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Thi s thesi s construct the vi sual servo system use an industrial robot manipulator.

Thi s system is comp ensated the robot manipulator dynamics. And, thi s thesi s veri fy a

control law that use transp ose Jacobian PD control l er wi th gravi ty comp ensation. The

vi sual servo i s one �eld of robot and vi sion research, and thi s research i s very active.

vi sual servo problem pro cessing a vi sual and a robot manipulator control on real time.

We doǹ t ignore a dynamics of vi sual servo system, Because the vi sual servo system has a

robot manipulator and in feedbac k loop. The vi sual servo control considered comp ensate

a dynamics. However, veri�cation example used real robot manipulator i s not man y, and

we consider that not su�cient to use the Visual servo in real word. Accordingly , signi�-

cance practi ce a veri�cation use a real robot manipulator i s very imp ortan t. Accordingly ,

we need construct the vi sual servo system. We consider a dynamic look-and-mo ve system

and a di rect vi sual servo system with respect to robot manipulator control system. Then,

di rect vi sual servo system has the adv antage of whic h can comp ensated the robot manip-

ulator dynamics di rectly. And, way to comp ensate the robot manipulator dynamics are

Inverse kinematics metho d and Lyapuno v base control . Ly apuno v base control has the

adv antage of dosen't need stri ct computation than Inverse kinematics metho d. Because,

Ly apuno v base control uses cl everly a manipulator' s prop erty. Furthermore, introduce

�xed camera form with respect to camera con�guration. But, �xed camera form has two

problem, that �xed camera' s cal ibration consume labor and work-space of manipulator

i s restri cted by a camera screen range. Whi l e, eye-in-hand form as camera con�guration
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can camera calibrati oneasy, and al l evi atework-space of mani pul ator i srestri ctedcompare

�xed camera f orm.

Thi s thesi s construct the vi sual servo system use �xed camera f orm wi th respect to

camera con�gurati on, f eature based metho d, di rect vi sual servo system and Lyapuno v

base control . And, thi s thesi s veri f yPD control l eruses transpose Jacobi an wi th gravi ty

comp ensati on e�ecti ve on the real vi sual servo system.

We expl ai n our vi sual servo system. The robot mani pul ator uses 2 pl aner robot ma-

ni pul ator i sconstructed by the 6DOF i ndustri al robot mani pul ator l imi t to two joi nt mo ve

system. The robot mani pul ator's each j oi nts i nput i storque-command. The robot mani p-

ul ator' sj oi nt angel send out to the control l er.Camera moun ted end-e�ector of robot the

mani pul ator' s arm, and camera image send to the image-pro cessor. The image-pro cessor

uses a moti on-capture-system. The image-pro cessor compute a center of bal ance of obj ect

f romcamera image, and computed center of bal ance of ob j ect send to the control l er.The

control l eruses DSP-system, and the control l erwas provi ded a control l aw by the host-

computer. The control l ercompute torque-command for the robot mani pul ator' s j oi nt

f rom joi nt angel of the robot mani pul ator and center of bal ance of obj ect. The host-

computer use IBM-PC/A Tcl one, It has rol e as a control l aw send to the control l er. A

control l aw i smade by C l anguage on the host-computer.

Next, we de�ne the vi sual servo probl em. We, de�ne f ol l owi ng. The obj ect posi ti on

on image i s �. The obj ect vel oci ty on image i s _�. The target posi ti onon image i s �
d
.

The robot mani pul ator' s j oi nt angl e i s q. Then, the vi sual servo probl em i s achi eve

� ! �
d
; _� ! 0 condi ti on at Time t !1.

However, thi s thesi s de�ne these an assumpti on.

� The obj ect posi ti oni s constant. That i s regul ati onprobl em.

� The robot mani pul ator' s j oi nt angl e whi c h to achi eves �d i s exi st.

� J i s f ul l - l ankto any q; � . Thi s assumpti on i snatural , and empl o y al l researches of

f eature based vi sual servo.

We use PD control l erwi th gravi ty comp ensati on as sol uti onof the vi sual servo prob-

l em. We use thi s control l aw i n experiment, and we veri f ye�ecti ve of thi s control l aw.

We practi ce posi ti oni ngto the obj ect experimen t, thi s obj ect i s set f ront of the camera.

The obj ect has hori zontal o�set to camera center at i ni ti alcondi ti on. Start vi sual servo

to obj ect, and we obtai n error trace data on image accordi ngl y time. We anal yze data

use MA TLAB.

Experimen tal resul t: error trace convergence to 0. Thi s resul t
oes that control l aw i s

proved experimental to asymptoti cal l y stabl e.
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Summary in thi st h es i sa sfoll owi n g.

� Th i st h e s i sco n s t r u c t e dt h evi s u a ls e r vo s y s t e mu s e�xe dc a me r af o r mwi t hr e s pe c t

t oc a me r ac o n � g u r a t i o n ,f e a t u r eba s e dme t h od ,d i r e c tv i s u a ls e r vo s y s t e ma n dLya -

p u n ov b a s ec o nt r o l .

� Th i st h e s i sve r i � e dPD c o nt r o l l e ru s e st r a n s po s eJa c o b i a nwi t hg r av i ty c o mpe n s a t i o n

e �e c t i ve o nt h er e a lv i s u a ls e r vo s y s t e m.

{ Er r o rt r a c ec o nve r g e n c et o0, a n dc o nt r o ll aw i sp r ove de x pe r i me nt a lt oa s y mp -

t o t i c a l l ys t a b l e .Th e nt h i sc o nt r o ll aw p r ove e x pe r i me nt a le � e c t u a lo nt h er e a l

v i s u a ls e r vo s y s t e m.

Vi s u a ls e r vo s y s t e mty p i c a l l yu s eo n eo ftwo c a me r ac o n � g u r a t i o n :e n d - e � e c t o rmo u nt e d ,

o r� x e di nt h ewo r ks p a c e .

Th e� r s t ,o f t e nc a l l e da ne ye - i n - h a n dc o n � g u r a t i o n ,h a st h ec a me r amo u nt e do nt h e

r o bo t 'se n d - e � e c t o r .He r e ,t h e r ee x i s t sa k n own ,o f t e nc o n s t a nt ,r e l a t i o n s h i pbe twe e nt h e

po s eo ft h ec a me r a (s )a n dt h epo s eo ft h ee n d - e � e c t o r .We r e p r e s e nt t h i sr e l a t i o n s h i pby

t h epo s eex
c
. Th epo s eo ft h et a r g e tr e l a t i ve t ot h ec a me r af r a mei sr e p r e s e nt e dby e

x
c
.

Th es e c o n dc o n � g u r a t i o nh a st h ec a me r a ( s )a r er e l a t e dt ot h eb a s ec oo r d i n a t es y s t e m

o ft h er o bo tby 0
x

c
a n dt ot h eo bje c tby c

x
t
. In t h i sc a s e ,t h ec a me r ai ma g eo ft h et a r g e t

i s ,o fc o u r s e ,i n d e pe n d e nt o ft h er o bo tmo t i o n( u n l e s st h et a r g e ti st h ee n d - e � e c t o ri t s e l f) .

A va r i a nt o ft h i si sf o rt h ec a me r at obe a g i l e ,mo u nt e do na n o t h e rr o bo to rp a n /t i l th e a d

i no r d e rt oo b s e r ve t h ev i s u a l l yc o nt r o l l e dr o bo tf o r mt h ebe s tva nt a g e .

Fo re i t h e rch o i c eo fc a me r ac o n � g u r a t i o n ,p r i o rt ot h ee x e c u t i o no fv i s u a ls e r vo t a s k s ,

c a me r ac a l i b r a t i o nmu s tbe pe r f o r me di no r d e rt od e t e r mi n et h ei nt r i n s i cc a me r ap a r a m-

e t e rs u ch a sf oc a ll e n g t h ,p i x e lp i t ch a n dt h ep r i n c i p a lpo i nt .A � x e dc a me r a ' spo s e ,0x
c
,

wi t hr e s pe c tt ot h ewo r l dc oo r d i n a t es y s t e mmu s tbe e s t a b l i s h e d ,a n di se n c a p s u l a t e d

t h ee x t r i n s i cp a r a me t e r sd e t e r mi n e dby a c a me r ac a l i b r a t i o np r oc e d u r e .Fo rt h ee ye - i n -

h a n dc a s et h er e l a t i ve po s e ,ex
c
mu s tbe d e t e r mi n e da n dt h i si sk n own a st h eh a n d / e ye

c a l i b r a t i o np r o b l e m.
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