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Abstract

This paper presents an advanced control strategy for a four-wheeled Mecanum robot using Type-1 fuzzy logic within MATLAB's Simscape
Multibody simulation. The model combines kinematic and dynamic representations to accurately simulate wheel-ground interactions. A fuzzy
controller with 25 inference rules and triangular membership functions adjusts translational and rotational velocities based on positional and
orientational errors. Simulations evaluate the system under various conditions, including external disturbances and dynamic environments.
Results demonstrate superior trajectory tracking, motion smoothness, and adaptability compared to traditional PID controllers, emphasising
the potential of fuzzy logic for autonomous navigation in unstructured settings.
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Tém tit

Bai bao trinh bay mot phwong phap diéu khién nang cao
cho robot Mecanum bdn banh bang logic m& Type-1, duoc
trién khai trong méi trudng mé phong Simscape Multibody
cua MATLAB. Mo hinh m6 phdng tich hop giita dong hoc va
dong lyc hoc da vat thé cho phép phan anh chinh xéac tuong
tac gitra banh xe va mat san. B diéu khién duoc thiét ké dua
trén 25 ludt mo va cadc ham tam giac nham sinh van téc di
chuyén tuyén tinh va quay theo sai s6 vi tri va huéng. Hé
thong duoc kiém nghiém qua céc kich ban mé phong khac
nhau, bao gdm nhiéu va thay d6i méi truong. Két qua cho thiy
b6 diéu khién mo vuot trdi so voi PID ¢d dién vé d chinh xac
bam quy dao, d6 muot chuyén dong va kha nang thich Gng,
khing dinh tiém ning ng dung ctia didu khién mo trong cac
nén tang robot tw hanh hoat dong trong didu kién khong 1y
tudng.

1. Dt vain dé

Robot Mecanum bdn banh ngay cang dugc ing dung rong
rai trong cac linh vuc nhu logistics thong minh, tu dong hoa
cong nghiép va hd tro y té, nhd kha nang di chuyén linh hoat
theo moi hudng ma khong can thay déi hudng cta than robot.
Dic diém nay giup robot hoat dong hiéu qua trong moi truong
hep, phtrc tap va doi hoi d6 chinh xac cao [1-3]. Tuy nhién, de
khai thac téi da tiém nang cua robot Mecanum, can giai quyét
céc thach thirc lién quan dén mé hinh héa dong hoc, md phong
da vat thé va thiét ké bo didu khién thich nghi [4]. Trong
nghién cru nay, khung mé phong Simscape Multibody cta
MATLAB dugc sir dung dé xay dung mo hinh co khi va dong
lyc hoc chinh xé4c cuia robot. Cac thanh phan nhu khung than,

banh xe Mecanum va mo-dun truyén dong dugc mo hinh héa
day du, nhim phan anh chinh x4c tuong tac co hoc thuc té.
Céac phuong trinh dong hoc thudn va nghich cling dugc phat
trién dé lién hé van tdc téng thé cua robot véi van toe tung
béanh xe, ddng thoi tinh todn lyc va mo-men tac dong dé dam
bao 6n dinh khi robot thuc hién céac chuyén dong da hudng
[5,6].

Vé mit diéu khién, nghién ctru nay tap trung vao phat trién
mot bo diéu khién logic m& Type-1 st dung 25 luat suy luan
va ham tam giac. Bo diéu khién duoc thiét ké nhdm giam thiéu
sai s6 bam quy dao va cai thién d6 muot trong diéu kién moi
truong bién doi. Logic m¢ la mdt trong nhimg gidi phap kha
thi va hiéu qua dé xtr Iy phi tuyen nhidu va cac yéu t6 khong
chic chin ma cac phuong phap c¢d dién nhu PID thuong khong
dap ung dugc [7-9]. Mic du didu khién PID d& cai dat, no
thiéu tinh linh hoat trong méi trudng c6 nhiéu nhidu hozc phi
tuyen manh [10-12]. Trong khi d6, cac phuong phap diéu
khién tién tién nhu diéu khién truot c6 tinh thich nghi cao
nhung thuong gay ra hién tugng rung (chattering) va phu
thudc nhiéu vao mo hinh chinh xé&c [13-15]. Cudi clng, viéc
st dung mo phong trong Simscape Multibody khong chi giap
xdy dung mo hinh hé thdng mét cach tryc quan va chinh xac
ma con hd trg danh gia hiéu nang diéu khién mot cach toan
dién trudce khi trién khai thuc nghiém. Bleu nay giip giam
thiéu rui ro, chi phi thir nghiém va rit ngan chu ky phat trién
[16-19]. Muc tiéu cua bai bao 1a thiét ké mot hé didu khién
chuyén dong théng minh cho robot Mecanum bdn banh sir
dung logic mo Type-1 trong moi truong mo phong Simscape
Multibody, dong thoi so sanh hidu qua diéu khién voi phuong
phap PID ¢6 dién trong cac kich ban c6 nhidu va thay d6i dong
luc hoc.

Bai bdo nay déng gép nhitng diém sau:
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v D& xuét mot phuong phap diéu khién thdng minh cho
robot Mecanum bdn banh, tich hgp mé hinh héa dong
luc hoc trong mdi trudng Simscape Multibody voi bd
diéu khién logic mo Type-1 gom 25 luat mo, nham
nang cao kha nang thich nghi va d6 chinh xéc khi robot
hoat dong trong mdi trudng c6 nhidu va bién dong

v" Thuc hién mot phén tich so sanh toan dién gitra bo diéu
khién logic md va bo didu khién PID truyén thong
trong cac kich ban mo phong khac nhau, cho thay bo
diéu khién mo vuot troi hon vé do chinh xac bam quy
dao va tinh on dinh trudce sai s6 md hinh.

Bai bao dugc to chirc thanh 05 phan chinh. Trong d6, Phan
1 gidi thiéu tong quan va néu bat dong co nghién ctru. Phan 2
trinh bay qué trinh xay dung md hinh dong hoc va dong luc
hoc cho robot Mecanum trong mdi trudng Simscape Multi-
body. Phan 3 mo ta chi tiét hai chién lugc diéu khién gdbm PID
va logic mo Type-1. Phan 4 phan tich, so sanh két qua mo
phong gilra hai phuong phap diéu khién trong cac kich ban
khac nhau. Cubi cung, phan 5 dua ra két luan va dinh hudng
phat trién, nhdn manh tiém ning tich hop AI dé nang cao hiéu
suat diéu khién trong tuong lai.

2. Xay dung mé hinh dong hoc cho
Mecanum robot 4 banh

2.1 Hé toa do

Robot c¢6 kha nang di chuyén linh hoat theo moi huéng ma
khong can thay d6i hudng than nho cdu trac banh xe
Mecanum. Bai bao tap trung nghién ciru va phét trién md hinh
dong hoc cho robot Mecanum bdn banh, nhdm md ta chinh
xac chuyén dong dya trén lyc va m6-men tac dong. M6 hinh
ndy lam rd moi quan hé gilra vi tri, hudng chuyen dong cua
robot va cac tham sé diéu khién trong hé quy chiéu gin voi
mat san. Do d9d, viéc giai bai toan dong hoc thuan va nguoc
dong vai tro then chdt trong thiét ké hé théng diéu khién.
Trong d6, dong hoc thuan xac dinh chuyén dong tir thong sé
diéu khién d3 biét, con dong hoc nguoc tinh toan thong s6 diéu
khién tir quy dao mong mudn. Hinh 1 minh hoa so d6 dong
hoc ctia robot Mecanum, gitp hinh dung rd hon vé co ché diéu
khién va chuyén dong da hudng ciia hé thong.

Hinh 1: M6 hinh dong hoc cua robot da huéng 4 banh [3]

Hinh 1 m6 ta mdi quan hé giita cac thong sé dong hoc cia
robot, 1a co s¢ dé xay dung phuong trinh dong hoc va thiét ké
hé thong diéu khién.

Trong do, q¢{Of, X, yr} 1a hé quy chiéu ¢b dinh gin lién véi
san di chuyén; qr{Og, Xg, yr} 12 hé quy chiéu gin trén Robot.

Goc ¢ la hudng ciia robot so véi hé quy chiéu toan cuc. Vg
van toc téng hop cua robot tai tim gdm cac van téc doc va
ngang V,, Vs, o theo truc x; , yr ; x 12 hudng tién/10i; yr la

hudng trai/phai.
Hé quy chiéu q; va qg duoc thé hién qua cong thirc (1):
{q'f = Q(9)qr €y
qr =Q (‘P)Tfl Ji
cosp —sing O
Trong d6: Q(p) = |sing  cosep 0| 1a ma trén hudng cia
0 0 1

hé quy chiéu g so véi hé quy chiéu gq;.
Vian tbc cua cac banh xe trong h¢ quy chiéu g cua robot da
hudng 4 banh xe dugc thé hién qua Hinh 2 va cong thirc (2):

L ®

Hinh 2: M6 hinh déng hoc ctia robot da huéng 4 banh c6 xét dén van
toc va goc quay [3]

Vi) = rw(t)
!Vz ) =rw,(®)
V5(t) = rws(t)
Va(t) = ra,(t)

)
Van tdc 4 banh xe Mecanum duoc tinh toan theo cong thirc
3):

L d 1
V() = Vir (£) — Q) + | Vey (8) — 5 Q1) tay

2 2

V. =V LQ V dQ !
2(0) = Vex(®) 45000 = Vo 0 =300 ) oo

V3(t) =

L d 1
Ve (0) + = > Q) + (V(;y(t) += > Q(t)>—y

L 1
Va(6) = Vox () =508 = | Vg () + 5 Q(O)@

Trong d6: r 1a ban kinh cta banh xe Mecanum;
W1, Wy, W3, W, 12 vAn téc goc cfga 4 bénh xe robot quay
quanh truc z; y 1a goc gitra vén toc tiep tuyen tai cac banh xe
Vo, Vo, V5, V,) va banh  xe
(mm, V_L‘;,m ); Q14 vén tbc goc quay cua toan bd robot
quanh tdm G ; L 1a khoang cach tir tim robot dén banh xe theo
phuong doc ; d 1a khoang cach tir tim robot dén banh xe theo
phuong ngang.

vecror van toc tai



Journal of Measurement, Control and Automation

77

Két hop phuong trinh (2) va (3) véi y = 45°, md hinh
doéng hoc Robot 4 banh dugc viét lai theo cong thirc (4):

HEEE= (R]
[ﬂ)l (t)-l q 1 127" VG (t)
lw®] _|7 7 @+ ||
w3 (t) 1l La+a
W (t) T 2r Q(t)
4 1 1 1
- —s T (L+d)
Pitw = [w(t) w,(t) ws(t) w4(t)]T va
1 1
- = == (L + d)
ror
! ! (L +d)
J=1r r 2r
11 ! L+d
r o r 2r ( )
1 1 1
- —— ——(L+4d
T T 2r .
Cong thirc (4) dugc viét lai nhu sau
0= Q)
Khi cho truéc w dan dén g duge xac dinh boi :
Gr=J"w (6)

Trong d6 : J* 1a ma trin nghich ddo cho boi cong thie sau:
1 1 1 1

S I

L+d L+d L+d L+d

a. Bai toan dong hoc thuin

Khi biét w, hé quy chiéu c¢é dinh qy dugc xéac dinh qua
cong thuce (7) :

4 =Q@ar = Q@)U N w ()
Tt (7) vi tri va hudng ciia robot da huéng kiéu banh xe Me-
canum nhu sau:

w;(t) + w, (1) — w3 (8)\ .
+( rol) sino(®

. (wl (t) + w, (1) + ws(t) + w4(t))cos<p(t) + (8)
== dt

(01(8) + w2 (1) + w3 (1) + Wy () )cosep(t)
xp(t) = ‘f

w1 (t) — w,(t) + w3 (t)
( ' —(34(0 ’ ) ne(®)
_ w1 (1) + wy(t) — w3 (t)
o(6) = 2(L+d)f ( +aw,(t) ’ )dt

b. Bai toan dong hoc ngugc
Dua vao quy dao & (xf (t),yf(t)) Vva vecto van tdc tong
Vs dé xac dinh ¢y = [%:(t) Yr(t) @(®)]" trong hé quy
chiéu g bang cach thay ¢, vao cong thire (1) va két hop véi
cong thic (4), vy van tde goc banh xe dugc thé hién qua cong
thure (9):
w=JQ(p) 4s 9)
Trong d6: JQ ((p)T 1a ma tran chuyen dbi mé ta mbi quan

hé giita vecto van tdc tong véi van tdc goc timg banh xe
Mecanum.

Dua vao cong thirc (9) dé xac dinh dugc tham sé diéu
khién van toc gbc w; ting banh xe dé robot bam theo quy dao
& mong muon nhu cong thirc (10).

(cos@ — sing)xs(t) + (cosp + sing)y¢(t)
W, = T( _L+d o)

w, = -
27

L+d

)
+—-9(0) > (10)

)

)

<(cos<p + sm<p)xf(t) — (cosp — sing)y,(t)

) <(cos<p — sin@)x(t) + (cosg + sing)y, (t)

YTy +2250)

. (cos@ + sing)xs(t) — (cosp — sing)ys(t)
Wy = _< L+d

r - @)

2.2 Simscape Multibody/MATLAB

Simscape Multibody trong MATLAB hd trg md phong
dong luc hoc vat rén, giup thiét ké va mé phong chuyén dong
robot 4 banh Mecanum véi cac dic diém ndi bat:

* M6 phong chinh xac: Phan tich déng hoc va dong luc
hoc, xac dinh quy dao, van tde va gia tdc cua banh xe.

« Tich hop diéu khién: Két hop mo hinh véi khdi diéu
khién trong Simulink hodc thuat toan diéu hudng.

o Tiét kiém thoi gian thuc nghiém: Kiém tra va tinh
chinh thuat toan trudce khi trién khai trén robot thuc té, giam
chi phi va rui ro.

» Cdc buoc x@y dung mé hinh dong hoc cho Mecanum
Robot 4 banh trong Simscape Multibody:

- Tao cac thanh phan chinh: Sir dung khéi Solid dé tao
than robot, va khdi Revolute Joint dé két nbi banh xe
v6i khung robot, xac dinh hudng quay phu hgp véi
md hinh dong hoc Mecanum.

- Thiét lap hé thdng lién két va truyén dong: Xac dinh
hé toa do v6i Reference Frame, diéu khién van téc
goc cua banh xe bing Joint Actuator, két ndi voi bo
diéu khién.

- M@ phong tiép xdc banh xe va mat dat: Sir dung thu
vién Contact ForceUse hodc mé hinh Tire Model dé
mo phong luc tiép xtc va xac dinh hé sb ma sét.

- Xay dyung hé thong diéu khién: Tao khéi MATLAB
Function hodc khdi Gain Matrix dé mo hinh héa
dong hoc, tich hop bo didu khién PID hoic logic mo
Type-1.

- M0 phong va kiém tra két qua: Chay mo phong va
danh gia két qua.

- Kiém tra anh huéng cua cac yéu té: Panh gia anh
huong cia md-men xoin, ma sat, quén tinh Ién
chuyén dong cua robot dé diéu chinh va cai thién
hiéu suét.

Két qua md hinh hoa dong hoc cho robot Mecanum 4 banh
trong Simscape Multibody dugc thé hién qua cac hinh nhu
Hinh 3 1a md hinh céu tric co hoc cua robot véi cac banh xe
Mecanum va khung robot. Két qua mé phong chuyén dong
cua robot trong khong gian, thé hién quy dao va lyc tic dong
Ién cac banh xe dugc thé hién trén Hinh 4.
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Hinh 3: CAu triic mé hinh Simscape Multibody ctia Mecanum robot 4 banh

Hinh 4: M6 hinh 3D Simscape Multibody cia Mecanum robot 4 banh

3. Diéu khién diéu huwéng va chuyén dong

3.1 Quy dao chuyén déng dwong cong Non-Uniform Ra-
tional B-Spline (NURBS)

Trong nghién ctru nay, duong cong NURBS (Non-Uni-
form Rational B-Spline) dugc lya chon lam quy dao chuyén
dong cho robot ty hanh nho kha nang mé hinh hoa linh hoat,
chinh xac va kiém soét cuc bo cao thong qua cac diém didu
khién. Véi tinh lién tuc cap hai (C? continuity), NURBS dam
bao chuyén dong muot ma, giam rung lic va ting d¢ on dinh
trong cac tinh hudng phuc tap nhu duong cong, chuyén lan
hozc khéng gian hep. So vai cac dang quy dao truyén thong
nhu spline bac cao, da thic bic nam, sin hodc zig-zag,
NURBS thé hién uu thé rd rét trong md phong quy dao thuc
té, dac biét nho kha niang duy tri do cong lién tuc va tranh cac
diém gay.

Nghién ctru [20] chi ra rang viéc sir dung NURBS trong
diéu khién bang bo NMPC (Nonlinear Model Predictive Con-
trol) gitip cai thién d6 6n dinh quy dao va giam do léch dang
ké so vai spline hodc sin, dong thoi tdi vu hoa mé-men, géc
14i va tang d6 an toan van hanh.

Cdng thire toan hoc cia NURBS dua trén duong cong B-
Spline vb ty dugc xac dinh trong khong gian 4D, va duoc
chiéu xudng khéng gian vat ly 3D theo cong thuc (11):

P(t) = i1 BNy (1) (11)
Trong d6: BI* 1a cac dinh da giac diéu khién ddng nhat 4D ciia
duong cong B-Spline v6 ty 4D. N; () la cac ham B-Spline
v ty co s¢ duge xac dinh bang cong thire dé quy theo cong
thirc (12):

1 x;<t<x
MOES B

_ (=x)Nip_1(t) | Kigp—t—ONiy1k-1(t) (12)
Nip(t) =—————+ .
i+k—1—%Xi Xitk~Xi+1
Vector nit X dugc xac dinh theo cong thire (13):
x; =0 1<i<k
{ xp=i—k k+1<i<n+1 (13)
xi=n—k+2 n+2<i<nk+1

Chiéu duong cong B-Spline vo ty xdc dinh trén khong gian
4D Ién khong gian vat ly 3D bang cach chia phuong trinh
duong cong B-Spline vo ty cho toa d6 dong nhat sau day:

_ Z?=+11 BiliNik(t) _ on+1
P(t) - Z?_-I-ll hiNi,k(t) - 2i=1 BlRl,k(t) (14)
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3.2. Bd diéu khién chuyén dong PID

Application-controller

Trajectory
tracking
control
A

perception

Vehicle controller

Simscape
Multibody

elements

Drive | Rotational
control|  speed
sensors

Hinh 5: C4u tric didu khién chuyén dong Fuzzy Type 1 hay PID cho Mecanum robot 4 banh

Céu trac diéu khién chuyén dong chung cho Mecanum ro-
bot 4 banh nhu Hinh 5. B di€u khién chuyén dong PID s&
dicu khién toc do cua timg banh xe hogc toc do tuyen tinh cua
robot. B6 diéu khién PID dugc thiét ké theo cong thirc (15):

u=Ke+Kfedt+Kddt (15)
Trong do: e(t) 1a sai so gilta van toe mong mubn va van toc
thuc té; Ky, K;, K4 1a cac hé sb cuia bo diéu khién PID.4c hé
5O K,, K;, K4 duoc tinh toan theo bang Ziegler-Nichols [7].
Vay ba hé s K, = 2,K; = 0.5,K,; = 0.3.

3.3 B9 diéu khién chuyén dong Fuzzy-Type 1

a. Bién diéu khién diu vao vara

Trong bai toan bam quy dao ctia robot Mecanum bdn banh,
viéc chuyén d6i sai s6 diéu khién thanh Iénh tac dong chinh
xac 1én timg banh xe doi hoi phai dinh nghia rd rang cac bién
mo. Ba bién dau vao ciia hé thong diéu khién mo bao gdom sai
sO vi tri doc ey, sai sd vi tri ngang ey, va sai sO goc quay eg.
Céc bién nay phan anh do 1éch gitra trang thai thuc té cia ro-
bot va quy dao mong mudn. Tt ca duoc chudn hoa trong cac
khoang gia tri xac dinh, nhim ting hiéu qua trong qua trinh
suy ludn mo va cho phép thiét k& ham thanh vién phu hop.
Trong khi d6, ba bién dau ra dugc sit dung dé tao ra cac lénh
diéu khién nhu van téc doc Uy, van tde ngang vy, va van téc
quay w. Gia tri ctia cac bién dau ra nay duogc lya chon dua trén
gi6i han van hanh thyc té cua hé thong truyén dong trong moi
trudng trong nha c6 nhiéu vat can.

Qué trinh chudn hoa gitp hé théng phan hdi muot hon va
dé dang anh xa theo cac nhidn ngdn nglt md nhu “dm Iom
(NB)”, “Khbng (Z0O)”, va “Duwong lén (PB)” bao phu dﬁy du
khong gian y nghia cua cac bién. Céc khoang gia tri cu thé ciia
cac bién du vao va dau ra dugc trinh bay trong Bang 1 va
Béng 2.

Bing 1. Bién d4u vao

Tén bién Trang thai Pham vi
ey Sai s0 vi tri theo truc x [-1.0, 1.0] (m)
ey Sai S(A:) vi tri theo truc y [-1.0, 1.0] (m)
ey Sai s6 goc quay (heading error) [-x, 7] (rad)
Bing 2. Bién diu ra
Tén bién Trang thai Pham vi

Vy Vin téc doc (linear velocity x.) [-0.8, 0.8] (m/s).
vy Van téc ngang (linear velocity y). | [-0.8, 0.8] (m/s).
w Vién tdc quay (angular velocity). [-2.0, 20]

(rad/s).

Céc Hinh 6,7,8 va 9 bén dudi thé hién tryc quan cac ham tam
gi4c ing véi timg bién. Cac hinh nay giup minh hoa rd cach
anh xa giita khong gian sai s6 va khong gian diéu khién, 14 co
s& cho viée xdy dung va tinh chinh hé théng diéu khién logic
m& nhim nang cao kha niang thich nghi va chinh xéac cho ro-
bot.

10F
0.8
@
g
o NB
& 06} —— NS
[=8
r= — ZO
o
g o04f £S
£ PB
)
=
0.2
00 L A L L 1 L A L L 1
-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00
Variable Value
Hinh 6: Ham thanh vién cho e,, e, trong khoang [-1.0, 1.0]
1.0+
0.8
(7]
I
o NB
S 06 — NS
o
£ — 20
4 — Ps
g 0.4f
£ PB
[T
=
0.2
00 L i I L i L L 1
-3 -2 -1 0 1 2 3
ey (rad)
Hinh 7: Ham thanh vién cho egtrong khoang [, 7]
1.0
0.8
7]
g
o NB
806 — NS
Q
= — Z0
5 — ps
204
£ PB
U
=
0.2
0.0

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8
Variable Value

Hinh 8: Ham thanh vién cho v,, v, trong khoang [-0.8, 0.8] m/s
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Hinh 9: Ham thanh vién cho w trong khoang [-2.0, 2.0] rad/s

b. Luit mo

Co s luat mo gom 25 luat diéu khién, duoc t6 chirc theo
chu triic phan tan véi ba bo diéu khién con doc 1ap cho vy, V),
va w. Hé thong sir dung moé hinh Mamdani v6i hop nhat luat
theo phuong phdp min-max va giai mo bang trung tim trong
lyc. Cach tiép cén ndy giip diéu khién muot, thich nghi t6t
v6i nhidu va phi tuyén, dong thoi phit hop trién khai thoi gian
thuc nho ciu tric don gian va linh hoat.

Bing 3: Luat diéu khién mo

_de NB NS z PS PB
dt
NB PB PB PM PS Z
NS PB PM PS Z NS
Zz PM PS 4 NS NM
PS PS Y4 NS NM NB
PB Y4 NS NM NB NB

Trong d6, e 1a sai s6 dau vao va % 1a tbc do thay doi cua sai

s6 theo thoi gian, dai dién cho trang thai chuyén dong cua ro-

bot so v6i quy dao mong mudn. Céc gia tri ngdn ngit md duoc
sir dung bao gdm: NB (Negative Big - Am 16n), NS (Negative

Small - Am nho), Z (Zero - Khong), PS (Positive Small -

Duong nho), PB (Positive Big - Duong 16n), cung véi hai gia

trj trung gian 1a NM (Negative Medium - Am trung binh) va

PM (Positive Medium - Duong trung binh). Mdi luat diéu

khién trong bang x4ac dinh mot ddu ra twong tmg véi t& hop

cua hai bién diu vao, nhim diéu chinh van tdc ctua robot dé
giam sai s6 va duy tri 6n dinh.

Bang 3 nhan thay rang:

- Néu e I6n dirong (PB) va de/dt Iom dwong (PB): Robot dang
di chuyen nhanh va vuot qua quy dao mong mubn. Bo diéu
khién s& phan tng bang cach giam téc manh (NB) dé dua
robot quay lai quy dao chinh xac.

- Néu e nhé am (NS) va de/dt nho duwong (PS): Robot gan dén
vi tri mong mudn, vi vay bo diéu khién s& diéu chinh nhe dé
robot c6 thé hoan thanh quy dao ma khong gay ra cac dong
tac khdng can thiét.

- Néu e bang 0 (Z): Robot dang ndm déng tai vi tri mong mudn

va khong c6 xu hudng sai léch, nén bo didu khién s& giir

nguyén toc do (Z), dam bao trang thai 6n dinh.

- Néu e dm I6n (NB) va de/dt am I6n (NB): Robot dang léch
xa khoi quy dao theo huéng 4m va tiép tuc chuyén dong sai
huéng. Trong truong hop nay, hé thong sé ting téc manh
(PB) theo hudng nguoc lai dé nhanh chong dwa robot vé
ding quy dao muc tiéu.

4. Két qua md phéng va danh gia

Kich ban mé phong so sanh gitta by diéu khién PID va
Fuzzy Type-1 cho robot Mecanum bén banh duoc chia thanh
ba giai doan rd rang. Trong giai doan dau (0-10 giay), robot
bét dau khoi dong va tang toc, voi van tde goc cua bdn banh
xe (banh 1, banh 2, banh 3 va banh 4) thay doi theo thoi gian.
Cac banh xe tang téc dan, phan anh qua trinh chuyén doi tir
trang thai nghi sang chuyén dong, nham dat dugc van tdc can
thiét dé robot bt diu bam theo quy dao dat trudc. Giai doan
nay thé hién kha nang khoi dong muot va phan hdi didu khién
ban dau cua timg bo diéu khién trong diéu kién khong ¢ nhidu
16n.

Van tbc goc cua cac banh xe duge md phong theo cac ham
diéu hoa, nhu banh 1 13 w; = 15sin(0.1t),banh 2 14 w, =
10sin(0.1¢t,bdnh 1 14 w; = —105sin(0.12t),bdnh 4 13 w, =
—12sin(0.13t).Trong giai doan tir 10 gidy dén 30 gidy, robot
budc vao trang thai diéu chinh, v&i van toc banh xe duge cap
nhat lién tuc dé giam dao dong va bam sat quy dao. Cac banh
xe duy tri van toc 6n dinh hon khi robot dat trang thai can
bang vé huéng va tdc do. Sau 30 gidy, hé théng dan giam tdc
va tién t6i trang thai on dinh hoan toan, vdi cac van tde banh
xe giam déu, dam bao robot tiép tuc di chuyén chinh xac ma
khong bi léch hudng déng ké. Trong sudt qua trinh, ca hai bo
diéu khién - PID va Fuzzy Type-1 - déu dong vai tro diéu
chinh van tdc banh xe nham dam bao on dinh va chinh xéac
trong bam quy dao. Cac ham lién thuoc dau vao va dau ra
trong Fuzzy - Type 1 dugc lya chon nhu dudi day:

Céac ham lién thugc dau vao (Triangular fuzzy sets).

- Van téc doc (m/s): v, = [-1, 0, 1] dwoc md hinh bang ham
lién thugc dang hinh thang v, = trapmf (v,, [-1, -0.5, 0.5, 1]).
- Van téc ngang ¢ (m/s): v, = [-1, 0, 1] duoc md hinh bang
ham lién thuoc dang hinh thang v, = trimf (v, [-1, 0, 1])

- GoOc quay (rad/s): 8 = [-m, O, ], st dung ham lién thuoc
dang Gaussian goc quay 6 = gaussmf (6, [0.1, Q]).

Cac ham lién thuge dau ra (ol, 02, ©3, o4) dugc md hinh
bang ham lién thuoc dang hinh thang nhu:

- Van téc géc banh 1: w, = trapmf ([-15, -10, -5, 0]).

- Van téc goc banh 2: w,= trapmf ([-15, -10, -5, 0]).

- Van téc goc banh 3: w, = trapmf ([0, 5, 10, 15]).

- Van téc goc banh 4: w,= trapmf ([0, 5, 10, 15].

Céch thiét 1ap nay phan anh sy ddi xing trong diéu khién
truyén dong ctia robot Mecanum, dam bao kha ning di chuyén
da hudng va can bang mé-men trong qué trinh bam quy dao.
4.1 Panh gia két qua mo phéng sir dung b diéu khién P1D

Cac dap tmg dong hoc cua robot Mecanum bén banh trong
sudt qua trinh hoat dong duoc thé hién qua cac Hinh 10, 11,
12 va 14. Céc hinh nay thé hién su thay déi van téc goc cua
tirng béanh xe theo thoi gian, quy dao di chuyén cuaa robot, vi
tri va hudng quay, cling nhu van téc tong thé trong qua trinh
m6 phong. Thong qua do, c6 thé danh gia kha nang diéu khién,
d6 6n dinh va mirc &6 bam quy dao cua hé thong dudi tac dong
cuia cac bo diéu khién khac nhau.

Dua trén két qua tir Hinh 10, van tdc goc cuia cac banh xe
robot c6 dao dong 16n trong giai doan dau (0-5 gidy), dic biét
1a banh 2 véi muc gia téc ting nhanh. Banh 1 dat gid tri cuc
dai duong khoang 4 gidy rdi giam dan va 6n dinh sau 10 giay.
Nguoc lai, banh 3 va banh 4 bién thién theo chiéu nguoc lai
so v&i hai banh con lai, phan anh déc tinh chuyén dong da
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huéng dic trung ciia robot Mecanum. Sau mdc 5 gidy, van toc
cac banh xe dan 6n dinh, cho thay bo diéu khién diéu chinh
hiéu qua dé duy tri quy dao di chuyén ma khong gay léch
hudng dang ké. Trong toan bd qua trinh, van tde goc dao dong
trong khoang tir —15 rad/s dén 15 rad/s, trong d6 banh 1 dao
dong manh nhat, con banh 3 va 4 c¢6 bién do thap hon, chi
trong khoang +10 rad/s. Su chénh I¢éch gilra cac banh duogc
diéu chinh hiéu qua, dam bao tinh 6n dinh dong hoc va giup
robot bam quy dao mot cach chinh xac. Két qua nay cho thay
bo diéu khién dang hoat dong hiéu qua trong viéc diéu chinh
chuyén dong va gilp robot duy tri 6n dinh trong sudt qua trinh
van hanh.

Vin toc cac banh xe

25
——Banh 1

20 Barh2 |
—irh3

5l —rh 4| |

Van toc goc (rad/s)

0 5 10 15 20 25 30
Théi aian (s)
Hinh 10: Pap ting van téc cac banh xe

Vi tri theo thoi glan
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Hinh 11: Dap tng vi tri

Két qua md phong trong Hinh 11 cho thiy robot Mecanum
bam quy dao véi do chinh xac cao trén ca ba thanh phan: vi
tri theo truc X, Y va goc quay 6. Vi tri theo truc X ting déu
tir 0 m dén khoang 2.5 m vdi sai s6 khong vuot qua +£0.05 m,
phan anh kha ning diéu khién tién/lui On dinh. Trén truc Y,
mic du xuét hién dao dong nho trong khoang tir —0.25 m dén
0.35m do anh hudng ciia chuyén dong cong, sai s6 1éch quy
dao vin dwoc duy tri dudi 0.1 m. Goc quay @ thay doi tir

khoang 0.2 rad vé gan 0 va giit 6n dinh sau 15 gidy, véi sai sO
trung binh khoang +0.05 rad. Sai s6 tong thé giita quy dao
thuc t& va quy dao mong mudn, do bang RMSE, dat gia tri
dudi 0.07 m. Céc két qua dinh lwong nay khiang dinh hiéu qua
ctia bo diéu khién trong viéc duy tri chinh xac quy dao va on
dinh huéng di chuyén ctia robot trong sudt qua trinh van hanh.

Vin téc téng cla robot theo thai gian
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Hinh 13: Van tdc cta robot

Hinh 12 thé hién sy bién thién cta vén tdc témg cua robot
theo thoi gian, phan anh 16 qua trinh didu chinh dong hoc
trong suot qué trinh di chuyén. Trong giai doan dau (0 s-5 s),
van tbc tong ting nhanh tir 0 m/s 1én khoang 0.5 nv/s, cho thy
giai doan khoi dong va tang tdc ban dau. Tir 5 s dén 15 s, van
toc giam dan xuéng mirc toi thiéu khoang 0.3 m/s, phan anh
qua trinh giam tdc hodc thay ddi hudng chuyén dong. O giai
doan tiép theo (15 s-30's), van toc téng tang trd lai mot cach
déu dan, dat khoang 0.45 m/s va duy tri 6n dinh, cho thiy ro-
bot da tai 1ap quy dao va di chuyén 6n dinh. Dinh luong cho
thdy van toc tong dao dong trong khoang tir 0 m/s dén 0.5 mvs,
biéu thi sy linh hoat cta hé théng diéu khién trong viéc thich
nghi v6i cic pha ting tdc, giam tdc va 6n dinh di chuyén. Cac
dao dong nay cho thay bo diéu khién phan hoi hidu qua véi
bién thién vén téc dé dam bao robot bam quy dao chinh xac
trong sudt qua trinh van hanh.
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Hinh 13 thé hién bién dbi cua cac thanh phan vén tbc cia
robot theo thoi gian, bao gdm vén tdc doc vy, van tdc ngang
vy, VA tde d6 quay w. Van tdc theo truc X bat dau ¢ mic
khoang 0.2 m/s, sau d6 giam dan vé gan 0 trudc khi ting nhe
trd lai, phan anh qua trinh diéu chinh hudng chuyén dong
trong giai doan du. Trong khi d6, van téc theo truc Y ting
dan tir gia tri gan 0 1én khoang 0.5 m/s va duy tri 6n dinh trong
phan Ién thoi gian, cho thay robot da dat trang thai chuyén
dong chinh theo phuong ngang. Toc d6 quay w giam nhanh
tir gia tri ban dau vé gan 0 va duy tri 6n dinh sau 10's, cho thiy
robot da diéu chinh thanh cong hudng quay va 6n dinh huéng
di chuyén. Pinh lugng, van tdc v, dao dong nhiéu trong 5s
dau tién, trong khi vy, gilt on dinh tir khoang 10's try di. Gia
tri w giam tir dinh khoang 0.15 rad/s vé gan 0 rad/s sau 10s.
Nhiing bién thién nay khang dinh hi¢u qua ctia hé thong diéu
khién trong viéc duy tri quy dao, giam sai s dong hoc va 6n
dinh huéng chuyén dong cua robot Mecanum trong moi
truong bién dong.

Quy dao thwc té vs mong mudn (NURBS)

4t w= = \ong muon | A
Thue té

1 2 3 4 5 6
X (m)
Hinh 14: Quy dao cta robot

Hinh 14 thé hién sy so sanh gitra quy dao thuc té va quy
dao mong mudn cua robot, trong d6 dudng quy dao thyc té
(mau xanh) bam sat tot theo dudng quy dao tham chiéu (mau
d6) trong hau hét thoi gian mo phong. Két qua nay cho thay
bd diéu khién Fuzzy Type-1 duoc thiét ké da hoat dong hiéu
qua trong viéc dan hudng robot Mecanum bdn banh theo quy
dao dinh trude. Tuy nhién, tai mot s6 doan gitra hanh trinh,
xuét hién do léch nho gitta hai duong quy dao, vdi sai sb cuc
dai khong vuot qua 0.1 m. Sy sai léch nay c6 thé do anh hudng
ctia nhiu dau vao, dic tinh phi tuyén cua hé truyén dong, hoac
sai s0 tich Ity trong qué trinh diéu chinh dong hoc. Mic du
viy, robot nhanh chong diéu chinh va tré vé quy dao, cho thiy
kha nang phuc hdi va tinh 6n dinh cao ctia hé théng diéu khién
trong moi truong ¢ nhiéu.

4.2 Panh gia két qua md phong sit dung bd diéu khién
Fuzzy_Type 1

Hinh tir 15 dén 19 cung Cap nhing thong sb quan trong
gitp danh gia hidu suat hé thong diéu khién va di Chuyen cua
Mecanum robot. Hinh 15 mé ta su thay di van téc géc cua
cac banh xe theo thoi gian, phan anh kha nang dap tng cua bo
diéu khién ddi véi cac bién dong cua méi truong va tai trong.
Hinh 16 hién thi vi tri ciia cac banh xe trong suét hanh trinh

di chuyén, gitp kiém tra tinh dong bd va 6n dinh cua robot.
Hinh 17 trinh bay tdc d6 goc cua ting banh xe, qua d6 danh
gia @6 chinh xac cua bo diéu khién trong viéc duy tri tc do
mong mudn. Hinh 18 cho thiy van téc tong cua robot trong
qua trinh tang tdc, duy tri, va giam toc, dam bao chuyén dong
muot ma va on dinh. Cudi cuing, Hinh 19 so sanh quy dao thyc
té va mong muén cua robot dua trén phuong phap ndi suy
NURBS, danh gia do chinh xac cua hé thong diéu khién. Néu
quy dao thuc té gan véi quy dao mong mudn, hé thong didu
khién dugc danh gia 1a hiéu qua, nguoc lai, can diéu chinh dé
cai thién hiéu suét.

Van toc cac banh xe
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Hinh 16: Dap u'ng vi tri

Két qua mo6 phong trén Hinh 15 cho thiy ring ban dau, tat
ca cac banh xe déu co van téc goc am, phan anh xu huéng ctia
robot di chuyén theo mdt hudng nhét dinh. Tuy nhién, sau
khoang 20-30 gidy, van toc goc clia cac banh xe thay doi &
rét, voi banh xe 1 va banh xe 3 ¢6 xu hudng tang 1én, trong
khi banh xe 2 va banh xe 4 giam xudng. Su thay d6i nay chi
ra rang robot dang diéu chinh huéng di chuyen trong qua trinh
hoat dong. Cac banh xe hoat dong phdi hop nhip nhang dé
dam bao robot di chuyen dung quy dao mong muon, ddng thoi
duy tri sw 6n dinh vé van téc. Diéu nay ching to bd diéu khlen
d3 hoat dong hidu qua, gitp robot duy tri sy chinh x4c va 6n
dinh trong qua trinh di chuyén.
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Hinh 16 cho thdy su thay ddi vi tri cua robot theo thoi gian
trén céc truc X, Y va goc quay 0. Vi tri theo truc X ting déu
theo thoi gian chimng to robot dang di chuyén tién vé phia
truéc mot cach 6n dinh. Tréi lai, vi tri theo truc Y c6 dang
dudng cong parabol, thé hién robot dang di chuyen theo quy
dao cong trong mat phang, ting dan dén mot diém cuc dai
truge khi giam xudng, pht hop véi quy dao mong mudn. Bic
biét, goc quay 0 cua robot giam dan tir gié tri ban dau va tién
vé gan 0, chiing to robot dang quay vé mot huéng cu thé trong
suét qua trinh di chuyén. Pudmg nét dut (quy dao mong muén)
va duong lién (quy dao thuc té) gan nhur tring khép, cho thay
hé thong diéu khién hoat dong rat higu qua trong viéc theo doi
quy dao da dat, dam bao su chinh xac trong chuyén dong cua
robot.

o Van toc ciia xe theo thoi gian
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Hinh 17: Van té¢ cua robot
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Hinh 18: Van tbc tong ciia robot

Két qua md phong tir Hinh 17 cho thy su thay dbi vi tri
cua robot theo thai gian trén cac truc X, Y va goc quay 0. Vi
tri theo truc X tang déu theo thoi gian, ching to robot dang di
chuyén tién vé phia truéc mot cach on dinh. Tréi lai, vi tri theo
truc Y ¢6 dang dwong cong parabol, cho thiy robot dang di
chuyén theo quy dao cong trong mit phang, tang dan dén mot
diém cuc dai truéc khi giam xubng, phu hop véi quy dao
mong mudn. Bac biét, goc quay 0 cia robot giam dan tir gia
tri ban dau va tién vé gan 0, chiing to robot dang quay vé mot
huéng cu thé trong subt qué trinh di chuyén. Quy dao mong

mudn va quy dao thyuc té gan nhu tring khép, cho thdy hé
thong diéu khién hoat dong rat hiéu qua trong viéc theo ddi
quy dao da dat, dam bao su chinh xac trong chuyén dong cua
robot.

Két qua tir Hinh 18 cho thay van tbc tong cuaa robot thay
dbi theo thoi gian. Cu thé, & giai doan dau, van téc dat gia tri
cao nhit (0.3 m/s) va sau d6 giam dan. Tir khoang 5 gidy tro
di, van toc tiép tuc giam xudng muc thip nhat (0.1 m/s) & gitra
qua trinh di chuyén. Sau do, robot ting toc tro lai va dat gia
trj cao hon vao cudi qua trinh. D6 thi ndy cho thiy robot dang
di chuyén theo mot quy dao co su thay ddi gia tc, diéu nay
c6 thé do yéu cau tir h¢ théng diéu khién hoic dic tinh quy
dao mong mudn.

Quy dao thie té vs mong muén (NURBS)

4r === Mong muon
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Hinh 19: Quy dao cia robot

Hinh 19 cho thay quy dao thuc té cua robot gan nhu tring
khop véi quy dao mong mudn, thé hién do chinh xac va hiéu
qua cao cua hé théng diéu khién. Robot di chuyén theo mot
duong cong lién tuc va téi uu, cho thiy phuong phap noi suy
NURBS da gop phan tao ra mot quy dao muot ma, phu hop
v6i yéu cau chuyén dong cua hé thong Viéc duy tri sai s6 quy
dao rat nho chang minh bo diéu khién Fuzzy Type-1 da duoc
thiét ké ti wu, dam bao kha niang bam quy dao 6n dinh ngay
ca trong mdi truong c6 bién dong nho. Két qua nay dic biét
quan trong dbi vai céc tng dung yéu cau do chinh xac cao nhu
robot ty hanh, robot dich vu hoac robot c6ng nghiép, noi ma
su sai léch quy dao c6 thé anh huong dén tinh 6n dinh va hiéu
suit hoat dong cua toan hé thdng. Phuong phap noi suy
NURBS khong chi gilip cai thién do muot trong qua trinh di
chuyén ma con han che cac dao dong khéng mong muén, tir
d6 nang cao hiéu suét diéu khién va dam bao robot dat dugc
chuyén dong tdi wu trong thuc tién.

5. Két luin

Nghién ciru da phat trién thanh cong mé hinh dong hoc va
dong luc hoc cho robot Mecanum bén banh trong méi truong
Simscape Multibody cia MATLAB, ddng thoi thiét ké va
danh gia hai chién lugc diéu khién: PID va Fuzzy Type-1. Két
qua mo phong cho thay, bo diéu khién PID bam quy dao t6t
trong diéu Kién tuyén tinh nhung d& bi anh huong bai nhidu
va thay d6i méi truong, trong khi Fuzzy Type-1 cho thay do
6n dinh cao va kha ning giam dao dong, dac biét hiéu qua voi
hé thdng phi tuyén hoic cé nhidu manh. Phan tich d thi van
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tc, quy dao, va dap ung thoi gian khing dinh Fuzzy Type-1
vuot troi, gilp robot van hanh muot ma, chinh xac hon, nhan
manh tiém nang cta hé diéu khién tri tu¢ mém trong moi
truong phac tap. Nghién ctu hién van & mac md phong,
nhung mé ra kha nang tich hgp thuét toan hoc may hoac tri
tué nhan tao (AI) dé t6i wu tham sb va thich nghi theo thoi
gian thuc. Cac budc tiép theo bao gdm thir nghiém trén phan
ctng, danh gia hiéu sut thyuc té, va mé rong theo hudng diéu
khién thich nghi két hop hoc ting cudng cho robot di dong
thong minh.
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