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TOM TAT

Bai bédo trinh bay mot cdu tric diéu khién lai cho robot SCARA 4 béc tu do dua trén su két hap gitia ludt thich nghi Lee-Slotine va b b logic m. Trong cdu triic
dé xudt, ludt Lee-Slotine duoc st dung nhu thanh phén diéu khién chinh dé khai thac mé hinh ddng luc hoc tuyén tinh theo tham s6 ctia robot, thutc hién bt dong luc
hoc danh dinh va cap nhét cac tham s chua biét theo tiéu chudn Lyapunov. Trén nén d6, bd logic m dugc thiét ké nhu mdt b b phan du, ¢ nhiém vu xap xi va b
cac bt dinh phi cdu tric con lai nhu ma sét phi tuyén, tai thay doi va nhiéu ngoai ma khdi thich nghi tham s6 chua xt Iy hét. Véi cach phén chia nhu vy, luat diéu
khién lai vira giir dugc tinh chat ché vé mat on dinh clia Lee-Slotine, vita nang cao d6 chinh xéc bam quj dao va tinh bén vitng trudc su bién thién cla tai. Két qua mo
phdng véi cac quyj dao khac nhau cho thay bo diéu khién dé xuat ci thién sai s6 bam, ddc biét trong cac tinh huéng c6 thay di téi va bat dinh.

Tir khéa: Robot Scara, Lee-Slotine, logic mo.

ABSTRACT

This paper presents a hybrid control structure for a 4-DOF SCARA robot based on a combination of the Lee-Slotine adaptive law and a fuzzy residual
compensator. In the proposed architecture, the Lee-Slotine controller serves as the main model-based component to compensate the nominal robot dynamics
and update the unknown structured parameters according to Lyapunov theory. On that basis, the fuzzy logic block is not introduced as a general heuristic tuning
mechanism, but as a residual compensator used to approximate and suppress the remaining unstructured uncertainties, such as nonlinear friction, payload
variations, and external disturbances that are not completely handled by the structured adaptive part. With this unified interpretation, the hybrid controller
preserves the theoretical rigor of the Lee-Slotine framework while improving trajectory-tracking accuracy and robustness under varying operating conditions.

Keywords: Robot Scara, Lee-Slotine, Fuzzy Logic.
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1. GIGI THIEU khong don giadn. Ly do la dong luc hoc clia tay mdy cé tinh
phi tuyén manh, cac khau lién két véi nhau tao ra tuong
tac, dong thai cac tham sé nhu khoi lugng, mé men quan
tinh, ma sat khdp, tai gan & tay cam... thuong khong co
gia tri chinh xac hoac bién déi theo thai gian nén néu su
dung nhiing luat diéu khién don gian tuyén tinh nhu PID
vGi tham sé c6 dinh thuong khong dam bao dong thoi
yéu cau vé bam quy dao chinh xac, dap ting nhanh, bén
viing trudc nhiéu va thay déi tai.

Trong nhiéu hé théng san xuat day chuyén hién dai,
tay may robot SCARA la mét loai robot dugc st dung rat
rong rai vi c6 cau truc don gian, chic chan theo phuong
thang dung, c6 kha nang mém déo linh hoat, chon loc
trong mat phang lam viéc. Robot SCARA c6 cau tric co
khi gon gang, s6 bac tu do khong I6n (thudng la 3-4 bac
tu do) nhung bai toan diéu khién tay may robot SCARA lai
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Trong nhitng nam gan day, nhiéu nghién ctu da tap
trung vao bai toan diéu khién bam quy dao cho robot
SCARA va robot céng nghiép trong diéu kién c6 bat dinh.
Zhen va cong su [5] dé xuat diéu khién bam rang budc
robust cho robot SCARA vai bat dinh dong luc hoc dua
trén céng thic Udwadia-Kalaba va da kiém ching thuc
nghiém, song cdu trdc van thuan robust, chua c6 thanh
phan m& hay thich nghi kiéu Lee-Slotine. Mai Ngoc Anh
[1] xay dung mé hinh va mé phéng diéu khién m& phdi
hop gilta bam quy dao va tranh vat cdn cho robot SCARA
kiéu RRP, nhung chd yéu & muc hanh vi va déng hoc,
khéng dung khung thich nghi Lyapunov cho dong luc
hoc day d0. Tran Anh Dlng va cdng su [2] thiét ké bo diéu
khién m& Mamdani cho diéu khién vi tri robot SCARA 2
bac tu do, cho két qua dap Ung t6t nhung van la diéu
khién md& thuan, chua két hgp véi luat thich nghi dua trén
mo hinh. 8 huéng diéu khién robot néi chung, Yin va
codng su [15] dé xuat diéu khién bam quy dao dang thich
nghi m& truot cho robot noéi tiép nhiéu bac tu do, con
Zhang va cdng su [14] phat trién bo diéu khién truct két
hgp ma& type-2 thich nghi cho tay may phi tuyén, déu
dung diéu khién m& nhu bd xap xi bat dinh trén nén trugt.
Xu va He [12] ti€p tuc mé& rong theo hudng diéu khién ma
thich nghi cho robot véGi tham s6 chua biét va 16i chap
hanh... Tuy nhién, trong cac cong trinh gan day, hau nhu
chua c6 nghién ctiu nao xay dung va phan tich mot cau
trac diéu khién lai Lee-Slotine két hgp diéu khién m& cho
robot SCARA 4 bac tu do, c6 xét téi tinh bat dinh dong luc
va tai thay déi, déng thai chiing minh én dinh Lyapunov
cho cé phan tham s6 dong luc va tham s6 ma.

Dac diém cla luat Lee-Slotine ap dung cho robot
SCARA la khai thac truc tiép cau trdc tuyén tinh theo tham
s6 ctia mé hinh déng luc hoc dé bu cac thanh phan quan
tinh, Coriolis - ly tam va trong luc, d6ng thai cap nhat céc
tham s6 chua biét theo tiéu chuan Lyapunov. Tuy nhién,
trong thuc té€ van hanh van con ton tai mét 16p bat dinh
khac khong dé biéu dién duéi dang tuyén tinh theo tham
6, chdng han nhu ma sat phi tuyén, dé ro co khi, tai thay
dai, sai s6 chua mé hinh héa day du va nhiéu ngoai.

Vi vay, trong bai bao nay, ciu truc diéu khién dugc xay
dung theo nguyén tic phan vai ré rang va thong nhat:
luat Lee-Slotine gil vai tro 1a bd diéu khién chinh dé xt ly
phan déng luc hoc c6 cau tric va bat dinh tham sé, con
b6 logic m& dugc sir dung nhu mot bo bu phan du dé xap
xi va triét tiéu cac bat dinh phi cau trdc con lai. Theo cach
hiéu nay, bd ma khong thay thé luat Lee-Slotine va cling
khong dugc st dung nhu mét bo diéu chinh kinh nghiém
téng quat, ma chi dong vai trd b6 sung nham lam giam
sai s6 bam con du va nang cao tinh bén viing cta hé khi
tai va diéu kién lam viéc thay déi.
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2. MO HINH ROBOT SCARA

Robot SCARA 4 bac tu do thudng cé cau trdc nhu
hinh 1.
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Hinh 1. Cau triic Robot SCARA 4 bac tu do [21]

Xét robot SCARA 4 bac tu do, c6 dong luc hoc chuén
tay mdy dugc ky hiéu nhu sau:

M(@)g+C(q.9)q+9(@) =7 M

Trong d06, g la cac bién khép, M(g) > 0 va thoa man
tinh chat: M(q) — 2C(q,q) = 0

VGi cdu tric & hinh 1, ta xay dung dugc bo thong s6
DH cho robot, ta c6 dugc ma tran bién déi thuan nhat tu
g6c dén khau thao tac:

OTa(q) = A1(q1) Ax(q2) As(qs) Au(qs) 2)
Tu d96, tinh dugc toa dé diém lam viéc:

x=1f(q) =[x(q) y(q) z(q) 6(q)] 3)
va ma tran Jacobian J(q) thod méan diéu kién:

X =](q)q (4)

Véi bai toan dugc xay dung la bam quy dao lam viéc
cho trudc x4(t), ching ta da chuyén thanh bai toan bam
quy dao trong khong gian khép ga4(t) théng qua bai toan
doéng hoc ngugc.

Tinh d6ng luc hoc cho robot SCARA:

S dung phuong phap Lagrange, ta c6 dugc mo hinh
dong luc hoc cla robot néi ti€ép n bac tu do nhu sau:

M(q@)g+C(q,9)q+9(q) +F(q) =1+d(q,qt) (5

VGi: F(q) la téng hop cac ma sat cla robot; d(gq, g, t):
la cac bat dinh ctia mé hinh nhu tai thay déi, nhiéu ngoai
khéng mong muén...

Tu (5), mo hinh c6 thé viét dudi dang tuyén tinh theo
tham sé nhu sau:

M(@)gr +C(q,9)qr + 9(@) =Y(q,4,4,G,)0  (6)
Y(t) € R™ la ma tran hoi quy, con 8 € RP la vec to tham
s6 déng hoc, quan tinh chua biét.
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Bai todn bdm quy dao trong khéng gian khép véi logic
mo:

Cho quy dao tham chiéu: q,4(t), G4(t), G4(t) tron va
gidGi han, ta dat sai léch (sai s6 bam):

e=q—qué=q4—4qq (7)
Dinh nghia véc to trugt:
r=eé+ A(t)e (8)

VGi A(t) 1a ma tran hé s6 duong, xac dinh theo thoi
gian dugc suy ra tir b6 suy luan ma.

Trong bai bao nay, ma tran hé sé A dugc chon duong
xac dinh va xem nhu tham sé thiét ké ctia mat trugt. Bo
logic m& khéng dugc dung dé sinh truc tiép A, ma dugc
st dung riéng nhu mot bé bu phan du cho bat dinh phi
cau trac trong luat diéu khién & phan sau.

Gia toc tham chiéu sé la:

ir = Ga — A()e )

Nhu vay, khir — 0 va gqtron thi e — 0, tuc la robot sé
bam quy dao tham chiéu.

3. XAY DUNG LUAT DIEU KHIEN

3.1. Luat diéu khién thich nghi Lee-Slotine cé dién
Luat diéu khién:
Tu (5), (6), thay ¢, G, ta c6 dugc:

M(Q)f' + C(Q: Q)r =T— Y(Q: 4,49y éir)e +d

Véid = d + F(g): gop cac bat dinh.

Trong trudng hgp ly tudng, khéng co cac bat dinh, thi
d = 0, ltc nay, luat diéu khién Lee-Slotine dugc viét lai
thanh:

Trs = Y(q' 4,9, qr)é - Kyr (1)

Trong d06, K, = diag(k., k..., ki) > 0 1a ma tran khuéch
dai duong, con 8 1a udc lugng cua @

Luat cap nhat tham sé:

6 = —FYT(q, 4,49 éir)r

V6iIr =T'T > 01a matran hé sé thich nghi.

Dit sai s6 tham s6 6 = 6 — 8, thay (11) vao (10), véi
d = 0, ta c6 dugc dong luc r:

M (@7 + C(q, @ =Y(q, 4, Gy, G)0 — K,

Theo tai liéu [21] thi hé théng 6n dinh Lyapunov.
3.2. Luat diéu khién thich nghi Lee-Slotine véi bé bu
m& cho bat dinh phi cau tric.

Trong bai toan diéu khién robot SCARA, c6 thé tach
bat dinh cta hé thanh hai nhdm. Nhom tha nhat la bat
dinh c6 cau truc tuyén tinh theo tham s6, c6 thé dugc
biéu dién trong mé hinh héi quy Y(q, q, 4, §,)0; nhom
nay dugc xU ly bai ludt thich nghi Lee-Slotine thong qua
tham sé udc lugng 8. Nhom thi hai |3 bat dinh phi cau

(10)

(12)

(13)
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trdc, bao gém ma sat phi tuyén, tai thay déi, nhiéu ngoai
va cac thanh phan chua mé hinh héa day dd; nhém nay
dugc gom vao mot ham du A(q, g, t). VGi cach phan tach
nhu vay, bé logic ma trong bai bao khéng dugc dung dé
thay déi truc ti€p luat Lee-Slotine hodc diéu chinh theo
kinh nghiém, ma dugc s& dung nhat quan nhu mot bo
xap xi va bu phan bat dinh phi cdu tric con du. Do dé,
logic m& chi tac dong Ién phan sai s6 mé hinh con lai sau
khi phan thich nghi Lee-Slotine da xtt ly xong thanh phan
bat dinh c6 cau trac.

Tinh bdt dinh mé hinh va thiét ké boé bu mo

Trong thuc té, robot SCARA c6 nhiéu tinh bat dinh
nhu: tham sé quan tinh, dé dai ctia cac khau khdp ciing
nhu khéi lugng khong chinh xac. Cac ma sat phi tuyén, do
cling khdp, tai thay déi theo thai gian...

VGi cac bat dinh con lai, dugc tuyén tinh héa theo 6
vao mét vector A(q, q,t) € R™ sao cho:

M(@)7 + C(q, 9 =Y(q,4,4r, G160 — Ko7

+4(q,49,t) (14)

Y tudng & day la dung bo suy luan m& dé xap xi ham
4(q,q,t):

A(q,q,t) =~ A(e,r) = P(e,r)W

Trong dé:

(15)

e, r la vector 16i bam vi tri va |6i trugt ctia mdi khap.

@(e, ) la matran ham co sG, phu thudc vao s luat ma.

W 1a vector tham s6 clia bd ma.

Gia st ton tai tham s6 ly tudng W sao cho:

A(q,q,t) = P(e,r)W* +e(e, 1)

Véi (e, 1) la sai s6 xap xi hitu han, bi chan.

Dit sai s6 tham s mala: W = W* — W

Ludt diéu khién két hop gitia Lee-Slotine va logic md.

TU day, ta dé xuat xay dung cau tric bd diéu khién nhu
sau:

t=Y(q,4,4,G)8 — K;r + A(e,7)

=Y0 —K,r — d(e,r)W

Trong (17), thi 6 thé thay:

Y8 — K,r 1a bo diéu khién thich nghi Lee-Slotine bu
ddng luc hoc danh dinh.

A(e,r) = ®(e, )W 13 bd bu md, diing cac luat m
trén timg khép dé suy ra lugng bu phi tuyén bé sung.

(17)

Can luu y rang trong cdu trac trén, bo logic ma khong
dugc st dung dé thay déi truc ti€p dang cuta luat Lee-
Slotine hodc diéu chinh cac hé sé khuéch dai theo kinh
nghiém, ma dugc xem nhu mét bé xap xi bat dinh phi cau
tric A(g, g, t). Vi vay, trong phan tich én dinh, phan thich
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nghi Lee-Slotine va phan thich nghi ma c6 thé dugc xem
nhu hai co ché cap nhat tham sé cho hai l6p bat dinh khac
nhau: tham sé dong luc hoc c6 cau trac va bat dinh phi
cau trdc con du.

Luat cap nhat tham s6 cho bo diéu khién lai: déi véi Lee-
Slotine, ta van gilt cap nhat tham sé theo (12), con vai luat
ma, ta bS sung luat cap nhat tham s cho bé ma nhu sau:

(18)

Trong do, I = I}T > 0 la ma tran hé s6 thich nghi cho
bo diéu khién ma.

W = GoT (e, r)r

Nhu vay, cdu truc diéu khién lai dugc viét dudi dang
téng cda hai thanh phan: phan Lee-Slotine dam nhan bu
dong luc hoc danh dinh va cap nhat tham sé mé hinh, con
phan ma chi bu phan du phi cdu trac.

Xét tinh 6n dinh theo Lyapunov.

Thay (17) vao (14), két hop (16), ta cé dugc:

Mi+Cr=-Kor+Y0+A

M# +Cr=—-Kr+Y0+ ®W* + ¢

M# +Cr = —K,r +Y0 + ®W + oW + ¢

Chon ham Lyapunov mé& réng:

V=2rTM(@)r +50TT 0 + S WTITW

(19)

(20)
Ta thay, do M(q) déi xting, nén luén ton tai hang sé m;,
m; > 0 sao cho:
my|lv|l* < v"M(q)v < my|lvl|?, Vv € R" @2mn
Nén ham V theo (20) la xac dinh duong, bi chdn dudi
bai hdng s6 duang tilé véi cac tham sé [|7]?, ||§||2, ||I/T/||2
Pao ham (20), ta dugc:
V=rTMr+ ™M + 20T + WL (22)
Thay (19) vao M7 va st dung M- 2C =0, c6 dugc:
V=rT <%M - C)r +1T(=K,r + Y0 + W +¢)
+07r (=0) + W (-W)
= —rTKor+7rTY0 +rTOW +1rTe
+67r " (=8) + Wt (-w) (23)
Thay luat cap nhat théng s6 (12), (18), hai s6 hang
Y8, dW bi triét tiéu nén ta dugc:
T (=0) = 8Tr YTy = 0TYTr =TYTE (24)

WL (<) = W (<107r)
=-WTpTr = —rToW (25)

Thay (24), (25) vao (23), vi hai s6 hang Y8, ®W bi triét
tiéu nén (23) viét lai thanh:
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V=rTKr+rTe (26)
S dung bat dang thuc:
—rTe < |Irllllell < &llr|l (27)
Vi sai s6 xap xi € bi chan bai ||]| < &, nén:
V < ~VYmin )12 + lIrllllell

< —YminK)ITI? + Ellrl (28)
Nén viét lai (28) thanh:
. & &
V< = (Vman Gl = ) lrll = S

2 2

< - 2 _

- a”T” 4V min(Kr) (29)

4 1
Véia = Eymin (Kr)
TU (29), suy raV < 0 khi:

z

”TH > Ymin(Kr) (30)

Vi vay, c6 thé két luan rang tat ca cac tin hiéu cta hé
kin déu bi chan, va véc to trugt r(t) hoi tu vao lan can hiru
han, suy ra sai s6 bam e(t) va é(t) cting bi chdn va hoi tu
vé mot lan can nho clia géc. Kich thudc 1an can nay phu
thudc vao chan trén va sai sé xap xi mg, gia tri cia ma tran
khuéch dai cting nhu kha nang lua chon cac tham sé ma
va bo diéu khién.

Cong thuic (29) cho thdy dao ham ctia ham Lyapunov
xac dinh am ngoai mot lan can cla r = 0, véi kich thudc
lan can phu thudc vao chan trén cda sai s6 xap xi ma.

N6i cach khac, khi tang du I6n cac phan t ctia K va cai
thién kha nang xap xi cia bo bu ma dé giam sai s xap xi,
kich thudc 1an can nay sé thu nhd lai. Diéu dé cho phép
nang cao chat lugng bam quy dao.

4. KET QUA MO PHONG

Cdu hinh robot SCARA duoc cho nhu sau:

Chiéu dai tay may: a;=0,4 (m); a,=0,3 (m)

Gia thiét trong tam la & gitta mdi khau. Gia téc trong
trudng g = 9,81m/s?

Khéi lugng: m; =5 (kg); m, = 3 (kg); ms = 2 (kh6i lugng
cta khau trugt va khéi lugng tai ban dau)

Quan tinh quay J.= 0,2 (kg.m?)

Tai thay ddi tai thoi diém mo phéng la to + 10s, khéi
lugng tang thém la 3kg dé danh gia chat lugng clia céc
b6 diéu khién.

Quy dao tham chiéu: st dung 3 quy dao dang hinh
tron, zig zag va dudng cong.

Trang thai ban dau clia cac khau dugc mo ta & bang 1.
Bang 1. Trang théi ban dau clia robot SCARA so vdi goc 0
q: (rad) q: (rad) d; (m) qs (rad)
-0,96 2,1 0,15 0
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Xdy dung ludt mo:

Luat diéu khién m& c6 2 bién vao: sai s6 vi tri khép e va
sai s truot r. Hai bién nay dugc dung dé suy luan lugng
bu phi tuyén con du, tic la phan bat dinh chua dugc khoi
thich nghi Lee-Slotine xur ly hét.

Moi bién cé 5 tap ma: NB, NS, Z, PS, PB. Nhu vay cé
téng cong 5x5 = 25 luat. Ta s dung suy ludn ma Sugeno,
moi luat cho ra 1 hang s6, két qua la trung binh co trong
s6. Pau ra ctia bd ma 1a mét lugng bl bé sung cho phan
du bat dinh, chit khéng phai mot bo diéu chinh dap tng
doc lap. St dung 5 tdp ma nhu hinh 2.

[4\] Membership Function Editor: Ham e-r = [m] X
File Edit View

Membership function plots o 181
NB NS F PS PB
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0.5

input2

K
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Oor
©Oand 1

| The rule is added ‘

Deleterule | [ Addrule | Changerule |

] ]
Help Close ‘

Hinh 3. Cac luat diéu khién logic m
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Hinh 4. Luat md trén khong gian 3D
So do khéi diéu khién nhuthé
Mo

Tao tham )
chieu Uéc lvong

4o G, da

q,dq

Hinh 5. So d6 khdi diéu khién lai gitia ludt Lee-Slotine va logic m& cho
robot SCARA

C4u truc diéu khién dugc thiét ké: Lee-Slotine xur ly
dong luc hoc 6 cau trac, con bd ma lam giam sai s6 con
du do tai thay d6i, ma sat va nhiéu

Két qua mé phéng trén phan mém Matlab -
Simulink:

Trudng hop 1: Quy dao tham chiéu la hinh tron. Két
qué nhu dugc thé hién trén hinh 6 + 8.

Quy dao cua robot SCARA - Hinh tron
T T

015 T T T T T ]
041 i
0.05- =
E o J
>
0.05 - g
= = = Quy dao tham chiéu
Lee-Slotine
01 —.—.—-Lee-Slotine + Fuzzy 1
@ Vit ban ddu ctaRobot
Vi tri bt déu ca quy 6ao tham chiéu
@ Vit kétthic ciia quy dao tham chiéu
O L L L L | L 1 .
025 03 035 04 045 05 055
X (m)

Hinh 6. Qu§ dao di chuyén theo hinh tron cGia robot SCARA
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Hinh 7

. Sai s0 gitia cdc khdp cla quy dao hinh tron

W5 men iy khn (Bung rn, =105, thay 06)

I
B ! e
{ e reammte
.
i
-~ i ]
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s 2 i 0 0 m 2 W 5 m )
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i
| |
T
0
|
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Tine (5)

Hinh 8. M6 men diéu khién cac khép ctia quy dao hinh tron

Trudng hop 2: Quy dao tham chiéu la dudng cong. Két
qué nhu dugc thé hién trén hinh 9+ 11.

Quy dao cua robot SCARA - Duéng cong
T T T

T T T T
o1 .
0.05- B
E o 4
=
0.05- o
= = = Quy dao tham chiéu
L4 i tri Ga
- Vi tri bt quy dao tham chiéu
01 @ Vit két thic quy dao tham chiéu e
. L L L L L L
0.3 035 0.4 0.45 05 055 0.6

Hinh 9. Quy dao di chuyén theo dudng cong ctia robot SCARA

Saisb Knp (Burong cong, =105 i thay i)
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Hinh 10. Sai s gitfa cac khdp clia quy dao dudng cong
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M men i knin (B cong, =10 thay 06)
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Hinh 11. M6 men diéu khién cac khdp ctia qui dao dudng cong
Truéng hop 3: Quy dao tham chiéu la hinh zig-zac. Két

qué nhu dugc thé hién trén hinh 12 + 14.

Quy dao cua robot SCARA - Zig-zag
T T T

ol — = = Quy dso tham chiéu ]
cia

Vi tri bt Gau quy dao tham chiéu

Vi tri két thic quy Gao tham chiéu
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01l .

\ \ . . \ .
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0.45 05
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Hinh 12. Quy dao di chuyén theo Zig zag ctia robot SCARA
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Hinh 13. Sai s6 gitia cdc khdp cla quy dao dutng Zig zag

W men i in (Duing Zigza, 105t hay 66)
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Hinh 14. M men diéu khién cac khép cta quy dao dudng cong
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Két qua mé phong cho thdy, & ca ba quy dao tham
chiéu, bé diéu khién lai déu bam tét quy dao dat. Tuy
nhién, diém can nhan manh khéng chi la kha nang bam
trong diéu kién danh dinh, ma la dng x{ ciia hé khi tai
thay déi tai thoi diém t = 10s. Trong tinh hudng nay, b
diéu khién Lee-Slotine don |& van gilr dugc tinh én dinh
nh& co ché thich nghi tham sé, nhung sai s6 qua d6 tang
lén do xuat hién thanh phan bat dinh chua mé hinh hoa
hét. Khi bd sung bd bu ma, sai s6 bam va sai s8 truot dugc
kéo gidm nhanh hon, bién d6 dao dong sau thai diém déi
tai nho hon va thai gian xac 1ap ngén hon. Biéu dé phu
hop véi cach phan vai da néu trong bai: Lee-Slotine xtt ly
phan bat dinh cé cdu tric cia mé hinh, con bé ma bu
phan bat dinh phi cau truc va tai thay d6i con du, nhg do
nang cao d6 bén vimng cla toan hé.

Bang 4. Bang so sanh gia tri RMSE clia hai phuong phap diéu khién trén
toan b thai gian md phdng

Quy dao XY_LS |XY_LS+Fuzzy| SS_LS |SS_LS+Fuzzy

Hinh tron | 6,1621E-05 | 6,1553E-05 | 2,3010E-01 | 5,5968E-02
Dudng cong | 2,8386E-05 | 2,8377E-05 | 2,3010E-01 | 5,5967E-02

lig-zag | 4,7139E-05 | 4,7102E-05 | 2,3010E-01 | 5,5967E-02

XY: sai s trén mdt phdng quy dao; SS: sai s tong 4 khdp; Thoi gian: 0 —
20s

Sai s6 trén mat phang quy dao cho thdy hai phuong
phap gan nhu tuong duong nhau, tuy nhién, khi xét sang
sai s tdng hap clia 4 khdp thi thay rang luat diéu khién
Lee-Slotine két hop vdi logic m& (LS+Fuzzy) cho két qua
t&t hon rat nhiéu (tir 0,2301 vé 0,05596) bai uu diém khi
st dung két hop véi logic ma la kha néng xt ly bat dinh
va tai thay d6i & dong luc khép (béng 3).

Béang 5. So sanh gid tri RMSE cGia hai phuong phap tai khdp 3 khi tai thay doi

Sai s6 RMSE chung trudc khi tai thay ddi (tir 0 dén 10s)
) Luat LS Ludt LS+Fuzzy
Qui dao
$3 Q3
Hinh tron 1,2054E-01 5,1257E-02
Duding cong 1,2054E-01 5,1257E-02
Zig-zag 1,2054E-01 5,1257E-02
Sai s6 RMSE chung sau khi tai thay dai (ti 10s dén 20s)
) Luat LS Ludt LS+Fuzzy
Qui dao
q3 q3
Hinh tron 3,0226E-01 6,0310E-02
Duding cong 3,0226E-01 6,0310E-02
Zig-zag 3,0226E-01 6,0310E-02

& bang 4, c6 thé thay trudc va sau khi tai thay déi, gia
tri RMSE tang manh déi vai luat diéu khién LS, con
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LS+Fuzzy gidm di. Biéu nay cho thay bd diéu khién logic
ma& ¢é tac dung & thai diém bién déi tai (vung bat dinh,
phi cau tric va nhiéu) khi ma bé diéu khién LS don thuan
chua xtt ly dugc hét.

5. KET LUAN

Robot SCARA la mét ddi tugng dién hinh trong san
xuat tu dong hoa, doi hoi d6 chinh xac bam quy dao cao
va tinh bén viing trudc bat dinh. Trong bai bao nay, cau
trdc diéu khién lai dugc xay dung trén co s& phan tach ro
hai I6p bat dinh cGa hé. Luat thich nghi Lee-Slotine dugc
strdung dé xtr ly phan déng luc hoc c6 cau trac tuyén tinh
theo tham s6, thong qua co ché bu dong luc hoc danh
dinh va cap nhat tham s6 theo Lyapunov. Trén nén do, bo
logic m& dugc thiét ké nhat quan nhu mot bo bu phan du,
dung dé xdp xi va khir cac bat dinh phi ciu trdc nhu ma
sat phi tuyén, tai thay déi va nhiéu ngoai ma phan thich
nghi tham sé chua triét tiéu hét. Vi cach té chuc nay,
logic m& khéng thay thé Lee-Slotine ma chi déng vai tro
ho trg nham lam giam sai s6 bam con du va nang cao tinh
bén viing cla toan hé.

Két qua mé phdng cho thdy bo diéu khién lai cho sai
s8 bam nho han va phuc héi nhanh hon khi tai thay doi,
chiing t6 tinh kha thi clia cu trac diéu khién da dé xuat.
Nhu vay, dong gop chinh clia bai bao khéng nam & viéc
dung bd md nhu mét bé diéu chinh kinh nghiém téng
quat, ma & viéc tich hop bd bu ma nhu mét khoi bu bat
dinh phi cdu trdc con du trén nén diéu khién thich nghi
Lee-Slotine.

Vi viéc st dung bo diéu khién lai gitta luat Lee-
Slotine vdi logic md, c6 thé thdy bo diéu khién lai nay
giup nang cao d6é chinh xac bam quy dao cua robot
SCARA khi dich chuyén theo cac quy dao dinh trudc
trong mat phang lam viéc xOy va ca theo phuang z. Ba
lam giam anh hudng cla tai va nhiéu m6 men ngoai khi
c6 va cham nhe, tai thay déi... Dam bado dugc dap ung
bén viing ngay ca khi mé hinh dong luc hoc dugc gian
uéc va khong co6 day da chinh xac cac tham sé. La co s&
dé ma rdng sang cac thuat toan téi uu héa tham sé khac
cho tham s6 luat ma nhu giai thuat di truyén, PSO trong
cac nghién cutu tiép theo.
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