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On-line estimation of mage Jacobian matr ix
based on Kalman filter

QIAN Jiang, SU Jian-bo
(Institute of A utomation, Shanghai Jiaotong U niversity, Shanghai 200030, China)
Abstract: Some existing methodsof image Jacobian’s on-line estimation are discussed A new on-line
identification method isprovided based on KaimanBucy filter algorithm. For the gecific task of stereo
vision guided motion tracking, smulations and experments demonstrate the effectiveness of the

proposed method
Key words Hand-eye coordination; Image Jacobian matrix; KalmanBucy filter; V isual feedback

1
, A llen
- Horaud
, , D [2]
, Kavabata
Hashimoto ™

f=J3(@p)p (1)
J (p) ’
p f ,
. 2001-09-11; : 2001-11-02

(1976—), , , ; (1969—), , ,



78

18
s s i a4 _
| &b"[ébl aJn]’ i= 1,2 ,m
Horaud' J (p) [ (1)
D ’
f(k+ D= f (k) + I (k)Ap (k) (2
x (k)
y(k)=f (k+ 1)- f (k)
x(k+ 1) = x(k) + NMk) 3
y (k) = C(K)x (k) + v(k)
Ap (k)" 0
c(k) = (4)
0 Ap (k)T mxmn
1 k)  v(k)
A llent!
, K alm an-B ucy (891
Sutanto!!
, Q(kk+ 1) = P(k) + Rn
2 Kk+ 1) =
Qk+ DNC'KI[CKQ(Kk+ 1C'(K) + R/ *
Pk+ 1) =
, Hosada [1- K(k+ DCk) QK+ 1)
1 Jagersand ! x(k+ 1) =
x(k) + K(k+ [yk+ 1) - C(k)x (k)]
(5
‘Rn Ry
Kalman-Bucy P (K) ,
P(0) = 10°Imn; x(0) ( J(0))
n
Kalman-Bucy Api, ,Apn, Af 4,
WAVIER
J (0) = [Af: Af W ][Ap: Apa] ' (6)
J (0) x (0)
Kalman n
3 (p) 3
mnx 1
_da do dur
<o @ o]

p? = [p%, py, p?l",



79

p*= [ps,
py,ps T p®= [p¥ pype]
, fg —
[f9,£9,f%,f9]" = [uf, v, ul, vi]" (1)
9= 3 (p")p" (7)
, Kalman-Bucy
u(k) = Ap®(k) = AJ (k)* & (k) (8)
J3®K" ekl
€ (k) ,Apmax
MATLAB
Kalman-Bucy
1
600

constant J

0 10 20 30 40 50 60
tistep

1 , KalmanBucy

Kalman-Bucy

, Sutanto' n

0 50 100 150
tstep

(8 KamanBucy

500

—— gripper
——— target

Q1m/s

-100
0 50 100 150
t/step
(b) Sutanto
2
2 ’
, Kaman-Bucy
1 X y
, z
, z
X Yy y z
CARA
7 4 L
CCD
3 1
Kalman-Bucy
(8) :



80

18

pixel

10 pixel,
300 -
— gripper
v -]
2s0p et 5
o’&—-d
200} o°
4
O
150F o~
100 }
50 A4 A !
80 120 160 200 240
u/pixel
(a) 1
WO y
———target ¢
20 b
Y
e ?
gzoo - ¢
= b
160+ j
1201
40 6‘0 éO IE)O 1.20 1:1() 160
ulpixel
(b) 2
3
Kalman-Bucy

20

(References):

[1] YoshimiB H, Allen P K. A lignment using an uncali-
brated canera systen [J]. IEEE T rans Robot A utan,
1995, 11(4): 516-521

[2] Radu Horaud, Fadi Dornaika V isually guided object
graging[J]. 1EEE Trans Robot A utan, 1998, 14 (4):
525-532

[3] KawabataA , FujitaM. Design of an H -inf filter-based
robust visual servoing system [J]
1998, (6): 219-225

[4] Hashimoto K, Ebine T, Kimura H. Visual servoing

Contr Eng Prac,

w ith hand-eye manipulator: Optimal control gpproach
[J] 1EEE TransRobotA utan, 1996, 12(5): 766-774

[5] Sutanto H, Shama R, Vama V. Image based
autodocking without calibration[A ] Proc IEEE Int
Conf Robot Autan [C] Nev M exioo: A lbuquerque,
1997 974-979

[6] Hosada K, A sadaM. V ersatile visual servoing w ithout
know ledge of true Jacobian[A ] Proc IEEE/RSJ Int
Conf Intell Robot Syst[C]. M elbourne, 1994 186-191

[7] Jagersand M, FuentesO, Neloon R Experimental
evaluation of uncalibrated visual servoing for precision
manipulation[A ] Proc IEEE T rans Robot A utan [C ]
N ev M exico: A Ibuquerque, 1997. 2874-2880

(8] , . M ]

, 1991
[9lL T M1
, 1989



