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Abstract This paper describes a custom Low Power Motor
Controller (LoPoMoCo) that was developed for a 34-axis robot
system currently being designed for Minimally Invasive Surgery
(MIS) of the upper airways. The robot system will includes
three robot arms equipped with small snake-like mechanisms,
which challenge the controller design due to their requirement
for precise sensing and control of low motor currents. The
controller hardware also provides accur ate velocity estimate from
incremental encoder feedback and can selectively be operated
in speed or torque control mode. The experimental results
demonstrate that the controller can measure applied loads with
a resolution of 0.8N, even though the transmission is non-
backdriveable. Although the controller was designed for this
particular robot, it isapplicableto other systemsrequiring torque
monitoring capabilities.

I. INTRODUCTION

Minimally invasive surgery (MIS) of the throat is charac-
terized by insertion of endoscopes and multiple long tools
through a narrow tube (the laryngoscope) inserted into the
patient’s mouth. Current manual instrumentation is awkward,
hard to manipulate precisely, and lacks suf cient dexterity to
permit common surgical subtasks such as suturing vocal fold
tissue. This clinical problem motivated the development of
a novel system for MIS of the upper airway including the
throat and larynx [1] [2]. This system has a master/dave design
similar to other telesurgical robots. We give a brief overview of
the slave unit, focusing on its snake-like mechanism because
it placed the most demands on the design of the low level
controller, which is the subject of this paper.

Figure 1 shows the design of the 3 armed slave robot
that works through a laryngoscope. Our design includes a
laryngoscope, a base link, two similar Distal Dexterity Units
(DDU) for tool/tissue manipulation, and another DDU for
suction. Each DDU is a 5 degree of freedom (DoF) robot
mounted on a DDU holder, which is manipulated by a 4
DoF Tool Manipulation Unit (TMU). The TMU controls the
angle of approach, the rotation about and the position along
the axis of the DDU holder. The TMU’s are mounted on
a Rotating Base Unit (RBU), permitting the system to be
oriented within the throat so as to minimize collisions between
DDU holders. The DDU holders are thin tubes (about 4 mm
in outside diameter) providing an actuation pathway for the
DDU and possibly a light-source or suction channel. Each
TMU is equipped with afast clamping device for adjusting the

axial location of the DDU. The actuation unit of each DDU
is located at its upper extremity and the actuation is by super-
elastic (NiTi) tubes operated in push-pull mode. This system
implements actuation redundancy in the design and control of
the DDU'’s. Each DDU and TMU has 7 and 4 actuated joints,
respectively, which totals 34 actuated joints for the three armed
slave robot and RBU.

The snake-like unit of the DDU is composed of a base
disk, an end disk, several spacer disks and four super-elastic
tubes (backbones) arranged as in Fig. 2. The centra tube
is the primary backbone while the remaining three tubes
are the secondary backbones. The secondary backbones are
equidistant from the central backbone and from one another.
The central backbone is attached to both the base and end
disks and to all spacer disks while the secondary backbones
are attached only to the end disk and are free to dide and
bend through properly dimensioned holes in the base and
spacer disks. These secondary backbones actuate the snake
in both push and pull modes, which makes it possible to
satisfy statics of the structure while preventing buckling of
the backbones - an important feature for successful reduction
of diameter to 4mm or less. This makes the design of the
controller challenging because it must prevent buckling by
ensuring that the backbones do not get overloaded.
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Fig. 1. Slave Robot Design
Il. DESIGN OF THE Low LEVEL SYSTEM CONTROLLER

The requirements for controlling the surgical robot system
are as follows:






