinh 2.

Céc thong sb cua robot Planar: my = 1,§kg; mz =12 kg; ms = 1kg; d.. = 1m; d, =0,8m; d3‘=
0,6m. Muc tiéu diéu khién la di€u khién chuyén dong cia cac khop tir vi tri ban dau

=[7z16;7/12;7z112] theo mét quy dao toi vi tri mong muon o, =[7/2;27/3;27x/3]. Quy
dao chuyén dong cua cac khop duoc thiét két nhu sau:
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Gy, =0,5236+0,2565 t2 — 0,0488t° Qo =712
Oy, =0,2618+ 0,4488-0,0855  v6it<3,55Va {q,, =27/3 v6i t>35s
Qy; = 0,2618+ 0,4488— 0,0855 Qus = 27/3

Céq tham sb diéu khjén dugc chon nhu sau: Ky = diag(900, 500, 500); K: = diag(30,20,15);
tham so0 bat dinh, thay doi theo thoi gian dugc thiét ke vdi gia tri ban dau L(0) =1.

Hinh 2. M6 hinh robot Planar.
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Hinh 3. Quj dao chuyén déng cdc géc khop.
Hinh 3 thé hién su bam quy dao chuyén dong cua cac goc khop va hoi tu cua sai s6 quy dao vé

khong khi cac khop chuyén dong t61 vi tri mong mubn. Hinh 4 cho thy sy hoi tu ciia quy dao van
tdc cac khép G, tai vi tri can bang van toc cac khop hoi tu vé khong. Hinh 5 14 tin hiéu mé men

diéu khién tac dong 1én cac khép, tai vi tri cAn bang mo men duoc hoi tu. Hinh 6, hinh 7 cho thiy
L(t) thay d6i theo thoi gian, va sy cap nhat cling nhu sy hdi ty cia tham s6 nay. Ludt cap nhat hoi
tu v€ khong, tham sd L(t) hoi tu vé mot gia tri khi robot chuyen dong tdi vi tri mong mudn, diéu
nay cho thay, khi hé thong 1am viéc 6n dinh tai vi tri cn bang thi tham sb thay dbi theo thoi gian
ctia hé thong L(t) giit khong doi. Qua cac két qua mo phong thiy duoc rang, véi bo dicu khién
thich nghi khong dé quy duoc dé xuat cho hé thong robot don, cac khdp cia tay may duge chuyén
dong ti€n can theo quy dao tdi vi tri mong mudn, cac tin hiéu cua hé théng kin déu hoi tu. Nhu
véy, bd didu khién hoat dong hiéu qua va kha thi.

5. KET LUAN

Bai bao xem xét diéu khién hé théng robot don v&i cac tham sd ctia hé théng 1a bat dinh. Mo
bd dicu khién thich nghi khong d€ quy dugc dé xuat cho hé thong robot vai hé so diéu khién thay
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dbi theo thoi gian. Vi bo didu khién nay khong can xem xét toi cac cong cu dé ude luong cho cac
tham s bét dinh cta hé théng. Thay vao d6, mot hé s6 diéu khién thay ddi theo thoi gian duoc
thiét ké véi gia tri duoc cap nhat theo luat cap nhat. Diéu nay gitip giam thoi gian tinh toan cho b
diéu khién, ciing nhur 1am cho bo diéu khién trd 1én don gian hon, lam tang kha nang img dung vao
thue tién cua b diéu khlen Bo diéu khién dugc chimg minh sai sb quy dao chuyen dong cua cac
goc khop hi tu tiém cén vé khong, va toan b tin hiéu trong vong diéu khién kin déu b chan. Cudi
cung, ket qud mo phong dugc thuc hién da xac minh tinh kha thi va hiéu qua ctia cac phuong phéap

dé xuit.

o
~

QuY dao van téc cac goc khop [rad/s]

0 1 2 3 4 5
t[s]

Hinh 4. Quy dao vin toc cic goc khop.

Mé men diéu khién cac khop [Nm]

70

= = =Mé men khép thir nhat
M6 men khép thi hai
---------- M6 men khdp thi ba

60

50

0 1 2 tfs] 3 4 5

Hinh 5. M6 men diéu khién cdc khop.

1.8

Gia tri cap nhat clia tham sé

0.8

Hinh 6. Quy dao ciia hé s6 diéu khién L.

Luat cap nhat tham so dL

0 1 2 4 3 4 5

t[s]

Hinh 7. Ludt cdp nhdt tham sé L.
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ABSTRACT
Adaptive control with non-recursive schemes for robot systems
In this paper, the authors consider the design of adaptive controllers for robot systems

with uncertain system parameters. A new non-recursive adaptive controller is proposed for
a robot system, with the controller coefficients being time-varying and updated online to
avoid the need for an estimator to estimate the uncertain model parameters. The controller
is analyzed and shown to be stable in the Lyapunov theory. The tracking error of the joint
trajectories and all the parameters in the closed-loop system converge asymptotically to the
origin and are bounded. Finally, simulations are performed to verify the feasibility and
effectiveness of the proposed control method.

Keywords: Robot; Adaptive control; Non-recursive control design; Unknown system parameters.
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