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Abstract— This video elaborates on a new active and con-
trollable over-tube addition to the highly articulated robotic
probe; the HARP. This over-tube allows the current HARP
mechanism to double its overall length and allows it to perform
more complex tasks. We explain the design concept of the
current HARP and the novel over-tube mechanism and show
two proof-of-concept experiments demonstrating the use of the
active over-tube.

I. INTRODUCTION

At Carnegie Mellon University and the University of
Pittsburgh, we have been developing a small surgical snake
robot which we term the HARP; highly articulated robotic
probe [1], [5], [4]. The HARP can use its many degrees
of articulation to reach anatomical targets deep in the body
without disturbing surrounding tissues, which of course is
key for minimally invasive surgery.

We are now interested in natural orifice surgery, which
undoubtedly requires a longer articulated probe. We therefore
began development of an over-tube for natural orifice translu-
menal endoscopic surgery (NOTES). The current video illus-
trates the use of a novel over-tube to increase the HARP’s
capabilities and to enable it to reach places it could not
before.

II. RELATED WORK

Minimally invasive surgery (MIS) is now known to have
many benefits over traditional surgery. These benefits include
reduced pain, faster healing and recovery, and fewer compli-
cations due to less tissue disruption [2], reduced blood loss
and decreased post-operative pain [3]. The most known and
widely accepted device is the da Vinci system (Intuitive Sur-
gical Inc., Sunnyvale, CA) which uses conventional industrial
robot arms that grab custom designed laparoscopic tools
with which MIS can be performed. The main disadvantage
of these current robotic mechanisms is the use of rigid
endoscopic tools. Classic flexible endoscopic tools exist,
however, the lack of control reduces their ability to perform
complicated manipulation tasks.

A. Degani is with the Faculty of Civil and Environmental Engi-
neering, Technion - Israel Institute of Technology, Haifa 32000, Israel
adegani@technion.ac.il

S. Tully is with the Electrical Engineering Department, Carnegie
Mellon University, 5000 Forbes Avenue, Pittsburgh, PA, USA
stully@ece.cmu.edu

B. Zubiate is with Medrobotics bzubiatte@medrobotics.com

H. Choset is with the Robotics Institute, Carnegie Mellon University,
5000 Forbes Avenue, Pittsburgh, PA, USA choset@cs.cmu.edu

e o 2

i =]

(a) (b) (©)

e St S g ;g,::L:siTv/ .
(Y] (©) (f)
Fig. 1. Typical gait sequence of the HARP mechanism.
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Fig. 2. Schematic of extreme cantilever configuration. 2(a) - extreme

configuration. 2(b) - Simplified model.

III. CURRENT HARP DESIGN AND OPERATION

A novel feature of the HARP is that it uses conventional
motors. The HARP’s design consists of two concentric tubes.
Each tube comprises many plastic links strung together on
strings. The two tubes can alternate between being rigid or
limp, while the outer one can also direction the distal link.
The HARP follows an arbitrary curve in three dimensional
space by alternating the rigidity/limpness of the outer and
inner mechanisms. See Fig. 1 for the gait sequence of the
HARP.

An extreme or worst-case configuration of the cur-
rent HARP (without the proposed over-tube) is shown in
Fig. 2(a). This worst-case configuration occurs when the
device is stretched out in a cantilevered position, the outer
mechanism is limp, and the inner mechanism supports its
own weight as well as the weight of the outer mechanism. It
is easy to see that because the force required by the strings
to be pulled is proportional to the weight of the HARP, its
length is limited.
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Fig. 3. The HARP mechanism with the over-tube.

IV. OVER-TUBE DESIGN AND OPERATION

The over-tube that we are developing allows a dramatic
increase of the mechanism’s length. This over-tube is a third
concentric tube controlled by three motors (Fig. 3). Once the
over-tube is driven passively into its configuration, the strings
are tightened and the over-tube becomes a rigid support
cannula for the HARP. By including this third tube we can
double the overall length of our probe.

We begin the use of the HARP with the over-tube by first
making the three concentric tubes limp. By being limp, the
entire mechanism can be inserted into a natural orifice. We
can also slightly articulate the over-tube by using its three
motors. The visualization instrument is onboard the middle
tube which is distally flush to the over-tube in this part of
the procedure. By using the visualization instrument, the
operator decides when to stop the insertion of the mechanism
and tightens and locks the over-tube in place. From now on
the distal part of the over-tube becomes the proximal port
for the HARP to begin the articulation.

V. PROOF-OF-CONCEPT DEMONSTRATIONS

To motivate the use of the over-tube with the HARP, we
have conducted two proof-of-concept demonstrations. The
first is a bench-top demonstration of a 600 mm HARP mech-
anism with and without the help of the over-tube. Fig. 4(a)
shows the long, 600 mm HARP failing under its own weight
while Fig. 4(b) shows the HARP successfully maneuvering
using the over-tube mechanism. The mechanism can first be
passively shaped into position imitating the insertion of the
over-tube into a natural orifice. Then the probe exits the over-
tube and the articulation begins.

The second demonstration shows the possibility to use
this mechanism in domains other than the medical field. In
Fig. 4(c) we insert the HARP with the over-tube into a mobile
robot simulating a suspicious vehicle. We first drive the probe
into a hole on the vehicle. We reduce the rigidity of the over-
tube to allow the mechanism to passively enter the vehicle.
After the over-tube is sufficiently inserted into the vehicle,
we rigidify it and start the articulation of the HARP. Fig. 4(d)
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Fig. 4. Proof-of-concept demonstration of the HARP mechanism with the
over-tube. 4(a) - bench-top demonstration of a 600 mm HARP mechanism
failing without the use of the over-tube. 4(b) - bench-top demonstration of
a 600 mm HARP mechanism supported by the over-tube. 4(c) - Vehicle
inspection with the HARP and over-tube. 4(d) - Final configuration of the
probe inside the vehicle being inspected.

shows the final configuration of the HARP inside the cavity
of the mobile robot.

VI. CONCLUSIONS AND FUTURE WORKS

This video shows the addition of an active and control-
lable over-tube to the HARP mechanism which allows the
mechanism to double its overall length while keeping its
simplicity. Our current goal is to bring our mechanism to
the operating room to use in NOTES procedures. The use
of our over-tube is adequate to NOTES procedure since the
HARP can be passively guided into a natural orifice and only
then articulated to perform the specific task.
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