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Tém tit

Robot di déng da hwéng la mét gidi phdp tiém
nang cho cdc hé thong kho logistics nho tinh co
déng cao va kha nang di chuyén linh hoat trong
khong gian hep. Dac biét, robot omni ba banh co
thé chuyén dong theo nhiéu hieong ma khéng can
thay déi hwong than, do dé rdt phit hop véi cdc
nhiém vu vdn chuyén hang héa trong kho. Tuy
nhién, bai toan diéu khién chinh xdc déi véi loqi
robot nay van con nhiéu thach thire, do chuyén
dong téng thé cia hé phu thugc chat ché vao su
phéi hop vin toc giita cdc banh xe. Sai léch nho
tai timg banh xe cé thé tich iy theo thoi gian, tir
do lam suy giam do chinh xdac bam quy dao va lam
tang nguy co va cham trong qud trinh van hanh.
Pé khdc phuc vén dé nay, bai bao dé xudt mét bo
diéu khién truot bdc phan 56 hoi tu thoi gian co
dinh cho robot di dong da hwéng nham ning cao
chat lwong bam quy dao dwdi tac dong ciia nhiéu
ngoai. Tinh on dinh cua hé kin dwoc chung minh,
dong thoi bao dam ddc tinh héi tu trong thoi gian
6 dinh dwéi tac dong ciia nhiéu ngoai. Hiéu qua
cia phwong phdp dwoc kiém chimg théng qua mé
phong s6 va so sanh véi bé diéu khién trot cé
dién, bé diéu khién backstepping thoi gian hiku
han, va b diéu khién ti 1é-tich phan-vi phan
truyén thong.

Tl‘l: khéai Banh xe omni, robot di déng da hu'o'ng,
diéuy khién truot, hoi 7 thoi gian co dinh, diéu
khién trueot bdc phan so.

Abstract

Omnidirectional mobile robots are a promising
solution for warehouse logistics systems owing to
their high maneuverability and flexible motion in

confined spaces. In particular, three-wheeled
omni robots can move in multiple directions
without changing their body orientation, making
them well suited for material transportation tasks
in warehouse environments. However, achieving
precise control of such robots remains
challenging, since the overall motion of the system
depends critically on the coordinated velocity
regulation of the individual wheels. Small velocity
deviations at each wheel may accumulate over
time, thereby degrading trajectory-tracking
accuracy and increasing the risk of collision
during operation. To address this issue, this paper
proposes a fixed-time fractional-order sliding
mode controller for an omnidirectional mobile
robot to enhance trajectory-tracking performance
in the presence of external disturbances. Closed-
loop stability is rigorously established, while
guaranteeing fixed-time convergence in the
presence of external  disturbances. The
effectiveness of the proposed method is validated
through numerical simulations and comparative
studies against a conventional sliding mode
controller, a finite-time backstepping controller,
and a traditional proportional-integral-derivative
controller, thereby  demonstrating  clear
improvements in trajectory-tracking accuracy,
convergence speed, and disturbance rejection
performance.

Keywords: Omni wheel, omnidirectional robot,
sliding mode control, fixed-time convergence,
fractional-order sliding mode control.
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1. Mé dau

Robot di dong da huéng da va dang thu hat nhidu
sw quan tim trong cac hé thong logistics hién dai nho
kha nang co dong vuot trdi va tinh linh hoat cao trong
khong gian chat hep. Pic biét, ciu tric robot omni ba
banh cho phép chuyén dong da hudng ma khong can
thay d6i hudng than [1, 2], qua d6 nang cao hiéu qua
van hanh trong cac bai toan van chuyén va diéu phbi
hang héa trong kho thong minh. Nhiéu nghién ctru da
tap trung vao md hinh hoa va diéu khién loai robot nay
[3,4], trong d6 cac phuong phép diéu khién tuyén tinh
va phi tuyén co ban, nhu PID [5] hoic diéu khién phan
hoi trang thai [6], dd duoc 4p dung rong rdi nho tinh
don gian va dé trién khai. Tuy nhién, cdc phuong phap
nay thuong boc 16 han ché vé d6 bén vimg khi hé chiu
tac dong cua nhidu ngoai va bat dinh mé hinh.

Dé nang cao chit luong diéu khién, cac phuong
phap didu khién phi tuyén hién dai, dac biét la diéu
khién truot (sliding mode control, SMC) [7], da dugc
nghién citu rong rai nho kha ning chdng nhiéu t6t va
tinh bén vitng cao [8]. Tuy nhién, SMC ¢ dién thudng
chi bao dam tinh hoi tu tiém cén, do d6 chat lugng qua
d6 va toc do hoi tu van con han ché dbi voi cac yéu
c4u van hanh can d6 chinh xéac va tinh dap mg nhanh.
Bén canh d6, mot sé nghién ciru da dé xudt phuong
phap diéu khién backstepping ddu cudi nhanh bén
viing cho robot omni ba banh va cho thay hiéu qua
bam quy dao tdt cung tdc do hoi tu sai s6 nhanh trong
diéu kién danh dinh [9, 10]. Mac du vay, anh huong
ctia nhiéu ngoai va bét dinh tong hop tic dong 1én hé
van chua duoc phan tich mot cach tudng minh va chat
ché. Hon nita, cac nghién ctiu nay mai chi bao dam
duogc tinh hoi tu trong thoi gian hitu han cia bo diéu
khién, trong khi dac tinh hoi tu thoi gian c¢b dinh van
chua dat duge [11, 12], tirc 1a thoi gian hdi tu chua
dugc chin trén boi mot hang sd doc 1ap voi didu kién
ban dau. Pay 1a mot hudng nghién ciru hidu qua dé
nang cao chét lugng diéu khién cho robot di dong da
huéng trong méi truong logistics, noi hé diéu khién
khong chi can dat do chinh xac bam quy dao cao ma
con phai c6 kha ning phuc hdi nhanh sau nhiéu.

Tir nhitng phan tich trén, bai bao nay dé xuit mot
bo didu khién truot bac phan sb [13] hoi tu thoi gian
¢b dinh cho robot di dong da huéng nhdm ning cao
chét lugng bam quy dao trong diéu kién hé chiu tac
dong cia nhidu. Bo diéu khién dwoc thiét ké trén co
s6 mo hinh ddng hoc va dong luc hoc cua hé. Mat khac,
tinh 6n dinh cta hé kin duoc chig minh chit ché theo
tiéu chudn 6n dinh Lyapunov va Mittag-Leffler, qua
d6 bao dam dac tinh hoi tu trong thoi gian ¢ dinh
trong truong hop nhiéu bi chin. Hiéu qua ctia phuong
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phap dé xuat duoc kiém ching théng qua mo phong
s6 va so sanh v&i bd didu khién trugt ¢d dién, bo didu
khién backstepping thoi gian hitu han, va diéu khién
PID. Qua d6 dénh gia va lam rd nhimg wu diém vuot
troi ciia phuong phap dé xuét.

2. M6 hinh dong luc hoc robot

Hinh 1. Robot ba banh omni

Hinh 1 trinh bay cac dac trung dong hoc cua robot
banh da hudéng (omni) (TOWR). Trong d6, ba banh
omni cd truc quay vudng goc vai truc déng co. Cac
truc quay nay dwoc sap xép léch nhau mot goc la
120° quanh thén robot. Céc banh c6 béan kinh r dugc
dan dong bai cac dong co dién mot chiéu (DC motor).
Tam cua robot di dong da hudng (OMR) dugc ky hiéu
C céch tam mdi banh xe mot khoang L. Goi OXY la hé

truc toa d¢ toan cucva CX,Y, dugc dinh nghia la hé

truc toa do tham chiéu cuc bo gan véi TOWR. Vi tri
ctia robot trong hé truc toa do6 tong thé dugc xac dinh
thong qua cac dai lugng X, Y va @, . Mat khac, tu thé
vector

cia robot dugc mO6 ta  boi

% =%, Y., 6] eR™ . Trong d6 x, va y, latoa

d6 vi tri cha tdm robot va 6, 1a goc dinh hudng cia
than robot so véi hé toa do toan cuc.

Goi @, =[w]",i=(12,3) lavectorvan téc goc

ciababanhxe, 3 =[5, 5, o, ]T la vector van téc

cuia robot. Khi d6, quan hé dong hoc giita van toc than
robot va vén téc géc cua cac banh xe dugc thiét lap
dudi dang:

1 .
o =i (M
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hay twong duong:
Lo = rH o, 2

Trongdé J, € R*® 1a ma tran dong hoc thuan va

H, =J,* 1a matran dong hoc nguoc. Vai cau hinh ba
banh omni d6i xtmg, ta c6:

Jy; =—sin(8.) , J,q, =C0s(6,) ,

Jas=dm=dm =L , Jk21:—5in(ﬂ/3—90) )

oy =—C0S(7/3-6.), I3 =sin(x/3+6,), and

Jyap =—C0S(7/3+6,).

Mo hinh d6ng hoc trén cho thiy van téc tinh tién va
quay cua robot duge xac dinh truc tiép tir tb hop van
tbc goc cua banh xe, phan dnh dung dic trung kha
ning da hudng cua nén tang robot omni.

Dua trén tai liéu tham khao [9], tr quan hé can
bang luc tinh tién va mdmen quay tac dung Ién than
robot, mé hinh déng luc hoc dugc xay dyng dudi
dang:

F. i —aPOU- LDy, +3, ®

trongdé F, =diag(m, m, J), D=diag(L 1, 2L°),

c4c phan tir duoc xac dinh bai:

B, =-sind, B, =—sin(z/3-0)

B, =sin(z/3+6) P, =cosé

P,, =—cos(z/3-0) P, =—cos(z/3+6)

P,=P,=P,=L.0 day, §,(t) la ham nhifu tac
dong 1én hé théng thoa man diéu kién bi chin,
5, <8, € R®, 5 >0.m vaJlakhdilugng robot va
mod-men quén tinh quanh tam C.
3. Thiét ké b diéu khién

Trude khi tién hanh thiét ké bo diéu khién, mot sb
dinh nghia vé dao ham cép phan s6 duoc trinh bay nhu
sau:
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Pinh nghia 1. [14]: Pao ham cip phan s bac a cia
ham ¢ ¢ duoc xac dinh theo hai cach tiép can
Riemann-Liouville va Caputo nhu sau:

1 d[[l t
'm—-o dt"

m—a—1

Digt = t—T g Tdr,

4)
va

1 ' m—a—1

C Na m
D'gt =—— | t—7 g" TdT,
! I'm-—« f

0
)
Trong d6 « € [m—l,m va mezZ".
Pinh nghia 2. [14]: Tich phéan bac phén s§ o

cuiaham g ¢t duoc xac dinh nhu sau:

¢
I&tgtth“gt:ﬁjUngdT, (6)
Trong @6 I' e 1a ham Gamma, dugc x4c dinh
boi:
Iz = je"th_ldT, (7

0

voi z€C va Re 2z >0.

Bing cach dit bién trang thai q=7%., md hinh
dong hec hoc cua robot dwoc viét dudi dang:
§= —% F.'D4+aF,'P(OU+F5,. (8

Dé thiét ké bo diéu khién, vector sai s6 bam quy
dao dugc dinh nghia nhu sau:

4=9-0, ©)

Trong d6 g, 1a vector quy dao tham chiéu cua

robot. Tt do, cac vector van tde tham chiéu va gia tde

tham chiéu duoc ky hiéu 1a: ¢, va §,. Trén co s&

d6, vector sai s6 bam véan toc va gia téc duoc dinh
nghiaboi: §=9q-¢, va §=§-4,.

Nhim ddng thoi khai thac uu diém ciia dao ham

cip phén sd trong cai thién chit lugng bam quy dao
va dam bao thoi gian hoi tu 1a ¢b dinh, ham mat truot

SO 87 (07-2026)




TAPCHI  ISSN: 1859-316X, e4SSN: 3093-3161

KHOA HOC CONG NGHE HANG HAI
JOURNAL OF MARINE SCENCE AND TECHNOLOGY-|

duoc dé xuat nhu sau:

6, =q -+, D/ §+M,sig" (§)+1.si9" (§), (10)
Trong d6 cac tham sé u, 7, van, thoa man
didukién O<pu<2, O<ny <1, va 1<ng,<2.Cac

ma trdn duong chéo A, =diag(A,, A, Ay ),

7"b :diag(ﬂm’ﬂnz’ﬂbz,) va )“c =diag(/101,lcz,l )
thoa méan diéu kién xac dinh dwong. Céc toan tir phi
tuyén sig™ () va sig™(q) dugc dinh nghia nhu

sau:

T
S|g ( )=|:|C|1| sgn(ql |qz| sgn qz) |q3|'7lsgn(q3)} )

sig” (a) =[ |6 sgn(a.). &, |"
(11)

Bing cach dinh nghia cac vector

|17171

I, (&)= diag(,|a* " |, " "),

Hl]z ((11772 ) = dlag(nz |q’l|'72—1 7, |q.2|f72—1 0, |q3|,72_1),

dao ham bac nhit theo thoi gian cila ham mat trugt
(10) duoc xac dinh bai:
6, =q+L, gD/ q+ 00, (Q,77,)q+ 201, (,7)q.
(12)
Dua trén co sé tinh toan trén, vector tin hiéu diéu
khién cho robot duoc thiét ké nhu sau:
ﬂfl

U=-a'P*(O)F,I,sig" (¢ )+a—

_oflpil(g) [FmFbSigyz (Gs ) +I' sgn (05 )] +

—G + 2, SD{a+ A, (6,77,)d
aPO)F, ot (@) ,
+A 00, (4,7,)q

P (0)Dq

(13)

Trong do6: Cac ma tran duong chéo

I, =diag(T,, T, Tu),

al'~ a2?

I, =diag(Ty;, Iy,.T3),

I, =diag(T,,I,,T,;) c6 cac hé sé duge lua chon
thoa méan diéu kién cac ma tran 1a xac dinh duong. Sb

mil phi tuyén ¥, va y, dugc lya chon thoa man

diéukign0<y, <1<y, <2.

)
sgn (G ),/ [" son(d,) | -
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bé phén tich tinh 6n dinh cua hé théng, ham
Lyapunov dugc lya chon nhu sau:

v_; T (14)

Khi d6, dao ham bac nhét theo thoi gian ciia ham
nay dugc tinh toan nhu sau:

V=06, (15)
Mat khéc, ttr m6 hinh dong luc hoc hé théng, ta co:
q= —% F.'Dq+aF,'P(O)U+F,'8, — ;. (16)
Trén co s& do, thay thé luat diéu khién (13) vao
ham V (t), ta co:

V= GI _%Fn:l])q"';‘cnm ((1’771)(;l
~Tsig” (a,)-T'sig” (o, )~ T, sgn (o, )
3ﬂ F, 'Dg - Gr +2 CDtIqu

+;\‘qu1 ((~1:771)(;1+7%H;;1 ((1:771)(1
+F;18d —{; +4, th/qu + )“bH (qv Ul)q
o I';sig” (o, ) -0, Tsig” (o, )
-6, sgn(o,)+06.F,'3,.

Khi cic ma trdn vahéso I',, I'y, I';, » va

7, thoaman cac diéu kién tién quyét trong phan dinh

nghia, ta co:
3
V < ﬂ’mln E )Z|O-si |71+1 mln Z| 5| |72+1
i=1 i
_ﬂ’min (Fc )

7)
Bét ddng thic trén duoc xy dung dua trén nhimg
phan tich sau:

A

min

6. I ;sig" (o,)>

3
oI Tysig” (6,)> A (1,) D Joy ™,

i=1

6., sgn(o,)> A, (T, )|o],
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F.'5, ||

O day, SD 14 can trén cta chuén Euclid cua vector
8. B, <5,.

B.'?lng viéc lua chon céac thong sb cua ma tran I,
théa man diéu kién Auin (T

>||F ||5D,ta co:

T Tl
—o.I,son (s, )+6.F,'d, <-w|o,

Tu do, ta co:

v < _/lmin (ra)i|asi |71+1
= (19)

3
_ﬂ’min (rb)Z|Usi e
i=1

Cubi cung, dao ham theo thoi gian ctia ham
Lyapunov thoa man:

V<-24.(T,)c,22V 2
7+l pptl 1
~Jin (Ty)C02 2 V 2 @2V (20)
ntl 721 1
<—C,V 2 -,V 2 —cV?2

Nhimng tinh toan trén dya trén két qua phan tich

. A 2 , 1 n+l o
cac bat dang thic: Z| |y1+ " ova
> 72+1 +1 A
Z|asi| >C,, |0 . Trong do,
i1
y1+1 17y2+1
= 3 2 1 Ca2 = 3 2 1 Cbl = ;Lmin (ra)cal va
. n+l v, +1
b2 = Amin (Fb)CaZ' bat ¢, = 2 va G, = 5

dwa trén nhing phan tich tir b dé 6n dinh thoi gian ¢b
dinh tiéu chuin [15], c6 thé két luan duoc bién mit
trugt ¢, s€hoitu vé gdc trong mot khoang thoi gian
hitu han bi chan trén boi mot hiang s6, duge xac dinh
boi:
1 1
< + .
Cot (1_ Ccl) Cp2 (1_ Ce2 )

21)

238
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Nhu vay, bién mit trugt o, dat hoi tu thoi gian

c0 dinh, dong thoi sai s0 bam dugc hdi tu ve 0. Pac
tinh nay dugc dam béo trong di€u kién hé chiu anh
huéng ctia nhidu théa man diéu kién bi chin

8,]<8,.

4. Két qua mé phong sb

Céc mo phdng s6 dugce thuc hién béng viéc cho
robot di chuyén bam theo mot quy dao hinh tron cho
trudc, trong khi chiu anh huong cua nhidu ngoai tc
dong. Bang viéc phan tich thoi gian hoi ty, sai s6 bam
va kha nang phuc hdi bam sau khi TOWR chiu anh
hudng cua nhidu ngoai tac dong, ta ¢6 thé danh gia va
so sanh chét luong cua cac bo diéu khién. Dé bao dam
tinh khach quan trong qua trinh danh gia, két qua mo
phong ctia bo diéu khién dé xuat con duogce ddi chiéu
v6i két qua ciia mot nghién ctru dd cong bd trude day
[9]. Piém khéc biét ciia kich ban khao st trong nghién
ctru nay 1a cac bo diéu khién déu dwoc dat trong didu
kién c6 nhiéu ngoai tic dong, qua d6 cho phép lam 1
hon sy khéc biét vé cht lugng diéu khién, kha ning
duy tri quy dao mong mudn, d6 bén vimng cua qua
trinh bam vi tri, cling nhu kha nang phuc hoi trang thai
bam sau khi robot bi chéch khoi quy dao tham chiéu.

Bing 1. Cic thong sé dpng luc hoc Robot

Dai lwong Tri sb Pon vi
L 0.2 m
r 0.04 m
m 9 kg
J 0.18 kg.m?

Bing 2. Cdc thong sé by diéu khién

Pai lugng Tri s6
| ISP PR R 12
| I YR I 1
| IV D 3

% 0.8
V2 1.3

Aty Aazs s 15
Aoy Aoz Ao 12
Ats Aerr s 1.2

7] 1.15
m 0.8
1, 1.2
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Bang 1 va Bang 2 cung cép cac thong s6 mo hinh
cia TOWR va thong sb bo diéu khién. Trong nghién
clru nay, bac phan sé dugc Iya chon 13 1,15 nham dat
duogc su can bf?mg gitra tdc d6 hoi tu, d6 tron cua tin
hiéu diéu khién va d6 bén viing cua hé trudc anh
huéng cia nhiéu. Gia tri ndy dugc xac dinh thong qua
qua trinh hiéu chinh tham s6 dua trén céc chi tiéu danh
gia nhu sai s6 bam, thoi gian hoi tu va muc d6 dao
dong cia hé. Trong mot khoang 1an cén gia tri nay,
hiéu nang h¢ duy tri 6n dinh. Tuy nhién, khi sai léch
dang ké, chét lugng diéu khién c6 xu hudng suy giam.

Ngoai ra, d¢ minh hoa rd rang kha ning khang
nhidu va danh gia kha ning phuc hdi bam quy dao cua
hé, nhiéu dugc lya chon dudi dang ham budc hiru han
theo thoi gian, dai dién cho cac tac dong dot ngdt va
bét loi thuong gip trong thue té. Dang nhidu nay gy
ra sy thay ddi tire thoi trong dong hoc hé, qua do6 cho
phép quan sat tryc tiép muc d6 suy giam chét luong
bam ciing nhu kha nang tai hdi tu cta bo diéu khién
sau khi bi nhiéu tac dong. Trén co s d6, nhidu duoc
md hinh héa dudi dang mdt ham budc hiru han theo
thoi gian va duoc biéu dién nhu sau:

5 (1)) A 45150
7710, otherwise’

Trong d6 A, 1a bién do nhiéu tic dong trén timg
kénh.

Dua trén cac két qua mo phong & Hinh 2 dén Hinh
9, c6 thé nhan thay ca bon bo diéu khién PID, SMC,
FTBSC va FTFOSMC déu bao dam dugc muc tiéu
bam quy dao cho robot di dong omni ba banh. Tuy
nhién, chit luong diéu khién thé hién sy khac biét rat
10 vé& 49 chinh x4c bam, toe d6 hoi ty, mirc d6 qué dicu
chinh va kha ning duy tri ddc tinh bam khi xuat hién
anh huong ctia nhiéu ngoai.

1=12,3 (22

Déi voi chuyén dong tinh tién theo phuong x va y,
céc dap tmg vi tri va vén tdc cho thdy bo PID c6 sai
s6 bam 16n nhat, do tré pha 16 rét, bién do léch dang
ké tai cac ving dinh va day cua tin hiéu tham chiéu.
Trong trudng hop niy, c6 thé quan sat duoc chuyén
dong cia TOWR bi anh huong manh khi nhiéu tac
dong trong khoang 4s dén 6s. Piéu nay phan anh gidi
han ¢6 hitu ciia diéu khién tuyén tinh c6 dién khi ap
dung cho hé robot di dong cd lién Kkét dong hoc chat
chg, bt dinh mé hinh va tic dong nhidu bién thién
theo thoi gian. So véi PID, b SMC cai thién dang ké
chat lugng bam, rat ngan thoi gian qua do va lam giam
sai 1éch xéac lap, cho théy wu thé vé tinh bén viing ddi
v6i bt dinh. Tuy nhién, dép ng cia SMC vén con
xudt hién sai 1éch cuc bo tai cac thoi diém chuyén pha

Coéng nghé s6, tw dong hoéa va (rng dung hang hai

va ving chiu nhiéu. Pidu nay cho thdy do chinh xac
bam ctua SMC tuy tot nhung chura thuc su t6i wru trong
toan mién lam viéc.

e - Reference
— — —a.- PID
—-—-—. - SMC
z. - FTBSC
2. - FTFOSMC |

0 1 2 3 4 5 6 7 8 9 10
Time (s)

Hinh 2. Diéu khién bdm vi tri ciia Robot theo
phuong x

5, - Reference

— — —5,-PID

————— 5, - SMC

5, - FTBSC

5, - FTFOSMC
I

| L | | I I | L
0 1 2 3 4 5 6 7 8 9 10
Time (s)

Hinh 3. Diéu khién bam téc dp ciia Robot theo

phwong x
e Reference ||/ N
— — —y.- PID !/ =

————— Yo - SMC
ye - FTBSC
ye - FTFOSMC /

(m)

5
Time (s)

Hinh 4. Diéu khién bdm vi tri ciia Robot theo

phuong y
7T T T
=\ 5, - Reference
2r L AN — — —4,-PD
————— 5, - SMC

5, - FTBSC
5, - FTFOSMC /

5
Time (s)
Hinh 5. Diéu khién bam téc dé ciia Robot theo
phuong y

Bo6 FTBSC tiép tuc cai thién hiéu nang diéu khién
nho dac tinh hoi tu trong thoi gian hitu han, thé hién &
viée cac quy dao bam tién gan tin hiéu tham chiéu
nhanh hon so véi SMC va duy tri sai s6 nhé hon trong
phan 16n thoi gian mé phong. Tuy nhién, tai mot so
giai doan qua d9, dac biét quanh thoi diém nhiéu duoc
dua vao hé va tai cac vung tin hi¢u tham chiéu bién
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thién nhanh, FTBSC van con xuét hién do vot 16 va
sai 1&ch tirc thoi nhét dinh. Trong toan bd cac két qua
moé phong, FTFOSMC 1a bo diéu khién cho dap ung

t6t nhit va 6n dinh nhat. Céc tin hi¢u bam vi tri X,
Y., vantdc O,, O,, goc quay 0, va van toc goc

0, hau nhu tring khép véi tin higu tham chiéu, véi

thoi gian héi tu ngén, do qua diéu chinh rat nho va sai
s6 sau qua d6 dugc duy tri & mirc thap nhat. Pac biét,
trong bai toan bam goc quay va van téc goc, von nhay
cam véi nhidu va su thay ddi 1énh didu khién dang bac
thang, FTFOSMC van cho dap tng muot, nhanh va
6n dinh hon rd rét so véi PID, SMC va FTBSC. Két
qua nay cho théy viée két hop mat trugt bac phan $6
v6i co ché hoi tu fixed-time d cai thién dong thoi chét
luong dap Gmg qua do va tinh bén viing cta hé diéu
khién true nhidu.

. - Reference
— — —0,-PID
—-—=-—0,-SMC
O, - FTBSC

I I | I I T I I I
0 1 2 3 4 5 6 7 8 9 10
Time (s)

Hinh 6. Diéu khién bam géc quay ciia Robot

; :
]
3, - Reference N
1.2F o \
— — —§,-PID v"‘\.\\_
1| =-=-—14, - SMC —
8, - FTBSC
08 8, - FTFOSMC
. 06F
S
= o4f
0.2
0 — e
-7
0.2 D
0 1 2 3 4 5 6 7 8 9 10

Hinh 7. Diéu khién bdm vin téc géc ciia Robot

Két qua & Hinh 8 va Hinh 9 tiép tuc khang dinh vu
thé d6. Khi robot chiu nhidu ngoai tac dong dong thoi
trén cac kénh trong khoang tir 4s dén 6s, quy dao bam
trong mit phang xOy ctia bo PID bi bién dang manh
nhét, véi sai 1éch hinh hoc so véi quy dao tham chiéu
16n va con kéo dai sau khi nhidu két thuc. Bo SMC va
FTBSC cho quy dao bam sat hon, cho thdy kha ning
khir nhidu di duogc cai thién dang ké, nhung van con
ton tai d6 1éch nhat dinh tai mot s6 ving trén quy dao.
Nguoc lai, quy dao cia FTFOSMC gan nhu bao toan
duoc hinh dang quy dao tron tham chiéu, c6 d6 méo

TAPCHi  ISSN: 1859-316X, e-ISSN: 3093-3161

KHOA HOC CONG NGHE HANG HAI

LJOURNAL OF MARINE SCEENCE AND TECHNOLOGY-

nho nhit va phuc hoi nhanh nhét sau khi nhidu mat di.
Tir goc do didu khién va robotic, c6 thé két luan ring
FTFOSMC 14 bd diéu khién cho hiéu ning tong thé
vuot troi trong sb cac phuong phéap duoc khao sat, nho
bao dam hdi ty nhanh trong thoi gian bi chan trudce,
nang cao do chinh xac bam quy dao da bién va ting
cuong kha nang chdng nhiéu cho robot omni 3 banh.

0 1 2 3 4 5 6 7 8 9 10
Time (s)

Hinh 8. Nhiéu tic dong lén Robot

Reference Trajectory
— — =PID

FTFOSMC

| | | I | I | | | I
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 25
. (m)

Hinh 9. Biam quy dao ciia Robot trong mdt phéing

xOy
Bing 3. So sanh RMSE giita cic bg diéu khién
B diéu RMSE  RMSE RMSE
Kkhién X, (M) Y. (m) 0, (rad)
PID 0.312 0.356 0.214
SMC 0.146 0.181 0.096
FTBSC 0.083 0.109 0.061
FTFOSMC  0.041 0.058 0.033

bé danh gia dinh luong chét lugng bam quy dao,
Béng 3 trinh bay cac gia tri RMSE cua timg bo diéu

khién trén céc tin hidu X, Y, va 0,.Két qui cho

th?iy d6 chinh x4c bam duoc cai thién 16 rét tir PID dén
SMC, FTBSC va dat tét nhat véi FTFOSMC, qua d6
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cung cip minh ching dinh luong cho cac nhan xét tir
két qua mé phong. Pay 1a co sé thuyét phuc dé khing
dinh tinh hiéu qua va tiém nang tng dung ciia phuong
phap dé xuit trong cac bai toan diéu khién bam quy
dao chinh xac cho robot di dong da hudng lam viéc
trong moi truong bat dinh va c6 nhidu tac dong.

5. Két luan

Bai bdo da dé xuat mt bo didu khién trugt bac
phan s6 hoi tu thoi gian ¢ dinh cho robot di dong da
huéng ba banh nhim nang cao hiéu qua bam quy dao
trong diéu kién ton tai nhidu ngoai va bat dinh mé
hinh. B9 diéu khién duoc xay dung trén co s mod
hinh dong hoc va dong lyc hoc cua hé, trong d6 luat
diéu khién dugc thiét ké dé bao dam sai sb bam duge
dan dong nhanh vé gbc can bang vdi chét lugng qua
d6 t6t va do bén vimng cao trudc cac tac dong bat loi
tr moi truong. V& mit ly thuyét, tinh &n dinh cua hé
kin dugc ching minh dua trén 1y thuyét Lyapunov,
ddng thoi bao dam dic tinh hoi tu trong thoi gian ¢b
dinh. Cu thé, bang cach xay dung ham Lyapunov pht
hop, dao ham theo thoi gian ciia ham nay dugc dua
vé dang bat dang thirc suy giam phi tuyén, tir d6 bao
dam moi tin hiéu cua hé kin déu bj chin va sai s
bam hoi tu vé khéng. Hon nira, nho cAu tric cta luat
diéu khién bac phan s va viéc lua chon thich hop
céc s6 mi phi tuyén trong luat didu khién, hé con
thoa mén diéu kién hoi ty thoi gian cb dinh, tic 1a
ton tai mot can trén hiru han cua thoi gian hoi ty
khong phu thude vao didu kién dau. Két qua nay cho
thiy bo didu khién khong chi bao dam tinh 6n dinh
va d6 bén virng ciia hé, ma con cho phép danh gia
trudce dac tinh qua d¢ thdong qua mot cén trén hiru han
cua thoi gian hoi tu.

Két qua md phong sé da xac nhan hiéu qua cua
phuong phap dé xuat. So voi bo diéu khién trugt cd
dién, bo diéu khién backstepping thoi gian hiru han
va bo diéu khién PID, bd diéu khién dé xut cho thay
sai s6 bam nho hon, toc d¢ hoi tu nhanh hon, dap tmg
6n dinh hon va kha nang khang nhidu tot hon trong
toan bd qua trinh chuyén dong. Nhiing két qua nay
khing dinh ring phuong phap d& xudt 1a mot giai
phap diéu khién kha thi va co co s¢ 1y thuyét chat
ché& d6i voi bai toan bam quy dao ciia robot omni ba
banh. Trong giai doan tiép theo, nghién ctru s& duoc
mé rong theo hudng kiém chimg thuc nghiém trén
md hinh phan ctng nhim danh gia kha nang trién
khai trong moi truong logistics thuc té. Tuy nhién,
céc bat dinh chua duge mé hinh hoa, nhu d tré dong
c0o, ma sat ciia banh omni, sai 1éch tham sb va nhiéu
do, c6 thé anh huong dén chat luong diéu khién va

Cong nghé s6, tw dong hoéa va trng dung hang hai

lam suy giam mot phan tinh chat hoi tu thoi gian cb
dinh. Do d6, cac nghién ctru tiép theo s& tap trung
vao hoan thién bo diéu khién theo huéng nang cao
d6 bén viing, ting cudng kha ning bu bat dinh va cai
thién hiéu nang trién khai thuc nghiém.
Loi cdm on
Xin tran trong cam on Tép doan LG da tai trg

cho nghién curu nay. Xin tran trong cam on Vién Co
khi, Truong Pai hoc Hang hai Viét Nam va Ban Bién
tap Tap chi Khoa hoc va Cong nghé Hang hai di ho
trg trong qua trinh hoan thién, tham dinh va xuét ban
bai bao.
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