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3-D Visual Servoing Using Feedforward Evolutionary Recognition

Wei Song*! and Mamoru Minami*?2

This paper deals with position-based 6-DoF visual servoing. With a common sense of feedback control, we stress

that improvement of the dynamics of the sensing unit is important for a stable visual servoing. We had proposed

a method to improve dynamics in visual recognition, with compensating the fictional motion of the target in the

camera images based on kinematics of the manipulator, by extracting the real motion of the target. We named it

as hand-eye motion feedforword (MFF) method. In this paper, we present new visual servo system including MFF

method; and confirm that the enhanced dynamics of recognition gave further stability and precision to the total

visual servoing system, evaluated by full 6-DoF servoing experiment using 7-link manipulator. The convergence time

of step response was about 10 [s] and precise visual servoing to a moving target object has been achieved.
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Fig.1 Feedback system
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Fig.2 Coordinate system
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LEEEZDLIENTEL, ZOMESICE LT, RROME
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Fig.3 End-effector’s motion trajectory
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“Tecat) =T ()" Tea(t)
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CTC,Cd(t) =
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KOHEELTH26NAE. “Ty(t) & “Tu(t) BIRESH
CRBARE (3] AV TH AT THIETE S, 22T “Tu(t) &
“Ta(t) = (°Tar(t) =Tt — At))/At TEBL THEMY
5. 3 (6) IHELPEEE, A (1) 1IALE KGO MEER
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Fig.4 Block diagram of the visual servoing system
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Table 1 Gain parameters

Link Number [L1L2 L3 L4 L5 L6 L7 |
Ksp [3,200 3,200 1,400 1,400 1,000 1,000 1,000]
Kgr [1362 1362 596 596 596 426 426]
w

Tq = KPPW"'C,Cd + KVpWi’c,Cd (10)

L PD#HIEZESFTD. 22T, Wroca Vicca & Be 25

S NOEEEERAF 5T Ty & “Tag 2HRDEND.

Kp, & Ky, 13PD 74> L LTHASNBITHITHS.
NV ROFROBEARENZ PV Wy 1&

Wwis= KPOWRCCAE + KVoch,Cd, (11)

EH2HoNB. 22T, “Ae i3+ =¥ =F 2 T5—THY

Yo TRENHN A FTEBER TR LIS EYOLEEZETH Y,
“1-Step GA” 12 & B il B S EEICHE SN 3. Ywe,ca

X Ze 5 Ty OB % 5 T CWC,Cd nHRD BN

5. Kp, ¥ Ky, 3PDZA 2 LTHZONBITHTH 5.
Ry b o HEERSE S ¢, &

7, =J"(q) " (12)
d4 q WU—’d .
EROLNE, 220 JT(q) 1 J(q) DELHITHITH Y
JH(q) = JT(TIT) L ickoTHELNS. TRy bADAT b
WZEPIAMNZE DKRRIZE > THRON 5.

7= Ksp(q,—q) + Ks: / (@ —q)dt  (13)
0

ERiE, avbo—9h q, VKT FICHD L LI
N—= YT 74— FNy 7 )b—THYT HIEAICH Y, EEd
AITHICTH D 74— N 754 v Kgp, Kg; OfEi% Table 1
R

4. ETVaT7NY—FKEER

FRTlE, 74— F7x+7— Falikik MFF ZHw7ceda
TN =R AT LOFMEE FERIZ L > THEET 5.

4.1 EEREOERK

EBHEOME % Fig. 5 (a) |RT. 7—240Ky F PA-10 (=
FETH) OFRIZEATFLF I AT (EFF L— b 30][fps])
Z 20T, BIRCTHEW BT 5. MWK,
HFR-NEMAGDLE 3D v—H[16] THH, K- IVOHE
£1d 50 [mm), R—I VOl E < — 5 OE L o T
150 [mm] Td 5. AHf7Eid, SONY #D % 25 CCD-TRVS6
(T 1 1/6 4 ~F CCD, H il f = 3.6 [mm], BLE
i =38[deg]) EMMT L. ASSNh7h 5 -G (CEHE{G)
20 L CRRABI SR E T VR ERHE Y v F 7L, GATET LD
fifE  YBERTRIETREMSE S, AWGEEREHANS
T, EGBIRASLE R <, R DS ZE(LLIL TR
b A RERORMER BT 5 Z LT E D, WIRFRRI IR OTF
HTRESINIZT 4 — F7 47— FERIIED 3] TITH. —
BOBGE AT LT bt LWk ofiiE, B35 s M hT 5
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(a) (b)
(a) Initial pose of PA10, (b) Desired pose of PA10

Fig.5

 TOBERMIZH 0.03 [s] 22ho>TWh. GA THko~yF v 7
1TV, GA O—HROMEIIZ TS 2 BFEIEA 0.022[s] TH 5.
WGABB L7 —20 Ky Ol #479H PC 12id, DELL
Optiplex (OS: windows2000, CPU: Pentium4, 2GHz) % f#i
HALTEY, EEATR— FIZH A N—F v 7 8 CT3001Rev2
ZHWT WA,

4.2 REDFHE

GA O#EAE F O i oK% Fy L, Fy 25%
BEEH t; OBIETFE O, (t) LEDD,. DL E

. S Fir(“biu(t) (14)

THEAEORMTFIEE EET 5.

F72, N FOFEROMIEDHER g, 13 Sw ICEE
ENTWVDE (WHIRED Sc E—HT5). 22T Xg, 25
Sw NORKZERITE VT, 1

0 0 1 918[mm]
-1 0 0 0
w
Tk, = (15)
Fo 0 -1 0 455[mm)
0 0 0 1

ERRET D, Xp, TRLINY FOEBORIE L8 Poy
L, BEOfLE R Eo't/:Ed EDFERINY FOME R
BoAep EEFKT D
oAy = [y, — )"
= [EO Az, FoAy, FoAz B Aer, B0 Aesy, EOAeg]T
(16)
INY FORE BB DOEED rms i (root-mean-square
value) EOA’(ZJ 1%,

Boagp = [Fonz, Pong, Fonz, Poae, Pong, Pone, T,

(17)
_ 1« 2
EOAP = \J g Z(EOAP(Q)) 7(p = xay72761762763)'
=1
(18)

EEFRT B,

RFEBRTII MR DORIGEEBE ORI TIME F &AL 43
DFFED rms i oA % VTR T 5. 24—
YA TG ERTEE, K a, e e dELRLTY

June, 2010



T 4= F7 %7 — FEENR#EEZH/2 3-D €2 270 —F 595

-
5206 11062 1TId
v

/

Hand position error [mm]
Hand orientation error []
. P

S
©

time [s] time [s]

Fig.6 Hand pose error of step response without using MFF
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Fig.7 Hand orientation error of step response by using MFF

b7, HALIERITTH L. 512 |ef| 1E n IEKFELTW
% 72O FRHI AR TLEBO BRI L. 22T
ZDLOERO—F % ST TB L. MEWAS « BhlEl ) 12 fRE
1[deg] THERL /2L 7 +—F =F Y TET L ¢ = 0.008,
€&2=0, e3=01I%5%.

4.3 EBER

4.3.1 x5 ~D Static Visual Servoing Sk

(A7 v 7IRE)

TIT, EVaT A —FROHEL “p,, = [0[mm],
10 [mm], 900 [mm], 0, 0, 07 & ¥ 5. MKW WIIALE %
B3 %4p,,(0) = [-70 [mm], 70 [mm], 1,000 [mm], 0.1, —0.2
0.12]7 LRGEL7Z. N FORMIEIREEL Fig. 5 (a) 12, HERIR
HE13 Fig. 5 (b) IR LTV 5.

NY FOB XL BEBANOHEEMZ DR AR 572
®, MFF # iV W& EHWAE D12 Oo0nTOE Y a7
WA —RAT v TIREFEE ATV L7z, Fig. 6 |2 MFF %
WHRWIEED S, WONY RO BERE RS L EROE,
BHOEERL, Fig. 712 MFF 2V o450 FitEs
MRLTWD, AL, 7+ —F=F v TRBEZRL, 74—
7 = v OHAIIERICR DT, Fig. 6, Fig. 7 AR OHtHo
B oz [ ] LR L7z, Fig.6 Tld 6[s]~28[s] TP
B Y FAMEBI LT B, ZhuE, /N> FOREIHEEHkICE
WG 2, BHROBEDITIY, TAFEHIINY FOBRE
RWPLL TV EEROLNDL. HNEWIFHFIELTVWL0T, Ik
FlLrzd &, 30[s] EIZPOEL TWw5. 2K LT, MFF %
HW72H 650N FOYUROKET % Fig. TIORLTWahH. A%
EGIRBIA 7% <, Ny FOMEITA 20 [s], 4134 10 [s] 72
JECTIORL T 5.

Table 2 (213 TITRE SN ZHOHIH G ED AT v TI6
Bl B L HETERE 2 TR AR LT\ 5. Table 2
2 7o ORI FR 1L AR 78 & R EAT R 4 5 FEBRx A TH
N, HEZREOTELRLRLDDTH LS, BERRIIE T2
LEEMICL R, WELELFAWIIERIN E T 27—
Rz, AR D%UERETH D LHn 5. £72, Table 2 D

HATRy b¥EFE28 % 5 5

Table 2 Review of literature

Reference || Settling time of step response

9] about 9.9 [s] when the desired
position is parallel to the image plane,
else, about 49.5 [s].

[10] in x, y, roll, pitch, yaw 30 [s],
in z position about 70 [s]

4] about 60 [s].

12] about 150 [s].

[13] is about 200 [s].

(a) (b)
(a) A photograph of dynamic visual servoing system. (b)
Coordinate system of (a)

Fig. 8

FEREH & Fig. 6, Fig. 7 OINEXZHKT A2 LT, AFED
BEREIIFERETH D 00 5b.

4.3.2 FiExRY -~ Dynamic Visual Servoing 5B
ZZT, EVaT7 IV —KROPEEI—EE TR, U
D Yo OxHlL ) sin BETHEZD BIEHRELY 5 2 7.

( Cl2p(t) = 100 sin((27/T)t) [mm]
Cdypr (t) = 70 [mm]
O 20 (t) = 1,300 [mm]
Clein(t) =0 (19)
Cldesns (t)=0
L “Yesnr ) =0

SHRYNTEILIRAE & E LT, HINEE S BEIE Py, (0) =
[0 [mm)], 70 [mm], 1,300 [mm)], 0, 0, 0]T TH 5. /N> FOFH
O HEEFOMT % Fig. 8 IZRT

¥9, vZEaL— S oOEBEY T % 60[s] LHRET 5.
Fig. 91& MFF Z Wi W&o S, WOy Ko HER#E
YL FEEONE BB OFEE R, Fig. 101X MFF 2 i3
WEDNY FEEZRL TS, EBETIE, v =KL —50%F
AF IV AL THRAT IRV AT . 20720, W4
WE L L TWThh AT OIREN & B8 H 5 DT, Wik
DL < %%, Fig. LITRT L9112, BakiERRIEN Y BT A OfL
& YSBERICEREE SN TV LDOT, VAT LADOREERE
S Fig. 9 IZRT L) 12K LT, Fig.9 LI LT, MFF
ZHWTWA Fig. 10 DIF) 25N FOEBEFED L Y /A& L

Y, VATFANINEEICR D ENSA. MFF %% H
W, TOXI BN ATOBN L EBOEBANORELIZ D

CENRTE, EVaT V=R AT LOLEER TR ETESL
DG,
o BHEWEIIFR L EF F Ol — Y OEFEY T =
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Table 3 Results of time-varying visual servoing
Condition F EoAz [mm] [ FoAg [mm] [ FoAZ [mm] [ FoA& [ FoAé [ FoAd
T = 60 [s], without MFF. || 0.8416 73.92 92.06 37.25 0.035 0.029 0.025
T =60 [s], with MFF. 0.9032 51.00 52.85 21.46 0.020 0.020 0.014
T = 40 [s], without MFF. || 0.7822 80.39 82.94 37.92 0.032 0.041 0.034
T = 40 [s], with MFF. 0.9052 43.78 51.48 18.16 0.019 0.018 0.014
T = 20 [s], without MFF. || 0.7241 96.39 76.48 31.63 0.022 0.045 0.043
T =20 [s], with MFF. 0.9068 51.04 56.46 21.43 0.022 0.019 0.015
“ 200 n 200
g - 10 § _ 10
"é ¥ 100 g ™00
S E 200
Target Ob};:t joe
. . ol 3D marker
g _ 5, 005
IR < % 0
L i
timels] PA-10: 7-link
a manipulator
" 0.1 . 01 =
é & 005 g o 005
E 005 'E ¥ oo
o -0.1 = -0.1

timels] time[s]

Fig.9 Hand pose error of dynamic visual servoing without MFF
methodf when time period is T' = 60 [s]

1
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S

H 8
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g8 H
L £
E] 100 3
g
oo o
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8 g
B 00 fo 5.
¢ H 2 H
28 0 8%
% g0 0 13594 28188 43875 605ad 7891 | 3 &
g 200 BA -, o
timel[s]
Lol Lol
2 2
B o 005 B, 005
o & i 0 & L,Jh
i . wﬂjmw@»!ww Wil 55 oo e
< 5 o0s " aser s ot osad by w5 s 0. 1594 28155 dhdrs osz Teaor |
= oA e 2 o1 A e

S

timels] timel[s]

Fig.10 Hand pose error of dynamic visual servoing with MFF
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