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BAN TOM TAT

Tay may di dong nim bac ty do gdm c6 mot tay may phang ba bac tu do (c6 ba khau va ba
khdp ban 18) gin trén mot xe robot di dong hai bac tu do (c6 hai banh xe quay doc 1ap voi nhau) 1a d6i
twong nghién ctru cua bai bao nay. Mo hinh dong hoc va ddng luc hoc cua tay may di dong dugc xay
dung theo hudng phan chia thanh hai hé con — mgt hé con la tay may va mot hé con 1a xe robot. Viéc
xdy dung md hinh dong hoc va dong luc hoc trong d6 bao gdm nhiéu hé con s& giup cho cac hé
phuong trinh mo ta co h¢ don gian hon. Cac mo6 hinh dong hoc va dong luc hoc nay la co sé dé thuc
hién viéc diéu khién tay may di dong. Cac két qua mé phong trén may tinh ching minh tinh dung dén
cua cac md hinh dong hoc va dong luyc hoc dugc dé nghi.

ABSTRACT

The five DOF mobile manipulator that includes a three DOF manipulator and a two wheeled
mobile platform is the study subject of this paper. The kinematic and dynamic models of the mobile
manipulator are divided into two subsystems — one for the mobile platform and another for the
manipulator. In fact, the equations of the subsystems are more simple than for the whole. The
kinematic and dynamic models are based for control the mobile manipulator. The sumulation results
on the computer show the effectiveness of the proposed models.

1. TONG QUAN la mot hé théng duy nhét. Yoo va céac cong
I ¢4 phat trién xay dyng mo hinh dong hoc
cua tay may di dong dya trén co sé ham

Lagrange. Yamamoto'™ ciing dé nghi mot mo

Ngdy nay, cac robot han da duoc ung
dung kha pho bién trong céac thao tac han trong

mdi truong nguy hiém va doc hai cho stic khoé
cua cong nhan. M hinh tay may han di dong
gdm c6 mot xe robot di dong co lip mot tay
may la d6i tugng nghién ciru chinh ciia bai bao
nay.

Trong cac cong trinh da duoc cong bd trén
thé gi6i co6 lién quan dén tay may di dong,
chung ta co thé ké dén cac bai bao cua Serajil”
phat trién mot mo hinh dong hoc cho tay may
di dong theo hudng xem toan bd xe va tay may

hinh dong hoc cho tay may di dong dua trén
cac ham dong lugng. Co thé tom tat cac van dé
lién quan dén mo hinh dong hoc va dong luc
hoc cia tay may di dong dugc cac nha nghién
ctru khao sat theo cac xu hudng sau:
e Xem toan bd co hé (bao gdm xe robot
di dong va tay may) nhu mot thé thong
nhat. Str dung cic phuong trinh ning
luong Lagrange dé xdy dung mé hinh
hinh dong hoc.
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e Xem co h¢ nhu 1a sy tap hop cua cac
hé¢ con. St dung cac phuong trinh
ning luong Lagrange dé xdy dung mo
hinh hinh dong hoc cho tirng hé con.
Theo cach nay thi phai tim mbi lién hé
gitta cac h¢ con véi nhau.

Viéc xay dung md hinh dong hoc va dong
lyc hoc cho tay may di dong nam béc ty do 1a
rat can thiét cho viéc diéu khién chuyén dong
cua tay may di dong. Trong bai bao nay, chung
toi gioi thifu mot md hinh dong hoc va dong
luc hoc cia tay may di dong theo hudng mot
hé théng bao gém nhiéu hé con phuc vu cho
qua trinh diéu khién khong tip trung
(decentralized control).

2. MO HINH PONG HQC

Chung ta xem xét mot tay may di dong
nhu so do trén hinh 1.

Hinh 1 So d0 clia tay may di dong

Mot h¢ toa do vuong goc dugc gén ¢ dinh
vao xe robot (h€ xoy) dugc ky hiéu la hé 1. Ca
co hé xe va tay may chuyén dong trong hé ¢
dinh (hé XOY) duogc ky hi¢u 1a hé 0. Muc tiéu
ctia phin nay 14 tim ra méi lién hé giita van tdc
cia dau ty do cua khau 3 va van tdc cua cac
khau dan (tirc 12 hai banh xe va ba khép ban
18). Van t6c ciia diém E[xe Ve ¢] trong hé 1
duoc xac dinh béi phuong trinh (1)

Ve =6 (1)
Trong d6 'Vg = [)'(E Ve ¢5E]T 1a van tbc

cia diém E trong hé 1, éz[él 0, 93]Tlé
van toc goc cua cac khop Jy, Jo va Js, va J 1a

ma trdn Jacobian cua co cau tay may ba khau
dugc xac dinh nhu sau

LS —LS,-LS —LS-L,S, LSy,
J=1 LCp +LC+ LG LGy +LC, LGy
1 1 1

voi

Sy =sin(6)); Sip =sin(6; +6,);
S,p; =sin(6, + 6, + 6,); C, =cos(b,));
C,, =cos(b, +6,); C,);=cos(f, +06, +06,);
Ly, L va L3 1a chiéu dai cua ba khau cua tay
may. ) 7

Van toc cia diém E[Xe Yeg @] la
Ve [XE Ye CbE]T trong hé 0 duoc xac dinh
bdi phuong trinh (2)

Ve =V, +W,x"Rot, ' pg +’Rot, 'V )

véi Vp = [XP A O]T la vecto van toc dai
ctia diém P (ciing 1a vi tri cta khop J; ) trong
he¢ 0, W, = [0 0 (i)P]T 1a vecto vén tc goc
ctia diém P trong hé 0, °Rot; 1a ma tran quay
chuyén doi tr h¢ 1 vé hé 0, 'pe 1a vecto vj tri
cta diém E trong hé 1.

cos®, —sind, 0
’Rot, =|sin®, cos®, O
0 0 1
LC +L,C, +LCpy
"pe =| LS, +L,S, + L3Sy
Pe

Phuong trinh biéu dién méi quan hé giita
van toc dai vp va van tdc g6c op cua than xe
voi van toc gbc cua banh xe trdi @y, banh xe
phai ax la:

wg | |1/ b/r v

o | [1/r -b/r||wp 3)
vGi r 1a ban kinh banh xe va b 1a mot nira
khoang cach gitra hai banh xe. )

i Cudi cung, van toc dai va van toc goc cia
diém E trong hé¢ 0 duoc xac dinh bdi hé
phuong trinh (4) nhu sau



Ve = Xgcos®y, + Ysind, @)

wg =0

3. MO HiINH PONG LUC HQC

Muc nay chi trinh bay mé hinh dong luc
hoc cua xe robot. Do ddc diém cua tay may
han [a hinh dang tay may dugc bao toan khi
hoat dong nén chung ta xem d6 chi nhu 1a mot
phan khdi lugng ciia xe robot. Phuong trinh
dong luong cua xe robot twong tng véi khdi
tam cua xe la:

K:lmvﬁ, +l|co§ +%Iwa)§ +%Iwa)f 5)

v6i m 1a téng khdi lwong cua xe robot, | 1a
tobng mo-men quan tinh cia xe robot dbi voi
truc thang dung di qua khdi tdm cia xe, ly 14
mé-men quén tinh cua banh xe robot dbi voi
truc thang dung di qua khdi tim cua xe.

Téng khéi lugng cua xe robot bao gébm
khél luong cua than xe m; cong voi khdi luong
hai banh xe m,, va dugc biéu thi boi phuong
trinh sau:

m=m; +2m, (6)

Toéng mé-men quéan tinh ciia xe robot d6i
v6i truc thing dimg di qua khéi tdm cua xe
bao gdm md-men quan tinh cua than xe robot
d6i véi truc thang dung di qua khéi tim cua xe
I cong véi moé-men quan tinh cia hai banh xe
va hai roto ctia dong co DC ddi véi truc thing
dung di qua khéi tim cua chung 1a I, va duge
biéu thi boi phuong trinh sau:

I =1,+2m,b* +21 (7

voi mwbz‘ 1a dai luong quy doi mo-men quan
tinh I, v€ truc thang dung di qua khdi tam cua
xe. Vi cha ¥ ring Ve = Xé +YP2 wp =(i)§,
wr =03 va o] =6} thi phuong trinh (5) c6
thé viét lai nhu sau:

K=2tm(X2+¥2 )+ 12 + 11y, (62 +62)

2 2 2
®)

Két hop véi diéu kién non-holonomic cua
xe robot hai banh ta c6 phuong trinh sau:

K =%m(X§ +Y’§)+%|q'>g +%|W(9; +6?)

+m_ dd, (YPCOS¢P — X psind, )
(€))

Tir phuong trinh (3) van tc goc cua banh
xe bén trai va banh xe bén phai c6 thé bi€u
dién bang cac phuong trinh sau:

0z =—(vp +bawp) (10)
6. =—(ve ~bay) (11

Thay cac phuong trinh (10) va (11) vao
phuong trinh (9) va sap xép lai ta c6 phuong
trinh dong luong ctia xe robot nhu sau:

r2

K :%(m+ ZIWJ(Xé +YP2)+ mcdd‘),,(\(',,coscl)P

. 1 TRV
—Xosin®, J+—| | +—2 |2
P P) 2( 2CZJ P
(12)

Phuong trinh Lagrange dbi véi hé non-
holonomic cho béi phuong trinh sau

i(ﬁ_Kj_a_Kz F-al (13)

voi g 1a toa d¢ Lagrange, F; 1a luc Lagrange, 4
la nhan tir Lagrange, a;; 1a cac thira $6.

Thay phuong trinh (12) vao phuong trinh
(13) ta dugc cac phuong trinh sau

21 Yo . .
(m +r_2ijP —mcd(cppsmcpp +cp,2,cosq>P)

(TR +r,_)cosCI)P _ Jsin®,
r
(14)
21, \ . .
err—2 \ +mcd((1),acosCI)P —(Dpsm(DP)

(TR +7, )sin(D P

=-———+ AcosD,

r

(15)



. . | ).
mcd(chos(I)P — Xpsind,, ) (I +I}DP

b
_?(TR _TL)

(16)
V&i 7. va 7 14 md-men xodn cta banh trai
va phai, d 1a khoang céach tir diém P dén khoi
A , r e .,
tdm cua xe robot, ¢ =— . Viét lai cac phuong

trinh (14,15, 16) ta c6

Mv(qv)qv +Cv (qvaqv)qv = E(qv)Tv - AT (qv)ﬂ“

(17)
voi
=X Yo @.]"
m+2r|—2‘” 0 —m,dsin®
M, (,) = 0 m+2|72W m_dcos® ,
r
-m.dsin®, m.dcosd | + L
L 2¢?
0 0 —m.dd,cosd,
Cv(qv7QV)= 0 0 —mCdCbPSil’l(DP
00 0
. cos®, cosd,
T
E(qv):_ Sin(I)P SinCDP T, = R
r b i 7,

21 ; . . ..
A= [m +r2‘”J(X pcos®, + Ypsind,, )CDP +m,dd,

Phuong trinh (17) 14 m6 hinh dong luc hoc
clia xe robot dién ta mi lién hé giita mo-men
xodn tic dong 1én hai banh xe voi gia toc va
van tdc cua xe robot.

4. THIET KE BQ PIEU KHIEN

Pé kiém chung cac mo hinh ddng hoc va
dong luc hoc da dé nghi nhu trén, chiing ta ap
dung cic moé hinh nay dé déu khién mot tay
may di dong dung trong linh vuc han, trong do
diém han (sting han) xem nhu dat tai dau tu do
cua khau 3. Nhiém vu cta tay may han 1a phai
di chuyén theo quy dao cta dudng han sao cho
dam bao van téc han (chon bang 7,5 mm/s) va
khau 3 phéi luén ludén vuoéng goc véi duong

han. Muc 4 trinh bay cach thiét ké bo diéu
khién sao cho tay may han di dong thuc hién
duogc yéu cau trén.

4.1 Pinh nghia sai s6

Gia st c6 mot diem han tham chiéu di
chuyén trén qu§ dao han vé6i véan tdc bang van
toc han. Néu diém han trén tay may han di
dong khong trung voi diém han tham chiéu thi
ton tai cac sai sO vi tri gilra chung Muc tiéu
ctia bo diéu khién 1a 1am cho diém han trén tay
may han chuyén dong theo diém han tham
chiéu va sai s vi tri s& dan vé gia tri 0. Dya
trén so d6 & hinh 2, chung ta dinh nghia cac
sai s vi tri nhu sau

e cosd. sindg Of Xz—-X¢
Ec =|e, |=|—sin®; cos®. Of Yg-Yg
€, 0 0 1] ®g -
(18)
Yy \"'Rj )
YA Ve ,,/// ® \)/_/
=
v, T & E -
i PX
Xt 3
iy x -
i
l
[
b
i . X
XE XR

Hinh 2 So d6 dung dé xéc dinh sai sb ey, €,, €3

Tay may han di dong 1a mét co cdu co
nam bac ty do, trong khi rang budc cta diém
han chi c6 ba. Do d6 chung ta tao thém hai
rang budc phu bing cach budc tay may han
khong thay doi hinh dang khi hoat dong. Piéu
nay tuong Gmg véi viéc diém E phai ludn luén
trung voi mot diém M cb dinh trén xe robot.
Néu tay may thay d6i hinh dang thi s& ton tai
sai s6 gilta hai diém nay. Dua trén S0 ds6 o
hinh 3, ching ta dinh nghia céac sai s vi tri
nhu sau

€, cos®,, sind, 0| Xg—-Xy

Ey =|& |=|-sin®,, cos®,, 0| Yc-Yy
€6 0 0 1| D -0,

(19)



€4
Hinh ddng ban diu
N clia tay mdy
4
‘ Y

wp
P(Xe,Yp)

X

Hinh 3 So dd dung dé xéc dinh sai sd ey, es, €5

4.2 Thiét ké luat diéu khién bang mé hinh
dong hoc cho tay may

Ham Lyapunov chon nhu sau
V,=—EfE; (20)

Pao ham ctia ham Lyapunov la

V, = E.E] 21)

Dé V, <0 thi phuong trinh sau day phai thoa

E. =—KE, (22)
Voi K =diag(k, k, ki) va ki, kg, ks 12

cac hang s6 duong. Két hop cac phuong trinh

(2), (18) va (22) ta c6 vecto van toc cua ba

khép ban 18 cua tay may 1a :

6=J3""Rot, (A (AA™ + K)Eg +Vg - V5
~W,x"Rot; ' p¢)
(23)

4.2 Thiét ké luat diéu khién bang mé hinh
dong hoc cho xe robot

Ham Lyapunov chon nhu sau
=
V, = 5 Ev Ewm 24)

Pao ham ctia ham Lyapunov la

V, =B, E], (25)

Dé V, <0 thi van tbc cua xe robot phai thoa
phuong trinh sau:

Vp =Vgcose, + Dwp +K, 8,
®p = Wg + Vesingg +Kses + K€, (26)

v&i Ky, Ks, ke 12 cac hang s6 duong.

4.4 Thiét ké luat diéu khién bang mé hinh
dong luc hoc cho xe robot

Ta chon phuong phap diéu khién thich
nghi d¢€ di€u khién xe robot véi cac dai lugng
phai udc lugng la khoi lugng xe robot. Ta co:

cos®, 0 v
g, =|sin®, 0 L}p } =S(g, Mt) (7
o 1"

Thay phuong trinh (27) vao phuong trinh

(17) va ky hiéu lai ta co:
MV+CyVv=Er, (28)
voi

M, =S"M,S va M, 1a dai luong udc luong

C,=S"(M,S$+C4S) va C, la dai luong woc
luong
E=S'E

Phuong trinh (28) voi cac dai lugng dugc
udc lugng dugc vict lai nhu sau:

M. v*+Cv=E(q,)?, (29)
voi

VE=vy + KT (30)
V=v, -V (31)

va K, 1a matran chéo 2x2 bao gdm cac hang sb.
Thay cac phuong trinh (30) va (31) vao



phuong trinh (29) ta c6:

VK I=M," (ﬁ WV c::Vv) (32)
V6i M, =M, -M, va C,=C, - C,
Pt

thi phuong trinh (28) duoc viét lai nhu sau

MNV+CVv=Wgp, (33)
voi

Vp—dpd 20, 0 zi 0 —h((ﬁpsinﬁ+<i)écosﬂ) 0
W= 26

dbpv, 2070, b, —F 20, 0 b,

Véi cht y la 7, =7,thi phuong trinh (32)
duoc viét lai 1a

V+KV=M,"'Wg, (34)
voi
&v =0, — @v (35)

Ham Lyapunov chon nhu sau
V,=VUV+q, T, (36)
V61 U la ma tran chéo 2x2 xac dinh

duong, 7~ 1a ma tran chéo 7x7 xac dinh duong.
Pao ham ctia ham Lyapunov la

V, = —27TUK,V + 2(VTUI\7v’lw +IT jav
‘ q (37)
Luét di€u khién thich nghi cho xe robot la

7, = E—l(l\? WV +évvj (38)

Luat cap nhét la

o7 =VTUM,"'wr (39)

5. KET QUA MO PHONG

5.1 Két qua md phéng véi md hinh dong
hoc

Véi cac bo diéu khién cua xe robot va tay
may biéu thi béi phuong trinh (23) va (26),
ching ta ¢6 két qua md phong trén may tinh
nhu hinh 4. Két qua mo phong cho thay tay
may chuyén dong theo dung quy dao han va xe
robot chuyén dong dé giir cho hinh déng tay
may khong thay doi.

16p M

1.4F

12f

Quy dao ctia diém
han tham chi€u

0.8}

0.6

04r

0.2}

-0.2F

(‘) 0:5 1 1?5 2 m
Hinh 4 Két qua mé phdng bi€u dién qua trinh
tay may di dong han lam viéc.

Céc d6 thi tir hinh 5 dén hinh 9 biéu thi
c4c thong sb cua tay may han di dong khi thuc
hién chuyén dong theo quy dao han. Khi bat
dau hoat dong, vi tri cia diém han trén tay
may khéng trang v6i diém han tham chiéu, do
d6 ton tai cac sai $6 €1, €, €3. Tuy nhién sau
khodang 2,5s thi hai diém nay da tring nhau.
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Hinh 5 Do thi biéu dién sai sb €1, €, va €3 trong
10 giay dau tién.
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Hinh 6 D06 thi bi€u dién sai s0 ey, €5 va eg trong
10 giay dau tién.
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khép Ji, J; va Js trong 10 gidy dau tién.
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5.2 Két qua mé phéng véi méd hinh dong e
hoc

Véi cac bo diéu khién cta xe robot va tay

may biéu thi boi phuwong trinh (23), (38) va
(39), chiing ta c6 két qua md phong trén may
tinh nhu hinh 10. Két qua mo6 phong cho thay
tay may chuyén dong theo ding quy dao han
va xe robot chuyén dong dé giir cho hinh dang
tay may khong thay dbi.

Quy dao han tham chi€u

Tay mdy

Quy dao xe robot
Xe robot

Hinh 10 Két qua mé phong biéu dién qua trinh
tay may di dong han lam viéc.

Cac d6 thi tir hinh 11 dén hinh 15 biéu thi
cac thong s cua tay may han di dong khi thuc
hién chuyén dong theo quy dao han. Khi bit
dau hoat dong, vi tri cia diém han trén tay
may khong tring véi diém han tham chiéu, do
d6 ton tai cac sai $6 €1, €, €3. Tuy nhién sau
khoang 2,5s thi hai diém nay da tring nhau.
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trong 10 gidy dau tién
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6. KET LUAN

Bai bao nay gidi thiéu mé hinh dong hoc
va dong luc hoc cua tay may di dong theo
huéng chia thanh nhiéu hé con phuc vu cho
viéc diéu khién khoéng tap trung. Pong thoi,
bai bao ciing gi6i thiéu ludt didu khién sir dung
cac md hinh da thiét 1ap dé didu khién tay may
di dong vé6i tng dung 1a robot han. Cac két qua
md phong dad chung t6 tinh dung dén cia cac
md hinh da dé nghi.
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