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TOM TAT

Bai bdo trinh bay viéc thiét ké va phat trién cac bo diéu khién theo ddi quy dao robot di ddng dua vao mang naron chiu tac ddng ciia cac tham s6 bat dinh va
nhiéu loan. Thuat todn ¢ cdu tric diéu khién tich hop bd diéu khién Backstepping va b diéu khién naron cho robot di ddng. H& théng robot di dong da dugc mo
hinh hda, bao gdm mé hinh ddng hoc, dong luc hoc va co cdu chdp hanh cta robot. Mo hinh dong Iuc hoc dugc tinh bang phuang phép Lagrangian cho cac hé
thdng phi tuyén. Khi cac thong s6 ddng luc hoc cta robot chua xéc dinh hodc chua xdc dinh chinh xac, mang neron dugc chon la mang noron hai I6p an va véi gia
thiét cac ham kich hoat tuyén tinh cho I6p dau ra. Dau ra cia méi noron trong I6p an ¢d thé dugc tinh toan dua trén dau vao mang, trong s ctia |6p dau tién va
ham kich hoat cdia I6p &n. Tinh toan d€ dam bao dua ra tin hiéu sai s6 béng 0, tinh 6n dinh dugc chiing minh béng phuang phap Lyapunov. Cac bd diéu khién
khac nhau cGa robot di dong da dugc mo phdng bang Matlab/Simulink. Két qua la, viéc theo ddi quy dao cla robot di dong ctia bd diéu khién st dung mang
naron (NN) cho két qua bam quy dao t6t han so véi bo diéu khién PD-Backstepping khi cd cac tham s6 bét dinh va nhiéu loan mo hinh.

Tir khod: Wheel Mobile Robot (WMR); b diéu khién PD; bd diéu khién PD két hap vdi bd diéu khién dua vao ky thudt Backstepping;bé diéu khién naron; bé diéu
khién PD két hap vdi b diéu khién dua vao kyf thudt Backstepping két hop bé diéu khién norron.

ABSTRACT

The paper presents the design and development of mobile robot trajectory tracking controllers based on neural networks subject to uncertain parameters
and disturbances. The algorithm has a control structure that integrates a backstepping controller and a neural controller for mobile robots. The mobile robot
system has been modelled, including the robot's kinematic, dynamic, and actuator models. The dynamic model is calculated using the Lagrangian method for
nonlinear systems. When the dynamic parameters of the robot are unknown or not precisely determined, the neural network is chosen as a two-hidden layer
neural network with the assumption of linear activation functions for the output layer. The output of each neuron in the hidden layer can be calculated based
on the network input, the weight of the first layer and the activation function of the hidden layer. The calculation ensures that the error signal is zero and that
the Lyapunov method proves the stability. Different mobile robot controllers have been simulated using Matlab/Simulink. As a result, the trajectory tracking of
mobile robots by the controller using a neural network (NN) gives better trajectory tracking results than the PD-Backstepping controller in the presence of
uncertain parameters and model disturbances.

Keywords: Wheel Mobile Robot (WMR); PD Controller; PD Controller combined with Backstepping based controller; Neural Controller; PD Controller combined
with Backstepping based controller combined with Neural Controller.
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WRM : Robot di dong

PD Backstepping NN : B6 diéu khién PD Backstepping
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1. GIGI THIEU

Trong nhiing nam gan day, bai toan diéu khién
chuyén déng cho robot di déng da thu hat su chd y cta
cac nha khoa hoc trén khap thé gigi. Robot di dong la mét
trong s6 cac hé théng chiu rang budc nonholonomic [1].
Va no cling la mot hé théng phi tuyén nhiéu vao - nhiéu
ra [2]. Pa s6 cac cong bo trudc la st dung cdu truc hai
mach vong diéu khién: mach vong déng hoc bén ngoai
st dung ham Lyapunov téng hop bo diéu khién bam vi
tri, mach vong dong luc hoc bén trong diéu khién bam
téc d6. Nha cé sy tién bo chia ly thuyét cling nhu ky thuat
diéu khién, da c6 rat nhiéu phuang phap diéu khién khac
nhau dugc ap dung dé thiét k& cac luat diéu khién cho ro
bét di ddng nhu: diéu khién truct [3, 4], diéu khién bén
viing [5], diéu khién thich nghi [6-8], diéu khién
backstepping [9, 10], tuyén tinh hoa phan héi dau ra [11,
12].... Cac luat diéu khién nay da dugc thiét ké vdéi gia
thiét “banh xe chi lan ma khéng trugt”. Tuy nhién, trong
thuc tién Gng dung, diéu kién cac banh xe chi lan ma
khéng trugt lai c6 thé thudng xuyén khéng dugc dam
bdo nén da co hién tuong trugt banh xe [13, 14]. C6 rat
nhiéu nguyén nhan gay ra hién tugng nay nhu robot di
chuyén trén mat san c6 luc ma sat yéu, luc ly tam khi robot
chuyén déng theo dudng vong cung,.... Trong céc tinh
huéng nhu vay, néu mudn cai thién chat lugng diéu
khién, thi can phai thiét k& mot bo diéu khién cé kha nang
bu trugt banh xe. Phuong phap diéu khién thich nghi
noron, trong tai liéu [15] tac gid S.J.Yoo da st dung mang
noron dé xap xi cac thanh phan bat dinh ctia mé hinh va
gia tri chdn cta thanh phan téc d6 trugt banh xe. Trong
[16] dé xuat thuat toan diéu khién thich nghi noron dua

4 | Tap chiKhoa hoc va Cong nghé Trugng Dai hoc Cdng nghiép Ha Noi

trén hoc tang cudng (Reinforcement Learning), st dung
mang noron dé xap xi cac thanh phan ma sat trugt, thanh
phan bat dinh mé hinh.

Trong bai bao nay, nhém nghién ctu da xay dung mot
cach c6 hé théng phuong phéap mo hinh héa hé déng hoc
va déng luc hoc ctia robot 3 cac tham sé hang bat dinh ctia
mo hinh, chiu tac déng nhiéu ngoai, trugt ngang banh xe.
Céac mo hinh nay sé dugc st dung dé thiét ké cac luat diéu
khién bu trugt banh xe, bat dinh mé hinh, va nhiéu ngoai.
D6 1a cac thuat toan diéu khién dugc phat trién trén nén
tdng ky thuat Backstepping. Vay ndi dung chinh cta bai
bao la dé xuat bo diéu khién phi tuyén dong hoc theo ky
thuat Backstepping két hgp mang naoron. Bai bao gom 4
phan, phan 1 gigi thiéu, phan 2 thiét ké bé diéu khién phi
tuyén dong hoc dua vao ky thuat Backstepping két hop
mang noron, phan 3 mé phong kiém chiing thuét toan va
phan 4 dua ra két luan va kién nghi.

2. THIET KE BO DIEU KHIEN PONG HOC PHI TUYEN
DUA VAO KY THUAT BACKSTEPPING KET HOP MANG
NORON

Xét mot Whele Mobile Robot (WMR) trong trudng hop
6 hién tugng trugt ngang clia robot tu hanh tu tri kiéu vi
sai biéu dién nhu hinh 1.

y()

o X x

Hinh 1. Mdi quan hé ddng hoc ctia robot tu hanh tu tri ki€u vi sai

Trong d6: A la trong tam truc banh xe chd dong; C la
trong tam vda robot WRM; a la khodng cach giira toa d6
trong tam va truc banh xe; R, 1a ban kinh banh xe chu
dodng; 2L la khodng cach gilta hai banh xe chl dong. x,0y,
la hé truc toa dé tham chiéu, x.Cy. la hé truc toa d6 gan
trén robot. 0 la goc diéu hudng; ¢, @ la toc d6 banh xe
bén trai, bén phai.

Vi tri ciia WMR dugc xac dinh bai vector Q = [X,Y,G]T

(X, Y, 0) la toa do xe trong hé truc toa d6 tham chiéu.

Theo nhu tai liéu tham khdo [1] ta c6 phuong trinh
déng hoc thuan clia robot sé dugc viét nhu phuong trinh
(1) sau:
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X| [C(e) —aS(e)
Q=|V|=[se) aC(e) N (1)
) 0 1 w

Trong do, v la van téc dai; w 1a van téc goc clia robot
di dong.

Theo tai liéu [1, 2], phuong trinh déng luc hoc cla
WMR c6 thé dugc mé ta la:

MQQ+V(QQ)+FQ)+G(Q)+T, =BQT-AT(Q\ (2)

Trong dé: M(Q) la ma tran quan tinh xac dinh duong;
V(Q,Q) Ia ma tran huéng tam va ma tran Coriolis; T4 I
thanh phan nhiéu khong xéac dinh cta hé thong; B(Q) la
ma tran dau vao; A la nhan tir Lagrange; T 1a moé men diéu
khién chuyén dong cho robot; AT(Q) la ma tran rang budc;
Q va Q lan lugt biéu thi cac vects van téc va gia téc téng
quat.

m 0 maS(0)
Véi: M(Q) = 0 m -maC(0) ,‘rsz]
maS(®) -maC(f) I, +2ma’ '
mabC () : cos(8) C(6)
V(Q, Q) =| mabs(6) ;B(Q)=R— S©) SO |;
0 al L -L
-S(0)
A(Q)=| C(8) |; A=—m(xC(8)+YyS(0))8.
—a

Trong dé: m la khéi lugng cia WMR; Ic la quén tinh
theo trong tam C cla robot; 1. va Tz lan lugt la mé men
banh trai va banh phai.

Sau khi loai bd rang buéc AT(Q)A ta cé phuong trinh
doéng luc hoc méi nhu sau:

M@V, (1)+V,,(QQ)V,(1+F(Q+GQ+T,=BQr (3)

a

v , .
Trong do: Va:[ a] la van téc thuc cha robot;
w

A
o

=5s"(Q),; FIQ=ST(QFQ); M(Q=S"(QMQ)S(Q);
V,(QQ)=5"(Q[CQ.Q5Q+S(Q]; B(Q=S"(QBQ);

G(Q)=S"(QG(Q).

Nhdn xét: Tut phuong trinh (3) cac thanh phan bat dinh
va nhiéu trong hé bao gém: Khoi lugng xe, momen quan
tinh la bat dinh, do d6 ma tran quan tinh dugc xem la bat
dinh. Khi xe di chuyén trén mat san khac nhau, dac biét 1a
mat san tron va am uaGt dé xay ra hién tuong trugt banh xe
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anh hudng dén quy dao dudng di, hodc khi xe di chuyén
t6c d6 nhanh vao cac vong cua thi ma sat gitta banh xe va
mat san sé thay déi, la nhiéu lam anh huéng nhiéu dén vi
tri va géc huéng clia xe. Trong nghién ctiu nay, ching toi
str dung mo hinh dong hoc thuan (1), dong luc hoc (3) cla
robot di dong lam d6i tugng diéu khién sao cho robot di
dong nay bam theo mot quy dao cho trudc.
2.1. Noi dung thuat toan
Bo diéu khién dua trén dong hoc hay con goi la bod

diéu khién budc IUi dugc dé xuat bsi Kanayama ndam 1992
la mét quy tac diéu khién theo déi 6n dinh cho mét robot
di déng va c6 cau truc diéu khién nhu hinh 2.

L)

| | v,
i ? | B diéu khién da vio | <
déng hoc

ro=[a]

Bong hgc Q

e
B PD L.l Béng e
1

Qy dao 6
(13) Hoc (2)

dst

e
|£|

Hinh 2. So d6 cau triic bo diéu khién PD-Backsteppping
Trong do: E =T,(Q, —Q) lasailéch quy dao dat va quy
dao thuc theo [18-20].

+ He dugc xac dinh tur két qua phuong trinh dong hoc
[171:

c®) SO 0
H,-[-S(6) C©) o @
0 0 1

+) Quy dao datla Q, = [X,,Y,,6,] nén co thé viét:

. . . T
Q,=[X,.Y.6,] =SV, (5)

+) Quy dao thuc Q =[X,Y,6] nén co thé viét:

. .o .TT
Q=[X¥,6] =SV, (1) (6)
Nén sai léch vi tri c6 thé biéu dién nhu sau:
E, C®) SO OofX X
E,=|E/ |=H.(Q,—Q)=|-S(6) C(6) O Y,-Y
E, o o 1)6-6
Ey w,.(E,)+V,.C(E,) -V,
o|Ey |=E,=f(tE,)=| —w,E, +V,.SE,) )
£, 6 -6
+) Bai todn diéu khién trong trudng hgp nay sé la tinh

toan mot quy tac diéu khién cho xe, trong d6 muc tiéu
tinh todn van téc V, =f(E,,V, k) lam cho hé théng én
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dinh tiém can. Ham tinh toan van téc V. dugc lua chon

theo [18-20] nhu sau:
v, C(Eg )+kyE
Vc: r [§] X=x (8)
w,+kyV,E, +kgV,S(Eg)

v o
Trong dé: V,:[ '} la gid tri van téc dat,

r
k=lk, k, kI
Xét tinh 8n dinh cua luat diéu khién trén bang dinh
luat 6n dinh Lyapunov:
Chon ham Lyapunov xac dinh duang:
1-C(E,)
V€2 +62) o

= +
27X
y kY

V=

. . EoS(E
=V =(EXEX +EyEy)+

o) (10)
ky

Thay céng thuc (8) vao (10):

V =(wE, —v, +v,C(E,)E,

+(~w(a+E,)+v,C(E, ), (11)

+ k1(u)r —w)S(Eq)

Y
Tir (8) véo (11):
(w,+v, (kyE, +koS(Eq))E,
+a(w, +v, (k,E, +koS(EeE, ~k,E,

+ [ (w0, v, (KE, +koS(Eg D)(a+E, )+v,S(Es) JE,
-V, (k,E, +k,S(Eg)S(E,)

ky

kgV,S” Eg)
Y
TU (12) cho thdy véi céc sai léch @0 nhd thi V<0nén
ham tinh toan van toc V. da dé xuat theo (7) lam hé théng
6n dinh.
Khoi PD nham dadm bao van téc clia robot bam theo
van toc dat dau vao va cé phuong trinh sau:

dE.
k., +k, IEe
o5

& V=—kE2 - <0 (12)

(13)

0 kop O |\ .,
» kp= la hang
KeL 0 ko

Thuat toan diéu khién DP-Backstepping, bé diéu khién
c6 ba tham s6 ky,ky kg dugc dé cap la gia tri khong déi

k
Trong d6: kp :[ SR

5O xac dinh duong.
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duong trong cac tai liéu [18-20]. Nhugc diém cla bo diéu
khién trén can st dung phuang phap do gia tri 3 tham s6
cho tiing b6 diéu khién quy dao tham chiéu khac nhau dé
dam bao sai s6 quy dao bang 0.

Thuat toan diéu khién PD-Backstepping NN dugc dé
xuat cung cap cho b diéu khién c6 thé thay déi cac tham
s8 theo thay d6i quy dao tham chiéu. Cac cau tric bo diéu
PB-Backstepping NN dugc thé hién trong hinh 3.

b= I:JI ni=,

l l

6, ) ¥
Qlydao | AT | 8 iéu khién dong hoc | *
dit !’ IHE T ity

ks
f;

Ham muc éu 3,
(14)

Hinh 3. So'd6 cdu triic diéu khién PD-Backstepping két hap NN

C4u truc diéu khién nhu hinh 3 diéu chinh tham sé ctia
bo diéu khién dong hoc phi tuyén dé dam bao giam thiéu
ham chi phi sau:

1
I =EZVXEi +V,EY +VoEs (14)
Trongdé:a a=[k, k, kgl
Tu (14) suy ra:
aJ 6E oE Ok, oE,
E, + E,—2+ =yE,—* (15)
=2y 2V, - 2. Voo P 6(1
_yx 0 0
Trong dé: y=| 0 y, 0
| O 0 v,
_EX
Tu (7) c6 E,=|E, =H.(Q, —Q) thay vao (15):
_Ee
aJ_msz; oH.(Q, -Q,) —y ;T) ) 0Q.
oa oa oa (16)
T an an 6Vc
=—yEH,—<=—¢.—<
da o0V, oa

trong (16):

Xac dinh &,GVC
oV, oa
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_a_x ﬁ_
oV, Odw,
6Q aY 5Y JCVH JCV12
+) _C= CV: — - |~ va21 va22 (17)
oV, N ow,
va31 va32
® o
| OV, Ow, |
6vc 6vc C
ok, ok, 0K E
9 5Vc: X Y o |_|x (18)
ja |ow. Ow, Ow, 0 vE, vSE
oky oky 0K
Thay (17), (18) vao (16):
Q. _Q Ve, B 0 0 (19)
oa 8V o0 |0 ery V,S(Ee)
Thay (19) vao (15):
aJ, _ al, o, 0],
oa | ok, 0ok 8ke
(20)
=yEH.J 0 0
YR 0 VE, v S(E,)
Trong d6:
Y« 0 O
— ET _
v=[0 v, O0[E=[E E, E;
0 0 v,
X X |
8Vclawc va11 va12
oY oY
J,=| 2 S =,
8Vc awc cv21 cv22
ae ae va31 va32

Do d6, d6 Igi clia bo diéu khién déng hoc sé thay déi
va thich ting dé lam cho ham chi phi bang 0 theo d6 déc
giam dan sau:

Ky =ky +AK, K, =ky +AK; Kg =kg +AKg (21)

Trong d6, sy bién thién cla cac thong so
AK,,AK, ,AKg sé dugc tinh theo cac phuong trinh:
aJ, dJ dJ
— — (<% J— v (22)
A= A A =Ny ok A0 =g oK

V&i cac hé s6 NNy Nikg 1a t6c d6 hoc ctia thuat toan
cap nhat.
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Phan quan trong cua viéc tinh dao ham cta phuong
trinh (20) la cach tinh ma tran Jacobian J., clia hé. Ma tran
Jov €6 thé dugc tinh toan bang cach st dung cac phuong
trinh chinh xac ctia hé théng hoac c6 thé dugc cung cap
b&i mo hinh truc tiép mang noron. Phuong phap tinh ma
tran Jo, bGi mé hinh truc ti€p mang naron dé cap nhat truc
tuyén gia tri cho ma tran Jo. Mang noron moé hinh truc
ti€p ¢o cdu trac nhu hinh 4. Khi d6 viéc tinh ma tran
Jacobian sé dugc cap nhat truc ti€p bang cach luén cap

nhat gia tri Q =[X Y éJT cho biéu thuc tinh ma tran

Jacobian J, = Q . Khi d6 dau vao ctia mang noron.

Hinh 4. Mang noron 2 I6p an
Ma tran Jacobian c6 thé dugc tim thay tir mang noron
g trén la:
X X
oV, ow
A AC AC vaH va12
aa_) _|ov v ||, J 23)
PY, o T\Q’Twc | Tev21 cv22
‘ R
% o
oV, " ow,

cv3l va32

V&i dau ra cla mang naron sé dugc tinh:

[ZZ,,O{ZRUXJ +R, ] ,OJ,

i=123...m;j=123,..n
Trong dé: R; la ma tran trong s6 I6p tha nhat; Zy la ma
tran trong s6 cho I6p thi hai.

N A 2 z . e A Vc a N
Pau vao cda I6p tha nhat la V. {w }zxj va dau ra
c
cla I6p nay sé la dau vao clia I6p thir hai.
T, :o[jZRUxJ+R j (25)

Cac gia tri ban dau X, =1,T, =1, khi d¢ ta c6 thé tinh:
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L

Y, :G(ZZ"T, =ou’ (26)
1=1

T=o{ £y | -ou @)
Khi do: 2% = Vi _ ¥, (28)
. 0x;  OT 0x

Theo phuong trinh (26) va (27) ta cé:

oy, (L .

6)1,': = Vvi|°(§zi|T|) = Zilo(uiz ) (29)

or n )

o (; X J) leo(u:) (30)

J

Thay (29), (30) vao (28) tinh dugc ma tran Jacobian
theo mang naron sé theo cong thuc:

Q. _dy, _dy, ol _ (ZZ”T) (ZRU j (31)

oV, ox, o ox
Mat khac tir phuong trinh (26) va (27) c6 thé tinh:

oy; .

62"_0(22"1—')1—' =6uT, (32)
oT, g

) &

Trong dé: o() la dao ham clia ham kich hoat.

Thuat toén lan truyén ngugc la thuat toan diéu chinh
trong s6 dua trén d6 doc giam dan, do dé trong s sé
dugc diéu chinh cap nhat nhu sau:

OE(k)
Z,(k+1)=2Z,(k)-n—— (34)

| | azil
RU(k+1):RU(k)—n%(k) (35)

l

Véi E(k) la téng binh phuong sai léch gitia gia tri dau
vao quy dao mong muén va quy dao dau ra clia mang
naron.

(36)

&,(k) =Y, (k) -y, (k)

Trong d06: yi(k) dugc tinh bang cach st dung phuong
trinh lan truyén thuan cho mang noron véi cac thanh
phan ctia mau dau vao mang naron xi(k).

(37)

D06 déc can thiét ctia ham chi phi E(k) déi véi cac trong
8 c6 thé dé dang dugc xac dinh bang cach sir dung quy
tdc day chuyén. Cu thé déi véi muc tang cuda I6p th hai,
ta co:
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OE  OE ou’ [ CE Oe, dy, \ou? 38)
0z, ouloz, | e dy, oz,
Tur cdng thic (29), (30), (31), (32) va (33) ta co:

B _EBY _ 150 =—o(l)e, (39)
6u Oe, 0y, 0Z,
ou? . L

L=e (=1)0(u’)T ==To(u e, 40
oz, (=10(u)) Ty =-To(u)e, (40)
Tuong tu vai trong s6 16p dau tién:

OoE oE 6u| [ m ok au T, au, @1)
R, Ou R, \Sou? ot oul )R,

Thay cong thuc (38), (39), (40) vao (41) ta tinh dugc:

o (m
—= (Z—o( 7)e,Z,6(u ))XJO,S (42)
6RIj i=1

e % — —x,6(U )g(—d(uf )e,)Z, (43)

Ta c6 thé viét don gian hoa sai léch lan truyén ngugc
cho I6p hai va I6p mot tuong Uing nhu sau:

oE .
& =" =—6(U)e, 44
i aulz ( i ) i ( )
oE . m
& = R S(uy )Eéizzil (45)

l
Gid sUr cac ham kich hoat sigmoid dugc st dung, cac
sai léch lan truyén nguoc c6 thé dugc tinh nhu sau:

6i2 =Y (- \ )ei (46)

8 =T(1-T)L57Z, (47)

Két hop cac phuong trinh trén, c6 thé viét cong thuic
thuat toan lan truyén ngugc cap nhat cac trong s6 nhu
sau:

Z,(k+1)=2,(k)-nT5’ (48)

R,(k+1 =R, (k) —nx,| (49)

Vay tu do ta sé tinh dugc ma tran Jacobian theo céng
thiic (17) véi cac trong s6 cap nhat bsi phuong trinh (48)
va (49) b&i mang noron.
3.MO PHONG KIEM CHUNG THUAT TOAN PIEU KHIEN
PHI TUYEN PONG HOC DUA VAO KY THUAT
BACKSTEPPING KET HOP MANG NORON

+) Chon m6 hinh robot di déng vai théng sé dong hoc:
m = 10kg; J = 0,56kgm? a = 0,05m; R, = 0,075m; L =0,2m.
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+) Chon quy dao la quy dao hinh tron:
1 m 1., 7 i
X =-cos(——t); y =—sin(——t); 6 =——t.
2 10,2 =3 (10,5) " 102

+) Cac tham s8 dugc st dung trong bd diéu khién:
N, = 20: S6 lugng ngron trong mang naron;
Nix =Niy =Nke = 0,3 : Hé 56 ty 1é hoc cho thuat toan lan

truyén nguoc; B, =B, =B, =0,7: Hé s6 t6c d6 dong hoc
cho thuat toén lan truyén ngugc; Nc = 200: S6 chu ky ma

—X

T VRV 1- .. .
b6 dir liéu dau vao sé lap lai; F(x):1 eix : Ham sigmoid

+e

kich hoat cho I6p an; fi(x) = x: Ham kich hoat tuyén tinh
cho I6p dau ra.

Théng sé ctia bo diéu khién dugc xac dinh theo bang 1

Bang 1. Thdng s& cac bd diéu khién

PD Backstepping NN
K, =diag[5]; K; =diag[11 11],
K, =diag[11 11], K, =diag[0,8 0,8];
K, =diag[0,8 0,8]; Yo =1Y, =50,y =1
Ky =1K, =55Ks =10 K, K. K, xcdinh theo hinh 7

x 1Ny r

PD Backstepping
Kp =diag[55 55];

3.1. Trudng hop khéng c6 nhiéu ngoai tac déng
Khi khéng cé nhiéu ngoai tac déng két qua moé phdong
dugc thé hién nhu hinh 5,6 va 7.

1.2

0.9

%
I/

0

—— Reference trajectory
PD backstepping confroller
——  PD backstepping NN controller

-0.3

-0.6

04 06 08 1

i L n
0 10 20 30 40 50 60 70
Time(s)

-4} PD — Backstepping controller,

0 10 20 30

Time(s)

Hinh 5. Biéu dién quj dao bam khi st dung PD-Backstepping va PD-
Backstepping NN
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04 10 20 30 40 50 60 70 80 20 100
= 0.075 1
£ oo0s
=
B ot fo ot
Wiop2st N\ e S o o=~ - —mr—=—o

0.05 = ! i :: S i + 2 2 : =]

0 10 20 30 40 50 60 70 80 %0 100

‘Enor wnth PD — Backnspping coutroller |
— — —  Enor with PD - Backsepping N controller

i I | L L L
1] 10 20 30 40 50 60 70 80 90 100
Time(s)

Hinh 6. Bi€u dién sai léch E,, Ey, E

2
15
1
05
0
10 20 30 40 50 60 70 80 %0 100
200
150 s by
100
50
0
10 20 30 40 50 60 70 80 %0 100
20
15 =Ko
10
5
0
10 20 30 40 50 60 70 80 90 100

Hinh 7. Bi€u dién cac tham s6 k, k,, ke dugc cap nhat qua mang NN

01 T T . T T T ]
E |
:VT 0075 _‘1" ~m T f I | . | 77"’"!‘ — T - |
£ 005 il T V(m’s) Set speed
o5 ff—it0—on——— 1 o V(m/s) with PD — Backstepping
0 | . | = = = = V(m’s) with PD — Backstepping NN
1 L - -
0 10 20 30 40 50 60 70 80 90 100
Tima fa\
1.5 T T T T T
] w(rad’s) Set speed
2 1 ) - w(rad/s) with PD — Backstepping
3 - = - - w(rad’s) with PD — Backstepping NN
o050 —
\
® o
.‘I | 1 I 1 |
0 10 20 30 40 50 60 70 80 90 100

Time (s)

Hinh 8. Bi€u dién van toc V, w

3 i i
Tr(N.m) Set speed |

EE I T 1 1 T =+ == Tr(N.m) with PD — Backstepping -
= - - =~ Ts(N.m) with PD — Backstepping NN | |
<1 ]
= [
0y 1

0 10 20 30 40 50 60 70 80 90

100
Time(s)
T T
0 N, ]
= |
5 TI(N m) Set speed 1
2 — .~ .- TUN.m) with PD — Backstepping |
B 2 - = = TI(N m) with PD — Backstepping NN | |
|
3k i i L i i ! L " L o
0 10 20 30 40 50 60 70 80 €0 100
Time (s)

Hinh 9. Bi€u dién mémen banh xe Tr, TI

Nhdn xét: Véi bo diéu khién PD-Backstepping khi
khong c6 mang noron thi hé sé ky, ky, ke phai thuc hién
qua phuaong phap do nhiéu lan dé cé dugc cac gia tri ky,
ky, ke t&i tu nhu bang 1 mai dam bao sai léech bam quy
dao E,, Ey, E¢ ti€n t6i 0 (hinh 6). Trong khi d6 bo diéu khién
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PD-Backstepping NN xac dinh dugc cac tham sé k, ky, ke
dugc cap nhat nhu hinh 7 va xac dinh dugc sai léch:
Ex=0,015m; E, = 0,065m; E¢ = 0,25rad.
3.2. Truéng hop cé nhiéu ngoai tac dong

Khi cé nhiéu ngoai tac déng, dap (ing nhiéu dugc thé
hién nhu hinh 10.

1 ‘
N i
i

Wl
O i
N |

-1

A
N

Value

0 20 40 60 80
Time(s)

100

Hinh 10. Nhiéu ngoai téc dong

Khi d6 c6 hinh 11 theo déi quy dao khi c6 nhiéu, hinh
12 sai léch bam quy dao khi c6 nhiéu.

1

0.5}
——— Reference trajectory
0 = PD backstepping controller
~——PD backstepping NN controller
-0.5¢

aF
—~15F
E 1}
=05t
o i i i
0 10 20 30 40 50 60 70 80 a0
Time(s)
10 20 30 40 50 ;EI YlD B:; 9-[) 1;0
2 — fid -
Zo
T
£l
0 10 20 30 40 50 60 70 B‘D 90 100
Time(s)
Hinh 11. Bi€u dién quy dao bam khi st dung PD-Backstepping va PD-
Backstepping NN
0.15F : 3

nce trojectary
ackstepping comtraller
acksteppiag NN controller

mm g

Error x(m)

Error y(m)

Eror Theta(rad)
awh =0

vvvvv =

Hinh 12. Biéu dién sai léch E,, Ey, E

Tap chi Khoa hoc va Cong nghé Trueng Dai hoc Cong nghiép Ha Noi
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Hinh 13. Biéu dién cac tham s6 k, k,, ke dugc cap nhat qua mang NN

01 T T T “ T T T T |
L)
@00757 \.\7 ] J‘. - i) | —{ 1 ! — 4
E 005 ] [ —— V(m's) Set speed \
>0.025 - = V(m’s) with PD - Backstepping
0 | = === V(m's) with PD — Backstepping NN
1 1 1 = -
0 10 20 30 40 50 60 70 80 0 100
Time icl
1 5 r T I - X
p wWirad's) Set speed ‘
o1 — - w{rad’s) with PD — Backstepping {
3 = = = = w{rad’s) with PD — Backstepping NN
805 :
H k A a
0 ‘\‘. —’m'iél’n:_-,l‘-
1 1
0 10 20 30 40 50 60 70 80 90 100
Time (s)
N Iy o % ~ N . I o %
Hinh 14. Biéu dién van toc V, w khi cd nhiéu
3 i i o SE——— =i 2 —1
=2} | _____ Tr(N m) with PD — Backstepping 1
E | - = = = Tr(N.m) with PD — Backstepping NN |
<4 |
= - |
0 — e R R T oo L EEecscAams s CEEEE S S =a-
i | | -
0 10 20 30 40 50 60 70 80 90 100
Time(s)
T T T T
0f\v.—‘_—_—::_—.--—..-—_.____‘.:::;-.-....r.-;_k-.‘__:‘.._#
E |
_E e e — e e s (T TI(N.m) with PD — Backstepping
= - = = = TI(N.m) with PD — Backstepping NN |
Lz H
|
3 — . S — . " 1 .
0 10 20 30 40 50 60 70 80 90 100
Time (s)

Hinh 15. Biéu dién momen banh xe Tr, Tl khi ¢4 nhiéu

Nhan xét: VSi bd diéu khién PD-Backstepping c6
thanh phan nhiéu ngoai tac dong thi hé s6 k, ky, ke cling
phai thuc hién qua phuong phap do nhiéu lan dé co
dugc cac tham sé k, ky, ke nhung van tén tai sai léch I6n
so vGi bo diéu khién PD-Backstepping NN nhu hinh 12,
Bo diéu khién PD-Backstepping NN xac dinh dugc cac
tham s6 ky, ky, ke dugc cap nhat nhu hinh 13 va xac dinh
dugc sai léch: Ex = 0,001m; E, = 0,005m; Eg = 0,03rad khi
c6 nhiéu tac dong tot hon so v6i bo diéu khién PD-
Backstepping (hinh 12).
4, KET LUAN

Noi dung bai bdo da trinh bay dugc mé hinh dong hoc,
dong luc hoc cta robot WMR khi xét anh hudng cula
thanh phan trugt ngang banh xe. Chiing minh dugc su6n
dinh ctia bo PD-Backstepping NN c6 xét dén tham so
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hang bat dinh mé hinh toan hoc, tac déng thanh phan
nhiéu ngoai va trugt ngang banh xe 1én robot chuyén
déng vai quy dao hinh tron. Tinh én dinh tiém can cda hé
théng dugc phan tich dua trén ly thuyét én dinh
Lyapunov va chat lugng hoat dong cla xe 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 WMR con doi hoi phai thuc thi cho xe
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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