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Visual Servoing researches for hand-eye configuration having been presented so far seem to be vulnerable for tracking
ability since it may lose a moving target. Our proposal to ﬁlve this problem is that the controller for visual servoing of
the hand and the eye-vergence should be separated independently based on decoupling the motions each other. Base on
this prerequisite the eye-vergence system to track target object by camera to be in view sight can have higher trackability
than conventional visual servoing with fixed cameras. We have confirmed this superiority of eye-vergence system through
frequency response visual servoing experiments with full 3-D pose tracking.
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Fig. 2 Advantage of Eye-vergence system

00000000 q, = [gs,q9,q10) J00. 00000000
0o0o0O0O0000O0OO0O0/0D0000 ®ry, 0000000
00000D0000.000000000000000 ®T)y,
0O0O00O00000.0000,000000 2000000
00X 0000 PTreg,000000,8Tz,00000000
oooo.

PTpa(t) = PTu®)'Ty (1) ()

Ooooooooooo Wry(@)00OoOoooOooooo
00000000 P4ry,@) 00000000000, T ()
OlstepGAM 00000000000 000O0O0OOO00O0O
00000000000. 000000000 %, 0000,
00000 00000000 £, 0000,000000
0.0000000000000,0(()0000000/000
0 ®Tg(t)00000000000O0 ¥, 00000000
oo.

ETpa(t) = PT@)"T 1) )

M

No. 12-3 Proceedings of the 2012 JSME Conference on Robotics and Mechatronics, Hamamatsu, Japan, May 27-29, 2012
1A2-A07(1)



Actual Object

Actual

Camera‘\

)
Actual ;
End e

5 TTWER(())

Effector / N 2

Desired , —
Camera LT pa— ” b
- Edpesired 144
rajectory End

Effector

Fig. 3 Motion of hand and object

Bl = MTp, 000 ()0,

Plpa(t) = PTq0)" Tra(t) 3)
goooooo @o2000b00000D00000.
PPpa(t) = P10 Tra(t) + 25T 5 (6 Tra(t)
+5T 3 ()M Tpa(t) 4)

000 MTgy, MTp, MT5,000000000000000
oooo,®ry, fry, T, 0000000000000.0 3
000O000,0000000000000000000000
0000000.0000000000000000 T, 0
00000.00000000000000000000 ®Tg
000000.00000000,MT,, 0000 I-step GA D
O0D0000OO0O0,MFFOD00D0O00D0O00O0OO0OOOODO0
000000000D000,000000000000000
gooooo ®.ooo Pre00000000000000
0000000000000000000000000000
oW,

22 00000000

OO000000 Eye-Vergence UODODOODOOODOOOODO
000O004000.000000000000000000
0,000000000000000000000000000
B.Siciliano 2 0000000000 OODOOD. "TedO VT
000000000000 pg,p,0000,0000 ApgO,

App =Ps— Pg ()

gooo,000b00oooooobooooooooooobooon
goboooooooo,bocooooocoooo,obooooo
gobooooooooooooboooboooooooo
.obobocoooooooooboooooobooon.

E eEd
CcoS B (6)

sm%EkEd (7

3
Il

APe =

000 Afen P, 0000000 PR, 00000O0OOO
0000.0000000000000000000000Q0,

W w W
7a=Kp, Tppi+ Kv, TEEd (8

U00000.000,%rees Vieedd Sp00 Sy 000
0000000 PTee 0 "Tpa0000000.Kp, 0 Ky,
ooooooooOoOoOoOoOoOOOOOO.

oooooooooDoooood Ywed,

Wwi=Kp,"R"Ae + Kv," Wi pa )

o
g
ull:3
3

S 2

Cartesian Hand visual servoing loop
_
¢d T+ Eye- Vergence servoing loop|

¥ .
w [ Pose ! ¢ Pose
| measurement prediction
|

| MFF compensation

(a) (b)
Fig. 5 Pan and Tilt Camera Angles Defined Based
on Relation between Target object and Cameras

000000.000,%Ae0 ¥ 000000000000
00000000000000,0000000000000.
Wwppsd Sp00 Sw0O0O0DO0OO0DO000 Pwg e OO
O0000.Kp, 0 Ky, 0000000000000000
ooo.

ooo0oooo0oO0oOooooboon0oO qe, 00000000
goboooooooobog.

dpqd = fﬁl(wl/)Ed) (10)

gooooo,oboobooobooooooooooooobooon
ooo.

AqQp =qps —qg (11)

goboo,00o00b0o0o0ooboooooooooooooo.

. [ Wig

Gpqa = Kpr¢Aqp +J g Wiou (12)
000 J'(q) O J(@ 000000000, JHq) =
JT(JJNH"'oooo0o000.000000000000 PD
oooo00o00Doooooood.

T=Kspr(q,—q) + Ksp(qa—q) 13)

000, KspUO KspOPDOOOOOODOODOOODOO
oo.

2.3 Eye-vergence 0 00 00O

Eye-Vergence 1000000000 40000000000
0000000000000.00000 Eye-Vergence 000
00000000000000000000000.¢s000
0000000000000, 0 q@e0000000.000
:0000000000000.05000000,%zy,Fy,;,
000 P, 0000000000000 OO0OOOOOOO
0.00,000000000000000000000000
000000000000000000000000000O0.

gsda = atanZ(EyM,EzM) (14)

No. 12-3 Proceedings of the 2012 JSME Conference on Robotics and Mechatronics, Hamamatsu, Japan, May 27-29, 2012
1A2-A07(2)



Fig. 6 Coordinate Systems

Eaxr) 15)

qioda = atan2(l8L+ExM,EzM) (16)

Jod = atanQ(—lgR -|—EIM,

000 s, =lsg=150mm] 0000000000, 0000
gooooooooono z:0000.00000000000O
ooboooooooobog.

AqCIqu—qC (17)
gooo,000000000000000O0oO0a0O.

qcq = KproAqe (18)

Oo00,Kp, O POOOOOOODOOOOOOOOO.OOO
EIDEIDEIDEIEI,MTMDDDDDDDDDDDDDDDD
ogooooo.

3. 0DOoooooooboooo

0000000000000000000D00D000000
00000,Fig600000,0,000000000000 3
000000000000000000000. X, 0000
0000D0000000000 95(mm]000,000000
0 20(mm] 000,

310000

000000000 ¥g, OOO. OO0,00000000
v, OO0OODDOOO. Ew, ¥y, XM, 0000 Fig6OOO.
Yw OO 2, 00000000,¥w 00 Xg, 000000
goboooooooooooon.

0 0 -1 -—1235[mm)]
w {1 0 0 —150[mm]
Tvo=|0 -1 0  555[mm) (19)
0 0 0 1
0 0 -1 —690[mm)]
w |1 0 0 —150[mm)|
Teo=10 -1 0 465[mm) (20)
0 0 0 1

oo,b000000 ¥v, 0 zt00000000,000O
oo.

[Mozar(t),0,0,0,0,0]" 1)
150 — 150 cos(wt)[mm)] (22)

Mo’ﬁbM =

MOxM(t) =
00000000000000000000000000,
Edap s = [0, —90[mm], 545[mm], 0,0, 0] (23)

O00O0. 00,GADOO00D0DOO —200 < t, < 200[mm],

ZGR mﬂf'yM
M Crazing point s plane <My
o
bt 7 gy \ Trgr il
je I_ il M L Ty
| [

Fig. 7 Cameras’ and End effector’s Gazing Point

—195 < t, < 5[mm], 350 < t. < 750[mm], —0.3 <
e1,62,63 < 0300000. 00,0000000000,0
000000000000000000,000000000
00,0000000100000,PAI0000000000
oooooooo.

0000000000 Kp, Kp,, Kp,, Kp,, Kp, 00
000000000000000000000000000
0. 00,000 ¢ = 000000. 0000 Kp, =
diag{0,0.8,0.8}, Kp, = diag{0,08,0.8}, Kp, = Kp, =
diag{0.16,0.16,0.16}, K p, = K p, = diag{0.04,0.04,0.04}
ooooo.

3.2 Trackability 0 O O
3.2 000 Trackability

000D0,000 Trackability 00D 00. 00000000
000O000,00,000000000000.000000
0000,Fig70000000 g0 GazingPoint OO DO, O
D00000000000 S, 0 zay-yam, 00000000
0000.%y 00 Xzg000000000 MT,O00000
OMRrOOOOOO0OO Mp,00000.0000000 3
000000 Mag, My, M2zs000000.Fig7000
000000 Miz0%g0 00000000 ¥, 000
0o000000D0,0000000000.

Mopp =Mop. + kp™zp (24)

000 kg 000000000, ¥ 0000000000
0 Mop.pO Mp. o= [Mzgr, Myqr, 0" 000,0000
O Moy =Mop, . 0000,00 2000000 (Mpg). +
kr(Mozg), = 0000. OO (Mzg), # 0000, kg =
—(Mopr)./(Mozr), 000.00 kp0000,0000 y, 2
ooo

Mozor = Mpg)e + kr(M2zRr)s (25)
Moyor = (Mpg)y + kr(Mzr), (26)

00000, Magr,Myer,000 Sy, 0000000000
0000.%m 0000000000000 210 Moy, O
0000,00000000000000000000000
0, Mgy, =M, 000.00 MO Sy, 0200000
000000,0@@)02000000 Mugy@#) 000,00
0000000000 Mger@)DOOODOODO Mozy(t)
0000,000000 Mggr(t) DOOOODOOOODOO
Trackability 0 000 0. 00000 Trackability 000000
og.

No. 12-3 Proceedings of the 2012 JSME Conference on Robotics and Mechatronics, Hamamatsu, Japan, May 27-29, 2012
1A2-A07(3)



32 00000000 Trackability

0000000000 Trackability 000 O000,00000
ooooboooobooooo.0oob00,000000 X0
zxO0O0OOOO0OOODOODOOODOODOODOODOO.
ogooo,¥x00000000000000D0O0O000O00OO
ooooobooobooooo.obooooooocobooooo
ooooooooobooob.Fg70000000OOODDO
goooooooooo.

Mol

p="p, + ks zp 27

000k 0000000000.0000000 2apmy-ym, O
0000000,ks = —(Mpg)./Mzg).000.0000
00 z,y000O0O

Mo (MO

e = (28)

(29)

pp)e +ke(Mzp).

Mo (MOPE)y + kE(MOZE)y

YGE =
oooog, Mage, Myer,0/0 Sy, 0000000000
ooooooo.

330000

00000000 "Ty, 00 (190,00000000 (21)
0,00,000000000000000000 (23)0000
00.0 20wl w=001~125600000,0000
0000000000 00000000, Pz, 000 GAOO
oooo0,fzy0 Py, 0000000,000000/00
000 GAOODODODOOOODO700000,000000
0000000000000 DOOO0Onoo.

Fig8 OO Fig.100 (a), () 00 D0O0ODODOOODOOOODO
O Eye-vergence 00000000000 DOOODOOODOO
0o0o0.0o00ooo,00d wdOoooooooooo. O
O0,w =10.3142,0.6283,1.2566 O O OO, 000000000
0ooooooooo (c),,e)d00.000,000000
Gazingpoint 0 000000000, 0000000A0. (a), (b),
©),(d),(e) 000 “Endeffector’0 000000000 OOOO
0/0 0 Trackability O O O, Right camera, Left camera 0 0 O O
gbO0o000 Eye-vergence OO OODOODOOOOODOOO
oo.

34 00O

Fig8 00O Fig.10O (b) 00,00 w=0.3142000000
gooooooooooooooo,obobo 10ob0boboooo
00.Fig800O Fig.10(c)-(e) DO, EVOOOOOOODOOOO
goobooooobo,ooboooooooooobooooobooo.oo
,Eviob0oodooooooooobooooooobooooo
O,00000/Trackability 00 00000000O.000, GA
goboboooboooooobooo,coooooooooooon,
goboooooooboooob.oob,cAOOOoOooooo
goooooboooooo,0oboboooooooooooon,
ooboooooooooon.

4. 00O

o000, Eye-Vergence U0 O O0O0OO0O0O0O0O0DOO0OO0O
gooooboooooobo,0o0bobooo0oobocobooog, GA
oooooooooooooOoooooooooooon,o
oooooooooooooooooooooon.

4
o

0

(

cy

10 2 o a0 0 s w0 15w a5 w3 g W

Timels] Tanels)

cw = 0.3142 (dw = 0.6283 (e)w = 1.2566
Fig. 8 Comparison of Cameras’ and End-
effector’s Trackabilities by Frequency Response
When a target trajectory is known

0

(

(a)amplitude-frequency

(

(1]

(2]

(3]

[4]

10 2 30
o 10 Timefs) 20 o

w = 0.3142 (dw = 0.6283 (&)w = 1.2566
Fig. 9 Comparison of Cameras’ and End-
effector’s Trackabilities by Frequency Response
when GA searches only £/

1e(9)

angle velociy (rad)

0 0 2 30 40

cw = 0.3142 (d)w = 0.6283 (e)w = 1.2566
Fig. 10 Comparison of Cameras’ and End-
effector’s Trackabilities by Frequency Response
when GA searches Paxns,Pyns, P zar,€1,€2,€3

good

W. Song, M. Minami, Y. Mae and S. Aoyagi, “On-line Evolutionary
Head Pose Measurement by Feedforward Stereo Model Matching”,
IEEE Int. Conf. on Robotics and Automation (ICRA), pp.4394-4400,
2007.

B.Siciliano and L.Villani: Robot Force Control, ISBN 0-7923-7733-
8.

000000000 00“00000000000000000
000000000000000007, 000000000, Vol.28
No.1 pp.55-64, 2010.

000000 “0000000000000000000 3D
000000007, 000000000, Vol.28 No.5 pp.591-598,
2010.

No. 12-3 Proceedings of the 2012 JSME Conference on Robotics and Mechatronics, Hamamatsu, Japan, May 27-29, 2012
1A2-A07(4)




