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Abstract—Medical robotics is an expanding field of research
with more certified products entering the market and more
technologies being developed. Given the number of surgical
specialties and procedures, there is no one solution that would
suit all applications. This paper focuses on the requirements
and the development of systems for novel techniques in visceral
surgery. Here the aim is to design surgical instruments with
greater flexibility and degrees of freedom that are still intuitive
to use.

I. INTRODUCTION

The use of robot assistance is an increasing market with a lot
of growth potential [1]. The only commercially available teler-
obotic system, namely the da Vinci platform, is still limited
with regards to the range of procedures that it can perform [2].
Within this limited range, the number of robotically assisted
procedures is increasingly growing regardless of the lack
of clinical advantages over manual laparoscopic surgery [3].
The advantages such as 3D visualisation, improved dexterity,
surgeon ergonomics and elimination of the fulcrum effect [2]
outweigh the disadvantages such as the high cost, bulky size,
and lack of tactile feedback [2].

Besides the growth in robot assisted surgery, developments
in surgical techniques focus on making minimally invasive
surgery even less invasive. This is achieved by Laparoscopic
Endoscopic Single Site (LESS) surgery whereby all the in-
struments and the camera are entered into the patient through
a single trocar in the abdominal wall. Another method is
to access the abdomen via the esophagus, the rectum or
the vagina and inserting the instruments and camera via an
incision in one of these structures. For LESS surgery there
are a few commercial systems available and various systems
being developed [4]. Similarly, there are systems for NOTES
available or under development [4].

Technological solutions could bring robot assisted surgery
together with techniques such as NOTES to enable the full
potential of this novel technique [5]. For LESS surgery there
is also a great potential for combination with robot assistance
as shown, experimentally by [6]. In this study, customised
da Vinci instruments were used to carry out a gall bladder
removal. Although feasible, it was evident that the da Vinci
system was not designed for such a procedure.

The next sections discuss the requirements of robot as-
sistance systems for NOTES and LESS and proposes tech-
nologies and methods to develop solutions that meet these
requirements.

II. REQUIREMENTS

As [7] identified, the instruments need to be more flexible
and have a much greater range of motion from the point
where they enter the abdomen. Also the instruments should not
protrude out of the access port in a straight line more or less
parallel to the port, but articulate away from the trocar. Finally,
it was argued that if the instruments had different lengths,
they could operate in different planes thus avoiding collisions.
To be able to carry out standard procedures, the forces that
are transferred through the instrument should not differ from
those measured during “normal” laparoscopic procedures. This
means that the small flexible instruments should be able to
transfer forces of approximately 30N [8]. With these force
magnitudes, it is important that the surgeon has some tactile
feedback in the instrument handle. The lack of haptic feedback
has been identified as a current weakness of robot assisted
systems. Experimental work has shown that the precision
and control of instruments and flexible endoscopes is vastly
improved by this feedback [9], [10]. Finally, the whole system
consisting of instruments and their holders, a camera and its
holder and the user interface devices should be small and light,
and ideally be hand-held.

III. SOLUTIONS

A novel system where a robot and a surgeon work together
to carry out LESS or NOTES surgery requires a number of
technological advances. The instruments need to be highly
manoeuvrable, generate relatively large forces for their size
and ideally have flexible supply lines. This has led to the
development of small hydraulic actuators.

Prototypes of miniature hydraulic cylinders and pneumatic
muscles, see figure 1, have been manufactured from off-the-
shelf components. Both actuator types were tested to establish
the maximum pressure they could withstand, their force gen-
eration capacity, stroke, and in case of the cylinder, friction.
The hydraulic cylinder had a piston diameter of 2.7mm and
was sealed with an o-ring. It withstood pressures up to 200



Fig. 1. Example of flexible, energy dense, pneumatic muscle actuator made
from off-the-shelf components

Fig. 2. Parallel kinematic system for instruments and scopes

bar at which point a force of 94N was measured. The seal
friction at this presssure was measured at 2N, which was lower
than expected from an o-ring. The working fluid was medical
white oil, which is the hydraulic fluid that is proposed for
the novel instruments. The pneumatic muscle prototypes were
tested with both air and water as their working fluid. They
could not withstand high pressures such as the cylinder: the
connection between the flexible tube and the pressure supply
would start to look. Nevertheless, a muscle actuator with an
inner tube diameter of 1.5mm and outer tube diameter of
2.5mm tested with water generated a force of 30N with a
supply pressure of 9 bar. These results have indicated that
hydraulic drives are appropriate for this application. Another
advantage of hydraulics provides is that the supply pressure is
a direct indicator of the force generated at the instrument tip.
In other words, this type of actuation enables a simple and safe
implementation of haptic feedback. Finally, for robotic appli-
cations, hydraulics also have the advantage that its dynamics
are well understood as well as potential friction losses. This
means that robot control systems can be developed rapidly and
with a high level of certainty.

To hold and move instruments or cameras, a spherical
parallel kinematic system has been developed, see figure 2. It is
small for the range of motion it has, the parallel arms ensure
increased robustness over a serial kinematic system and the
pivot point of the instrument motion is mechanically defined.
Its kinematic and dynamic characteristics are currently being
analysed and the design is being optimised for a range of
parameters. One of these parameters is the range of motion.
Ideally, this is a large as possible inside the patient, but as

Fig. 3. Example of a Man-Machine Team

small as possible outside the patient. Another parameter is
the sensitivity and relative linearity between the motion of
the drives and the motion of the instrument. Here the ideal
case is that the drive requires a large displacement for the
instrument to move by a small amount. The goal is to find
the best compromise between these optimisation parameters,
which can be conflicting.

Once all the components have been characterised and op-
timised, the goal is to integrate them into a flexible surgical
robotic assistance system. Starting with a typical laparoscopic
intervention with 4 incisions, the parallel kinematic system is
used to hold the endoscope and one rigid instrument while
the surgeon holds the two other instruments. The challenge is
to develop a user interaction method for handsfree control of
the camera angle and rigid instrument orientation. The next
step is combine the components to enable Single Port surgery.
The two parallel assistive robots need to be dimensioned to
ensure maximum motion while avoiding collisions. In this
application, the surgeon will require flexible instruments to
reach all structures. These are the flexible handheld instru-
ments descibed previously with equiped mechatronic input
devices. Figure 3 illustrates this vision.

IV. CONCLUSION

There is a great potential to develop technology for man-
machine OR teams that have been designed to carry out novel
operating techniques such as NOTES and LESS. This type
of system has many requirements to meet, but they can be
addressed by developing modular solutions for the instru-
ments, the instrument manipulators and the user interfaces
and all the other components. These modular solutions can
finally be combined to form a flexible, small and lightweight,
user-friendly assembly that can be used for routine as well
as complex surgeries. Hydraulic actuators form part of this
modular solution to provide more flexibility to the system,
while meeting the force generation requirements. Parallel
kinematic devices form the basis of the small and lightweight
instrument manipulator modules. Both these modular systems
have so far shown promising results.

V. FUTURE WORK

Once the modules for the instruments and their parallel
robot manipulators are finished, the challenge is to ensure



their interaction with the user is intuitive. The first step
is to establish what constitutes a good interface. For this
purpose, computer models and real-time simulations will be
used, so various input device prototypes can be tested rapidly
without needing to adapt the instruments and their drives to
all the different interfaces. The next step will be to integrate
all the modules to demonstrate the feasibility of handheld
mechatronic instrument systems and man-machine surgical
teams.
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