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TOM TAT

’Mét hé chuyén dong robot]uén phu thudc vao cac tham mé hinh todn bat cﬁph hodc khong
biet dwoc chinh xdc va bi nhiéu ngoqi tdc dong la khong thé tranh khoi. Da co rat phuong phdp
diéu khién thich nghi, bén vimg, truot,.. . dé xir Iy truong hop nay, tuy nhién, cac phuong phap
diéu khzen dé déu da vao mé hinh todn hoc robot bdt dinh, hic d6 it nhdt can wéc lwong cdc
tham s6 d6, hodc phai gia lﬁlet cdc tham so yla hang bat dinh. Noi dung ciia bdi bdo la trinh bay
mot phirong phdp diéu khién dé robot chuyén dong bam quy dao chinh xac ma khong da hodn
toan vgio m0”7hinh c:l‘é la bo diéu khién thich ,nghi thong minh nho hoc lap loai D va duoc ket hgp
voi diéu khién tuyen tinh hoa chinh xdc. Ket qua mé phong cho tay mdy hai bdc tw do cho thay,
sai s6 vi tri cua khop tac dong cuoi nhanh tién toi khong va chinh xdc.
Tir khoa: Diéu khién hoc lap; Robot 2 béc ty do; Didu khién thich nghi thong qua diéu khién tuyén tinh hoéa chinh xéc.

1. GIOI THIEU CHUNG

Robot da va dang dugc Gmg dungqrét nhiéu trong nhiéu linh vuc cong nghiép, vi véy, ciing di
6 v van cac phuong phap diéu khién robot dugc nghién ciru va ing dung sir dung, da giap cho
robot dat dugc chat lugng bam quy dao chinh xdc dat yéu cau. Nhung nhirng phuong phap nay
déu duoc xay dung dua vao mo hinh todn mo ta robot va chiing dugc phan loai tay theo murc do
chinh x4c cia md6 hinh toan d6. Dang md hinh toan thudng dung cho viéc thiét k&, tong hop bd
di€u khién 1a mo hinh Euler — Lagrange bi tac ddng bdi nhiéu ngoai dau vao d(t) nhu sau:
=M (9,0).6+C(a,6,0)q+G(q,0) + F(4,0) +d(t) D)
Trong d6: q 1a vector cac bién khop; 6 14 vector cac tham sb bt dinh; M (9,0)1a ma tran
quén tinh luén dbi ximg xac dinh duong; C(q,q,6)q 1a vector cua cic thanh phan Coriolis va
centrifugal; G(g,6) mo ta anh huong ciia ma sat; F(q,6) la vector trong truong, d(t) la vector
nhidu & co cau chap hanh va u Ia tin hi¢u diéu khién. Véi cac bién khop bang Vi s6 céc tin hidu
dau vao thi hé robot nhu vy 1 du co cau chap hanh. Nhiém vu diéu khién robot 1a xay dung bd

diéu khién phan hdi sao cho dau ra la cac bién khép q bam theo dugc quy dao dat mong mudn
r(t) va chat lugng bam khong phu thudc vao céc tham sé bat dinhz va thanh phan nhidu ngoal

d(t). Pa c6 nhiéu phuong phap diéu khién giai quyet bai toan trén, vi du nhu phuong phap tuyen
tinh héa chinh xac [1]. Néu thanh phan nhidu ngoai bo d(t) qua dugc nhung van ton tai tham sb
hang bat dinh thi ta co phuong phap diéu khlen nghich dao mé hinh [2]. Trong truong hop déu
ton tai ca thanh phan nhidu ngoai va tham s6 hang bat dinh thi c6 phuong phap diéu khién trugt
[3]. Tuy nhién, nhuoc diém cua phuong phap diéu khién truot 1a ¢ hién tugng rung (chattering)
khi hé truot trén mit truot véi tin sd cao. De cai thién hién tuong rung nay cting ¢6 phuong phap
diéu khién trugt bac cao [4], song van can t6i gia tri udc lwong ciia chuan cyc dai sai 1éch mo
hinh gay ra boi nva d(t) va cing khong loai bo dugc hoan toan hién tugng rung, nén van c6
nguy co lam cac thanh phan thiét bi co khi robot nhanh hong. Dé khic phuc tat ca cac nhugce
diém trén co thé sir dung bang phuong phap diéu khién thong minh, d6 1a xu huéng diéu khién
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khéng str dung m6 hinh dong luc hoc cua robot (1), dé chét luong diéu khién khong chiu anh
huong boi thanh phan q(t)va d(t). Phuong phap diéu khién thong minh ap dung chu yeu cho
robot dugc ndi dung bai bao de cap la phuong phap hoc lap [5]. Day la phuong phap diéu khién
tich hop voi cac hé lam viée tuan hoan va doi hoi trang thai glong nhau. Pdng thoi cling doi hoi
cac tham s6 q(t), d(t) 1a tudn hoan va c6 cung chu ky thay d6i gidng nhau nhu chu ky lam viéc
cua robot cong nghiép. Trong thuc té, phuong phap dleu khién hoc 1ap khong phai lic nao cling
ap dung dap tmg dugc chat luong diéu khién mong mudn. Hién nay, da c6 nhiéu cai tién cho hoc
lap dé cai tién chat luong diéu khién va mé rong pham vi ing dung trong thyc té. Do 1a cai tién
két hop hoc lap voi phuong phap didu khién truyén thdng, nhu tich riéng thanh phan ma sat
trong [6], d6 1a khi khong d6 dugc ( cta [7] nhu hinh 1.
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Hinh 1. So do cdu tric cdi tién két hop hoc lap véi phwong phép diéu khién truyén thong.

Tuy nhién, nhugc diém cia viéc 6n dinh hoa ddi tugng diéu khién bang bo diéu khién truyén
thong nhu hinh 1 da 1am mat tinh “thong minh” ctia bo diéu khién cudi cing. Néi cach khac bo
diéu khién hoc ldp tién xur Iy va hoc 1ap truyén thang nhu trén khong con 13 bo diéu khién thong
minh. Vi vy, dé 6n dinh hoa nho diéu khién thich nghi “théng minh” theo mé hinh mau véi ciu
tric nhu hinh 2 [8]. Tinh “théng minh” dwoc hiéu 1a khéi wdc luong cic thanh phin bt dinh
khong str dung téi mo hinh toan cua hé (d6i twong diéu khién). Cac thanh phan bét dinh cia hé
gdm nhidu d4u vao va sai léch mé hinh (so véi mé hinh mau) va day 1a mot xu hudng diéu khién
¢6 thé dugc tng dung vao diéu khién cho robot cong nghiép.
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Hinh 2. So do biéu dién khéi wéc lwong cdac thanh phan bat dinh
khong sur dung mo hinh toan cua hé.

Noi dung chinh bai béo sé& trinh bay thuat toan diéu khién sao cho nham 6n dinh hoa hé robot
ma khong can thiét sir dung cac phuong phap diéu khién truyén thong. Didu nay tao kha ning ap
dung duogc diéu khién hoc 1ap cho ca nhiing hé khong 6n dinh ma khong can su dung té1 mo hinh
toan ctia hé robot, ap dung cho ca truong hop q(t), d(t) phu thudc vao thoi gian, khong can tuin
hoan. Phuong phap diéu khién nay dugc xdy dung trén co so 1y thuyét vé diéu khién t6i wu timg
doan trén tryc thoi gian [9] Noi dung bai bao gdm 4 phan. Phan 1 1a dit van dé nghién ctru diéu
hoc 1ap cho hé robot. Phan 2 sé trinh bay b diéu khién thich nghi thong minh theo mé hinh mau
cho hé robot. Phan 3 s& ap dung phuong phap dé xuét cho robot hai bac tu do dé kiém chimg
phuong phap diéu khién. Phan 4 1a cic két luan va hudng nghién ciru tiép theo.

2. PIEU KHIEN THICH NGHI THONG MINH THEO MO HINH MAU
CHO HE ROBOT CONG NGHIEP

2.1. Ndi dung thiét ké b diéu khién

Co qnhiéu loai co céu chap hanh robot cong nghiép song chung géu ¢6 chung md hinh toan
hoc kiéu phuong trinh Eurler — Lagrange (1). Xay dung b di€u khién thong minh dé vector cac
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bién khép q bam theo duoc quy dao mau r(t) va chét luong bam cac khop robot khong bi anh
hudng boi i, d(). Pé gidi quyét van dé trén la sir dung so' do cdu tric diéu khién nhw hinh 3.

GOm mach vong diéu khién bén trong ding dé nhin dang cac tham sé bt dinh ham n boéi i
nhd phuong phép phan tich chudi Taylor dé chuyen hé robot ban dau (1) thanh hé “) bang

phuong phap bu thanh phan bat dinh. Mach vong diéu khién bén ngoai 1a bo diéu khién lap dé
xéac dinh tin hiéu diéu khién u 1am cho quy dao chuyﬂen dong cac khop g bam theo quy dao dat
trude r. Trong ndi dung bai bao st dung ham hoc kiéu D véi tham so0 ham hoc K, dugc chinh
dinh online sau mdi lan thr thir K theo nguyén tég cuc tiéu hoa tong binh phuong sai 1éch bam.
Tu (1) c6 viet lai dudi dang twong duong véi nhiéu tong 77, gom d ban dau va sai 1éch mo hinh
nhu sau:
G=u+n (2)
trong d6: 7=d +[1,-M(q,0)]G§-C(q.6,0)d- F(0)4-9(a.0) (3)
Va (2) trd thanh hé tuyén tinh nho viée woc luong n boi n 10i sau d6 tién thanh bu théng qua
tin hiéu diu vao:=u+n—-A=u+35 (4)
Véi s=np-nla phﬁn sai 1&ch udc lugng con lai.
Dé thuan tién cho viéc trinh bay, s& sir dung ky hiéu vector trang thai va tin hiéu dau vao cho

ngauw—Aq—Azq 5)

Trong d6, A, A, la hai ma trén tuy chon. Khi d6, mé hinh twong duong (2) cua robot & trén

hé (2) thanh nhu sau: X :[

tro thanh dang phuong trinh trang thai chinh tic.

X=Ax+B[v+] (6)
Trong do: A—{ Ol }va B—(O"j S=n-n (7
B EV S I U

C6 thé thay, ngoai trir 77 trong (3) thi mé hinh tuong duong nay khong con chira bat cir théng
tin nao vé mo hinh Euler —Lagrange cua hé cl~1uyén dong robot g(r)‘c ban fiéu. Boi vy, néu khi da
dugc bubdi 77 theo nguyén tic phan tich chuoi Taylor bang bd diéu khién vong trong thi bd dicu
khién nay khong can sir dung dén mé hinh (1), d6 1a mang tinh thong minh.
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Hinh 3. Piéu khién thich nghi théng minh theo mé hinh méu cho hé robot.
2.1.1. Mach diéu khién vong trong bang bé diéu khién tuyén tinh héa théng minh, hinh 3
Phai 1am cho két qua uéc lugng n boéi 7 cang chinh x4c cang t6t. Néu két qua udc luong
cang chinh xac thi thanh phan bat dinh 7 con lai cang nho. Bg tuyén tinh hoa nho wdc lugng va
bu bat dinh phai mang tinh “ théng minh” ¢ nghia la kh(:)ng can ding dén phuong trinh dong luc
hoc robot (1). Pay 1a vong stt dung phép phéan tich chuoi Taylor € ude lugng 7 tai thoi diém
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t=KT +iT, tir 2 gia tri do duoc trudc do gdm qk(j),qk(j), voi j=i,i—1.
Chuyén hé khi d4 bu thanh
dx (O I 0
oS —= X+ v—n+n|=Ax+Blo-7+ 8
ot (‘Al ‘Azj (J[ f+1n] [o-17+7] (8)

Thi cong thirc udc lugng duoc xac dinh nhu sau:

i X (D)-% (1) N T
A(i)=8" {%-Axk(.) d-u, () +(i-1) )
S
2.1.2. Piéu khién vong ngodi bang phirong phdp hoc Idp logi kiéu D, hinh 3
Phuong phéap hoc lip nay s& sir dung ham hoc kiéu D véi tham s6 ham hoc K, dugc chinh
dinh online sau mdi lan thir thir k theo nguyén tic cuc tiéu hoa téng binh thuong sai 1éch bam.

U (1) =u,, (1) +Ke (i+1) (10)
Véi K, =argmin|(1 - ®K)z,| (11)
a<K<b
Trong do:
e (0) CB 0 0,
. e (1 CAB CB .. 0
() =r()-v()ia-| * fo- 12
e (N-1) CA"'B CA"“’B CB

2.2. Thuit toan diéu khién
Thuat toan diéu khién c6 ciu tric tom tit nhu sau:

Khoi tao: Chon A, A, va tham s hoc K. Chon T, va tinh sb budc diéu khién trong
métchuky N =T /T,. Gan o(i)=r(i),i=0,1,...,N -1z =0. Tuy chon 7
2 while continue the control do
for 1=0,1,...,N-1do
Pua u(i) =ov(i)— Ag—-AG—7 vao diéu khién robot trong khoang thoi gian T,

4 Do x. Tinh e (i)=r(i)—q(i).
Gan 7 « BT [(x—2) /T, — Ax]—v(i) +7}; 2 « X
5 end for

Lap vector tong v:vec(u(O),....,u(N —1));e =vec(e(0),....,e(N —1)).
Tinh v<«v+Keé

7 end while

3. KIEM CHUNG CHAT LUOQNG PIEU KHIEN THONG MINH
ROBOT HAI BAC TU DO

Dé kiém dinh chat lugng diéu khién cua thuat toan didu khién trén, da duoc cai dat cho robot
2 bac tu do, hinh 4.
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/ 3 /

Hinh 4. Hé robot 2 bdc tu do.
Haé robot 2 béc tu do (hinh 4) ¢6 mo hinh Euler — Lagrange (1) v6i két qua cu thé nhu sau:

My= miZ +1 +m, (If +18, + 2I1IC200592)+ I,
M,, = m, (I, +11.,c0s6,) + 1,

M,, = m, (IZ, +11.,c0s6,) + 1,

M,, = m, 12, +1,

H,, = -m,l,l.,sin6,(26, 6, + 67)

Hy = mble, (67 +66,)sing, —m, L, sin 6,06,
{Gll = m,lc,cos6, +m,g(l,cosé, +1.,c08(6, +6,))
G, = m,glc,cos(6, +6,)

Thanh phan ma sét:

012 f2
V6i nhidu dau vao dugc gia thiét nhu sau:
d, =q,4,sin(2~t), d, =q,q,sin(0.6rt)

N . ellfl N N . .
F(qaq,g)q=( };flqu-yqltanhql;fz=q2+q2tanhq2

=1 reforence

25- TN “IN —— a5t
vatale aer 50 vils / 3
—emratersitias || s /0 \

Hinh 5. Két qud bam & khép thir nhat. Hinh 6. Két qud bam & khép thir hai.
Céc tham sb 6’i ,i =1+201a ngiu nhién. Robot duoc gia thiét 1a c6 chu ky lam viéc T, =10s.

Thoi gian cap nhét tin hi¢u diéu khién dugc chon T, =0.025s . Quy dao dat 1a hai ham tuan hoan
chu ky T nhu sau: r, =sin(zt/ T)+0.2sin(3zt/ T);r, =2sin(zt/ T)
Thong sb robot 2 bac tu do cu thé nhu sau: l,=05,1,=0.8,0=9.81.Va tham s6 bo diéu

4 31 0 12 0 T, .
khién: A = A = nhu thé hién & cac hinh, tir hinh 5, hinh 6.
0 12 0 8
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Nhin xét: Cic bién khép q,,q, va cac gia tri mong mudnr,, r, nhu hinh 5, hinh 6 cho thay cac
bién khép déu tién t6i gia tri it truée v6i sai 1éch bam sau 50 lan thir 1a di nho, chap nhan dugc
cu thé ddi v6i khép thar nhat 1a: —0.083 < e <0.036,-0.02 <e, <0.0173;

4. KET LUAN

Trong bai bao da xay dung dugc thuat toan cai dat bo diéu khién hoc lap & vong ngoai kiéu
hoc loai D va viéc xac dinh online tham s6 ham hoc di dé xuat. Két qua mo phong cho robot 2
béc ty do da ching minh hiéu qua cua phuong phap diéu khién theo mé hinh miu. Céac van de
con ton tai trong két qua nghién ctru tiép do 1a xay dung cac phuong phap xac dinh tap tham 50
hoi tu K cho ham phi tuyén cé cdu triic da biét, ngoai ra van chua xét den bai toan diéu khién co
rang budc bang hoc ldp. Vay hudng nghién ciru tiép theo s& 1a giai quyét bai toan diéu kién hoc
1ap c6 rang bugc trong thoi gian téi.
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ABSTRACT

Application of intelligent adaptive tracking control to iterative learning
and uncertainty compensation for industrial robot motion systems

A robot motion system always depends on mathematical model parameters that are
uncertain or not precisely known and are unavoidably affected by external disturbances.
There have been many methods of adaptive control, sustainable control, sliding control,
etc., to handle this case. However, those control methods are all based on the uncertain
robot mathematical model. At this point, estimating those parameters at least or assuming
the parameters are constant and uncertain is necessary. The article presents a control
method for moving robots to follow precise orbits without relying entirely on the model,
which is a D-type intelligent iterative adaptive controller combined with accurate
linearization control. Simulation results for a 2-degree-of-freedom manipulator show that
the position error of the final impact joint quickly approaches zero and is accurate.

Keywords: Iterative learning control; 2-degree-of-freedom robot; Adaptive control through precise linearized control.
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