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THIET KE BO DIEU KHIEN MAT TRUGT DONG
KET HOP MANG NGRON DIEU KHIEN BAM QUY DAO
CHO ROBOT TU' HANH BANH XE MECANUM

TRAJECTORY TRACKING CONTROL FOR THE MECANUM WHEEL MOBILE ROBOT
BY THE DYNAMIC SURFACE CONTROLLER CONNECTED TO THE NEURAL NETWORK
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TOM TAT

Bai bédo trinh bay thiét ké b diéu khién bam quy dao chuyén dong cia
robot tu hanh bén banh bénh xe Mecanum (MWMR) st dung b diéu khién
mat trugt dong (DSC) két hgp mang noron (NN) khi xét dén cdc nhiéu ngoai
tdc dong. Trong bai bdo, chlng tdi xdy dung md hinh todn hoc cia MWMR
bao gdm mé hinh ddng hoc, dong luc hoc 6 xét dén nhiéu bat dinh. Tir d6
thiét ké bo diéu khién DSC két hgp mang NN dé xdp xi thanh phan nhiéu bat
dinh ctia mé hinh MWMR. Tinh 6n dinh ca hé théng dugc chiing minh theo
tiéu chuan Lyapunov.

Tirkhod: Robot turhanh bdnh xe mecanum; bé diéu khién trugt déng; mang
no'ron.

ABSTRACT

This article presents the design of a motion tracking controller for the
Mecanum wheeled autonomous robot (MWMR) using a sliding surface
controller (DSC) connected to a unified neural network (NN) when
checking for disturbances. In the article, we build a mathematical model
of MWMR including a kinematic and dynamic model that considers
uncertain noise. From there, the control DSC fusion network is designed
so that the NN increases its speed despite the component noise of the
MWMR model. The stability of the system is proven according to the
Lyapunov criterion.

Keywords: Dynamic Surface Control; Neural Network; trajectory tracking
control.
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KY HIEU
Ky hiéu Donvi Ynghia
VRi m/s Van téc cac banh xe mecanum
Vi m/s Van t6c cac con lan bi déng
clia banh xe
r m Ban kinh banh xe mecanum
L m Khodng cach hai hang banh
xe hai bén
d m Khodng cach hai hang banh
xe trudc va sau
CHU VIET TAT
RTH Robot tu hanh
MWMR  Robot tu hanh banh xe mecanum
(Mecanum wheel mobile robot)
DSC Bo diéu khién mat trugt dong
(Dynamic Surface Control)
NN Mang na ron (Neural Network)
BDK Bo diéu khién
1. GIGI THIEU

RTH ngay cang dugc dp dung réng rai ¢ cac linh vuc
san xuat hién dai va thong minh. Cac linh vuc tng dung
cGia RTH d6 la: néng nghiép [1, 2], cOng nghiép van
chuyén san xudt [3-6], cong nghiép khai khoang [7],
tham hiém trong va tru [8], y t&, gido duc [11, 12] va
nhiéu linh vuc khac. Robot MWMR la RTH st dung bén
bénh xe da huéng Mecanum, né c6 kha nang di chuyén
linh hoat trong khéng gian lam viéc, do d6 MWMR duagc
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st dung trong moi trudng lam viéc cé khéng gian chat
hep khéng du dé thiét ké quay dau cho robot [13, 14]
do cau tao ddc biét clia banh xe mecanum. Tuy nhién,
MWMR c6 nhugc diém c6 hién tugng trugt banh xe va
quay tu lua clia cac con lan bi dong trén banh xe dan
dén diéu khién MWMR kho chinh xac. Do dé, gan day
cac nghién cuu thiét ké cac BDK dé nang cao dé chinh
xac bam quy dao, day la huéng nghién ctu dang dugc
cac nha nghién cttu quan tam. Trong [15] thiét ké BDK
du bdo mé hinh cho robot tu hanh 4 banh xe mecanum
cé rang budc dudi tdc ddéng clia nhiéu ngau nhién;
[16-18] thiét k& BDK PID vai tham s6 thay déi dé diéu
khién RTH di chuyén bang banh xe véi van téc thay déi;
Pankaj Singh Yadav va céng su [19] da thiét ké BDK
trugt diéu khién van téc cho robot bén banh mecanum
khi xét dén nhiéu va cac yéu té bat dinh; luat diéu khién
thich nghi cho MWMR bam quy dao dudi tac dong cta
trugt banh xe dugc dé xuat trong [20] véi tinh 8n dinh
dugc dam bao théng qua tiéu chuan Lyapunov; [21] da
st dung BDK phan héi trang thai tuyén tinh diéu khién
bam quy dao; [22] si dung cac ludt mg dé xac dinh cac
tham s6 cta BDK PI truyén théng dudi anh hudng cla
trugt banh xe trong khi chuyén déng. Mét s6 cong trinh
da si dung BBK truot, nhung phuong phap nay nhugc
diém la xay ra hién tugng rung “chattering” va anh
hudng khi c6 nhiéu khién hé théng mat n dinh [23]. Dé
khac phuc hién tuong d6, nghién ctu [24] da dé xuat
BDK DSC dé diéu khién robot tu hanh banh xe
Mecanum bam quy dao khac phuc dugc hién tugng
“chattering”. Tuy nhién, m6 hinh MWMR trong [24] chua
xét dén thanh phan bat dinh va nhiéu. Do do, bai bao
nay nghién ctiu BDK DSC két hgp mang NN dé xdp xi cac
thanh phan bat dinh. Tinh 6n dinh cla hé théng dugc
ching minh theo tiéu chudn Lyapounov. Cau truc bai
bdo dugc trinh bay nhu sau: Dau tién la mé hinh toan
hoc cia MWMR gém mé hinh dong hoc va dong luc hoc
clia robot dugc thiét lap. Thi hai la thiét ké BDK DSC két
hop mang NN va chiing minh tinh én dinh cGa BDK theo
Lyapunov. Thi ba, trinh bay cac két qua mé phong va
thdo luan. Cuéi cung la cac két luan xac minh cac két
qua nghién ctu cla bai bao.
2. MO HINH TOAN HOC CUA MWMR
2.1. M6 hinh dong hoc

Xét MWMR dugc mé ta trén hinh 1. Theo tai liéu [1, 2]
phuong trinh ddng hoc ctia MWMR dugc cho bai:

w=JR'q, (1
Trong do6:

20 | Tap chiKhoa hoc va Cong nghé Trudng Dai hoc Cong nghiép Ha Noi

1 -1 —(L+d)/2

cosg —sing O
ST (Ld)2 | _
J_F1 _ (L+d)/2 ;R=|sinp cosp O0f;
0 0 1
1 1 —(L+d)/2

T
w:[w1 W, W, w4};

. . 1T
a=xy ¢ =[Ve V
goc cla MWMR; gr la véc ta vi tri tai tdm hinh hoc G cla
robot MWMR trong hé quy chiéu 9.

Yr ‘

Q]T vGéi Q 1a van téc

Xy

2.2. M6 hinh dong luc hoc

Theo tai liéu [25] phuong trinh dong luc hoc cla
MWMR dugc cho bai:

Ex=| MJ(R'q+R"d)-Hf,, —Kf  +7,] 2)
Trong dé:
A+B+J,,  -B A-B B
B A+B+l, B A-B
M=
A-B B A+B+],, B
B A-B B A+B+J,,
2 2
veiA=Mg_ " M_m, +4m, 1a khéi lugng
8 4(L+d)
cta robot MWMR; m, va m,, lan lugt la khéi lugng cta
than MWMR va banh xe mecanum;

J=JG,D+mW(L2+d2)+Jva la m6é men quan tinh cla

MWMR.
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véi a= r(L+2d) ;b= L ;oo la
42y (L+d)’ 42r, (L+d)’
khodng céach tu truc con lan dén truc banh xe.
i r(L+2d) r(L+2d) rL |
4(L+d)  4(L+d) 4(L+d)  4(L+d)
r(b+2d)  r(L+2d) rL rL
Ho 4(L+d) 4(L+d)  4(L+d) 4(L+d)
rL rL r(L+2d) r(L+2d)
4(L+d)  4(L+d) 4(L+d)  4(L+d)
rL rL r(L+2d)  r(L+2d)
| 4(L+d) 4(L+d)  4(L+d) 4(L+d) |

K=diag[-r —r —r —r]

T By . R s 7
t=[t, T, T, T,] lamomen diéu khién cac banh
xe;

T4 la thanh phan nhiéu ngoai;

L i o
£ =[Fms Fimz Fims Fimee] 8 lUc ma sat lan cda

Lms1

con lan trén cac banh xe;

fms = [Fms1 FmsZ Fms3 F

T i
ms4] la lyc ma sat lan clha cac
banh xe;

Véi F =Ny sgnw, va F =Ny sgnw; lan luot la
thanh phan ma sat tai diém ti€p xutc con lan gita banh xe
vGi mat dudng; N;, i lan lugt 1a phan luc tir mat san tac
dung lén cac banh xe va hé s6 ma sat lan.

Tu (1) va (2) suy ra:

Et=MJR'G+MJR'q-Gsgn(q) + T, 3)
Véi =[x y @] =[Ve, Vo, Q] la van téc cia
robot; G=(H-K)JR'Nu
3. THIET KE BDK
3.1. Thiét ké BDK DSC
Dat bién trang thai ctia hé théng:
x,=q=[x y o]

(4)
X, =Vg =[ch VGy

af
Tu phuong trinh (1) dén (4) ta c6 phuong trinh trang
thai cia MWMR:

X, =Rx, (5)
MJx, - Gsgn(x,)+ T, =Et

Do 14 khdng do dugc chinh xac nén khong xét trong
tinh todn BBK DSC.
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Véc to sai léch bam e = x; — X1q VGi X1d = qa = [Xa Y
@dl" 1a quy dao dat. Dao ham es:

€ =X, —X;q =Rx; =Xy (6)

Goi as 1a tinh hiéu diéu khién do. B 1a dau vao cda bod
loc thong thap bac nhat va dugc xac dinh:

B=-R' (c1e1 — Xy ) )
¢, 0 O

Véie=0 ¢, O
0 0

¢

B dua qua bé loc théng thap bac nhat dé tinh toan gia
tri dao ham cho tin hiéu diéu khién 3o:

Ta, +a, = (8)
Vé6i T dugc chon dt nhé dé tang téc d6 hoi tu.
Bls) . P-a
a.(s)= ;a = 9
=% 1 ©)

Chon ham Lyapunov: 'V, :%ere1 (10)

Pao ham cuda V; ta dugc:

V,=elé, =& (Rx, —x,,) an
=-ejce, +e](ce, +Rx, —X,,)
Véix, =a thi V,=—e]ce, +el¢ (e, -e,)=—elce,
Tu(8)va(11)suyra V,=—elce, <0
Goi e; |a sai léch tin hiéu diéu khién 3o va duoc xac
dinh boi:
e,=X,—a, (12)
Chon mat truot:
S=M\e, +Re, (13)
VGi A > 01a hé s6 chlia mat truot.
S=)e, +Re, +Re, =\é, +Re, +R(x, —4,)
$=)é, +Re, +R[J'M"'(-Gsgn(x,) +Et)-a, | s

Chon ham Lyapunov:
A :lSTS
2
Tin hiéu diéu khién ctia hé théng:t=1_ +1, (15
Vi Teq la tin hiéu diéu khién gilt trang thai cda hé
théng ndm trén mat truot tim dugc khi $=0; Teq dudc
xac dinh nhu sau:

T.,=E'[MJ(-R'Aé, ~R'Re, +x,,)-Gsgn(x,)| (16)
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T |2 tin hiéu diéu khién dugc st dung dé dua trang
thai cia hé théng tién vé mat truot va dugc xac dinh:

T, =—E"'MJ(c, sgn(S)+¢,S) (17)
cG,, 0 O G, 0 O
V6i ¢,={ 0 ¢, 0|, ¢=0 ¢, O [lama

0 0 g 0 0 g
tran dudng chéo xac dinh duong.
Pao ham ham Lyapunov V; (15):
V,=S"$=5"{)é,+Re, +R[ M (~Gsgn(x,)+Ex) -4, |}

Vi tin hiéu diéu khién (16) va (12) thi x,, =a,, V2 dugc
xac dinh:

V, =-S"c,sgn(S)-S"c.S, (18)

Vi ¢, va ¢; la cac hé s6, do do:

V,=-S"c,5gn(S)-S"¢,S<0 (19)

Diéu nay thoa man tiéu chuan én dinh Lyapunov.
3.2. St dung mang no ron dé xap xi thanh phan nhiéu
va bat dinh mé hinh MWMR

M6 hinh robot MWMR c6 chita nhiéu cac thanh phan
nhiéu va bat dinh dugc biéu dién trong T4 & phuong trinh
déng luc hoc. Do d9, tin hiéu diéu khién ctia BBK DSC kho
thuc hién diéu khién MWMR khi c6 xét dén tq. D€ gidm
thiéu tdc dong clia cac thanh phan nhiéu va bat dinh nay,
mot mang NN dugc dé xuat.

Goi W la cac thanh phan nhiéu va bat dinh dugc xac
dinh nhu sau:

¥=JM"(Hf,  +Kf +1,) (20)
Dat bién trang thaéi cta hé théng:

x=q=[x y o]

T (21)

X, =vy=[Vs, Vo Q]
Hé phuong trinh trang thai cia MWMR:

X, =Rx

v v (22)

x,=¥+J M Et

Véc to sai léch bam: e; = X1 — X44; Véc ta sai l1éch van

toC: @2 =Xz — Xad
Chon mét truot: S=MAe, +Re, (23)
S=)\é, +Re, +Re,
o o (24)
=)\é, +Re, +R(¥+J M Et-X,,)

Tin hiéu diéu khién clia hé:

22 | Tap chiKhoa hoc va Cong nghé Trudng Dai hoc Cong nghiép Ha Noi

T=T,+T,, (25)
Véi:

T =—E'MJ[R(Ae, +Re, )i, + ¥ | (26)
T, =—E 'MJ(c, sgn(S) +¢,S) (27)

Trong d6, ¥ = [\i—‘x ‘i‘y ‘i’w] la vector dau ra clia NN

Ma tran trong s6 dugc R co kich thudc (nx 3) véin la
s6 nhan NN. y=[y, v, yn]TIé vector chua gia tri
dau ra ctia cac nhan NN

Luat thich nghi cho ¥ :

W=RTy+e (28)
=Ry (29)

Trong d6: ¥ la gid tri ly tudng cda thanh phan bat
dinh; ¥ 13 gia tri dau ra ctia NN.

Ma tran sai léch trong s6: R =R —R trong do: R 1a
cac gia tri trong s6 Iy tudng va R 13 trong s6 tinh toan ca
NN. y dugc xac dinh b&i ham ban kinh xuyén tam:

%, -py "2 +x, _pzi”2

Y, =exp .

o

Véi:

X1 vVa X 1an lugt |a cac vector dau vao clia NN.

(30)

p1i va pai la cac vecto tam cdia nhan NN.
o dac trung cho d6 léch chudn clia ham.

Tu d6, luat cap nhat ctia NN:
¥ =E<vSTR—u||S||§f‘{) (31

Trong dé:

E la ma tran vudng dudng chéo xac dinh duong cap

u la téc d6 hoc ciia NN.

S thoa man diéu kién sau:

2
|s|>——2— (32)
C3min
Xét ham Lyapunov:
1 1, o
V3 ZESTS-FEtr(ERTF 19{) (33)

Pao ham Vi:
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V, =S"$+tr(R'T'R)
_ST$+ tr[ﬁvﬁ(% - 9‘{)} (R =0) (34)
=SS tr(R'T'R)
Tir (34), (25), (26), (27), dao ham Vs:
V, =-S"c,sgn(S)-S'c,S
L STR(Y - )~ tr(R'T'R)
Pao ham Vs st dung (24), (25) va (27) ta cé:
V, =-S"c,sgn(S)-S"c,S+S'Re

(35)

3 e (36)
+STRETy—trR'T'R)

V, =-S"c,sgn(S)-S"c,S+S'Re
+tr(—RT (TR —ySRIM)
=-S"c,sgn(S)-S"c,S+S'Re
+tr(—§aT (r-‘(r(ysTR—p||s||9“a))—ysTRJ+M-‘ ))
=-S"c,sgn(S)-S'c,S+S'Re

+tr(—§1T((ySTR—u||S||§}A1)—ySTRJ*M")) 7

Vi luat cap nhat NN 31)va R=R-R=>R=R-R,
V, dugc xac dinh nhu sau:
V, =-Sc, sgn(S)—S'c,S+S'Re+ S| tr(R" (R—R)) (38)
Theo Cauchy-Schwarz:
~ T ~ ~ ~ |12
(R R-R) < |R] |, -|R[. (39)

TU d6 suy ra:

V, <-S'c,5gn(S)—S'c,5+S'Re + uIISII(IlﬁﬂIF |94, | )

! " (40)
<-S'c,sgn($)-S"c,S+[Se, +“||5||(||9*"F||9*"F ‘"m"F)

B0 diéu khién DSC - NN

........ B diéu khién DSC
Tin hiéu
diéu khién
SW T
v Robot tw hanh
Xy & | Tinhitu | a o © 8 i -
: } Q5| binh
R, R Mt Mg
5 X, Tin hiéu Ty
diéu khién
eq

Mang no-ron | @

&

Hinh 2. So @6 cau tric BDK DSC két hgp NN
Vai diéu kién chan (32), V, trd thanh:
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2
¥ <-sc,son(s)-yis| |5, ot | @)

V, <0 thod man tiéu chuén 6n dinh Lyapunov.

So d6 cau trac BDK DSC két hgp NN dugc xac dinh nhu
hinh 2.

4. MO PHONG VA THAO LUAN
4.1. Cai dat cac tham sé mé phéng
a) Tham sé chuyén déng

Quy dao chuyén déng ctia MWMR dugc chon la dudng

tron ¢ ban kinh R=5 (m), B :%

(42)

qf:{Rcos(Bt) Rsin(Bt) (BHgHT

b) Théng sé kich thuéc déng hoc va qudn tinh

Bang 1 la thong s6 kich thuéc dong hoc va quan tinh
cla MWMR.

Bang 1. Dit liéu thiét ké va quan tinh cta MWMR

Théng sé Kyhiéu | Giatri |Donvi
Khodng céch hai banh trdi phai L 316 mm
Khoang cach hai banh truéc sau d 270 mm
Ban kinh banh xe r 30 mm
Khodng cach truc banh xe dén truc con lan oL 24 mm
Khdi lugng than robot mp 7688 g
Khdi Iugng méi banh xe mecanum my 86,00 g
Momen quan tinh than robot Jat 139902537 | g.mm?
Momen quén tinh banh xe d6i vdi truc|  Jos 31895 | g.mm?
quay cta né

Momen quan tinh banh xe 1 d6i véi Gz Jebr 3663918 | g.mm?
Momen quén tinh banh xe 2 d6i véi Gz | Jan 3664317 | g.mm?
Momen quan tinh banh xe 3 d6i véi Gz Jos 3669968 | g.mm?
Momen quan tinh banh xe 4 d6i véi Gz Joba 3671808 | g.mm?

¢) Théng sé BDK
Cac hé s6 diéu khién dugc chon nhu sau:
¢,=¢,=¢,=[0,1 0,1 0,1 ;\=diag(0,01,0,01,0,01)
= =diag(1,1,1); u=0,1.
4.2, So d6 khéi BDK trén phan mém Matlab/Simulink

TU mo6 hinh dong luc hoc MWMR va BDK dugc trinh
bay & muc 2 va 3 ta c6 so dé khéi BDK DSC két hop NN
dugc xay dung trong Matlab/Simulink dugc mo ta trong
hinh 3.

HaUl Journal of Science and Technology | 23



CONG NGHE

https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

3l
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rol signal »{ Tin higu aibu k

oooooo

80 didu khibp DSC-NN

u : | : {5}
' B} &

[ LH—]R
] =
e @
" OrE .
- .{I] D)

(=

Hinh 3. So d6 md phong MWMR bam quj dao chuyén dong trén
Matlab/Simulink
4.3. Két qua va thao luan

Tu cac thong sé cai dat dugc trinh bay chi tiét trong
muc 3.1 va 3.2, hinh 4 mo6 ta qua trinh bam quy dao cla
robot MWMR khi xét dén cac nhiéu bat dinh dugc diéu
khién bai BDK DSC két hgp mang NN dugc thiét ké bai
nghién ctu nay.

Quy dao robot
5 T — Quj dao dit
-~ Quy dao thire
4 -
3
2 \
/ \
1 ( %
—
E o | End /7|
> \ —1 ]
2 - /
-3
-4
5 = < | L =
5 4 3 2 -1 0 1 2 3 4 5
X (m)

Hinh 4. So sanh qu§ dao ddt va quj dao thuc

Hinh 4 cho thdy quy dao diéu khién bam theo quy dao
dat. K&t qua mé phdng sai léch vi tri va huéng cia MWMR
trong qua trinh chuyén déng dugc biéu dién & hinh 5 véi
sai 6 vi tri bién doi tir 0,0124 (m) dén 0,0176 (m), trong
khi sai s6 vé tu thé la tir 0 (rad) dén 0,04 (rad). Hinh 6 1a mé
men cla 4 déng co & bén banh dugc diéu khién bsi BDK
dé xuat dé robot MWMR bam theo quy dao cho truéc.

TU hinh 6 cho thay, tai thai diém qua dé ban dau trong
khodng thai gian 0,5 gidy gid tri m6 men & cac dong co c6
su thay déi, sau khi bam quy dao gia tri nay tuong doi 6n

24 | Tap chiKhoa hoc va Cong nghé Trudng Dai hoc Cong nghiép Ha Noi

dinh va déu gilta cdc dong co va MWMR dugc diéu khién
Vi van téc goc khéng déi Q = 0,21 (rad/s).

ol T T T T T
_
E oos- //F\
13
L5
[
time(s)
,é\ 01k \
(B\ 0.05 -
or L L L L L
time(s)
g 0.04 [ T e _phi
\b‘ ﬂD?g
o' o ]
) 5 10 15 20 25 30
time(s)

Hinh 5. Sai l&ch vi tri va huéng MWMR trong qua trinh chuyén déng

A =0.5(s)

to_1
T

i
1
1

5,(Nm)

,(Nm)
.kai..‘g

7,(Nm)

o4
T

7, (Nm)

I I |
5 10 . 1‘5 2‘0 2‘5 30
time(s)

Bt

Hinh 6. M6 men diéu khién 4 dong co truyén dong cia MWMR
5. KET LUAN

Noi dung bai bdo da trinh bay dugc mé hinh déng hoc,
dong luc hoc ctia robot MWMR khi xét anh hudng clia
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thong sé hang bat dinh va nhiéu ngoai tac déng. Chiing
minh dugc su 6n dinh cGa BEK trugt dong két hgp NN
chuyén dong véi quy dao hinh tron. Tinh 8n dinh tiém can
clia hé théng dugc phan tich dua trén ly thuyét én dinh
Lyapunov va chat lugng hoat dong cia MWMR dugc kiém
nghiém théng qua mo phéng ky thuat sé. Tuy nhién cac
két qua ctia bai bao méi chi dung lai & phan tich ly thuyét
va khdo sat qua mo6 phong s6. Tuy da c6 gdng mo phong
gan chinh xéac véi déi tugng thuc, nhung dé co thé ap
dung dugc cho robot MWMR con doi héi phai thuc thi
trong thuc té€ va hoan thién hon nia thuat toan diéu
khién v6i mai trudng chuyén déng cla xe cé vat can dong
va tinh. D6 la hudng tiép theo clia nhém nghién ciu
trong thai gian téi.
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