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Mobile robot; thori gian xac 1ap 13 0,1309s va 0,1226s; do vot 16 1a 0,0042% va 0,0055%
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1. Giei thiéu
Mobile robot da duge sir dung trong pham vi rong cua céc linh vuc, trong khong gian hep doi hoi
tinh di dong cao trong cac nha may va bénh vién. Dac diém chinh cua robot la tryc tlep di chuyén t&i

mot hudng tuy y ma khong thay d6i huéng [1]. Su di dong vbn ¢6 ctia robot nay khién né duge nghién
clru rong rii dé ung dung méi trudng ning dong [2]. Didu khién bam quy dao chinh xé4c 1a thanh phan
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quan trong trong cac tng dung cua Mobile robot, chang han nhu trong nghién ctru [3] da thiét ké bo
diéu khién robot sir dung phuwong phap diéu khlen tuyén tinh hoa quy dao dya vao m6 hinh dong hoc
cua robot. Phuong phap PID m¢ dugc phat trién trong [4] voi thoi gian tién vé quy dao chuan khoang
3(s). Trong [5] d trién khai cach thue diéu khién moé-men xodn dé dbi trong véi cac diéu kién phi tuyén
ctia robot. Nghién ctru [6] dé xuat bo diéu khién PI cho 2 vong ldp dé diéu khién robot di chuyén tinh
tién theo quy dao cho trudc. Trong [7] da thir nghiém bo diéu khién RBF-PD trén md hinh robot dé bu
thanh phan bat dinh trén hé théng phi tuyén. Trong nghién ctru [8] d4 so sanh hiéu qua cua bo didu khién
trugt va trugt — RBF cho mobile robot. Muc tiéu chinh ciia [9] 1& diéu khién bén viing thich nghi cho
robot voi thanh phan bét dinh nhu: d6 léch diéu kién ban dau, khdi lugng va mé men quéan tinh cta hé
thdng thay ddi theo thoi gian va bi chian. Mang no-ron thich nghi duoc ap dung trong so d6 diéu khién
phi tuyén dua trén Lyapunov dé xir I cac Iuc ma sat va cac dong luc hoc khong duoc mé hinh héa khac
hodc cac nhidu loan bén ngoai co thé xay ra [10], [11]. B diéu khién truot thich nghi dugc phat trién
trong [12]. Cac quy téc thich nghi dua trén RBFNN dugc gi6i thiéu cho gan dung thanh phan bat dinh
ctia mo hinh, nhiéu ngoai chua biét. Thuat toan gradient chinh sach x4c dinh sau (DDPG) [13] d4 duoc
thiét ké dé huan luyén trong mdi truong c6 khong gian hoat dong lién tuc dé bam theo quy dao. Bo diéu
khién bam thich nghi cho robot [14] véi cic rang budc trang thai ddy du, d6 khong dam béo ctia md hinh
va nhidu loan bén ngoai. BO bu ude tinh nhiu bing mang no-ron ham co s& xuyén tim di duoc dé xuét
[15].

Mobile robot d3 dugc nhiéu nha khoa hoc nghién ctu vdi da dang cac bo diéu khién, trong d6 bo
diéu khién truot da dugc dé cap. Diéu d6 cho thiy kha ning ng dung tich cyc cua diéu khién trugt voi
vu diém dap Umg nhanh va bén vitng v6i su thay ddi ctia nhidu cling nhu cac thong sb cua dbi tuong.
Tuy nhién, khuyét diém cta k§ thuat nay chinh 14 hién chattering. Hién tugng nay s€ pha huy cac co cau
chap hanh, lam cho cac mach dién tir qua nhiét dan dén hu hong. Dé giai quyét vin dé nay, nghién ciru
dé xuat sir dung mit truot vi tich phén ty 1& (PIDSS) dya vao mang RBF-NN tmng dung cho diéu khién
bam quy dao Mobile robot. Mit truot PID duogc thiét ké thay cho mit truot c6 dién gop phan giam hién
tugng chattering quanh mit trurot. Mang RBF-NN duoc sir dung dé ude luong cac thanh phan phi tuyén
trong luat diéu khién PIDSS-SMC. Cac trong s6 cua mang dugc cap nhat tryc tuyén can cu theo giai
thuat Gradient Descent.

Bai bdo nay dugc to chirc nhu sau: phan 2 trinh bay phuong phap sir dung mit truot PID va mang
RBF-NN cho Mobile robot, két qua va ban luan duoc trinh bay trong phan 3 va phéan 4 1a két luan.

2. Phuwong phap sir dung mat trwgt PID va RBF-NN cho Mobile robot
2.1. Phwong trinh todn hoc Mobile robot

Robot ndy c6 ba banh xe nhu Hinh 1 véi mé hinh toan hoc nhu (1) duoc sir dung va ké thira tir nghién
ctru [13], [16]:

Yo

Banh xe

Oy K

Hinh 1. Mobile robot [13], [16]
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X, v, —v,0 0/[x, K0, kO, 2k,C080 | U, N,
9, 1=v0 v, 0|y, |+ &S K5, 2Ksin0|u, |+ Ny,
O 0 0 v @6 K, K K, Uy | [ Ng,

=P, X+QU., + Ny

W™ con

1)

voi Ny =[Ny, Ny Ny, | 1anhidu chua biét

Trong do:
v, o 0 K0, KO, 2K 0860
P.=vd0 v, 0[,Q,=x8 x6 2ksind| Ugy=[u u, ul,
0 0 V3 K, K, K,
-3c . 2Mr? —3cl®? kr
i= A NACE 2 K= 2
(31, +2Mr*) (31, +2Mr?) @1, +1,r%) (31, +2Mr?)

krL . 3l .
=—— y=1l-v,=——W% -5 =—3sin@—-cosH;
TR S ETIINE TV R V3

5, =/3sin0—co0s6;5, =/3cos O —sinb;5, =—/3cos O —sin O
) Trong do, theo [13], [16], L 1a khoang céchNgifra bat ky bo phan va tam tror~1g Iuc cua robot, ¢ 1a hé
s0 ma sat nhdt cho banh xe, D 1a lyc 1ai cho moi bo phén, r 1a ban kinh ctia moi banh xe, |, 1a momen
quéan tinh cia mdi banh xe quanh truc l4i, W, 1a toc d¢ quay cta banh xe, k 1a yéu t6 do loi 1ai, u
momen Xxoan ngd vao lai.
2.2. Ung dung mt truwot PID cho Mobile robot
Nghién ctru nay ap dung diéu khién truot dua vao mit truot vi tich phan ty & (PIDSS-SMC:

Proportional Integral Derivative Sliding Surface - Sliding Mode Control) thay cho mit truot ¢ dién nhu
Hinh 2.

(2] e al U e

a rr con

PIDSS-SMC Mobile robot

+

Hinh 2. Cdu tric b PIDSS-SMC
Trong d6, @, =[Xd Yy 6, ]T 12 qu§ dao (vi tri ctia robot theo phwong x va y) mong mudn cia
robotva @ = [XW Yo H]T 1a quy dao thuc té.
Sai s6 giita ®,va @ dugc dinh nghia nhu (2):

e, =0-0, (2)
L4y dao ham bac mot va hai cua (2), ta dwoc (3) va (4) :
g, =0-0, 3
6, =0-0, (4)
Mt truot PID cho diéu khién truot duoc dinh nghia nhu (5) [17]:
Seip = Korglyr + Ky [ 6 (7)d7 + K, (5)
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Vi I(Pro = dlag (KProl’ KProZ’ KProS)’ KProl > 0’ KProZ > O’ KProS >0
Klnt =diag (Klmlv KIntZ’ KlntS)’ Klntl >0, Klmz >0, Klnt3 >0
KDer = dlag ( KDerl’ KDerZ’ KDer3)’ KDerl > O’ KDer2 > 0’ KDerS >0.
L4y dao ham cua (5), ta dugc (6):

Seip = Kerolr + K€y +Kpg € (6)

Pro™~rr Der ~rr

Thé (4) vao (6), ta c6 (7):

SPID = K e + KInterr + KDer (PWX +QWU

Pro™rr

ot N —6,) W
Luat tiép can Iy thira nhu (8) [18]:
Seip =—&SI9N(Spp ) — HSpp (8)
Trong d6, g=diag (14, b, 1), 4 >0, 14, >0, 44, >0, e =diag (&, ¢,,¢;),6,>0,6,>0,6,>0.
Ldc nay, luat diéu khién PIDSS-SMC cho robot nhu (9):
U pioss-suc = (Ko Qu) ™ Kerolr + Kinir + Kier (PLX+N =@, )+ £5ign(Spip ) + 4Spr5 ) (9)

Theo luat diéu khién (9) thi ® — @, trong thoi gian hiru han va hién tugng chattering quanh mat
truot dugc giam.

Ham Lyapunov nhu (10):
1
L= E Sng (10)
Lay dao ham cua (10), ta dwoc (11):
L= SPIDSPID (11)

Thé (7) va (9) vao (11), ta duoc:
L: SF’ID ( K €, + KInterr + KDer (PWX +Qchon—PIDSS—SMC + Nf _®d ))

pro€rr
Kol + K

=Spip| Kool + K€y + Ko | PX+Q, | =(KpeQ, )| +Kpg (P,X+N; =0, ) | [+ N, -8,
+&sign(Spyp ) + 4Spp

=Spp (_€Sign(SPID ) —HSpp ) = _€|SPID| _lusng <0
(12)
2.3. Uéc lwong thanh phan phi tuyén dwa vao mang RBF-NN
RBF-NN Ia mang no-ron mét 16p an [19] va c6 thé duoc coi la mot anh xa: R™ —R®, bao gébm ba
I6p khéc nhau: 16p ngd vao, 16p an va I6p ngd ra [20], [24].
RBF-NN c6 uu diém 14 thiét ké ciu trac don gian, d& huan luyén, hoi tu nhanh, c6 thé phi hop hiéu

7
.....

qua voi bat ky ham phi tuyén nao va khong roi vao 16 giai tdi wu cuc bd [22] va c6 nhiéu tmg dung, bao
gom xap xi ham, phan loai va diéu khién h¢ thong [23].
Céu trlc [5-9-1] ctia mang RBF-NN duoc sir dung dé xap xi cac thanh phan Viiiiz,s trong ma trén

P, cua (9) nhu Hinh 3.
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Ma trén P, trong luét diéu khién (9) chira cac thong sd r, Iy va M ctia robot. Mang RBF-NN sir dung
giai thuat Gradient Descent dé cap nhat truc tuyén cac gia tri trong s6. Mdi mang no-ron chira 9 ham
Gauss va dugc mo ta nhu (13):

JN
W
¥\ >
v,
X —
X
N
N
i=13 j'=L_9
Hinh 3. Mgng RBF-NN
2
% il
h, =exp| — 20 (13)
i=1,3;j=1,9
Trong do
x] o) 6@ @) 6,0 6,0
X =% |=[e(2) €(2) 8,(2) ©,(2) &,(2) (14)
X | |e.(3) &3 6,3 ©,3 6,3
hj\i:l,z,zz[hil h, hs hy hs he hy Ry hi9:| (15)
Wij\i:l,z,sz[wil W W W, Ws We W, W \Ni9:| (16)
Ng6 ra cia mang RBF-NN nhw (17):
‘;i:Wi}—hj (17)
Ham muc tiéu caa mang RBF-NN nhu (18):
E, (1) =2 (v (1)-% (1)1 =123 (18)

Theo phuong phap Gradient Descent, cac gia tri w cia mang RBF-NN duoc cap nhat nhu (19), (20)

A () == 2= = 2% () -7, (D)1, (19)
w; () =w, (t—=1)+Aw, (t)+er(w; (t-1)-w; (t-2)) (20)

Trong d6, y € (0,1) la téc 6 hoc va a € (0,1) la yéu t6 dong luong.

Ldc nay, ma tran xap xi cua P, nhu (21):
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T T A
lehlj _W2jh2j9 0
~ . R T
P,=|wWyh;0  wyhy; 0 (21)
T
0 0 W, jh3 i

Luat PIDSS-SMC str dung mang RBF-NN (PIDSS-SMC-RBF-NN) cho Mobile robot nhu (22):

-1 A .
Ucon—PIDSS—SMC—RBF—NN = _( KDerQw) (KProerr + Klnterr + KDer (wa +N f _®d )"‘ £S|gn(SPID ) +luSPID)

(22)
Dé chung minh tinh 6n dinh, ham Lyapunov duoc dinh nghia nhur (23):
1
L= 2 Sng (23)
L4y dao ham cua (23), ta duoc (24):
L= SPIDSPID
= SPID {KProerr + KIn'(err + KDer (F,SWX +QWUcon—PIDSS—SMC—RBF—NN +N f _®d )} (24)

:_8|SPID|_ﬂS|§ID <0
Tac6 thé thiy rang S,, —0 khi t —>0. Vithé, e,,6, >0 khi t 0.
3. Két qua va ban luan

B diéu khién PIDSS-SMC-RBF-NN trong méi truong MATLAB/Simulink cho Mobile robot nhur
Hinh 4.

[.T.-,..- -L':,..- 6;]?- L:'
eooee = co—PIDGEE- SWC-REF -NIW
P
o e Ml PIDSS5-SMC-REBF M f—pe Raobot gD EmiL

PIDS5-SMC-REBF-HMN Controfier  Mobile Robot

.
b
@
I
wj
r
o

XV 0.x,. 1,6

Hinh 4. B$ diéu khién PIDSS-SMC-RBF-NN trong méi trirong MATLAB/Simulink

Cac khdi Robot va PIDSS-SMC-RBF-NN dugc thyuc hién bé“mg S-Function trong MATLAB/Simulink.
Hinh 5 trinh bay chi tiét khdi PIDSS-SMC-RBF-NN.
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=

€, » Eq. (5)

con—PIDSS-SMC —RBF-NN

Hinh 5. Chi tiét khéi PIDSS-SMC-RBF-NN
Céc thong sb ciia robot duge str dung trong mé phong nhu Bang 1 sau:
Bang 1. Cac thdng sé cua robot [13]

Ky hiéu Y nghia Gia tri Pon vi
I, M0-men quan tinh ctia robot 11,25 kgm?
M Khdi lwong ctia robot 9,4 kg
L Khoang cach tir mdi banh xe dén tam robot 0,178 m
k Hé s6 truyén dong 0,448
c Hé s6 ma sat nhét 0,1889 kgm?® /s
1, M06-men quan tinh ctia banh xe 0,02108 kgm?®
r Ban kinh mdi banh xe 0,0245 m

Céc thong s6 mo phong bo diéu khién PIDSS-SMC-RBF-NN nhu sau: K, = diag([2, 2, 2]) ,
K,, =diag([0,05, 0,05, 0,05]), Ky, =diag([0,015, 0,015, 0,015]), &=diag([15, 15, 8]),
p=diag([200, 200, 200]).

Tin hiéu Xw hoi tu v& x4 voi dudng cong Lissajous [24] cta bo diéu khién PIDSS-SMC-RBF-NN nhu
Hinh 6 va Hinh 7 dbi véi yw va ya. Quan sat Hinh 6 ta thy rang Xw hoi tu vé Xg Vi trx = 0,08325, tssx =
0,1309s, essx tién vé& 0 va POTx = 0,0042%; va tir Hinh 7 yy, hoi tu v& ya véi try = 0,0764s, tssy = 0,1226s,
€ssy tién vé 0 va POT, =0,0055% nhu Bang 2. Gia tri ADD va MSE [25] theo phuong x 14 2,2298¢-07
va 3,9779e-10, theo phuong y 1a 5,3586e-09 va 2,2975e-13.

ADD:%g‘Jy(t)—yd (t) (25)
MSE =%tle:(y(t)— Y (1)) (26)
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Tin hiéu Xy va X, cia PIDSS-SMC-RBF-NN véi Lissajous Tin hiéu Yq va Yy ctia PIDSS-SMC-RBF-NN véi Lissajous
T 4 T T T T T
_ 2 ¢ X411 _
g - mX / G 2
et l w Pt
S () 1 < 0
= =
= <L
/M M -2
2F
L L L L L L L -4
0 1 2 3 4 5 6 7 8
Sai sb giira X, va X, cia PIDSS-SMC-RBF-NN véi Lissajous Sai sb giira Yq va Yo cia PIDSS-SMC-RBF-NN véi Lissajous
2 T T T T T T 0.01 T T T T

€
X

€

Bién do(m)
Bién do(m)
S

g

0 1 2 3 4 5 6 7 8 0ol 0 1 2 3 4 5 6 7 8
Thoi gian(s) Thoi gian(s)
Hinh 6. Tin higu cia Xq va xw bg PIDSS-SMC-RBF-  Hinh 7. Tin hiéu cua yq va yw bg PIDSS-SMC-RBF-NN
NN vai dwong cong Lissajous voi dirong cong Lissajous
Bang 2. Cac thong so ky thudt dat dieroc ciia b diéu khién PIDSS-SMC-RBF-NN

Chi tiéu chit lwong tr (s) tss (s) Ess (M) POT (%)

Xw 0,0832 0,1309 0 0,0042

Yw 0,0764 0,1226 0 0,0055

Trong do, t; 1a thoi gian tang, tss 1a thoi gian xac 1ap, ess 1a sai sb xéc 1ap va POT 1a d¢ vot 16.

Hinh 8 trinh bay Ue,, poss_sve_reraw =[U U, Us]' ctia b didu khién PIDSS-SMC-RBF-NN. CAc
tin hiéu diéu khién nay c6 bién d6 nhé va tan s dao dong thap. Két qua nay cho thiy hiéu qua cua
PIDSS trong viéc giam chattering trong di€u khién truot.

A 2 _ Mit trugt SPlDl
__ Tin hi¢u diéu khién u, cia PIDSS-SMC-RBF-NN véi Lassaious a . ; .
£ 10 s 0
Z u g 2 / )
<« -
210 : ‘ : : : : : ) 1 2 3 4 5 6 7 8
0 1 2 3 4 5 6 7 8 Mt tru
fopea 2.3 .2 . " . at trugt S
— Tin hi¢u dieu khién u, ciia PIDSS-SMC-RBF-NN véi Lassaious a 0 i . PID? ‘
£ 10 ; ; ‘ : : : 5 Lr—\_/ ——— e~ —
Z u, 2 -0.01 j
< 0L o L
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cong Lissajous

Hinh 9 trinh bay c4c mit truot clia b diéu khién PIDSS-SMC-RBF-NN. Mt truot nay lic khoi dong
theo gia tri h¢ so trugt. Sau do6, cac mat trugt nhanh chong dat dén diém hoi tu (di€m on dinh) va tiép
tuc trugt quanh gia tri 0.
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Hinh 10. Ngé ra thuc té theo phwong x va y bé Hinh 11. Ngé ra thyc té theo phirong x va y bé diéu
diéu khién PIDSS-SMC-RBF-NN véi dirong cong khién PIDSS-SMC-RBF-NN vgi dirong cong Lissajous
Lissajous khi M tang 50%

Ng ra thyc té theo phuong x va y v6i duong cong Lissajous cta bo didu khién PIDSS SMC-RBF-
NN nhu Hinh 10. Ngé ra thuc t& ndy cua robot tién vé ngd vao chuan vai sai 1éch hoi tu vé 0.

Hinh 11 trinh bay ngd ra thuc té theo phuong x va y v6i dudng cong Lissajous ciia bo didu khién
PIDSS-SMC-RBF-NN khi gia tri M ting thém 50% so véi gia tri ban dau. Ngd ra thuc té ciia robot van
tién vé ngd vao dit véi sai 1éch hoi tu vé 0.

Hinh 12 va Hinh 13 trinh bay ngd ra thuc té theo phuong x va y ctia bo diéu khién PIDSS-SMC-
RBF-NN véi dudng cong hinh s 8 va dudng cong Rose tuong tmg. Cac ngd ra ndy cua robot van hoi
tu vé ngo vao dat.
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Hinh 12. Ngd ra thuc té theo phurong x va y bo diéu Hinh 13. Ngo ra thuc té theo phuong x va y bg diéu
khien PIDSS-SMC-RBF-NN véi dwong so 8 khien PIDSS-SMC-RBF-NN vdi dwong cong Rose
Hinh 14 va Hinh 15 trinh bay ng ra thuc té theo phuong x va y cua bo diéu khién PIDSS-SMC-
RBF-NN voéi duong cong Lissajous va Tricuspoid tuong (mg trong truong hop nhiéu tac dong vao ngd
ra cta robot (gia str nhidu cam bién ¢ cong suit 1a 0,0005w, thoi gian 14y mau 14 0,0001s). Ngd ra thuc
té theo phuong x va y cta robot van hoi tu vé ngd vao cho trude.
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Hinh 14. Ng6 ra thyc té theo phirong x va y bg diéu Hinh 15. Ngo ra thuc té theo phirong x va y bg diéu
khién PIDSS-SMC-RBF-NN vdi diwong cong khien PIDSS-SMC-RBF-NN vdi duong cong
Lissajous khi c6 nhieu Tricuspoid khi cé nhieu

Céc két qua dat duoc nhu trén di cho thdy tinh bén vimg, su phit hop va hiéu qua ctia phuong phap
diéu khién PIDSS-SMC-RBF-NN cho Mobile robot.

4. Két luan

Bai bao da img dung PIDSS va mang RBF-NN trong diéu khién bam quy dao cho Mobile robot. Cac
két qua mo phong trong mé1 truong MATLAB/Simulink cho thiy hiéu qua cua bd diéu khién dé xuat,
tin hiéu thyc té ciia Xu hoi tu v& Xq Vi trx = 0,0832s, tssx = 0,13095, €ssx_ tién vé 0 va POTx = 0,0042%;
va tir Hinh 7 yw hoi tu vé& ya v6i try = 0,0764, tsy = 0,1226s, ey tién vé 0 va POT, =0,0055%. Gia tri
ADD va MSE ctia phuong phap diéu khién dé xut dat dugc theo phuwong x 14 2,2298e-07 va 3,977%-
10, theo phuong y 14 5,3586e-09 va 2,2975e-13 va hién tuong chattering dugc giam. Két qua khao sat
v6i trudng hop ngd vao chuén thay d6i va c6 nhidu tac dong & ngd ra cia robot bd diéu khién dé xuét
da cho thdy tinh bén viing, sy pht hop va hidu qua ctia bo didu khién nay trong tng dung diéu khién
bam quy dao robot. Trong thoi gian tdi, nhom tac gia s& nghién ciru thuat toan di truyén hoic thuat toan
t6i wu hoa bay dan hodc thuat toan tdi uu hoa ca voi dé xac dinh sb lwong no-ron phu hop trong 16p an
cua mang RBF-NN va thuc nghiém v&i mé hinh robot thue té.
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