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Tém tit:

Cung vai su phat trién ctia khoa hoc cdng nghé, robot cdng nghiép la mot phan khéng thé thiéu
trong san xudt tu ddng hda. Trong ky thudt diéu khién robot, ngudi ta thudng chia theo muc dich st
dung va méi trudng lam viéc, tir d6 ¢ cac phuong phap diéu khién khac nhau nhu diéu khién theo
chuang trinh, thich nghi, m@, noron... V&i moi trudng cong nghiép, robot thudng la mot hé théng co
tinh phi tuyén cao véi cac thong s6 bat dinh, gitfa cac khau khdp cd su' tac dong qua lai nén la mot
trong nhitng nguyén nhan gay sai Iéch quy dao hay vi tri khdp. NOi dung cla bai bao nay la nghién
clru ludt diéu khién Li-Slotine trong viéc diéu khién vi tri tay robot, va danh gia vé su &n dinh cla
ludt diéu khién nay déi vdi robot SCARA cdng nghiép.

T khéa:
Piéu khién robot, diéu khién thich nghi, Li-Slotine, SCARA.

Abstract:

Along with the development of science and technology, industrial robots are an indispensable part of
automated production. In robot control engineering, people are often divided according to the
purpose of use and working environment, from which there are different control methods such as
program control, adaptive, fuzzy, neuron... In the industrial field, the robot is usually a highly
nonlinear system with uncertain parameters, between the joints there is a reciprocal interaction, so it
is one of the causes of the deviation of the trajectory or the joint position. In this paper, the
research direction is Li-Slotine control law in controlling robot arm position, nhamely industrial SCARA
robot.

Keywords:
Robot control, adaptive control, Li-Slotine, SCARA.

1. MO PAU
Diéu khién robot dugc xay dung dua trén

duoc phan loai thanh 2 dang bai toan la
diéu khién theo quy dao (diéu khién tho)

3 phan: thiét bi diéu khién, dbi twong diéu
khién (tay robot, cac dong co truyén
dong) va thiét bi do luong (do vi tri, luc,
dong ap cap cho dong co).

Theo nhiém vu, diéu khién robot thudng

va bai toan diéu khién két hop gitra quy
dao va lyc tac dong (diéu khién tinh).
Mic du chia ra thanh nhiéu dang, nhung
quan trong nhat van la chat luong diéu
khién ma cu thé & dy 1a sy 6n dinh va la
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mét trong nhitng tiéu chuan dau tién khi
xem Xét t6i viéc diéu khién. Dé néi mot
cach don gian thi robot dugc diéu khién
tuy dong theo chuong trinh, nhung khi
nghién cau vé van dé diéu khién thi né
bao gdm nhiéu tham sb nhu: quy dao lam
viéc véi théng sé dong hoc tay robot, céc
luat diéu khién, co cAu co khi va hé truyén
dong, lap trinh diéu khién...

Trong cac phuong phap diéu khién robot,
trong ky thuat diéu khién hién dai, diéu
khién thich nghi 13 phuong phap duoc ap
dung kha nhiéu boi day 1a mot phuong
phap diéu khién mém déo, c6 kha ning tu
thay d6i cau trdc hoic tham sé dé phu hop
Véi viée thay ddi caa dbi tuong sao cho hé
théng van 6n dinh. Luat diéu khién thich
nghi Li-Slotine la mot trong nhing
phuong phap diéu khién nhu vay. Trudc
khi di vao luat diéu khién nay, ta xem xét
c4c van dé lién quan téi viéc diéu khién
robot Scara nhu phuong trinh dong hoc,
dong luc hoc va dong luc hoc nguoc.

2. PHUONG TRINH DONG LUC HOC
ROBOT SCARA
2.1. Cau tao cua robot SCARA

Z
8 ¢

Hinh 1. C4u hinh Robot SCARA
va hé toa d6 D-H
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Cau hinh robot SCARA bao gom dé,
khép (quay va tinh tién), cac lién két giira
cac khop va ban kep. Ngoai ra con c6 hé
théng truyén dong, cam bién, hé diéu
khién @& robot hoat dong trong khong
gian lam viéc...

Theo cAu hinh, robot SCARA c6 cac
thdng sé nhu ¢ bang 1.

Bang 1. Ky hiéu céc thong sé6 cta robot SCARA

Thamsdé | Khép | Khép | Khép | Khép
1 2 3 4
Biénkhop | 07, 0, I 0,
Chiéu dai I, I, l; 0
(m)
Khéi lwgng| m; m, m; m,
(kg)
Van téc Vi v, A Vs
(m/s)
Chidudai | lg | lp | lg | O
tam khoi
(m)
Vi gia thiét: lgr = 11/2 lgo = 12/2
|93 = |3/2

Ji: mémen quan tinh cua khop i.

Hé qui chiéu gan véi hé truc toa do
(Oq, Xo, Yo, Zo) trén khép thir nhat. Khi d6
mat phing (Oo, Xo, Yo) 12 mat phing
dang thé.

2.2. Phuwong trinh dong lwc hoc cua
robot SCARA

Tinh todn dong nding va thé nang cho
teeng khop.

Pé tinh van téc goc cua cac khau robot, ta
st dung cong thuc:

v; = fxlz +y12 +Zi2, trong do X;, Vi, Zi la
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hinh chiéu cua tdm thanh ndi tht i 1én céc
truc x, y, z. Sau khi tinh toan, ta c6 dugc:

Pong nang va thé ning khép 1: 1)
1 1 1 .
Ky = Eml. V12 +EJ1.(012 = Eml. |2g1. 912
1 .
+2)1. 62
2
P1: 0.
Pong nang va thé ning khép 2: (2)
1 2 1 2 1 2
Koy = Zmp. v +=0ho = —myf 1%
2 5 M Vo'+ 2 Jp > o It

912+|922(91+92)2 + 2'1'92(912 + 9.1. 92.
Cos0,] +%J2.(91+92)2

P2 =0
Péng nang va thé nang khop 3: (3)
Ky = % m3.v32 = % m3.[I12.912 +

l2?.(6:+0,)° + 2. lpdg(6F + 6,.6,).

Cos0, + i3]
Ps=ms.g.hs =-ms.g.ls
Péng nang va thé nang khop 4: 4)
1 2 1 2 1 2
Ky = =mgvy” + ZJpo4 = =my[ly”
4= S MaVs 5 Ja-04 ) allh
02+13,%.(0,+6,)* + 2.11.12(67 +

6,.6,).c080, + i2] +%J4(91 + 6, +6,)

P4 = m4.g.h4 =- m4.g.I3
Tong dong nang cua hé théng: 5)
K=K;+Ky+ Kz + Ky

Ta co:

K = % mllzgléf + % m234|2g1, 012 +
1 co s .

5 oMasa.(67+6F)  +  lilgoMaaa. (67 +
. . 1 ‘9 1 2o
91. 02).(:0392 + E m34. 13 + E \]1.91 +

%Jz.(91+92)2 + %\]4(01 + 0.2 + 94_)2

V6. Mypza= Mg+ My+ M3+ My,
M234 = M2+ M3+ My,
M34= M3+ My,
Tong thé nang cua hé thong: (6)

P=P;+Py+P3+P;=-mg.0. 13
Phwong trinh déng luc hgc: Ap dung
phuong trinh Lagrange cua hé thong [4]:
L=K_P

Cac phan tir caa phuong trinh dong lec
hoc:

Nhu vay sau khi tinh toan, phuong trinh
dong luc hoc cua hé théng dugc biéu dién
bang cac phuong trinh dong luc hoc rut
gon dudi dang ma tran sau:

_ 0, ]
Ml H11 H12 0 H14 1
MZ — H21 H22 0 H24 92+
M, 0 0 Hy Of 1],
(M,] |Hy Hy, 0 Hy 2
6,
[0
0
,
7 (7)
| 0
Viét gon lai:

M =H(q,9).-4+C(q,9 +G(q) (8)
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3. LUAT PIEU KHIEN THICH NGHI
LI-SLOTINE CHO SCARA

3.1. Luat diéu khién thich nghi Li-Slotine

Bai toan dong hoc nguoc vi tri 1a bai toan
phtrc tap, khéi luong tinh toan 16n, ngoai
ra trong qua trinh tinh ma tran nghich dao
c6 thé s& gap phai diém cuc l1am hé théng
khéng on dinh. D& dam bao van dé dit ra,
mot hé didu khién MIMO duoc goi 1a
diéu khién thich nghi s& &p dung cho cac
dbi twong nhiéu bac tu do, anh huong tac
dong qua lai 1an nhau [2], [3].

Phuong phap diéu khién thich nghi noi
chung 13 udc luong tham sé chua xac
dinh, sau d6 tinh toan va cap nhat cac
thong sé cua bo didu khién dua trén cac
tin hiéu vao ra cia h¢ théng trong khi lam
viéc dé dat két qua dé ra.

C6 thé mo ta bo diéu khién thich nghi
hoat dong dua theo hinh 2.

C6 thé thay bo diéu khién thich nghi co
ciu trGc dua trén cau trdc cua bo diéu
khién kinh dién, con tham sé bo diéu
khién thi khéng cé dinh, dwgc hiéu chinh
sau mdi chu ky ldy mau thong qua luat
cap nhat cac thdng sb diéu khién dua trén
trang thai robot tai ting thoi diém.

Tham so dieu khién
wde leong

W

‘ld% Bb didu khidn | |
6 didu khién | Robot ~
~ thich nghi F ~ | 0b0 d
~\ J q

Hinh 2. So’ dd khéi luat diéu khién thich nghi

Xét phuong trinh dong luc hoc cua robot
va theo [5], [6], [7], [8], vai gia thiét khdng
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Xuat hién cac tham sé hang bét dinh:

T=H(®.4+ C(q,9).q + G(q) (9)
Trong d6: H 1a ma tran quan tinh ddi
xuang, C la ma tran luc Coriolis, G la ma
tran vecto gia tc trong truong.

Str dung b diéu khién gia dinh md ta nhu
sau:

=H(q).v +C(.OV+G@+Kq(v-)  (10)
trong do:

V=(G4+V(Q4-0)=dq +Ve;
r=e+ve=Q,-9+V(Q4-9)=v-q; (11)

Ky: ma tran ddi xang, xac dinh duong
tay y.

V =diag(A;): ma tran duong chéo xac
dinh duong (A; >0).

Ta 4p dung phuong phap ham Lyapunov
xét tinh 6n dinh caa hé trén.

Céu trdc cia Robot c6 cac tham sb bat
dinh nhu tai trong, khéi lwong tai, mémen
quan tinh tai, cac thanh phan ma sét trong
cac khop... Luat diéu khién Li-Slotine c6
thé khtr cac tham sé bat dinh bing céch
chinh (cap nhat) céc thong s, dong thoi
nhan dang tham sé dong hoc cua hé
thdng, so séanh va cap nhat vai cac gié tri
thuc, dua vao bo diéu khién dé sai léch vé
vi tri cua cac khép robot s& vé khong; hé
thdng 6n dinh theo tiéu chuan Lyapunov.
Pé &p dung duoc luat diéu khién thich
nghi Li- Slotine cho robot diéu khién bam
quy dao thi ta c6 céc gia thiét sau:

M6 hinh dong luc hoc c6 day du cac
thanh phan.
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Déi véi mé hinh dong luc hoc thi tinh bt
dinh 12 & tham sb hang c6 gia tri chua biét
hodc khong chinh xac (udc lugng).

Cac tham sé hang bat dinh duoc tach
riéng ra.

Trong md hinh déng luc hoc: Ma tran
quan tinh H 12 ma tran ddi xtmg xac dinh

va S=C(q,q)-%|:|(q) la ma tran dbi xung
lech s=-S' .

Tu (10) luat diéu khién thich nghi Li-
Slotine dugc dua ra nhu sau:

=A@+ C (g g)v+ G (@)K, =Y(@GVV)P-Kyr
(12)

trong do: H (q),é(q,q),é (@ - Cac thanh
phan udc luong caa H(q), C(a.4) ,G(q);

p - thanh phan chinh dinh cua tay robot;
Y(9,9,v,V) - ma tran xac dinh nxn.

Két hop phuong trinh (9) va (12) duogc

phuong trinh dong luc hoc kin cua tay
may:
H(@)4+C(q,9)g+G(q)

A oA ) A (13)
=H (@)v+C(q.9)v+ G (q)-Kyr

Ap dung luit diéu khién Li-Slotine vao
robot SCARA va xét tinh on dinh caa
he:

Ludgs diéu khien Li-Slotine cho robot
SCARA:

Tur phuong trinh
o 1 . . .
u= H(q)-q{i H(q)+S(q,q)}q+G(q)

ta ¢6 thé viét lai thanh:

u = H(g) q+C(a,9) g+ G(q)

Xay duyng luat didu khién cho robot
SCARA theo Li-Slotine tr (13), (14):

(15)

(14)

u=H(q) v+C(a,q)v+G(q) - Kpr
Trong d6 H,C.G 1a cAc ma tran uéc luong
thong s6 cua hé thong (16)
AH=H-H;AC=C-C;AG =G-(;
AH.V+ACY +AG = Hr+Cr+ K r=0
AHV+ACV + AG = H(q- V) + C(g-V) + K1
=Y(q,q,V,V)Ap

Vé6i Apla céc théng sé vat Iy cua hé
thdng nhu khéi lugng, momen quan
tinh. Ap = (I]_, m]_, ey In, mn)T
Y(q,q,V,v) 1a ma tran hdi quy tham sé ha

thdng.

Nhan ca 2 vé cua (16) vai r', ta s& duoc:
r'[H r+Cr+ Kor1=r"Y(q, q v, (/)Ap 17)

Xét tinh 6n dinh cua hé theo phirong phép
ham Lyapunov:

Chon ham Lyapunov:

V:ErTHHlApTFAp (18)
2 2

Trong d6: Ap = p —p; Ap = P

=>V =r"Hr+Ap'TA b+%rT Hr (19)

Tu (17), thay vao (19), ta duoc:

V= AP'TA b+ AP"YTr—r"K r—r'Cr+ % T Hr
(20)

Theo tinh chit cua dong luc hoc, ta co

H-2C=0. Nhu vay:
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V= Ap" (TAP+YTH) ="K, r (1)
~I"Kor<0 (r »0khi t — o)

va cho ApT(FAb+YTr) = 0 d hé on

dinh.

Tu

ADT(TAP+Y ) =0 >Tp =—Y'r —>p =Y
(22)

Khi tinh duoc p & (22), tich phan dé tinh
p, suy nguoc lai tr cac phuong trinh
(15), (16), (17), ta sé& dugc cac ma tran

A A A

M,C,G.

Tinh dugc cac gia tri cua cac ude luong
thong s6 hé thdng, thay vao (13) ta s& co
duoc luat diéu khién theo Li-Slotine.

Uu diém: Hé théng 6n dinh tét. Tuy
khong biét chinh xéac céac théng sb vat ly
cua hé thong nhung dua vao udc lugng dé
tinh toan.

Nhuwoe diém: Khbi lugng tinh toan phic
tap.

Pé xem xét két qua tinh toan trén, ta md
phong trén phan mém Matlab Simulink.

3. DANH GIA KET QUA MO PHONG

3.1. So’ d6 khéi diéu khién va thdng sé
ban dau cta robot

Dua trén céc thdng sé cua robot Adept
One [1], ta c6:

Khéi luong cac tay may: m; = 2,5 Kg;
m,= 1,5 kg; mz= 2,0 kg; m,; = 0,6 kg.

Modment quéan tinh cac tay may:

J1=1,50.10* kg.m?;
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J,=0,32.10" kg.m%;
J;=0,32.10" kg.m?;
Do dai cac tay may:
h=0,25m; [,=0,15m;

Bang 2. C4c thong sé cta tay Robot SCARA

Vi tri ban dau cuia cac tay robot so véi vi tri
can bang thang hang cua tay robot

6, (rad) | 0, (rad) | ds(dm) | 0, (rad)
0,6 1,6 0,7 1.2
Vi tri dat can dat toi:
0,,(rad) | 0, (rad) |dg (dm)| 6,,(rad)
1,6 19 1,7 18

Cocduthay | 9
déi tham s&
[

BDK Robot
qd - u q

Hinh 3a. So d6 khéi luat diéu khién Li-Slotine

¥

Set
Torque B
o Q—L—P ad
q Scope
Scope

[ mterpretea]
EAT LAB Fﬂ d

Hinh 3b. So db khéi cua luat diéu khién
Li-Slotine cho robot trén Matlab Simulink

3.2. Két qua md phéng
Véi cac thong sé ban dau, vi tri dit coa
tay Robot, két qua mé phong luat thich

nghi Li-Slotine dugc thuc hién trén phan
mém Matlab Simulink nhu sau:
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Két qua mé pheng khop 1

dap ung cua g1
16 Ring ?

15+
1.4
12 /

12 |

11}
i
08

08 -’

o0r
06
o 0a 02 03 04 05 06 07 0B 08 1
- dag unyg van toc g1
18
18
14
12
10
8
L]
]
2
S
Py — . L s
° a1 0z 03 ¢4 a5 @8 07T 0B 09 1

Hinh 4. Pap (rng vé vi trf, van téc khép 1

Két qua mé phong khop 2

dap ung cua g2

165

dap ung van toc g2

o 01 02 03 04 05 08 07 08 0¢ 1
t

| S

Hinh 5. Pap (rng vé vi trf, van téc khép 2

0 01 02 03 04 05 086 07 08 08
t

1

Két qua mo phong khop 3

dap ung cua
17 .p Q' ‘?3

16

15

14

13

1.2

11

09

08

(kg
0

t

01 02 03 04 05 06 07 08 09

1

dap ung van toc g3

o 0.1

02 03 04 05 06 07 08 09

4

Hinh 6. Pap (rng vé vi tri, van téc khép 3

Két qua md phong khop 4

dapungcua g4

t

01 02 03 04 0s 06 07 08 09

1

dap ung van toc g4

o 01

02 03 04 05 06 07 08 08

1

Hinh 7. Pap (rng vé vi tri, van téc khép 4
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Tur cac két qua md phong 4 khau cua
robot SCARA, ta c6 thé thay dap tng caa
hé thong 6n dinh va bén ving, luat diéu
khién Li-Slotine s& 1am cho robot dé thich
nghi hon vai céc tai trong khac nhau trong
qua trinh 1am viéc ma van dat yéu cau vé
vi tri.

4. KET LUAN

Ta thay thuat toan diéu khién thich nghi
Li-Slotine khir dwoc dao dong cua tay
may, thé hién qua vi tri cia timng tay robot
va thoi gian dap tng cua hé thong, viéc sir
dung uéc lugng céc thong sé, két qua dat
yéu cau. Tuy nhién khéi luong tinh toan
cua thuat toan rat nhiéu, viéc xur ly cac
van dé vé cong nghé nhu diéu khién chinh

(ISSN: 1859 - 4557)

X4c van toc tay may, moé men téi da cua
dong co... van can phai xem Xxét va
nghién ctu k§ hon. Ngoai ra, tbc do 6n
dinh caa hé thdng ciing phu thudc vao cac
thong sb dugc chon.

Céac md phong trén phan mém cho thiy bo
diéu khién da dap tng duoc yéu cau. Bo
diéu khién thich nghi Li-Slotine di bam
tét tin hiéu dat, hé thong hoat dong on
dinh, nén viéc st dung bo diéu khién nay
dé han ché dao dong cua robot 1a cé thé
thuc hién dugc. Tuy nhién, dé diéu khién
chinh xé4c hon nita vé van téc, gia toc cua
ting khép robot thi can bd sung thém cac
thuat toan diéu khién phu hop.
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