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Abstract— Micro-Macro manipulators are considered as a
solution for applications which needs precise manigation
within a large work space. Such systems consists nfo parts
i.e. a flexible large manipulator — Macro — and a igid short
manipulator — Micro. For two reasons it is difficult to control
such systems as a slave. First because of their hat
complicated configuration which makes it difficult for operator
to manipulate the master, and second because of Xibility of
macro manipulator which prevents the slave to follw the
typically rigid master. To circumvent this problem, a method
based on artificial constraint motion is presentedwhich can
semi-manually control the system. To this end, opator
controls the macro manipulator by a macro-like masgr close to
the desired path, and a close loop computed-torqudike
controller which is designed based on constrained ation makes
the end-effector precisely track the desired path.

I. INTRODUCTION
L arge work space and precise tracking capabilitiesveo

flexible systems, conventional control algorithmeancnot
compensate for fluctuations due to coupling of miand
macro manipulators. Many control algorithms whicte a
aimed on control of flexible manipulators are basedctive
damping control of the flexible links. This, howeyvérces
the manipulator to practice slow and smooth motibm.
contrast, one might think of a controller whictetrito keep
the end-effector on the prescribed trajectory; ehihe
flexible arm is freely fluctuating around the desimpath.

A vast number of researches are conducted on tijectu
of dynamics and control of flexible manipulatorsyre of
these works are mentioned here. Kwan [1] presemtetbust
adaptive algorithm for hybrid force-motion contralf
constrained manipulators. Mingli et. al. [2] apdli@an
adaptive controller to the motion of planar twdklitkexible
manipulators. Xu et. al. [3] developed a controbased on
rigid body dynamics of a micro-macro robot. theibadea

main advantages of micro-macro robots. Macro rabot was to move the macro robot close to the desired ad
a large, light weight manipulator which caries micr employ the micro robot to eliminate tracking errorsi and
manipulator as payload. Where macro manipulatoes akoyd [4] studied direct and indirect adaptive cohtof

flexible; micro manipulators are small and rigidudto
flexibility of macro manipulator the whole systes under
actuated, which means the number of independenatacs
are less than the number of degrees of freedonpiteeits
good motion characteristics, control
manipulators is quite complicated. Control of sisgistems
in master-slave mode faces additional challengetwisi due
to complicated configuration of system, and theurst
difference between the behavior of rigid mastehwligxible

slave. To solve this one might think of keeping émel of
macro manipulator close to the desired trajectony ase a
suitable control algorithm to eliminate deviatiori end-

effector of micro manipulator from desired path.eTtask
could be regarded as simply control the macro maaipr

using a master, and compensate for its measuretiditions
using a closed loop control algorithm for micro ripamator,

this type of decoupling could only work, if the mac
manipulator was not highly flexible. However, forghly
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constrained manipulators and based on that thgyoged a
control scheme for constrained manipulators with
uncertainties in mass parameters. Sadigh and M&ra
presented a method for deriving the minimum-ordsr of

of micro-macr&quations of motion for dynamic systems subjecrtiicial

constraints. Sadigh and Zamani [6] proposed an -tpEn
control based on artificial constrained motion Whkeeps
the end-effector on prescribed trajectory whilevésa the
flexible arm to fluctuate freely. The method wagttier
developed by Sadigh and Salehi [7] to add an dotg-
control to eliminate deviations of micro manipulafoom
desired trajectory. Flemmer et. Al. [8] studiedbdity of
teleoperation of surgical manipulators. Weber €. [8]
proposed a flexible algorithm for control of telemulators.
Nogouchi et. Al. [10] presented a method for contao
master-slave robot system with moving base. Thepgsed
two mode for the motion namely the GOTO mode and
FOLLOW mode, which are used for moving the robofito
certain point and to control its motion in the dwestion.

The method presented in this paper divides theesyah
two parts i.e. the macro manipulator which is colfed by
master to move close to the desired trajectory ewhil
fluctuating freely, and the micro manipulator whidh
controlled to eliminate any deviation from desirpdth.
Dynamic coupling is considered in equations of oot
through an artificial constraint algorithm.
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