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TOM TAT

Bai bdo trinh bay xdy dung thudt todn diéu khién mdat truot dong (DSC) dp dung cho doi
tiwgng Robot tw hanh da hiréng bon banh Mecanum (FMWR). Trong bai bdo chiing téi xdy dung
mé hinh todn hoc gom: phwong trinh déng hoc va dong lec hoc cho FMWR dua trén phwong
trinh Lagrange, tw do, dé xuat thudt toan diéu khién mat truot dong cho FMWR. Tinh on dinh
ciia hé thong dwoc chimg minh theo Lyapunov. Cdc két qua mé phong véi thudt thudt todn DSC
dé xudt so véi cac b diéu khién PID, Piéu khién truot (SMC) cho thdy tinh khang nhiéu va chat
leong diéu khién tot hon.

Tir khoa: Robot tu hanh; Banh xe mecanum; Diéu khién truot; Didu khién mat trugt dong.
1. MO PAU

Hién nay, Robot ty hanh dwoc nhiéu sy quan tdm nghién ctru ciia cong dong khoa hoc béi né
dugc Gmg dung rong rii trong cong nghiép va trong doi séng, Robot ¢ thé di chuyén tu dong
linh hoat trong mot pham vi nhit dinh va thyc hién nhirng tac vu dinh trude thay thé vai tro cua
con nguoi. Bai toan diéu khién bam quy dao cho robot tyr hanh rt quan trong, ngoai cac hudng
nghién ciru nang cao chat lwong diéu khién thi viéc thay dbi co ciu truyén dong co khi gitp
robot di chuyén linh hoat ciing duoc tap trung. Trudc day, Robot tw hanh dang non- -holonomic
dang 2 banh cha dong [18] duoc sir dung tiéu biéu 1a AGV (Automation Guided Vehicle) da Xudt
hién nhiéu trong cong nghiép. Loai robot nay thong thuong chi xet dén 2 bac tu do diéu khién
duge 1a bac tu do theo phuong di chuyén tinh tién theo phwong doc va di chuyén theo goc.
Nguoc lai robot tu hanh dang holonomic xét dén diy du ca 3 phuong di chuyén, do d6, no ting
tinh linh hoat trong chuyén dong ciia robot. Dic biét, robot co thé di chuyén tirc thoi theo bat ctr
phuong nao ma khong phu thugc vao goc quay. Robot tu hanh sir dung banh da huéng co thém
cac uu dlem vuot tréi nhu: kha nang thay dbi vi tri va dinh huéng linh hoat béi ching c6 kha
nang tinh tién va quay dong thoi hodc doc 14p, tiéu biéu cho loai robot da hudng nay la su dung
banh xe loai Omni. Géan day, robot tu hanh da huéng cing duoc cai tién theo huong tang kha
nang co dong, cling nhu tai trong nham muc dich hudng dén cac tmg dung cu thé yéu ciu, trong
d6 c6 hudng thay doi cau triic banh xe Omni sang str dung banh xe Mecanum.

Banh xe Mecanum duge thiét ké vai cac con lan vé tinh 1éch mot gbc 45° so voi truc chinh
banh xe[17]. Robot mecanum dugc cAu tao v4i bdén banh xe mecanum duoc dan dong doc lap
bai boén dong co riéng biét, nhd vao thiét ké robot va banh xe nhu vidy nén FMWR co thé di
chuyén linh hoat da huéng. So véi robot da hudng sir dung banh xe Omni [19, 20] ¢6 cung kich
thudc thi banh xe Mecanum c6 kha nang chiu tai trong 16n hon vay nén dugc dung trong cong
nghiép, luu trit va van chuyén,... Vi nhimng vu diém va mg dung rong rdi néu trén, nhém nghién
ctru ching t6i da xay dung mod phong va so sanh cac thuét toan diéu khién bam quy dao cho
robot Mecanum.

Nhing nghién ctru truéc day da giai quyét bai toan dong hoc thuan, dong hoc nguogc ciia
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FMWR trén nén tang hé quy chiéu cé dinh [13, 15] va trong mdi quan hé véi hé toa do chuyén
dong [12, 14]. Bén canh d6 c6 mot s6 cong trinh nghién ctru dong luc hoc cho FMWR [8, 13, 16]
bang tong dong ning ciia hé va ap dung vao phuong trinh Lagrange [6, 10, 11].

Trude day, cac thudt toan dugc sit dung trong didu khién chuyén dong cho FWMR chi yéu
bao gém diéu khién PID thong thuong va diéu khién PID md [4, 5]. Tuy nhién, c6 mot sb cac
nghién ctru da bo qua dong luc hoc cia FWMR [3]. Mot sé cong trinh str dung bo diéu khién
SMC la mét phuong phap diéu khién don gian va hiéu qua. Nhung phuong phdp nay ciing gap
nhuogc diém 16n 1a xdy ra hién tuong rung (chattering) khién cho hé thong mat di tinh 6n dinh.
Diéu khién Backstepping ciing di duoc dé xuét trong dicu khlen robot di dong holonomic thé
hién trong [7, 9]. Tuy nhién, bd diéu khién Backstepping ton tai sy anh huéng cua nhidu. Dé
khic phuc cac nhuogc diém trén, nhdm nghién ctiru dé xuat thuat toan DSC [1, 2] vao diéu khlen
bam quy dao cho FWMR dé khic phuc hién tuong (chattering), thich nghi dugc véi cac tham sd
thay ddi ctia mé hinh, cac két qua nghién ciru cho thdy DSC c6 kha ning khang nhidu tot. Tinh
6n dinh cua hé thong duoc chimg minh theo Lyapunov.

2. MO HINH HOA ROBOT TU HANH PA HUONG BON BANH MECANUM

2.1. Banh xe Mecanum

Bénh xe Mecanum duoc thiét ké vai cac con 1an vé tinh duge dit 1éch véi truc banh xe mot
gbc 45°. Khi dong co truyén dong cho banh xe chay theo phuong vudng goc voi tryc truyén dong
dong thoi cac con lan cua banh xe chuyén dong bién d6i mot phan lyc thanh lyc truot cua moi
banh xe, cac lyc d6 giip dam bao cho Robot c6 thé di chuyén theo bat ky hudng nao.

Mo hinh banh xe Mecanum duoc biéu dién trong hinh 1.

driving
direction

Hinh 1. Banh xe Mecanum.
Téc d6 dan dong ciia banh xe dugce tinh theo cong thirc dudi déy:

1 10 —Yi
:;[1 tany]{o . }v=hiv (1)

X,

Trong do:
7 : Ban kinh banh xe;
v : Van tdc robot (v,.v,,0) ke R™
y : Goc gira con lan v¢ tinh va truc chinh banh xe.
2.2. M6 hinh toan hgc cia FMWR

M6 hinh ’Rob’ot duoc sfr; dung 4 banh xe Mecanum dugc dan dong doc lap boi 4 dong co riéng
biét. Cach sap x€p vi tri moi banh xe dugc thyc hién nhu trén hinh 2.

Trong do:
OXY la khung toa 4o co so, O, X, Y, 1a khung toa do cua robot, goc huéng 6 ;
v,: Van tbc cua cac banh xe (m/s);

v, : Van tdc con lan bi dong (m/s);
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r: Ban kinh banh xe (m), goc gitta (v,,v,) 1a z/4;

I : M6 men quén tinh cua robot (kg.m*);

1, : M6 men quan tinh banh xe (kg.m®);

1,,1,1a khoang cach tir truc O, Y, va truc O, X, dén banh xe.

3¢

0

Hinh 2. M6 hinh Robot da huéng bon banh Mecanum.
2.2.1. Phuong trinh dong hoc
Van toc ciia banh xe theo huéng X, va Y cuakhung toa do robot:

Voéi @ =v,/r, taco:

o, 1 =1 —(,+1,)
X

o, | 101 1 @+1) || "

2 I 1 2 ym (2)

o | r|l =1 L) |

o, 11 —(+1)

Pé tinh toan dong hoc nguoc trong hé toa d6 toan cuc, ma tran phép quay cua toa dd cuc bd
va toa do toan cuc lién quan dén hudng la:

X X, cos@ —sinf 0] x,
V|=Rot(z,0)| y, |=| sin@ cos@ 0} y, (3)
0 0 0 0o 1) 0
Tur d6, ta dugc phuong trinh dong hoc cho FMWR:
X, cosd sind Of x
¥, |=| —sin@ cos@ 0] y 4)
Z 0 0 1]6

2.2.2. Phuong trinh dong luc hoc
Theo [6], [10] va [13] tong dong ning quay va dong ning tinh tién cia hé la:

E= %m()'cmz +3.2) +%I€’2 +%[b((012 +o) 0] +o,) 5)
Do h¢ di chuyén trén miat d4t nén thé ning trong trudng ctia h¢ T=0. Tong dong ning va thé

nang cua h¢ la:
L=E+T=E (6)
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1 r r’ ) ) ) ) mr’ Ir?
L=—|m—+]—+1I (o +t0," +t0,”+w,” |+ - 0,0, + 0,0,
2( 8 T 16(I +1,)° bj( RESESLY 8 16( +1,) (@0, + 00,) -
I’
—W(w@z — W0, — W,0; + 0;0,)
oL  OL
Theo cong thirc Lagrange: — (——)———=0.
g grang d(a)a@ o, (®)
Trong d6: ¢ =@, va Q, 1a lyc tdc dong cua cac banh xe thir i
41, ... . 1 .
(m+r—2b)(x+y6’)=;[(Ql +Q2+Q3+Q4)COS‘9_(_Q1 +Q2_Q3+Q4)Sm9]
al, .o s ] . ©)
(m+r_2)(y+x‘9):_[(Q1 +Q2+Q3+Q4)Sm6+(_Q1 +Q2_Q3+Q4)COSH]
4] I+l +1
Y05 W o 40,40,-0)
Két hop ta xac dinh dugc phuong trinh d@ng lyc hoc dang nhu sau:
Mg+C(q,9)+BE =Bt (10)
Trong do:
-z, lamd men dugc cip bai tin higu diéu khién
- u 12 hé sb ma sat
- N, phan lyc tac dung 1én hé N, = =p 4= 4
fan - _
m+— 0 0 (m+—)y6?
r
4] 4] .
M= 0 m+—21’ 0 ; C(q,9)=| —(m+—2)x60 | ; G=| y
r r ..
o
2 0
0 ORI AATS)
L r ] L J
N, sgn(w,
cos@+sind cos@—sinf cosf+sinf cosf—sind g HrN, sgn(e,)
1 : , . . 7, urN, sgn(w,)
B=—| —cos@+sinf cos@+sinf —cos@+sinf cos@+sinl |; r= ;&=
—(+1,) I +1 I +1 —(+1,) & HrN,sen(e,)
1 2 1 2 1 2 1 2 2_4 ﬂ}"N4 Sgn(a)4)

3. THIET KE CAC THUAT TOAN PIEU KHIEN CHO FMWR

3.1. B diéu khién truwot

Hién tai, dd c6 nhiéu cong trinh (mg dung thuat toan diéu khién kinh dién PID [3-5] dé diéu
khién bam quy dao cho FMWR. Trong phan nay, chung toi thiét ké b diéu khién SMC dé lam
cin ctr dé so sanh véi by diéu khién DSC dé xuat. Cac budc thiét ké luat didu khién nhu sau:

X =q
Dat: X, =X, (11)
=q=u+f(x)
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Chon mat truot: S=Ae+é vo1 A>0
Trong do: e=x,—x,,
DPao ham S két hop véi (11) ta thu duoc:
S=Aé+é=e+M'[B(r—&)-Cl-%,, (12)
Chon ham: VzéSTS

Pao ham ham ¥ két hop voi (18) ta duogc:

V=8"S=S"{1e+M[B(r-&)-C)-%,} (13)
Chon tin hiéu diéu khién:
r=—B"(BB")'[M(Aé- X, +k;sgn(S)) — C—BE] (14)

Thay vao (13) thu duoc: Vz—leT sgn(S)<0 voi kla hang s6 duong thi hé 6n dinh theo
Lyapunov.
3.2. B) diéu khién mit trugt dong (DSC)
‘B0 diéu khién mit trugt dong [1] gom 2 khoi: Khoi da mit trugt (MSS) va khéi loc thong
thap (LPF). Khoi da mat truot tinh toan trang thai dya trén trang thai C}ﬁa hé thong va tin hiéu loc.
Cac gia tri dugc dua vao bd loc va gia tri ra tuong ung quay trd lai khoi da mat truot.

Nonlinear
System
U X
MSS 7
|: LPF ]
x Xa
DSC

Hinh 3. Cdu triic ciia b diéu khién DSC.
Xeét mat truot: S, =x,—x,,
Pao ham S ta c6: S, =% —x,, =x, — X,
Chon: X, =x,, —K.S,
Tin hiéu diéu khién 4o x,, dugc bam theo X, qua mot bo loc la khau quan tinh bac nhét:

TXyy + X,y =X,, X,; (0)=X,(0) (15)

Chon mat trugt: S, =x, —x,,
Pao ham S, taco: S, =%, —x,, =u+ f(x)—%,, ; Trong d6 dit: u =M "'Br, f(x) =—M "' (C — BE)

M_f(x) -K,S,

V6i cu trac cta hé théng DSC da thiét ké, tin hiéu diéu khién:

Két hop v6i (15) chon: u=x,,— f(x)-K,S, =

Tap chi Nghién ciru KH&CN qudn suw, S6 Dic san Hpi thio Quéc gia FEE, 12 - 2022 45



Diéu khién — Tw dpng héa

16
B (BB [M(= 2% ks )~ - B (16)
T
Suy ra: S2=—K2S2
Ta co: X=X =X, +(x, —x,,)+(x,, —X,)
bat y,=x,,-x,
Két hop véi S,,S,d trén va viéc chon X, ta c6 thé viét lai dugc:
S,=—K,S,+S,+y, (17)
T Ae A — _4__/{2_'- K'__Zz . .
acCo: X=Xy, X% = T_ X, +KS = 7+772(SI’SZ’ZZ’xld’xla’ﬂxld)
Chon ham Lyapunov:
V:S1T51+SzTSz+752TZz (18)
2
Suyra: V=S'S,+S1S,+ ! 7=S' (~K,S,+S,+ 7,)+S! (-K,S )+;(2(——+772)
Str dung cac bat dang thirc:
sts, <S58 o SISttt g, )0 (19)
e 2 2 R 2 3
Suy ra:
. o8 T T r T r 20
VS Sl S1+S2 S2+ZZ ZZ _(KISITSI+K2S2TS2)+8+(_ZZ//{2 + 3(/1/2/1/2)(772772)) ( )
2 T 2

Xét mién: B={zeR’|S]S,+SIS,+ 1l x,<2p,p>0,z=[S] S %1 }1a mot mién bi chan.
Vi cac ham 7, s€ ton tai gia tri 16n nhat trén mién B, goi gia tri 16n nhét trén B 1a M.

2
Chon: K, =K, =2+K, ! —1+M—+K
T 2¢&
T T T 2 2 T T
V"SQ’SI Si+8$8+ 101 —(2+K)(SITSI+S2TSZ)+€+[—ZZT}(2(1+M—+K)+M (lzlz)(ﬂzzz)]
2 2¢& 2¢g M
s—2KV+g—(1—"2TZZ)M2(ZZ%) @D

2¢

Cubi cung ta thu dugc ¥ < 2KV + & trén B va v6i hing sé duong 1, <M trén B

Ta c6 thé thay rang, V <0 néu V>8/2K khi ¥ >0thi ¥ <g/2K . Do hing sb ¢ co6 thé
chon nhé tity ¥ mudn nén vay cac sai sé ctia hé théng ludn c6 thé duoc gidi han & mirc cho phép.

4. KET QUA MO PHONG
Céc tham s mo phong:
m=20kg;1=5kg.m’;1,=0.1kg.m*;1, =, =0.3m;r=0.075m;g=9.8m/s*; u=0.01
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Bo diéu khién PID [3]: K, =diag(900,900,900); K, =diag(850,850,850)
Bo diéu khién truot: A=diag(10,10,10);k, =diag(50,50,50)
Bo diéu khién mat trugt dong: K, =diag(5,5,5); K, =diag(0.01,0.01,0.01);7=0.01

X,=R,coswt 5
Truong hop quy dao la dudng tron:< Y =R sinwt voi R, =35, a):%
0.=r/4

Két qua md phong duoc thuc hién trén Matlab/Simulink
- Khi bd tham s6 ctia FMWR 1a: m=20kg;1=5kg.m’;1, =0.1kg.m’

6 T
_______ qref
——————— qPID
4 — — —qSMC
—qDSC
2 |
>0r |
2F
4+
6 L 1 I L L
-6 4 2 0 2 4 6

Hinh 4. Cac quy dao cua FMWR khi sir dung cac thudt toan PID, SMC va DSC.

5

———epID
¥

— ——esMC
)

e DSC

¥

———ePiD 45 e PID
= = ey SMC

Cineta it

4

35

3
25
< g
15
1
05

) — -

0.5

"o 5 10 15 0 5 10 15 0 5 10 15
Time Time Time

Hinh 5. Sai s6 quy dao ciia FMWR theo phwong x, y va géc hirong.
Két qua phong vé6i thuit toan didu khién DSC thi robot di chuyén bam quy dao dit trong thoi
gian ngan vai sai 1éch bam dugc triét ti€u nho nhat.
So sanh két qua md phong véi cac thudt toan diéu khién PID, SMC thi thujt todn DSC ¢4 chét
lugng di€u khién tot hon, thoi gian qua d trong khoang dudi 1s, sai 1éch nhd, giam manh hién
tuong “chattering”

- Khi thay d6i tham s6 ctia robot vé6i céc gid tri: m=50kg;I=10kg.m*;1,=0.2kg.m’
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Hinh 6. Cac quy dao cia FMWR khi sir dyng cdc thudt toan PID, SMC
va DSC khi robot c6 cac tham so thay doi.

5 5 09
— E—T —

P s o P o a0 | |
— — —e,sMc — = —esme — — = e SMC

6,05C 4

35
3
25 .
o7 &

15

0 5 10 15 0 5 10 15 0 5 10 15
Time Time Time

Hinh 7. Sai s6 quj dao ciia FMWR khi khi robot cé cdc tham sé thay doi.

Dua vao két qua md phong cho thdy, khi Robot co cac tham s6 khdi lugng, moomen quén
tinh thay ddi thi bo diéu khién PID c6 hién twong mat 6n dinh, ton tai sai 1éch tinh 16n hon, bd
diéu khién MSC & DSC van hoat dong 6n dinh bam quy dao voi thoi gian qua do trong khoang
duéi 1s, sai léch nho, nhung cht luong didu khién cua DSC tdt hon véi sai 1éch nhé, giam manh
hién tugng “chattering”.

5. KET LUAN

Trong bai bao da xay dung phuong trinh dong hoc va dong luc hoc cho FMWR. Pé xuét
thuat toan diéu khién mat truot dong, ching minh tinh 6n dinh cta hé thng theo tiéu chuan
Lyapunov. Cac két qua mo phong véi thuat todan DSC cho thiy, robot bam quy dao dit véi thoi
gian d4p umg nhanh, sai 1éch nho, khi thay déi thong sé dau vao hé théng van hoat dong on dinh.
So sanh vé6i bo diéu khién truyén thong PID va SMC cho thay DSC c6 chét lugng diéu khién tot
hon. T nhiing két qua dat dugc nhom téc gia s& nghién ctru dua thuat toan DSC vao mo hinh
FMWR thyc nghiém va danh gia két qua.

Léi cdm on: Bai bdo nay dwoc sw tai tro boi Dé tai KHCN cdp Qu‘oA’c gia: “Nghién ciru phdt trién
robot tu hanh thong minh sir dyng cdac cong nghé sensor khac nhau va nén tang IoT, AL, dinh huong ing
dung trong quan trac moi truong phéng xa” thugc chwong trinh phat trien Vat ly giai dogn 2021-2025, ma
so: DPTDLCL.19/23.
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ABSTRACT
Research dynamic surface control for four Mecanum wheeled mobile robot

The manuscript presents the Dynamic Surface Control (DSC) applied to the Four
Mecanum Wheeled Mobile Robot (FMWR). The mathematical model in this manuscript
has been built, including Kinematic and dynamic equations for FMWR based on the
Euler-Largarange equations. Propose a dynamic sliding surface control algorithm for
FMWR. The stability of the system is proven by Lyapunov stability theory. The simulation
results with the proposed DSC algorithm compared with the PID and SMC controllers
show better control efficiency and quality.

Keywords: Mobile robot; Four Mecanum Wheeled Mobile Robot; Sliding mode control; Dynamic Surface Control.
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