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Tom tat

Robot hai banh ty can bang (TWMR) la mot trong
nhitng d6i twong dé nghién cau va ther nghiém cac
thuat toan diéu khién phi tuyén. Trong qua trinh 1am
viéc, cac tham s cuia TWMR bj thay doi dudi tac
dong cua tai trong va nhiéu moi truong, dan tgi kha
nang mat 6n dinh hoic mit kha niang diéu khién.
Ngoai ra, TWMR la mot hé thiéu co ciu chap hanh do
vay, cac luat diéu khién cho hé du co cau chip hanh
khong thé &p dung tryc tiép cho né. Bai béo nay tap
trung xay dung mot bo didu khién thich nghi bén
viing véi cac thay doi cua tham sé va nhiéu ngoai.
Noi dung bai bao trinh bay ky thuat chuyén doi toa do
dé tach hé phi tuyén xen kénh, ky thuat thiét ké bo
diéu khién thich nghi bén viing cho TWMR. Céc két
qua mo6 phong chi ra bo diéu khién dé xuét thich nghi
bén virng va dap ung t6t voi su thay ddi cua tham sb
cling nhu cua nhiéu tac dong 1én TWMR.

Tir khoa: Robot hai banh tu can bang (TWMR); Diéu
khién thich nghi bén viing; Biéu khién phi tuyén cho
hé thiéu co ciu chap hanh; toén ti proj(.).

Abstract: Two-wheeled mobile robot (TWMR) is
one of the subjects are used for testing nonlinear
control algorithms. During working time, parameters
of TWMR are changed under the impact of
environmental disturbances and the load placed on it,
in which the designed controller may be capable
instability or loss of control. Moreover, TWMR is an
underactuated system where the control laws designed
for the full-actuated system can not apply directly.
This paper focused on constracting a robust adaptive
controller for TWMR with the change of parameters
and environment noise. The contents of this paper
present the coordinate transformation techniques for
decoupling the coupled nonlinear systems, and the
robust adaptive control design for TWMR. The
simulation results indicate that the proposed controller
is robust and adaptive with the change of parameters
and disturbances.

Keywords: Two-wheeled mobile robot; Robust
Adaptive backstepping; Control of underactuated
system; Operator proj(.);
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1. Giéi thiéu

Diéu khién thich nghi bén ving cac hé phi tuyén xen
kénh thiéu co cdu chap hanh 1a dé tai duoc nhiéu nha
nghién ctu vé diéu khién quan tdim. Kho khan dau
tién trong thiét ké diéu khién cho hé thiéu co ciu chip
hanh 1a cac thuat toan diéu khién cho hé da co cau
chap hanh khong thé ap dung truc tiép [1] do vay can
c6 cac giai phap dé chuyén hé thiéu co cau chap hanh
vé dang phan hoi chit tir d6 c6 thé 4p dung céc thuat
toan diéu khién nay. Thém nita, su thay d6i tham s6
khong biét trudc cling nhu nhidu ngoai sinh tac dong
Ién hé ciing 1a van dé thach thuc dat ra khi thiét ké
diéu khién.

Robot hai banh tu can bang [2] bao gdm mét thanh
lic dugc gan trén bé chira dung bo diéu khién va gén
dong co ndi vai hai banh xe. M6 hinh toan hoc cua
TWMR dugc biéu dién théng qua phwong trinh
chuyén dong cia TWMR dudi dang hé phuong trinh
phi tuyén. Bai toan bam theo quy dao va 6n dinh
thanh lic & vi tri thing dung dat ra dbi voi TWMR
bao gom ba chuyén dong la chuyén dong dé dua thanh
lic V& vi tri can bang va chuyén dong thang va quay
cua TWMR dé bam quy dao. Vi ba chuyén dong yéu
cdu va hai co cu chip hanh, TWMR duoc phan loai
thuoc hé thiéu co ciu chap hanh. Pinh nghia va cac
ky thuat thiét ké diéu khién cho hé thiéu co cau chap
hanh cé thé tham khao trong [3].

Robot hai banh ty can bing la mot dbi twong phi
tuyén xen kénh [2], 1& mot hé ha khong on dinh [5],
ngoai viéc tham so thay doi khong biét trudc [4] thi
dbi twong con chiu tac dong cua nhidu ngoai sinh.
Nhu vay, dé thiét ké duoc bo didu khién cho TWMR
can c6 nhing giai phap dé co thé tach kénh hé phi
tuyén [3], sau do, chuyén hé vé dang phan hdi chat tur
d6 &p dung cac ky thuat thiét ké diéu khién khac nhau.
Pidu khién chuyén dong cho TWMR duoc quan tam
vi nhimg kho khin khi thiét ké didu khién cho hé
thiéu co ciu che‘ip hanh va TWMR duoc sir dung dé
kiém ching cac thuat toan diéu kien phi tuyén. Rat
nhiéu cac giai phap da dugc dé xuat dé giai bai toan
nay bao géom phuong phap tlep can bai toan cling nhu
phuong phap thiét ké bo diéu khién. Néu khong quan
tdm t6i nhiéu ngoai sinh va hudng chuyén dong cua
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TWMR, tc gia trong [6-8] sur dung phuong phap tlep
can nang luong thiét ké diéu khién dé dua thanh lic
t6i diém can bang trén va lic xung quanh diém can
bang nay. Cac nghién ctru [9,10] sur dung cac ky thuat
thiét ké diéu khién dua trén phuong phap Lyapunov
truc tiép gitt cho TWMR cén bang. Tac gia [11] st
dung ky thuét to hop bao hoa nham thiét k& diéu
khién sao cho luc diéu khién nam trong giéi han
nhung van giit cho TWMR & vi tri can bang. Tiép tuc
phét trién va mé rong khi hé chiu tac dong cua nhidu
ngoai sinh va yéu cau diéu chinh huéng chuyén dong,
tac gia [2] da sir dung bo quan sat nhidu thich nghi két
hop voi k¥ thuat tb hop bdo hoa nham loai bo anh
huéng cia nhidu va giit cho thanh Iic & vi tri thang
dung ciing nhu hoan thanh cac muc tiéu diéu khién
khac. Nhitng cong trinh ké trén yéu cau can c6 mo
hinh chinh xac cia TWMR. Tuy nhién trong thuc té,
do rat nhiéu nguyén nhan nhu sai léch trong ché tao
cling nhu lap dat thiét bi ma ludn ton tai céc sai léch
gitta mé hinh va md hinh thuc. Thém nira, trong qua
trinh 1am viéc TWMR thuong chiu anh huong cua
nhiéu ngoai 1am cho céc tham sé bi thay ddi. Cac thay
ddi c6 thé 1a khdi lwong, mé men quan tinh hoic
khoang cach trong tam,... va nhitng tham sé thay doi
nay thuong khong biét trudce. Tiép can thich nghi nhu
[8] c6 thé khdng phu hop cho trudang hop nay do yéu
cau tot nhat vai tiép can nay 1a md hinh cua hé can
phai chinh xac. Piéu khién théng minh [12], diéu
khién mo thich nghi [13] 14 cac ky thuat thiét ké diéu
khién thich nghi kha phd bién nhung thudng yéu cau
khi lugng tinh toan Ién ciing nhu lya chon can than
céc tham s6 mo.

Adaptive backstepping la ky thuat thiét ké didu khién
thich nghi yéu cau khéi luong tinh toan cua bo diéu
khién khong I6n. Téc gia [14] da sir dung tiép can nay
dé thiét ké didu khién cho TWMR, tuy nhién tac gia
chua xét dén tac dong cua nhidu va dac biét 1a da
khong xem xét dén viéc hé c6 thé roi vao trang mat
diéu khién vi tin hiéu diéu khién c6 thé tién tsi vo
cung. Trong [16] cac tac gia st dung ham switching
trong viéc thiét ké luat diéu khién thich nghi dé dam
bao tinh bén viing cua bo didu khién thiét ké. Tuy
nhién, tac gia da xem ca hé phuong trinh chuyén dong
cua hé la tham sé khong biét trude ciing nhu tinh bén
virng cua bo didu khién can nghién ciu thém. Khic
phuc anh huéng cua nhidu cé thé lam cho bo diéu
khién roi vao trang thai mét didu khién, tac gia [15] da
st dung ky thuat thiét ké diéu khién apdative
backstepping két hop voéi viéc st dung ham béo hoa.
Tiép tuc nghién ctru va phat trién cac thuat toan diéu
khién tét hon sao cho TWMR luén 6n dinh dudi tac
dong thay doi cua cac tham s6 ciing nhu nhiéu ngoai
sinh duogc trinh bay trong bai bao nay. Trudc khi ky
thuat thiét ké diéu khién thich nghi adaptive
backstepping duoc ap dung, ky chuyén ddi toa d6 dé
dua hé phi tuyén xen kénh cia TWMR vé hé phan hoi
chat duoc trinh bay. Nham dam bao bo diéu khién bén
Vitng Vai cac thay ddi cua tham sb ciing nhu tranh kha
nang mit diéu khién, toan tur proj(.) dugc dwa vao
trong cac bo cap nhat tham sé va luat diéu khién.
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Noi dung ciia bai bao dugc phan bo thanh 6 phan:
phan 1 la gisi thiéu, phan nay néu céc ky thuat thiét
ké diéu khién va ly do nghién cuu; phan 2 gidi thiéu
md hinh toan hoc va muc tiéu diéu khién; cac cong cu
toan hoc sir dung trong nghién cau dugc gisi thiéu
trong phan 3; phan 4 trinh bay k¥ thuat thiét ké diéu
khién thich nghi bén vitng cho TWMR; céac két qua
md phong duoc trinh bay & phan 5 va phan 6 1a cac
két luan.

2. Mo hinh toan hoc va muc tiéu dieu
khién.

Dé c6 thé thiét ké diéu khién, ta p dung phuong phap
Euler-Lagrange xay dung md hinh toan hoc dudi dang
hé phuong trinh chuyén dong cho TWMR. Biéu do
lyc vA m6 men tac dong 1én TWMR duogc chi ra &
Hinh 1. Cac quy uéc va ky hiéu tham sé caa TWMR
duoc liét ké trong Bang 1. Phan nay ching tdi dwa md
hinh toan caa TWMR va dé xuit muc tiéu diéu khién.
Bang 1: Cac thong s6 va céc bién cia TWMR

F ,F, Luc tuong tic gitra banh trai, banh phai va b¢
H,_,H, Luc masat dat trén banh trai va banh phai

T,, T, Momen dugc cung cip boi dong co dat trén banh

trai va banh phai

f, , f,z Luc tac dong ngoai dat vao banh trai va banh phai
|6, Goc quay cua banh trai va banh phai so vei truc z
X , X, Khoang dich chuyén cua banh tréi, banh phai doc
theo truc X

¢ Go6c nghiéng cua thanh lic

v GOc quay cua xe

X Khoang dich chuyén cua xe doc theo truc X

M, Khéi luong cua béanh xe

J, Momen quan tinh ctia banh xe theo phuong y

R Ban kinh cua banh xe

m Khoi lugng cia thanh lac

g Gia toc trong truong

| Khoang céch tir O dén trong tam cua thanh lic CG

D Khoang céach gitra banh tréi va banh phai theo truc
y

M Khéi luong cua bé

J, Momen quan tinh cua bé quanh truc 'y

J, Momen quan tinh cua bé va thanh lic quanh truc
z

A Momen quan tinh cua thanh lic quanh truc 'y
F Lyc twong tac giita thanh lic va bé theo truc X

h=]

5 Momen twong tac giita thanh lic va bé theo truc
y

2.1 M6 hinh toan hgc

Phuong trinh Lagrange
d oLy oL
—()-—=F (1)
dt "oq Oq
trong do:
-L=T-V

- T- Bong nang
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- V- Thé ning

- F - Luyc hodc mé men

Dé xay dung mo hinh toan hoc cho TWMR, ta thuc
hién cac budc sau: Pau tién chon toa do suy rong cho
h¢, tinh toan cac thanh phan cho (1). Hé phuong trinh
chuyén dong cia TWMR c6 dugc khi thay céc gia tri
da tinh vao (1).

- Chon toa d6 suy rong 1a x_,x, va ¢.

- bong nang cua hé dugce tinh nhu sau:
T=Ty +Tr+T.+T, (2)

trong do

T,. : Pong nang cua banh trai

T,r : DPong ning cua banh phai

T, : Bong nang cua bé

T, : Dong nang cua thanh lic

Céc dong ning thanh phan dugc tinh nhu sau:

TwL:%MWXf+EJW(ﬁj 1(M +J—jxf ?)

2"\ R) "2 R
1 J
Tur = Z(M +?jx 4)
. . 2 . . 2
Toim(A%e) Ly ety (A% (5
2 2 2 2 D
1 2 l .2
Tp :EmVCG +§Jp¢ (6)

H1: Biéu d6 phan tich lyc va m6 men

trong do:
VCZG = Xéc; + zéc; (7
+ Toa d¢ trong tdm cua thanh lac
X, + X
Xeg = ———= +Isin(g)

= Icos(qzﬁ)
Tinh céc thanh phén Xeo VA Zeg

XL+ R

Xeo = +lcos(¢)¢ ®)

2 = _|5|n(¢)¢ 9)
Thay (8) va (9) vao (7) ta cé:

V2 :[%) ¥ +2|(XL ¥ J¢cos(¢) (10)
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Thay (10) vao (6):

IR X +% )
Tp_zm{( 5 J+2I( 5 j¢cos(¢)} ”

1 PR
+=mli?g? + =] 4°
2 4 2 p

Thay (3), (4), (5) va (11) vao (2):

T=|M +J—W i + Mm%+ |
Y R? 2 2 2

+mI(X+TRj¢cos(¢)+— mi2+3,+J, 4° (12)

e _j
2 D

Thé ning ciia hé dugc tinh nhur sau:

V=V, +Vg V. +V, (13)

trong do
V. =V,r =V, =0 (14)
V, =mgl cos(¢) (15)

Sau khi d3 c6 cac gia tri dong nang va thé ning cua hé
tur (2) va (13), gia tri Lagrange nhan dugc nhu sau:

L=|M +J—W i + Mo+m (% + % )
Y R? 2 2 2

X, +X
+ml| =—=R
2

' j&cos(¢)+% mi>+J,+J, 4° (16)
1

. . 2
X~ Xg
+ > JV( 5 j mgl cos(¢)
Tir gia tri Lagrange dat dugc (16), sau mot s6 budc
tinh toan & muc 7.3, hé phuong trinh chuyén dong cua
TWMR trong toa d6 suy rong x,,X, va ¢ duoc md
ta trong (64), (67) va (68). Bé chuyén sang toa do suy
rong x,¢ va y , duavao cac quan hé sau:

X:xL+xR;X:>'<L+XR;X.:XL+X'R; 17
2 2 2
X —Xg .. X —X.. X —%.
= y = y = 5 18
W 4 5 7 5 (18)

Hé phuong trinh chuyén dong cia TWMR trong hé
toa do suy rong x,¢ va y duoc mo ta dudi day:
¥ ‘]¢ 12 o
X=— mlg°sin(p) + fu+ Ty
QO

+i(T_L+T_Rj_ gm?1? sin(¢)cos ()
o, (R R O,

M, mgl sin(#) — m’1%cos(¢) sin(¢#) ¢
QO

—%{ for + fau +[%+%ﬂ
0

"—i f.—f + T__T_
V/_ZJW de — TR R R

é =

(19)
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2.2 Myc tiéu diéu khién. ,
Gia st tai thoi diém ban dau t, thanh lac ¢ vi tri trén
vudng goc véi mat phang xoy ,..., ton tai mot hang sb
duongc, sao cho |¢(t,)|<c, va cic luc tic dong
ngoai ngau nhién dit nén TWMR bao gom sy thay doi
cua tai, khoang cach toi tdm cuaa thanh lac, mé men
quan tinh, va céc lyc tac dong ngoadi f, va f, la
hang sb chua biét, thiét ké mot luat diéu khién T, va
T, dé diéu khién cho robot hai banh bam theo tap hop
céc diém tham khao va 6n dinh thanh lac ¢ vj tri trén
thang Eiﬁng. o . i
Cu thé Ia thiét ké lyc diéu khién T, va T, sao cho
thoa man:

lim(x(t) -, (1) =0,

fim(y () -y () =0, (20)
lim(p(t)) =0

voi moi t>t; >0, x, t va y, t lacac tin hiéu
tham khao. Sir dung X, t =0 dé h¢ bam theo mot sb

diém dinh nghia trudc.

3. Cac cong cu toan hoc

Phan nay gisi thiéu mot sé cong cu todn hoc s& duoc
st dung trong thiét ké didu khién cho TWMR bao
gom: toan tir projection, phuong phap tach kénh phi
tuyén va bo diéu khién bam thich nghi bén viing.

3.1 Pinh nghia toan tir Projection
5 _ tifZ 0 <0or Z, 0 <0,
f=proj r = A . (21)
0 ifz¢o >0andZ;, ¢ z>0

trong d6: Z 0 =gm—‘é‘ , Z, 0 =02 6160, ¢,
1a hang s6 duong.
Khi d6 toan tr proj(-) s& c6 cac tinh chat sau:

0]2¢, >0 vt=t, >0,

proj z is Lipschitz continuous (22)
|proj z |<lzl
Chirng minh: xem phu luc E, tai liéu [2].

3.2 Piéu khién thich nghi bén virng bam theo quy
dao cho truéc x,
Dinh ly 1: Xét mot hé phi tuyén sau
Xét hé:
nT (23)
X, =6U+6,p X,
Trong d6: u: tin hiéu diéu khién; X, X, Cac bién
trang thai; ¢,,0,: tham sé khong biét trudc, 6, >0
va gidi han. B diéu khién thich nghi én dinh tiém can
toan cyc bam theo quy dao cho trudc x, , trong do X,

va X, bi giéi han, dugc chon nhu trong (24):
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oy ==K X + Xy
U= =Ky Xoe =X —r0 X +at,
& (24)

él = proj 71 XU

>

0, = V2% X

Trong d6: X, =X — X X = X, — 0ty VOi: o la diéu
khiéu ao cia x,; 6,,6,1a luat cap nhat; k;k, 1a cac
hang s6 duong; 7,7, 1a cac hé sé thich nghi.

D& dang nhan thay luat diéu khién u trong (24) c6
kha nang mét diéu khién khi 6, tién dén 0. Dé diéu
nay khong xay ra ta st dung toan tt proj(.) dugc dinh
nghia trong (21), toédn tir nay dam bao ‘é‘ luén lon
hon ¢ . Nhu vay, (24) la bo diéu khién thich nghi
bén virng Vvoi cac tham s6 thay d6i khong biét trugc
6, 6,. Luat dieu khien va luat cap nhat nay sé¢ duoc

su dung trong cac budc tiép theo dé thiét ké bo diéu
khien cho TWMR.

Churng minh: Xem trong Phy luc 7.1.

3.3 Tach kénh hé phi tuyén
binh ly 2: Xét mot hé phi tuyén sau:

G = Py, Py = f(p, Q) + 9,(qp)u, (25)
d, = P2, P, = F,(p,0) + 9,(,)u
trong d6 q= g0, €02 va p=pp, €0’ I
cac bién trang théi, u la bién diéu khién. Khi cac ham
f(pg) va g9, g, , i=12, la ham tron va
9,(0,) #0,va, €0 khi d6 phép bién ddi toan cuc,
toa d6 sau duoc ap dung
g,
_ gl(s) dS
5 92(8)
_ gl(s) (26)
9,(9)

=0,

2=

& =0y,
& =P, i )
DPua hé phuong trinh (26) vé hé thong sau:
z= f(Z,é:l,é:z).
51 =&, (27)
922 =V,
Trong d6: z= 7,2, T va v= f,(p,q)+9,(a,)u,
Chang minh: Xem trong tai liéu [5]

4. Thiét ké diéu khién

Pé thiét ké diéu khién cho TWMR sao cho dat dugc
muc tiéu diéu khién (20), md hinh toan hoc cua
TWMR trong (19) duoc tach thanh hai hé con, hé con
-y bao gém phuong trinh thir ba cia (19) Véi

T, -T. la bién diéu khién dau vao va hé con
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— X,¢ gOm phuong trinh thir nhit va phwong trinh
thar hai cua hé (19) voi T, +T, 14 bién diéu khién
dau vao. Vai h¢ con thir nhat, luat diéu khién duoc
thiet ké dugc ap dung truc tiép ky thuat thiét ké
adaptive backsteping trong [5] va dinh ly 1. Khi d6
luat diéu khién T, -T, va luat cap nhat dat dugc
thoa man muc tiéu diéu khién'dé ra trong Muc 2.2. Hé
con thir hai la mét hé phi tuyen xen kénh do d6 trude
khi ap dung cac ky thuat thict ke dicu khién adaptive
backstepping, h¢ con thi hai nay can sir dung ky thuat
tdch kénh phi tuyén dé chuyén hé vé dang phan hoi
chat. Sau budc chuyén doi toa do nay, cac ky thuat
thiét ké diéu khién apdaptive backstepping duoc ap
dung dé thiét ké luat diéu khién T, +T, va luat cap
nhat sao cho thoa man muc tiéu diéu khién da dat ra.

4.1 Hécon- yw
Hé con -y duoc viét lai nhu sau:

Y=y
v (28)
v, =0, T -Tz +6,
Trong do:
D D
91 :—192 = fu— T
v 2J,R v 2J,
Sai léch bam dugc dinh nghia nhu sau:
Vie =1~ ¥4y
Vo =¥, — &,
Ap dung Dinh Iy 1 cho hé (28), ta c6 bo diéu khién va
luat cap nhat nhu sau:

@, = _k1V/1e +yy

(29)

_kl//e_é +a Ve
TL—TR _ 22 L/:z W 1

Oy, (30)
0,, = Proj 7,y T —Tg

A

9(//2 = }/‘//2 V/Ze
trong do: «,, la bien dieu khién 4o cua y,, 6, va
g,, labiénudc lugng cua 6, va o, ; 7,7, lacac
hé s thich nghi, k, va k, Ia cac hang s6 duong.

Sau khi thay luat cap nhat va luat diéu khién (30) vao
hé (29), ta cé hé lap kin cua hé con - nhu sau:

Wie = —Kise + W5

Woe = —KWoe =1 +é(//1 T —Tq +é(//2

5 : (31)
9% =—proj 7, ¥, T, -Tq

él//z = _7/1//21//2e
4.2 Hé con — X,¢
D& dang nhan thay hé con - x,¢ 1a hé phi tuyén xen

kénh. Trudc khi 4p dung k¥ thuat thiét ké diéu khién
adaptive backstepping, ap dung Pinh ly 2 cho hé con-
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X,¢ va chuyén hé vé dang phan hi chat, ta dat lai
bién diéu khién dau vao nhu sau:

u=0,0,+0, T, +T, 32)
trong do:
i T
0)(2 = |:9X21 gxzz 0X23:| 10y = |:¢x21 ¢xzz ¢x23:| )
0 :—gm2|2 :J¢ml :J¢ fr+ Ty
X1 QO X2 QO Xp3 QO (33)
@, =sin(g)cos(p). ¢, =4 sin(p).p, =1,
J
0, = g
tOOR

Phuong trinh thi nhat va tha hai cua (19) sé dugc viét
lai nhu sau:
X=u
¢}':m—g|sin ¢ —ﬂcos $u
s s
Dé thiét ké diéu khién bam ta dinh nghia cac sai léch
cua hé nhu sau:

(34)

X = X—Xg,
(35)
P =¢

Khi d6 (34) duoc viét lai nhu sau:

X, =U

B _ (36)

¢, =asin ¢, —bcos ¢, u
Vi a:m—gl, b:ﬂ,a:g.b va X, =0

J¢ 4

Nhan thdy, hé (36) 1a mot hé phi tuyén xen kénh, Ta
dat cac bién trang thai méi nhu trong (37) va sir dung
phép chuyén ddi toa do trong Pinh 1y 2 dé dua hé vé
dang phan hdi chit:

1% 1
Z, =X, +—j

b 3 cos(s)

1 4

Z, =%, ,
b cos(,)
£ = %tan(qﬁe),

@7

Z = %(1+tan(¢e)2)¢e,

Vi cac bién trang thai magi trong (37), ta c6 hé phan
hoi chat méi cé dang
2,=1,
Z2 = 51 +gzz ¢zz
51 =5

fz =W
Dinh nghia sai 1¢ch bam nhu sau:
Zye =2~ oy,

$e =8 O

$e =6~ 23
Khi d6 hé phuong trinh trang thai caa hé duogc viét lai
nhu sau:

(38)

(39)
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2, =1, ta,

2,, =&, +a, +9qu712 —a
. ) (40)
Sie TS0 T, — 0y

529 = W-dfz

Trong d(’):oz22 A, ag 14 cac bién diéu khién ao

tuongung cuaz, , & &, .

2 -3/2
b, = o =§1[1+[§U 2. )
2 a.g 2 g

1
—V

bcos ¢, (42)
w = g(L+tan(¢,)*)v +2g tan(g, )1+ tan(g,)* )47

Ap dung Pinh ly 1, ta ¢6 bo diéu khién va luat cap
nhat nhu sau:

u=gtan ¢, -

&, = —C7y,
Og = —CyZp + dzz -4~ 022 Do,
922 = 7/22 Z2e¢z2 ' (43)

Ky, = —Cy&e + G = Iy,
W=—C, 5% +0‘ = Ste

Vi w trong (43) dugc thay vao (42) va (32), ta c6
luat cap nhat va luat diéu khién ap dung cho TWMR
nhu sau

u—=0r
T +T, = —fz("* ,
gxl
6, = proj ¥, %, T, +Tq (44)

éx2 = yXZ XZe(Px2
Thay céc luat diéu khién va luat cap nhat (44), (43)

va (30) vao c&c hé con (- ) va x,¢4 tacd hé lap
kin nhu sau:

Wie = —KiWie V50

W = —KWoe —11, -|-¢9~le T, Ty -|-¢9~V/2

g, =-proj 7, ¥, T -Tq

v, — Ve (45)
2, =17,,—C7,
2y =& —C2 — 1, +0, 0,
fle = Soe ~Cyle ~Zne
S = Cubre —Se
Pinh ly 3: Muc tiéu diéu khién cho TWMR dit ra

trong phﬁn 2.2 dat dwoc véi cac luat cap nhat va luat
diéu khién trong (44), (43) va (30).

Chting minh: Xem trong 7.2.
5. M6 phéng
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Dé danh gia hiéu qua cia bo diéu khién da thiét ké,
luat diéu khién va luat cap nhat 4p dung cho TWMR
dugc thuc hién trén phan mém Matlab. Dé thay rd
duogc kha nang cua bo diéu khién, trong qua trinh md
phong ta coi hai théng sé 1a khéi lwong cua tai va
chiéu dai thanh lic thay d6i ngiu nhién va cac thay
doi nay dugc st dung trong ca ba bai toan md phong.
Nhiéu ngang st dung trong mo phong duoc thuc hién
trong ba truong hop hang s, hinh sine, va hinh sine
thém tham s6 ngiu nhién. Cac thay doi cua khoi
lwong va chiéu dai thanh lic dugc chon nhu trong

m=553.7+200rand - sin t+10rand - N

(46)
1=1.2+0.5rand - sin t+10rand - m
800 =
600
=
B
400
200 5 1‘0 15
Time [s]
b)
2
_ 15
=)
- 1
0'50 5 10 15

Time [g]

H 2. Su thay déi ciia m va | trong thoi gian md phéng

Céc thdng s6 coa TWMR: M =5[kg]; g =9.8[m/s%];
w =1lkg]; R =0.15[m]; D = 0.35[m];

Ju =15[kg.m’]. J, =2.5[kg.m*]

khoi tao  x 0 =-1.5[m];

X 0 =0[m/s];¢ O =x/2-0.5[rad] va

¢ 0 =0.2[rad/s] ;i 0 =1[rad]

Cac hé s6 cua bo diéu khién la:k, =5;k, =10 , ¢, =1,

c,=2, ¢;=3,c,=4. Cac hé¢ sé thich nghi

Y=L 7= 70 =17 =L 7 =1 7 =1.

Cac gia tri tham khao x, =10 m ; y, =1[rad] .

Dudi day 1a két qua md phong cho thiy dap tng cua

hé véi cac nhidu tac dong khac nhau.

- Gia tri nhidu ngang la hing sb dwoc chon:

f,=—fr=M,g=5537 N . Ké& qua md phéng

thé hién trén H 3. Két qua cho thay luat diéu khién voi
cac thong sb da chon dap ung tét cac muc tiéu diéu
khién da dé ra.
- Nhiéu ngang Ia hinh sine va hinh sine két hop gia tri
ngau nhién:
Gi4 tri nhidu dwoc chon dé mé phong la:

fy =M,g=5537sin(2t) N ,

fir =—M, g =-553,7cos(2t) N

Cac tham  sb

va:

fo. =M, g =553,7sin((2t) +rand) N ,

fg =—M,g =-553,7cos((2t) +rand) N
Két qua md phong cho thdy bo diéu khién voi céc
thdng so da chon dap ing tot cac myc tiéu dicu khien
dé ra. H 4 la két qua md phong cho truong hop nhiéu
ngang la hinh sine va H 5 1a két qua mo phong cho
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truong hop nhidu ngang 1a hinh sine két hop voi thay
doi ngau nhién.

a)
z 1000
5 o
'é 1000----_---_---_-‘ -------
= 5 10 15
Time [s]
b)
40 T
% 20 r—\
0 L L
0 5 10 15
Time [s]
c)
= 2 T T
f K~ ~=— s mcccmc=e=====
= o\ —
= 2 N L
0 5 10 15
Time [s]
d)
— 2000
- N
=5 0t
N
~ 2000 *
0 5 10 15
Time [s]

H 3. Cac két qua md phong véi nhiéu f, , f,, 1a hang sé
a) d6 thi nhiéu f, , fz b) su diéu chinh cia X theo X, , c)
sw diéu chinh cia wtheo w,va ¢ theo ¢, d) moment
T..Tx

a)
Z 1000
5
& -1000 0 5 10 15
Time [s]
b)
40
A 20 r‘\
8
0 L \
0 5 10 15
Time [s]
c)
= 2 T T
.g. 0 &.-/- ———————— oy oy e T L, =
>
< 2 L .
0 5 10 15
Time [s]
d)
— 1000
i 0 s 7 - s e
3 A ., S - N~
~ -1000 *
0 5 10 15
Time [s]

H4. Cac két qua md phong véi nhidu 1a sine,
f, =—f,r =M,g=5537sin(2t) N , @) do thi nhiéu
fu, fr, D) sw dicu chinh cua X theoX, , c) su diéu

chinh ciia y theo y, va ¢ theo ¢, d) moment T, Ty .
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a)

JdLs Jar [N
'
=l =N
S =]
S =1
o o
o %

5 10 15
Time [s]
b)
40 g
EP
5 /\
0 L L
0 5 10 15
Time [s]
c)
E 2 ---“--"I-"..-u——.‘;---—--‘--'
=
-e'—_z L .
0 5 10 15
Time [s]
d)
E 2000
e e e
=
= -2000 L y
0 5 10 15
Time [g]
H5. Céac ket qua md phong véi nhieu la sin

f, =—fr =M,g=5537sin((2t)+rand) N , a) d
thi nhiéu f, , f,, , b) sw diéu chinh cua X theo X, , C) su
diéu chinh cia w theo w, va ¢ theo ¢, d) moment

T..Tq

6. Ket luan

Bai bdo d3 trinh bay k¥ thuat thiét ké bo didu khién
thich nghi bén vitng ap dung dé thiét ké didu khién
cho TWMR. Céc két qua dat duoc dd cho thiy bo
diéu khién dap Gmg dwoc muc tiéu didu khién dé ra,
kha ning khang nhiéu tét va thich nghi bén viing voi
su bién thién cuia nhidu va thay d6i cac tham s6 khong
biét truge. Luat cap nhat tham sb hé thong st dung
toan tir proj - cho phép tranh dugc hién tuwong thoat
hitu han trong bo diéu khién. Cac nghién cuu tiép theo
sé tiép tuc phat trién va ap dung luat diéu khién thich
nghi bén virng dé diéu khién mé hinh TWMR thyc.

7. Phu luc
7.1 Ching minh Pinh Iy 1:
Hé sai léch cua hé (23) duoc viét lai nhu sau:
Xe =X —Xg
) Xoe =Xp = . i
Pao ham hai vé cua (47) va st dung luat diéu khién
(24) ta cd hé lap kin:
xle = _klxle * X
Koo ==Ky Xop = Xo + AU+ E,0(X)
Dé ching minh hé I3p kin (48) on dinh toan cuc tai
goc toa do, ta xét ham Lyapunov sau

(47)

(48)

1, 1, 1 5 1 s
V==X, +=X5 + o +—~6 49

2X1e22921n1 2,7 (49)
Dao ham hai vé cua (49) ta co:
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V = _klee - kzxzze
~ ~ ~ ~ 50
+6, | XU +i +6, | X,(X) +{9—2 (50)
;Vln 7/2
Thay
9;1 = _911 = VinXoeU (1)
O, = =0, = ¥,%,.p(X)
vao (50) ta co:
V =k X2 —k,x2, <0 (52)

Diéu nay chi ra ring voi luat diéu khién va luat cap
nhat (24) , hé lap kin (48) 6n dinh toan cuc tai goc toa
do.

7.2 Ching minh Dinh ly 3: )
Dé chirng minh hé lap kin (45) hoi tu toan cuc tai géc
toa do, ta xét ham Lyapunov sau:

A2 A2
V:l//_lze_|_l//_229_|__91//1 Y +Z_12+£
2 2 2, 2, 2 2
e (59)

DPao ham hai vé cua (53) va thay cac luat cap nhat,
luat diéu khién (43) va (30) ta co:

V =-k 2
1V/1e 2V/2e G 21 (54)
—C, ZZe - C3§1e - C4b29 <0

Hay hé lap kin (45) hoi tu toan cuc tai goc toa do.
7.3 Tinh dao ham thanh phan

Tu gia tri Lagrange dat dugc (16), cac gia tri thanh
phan cua (1) theo cac toa do suy réong da chon dugc

tinh nhu sau:
i[MJ_ji M +m [_j
X, R 2 2
(55)

+%ml¢'cos(¢) +% J, ( %L~ % j

D
M+m (s 5
dfaL MW+J—”Z % + X+ Xg
dt R 2

21 . (56)
.. o X —Xg
+Eml pcos(p) — o sin(p) +— v( 5

6L

ax (57)
oL [M +J_j.R+1 M am (xL+ij
axR R? 2 2

(58)

+%ml¢'cos(¢) -

1 (%%
D" D

M+m (% +5
ii = |\/|W+J_"; )'('R+ XL+XR
dt axR R 2 2

(59)
+ mI $cos(p) — ¢? sin(p) ——J (

ij
D
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oL _

ax (©0)
oL XLJ"XR 2 ;
_6¢3:m|(—2 jcos(¢)+ ml“+J,+J. ¢ (61)

dfaL) X+ Xq
{5l o
—ml(%)sin(qﬁ)w m+3,+3, ¢

Z;:_ml(x ¥ j¢sm(¢)+mglsm(¢) (63)

Thay céc gia tri tinh vao (1), c6:
+ Tu (62) va (63):

ml[%jcoswh mi>+J, +J, ¢

(62)

(64)
—mglsin(g)=0
+Tu (59) va (60):

M, +J X+1M+m At
R? 2 2
1

X =% ), 1 . .
_BJV(TjJerI pcos(p) —p”sin(gp)  (65)

T, H.R
:(de+ERj+ R FF;

+Tu (56) va (57), co:
(M +; jx +=ml gcos(g) — 4> sin(g)

+l M +m M +i‘]v u (66)
2 2 D

D
T
(%)
+ Cong (65) véi (66):

e

+ml gcos(p) — #* sin(g) (67)
= fu+ T +(%+TER]
+ Tru (66) cho (65):
[D(MW +J—WZJ+EJVJ(XL _XRj
R D D
(68)

T T
= f, —fe +| -2
e {5

Tir quan hé (17) va (18), hé phuong trinh chuyén
dong cuia TWMR theo hé toa do mo rong x,¢ va
dugc mé ta nhu trong (19).
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