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Toém tat

Bai b&o nay trinh bay mot phuong phap diéu khién
méi cho hé tich hop tiép can mot muc tiéu ¢d dinh.
Luat diéu khién gdm hai vong kin: vong diéu khién
dong hoc (vong ngoai), va vong diéu khién dong luc
hoc (vong trong). Vong diéu khlen dong hoc thuc hién
ba nhiém vu : 1 - tinh cac van tde goc cac khaop pan,
tilt mong muén sao cho dic trung anh cia muc tiéu
tién tiém can vé tim mat phang anh; 2 - udc lugng toa
d6 muc tiéu; 3 - tinh van tdc gbc mong mubn cua céc
banh xe sao cho ro bét di dong di chuyén dén tiép can
muc tiéu. Trong vong diéu khién dong luc hoc, céc
mé men quay duoc tinh toan bang mot bo diéu khién
thich nghi sao cho van toc goc thuc & cac khép pan,
tilt, cac banh xe bam theo cac van tdc goc mong
mudn. Cac thanh phan bét dinh ciia tham s mo hinh
dong luc hoc duogc bu bfmg luat hoc online cia bd
diéu khién thich nghi nay. Tinh 6n dinh tiém cin cia
hé théng dugc ching minh bang tiéu chuin Lyapunov
va bd dé Barbalat. Két qua mo phong trén Matlab-
Simulink d3 chémg minh tinh ding déng va hiéu qua
cua luat diéu khién.

Tir Khoa: Hé tich hop, diéu khién thich nghi, dic
trung anh.

Abstract: A new visual control method for a
mobile robot systems approaching a fixed target is
proposed in this paper. . The control law consists of
two closed loops. The outer loop is the kinematic
control loop, and the inner loop is the dynamic control
loop. The former performs three tasks: 1 - computing
desired angular velocities of pan, tilt joints so that the
image feature of the target converges to the center of
the image plane; 2 — estimating the position of the
target; 3 — computing desired angular velocities for
the mobile robot to approach the target. The latter
computes desired torques of the pan, tilt joints, and
wheels by an adaptive controller so that the actual
velocities of the pan, tilt joints, and wheels track the
desired angular velocities issued by outer loop. The
uncertainties of the dynamic system are compensated
by an online learning law in the adaptive controller.
The stability of the whole system is proven by
Lyapunov theory and Barbalat’s lamma.
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I N.m M& men quay & béanh tréi
) N.m M& men quay & khép pan
2 N.m M& men quay & khap tilt
Khéi lwong phan ciing cua rd
My 22kg  pg g dong
m, 2,2kg  Khbi lugng cua khéi pan
m, 0.6 kg K’h_éi lwong cua khdi tilt cong
véi camera
My, 2 kg Khéi lugng banh xe
Bén kinh banh xe cua rd bt di
r 0,2m N
dong
b 0.33m K’hoéng vc_éch gitra banh trai va
banh phai
Khoang cach gitra truc Z, ciaa
||: 0,1 m hé toa d6 O]_X]_Y]_Zl va tl’uC 22
cua hé 0,X,Y,Z,.
hy 05m  Chiéu cao cua khap tilt.
o; Toa d6 cua trong tam khéi (tilt
(0,15,0) 0,05;  +camera) trong hé toa d6
O) m 03X3Y323 i
GAc cua ro bot di dong trong hé
o, rad OuXsYoZo
6 rad GAc cua truc pan
6 rad Goc cua truc tilt
e rad Go6c cua banh phai
& rad GO6c cua banh tréi
0.005 M®& men quan tinh cua banh xe
Iy ' "% xung quanh truc quay cua banh
kg.m e
| 0,002 Md men quan tinh cua banh xe
d kg.m®>  xung quanh tryc thing dung.
0.01 M6 men quan tinh ciia phén
11, k’g m2 cing ré bot di dong quanh truc
' thang dtirng
| 0,08 M6 men quan tinh caa khéi pan
222 kg.m®>  xung quanh truc quay cua né.
(0,001 Céc md men quén tinh cua khbi
layy _0’001 (tilt + camera) lan luot quanh
I3W' 10,001) cac truC 03X3 , 03Y3, va 0323
|3ZZ i(g’ mz cuaa hé th dé O3X3Y323

1. Phan mé& dau

Hé tich hop r6 bt di dong, pan tilt, va camera thyc
chét 12 mot hé théng gdm rd bt tich hop véi mot tay
may hai bac tu do cing v6i camera dugc gin trén
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dinh tay may d6 (H. 1). Pay 1a mot hé thong c6 céu
tric phtrc
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Y3

H.2  Vitri cua hé OCX(;YCZC trong hé O3X3Y3Z3 (duoc
gan vai khop tilt).

A Y, . Bénh trai v
B 21
Yu M
Y
. 7 = Bénh phai

Phan ctimg r6 bot ’

di dong dy

XM )s()

H.3 M3 hinh dong hoc ¥é bot di dong.

tap boi vi né chira cac tuong tac dong luc hoc gitra rd
bt di dong va phan ctng pan tilt, cic rang budc non-
holonomic va cac dic tinh phi tuyén ciia ca hai phan
clmg nay. Hé tich hop nay c6 ich trong nhiéu ung
dung khac nhau nhu tim kiém vat liéu nd, trinh sat
quan sy, giam sat an ninh, khao sat dia hinh, ... trong
cac moi truong khong céu tric.

Nhirng nim gan day, linh vuc nghién ciru vé hé tich
hop 6 bét di dong va tay may (hay con goi 1a tay may
di dong) da dwoc quan tam dang ké. Trong qua trinh
tién hanh nghién ctru phat trién cac luat diéu khién
méi cho hé tich hop ro bdt di dong, pan tilt, va
camera, chiing t6i da tim kiém va tong hop céc tai liéu
lién quan & céc tap chi, cac ky yéu hoi nghi khoa hoc
trong nudc va qudc té. Trong [1], mot bo diéu khién
dong hoc cho hé tich hop 16 bét di dong, pan tilt,
camera dd dugc dé xuit, nhim don bét, chin d6i
tuong di chuyén dén khi cham muyc tiéubé giai quyét
van dé tuong tac dong luc hoc va dong hoc gira 16
bt di dong va tay may gan trén nd, mot bo diéu khién
trugt thich nghi dua theo ky thudt backstepping da
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dugc dé xuat ¢ [2]. Trong [3], mot bd didu khién phan
hoi thi gidc cho tay may di dong dé bam muc tiéu
trong khong gian 3D dugc dé& xuat. Trong hé nay,
thiét ké dugc chia thanh hai vong diéu khién kiéu
cascaded: mot bo diéu khién dong hoc dua theo thong
tin hinh anh camera dé bam muc tiéu di dong va mét
bd diéu khién dong luc hoc dé tinh todn cac md men
quay mong mudn sao cho cic van tdc goc khép thuc
bam theo cac van tdc gbc mong mudn. Trong [4], mot
bo diéu khién thich nghi dugc dé xuit dé diéu khién

bam duong cong va luc cho tay may di dong. Mot md

hinh toan hoc va mot thuat toan thiét k& quy dao cho

chc tay may di dong da duwoc d& xuét trong [5]. V&i

nhiéu tham sb bat dinh, [6] trinh bay mdt phuong

phap diéu khién toc do bé pan tilt -camera bam muc
tiéu di dong. Trong [8], cac tac gia dd d& xuat mot luat
diéu khién c6 st dung mang no ron nhan tao dé bu

céc thanh phan bat dinh cho mot hé tich hop rd bot di

dong — pan tilt — camera. O hé tich hop nay, d¢ mo

hinh d6ng hoc don gian, cic tac gia da dua ra gia thiét
géc cua hé toa d6 camera trung véi géc cua hé toa do
khop tilt.

DPong gop cua bai bao nay gdm:

e Xay dung mo6 hinh dong hoc va dong lyc hoc cia
hé tich hop r6 bbt di dong — pan tilt — camera.
Trong d6, gdc cua hé toa dd camera khong tring
v6i gbe cuia hé toa do khép tilt (H. 2).

e Thiét ké mot luat didu khién méi gdm hai vong
kin: Vong ngoai diéu khién dong hoc, vong trong
diéu khién dong luc hoc. O vong ngoai, c6 ba
nhiém vu duoc thuc hién: 1 - tinh toan cac vén toc
goc khép pan, tilt mong mudn sao cho dic trung
anh cta muc tiéu hoi tu v& tAm mat phéng anh; 2 —
uoc luwong toa d§ muc ti€u; 3 - tinh toan cac van
téc goc banh xe mong mudn dé ro bot di dong tiép
can muc tiéu. O vong trong, mdt bo diéu khién
thich nghi dugc st dung dé tinh toan cic mé men
quay sao cho cac van tdc goc thuc bam cac van tde
goéc mong mudn véi cac sai léch bam tién vé
khong. Céc thanh ph?ln bat dinh dong luc hoc
duoc bu béng mot luat hoc online trong bo diéu
khién thich nghi nay.

Bai bdo duoc chia thanh cac phan sau: phin 2. xay

dyng mo hinh hé tich hop r6 bt di dong — pan tilt -

camera; 3. diéu khién dong hoc; phan 4. thiét ké luat

diéu khién dong luc hoc bang phuong phap tinh md

men; phan 5. tinh 6n dinh cta hé thdng; phin 6. cac

két qua md phong; phan 7. 1a phan két luan.

2. XAy dung mé hinh h¢ tich hop ré bot
di dong — pan tilt - camera
2.1. Mo hinh dong hoc o
Tt hinh H.1 ta c6 thé xay dung dugc ma tran bién doi
déng nhit biéu dién hé toa do camera O X, Y.Z,
trong hé toa do gdc Oy X,Y,Z, la:
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=S, —CppS3 CpCy Ty
0 - Cp  —S;pS3 Sty Ty ' (1)
0 C3 S3 Ty

0 0 0 1
trong do, ¢; = cos(8), s; = sin(8), ¢, = cos(b, +6),
S12 = Sin(6; +6);
Ty :Clz(px% - py53)+512 P, +Xu ey,
T =5 ( PxCs — pySS)_ClZ P, + Y +lesy,
Tay = PyS3+ PyC3 + i,
(Pys Pys P,) 1a toa d6 cua gbc Oc cua hé toa do

camera trong h§ toa do khop tilt (O3X3Y3VZ3). i
Van toc tinh tién va van toc goc cta r6 bot di dong lan
luot dugc tinh theo cong thurc sau:

V=r(d+d )2 @
o=0=r1(d—4)/b, 3)

Do cac banh xe chi chuyén dong quay (1dn) don thuan
(khoéng xay ra tron trugt) (xem H.3) nén cac rang
budc non-holonomic cua ré bdt di dong dugc biéu
dién theo cac cong thirc sau:

Xy Sing, — Yy, cosé, =0, (4)
Xy COSO, + Yy SIN 91+g¢91:r¢5R, 5)
Xy, COSO, + Yy sin@l—gQ:réL, (6)

2.2 M6 hinh dong lwc hoc. )
Ta sir dung co hoc Lagrrange d€ xac dinh cac phuong
trinh dong lyc cia hé thong. Dong nang cua hé thong
bao gébm dong nang cua than r6 bot di dong, dong
nang cua cac khoi pan tilt-camera va dong nang cua
cac banh xe. Cac dai lugng nay dugc tinh toan nhu
sau:
DPong nang phan than ro bét di dong la:

1 2 .2\ 1. 4
K1=§|'T11(XM +yM)+§|1zzgl (7)
Pong nang cua khoi pan:

1 , . 2y, 1
K2=§m2(x,%,|+y,f,|+l,§912) 5 222(0 +9) ®)
Dong ning cua khdi (tilt + camera) 1a:
K; =-mglclsC,s, (912 + 916?2)

1|, 1-cos(26;) 1+cos(265) |, » -2
5| laxx 2+ 3yy 2 (91+92)
2 2
e (M2 1, )02+ 2m (3 + V5 +1262) @)
2 2 ‘
Pong nang cua cac banh xe phai va trai lan lugt la:
KR=%(mWr2+|W)¢5§ +1|déf (10)
1
KL:E(mWrZH )¢L Z1,62 (11)

Téng dong ning ctia hé t1ch hop nay la:
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K=K +K,+K; +K; +K_

1 . .
:E(ml+m2 +m, ) (%% + Vi)

+%(mwr2+lw)(¢R+¢L) ., (6 +9)
1 2 1- 2 ..
A, e, iromtin)l

+%[|m+2| m, +m, )12 |67

1 .
—Mglel3Cy8; (‘91‘92 +932)+§(|322 + mslsz)gazv (12)

Boi vi trong lyc cua ro bt di dong va cua khdi pan
dugc can bang boi cac phan luc tir mat dat nén ta coi
thé nang cua hai khdi nay bang 0. Thé ning cua khdi
tilt dugc tinh theo cong thirc: P, =m,gl, sin(6,)

Tong thé ning cua cd hé 1a: P = P, =m,gl,sin(6,)

. T
Goi q :[XM ' Ym 101’¢R’¢L'02!93]
suy rong cua hé tich hop. Phuong trinh Lagrange [9]

la véc to toa do

cho h¢ tich hop la:

d oK 6K P T

—(— =N1-A A 13
dt(aq) g Tag VT (q) (13)

Thay thé cac dai lugng dong nang (12) va thé ning
vao phuong trinh Lagrange (13), ta duoc:

M(a)4§+B(a,q)a+9(q)=N.t—AT (q)x (14)

. U o I
Trong d6 T=[rg,7.,7,,75] , A 1a véc to cua cac

nhan tir Lagrange chua biét biéu thi cac luc rang budc,
AT(q) 1a ma tran Jacobi twong tng v&i cac lyc rang
bude, tit ca cac rang budc non-holonomics cua hé
thong c6 thé dugc biéu dién boi phuong trinh (15):

A(q)g=0 (15)
trong do
00010007
N= 8 8 8 8 (1) (1’ 8 13 ma trdn dau vao.  (16)
0000O0O01
Két hop (15) véi (4), (5), va (6), ta cb:
ss —¢ 0 0 0 00
A(gq)=lc, s b/2 -r 0 00 17)
c, s, -b/l2 0 -r 00

Mit khac ta co thé biéu dién mbi quan hé tc do va
gia toc suy rong qua Cac biéu thirc sau:

a=S(a)v, (18)
. e
V6i v=¢r.d.6,.6, ] (19)
T
r r r
¢ -5, — 1000
2% 2% p
r r r
S =L — —— 20
(q)2q251b0100 (20)
0 0 0 0010
0 0 0 0001
4=S(q)v+S(q)v (21)
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Ta d@ thiy rdng, A(q)S(q)=0 (22)
Va ST (q)N=1 (23)
Véi | 1a ma tran don vi 4x4.

Dé khir véc to cua cac nhan tir Lagrange A, ta nhan
ca 2 vé cia (14) voi ST(q)va két hop véi (21), (22),

va (23) ta c6 duoc hé dong luc cia hé r6 bdt di dong
tich hgp bé pan til-camera nhu sau :

M(q)v+B(q,v)v+3(q)=T, (24)
Trong d6 I\_/I(q)=5T (@)M(a)S(a), (25)
E_S(q,v)=ST(q)[MS(q)+B(q,v)S(q)]v, (26)
g(a)=s"(a)g(a), (27)
Cac ma tran M(q),B(q, V) dugc tinh nhu sau:
My M, My 0
— |m, m, m \
M = mzi mz mz; o | trong do (28)
0 0 0 my,
My =My,
=0.25(m +m, +my)re+m,r°+1,

+0.5{15,, [1+005(26; ) |+ 5, [ 1—cos (20 )]}b—2

2
.
+|:2|d + I1zz + IZZZ +(m2 +m3)|,§}b—2
2 r’
+|:m1|M —2m3IFI3czs3Jb—2,
My, = M, = 0.25(m, +m, +my)r?
1 r?
_§{|3yy [1+cos(26,) ]+ I3y, [1—cos(293)]}b—2
2
r
_|:2|d + I1zz + I222 +(m2 +m3)|é:|b_2

2

,
+[mitf —2m3|F|3c233]b—2,

_ _ _ _ r
Mz =My =—My3 =—My, = [lzzz - m3|F|30253]B

1+cos(26;) 1-cos(26;) |r
+ I3yy e o
2 2 b
_ 1+cos( 26 1-cos( 26
Myg =1y, + 15y 2( 3)+ 3xx 2( 3).
My, =(|3zz +m3I§).
b, b, by by
= b, b, b, b
B(q,v)=#* 22 23 24| trongdo (29)
(@) by by, by by
by by, by O

511:622 :_521:_612 =
0.5( 13 - Isyy)sin(293)93(r/b)2
+Mglely (5,5565 —1elC,C65 ) (r 1b)’,
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by = —by :%(lsxx - |3yy)3in(2‘93)93

o=

+mlcl, [5253 (6,+6,) —czcségJ%,

614 =_624 2_641 = l:_)42
- A A ) r
:[E('sxx ~ Iy, )Jsin(26;)(6 +92)_m3IFI3C20391}

[N

b

Imag
plane

W;

H.4 M6 hinh tao anh cua camera.

b, =

1
I\)II—‘

5|n(26’ )6, —mylc1,s,5,0 }b

ti34 :_b43 =
E(ISXX - I3,yy)sin(293)(91 +92)—m3IFI3c2039 ,

1

by :E(lm ~lgyy )sin(264)6;,

T
q)=[0,0,0,m,gl;cos(6;)] . (30)

H¢ dong luc (24) co cac tinh chét co ban sau:

Tinh chdt I: M 1a mot ma tran dbi xung va xac dinh

duong.

Tinh chat 2: M—2B 1a mot ma tran dbi xung 1éch,

tac:

xT(|\7|—2E)x=o voi Wxe R (31)

3. Diéu khién dong hoc

3.1 Tinh vin téc géc mong mudn cho cic khép
pan, tilt.

Véc to toa d6 i cia dac trung anh cua muyc tiéu dugc
tinh nhu sau:

B4

T
Trong do, =[°X, °y, CZ] 1a toa d6 ciia muc tiéu
trong hé toa do camera OX.Y.Z. , 4 la tiéu cu cia
camera (H. 2). Goi sai l¢ch toa gilta ddc trung anh
thuc va tdm ctia mdt phang anh la:

AL
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Goi van toc tinh tién va van toc goc, duge biéu dién
trong h¢ toa d¢ camera, ciia camera lan luot 1a

T=[T,.T,. T, ] va‘o=[‘0. 0, 0,] .

Vi muc tiéu c¢d dinh nén dao ham cua dic trung anh
la:

SHRIS (34)

Trong dé
CT . . . . . AT
|:cm:|:‘szs|:XnyM !91:921‘93] ; (39)
A u uww  A%+u
2o 2 2
J =| °z A, A
Tl AV A w
CZ CZ A A
la ma tran Jacobi anh cua camera,
szs =
—Sp» Co  PuC3—PyS3+IeC, Py —pyS; O
—C;pS3 —S;pS3 —P,S3—IES,S; -P,S Py
CaC3 SppC P,C3 +1gS,Cq P.Cs —Py
0 0 0 0 -1
0 0 Cy Cy 0
0 0 S S3 0

(Px Yy p,)" 1a toa d6 cia gbc O trong hé 03X5Y3Z,
nh’u H. 2.
Keét hop (34) va (35), ta dugc:

.1 X 0.
E.’:C_ny l:yM j|+(J23 +Jau)|:0'2:|
Zz M 3 (36)
+[_Vu}3392 13,6,
Vi
5. 1 (ﬂz +u2)c3 uv
27 e A2 +v2
J = (—As +UCpC)  (—AC, +US;Cs) }
V(- AC,Ss +VCCs) (A8 +VSpC5)
(22 ul
C_z( P,C3 — PySs + ||=Cz)+c_z( P2Cs +1gS,C5)
+(/12 +u2)c3 +Avs, +|Ci(/lc2 —US,C3)
1 z
h=2
A Z
c_Z(_pZS3 - |F5253)+Tz( P2Cs +1gS,C5)
+UVC,; — AUS, +I—S( —AS; +VC5 ) ]
L ¢z
J = 1 ﬂ“(pxc3_ pys3)+ P,Cu —pr
au — ¢_

z P, (_ﬂ' + V) pxﬂ’
V6i chu ky trich miu du nhé dé dam bao tinh thoi
gian thuc, ta c6 thé xap xi (36) nhu sau:
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.1 X 2 oR
== | M [+d5] 2 [+
= XY[VM} 2{93} a“ L"a} 37)

+[—Vu} 830, +J,0,.

Trong d6 6,00 1an luot 1a cac gia tri (do dugc tir
cam bién) clia cac van téc goc ciia khép pan, tilt &
thoi diém trich mau mé&i nhat; °2 1a gia tri wdc lugng
cta °z va s& dugc xac dinh sau.

Ta tinh dinh thic: det(Jy)= (4% +u® +V*)c;. D&

thiy rang néu |6’ | < 712 thi J,3 ludn kha nghich.

Pé ddc trung anh cua muc tiéu tién tiém can ve tam
mit phang anh, ta chon van toc géc mong mudn cua
cac khop pan va tilt la:

A '
t _____ Muc
L7 * - tiéu
R

RO bt

di dong OX: Xo

H.6 Vi tri va huéng mong mudn ciia ré bot di dong.

Org | 1 g
. =J K& -y =
M ( : 7||a||J

. Jla (38)
_ng[%aw B: }+J191 +J,, BED
Trong (37), thay [6,.6,] b6i [0y.654 ' ta duge:
N ||a|| +Az+ [_"u} 83059 (39)

‘2-‘7. [x
Trong d6, Az=———J, | M| , boi vi 2>0,
c, Cs y yM

.77

°z>0 vatit ca °z,°2,,,, %y, Yy déu bi chin nén
Az cling ludn bi chén va ||AZ|| <Z v6i Z 1a gia tri chan
trén cua ||AZ|| .

3.2 Uéc lugng toa do muc ticu. )

Néu dac trung anh i cia muc tiéu tién vé tdm mat
phang anh, thi theo (32) ta c6 thé ket luan: [*),
°y]—[0,0]. Ttrc 1a muc tiéu nim trén tryc quang Z. clia

camera (H.5). Khi do, theo (1), toa do cua muc tiéu
trong hé toa d6 goc dugc tinh theo cong thirc:
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°% —=S; —CppS3 CppCy Ty 8
0y _
J01_| Ca —S2S3 S1aCs Ty
0 0 G S3 Ty || 2 (40)
1 0 0 0 1 1

Véi ©2=—Ty, Isin(6y).

3.3 Tinh céc van téc goc mong mudn cho cic banh
Xe.

Khi da uéc lugng duge vi tri cuia muyc ti€u nhu (40)
thi dé tiép can muc tiéu, ta s& xac vi tri va hudng
mong muon, (Xyg, Ymg» @), cua 1o bot di dong nhu
sau (xem H.6):

p=atan2(°§-yy, K=xy ), (41)
Xug = “X—d, COS @, (42)
Yua = °J—dosing, 43)

Trong d6, dy 1a khoang cdch mong mudn tir diém M
dén muc tiéu.

Sai léch vi tri va huéng mong mudn dugc quan sat
trong hé toa do O1X;Y1Z; nhu sau :

& cosg, sing 0| Xyg —Xu
e=|g, |=|-sing cosd, Ol Yys—Ym | (44)

& 0 0 1 -6
Pao ham (41), (42), (43), ta dugc:
=V (&, +dysing)/ f°, (45)
Xvg =(dosing) g, (46)
Yma =—(dg COS@) 9, (47)

Trong do S =\/(OR—XM )2 +(0)7— Yum )2.

Pao ham (44), ta duoc:

w.&, -V +(dysing; )¢

(Vd, cose;) &, _vd? sin(2¢;)
/)’2 0 2,32

Q-

Céc gia tri mong mudn cua (V, @) 1an lugt 1a (Vy, @)

duoc tinh nhu sau :

Vg =&, (49)

vdZsin(2¢
a)d:n353+¢>——° ( 3)

)

£=|-w.g —

. Sing
& +dope —,  (50)
B (22,) &

v6i Ny, Nz déu 1a cac hang s6 duong. Néu &; —0 thi

1 va sin(2¢;)
& 2,

sin
i ] —1. Do d6, ay ludn hitu

han.
Trong (48), thay (V, @) bang (Vq, ay) ta dugc:

wy&, g +(dgsing; )@
Vd, cose; ) e sin(2e
&= —a)dgl—( 0 > 2) 2_ d? (23) , (51)
2p
VdZ sin(2 i
—N3&3 + OZSIH( 83_) &, — ooy e
| B (2¢;) & |
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Két hop véi (36), (37), ta c6 van tdc goc mong mudn
@ra»PLq cUA cdc banh xe la:

{% } {(rm) (r/2) } ] 2
) L(r/b) —(r/b)] Lo
4. Thiét ké lut diéu khién dong lwe hoc
bang phuwong phap tinh mé men.
Két hop (38) véi (52), ta ¢6 duge véc to van tde goc
mong mudn nhu sau : vy = [¢Rd Ly Osg, sy :|T (53)
Tt md hinh dong luc hoc cua h¢ tich hop:
M(q)v+B(q,v)v+G(g)=rt (54)
Ta s& dinh nghia c&c ma trdn Y(v,vy,V,),
Z(V, Vg, Vy ) thda man phuong trinh sau:
M(q)Vy +B(q,v) vy +3(a)

=Y(V,vg,Vq)a+Z(V,vg,Vy), 5

.
oy Vg L3y 1, | - Ma tran
Y, Z dugc biéu dién chi tiét trong phan PHU LUC.
Lay (54) trir (55), vé theo vé ta duoc:
M(q)e+B(q,v)e

=1-Y(V,vg,Vq)a-Z(v,vq,Vy)

Trong do a:|:2|d + I1zz! 2221

(56)

Trong do: e=v—v,
Bai vi rat kho dé xac dinh chinh xdc cac tham sd
Idlllzz"Zzz’I I3yy'I
gi4 tri wéc lwong cua chung dé thiét ké luat didu
khién. Ta chon véc to mdé men T nhu cac tin hiéu diéu
khién nhu sau:
1=Ya+Z—-He

=(Ya+Ya)+Z-He
Trong d6, & 1a véc to udc lugng cua ava d=4a-a
Thay thé (57) vao (56), ta duoc :
M(q)é+B(qg,v)e=Ya—He (58)

3xx? 3 Dén ta chi c6 thé dung cac

(67)

5. Tinh 6n dinh ciia hé théng

Pé xét tinh 6n dinh cta ca hé théng, trudce tién ta chon
ham xac dinh duong sau:

V=€ e e et T (59)

V6iT 1a ma trn hing xac dinh duong
Pao ham hai vé (59), ta dugc:

Y=E"E+e'ére’ (Mé+ %Mej+ arta (60)
Theo (60) va két hop tinh chat dbi xung léch (31):
e’ (I\_/I —2I§)e =0, ta co:

Y=£"e+e'é+e'Ya—e He+a' I 'a

Y = &"KE—y g+ & Az + [u,v][_vu}sﬁm + 46,6

V,d,coseg;
— &

2 . .
—ng +£1(d05|ng3)q)—a)d6162— > 5
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sin(2¢ V,dZsin(2¢
o2 (23)52— o2 1% 2( 3)
2p 2B
~(dysine, ) g, +e"Ya—e He+a' T4,

-V, &

(61)
V,d,cose
Y =-¢"KE-y|E|+&" Az —nef - %55
—nye? +e'Ya-e He+a T4,
Chon luat hoc online cho luat diéu khién thich nghi 1a
a=-T'Y'e ta duoc:

g é T dAZ

SR w
( ) E—2n6.8 — 2,654,
d [ Vydgcose, &2
dt B

Hon nira, 8 > do, nén Y <0 VE#0,e#0,e =0, va

Y =0 khi va chi khi dong thoi £ =0, £ =0, e = 0. Mat

khac, Y trong (64) 1a hitu han nén Y ludn lién tuc.

=-2&"KE—y=2+8
(64)

—2e"He.

V - eTKe e+ e V,d,cose; Theo b dé Barbalat, Y — 0. Tuc la dong thoi xay ra:
=- rlEl+ -2
2 (62) E—>0,e—>0e—0.
T ’ A > A >
—nys —nge; —e"He 6. Cac két qua mé phéng
T > . p
Trong (62), &' Az<Z ||§|| va Ta s€ tién hanh mo phong véi myc tiéu ¢ dinh c6 toa
V, =ng =n(B—d,)cose; , dong thoi ta chon do (X = 4m; Y, = 4m); khoang cach mong mudn giita
y=a+Z, a>0, néntaco: o bdt di dong va II’ll,lC tiéu Ala fio .;— 0,5.r;n, t‘1eu cu
d\d ) camera A = 0,05m. Cac tham s6 b dicu khién la:
N - COs” &
YS—@TKé—a"é"—(ﬂ 0) 20 3822 ©3) e 50 ‘= 10 O K = 10 O
g 05 0 10 0 10
—ne? —nyel —e"He o o .
Tié ! i 3h§ hai T . ta d n =2;n;=2. Tién hanh md phong trén Matlab-
i€p tue dao ham hai vé cua (62), ta dugc: simulink ta thu duge két qua nhu cac db thi H. 8, H.
9, H. 10, H. 11, H. 12.
g
T tinh van tdc goc i — . J
Camera [uv] »| mong muon cho cac ' 7yl Bo didu khién T H¢ t}ch hop 16 bot di q
khép pan tilt (38) tinh mé men > dong - pan tilt -
(57) camera
Muc »  Tinh vin t’(‘)c géc mong mudn ’ 'ﬁ'n " gﬂ “l t v —I
tidu cho céac banh xe (52) e
r' X, ¥ | Uéc luong vi tri ciia muc tiéu (40) |
H.7  So dé khoi hé thong diéu khién.
05x10 Mat phang anh cua camera s K K K ME;“ phang >K<Y K
N == = T0oa do thuc cua ro bot di dong ‘
0 A" s Toa do uoc luong cua muc tieu |
_05 s AV
z 15 \\ 1/ 1
, S / . _.—"7
T [=image feature] e ——— T
-Z'TS -4 -3 -2 -1 6 1 710 0.5 1 15 2 25 35 4 45
truc U (m) x10° X(m)
H.8  Quj dao ddc trung anh cua myc tiéu trén mat phang H. 10 Toa dj woc lwgng ciia muc tiéu va quy dao thuc ciia
anh. 16 bét di déng tiép cdn muc tiéu.
N —Epsilon1
l.’\‘ —‘Epsilon2 60 r
4 Y ==Epsilon, g —C
- ﬁ\ g 408 —— €, —
%2 é,) 20': ...... e, L
w ' ‘\\ é _ ———— €,
0 v § O
2 2 4 6 8 10 12 14 16 18 20 E-ZO H
thoi gian (s) _40 »
. 0 05 1 15 2 25 3
H.9 Do thi sailéch e. thoi gian (s)
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H.11 .DG6 thi sai léch e =V - v
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300 :
= torque,,
£ 200 —torque, [
Z - torque,
§ 100 =—torgue, 1
El
§ 0 P
15 Z,
o
E 100
2
00 05 1 15 2 25 3 35 4 45 5

thoi gian (s)
H. 12 D6 thi mé men quay ciia cdc banh xe va cach khép
pan, tilt.

H. 8 Minh hoa quy dao cua dic trung anh tién vé tam
mit phing anh va di chimg minh tinh dung dén cia
luat didu khién (38).

H. 9 Minh hoa db thi sai 1éch € — 0 theo dudng tiém
can. Diéu nay ching t6 luat diéu khién (49), (50) ,
(52) 1a ding dan.

H. 10 Minh hoa quy dao thuc cia r6 bt di dong va
toa d§ dugc udc lugng ciia muc tiéu.

H. 11 Minh hoa sai léch diéu khién van tdc goc cac
banh xe va cac khodp pan, tilt.

H. 12 Minh hoa d6 thi mé men quay & céc banh xe va
cac khop. Cac mé men quay luon lién tuc va hiru han.

7. Két luan

Trong bai bdo nay, ching t6i da xay dung md hinh
dong hoc va dong luc hoc cua hé tich hop r6 bét di
dong, pan tilt, camera. Sau do, ching t61 dé xuat mot
phuong phap diéu khién méi. So d6 diéu khién H.7
goém hai vong kin: vong ngoai 1a vong diéu khién
dong hoc, vong trong la dé diéu khién dong luc hoc.
Cac thanh phﬁn bat dinh tham s duoc bu béng mot
luat hoc online trong bd diéu khién thich nghi. Tinh
6n dinh tiém can cta hé théng dugc chirng minh béng
tiéu chudn Lyapunov. Cac két qua mé phong da kiém
chimg tinh hiéu qua cua phwong phap diéu khién cua
ching toi.

PHU LUC

Yiu Y2 Y1z Ve Vs

Ya Y2 Y2z Yoo Vo5

Yai Y2 Yz Yau Va5

Yar Ya2 Yz Yas Va5
1-cos(26,)r], . or .
Yis = %E[(Vuj ~Vag )B +V3g }

Y(V,Vq,V4)=

r
Y = Vld —Vyq [

Y12 = Vld VZd

O'|-1

1r . : r
+EBsm(26?3)€3 {(vld —V,q )B+v3d}

1r . .
+EBsm(293)(91+92)v4d;
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1+cos(26;) r
Yia T,

SN B
b|:(vld VZd)E+V3d:|
1r . . r

—EEsm(wa)Ha[(vm —Vyg )EHS‘J
1r . s
_EBSIn(293)(91+92)V4d;
Y15 =0;
Y21 = —Y113 Y22 = VY123 Yoz = —Y13s

You =—Y14: Yo5 =0;
Y1 =0;

. . r .
Y3z = (Vig _Vzd)B+V3d;

1-cos(26;)[r

2 I:b(vld Vzd)+v3d:|

+ ; sin(26;) {6’3

Y33 =

Ulﬁ

Vld _VZd }

+ls|n (265) OgVzy + 9+62)v4d]

1+cos(20 r
Yaq = > B(Vld —Vag )+ Vag

—%sm (20, [63 r (Vig —Vag }

_%sm 26,)[ v +(6,+6, )i |

Ys5 =0;
Yo =0;
Yoo =0;

1.
Vi ==55in(26,) (6 +0, )b(vld )
1
_ES”’] 293 (91+92)V3d1
1
y44:§sm (265) (6?1+92) (Vag =Vaq)
+13|n 20) (91+92)V3d’

Yas :V4dv
Z(V,\Vy,Vg)=[21,2,,25,Z,]
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rro .
Z, =(m +m, +m3)7(vld +Vyq )+(mwr2 + IW)Vld

2
r . .
J{(mz +my )12 _2m3IFI3CZS3:|(Bj (Vag =Vaq )

r.
—Mglel3C,8; b Vad

2
. . r
+Mylel (525302 _020363)(Ej (Vig =Vaq )
Iy © (5,546 )
+Mslels 6(525392 _0203‘93)V3d
r . .
+Mglel 6‘91 (S283Vag —CaCaViug );

r, . .
Zy =-myll4C,S, B(Vld —Vaq )
1.1,5,5,6; - 1.1,C,Co0V, g
—Msle 35253016(V1d —Vaq ) =Myl l5C,C360V,4 5

T
2.
Zy =MglgVyg +Mglelsc ci6 E(Vld —Vyq)

Myl l3CoCothVay
r? 2
Z,=(m +m, +m3)7(v1d + V4 )+(mwr + IW)v2d

2
ry .o
_[(m2 +mg)1Z —2m3IFI30253J(Bj (Vag —Vq)

r.
+m,lel;c,S; Bv3d

2
. . r
—mslels (5253‘92 —CyC365 )(Bj (Vig —Vaq )
r . .
—Mglel; 6(525392 —CyC365 )V3d

r.
—Mslels 6‘91 (S283Vag —CaCaVig )

Tai liéu tham khao

[1] L. Freda, G. Oriolo, Vision-based interception
of a moving target with a nonholonomic mobile
robot, Robotics and Autonomous Systems 55
(2007) 419-432.

[2] N. Chen, F. Song, G. Li, X. Sun, and C. Ai, An
adaptive sliding mode backstepping control for
the mobile manipulator with nonholonomic
constraints, Commun Nonlinear Sci Numer
Simulat, 18 (2013) 2885-2899.

[3] V. Andaluz, R. Carelli, L. Salinas, J. M.
Toibero, F. Roberti, Visual control with
adaptive dynamical compensation for 3D target
tracking by mobile manipulators, Mechatronics
22 (2012) 491-502.

[4] W. Dong, On trajectory andforce tracking
control of constrained mobile manipulators with
parameter uncertainty, Automatica 38 (2002)
1475 — 1484.

VCCA-2015

[5] M. H. Korayem, H.N. Rahimi, A. Nikoobin,
Mathematical modeling and trajectory planning
of mobile manipulators with flexible links and
joints, Applied Mathematical Modelling 36
(2012) 3229-324.

[6] Nguyén Tién Kiém, Pham Thuong Cat “Piéu
khién toc do bé pan-tilt-camera bam muc tiéu di
déng véi nhiéu tham sé bdt dinh”, hoi nghi Co
Pién T Toan Qudc lan thir 6, Ha Noi thang

12/2012, s 167, trang 187-194.

[71 Nguyén Tran Hi¢p, Pham

Thuong Cat, “Optimal Neuro

Control of Manipulator with

; parameter uncertainties”

‘ Proceedings of the 2011 11th

B
D)

International ~ Conference  on

Control, Automation and Systems

Oct. 26-29, 2011 in KINTEX,
Gyeonggi-do, Korea, pp. 84-87.

[8] N. Tinh, P. Cat, P. Tuan, B. Quyen, Visual
Control of Integrated Mobile Robot-Pan Tilt-
Camera System for Tracking a Moving Target,
Proceedings of the 2014 IEEE International
Conference of on Robotics and Biomimetics,

December 5-10, Bali, Indonesia.

[9] Phillip John
McKerrow, Introduction to
Robotics, University of

Wollongong, Australia.

Nguyén Vin Tinh nhin bang
dai hoc Bach Khoa Ha No6i nam
2008, chuyén nganh K§ su Didu
khién ty dong. Tir ndm 2008 dén
nay, anh dang lam can bg nghién ctru tai phong Cong
nghé ty dong hoéa — Vién Cong nghé thong tin, Vién
Han 1am Khoa hoc va cong nghé Viét Nam.

Nguyén Ping Chung nhin bang dai hoc Bach Khoa
Ha Noi nam 2010, chuyén nganh K§ su Diéu khién ty
dong. Tir nim 2010 dén nay, anh dang 1am can bo
nghién cuu tai phong Cong nghé tu dong hoa — Vién
Cong nghé thong tin, Vién Han 1dm Khoa hoc va cong
nghé Viét Nam.

Pham Thuong Cat is a
Honorary Research Professor
in Computational Sciences of

Computer and Automation
Research Institute of the
Hungarian  Academy  of
Sciences. He is the Editor-in-
Chief of the Journal of
Computer Science and

Cybernetics of the Vietnamese Academy of Science
and Technology (VAST) and a Senior Researcher of
the Institute of Information Technology of VAST. He
a Vice President of the Vietnamese Association of
Mechatronics. His research interests include robotics,
control theory, cellular neural networks and
embedded control systems. He co-authored 4 books
and published over 170 papers on national and
international journals and conference proceedings.



Hoi nghi toan quoc lan thir 3 vé Piéu khién va T dong hod - VCCA-2015

Pham Minh Tuén nhan bang Thac si va Tién si vé
K¥ thuat diéu khién tuong tmg vao cac nim 2002 va
2006 tai truong DPai hoc Coéng nghé Nanyang,
Singapore. Hién tai, ong dang 1a Phé giam d6c Trung
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