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Abstract

This paper focuses on developing the kinematic and dynamic models of a four-wheeled mecanum mobile robot, taking into account friction
effects, external disturbances, and modeling uncertainties. Based on these models, a Dynamic Surface Control (DSC) algorithm is designed and
integrated with a fuzzy logic mechanism to adjust control parame-ters in real time adaptively. The controller is developed with the aim of
ensuring closed-loop stability and maintaining accurate trajectory tracking even under conditions of unknown friction, torque disturbances, and
parameter varia-tions. The stability and convergence of the Adaptive Fuzzy Dynamic Surface Control (AFDSC) are formally proven using
Lyapunov theory. The effectiveness of the proposed approach is then evaluated and compared with the conventional DSC controller through
simulations in MATLAB/Simulink, considering friction, disturbances, and model uncertainties.

Keywords: Adaptive fuzzy logic controller; Dynamic Surface Control (DSC); Fuzzy Logic System (FLS); Adaptive Fuzzy Dynamic Surface Control

(AFDSC); Mecanum wheel mobile robot( MWMR)

Symbols
Symbols Units  Description
xp Op yp Hé truc toa do gbc
x;1 O y; Hé truc toa do trén xe
q= [x, v, 6] T Vi tri cia Robot
my Kg Khbi lugng ctia robot
2a m Khoang cach 2 banh xe
2b m Khoang cach 2 truc
r m Ban kinh banh xe
0 rad Goc hudng cia robot
Vais Vyis Vi m/s  Van téc banh xe
V= [le Viy a)z] T m/s Van tbc robot
Vo= [91 6, 6 94] r rad/s  Van tbc goc banh xe
Abbreviations

MWMR  Mecanum Wheels Mobile Robot
DSC Dynamic Surface Control
AFDSC  Adaptive Fuzzy Dynamic Sliding Mode Controller

Tém tit

Bai bdo nay tap trung vao viéc xay dung mo hinh dong hoc va
dong luc hoc ctia robot di ddng bén banh mecanum, trong d6 cé xét

dén anh hudng ctia ma sét, nhiéu bén ngoai va cic sai sb trong qua
trinh md hinh héa. Trén nén tang cidc md hinh d6, mot thuit todn
diéu khién Mit trugt Pong (Dynamic Surface Control — DSC) dugc
phit trién va két hgp véi hé md nhiam diéu chinh thich nghi cic tham
s6 diéu khién theo thdi gian thyc. Bo didu khién dugc thiét ké véi
muc tiéu bdo dam tinh &n dinh ctia vong kin va duy tri kha ning bam
quy dao chinh x4c ngay ca khi ton tai ma st khong xdc dinh, nhiéu
mo-men hay sai 1éch tham sb. Tinh &n dinh ciing nhu su hdi tu ctia
hé théng diéu khién Mit trugt Pong két hop thich nghi md (AFDSC)
dugc chitng minh dua trén ly thuyét Lyapunov. Hiéu qui ctia phuong
phap d& xuét sau d6 dugc danh gid va so sanh véi bo diéu khién DSC
truyén thong théng qua cac md phong trén MATLAB/Simulink, trong
d6 c6 tinh dén yéu t6 ma sit, nhiéu va sai léch mo hinh.

1. Gidi thiéu

Trong nhiing nim gan day, robot di dong st dung banh
Mecanum (MWMR) di thu hiit su quan tAm ddng ké nho kha
ning di chuyén da huéng linh hoat, qua d6 tré thanh lua chon
phit hop cho nhiéu ting dung nhu tu ddng héa kho van, gidm sat
thong minh hay cdc nhiém vu yéu cau tinh co dong cao [1-8].
Mot trong nhiing yéu td quan trong quyét dinh dén hiéu qua
hoat dong cia MWMR trong moéi trudng bién dong va nhiéu
bt dinh 12 kha ning bam quy dao chinh xac [9-11]. Do d6,
viéc nghién ctiu va phat trién cac chién lugc diéu khién dua
trén thuit toan thong minh cho loai robot nay dang trd thanh
huéng tiép can ndi bat, v6i nhiéu gii phdp dudc dua ra, i cic
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phuong phap diéu khién truyén théng dén céc ky thuat hién
dai nham nang cao do &n dinh ciing nhu d6 chinh xéc ctia hé
thong.

Céc k¥ thuat diéu khién c¢d dién nhu PID [12—-14] hay tuyén
tinh héa phan hoi [15-16] van dudc dp dung rong rii nhd uu
diém cAu triic gon nhe va dé cai dit, dic biét hiéu qua khi hé
théng it chiu tdc dong ctia nhiéu va cic yéu tb phi tuyén. Tuy
nhién, trong bdi canh hé thdng c6 tinh phi tuyén manh va mo
hinh ton tai nhiéu bat dinh, cdc giai phap hién dai thuong dugc
thiét ké theo cAu triic hai tang: ting dong hoc bio ddm robot
bam theo quy dao tham chiéu dua trén phan tich Lyapunov,
trong khi ting dong luc hoc sinh ra cic tin hiéu diéu khién
pht hop véi trang théi thuc t&. Mot sd hudng tiép cin ndi bat
c6 thé ké dén gdm: diéu khién trugt (SMC) [17-18], phucng
phap Backstepping [19-21], diéu khién thich nghi [22-23], cic
md hinh mang nd-ron [24-26] va ky thuat logic mo [17-20].
Trong dé, diéu khién trugt dugc biét dén véi kha ning chdng
nhiéu cao nhung lai thudng giy ra hién tugng rung (chattering).
Phuong phdp Backstepping phat huy hiéu qua khi xt@ ly sai
léch tham s6, song gip han ché trong moéi trudng c6 nhiéu 16n
hoic khi bé mit diéu khién thay ddi nhanh. Ngugc lai, diéu
khién thich nghi cho thy uu thé trong viéc bu trit sai s6 mo
hinh dong luc hoc [22-24]. Pac biét, nhom tac gia Fukao [27]
va tic gia Yoo [28,29] d2 md rong céch tiép can nay bang viéc
dua yéu t6 ma sét va cic phi tuyén thuc t& vao mo hinh diéu
khién, gidp nang cao tinh khé dung.

Bén canh dé, viéc két hop diéu khién thich nghi véi mang no
ron hodc hé mo [30-31] da dugc chiing minh 1a mot huéng
tiép can hiéu qua, gitip ting cudng kha ning xp xi cac thanh
phan chua biét [25,26] va tu dong diéu chinh tham sb khi diéu
kién van hanh thay ddi. Trén co sé nhitng két qua nay [30],
nghién cifu d& xuit mot bo diéu khién méi cho robot MWMR,
goi 12 bo diéu khién Mt trugt Pong két hop thich nghi mo
(Adaptive Fuzzy Dynamic Surface Control — AFDSC). Phuong
phap DSC vbn néi bat & kha ning han ché hién tugng rung va
rit ngan qua trinh hoi tu ciia cac hé phi tuyén, tuy nhién lai
gip thach thiic trong viéc x4c dinh tham s6 diéu khién t6i uu,
doi hoi kién thiic chuyén sau tit ngudi thiét ké. D€ khic phuc
han ché d6, AFDSC dudc phét trién bing cach tich hop co ché
logic md nham ty dong tinh chinh cac tham s trong DSC, tit
d6 nang cao tinh linh hoat va hiéu qua diéu khién, dic biét
trong nhiing tinh huéng chiu 4nh hudng ctia nhiéu hay sai sb
md hinh khéng xac dinh trude.

Hiéu qua ctia thuat todn diéu khién dudc danh gid thong qua
cac mo phong trén nén ting MATLAB/Simulink, ¢ xét dén
anh huéng ctia ma sat, nhiéu bén ngoai va sai s6 mo hinh. Két
qua thu dudc cho thiy hé thong duy tri dugc kha ning bam quy
dao tbt va dam bao tinh &n dinh cao. B6 cuc ctia bai bio dudc
sap xép nhu sau: Phan 2 trinh bay m6 hinh toan hoc ctia hé
théng MWMR; Phan 3 md t4 chi tiét thuat todn AFDSC, cling
véi cac két qua mo phong va so sanh véi cac phuong phap diéu
khién khac; cubi cung, phan 4 dua ra két luan va dinh huéng
nghién cdu trong tuong lai.

2. Pong hoc, dong luc hoc cho robot
2.1 Pong hoc

Xét cau hinh MWMR nhu hinh 1 sau:
Tit Hinh 1 ta tinh dudc van tdc ctia tiing banh theo tling truc
cua hé truc toa do dat trén robot x; 0y, la:

Hinh 1: Bong hoc cia MWMR

b — gy L UL
X [0} \/57 y \/59
v27v2+vr2 Vg = V2 |
2 — Vo = V2 = T =

V2 V2
V3 =V 3+Lr3 Vy3 = LR W
X3 — V: ) y3 — 5

V2 V2

v Vet -+ Vr4 v V4
x4 = Vo4 T =, v4 = T =
V2 V2

Vin t6c ctia mdi banh xe trén hé toa do dit trén robot x;0;y;
la:
Vyl = Vyx —a;, Vy1 = vy +bay;

Ve =V +aw;,, Vy2 = Vy +bay;

, @)
Vi3 = Vy —ay;, Vy3 = vy — b@y;
V4 = Vy +a@y,, Vya = vy — by,
Tu (1) va (2) ta co:
Vol = é] =Vix—Vy — (b+a>(l)z
Vo2 = 6 = vic+ vy + (b+a) o, 3)
Vo3 = 03 = v +v, — (b+a)w;
Vos = Oy = v — vy + (b+a)o,
Tit cong thiic (3) ta thiy rang:
Vo =1V, 4)
Véi:
. . . . T T
Vo=1[61 6 63 6 : Vi=[we vy @] ;
1 -1 —(b+a)
1|1 1 (b+a)
T=711 1 —(b+a) )
1 -1 (b+a)
Tu (4) va (5) ta suy ra:
X] .
L T R B I P
Vi=|y|==] -1 1 1 -1 ) (6)
. 4l 1 1 1| |6
61 b+a  b+a b+a  b+a

64
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Theo Hinh 1 ta ¢6 van tdc ctia robot sé dudgc tinh: Thay (12) vao (11) ta dugc:
* cos® —sin@ 0] | m ;tlx Vi +Cesgn(vy) = (T1 + T + 73 +T4)7
q= =R(0)V,= [sin@ cos® Of [v, (7 r
0 0 1 dviy _
o, m; +ByV[y+Cy Sgn(V[y) = (—Tl + T+ T3 —T4)§
do.
cos® —sin® 0 ITtZ + Bw®; + Co sgn(®;)
Trong d6: R(0) = |sin® cos® 0| 1a ma tran chuyén a’+b?
£ ( ) 0 0 1 ’ Y Z(—‘L'1+‘L'2—‘L'3+T4)7
ddi trang thai; V; = [le Viy COZ]T 12 vén tbc ctia robot (13)
trén hé toa 46 x,Opy;. Tit (13) ta c6:
Tur cong thuc (7) ta co:
‘}Ix
o 1. m 0 O
Vi=R(8) 'q ®) 0 m Of |vy|+
Thay vao (4) ta co: 0 01 @,
Vo=JV,=JR(6) 'q ) c+Ce 0 sgn(v
0 B,+C,
Vo + vt sen(v
0 0 By+Co| |sgn(w;)
Vo=[6 6 6 6], q=[ y 6] o ]
V2 V2 V2 V2
— — — — T
2.2 Pong luc hoc 2r 2r 2r 2r !
_| V2 V2 vz V2 R
2r 2r 2r 2r T3
Yo ! \/aZ + b2 \/612 + b2 \/az +b2 \/(12 +b2 7
- r r r r .
Jl- & MV, +F,sgn(V,)+ 1, =Bt (14)
Véi:
V=[x vy @] T 12 van téc ciia robot trénX;0,Y;;
0, _

Hinh 2: S¢ d lyc va momen tic dong chuyén dong cho MWMR

Duya trén phuong phap Newton, ta c6:

dV[

aﬂx —ZF}x_Fle_FClx

7 =Y Fy— Fgy — Feyy (11

do, =Y1—71 T

dt = Bw Cw

Véi:
Fgix = Bysgn(viy):  Fpy = Bysgn(vy);  Tao = B sgn(w.):
Ma sat nhét

FClx =Cy Sgn(le); Tco = Co Sgn(wz):
Ma sit Coulomb
Ma ttt hinh 2 ta ¢6 luc theo céac truc va momen dugc tinh nhu

sau (con lan nghiéng véi truc banh xe 1 goc 45 d9):

FCly =Cy Sgn(Vly)§

Fy= (T1+Tz+T3+T4)2

Fy= (—T1+Tz+T3—T4) (12)

\/ P
;

T=(—-T1+m—n+1)

m 0 O
M=|0 m O 1a ma tran quan tinh;
|0 0 1
B.+C, 0 0
F, = 0 By +C, 0 la thanh phﬁn ma sat;
| 0 0 By +Cg

T < N . X
T= [Tl T T 174] la moment; 7, 1a nhiéu;

V2 V2 V2 V2

2 2 2 2

-l vz v v

2 2 2 2
—Va2+P: Var+br R+ —Var+Db?

3. Thuit toan diéu khién mit trugt dong thich
nghi logic mo

3.1 Thuét toan diéu khién Mit trugt dong cho MWMR

3.1.1 Thuit toan diéu khién

Phuong phap diéu khién trugt dugc danh gid cao nho kha
ning xi ly hiéu qua cac hé thdng phi tuyén c6 yéu té bat dinh,
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dong thai duy tri sy 6n dinh trude tic dong clia nhidu bén ngoai.
Céc nghién cttu trude day [17-18] da chiing minh tinh tng dung
rong rii clia phuong phap nay trong linh vuc diéu khién robot,
dic biét d6i v6i robot di dong hai banh vi sai MWMR). Muc
tiéu trong tam khi xay dung bo diéu khién 1a gitp robot bam
sat quy dao véi do chinh xdc cao, phan ting nhanh va van hanh
on dinh. D€ ddp ting yéu cAu nay, bo diéu khién mit trugt dong
(Dynamic Surface Control — DSC) da dudc phat trién va ap
dung cho hé théng MWMR.

Dit bién trang thai:

T
X| =q= {x y 6} )
T
xy =V,(t) = [x yi (DZ}

Két hop phuong trinh dong hoc (7) va phuong trinh (15) ta
c6 hé phuong trinh trang thai:

x; =R(0)x;
(16)
M(q)x> + Cxp + Fysgn(xp) + 17, = B(g)7
Ta dat sai léch quy dao e; = x| — Xy, VOi
T .. y
Xia =qg = [¥1g Yia 6i1a] 12quy dao dit
EX! :X1—X1d=R(9)x2—X1d (17)

Dit &, 1a tin hiéu diéu khién 4o va § clia diu vao bd loc thong
thip bac nhit sé& dugc tinh:

¢ =—R(O) " (Kier —x14) (1)
V6i
Kiy O 0
Ki=10 K, O 12 thong s6 xac dinh duong.
0 0 K
Va méi quan hé ctia §, va § sé dugc viét nhu sau:
Tér + Cr = C (19)
T chon nho phu hgp (T = 0.001)
C(S) 2 g — Cr
= = 20
Cr(s) Ts+1 gr T (20)
Chon ham Lyapunov:
Vi=1lele (21)
Vl = elrél = elT (R(G)Xz - de)
(22)

= —elTK1e1 +e1T (Klel +R(0)x; — de)
Néu ta gia thiét x, = { thi
Vl = —elTKlel +61TK1(61 —e1)

=V, =—elKje; <0 nén tin hiéu a0 (19) 1a kha dung.

Sai 1éch cua tin hiéu ao dudc tinh:

e=x—0{ (23)
Chon mat trugt:
S=21e; +R(0)e; (24)

trong d6 A 1a hé sd ctia mit truot.
S=21é +R(0)é; +R(0)ey

— 2é1+R(0)e +R(6) (M(g)™! (~ Cx2 — Fy sen(xa)+

+B(q)7) - &)
(25

DPé dam bao su &n dinh ctia hé théng va khau chon loc dudgc
dién ra hoan ho thi ham Lyapunov thi hai dudc lua chon.

V,=18"S = Vv, =878 (26)

Tit (17), (23) va (25) ta thiy ring d€ sai léch quy dao e; va sai
léch tin hiéu 40 e, bang khong thi § = 0, khi d6 ta tinh dudc
thanh phan moment:

M(q)(R(6) ! (A1 +R(6)e2)
—ng) — Cx, — Fysgn(xz)
27

T.o=-B(q)" (B(¢)B(g)")

Pé hé 6n dinh va hoi tu ta phai dam bao V, < 0. Giai ngudc
dé tim bd diéu khién, do d6 ta chon:

S = —K,sgn(S) — Ks3S

va véi diéu kién &, = %, thi:

V, = —STK,sgn(S) —STK3S < 0 (28)
Vi
K2x 0 0 K3x 0 0
K2 = 0 sz 0 va K3 = 0 K3_y 0
0 0 Ky 0 0 K

la cac ma tran xac dinh duong.
St dung (27), V> trd thanh

VvV, =8T (lél +R(0)es +R(0)M(q) ! (— Cxy —Fysgn(xz)
+ B(Q)(Teq + 17sw)) - gr)
(29)
V6i moment 7., (27) va tin hiéu 4o (23) thi ta tinh dudc:
—1

M(q)R(0) ' (K;sgn(S)+K3S)
(30)

T =—B(q)" (B(¢)B(q)")

Tir (27) va (30) ta c6 moment diéu khién dudc tinh:

Tak = Teq + Tsw (31)
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v
7 | Robot Di Djng ————
Binh Xe
Mecanum q

Quybao |
ot | -
3

Hinh 3: So db ciu tric diéu khién hé thong véi bo diéu khién DSC

3.1.2 Mo phong

Mo phéng dudgc thuc hién dé kiém chiing véi cac thong sb
ctia mo hinh robot: chidu réng 54 cm, chiéu cao 20 cm va chiéu
dai 80 cm. Khdi lugng tdng cong clia robot, bao gém toan bd
dong co va céc thanh phan khéc, dat 27 kg.

a. Khi hé thong khong tinh dén nhiéu va sai 1éch mé hinh
Quy dao mong muén:

x=4cos(ft), y=3sin(fr), 6=Fr+

IS

Thong s6 bo diéu khién DSC:
A =diag(9,9,9);K; = diag(6,6,6);

K, = K3 = diag(15,15,15)

Quy¥ dao dat
---- DSC

x (m)

Hinh 4: Dép ting vé quy dao

e
oS
=i
.
¢

Ay Py

- == Sai léch truc x(m)

Sai léch (m)

2 Sai léch truc v(m)
| -~ Sai léch goc (rad)
al
0 5 10 15 20 % *

Time (s)

Hinh 5: Dép tng vé sai 1é&ch

Nhan xét: Tir hinh 4 va hinh 5 ta thiy riang dap ting bam
quy dao ctia hé théng khi sit dung bo didu khién DSC rit tét,
sai s& xdc 1ap nhd
x.=0.031(m); y.,=0.042(m); 6,=0.023(rad).

Nhung dap ting nay chi dat dugc khi cdc tham s6 ctia mo hinh
ta x4c dinh dudc, cling nhu ta udc Iugng dugc chinh xac thanh
phan nhiéu, va ciing rit khé khin khi ta tim ra bd thong s6
didu khién (K,K»,K3).

b. Truong hep c6 nhiéu tac dong

Khi c6 nhiéu tic tong va ting khdi luong tii trong cho md
hinh: Téng trong lugng cilia robot, bao gdm tit ca cac dong co
va tAt c4 cdc thanh phan khac 1a 50kg.

Quy dao dat
- = = -DSC

x (m)

Hinh 6: Dép dng quy dao khi c6 nhiéu

IRV - =
Vi

Y

i

— — — Sai léch truc x(m)

Sai léch (m)

1LY

2 "' ----------- Sai léch truc y(m)
s 1 == Sailéch géc (rad)
3

']
al

0 5 10 15 20 25 30 35

Time (s)

Hinh 7: Dap ting sai 1&ch khi c6 nhiéu

Nhan xét két qua: Khi vin st dung bd tham sb da chon va
cho nhiéu ngoai tic dong thi ban dau hé thdng giao dong va
c6 sai léch 16n, trong Hinh 7, sai sb géc ban du dat gin 2
rad, nguyén nhan do trang thai xuat phat ctia robot khic biét
16n so v6i huéng tham chiéu, dong thdi cong thiic tinh sai sb
g6c chua chuin héa vé [—x, 7). Tuy nhién, dy chi la hién
tuong chuyén tiép ngan, sau khoang 0.2 s sai s6 giam nhanh
xubng dudi 0.05 rad va duy tri 6n dinh. Nhu vdy, bo diéu
khién AFDSC vin ddm béo yéu cau diéu khién bam quy dao,
ddng thoi sai s6 géc thuc té khong din dén robot quay ngudc
hoan toan so véi huéng tham chiéu. Phai mét khoang 10s hé
théng méi quay lai trang thai 6n dinh nhung sai léch ciing ting
x.=0.142(m); y.=0.131(m); 6,=0.113(rad).
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3.2 Thuat toan Mat trugt dong trén co sé thich nghi logic
mo

3.2.1 Noi dung thuit toan

Khi md hinh hé théng xuit hién cic yéu té bt dinh va chiu
tac dong tif nhiéu bén ngoai, cac tham sb trong bd diéu khién
DSC (K;,K,K3) c6 thé mét di tinh hidu qua. D& khic phuc
han ché nay, mot co ché diéu chinh thich nghi da dudc tich hop
thong qua viéc ting dung logic md. Ciu tric téng thé cda hé
thong diéu khién DSC két hop véi logic md — goi 1a AFDSC —
dugc minh hoa trong Hinh 8 sau day.

Robot Di
Dong Banh
Xe Mecanum 9

Hinh 8: Céu triic hé théng diéu khién vé6i bd didu khién AFDSC

Pau vao bao gom sai léch quy dao e va dao ham ctia sai léch
quy dao € véi luat suy dién md trong bang 1.
e: AL, AN,K,DN,DL ¢: AL,AN,K,DN,DL

Bang 1: Bién ngon ngit dau vao

e e Y nghia
AL | AL Am 16n
AN | AN Amnhd

K K | Khoang khéng
DN | DN Duong nho
DL | DL Duong 16n

Membership function plots pinf points: 181

AL AN K DN DL
1
0.5
(1]
-10 6 0.03 0 0.03 6 10
input vananle "e"
Hinh 9: Dau vao e
Ch(_)n K2 = K3

3.2.2 Mé phéng bb diéu khién AFDSC trén Matlab

Mo hinh nhiéu momen tic dong vio hé théng nhu hinh 13
sau:
Thong s moé hinh dong hoc: chiéu rong 54 cm, chiéu cao
20cm va chiéu dai 80cm. Téng trong ludng ciia robot, bao

Membership function plots

ol

int nnints"

181

AL AN K DN DL
1
0.5
0 . - - : : .
3 7 008 0 008 7 15
input variable "de"
Hinh 10: Diu vao edot
Bang 2: Hé luat suy dién cd s6 cho K (K3, K3)
[ e
AL AN K DN DL
AL | TB(TB) N(L) RN(RL) N(L) TB(TB)
AN | L(N) | TB(TB)| N(@L) | TB(TB) | L(N)
K | RN(RL) L(N) TB(TB) L(N) RN(RL)
DN L(N) TB(TB) L(N) TB(TB) L(N)
DL | TB(TB) | N(L) | RNQRL) | N(L) | TB(TB)

Bang 3: Diura K = diag(ky, ki, k1), Ko = K3 = diag(k», ka, k»)

Ngon ngit | Y nghia ki | k
RN Rét nh 2 |10

N Nhé 42 | 15

TB Trung binh | 6.5 | 20

L Lén 8 |25

RL Rét 16n 10 | 30

Membership function plots

ninT DRINTR”
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Hinh 11: Piu ra k|

Membership function plots

nint nni

int=:
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RN N

TB

L

RL

20 22 24 26

28 30 32

Hinh 12: Diu ra k»

gdm tit ca cdc dong co va tt ca cdc thanh phan khac 1a 50kg

A = diag(10, 10, 10).

Nhén xét: Hinh 14 va 15 minh hoa kha nang bam quy dao tron
ctia hé thdng MWMR khi dp dung hai chién lugc diéu khién:
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Hinh 16: Pap ting van toc dai va van tbc goc v6i bd didu khién
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Hinh 17: Pdp ting momen diéu khién trén 4 banh khi v6i AFDSC
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Hinh 18: Pap ting diu thong s6 bd didu khién (k,k;)

DSC va AFDSC. Két qua cho thiy c hai bd diéu khién déu
dam bao robot di chuyén sat theo quy dao dit ra. Tuy nhién,
AFDSC thé hién hiéu ning vuot troi hon dang ké. Trong diéu
kién mo hinh va nhiéu tuong duong, MWMR stt dung AFDSC
dat dén quy dao mong mubn chi sau 0,2 gidy, trong khi hé
théng st dung DSC can dén gan 10 gidy. Su khic biét nay dén
tir kha ning ctia AFDSC trong viéc diéu chinh thong sb ctia bo
diéu khién DSC diéu khién theo thoi gian thuc nhd vao cac luat
md. Diéu nay gitip hé thdng cii thién 16 rét vé tbc do dap dng
va do chinh xic so v6i phuong phap DSC truyén thdng. Hinh
16 biéu dién van tdc géc va van tdc dai cia MWMR. Két qua
mo phéng cho thiy van toc dai trong nam trong khoéng 42
m/s va van tc goc trong khoang +10 rad/s phu hop véi gidi
han phan ciing thuc té. Piéu nay khang dinh ring cac tham sb
diéu khién dudc lua chon hop ly. Ngoai ra trong hinh 17 cho
thiy tin hiéu diéu khién (mo-men tac dong Ién céc banh xe)
dugc sinh ra bdi bo diéu khién DSC. C6 thé nhan thiy tin hiéu
&n dinh, khong xut hién bién do dot bién, chiing to tinh &n
dinh va kha niing tranh hién tuong chattering ctia bo diéu khién
dugc dé xuat.

4. Két luan

Trong cong trinh nay da thiét 14p mo hinh dong hoc va dong
Iuc hoc cho robot di dong dudc trang bi bén banh xe Mecanum.
Véi dic tinh phi tuyén ctia hé thong, hai bo diéu khién da dugc
dé xuit va md phong dé€ kiém tra hiéu qua: diéu khién Bé mit
Pong (DSC) va diéu khién Bé mat Dong thich nghi két hop
logic m3 (AFDSC), nhiim ddm béo robot biam theo quy dao dit
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ra. C4 hai phuong phép diéu khién déu dugc danh gia vé mit 6n
dinh thong qua 1y thuyét Lyapunov va dudc hién thuc héa bang
md phong trén nén ting MATLAB/Simulink. Két qua thu dugc
cho thiy bo diéu khién DSC c6 kha ning ddp ting nhanh, hiéu
suit cao va kha ning chdng nhiéu tt, phii hop véi cac hé thong
phi tuyén. Tuy nhién, nhugc diém ctia phuong phap nay 1a yéu
cau biét trudc bién do ctia nhiéu dé Iva chon tham s6 phil hop,
ddng thoi khé dp dung trong diéu kién tii thay d6i hoic moi
truong van hanh khong dn dinh. DE khic phuc cdc han ché do,
bo diéu khién AFDSC di dudgc phat trién va ching minh hiéu
qua vudt trdi véi thai gian dap tng ngan, khoang 0,2 gidy, sai
s6 didu khién nho x, = 0.0014 (m); ye = 0.0021 (m); 6, =
0.0037 (rad),ddng thdi nang cao tinh thich nghi va do &n dinh
ctia hé théng trong cdc tinh hudng van hanh phiic tap.
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