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The estimation of image Jacobian matrix with

time-delay compensation for uncalibrated visual servoing

GAO Zhen-dong, SU Jian-bo
(Department of Automation, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: A novel online estimation of image Jacobian matrix with time-delay compensation for uncalibrated visual
servoing is proposed. The traditional methods didn’t consider the time-delay which causes larger estimation error. In
order to compensate the time-delay, local fitting Jacobian matrix with time-delay compensation based on polynomial fitting
is employed to obtain more accurate Jacobian estimation and image precompensation. Simulations and experiments of
uncalibrated mobile robot and uncalibrated visual sensors show that this method improves the system dynamic performance

and reduces the steady-state error, demonstrating the feasibility and validity of the time-delay compensation.
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Fig. 1 Traditional estimation of IJM with time-delay
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Fig. 2 Estimation of IJM with time-delay compensation

SCHR[4145 H TSR A s o /D = 3R BV R A
Tk — h I %0 (0 G AT B BEAG R T :
(fo—h — fr—n—1)Pp_pPi—n—1 B
AP Poeh—1Pk—nh

jk:—h = jk—h—l +

- . O fk—h o
(Jk—h—1Pk—h — J:;t TP Pen
: : , (6)
A+ PE o Po—h—1Pk—n
1 P p1Pr—hbp_, Pe—h—1
Py n=~(Pr—n-1— T LE ). (D
A A+Dj_p Pr—h—1Pk—n

s J Rk — BN PR LR 1 5
TIRANAE, fr_n A&k — b IR H AR, pr_n Bl
52\ K ST SIS A, TR 2 SRR S,
A%ﬁgﬁ%0<A<L%§%ﬁ%%%mﬁ§

@ﬁ%@%%ﬁﬁaﬁﬁﬁgT:a

% b EL T LU AR = 1,k —
RS AR B AL (6 = 1, k). R
S FH % 2% 8L A 7 T A0 2 e VR o L B
Ak, i piGi =k —h4+1,--- k)G =
b bt 1, k), SETTHCARRI 2B A e
Ry 2 97 P 4251,

e L B AR A T AL A
) 1015 T L 4 9 16025 e, 0 A2 U LT

SN Bl AL, e LLs g0 = 1,k —
RYFIp;(i = 1,--- , k){E £ J5 30 L &0, BF i Ak
H‘Jk(pk). J%%ﬁp%@é&

J11(pi) Jin(Din)
Ji(pi) = : : . (8
Jm1(pi1) Jmn(Pin)

R B AU T (p) thEk. A T TRk
FUA R B & e B 26t 2 T U K
jlp) =ap+a1p+ -+ ayp’. )

Ht: ag, a1, - ay S TABLAHI R, 0%
TN ILER

N vkt Hag, ar, - a0 AT
TN R G BRRZE, R Zk—h—r+ 13k —
h 135 — A SR AT 4, r2 P T4 1 8
PN E BOETi(pi), (i = k—h—r+1,--- k—h)
HIRLIEAN B0 < B < 1. FBR SR A S
Vol 2 SR A A T 2
Jay)) = min(y e2) =

1=0

min(¢(ao, a, - -

min( " Bi(ao + a1p+ -+ - + awp’ — j;)%). (10)
i=0



26 E U R T R VAR

06 %5

Horbre; i2 i (p) F1 22 T oR Kl 2 TR (1) 224
IR
8790 T

B =>" Bipi(ao + a1p+- - -+aup’ —ji) =0,
Qg =0

qZO,].,"',U. (11)
EXﬁlaﬁ?) e aﬁT = 17 %?%ﬁ%%éﬂ
r r T r ]
> 1 > >y
i=0 i=0 i=0 ao
r r r 1
b b XD ay
=0 1=0 —

=0 X . =

Gy

T ' '
Spv Spithe Y pity
Li=0 i=0 i=0

Z Ji

=0

> Diji
i=0 (12)

T
> Dy
Li=o ]

Efﬁﬁtﬁao,ab'” ,auaﬂﬁf%ji(?). Eﬁﬁ(&iﬁﬁﬁ
W e pr, 7Ajk- [ AT 15 B ML A N R s AT
P TAL B ().

4 fj H(Simulation)

A T sk A7 AT 50 T TR B R A I S M
() PG e ] LR B Al 1 v, I RGP I S 5
X G H— N B HLEE AR — AL L. (T4
ST AR AR AR AL BN LES N U B S is
51, RGP AL NG MU H o< R A A,

B hblas AR H bRz shE R — V1. e 24
i ZE 7 P AN SRR FE ). H AR 5K 1500 mm,
15 mm. H bR PO E G A E [0 mm, 480 mmy],
PLes NEIHA B [0 mm, 0 mm]. W& Z A&
BRI B R B 2. A il SR — m — 520
Bk — msb, Horbm = 2. SE B3R, RGN
HET EPHAKAE .

Bl R T 3 T B AR s DL K 4 L Nis
BT, — 4% K AL 8 V1G] mT LU B A 15 ¥%,
T3 2% R IR AR ARt A I S I D P 5 R
A LB T vk AR UG B, PR v
A8 Ao A M 21 H ARSI, FEAE2048 Ao A7 1A
PR, HATE A LGB, IF HAasiR 2= Bk
FJa. MR LN POEAE2050 5 )L % AT

R, WHL T BT RO ERER TERE. A I HE M A P
BAETT LA MR VAL TR ST ik, Ea 2
AT E, FRXFE—AEE, IEBOK, A A7 I SE
A (A T VR BRER R R TR G, AR
I SEE (R 1K 25 28 i AR G AR E I, R FE 4
ST (R L.

900 - — BRGNS BT LEARRAEAL T 77 ik
- == A I TR B B EE AT LR A o4 7 1

800 -
700 -
600 7
500 | f
400 Y
300 -
200 F
100 -

K /mm

1 ]
0 50 100 150 200 250 300 350 400 450 500

T/ mm

K3 7= 2TifHlds ANz sl

Fig. 3 Robot tracking ring trajectories at 7 = 27
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