Jobooobogoboooboooooobooobogon
ooooogo

o00DO0DODOODODODO ODDOOODOODODODO ODOODOOoOooooood
A Study on Passivity-based Synchronized Control for Visual Feedback Systems

«T. Murao (Advanced Institute of Industrial Technology), H. Kawai (Kanazawa Institute of
Technology) and M. Fujita (Tokyo Institute of Technology)

Abstract— This paper investigates passivity based synchronized visual feedback control for eye-to-hand
systems. Firstly the brief summary of the estimation and the control error systems with an eye-to-hand
configuration is given with the basic representation of a relative rigid body motion. Secondly we construct
the synchronized visual feedback system with an eye-to-hand configuration by combining a synchronization
error system. Based on passivity, stability analysis are discussed. Finally the validity of the proposed control
law can be confirmed by the simulation results.
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Fig. 1: Synchronized visual feedback system with eye-
to-hand configuration.

000000000000000000000000
000000000000000. Fig. 100000
0,00000 %, 000000 %,0000000
¥, 0000000000000000000000
0o %,,00000 %, 00000.000,000
00000000000000000000 &= 1,2
ooo.
00000000000000000000000
000000000000000000000000
00000000000, 000000,00000
Y, 00000000000 £, 0000000 gn,e
0000000 gre (0O00O0OO0OO0OO0O0O0)O
00000000000000. 000,49, 0000
00000,000000000 %, 00 %000
Py ERPODDDOO0OODDODO ef%r € SO3) 000
000,4x40000000000000000.
B e80ab Pab
=] 5" ] (1)
000,000 A(wedge) 0 30000000 3x3
00D000000000000000, 000000
V(vee) OODODO®. 000OODDOOOOOOOOO



Manipulator 1

Reference Manipulator
™\

Manipulator 2

Ly /9hd

Zh P
/=08
g’wwl I/ S

Zh2
’%k
Guwwo //,—# -

/ “Gwohy
/ <

/' Ghado

Guws . ng

9799//’/

/
/
/
/
/ -

Reference’
Target Object 1 Object

i /// //"/ 9hid N ; /// /__:;::::’/ Ghod ///
1 Guwwy PN Guwo l‘/—VZ

0
Reference 2

Target Object 2

Fig. 2: Generation of desired relative rigid body motion.

goboboobooboob,o0o0booboo
ooob g, 00000000 O0.000000000
goooobooooooooooo.
gooo,0obbbobobooo0o0oooogoogo
oo0odoooboooboooboo0onbDod Fig.200
goooo. ooooboooooobooooooo
goobooooo,o0ooooooooooboon
ooobooo,obobooonob ghg oo, O
00, Guso = Guwolgoo; = guw,) 1000000000
Yo, DODOOO0OD0OOD0ODO Fig. 20000000.
o, 0ododboboooooobouobooon
gbodoooobobooboooooo, booog
g gwihi:gwhDDDI:lljl:l':laghhi:gwwiDDD
gob.0boooboo,0bbo00bobooobooa
gna, 0000D0000D00000O000 gpeO0O0
I I O Y

ghidi:g;i}ighdgwwi (2)
UbobOoo00oon0g grne DODOOOOOOOO

U000000000 gre, OOOO, 0000 gen,
gboooboobooooooag.

Gehi = Gp 1. Ghio, (3)
000000000, gen, =10000 gro O gna
000000000000, 000,0000000
000000000000 ey, == [p%,, eR(efn)|T €
R OOO0O0D0. 000 ep(e?) := sk(ef?)V € R3,
sk(eée) = %(eée - 6*59) ooo.

2.2 000000000000O0OO000

gboboobooaoboooboaoboaobooaobooan
ubod gn., DUODDOODOOOOOOOO.

Ghio; = gc_hligcogwwi (4)
(4)00000, gen, 0 gww, 00000000000
00000000, g,0000000000000.
9o 0 Fig. 100000000000000

Geo = gq;clgwo (5)
00000.00,0000000000000000
oooo,g, 0000000000,

chl:) = _Ad(gc_ol)vvf)c + V£o = V’LSO (6)
00000000 P 000, VY = (9, 0w)" € RS
00000000000000000, Adg,,) € R®*¢
00000 g, 00000000 Y.

l000000000000000000000 V2, =000
o.

000000000 g O0O00000000 gue
0000000000000000000.000,0
00000 ¢,0000000000 feR?™ OO0
00,0000000000000000,00000
0oo0ooo g, 000000000, (600000,
000 g, 00000000000000000.

‘7011) - _Ad(?];ol)vlgc + Ue = Ue (7)

u €eR*00000000000000D0O0000O0
00000000,000000000000000

000,000000000 g 0000 ge OO
00,0000 ge 0OO

GJee ‘= gc_olgCO (8)

O0000. 000, 000000000 e :=
[pL eL(et))T ¢ R® OODDDDO. O0OODODODO
000 6.000000000,0000000000
000000000000 100000000000
0,0000000000 e 0,000000000
0000 f000000000000000O00 f,0
0000D000000000000 JH(ge) € RE*2™
oooo0ooooooooooogon ?.

ee:JT(gco)(f_f) (9)
gooooooobodedonooo,0ooooa
goooouooooouoooooo.

0000 g 000000, (6), (7)0000000
0,00000000000000000000.
Ve = —Ad ,yue + V), (10)

ggbogbogboobooboogogaaogad
000ooooo. (3)000,0000 g, 0000
Ugeboboooboobooboan.

Geh; :g}:ijigc_hligcogwwi:g;ibigc_hligcogeegwwl'(ll)
(11)ODOoooo,0000 ¢ 0000000000
00,9 000000000000 g,0000D0O
ooooono gehiDDDD.DDDD,—%SﬁeeS%
DDDDD,DDDDDDDDDDDg).
sin” ! [ler ()|

ller(esf=)]]
gogoboo,0dbbuodil e 000000 gee U
gooo,o00o0n0 g, O00ODO0OO0OO0OOO0OOO00ODO.

(3) 0000000000 g, OO0ODODOOOOO
g,gboboooooboobooobocoboobon.

K%:_Aqfwm%ﬁ”mm+m@ (13)

eh;

6966 = eR(eéeee) (12)



3 bDObuooobobobuoooon

gbooobOoboooooobooboooooobaon
gbooobOoboooboobooboooobooboooon
gbooooooobo,obobooobooobooaoo
oboboooo. oobooboboooboooboobg
goboobo,0bbooooooboooboboooon
000000000 00000000000000 9.
gbooobOoboooboobooboooobobooon
gooooooooo.

3.1 OOdabOoaboodan

0000,000000000000000000
00000000000000.0000,0000
000000000000000000000000
ghoy 0 7000000000 gho, 0000000

0, Geny, = (Pens,,€%s) D0 DO00O0DDD0

gehij:g}:jlojghwi? (7’73):(172)7(271) (14)
0o0,000000000000000000 ky,;,
kr, 0000000 (140000000000,00
gooooboobooooooooo.

krn  80chis

Jes;; = i kpijpehij

15
0 1 (15)
000000000000, 00000000000
es,, = [pL,, k(=) T e ROOODDOO
00000000000,00000000 ge,, O
00000000000000000000.

b _ b
Veay = ~KayAd o) Adgor Vi,

Sij eh;
b
+E., Ad| Ador Vi,

-1
Ihjo; Ihjd;

b
K ‘Ad(g;}ui) (I o Ad(g;;lo'ghjo)) Vwo (16)

Sij

D00, K, = diag{ky, kg, [k} I} DO 0.
32 000000000000O00O0000000
00000000000000000000000

Mi(g:)di + Ci(qi, ¢i)di + 9i(qi) = 7 + g (17)
¢, 4,6 e R O000000000O0O0OO,O000,0
oooood,neR*O000000, 1iqg e R* 00
o000, M; eR™> 00000000, C; € RO
0000000000, eR*000000O0
00,00000000000000000000
000000000 Julg) € R>" 0000000
Vb, = Jale)g; 00000008, 00,000
0000000 wy, 00, 00000000000
0000000 ¢¢ 0000, upa = Jin(gi)ge OO0
00o00O0O00. 000,000000000000
&=¢-—-¢geceR'O0D000. 000000000
D0 o0000000D0000D0000000000
oooo.
0000,00000000000000000

Ty = Mi(jf]i)did +TCi(Qi7 4i)did -}- 9i(q;) .
+Jib(Qi)Ad(g;i1di)ehi + Jib(qi)Ad(g;jloj)Ksij €sij

_Jg(qi)Ad{g;ﬂ»)KSﬁesﬁ + ug, (18)

0000. ¢ 00000000000000. u,
0000000000000 000D000000
0o, oooooo. oooo, (10), (13), (16)-
(18) 00 0O0DD0O0O0 Eyeto-Hand 000000
0000000000000 0D0 (199 00000

0000. 000, 00, 00, 0000000
= [uf, uf, (Ad(g;:dl)uhld)T (Ad(g;;dz)uhzd)T ug ",

we= [l oy (VI o= (6] € el ef, T, e,
T 0000000, EyetoHand 00000000
000000000000D000D0,00 z0 000
0000000000000 00000.
00D0000000D00D00000000 (19900
00,0000000000000000000000

Oooooooog.
1 1
V= §€1TM1€1 + §§2TM2§2 + E(gen,) + E(gen,)

EGesrs) + —— E(gosn) + Elgee) (20)

+
ooooo. kR, kR,,
—M7ICE A ML (AAT L eny, +AAT L Kopyesy, —AdT 1 Ko, e
f ol Gnla)) Gigy) (9 L)
& — M5 Colo + My L Ada_l)eb-+Ada_1)K;ﬂewl——Ada_l)K;weﬂz
Vb hodg hyoy hgo3
ehy —Ad, -1 Jup&
Vebh = (In10y)
Vb 2 —Ad(gf1 )szfg
es12 hgog
Vi, _K12Ad(971 )(Jlbfl — J2é2)
b hio1
Vee —K21Ad(g—1 )(J2b§2 — Jip€1)
hoog
L 0 J
M 0 0 0 o 1 Moo 0 T
0 M;* 0 0 0 0 M, 0
0 0 —Ad, 0 0 0 0 I
0 0 e Ad 0 0 0 !
+ %) u+ _ w(19)
0 0 —Ku,Ady 1) Ko,Ad 1 0 0 0 KspAdz y (T-Adgoa g )
Ien,) (gAhlol Ihodsy)
0 0 Ks,,Ad, — —K d, _ 0
215% g, L ghydy) 217% (g 0,) 0 0 KeAdgon (11— Ad(g,jlo~ghlo>
0 0 0 —Ad, - 2
L (gee ) L O 0 1 i




000, E(gas) = 3[pas]? + ¢(e5%) DO O, p(e0er)
0000000000000 000000D0DOO.

00 100000 (0000 w=0)000. 000
0,000

v:=NKx
I 0 0 O 0 0 0
0 1 0 O 0 0 0

T T

N— |0 O—J’O—Aqﬁ%j%ﬂn A by O

0 0 0—-I Ad"_, —Ad"_, 0
geh2) (ghlol 9h2d2)

0 0 0 O 0 0 -1

KS:dia’g{I7I7I7I7K512)KS21)I}

O000O0,00000000000000000 (19)

gooooo

uTvdr > — o, T >0 (21)
0

ooooo. 000 gp0O0o0O00O00000O0O.

3.3 bOouubooaboaboaboaboaboo

000000o0o0ooooooooo((9)ooo, o
uglbgaogbobgooooo,bbooodabbodad
Oz=0000000000000000000O.

w=—-Kv=-KNK,z (22)
K = diag{K¢,, K¢,, Kp,, Kp,, K}

ugbdg,ugoogbobobaobobobogoboo.bda
gbobogbooboobboobobooooboobg.

00 100000 (w=0)00,000000000
00000000 (19)0 (22)00000000000
00000000 z=000000000.

0010,(2000000000000 Lyapunov O
00000000000000. 000000000
000000000000000003®000000
000000000000000000000000
0000,00000000000000000000
0,00000000000000000000000
0000. 0000000000000000000
0000000000,00000000000000
000D000000.0000,00 (4)-(6)0000
0000000000000000,00000000
0000000.00000000000,00000
0000000000000000000 L, 000
00O000000000000000 .

4 00000000

goooobobobobbooooooooooooog
Joooobobobooooooobobobobooood
goooobobobobobooooo. obbb 3000
gobogoooooboboboooobo,ooood
doodoo,bo0boobo 20000000000ada
000 SICE-DDODOO0O0OooDO. oooooood
doodoono Kooooooooooooooodg,
O00000000000000000000 kp,, =
kr, = kp,y = kr,, =075, 00000000000
DDDDkPm:lez:kPm:kRm:ODDD'

°

== o= oo

s P ml o
x\

o & pa

0.2 0.4 0.6

o

& Paym o & Pa

W

1

.
= pay )
2

0 0.2 0.4 0.6 0.2 0.4 0.6

ad]
rad)

R
2
\
g |
<
\
1
\

N

02 0.4 0.6 0.2 0.1 06
time [s] time [s]

Fig. 3: Hand control error ey, (Dashed) and ey, (Dotted),
and the synchronization error es,, (Solid) (Left: proposed
method, Right: non-synchronized method)
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