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Visual Servo Control of Slender Manipulators Using an
Approximate Jacobian Operator

oz & &3 d

(Ho Gil Lee and Jin Young Kim)

Abstract : To realize a visual servo control of slender manipulators, two problems to be solved are analysed. The
stability problem on so-called noncolocation control and the infinite order problem of the real Jacobian matrix caused
by the elastic deformation are discussed. By considering the dynamic relations between rigid and elastic modes, a
Jacobian operator is derived and the physical meaning is also explained. Then, for practical control, a simple control
scheme using an approximate Jacobian is proposed and its stable conditions are proven by means of the L, stability

theory. The scheme is structurally similar to the conventional PD control laws, but external sensors( e. g. visual sensor)
are used for positioning and internal sensors for damping. A good performance is obtained via control experiments of
a slender two link manipulator.

Keywords : visual servo, vibration control, Jacobian operator, approximate Jacobian, stability, elastic behavior
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Fig 2. 1. A slender two link manipulator.
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Table 1. Physical parameters of the manipulator.

Link 1 Link 2

material phosphor phosphor
bronze bronze

length [mm} 585 585
cross section [mm X mm] 28 x4 28x3
Young's modulus [GPa] 0.45 0.44
I, inertia moment [mm®] 149 63
Iy inertia moment 7317 5488
J inertia moment 2173 687
mass included joint [kg] 0.59 0.44
payload [kg] - 0.14
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(position sensing head) 7}e|2t2 ZSA I Ao} A&
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a9 3 AojFze) AU B2HE.
Fig. 3. Conceptional block diagram of control loop.
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Fig. 4. Experimental results of PD control with
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approximated operator J7 : low velocity gain
( K= diag{600, 2500}, G,= diag {100,40}).
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Fig. 5. Experimental results of PD control with

high velocity
gain ( K= diag{600, 2500}, G,= diag {140,50}).

approximated operator ]gT :
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Fig. 6. Experimental results of PD control with
approximated operator J7 and colocated
strain feedback ( K= diag{600, 2500}, G,=
diag{100,40}, Strain gain =diag{65,40}).
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