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TOM TAT

Bai bdo nay trinh bay mot bo diéu khién trugt thich nghi diéu khién cho robot ting dung logic m& b viing chét. Robot la mt di tugng phi tuyén nhiéu dau
vao dau ra, bat dinh vé mo hinh va trong qud trinh lam viéc luon xudt hién viing chét. Viing chét trong cac co cdu chap hanh va truyén dong la mot yéu to phi
tuyén gidm do chinh xac ciing nhu anh huéng dén kha nang 6n dinh cta hé thong diéu khién robot. Néu viing chét khdng dugc x 1y, nd sé gay ra sai léch, lam
giam chat lugng bam. DE giai quyét anh hudng ca ving chét dén chét luong ca hé théng diéu khién, phuong phap bl viing chét dua trén logic ma duoc dua
ra gitip cdi thién hiéu sudt lam viéc va dam béo su on dinh ctia hé théng. Bo bi ma duoc thiét ké dé udc lugng truc tuyén dac tinh viing chét bt dinh va tich hop
vao vong diéu khién nhdm giam anh hudng tinh phi tuyén ma khong can mé hinh chinh xéc. Luat diéu khién online dugc dua ra dya trén thuyét on dinh Lyapunov.
DEkiém chiing hiéu qua ca bd diéu khién dé xudt, nhém tac gia da thuc hién md phdng trén robot 2 bac tu do va so sanh két qua giia hai trutng hop khong bu
viing chét va khi bii viing chét. Két qua md phdng cho thay bd diéu khién bii ving chét gitip cai thién dang ké kha nang bam va téng tinh bén vitng cho hé thdng
50 vdi phuong phap diéu khién khong bl viing chét.

Tirkhéa: Bi viing chét, diéu khién truot, logic ma; robot.

ABSTRACT

This paper proposes an adaptive sliding-mode controller for robots using fuzzy logic-based dead-zone compensation. The robot is a MIMO system with model
uncertainties, and dead zones frequently occur during operation. Dead zones (DZ) in actuators and drive mechanisms are a nonlinear factor that reduces accuracy
and affects the stability of the robot control system. If not properly handled, dead zones can cause steady-state errors and degrade tracking performance. To
mitigate the influence of dead zones on control quality, a fuzzy logic-based dead-zone compensation method is developed to improve system performance and
ensure stability. The fuzzy compensator is designed to estimate the unknown DZ characteristics online and is integrated into the control loop to reduce nonlinear
effects without requiring an exact model. The online control law is derived based on Lyapunov stability theory. To verify the effectiveness of the proposed
controller, simulations are carried out on a two-degree-of-freedom (2-DOF) robot, comparing results with and without dead-zone compensation. The simulation
results demonstrate that the proposed fuzzy dead-zone compensation controller significantly improves tracking accuracy and enhances system robustness
compared to control methods without compensator.

Keywords: Dead-zone compensation, sliding-mode control, fuzzy logic, robot.
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1. GIGI THIEU dat ra cho robot phai ddm bao dugc kha nang bam quy

Hién nay, robot dugc Uing dung phé bién trong nhiéu  dao v8i d6 chuan xac cao va luén gitf cho hé théng d6 én.
linh vuc nhu san xuat ché tao, thim do khong gian, y hoc  Tuy nhién, mét trong nhiing yéu t6 phi tuyén anh hudng
va cac day truyén san xuat tién tién [1]. D& dam baoning  dén cac chi tiéu chat lugng diéu khién cta hé théng la
sut va an toan trong khi hoat dong, yéu cau quan trong  hién tuong vuing chét DZ trong cac co cdu chap hanh va
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truyén dong. Vung chét xuat hién do dé ro co khi, ma sat
tinh hoac ving chét dién trong bo khuéch dai servo [2].
Néu khéng dugc bu phiu hgp, vung chét c6 thé dan dén
sai léch tinh, dao déng, gidm d6 chinh xac va tham chi gay
mat &n dinh cho hé théng. D& khac phuc anh huéng cta
vung chét da c6 nhiéu nghién ctu da dugc dua ra nhu
diéu khién bén ving, diéu khién thich nghi, bl ngugc dac
tinh viing chét, mang na ron,... [3-13]. Cac bo diéu khién
thich nghi cé thé diéu chinh tham sé dé giam sai léch
nhung thudng giad dinh dac tinh viing chét la kha vi va ¢
thé xap xi chinh xac [3]. Cac phuang phap bu ngugc yéu
cau biét trudc tham sé viing chét, diéu nay khé thuc hién
dugc trong thuc té [6]. Cac phuong phap dua trén mang
na-ron c6 kha nang xap xi phi tuyén nhung thudng di
kém vai qua trinh huan luyén phuc tap va chi phi tinh
toan cao [13]. Trong thuc té, ddc tinh vung chét thudng
khéng xac dinh chinh xéc, thudng thay ddi theo diéu kién
van hanh va thai gian, khién cac phuong phap thuan moé
hinh tré nén kém hiéu qua.

Nhiing ndm gan day, diéu khién ma la mét gidi phap
hiéu qua dé x{r ly cac hé phi tuyén c6 mé hinh bat dinh
ma khéng can phai xac dinh chinh xac mé hinh toan hoc
cla doi tugng diéu khién [14-17]. Thong qua luat hop
thanh, bd diéu khién ma sé linh hoat xap xi cdc ham phi
tuyén bat dinh va thich (ing véi su thay ddi ctia hé théng
diéu khién [18]. Nhg dac tinh nay, diéu khién ma phu hop
st dung dé bu ving chét trong hé théng robot, noi cac
dac tinh ca cdu cé thé thay d6i do mai mon hoac nhiéu
bén ngoai tac dong trong qua trinh hé lam viéc.

Dua vao nhiing phan tich & trén, bai bao nay thiét ké
mot bo diéu khién bu viung chét sirdung logic m& cho tay
may robot. B6 bu m& dugc tich hgp vao bé diéu khién
nham udc lugng va bu dac tinh viing chét bat dinh, tur dé
nang cao hiéu suat bam, giam sai léch tinh va tang tinh
bén viing clia hé théng trudc cac bat dinh mo hinh va
nhiéu bén ngoai. Hiéu suat lam viéc ctia bo diéu khién dé
xuat dugc kiém chiing qua két qua mé phéng trén robot
2 bac tu do. Cac két qua mo6 phong cho thdy hiéu qua va
uu thé ctia bé diéu khién c6 bu viing chét so véi bé diéu
khién khéng bu vung chét.
2.COSGLY THUYET
2.1.Dong luc hoc clia robot

Phuong trinh toan hoc cla robot n- link dugc biéu
dién nhusau [19]:

Mcp, (5)6 +Vepz (f,f)f
+Fepz (6,5) +Gepy; (5) =T —Tcpzo
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O day, vector§ Z[cﬂ & f,,] €R™ bidu dién vi tri

clia cac khdp robot. Vector 3 =[f1 62 fn}eR"“
bifu dién van t6c cadc khdp va  vector
éz[& 52 g,,}eR’M la gia t6c goc cla cac khép

robot. Ma tran M, (§)€R™" biéu dién thanh phan qua
tinh, ma tran V,,, (E,E) € R™" mé ta thanh phan ly tam va
Coriolis. Vector F.p, (E,f) € R™" biéu dién thanh phan ma

sat. Gy (€)€R™ la vector trong lugng. Vector Ty, €R™
biéu dién thanh phan nhiéu va Vector T€R™ mé ta mo
men diéu khién hodc luc diéu khién cac khép robot.

Pé c6 thé tién hanh thiét ké bd diéu khién cho robot,
can dam béo rang phuong trinh (1) phai thdéa man cac
tinh chat sau day:

Tinh chat 1: My, (€) phaila mot ma tran ddi xing va
xac dinh duong.

| X[2< X My, (€)X <a, x| Vx eR" )

trong d6 a,,a, >0
Tinh cht 2: My (&) 2V, (6,6' ) la mot ma tran déi

xung véi moi x.

XT[MCDZ(E)—ZVCDZ(E,Eﬂx=0 3)

Tinh chat 3: Cac vector VCDZ(E,f)f,FCDZ(E,f),GCDZ(E)

thdéa man:
Ve [6.)E] <04 [¢
Feoz (6:6)” <Fi)|Genz (6)“ <G,

vei V, ,F.,G, >0

2
’

Tinh chat 4: Vector nhiéu Ty, € R™" dugc gisi han
Iteoz| <TiiT, >0 (5)

Trén gia thiét clia tai liéu [12], ham clia viing chét dugc
mo ta nhu hinh 1 va dugc dinh nghia nhu sau:

u+d, for u<-d,
T=D(u)= 0 for —-d <u<d, (6)
u—d, for u>d,
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d;

ve

Hinh 1. M6 hinh viing chét
& day, u 1a tin hiéu trudc khi di vao viing chét, T 1a tin
hiéu diéu khién sau khi bu ving chét va d=[d, d,]T,

d, >0,d,>0.
Cong thic (6) dugc viét lai nhu sau:
T=f,(u)=u—sat(u) 7)

G day, sat(u) 1a ham bao hoa clia viing chét va duoc
bi€u dién nhu sau:

—d,, u<-d,
sat(u)=<u, —d,<u<d, 8)
d, u>d

C4u truc hé théng diéu khién bu vung chét dugc
thiét ké nhu hinh 2.

Ving chét

e

£+
Y Robotic

d T
—"—’ B{ diéu khién I / N | o>

‘ i

Bimo

Hinh 2. Hé thdng diéu khién bu viing chét cho robot

& day, y 1a tin hiéu diéu khién, yr1a tin hiéu dau ra cla
bo bu md, u tin hiéu diéu khién cho robot sau khi bu viing
chét, ttin hiéu diéu khién sau khi bu viing chét.

2.2. Diéu khién m&

C4u trac moét bo diéu khién md ¢ 3 phan: Khéi mas
héa tin hiéu dau vao, khéi luat hgp thanh va khéi giai ma.
C4u trac luat diéu khién cta bé diéu khién ma thudng cé
dang IF-THEN nhu sau:

RU:IFx  laF!vax,laFiva...vax, lAE, THEN y la Gt
l=12,..,N

& day dau vao bo diéu khién malax = (xy, ..., x,)" va
y la dau ra cia bo diéu khién ma. Ff, G* dugc lién két vdi
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cac ham lién thudc tuong Uing Hp () va g (). N la s6
luat hgp thanh

Bo diéu khién md& cé dau ra dugc tinh toan theo cong
thuc nhu sau:

B ZLG/H?NF[, (x;)
ZLH?IJF[I (Xi)

trong do6, §; = mEaI%mGz(y) vad = [64,6,, ..., 0x]
y

©)

y(x
T

Ham co s& ma dugc lva chon nhu sau:

~ THp ()

- ZLH?IJFII (Xi)

Trong d6, W = [W; (x), W, (%), ..., Wy (x)]T
Ta c6 thé viét lai cong thic (10) nhu sau:
y(x)=6"W(x) (n
Gia tri udc lugng cda y(x) la $(x) va dugc mé ta nhu:

y(x)=6"W(x)

/

(12)
5 co gia tri udc luong 13§ va 6 = 5-6
2.3. BuUma& vung chét

Theo dac tinh phi tuyén cta ving chét, quy tac bu
vung chét dugc thiét ké nhu sau:

If y duong, then u=y+a,

If y am, then u=y—d,
~ ~ A a7
O day, d=[d, d,} la gia tri udc luong clia vung
chétd=[d, dT

Ham lién thudc dugc thiét ké nhu sau:

0 y<O
{1 y=0
1 y<0
{0 y=0
Do d6, tin hiéu diéu khién sau khi c6 bé bu ma la:
u=y+yr
G day, yrdugc xac dinh theo luat ma sau:

If(yeX,(y)) then (szcAl,)

(13)

a

If(y e X,(y)) then (yF =—d,)
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Theo phuang phép gidi ma, dau ra bo diéu khién mo
dugc tinh toan nhu sau:

o d.X,(y)-d.X,(y)

X (y)+X(y)
TU X, (y)+X,(y)=1thi széiTX(y)
Cong thuc (13) dugc viét lai nhu sau:
u=y+cAlTX(y)

(14)

(15)

Trong do, X(y) =[

Xr(y)}
Xi(y)
Theo cong thuc (7) va (13), ta cé:
T=f,(U)=y+y,—sat(y+y;)

:y+&TX(y)+[dTX(y)—sat(y+c3TX(y))}
Néu bu mg, tin hiéu diéu khién sau vung chét la:
T:y—JTX(y)+3TU

(16)

(17)
3 day, sai léch udc lugng vung chét a d=d—d va
thanh phan sai léch m6 hinh dugc gidi han |u| <1.

3. THIET KE VA PHAN TiCH TiNH ON PINH CUA HE
THONG

Sai léch bam va luat thich nghi dugc mé ta nhu sau:

e(t)=¢&, ¢ (18)

r=e+Ae (19

G day, A=diag(A,A,,... A, )la ma tran khuéch dai
hang s6 duang.

DPao ham bac nhat theo thai gian biéu thuc (18) va
thay vao céng thuc (19) ta co:

$=€d+)\e—r

Ta co:

Mo () =Me (€)(&+38) =Mz (€){ =€+ ¢]
:/V’CDZ(E)Ed _MCDZ(E)E‘FMCDZ(E))\é

S dung céng thuc (1), biéu thiic (20) dugc viét lai
nhu sau:

Mg (€)F =Megg (€) (€ +1€) + Vi (€.€)€
+Feog (€€)+ Gy (€)
= Megg (8)(&+2€)+Vigg  £.8) (€, +De—r )
+Fig (€€)+ Gege (€)

(20)

—T+Tepz

—T+Tepzo
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Moy ()7 =~Viog (€)1 +F ~T+Teoge 1)

O day,
f(X) CDZ(E)(Ed +)\e)+VCDZ(6 6)(6d +)\e)
+F.py (§,€)+GCDZ(§)

bi€u dién thanh phan phi tuyén
Luat diéu trudc khi bu ving chét dugc thiét ké nhu

sau:

t
y=Ff+kr+k I rdt 4T, (22)

Trong d6, f 1a udc lugng cla f, Tsmc 13 b6 diéu khién
trugt va dugc dinh nghia nhu sau:

Tome = (fu +TM)” T (23)
Luat thich nghi ctia bé diéu khién ma bu viung chét
dugc tinh todn theo cong thuic nhu sau:

D=2X (y)r' - kCDZE§||r|| (24)

Trong d6, kp, >0va Z la ma tran xac dinh duong

M6 hinh todn hoc clia robot dugc dua ra trong cong
thuc (1), bo diéu khién dugc thiét ké nhu céng thic (22),
luat cap nhat online dugc lua chon trong céng thuic (24)
va bé diéu khién truot dugc dinh nghia nhu céng thiic
(23) c6 thé dam bao tat ca cac tin hiéu trong hé thédng déu
bi chan.

Ham Lyapunov dugc chon nhu sau:

L(t) Z%rTMCDZ (&)r +%Urdt}r k; Urdtj

0 (25)
1 NT=-11
+Etr(D =7D)
DPao ham bac nhat ham Lyapunov theo thai gian:
L(t)= rTMCDZr'Jr%rT/\'/ICDZr
t _ . (26)
17k, [ et +tr(DTE‘Dj
0
Ap dung tinh chat 2 va cong thuc (21), ta cé:
L(t)=r"(f-T+ TCDZO)+tr(5TE‘15) (27)
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Thay (17), (22) vao céng thuic (27), ta cé:
f-t, -+ 15TX(y)J

L(t)=—rTk,r +rT[

—DTU+Tcho (28)
+tr(5TE‘5j
Ta co: 5=D—D—>5=—l§
C6 thé viét lai cong thuc (28) nhu sau:
: f-t__+D'X
L(t):—er,r+rT[ L (y)]
~DTU+ T (29)

—tr(DTE‘éj
Thay cong thuc (23), (24) vao (29), ta cé:
L(t)=—r"kr+r" (f —(fu+Ty )ﬁ+ TCDZOJ

+trD” (~ur” +kep, (D=D)r])
L(t)<—rTk,r+ Jﬁ”ﬁ“"r”

~ ~1|12

* kcozDu| Ol ke |B]

v|<vn

L)<l o I~ ko

Trong do6,

31)

~ 12
2
G day, b=+n+ke,D,,, dé L(t)<0can thdéa man

diéu kién sau:

~ ~1|12
[} +hear B 20 52
Do d6, két qua hoi tu clia viing chét la:
HDH > b (33)
kDZ
4. KET QUA MO PHONG

Hinh 3. Robot 2 bac tu do

Vol. 62 - No. 6A (June 2026)

Trong phan nay, cau trdc cla robot 2 bac tu do dugc
mo ta nhu hinh 3.

Cac tham s6 cla robot nhu sau:

M. — |:MCDZ11 Meoz1, } . _ {Vcozn
wz — 1 Vepz —
Mooz Meoz Veozan

G F. Tepzo
Gep, :{ CDﬂ}FCDZ :{ Dﬂ]f'fcozo :{ }

GCDZZ FCDZZ z-CDZOZ

l
VCDZ 22

VCDZ12:l

g day
M =(mmy) 2 +ml3 +2myl |, cos(&,);

2°1°2
MCDZ12 :Mcnzz1 :rnzlzz +mzl1/2 COS(fZ)

e e e (Y Sin(fz)fzi

Vo, =—myl 1, Sin(fz )(61 + éz )}

Vcozz1 = m2/1l2 Sin(fz )61 ’ VCDzzz =0;
Gy =(m,+m,)gl, cos(&,)+m,gl, cos(&, (&, +&,)
Gcozz = nglz COS(fz )(62 + 62)

Teoron } _ {O.Ssin(zot)]

ez :{ 0.55in(20t)

CDZ02
Trong dé, khéi lugng ctia thanh 1 1a m;, khéi lugng clia
thanh 2 1a m,. Chiéu dai ca thanh 1 13 /; va chiéu dai cda
thanh 2 la .. g = 9,8(m/s?) la gia toc trong trudng. Cac
tham sé cua robot lan lugt 1a ; = 1m, [, = 0,85m,
m; = 0,6kg, m, = 0,6kg. Vector & 2[61 &, ]T mo ta vi tri
cla thanh 1 va thanh 2. Quy dao dat cho thanh 1 va thanh
2 dugc chon nhu sau:
&, =&, &, =[sin(2mt) sin(2mt)]" . Vi tri va van téc
ban dau cua thanh 1 va thanh 2 lan lugt la:
€ =I&, &1 =[0,00,0T (rad), & =[¢,, &, =[0000T (racks).

Nhom tac gia thuc hién mo phong hé théng trong hai
truong hop:

Trudng hop 1: Khi hé théng khéng cé nhiéu tac dong.
Théng s6 ctia bo diéu khién dugc lua chon nhu sau:

Tham sé clia vung chét dugc lua chon nhu sau:
d =-15d =15h (u)=u—d ;h(u)=u+d

Hé so k. = diag(500, 500), k; = diag(1, 1). K&t qua mod
phéng quy dao bam, mé men diéu khién va sai léch bam
cla robot thu dugc trong hinh 4.
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— 1.5
Quy dao dat
E 1 AN A /A |sesansas Bﬁ DZ
= — = Khoéng bu DZ
= 0
&
O
_§. -1t
1 I 2 3 4 5
=4 time(s)
I\
-é = Quy dao dat
= U . Wy s WY o W PO Bu DZ
= — = Khong bu DZ
= b
E \/ \/
N
L
g !
1.5 : ' ‘ :
8 0 1 2. 3 4 5
time(s)
400
-é Bu DZ
= = = Khong bu DZ
,_@ 200 1
=
e
@ 0 NW\_[\
LS
o
©-200 : : :
E70 1 2 3 4 5
«© .
= time(s)
2 100 Bu DZ
.E 50 — — Khéng b DZ
g
= V\/\/\/\/A
=
<D
= =50+
=1
]
£-100 : : :
© 0 1 2 3 4 5
= time(s)
i 002 Bu DZ
”_‘;5 0.01 = [Chong bu DZ
=
= 0
=
(O-
=-0.01
<
@ 0]
-0.02
0 : Z[inm.e(s)‘3 . >
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0.02

[N Bu DZ
E 0.01 Khong bu DZ
5
= 0
=
()
£0.01
.[;3_3

-0.02

0 1 2 3 4 5

time(s)

Hinh 4. K& qua md phong quy dao bam vi tri, mé men diéu khién va sai
Iéch bam cta robot ¢ bl DZ va khdng bu DZ

Trudng hgp 2: Hé thdng cé nhiéu la xung vudng vai
bién d6 20 va tan s6 10Hz dot ngét tac déng tir bén ngoai
sau khi robot lam viéc dugc 1,5s. Thong s6 dugc lua chon
nhu trong truong hop 1. Két qua mé phong thu dugc
trong hinh 5.

Mé phong bo diéu khién thich nghi cho robot 2 bac tu
do va so sanh khi robot dugc bu viing chét bang bo diéu
khién m& va khi khéng bu ving chét. Tir két qua moé
phong trong 2 trudng hgp khi khéng cé nhiéu bén ngoai
tac dong va khi cé nhiéu dét ngot tac dong (hinh 4, 5) va
két qua so sanh gia tri sai léch binh phuong trung binh
téong bang 1, ching ta thay rang bd diéu khién bu viing
chét (Bu DZ) va bo diéu khién khong bu viing chét (Khéng
bu DZ) déu gitp hé théng 6n dinh va héi tu. Tuy nhién khi
b6 diéu khién cé bu vung chét robot bam tét hon va hoi
tu nhanh hon so véi trudng hgp khong bu viung chét. Hon
thé nia khi thiét ké bd bu viung chét ciing giup cho hé
thong khang nhiéu tét hon.

= 1.5
= Quy dao dat
£ 1y - — BuDZ
:g -------- Khong bu DZ
~©
e
O -
%. _1 L -.'..-
2-1.5 ' :
(@4 0 1 . 4 5
time(s)
% 1.3 Quy dao dat
E 17 - — BuDZ
=N A W A W R W Khong bu DZ
2 0
= \/
~S
O
2 -1t |
1.5 '
el
& 0 4 5

time(s)
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Bu DZ
= = Khdng bu DZ

M6 men diéu khién link 1
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0 1.5 4 5

time(s)

Hinh 5. K&t qua md phong quj dao bam vi tri, md men diéu khién va sai
léch bdm clia robot c6 b DZ va khdng bui DZ, khi c6 thém nhiéu bén ngoai tac
dong

Bang 1. So sénh hiéu sudt ctia b diéu khién trong hai trudng hop 6 bd
bt va khi khdng cd b bu mo

Truong hop 1 Truong hop 2
NMSE (x10)
Link 1 Link 2 Link 1 Link 2
Bu Dz 2.8611 2.9091 1.864 2.3307
Khéng bu DZ 3.1084 30755 | 2.4255 4135
5. KET LUAN

Bai bao dé xuat bo diéu khién bu vung chét cho robot
trén co sG cla logic m& dé dam bao kha nang bam va cai
thién chat lugng lam viéc clia hé théng. Trong thiét ké
nay, vung chét dugc udc lugng bang bd diéu khién ma.
Ngoai ra cac luat uéc lugng dugc xac dinh dua trén thuyét
6n dinh Lyapunov. Do dé, bé diéu khién dé xuat dam bao
dé 6n dinh, bén viing va hiéu qua bam cla robot ngay ca
khi c6 nhiéu dét ngot tac dong vao hé thong tur bén
ngoai. Cac két qua mo phong trén robot 2 bac tu do da
ching minh hiéu qua clia bd diéu khién.

Vol. 62 - No. 6A (June 2026)

LO1 CAM ON

Nghién cdu nay duagc tai trg bai Bai hoc Cong nghiép
Ha Noi, theo hgp déng nghién clu s6 14-2025-RD/HD-
DHCN.
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