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Telemanipulator for
Remote Minimally
Invasive Surgery

Requirements for a Light-Weight Robot
for Both Open and Laparoscopic Surgery

In minimally invasive surgery (MIS), the surgeon works with
long instruments through small incisions. These small inci-
sions are the main advantage of MIS, leading to several bene-
fits for the patient when
compared with open sur-

gery. These benefits include
reduced pain and trauma, re-
duced loss of blood, reduced
risk of wound infections,
shorter hospital stays, shorter
rehabilitation time, and cos-
metic advantages. In contrast
to open surgery, direct access
to the operation field is no longer possible for the surgeon.
According to [1], the loss of direct access leads to several draw-
backs for the surgeon: 1) Tissue cannot be palpated any more.
2) Because of the relatively high friction in the trocar, the con-
tact forces between instrument and tissue can hardly be
sensed. [The trocar is a surgical device, which makes it
possible to create incisions in a visceral cavity (i.e.
thorax, abdominal cavity) and keeps it open with the
aid of a tube.] This is especially the case when the trocar
is placed in the narrow intercostal space (i.e., space
between the ribs). 3) As the instruments have to be
moved around an invariant fulcrum point, intuitive
direct hand–eye coordination is lost, and because of the
kinematic restrictions, only 4 degrees of freedom
(DoF) remain inside the body of the patient. Therefore,
the surgeon cannot reach any point in the work space at
an arbitrary orientation. This is a main drawback of
MIS, which makes complex tasks like knot tying very
time consuming and require intensive training [2].

To overcome the aforementioned drawbacks, telesur-
gery systems are a promising approach (Figure 1).
Within these systems, telemanipulators are key compo-
nents, as they transfer the surgeon�s commands into the

patient�s body. In combination with appropriate display and tel-
epresence technologies, they allow for a high-grade immersion
of the surgeon into the remote site, thus regaining virtually

direct access to the operation
area comparable to open sur-
gery. The following properties
of minimally invasive robotic
surgery (MIRS) can be real-
ized with appropriate technol-
ogies: 1) Manipulation forces
can be measured by miniatur-
ized sensors integrated in the
instruments (e.g., see [3]). It is

to be expected that the surgeon�s situational awareness is
increased if the contact situation is displayed to the surgeon by
suitable man–machine interfaces (MMIs). 2) By means of con-
trol algorithms and actuated surgical instruments, the correct
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hand–eye coordination as in the open surgery can be reestab-
lished. 3) More accurate movements are possible, as the sur-
geon�s hand motion can be scaled down before it is transmitted
to the robot. Additionally, the surgeon�s tremor can be reduced
by filters. 4) Furthermore, autonomous functions such as
motion compensation can be implemented by MIRS telepre-
sence systems [4], [5]. Thus, surgeons can perform new opera-
tion techniques like endoscopic minimally invasive bypass
surgery on the beating heart. Intelligent assistance functions help
to reduce the operation time (e.g., see [6]) as well as safety func-
tions (e.g., virtual constraints, supervision of manipulation
forces) to avoid unintentional damage to the tissue or suturing
material. Nevertheless, it has to be noted that the surgical expe-
rience reported in [7] leads to the conclusion that, with greater
involvement of the surgeon in the surgical workflow, robot-
assisted therapies will gain greater acceptance. 5) To become
applicable with a wider range of patients, more sophisticated vis-
ualization and navigation techniques are required. Additionally,
the MMI should allow for an intuitive and ergonomic working
style to relieve the surgeon from stress. 6) The possibility to get a
third opinion helps to increase the quality of the surgical out-
come, as remote experts can be consulted.

In the next section, the requirements for an ideal telemani-
pulator (i.e., robot and surgical instrument) are derived. There-
after, an overview on telemanipulators reported in literature is
given. The new robot for telepresence surgery developed by
German Aerospace Center (DLR) is presented in detail in the
��DLR Robot�� section. Surgical instruments equipped with
miniaturized force-torque sensors and additional DoF at the
distal end, also developed by DLR, are described in the ��DLR
Instruments�� section. The last section concludes this article and
gives directions for further research.

Requirements for an Ideal Telemanipulator
Robots placed near the patient occupy space in the already
crowded operating room (OR) environment. Therefore, these
robots have to be as slender and lightweight as possible. Thus,
they can be easily mounted or unmounted, and
the risk of collisions is reduced. At the same
time, the robots have to be as rigid as possible to
allow for an accurate and fast positioning of the
instrument tip. This imposes high demands on
the mechanical structure and the motor dynam-
ics. See also [8] and [9] for a discussion of mechan-
ical properties from a surgical point of view.

Kinematic redundancy of the robots allows
for a flexible OR setup, as the robot pose can be
changed according to the surgical setup. If the
robot is equipped with torque sensors at or near
the joints (see e.g., the ��Robot Hardware�� sec-
tion), handling forces by the OR staff can be
measured. In combination with joint redun-
dancy, this enables an intuitive way to manually
reconfigure the robot structure by just pushing
and pulling the robot (i.e., haptic interaction),
while the tool center point (TCP) remains
unchanged. Additionally, this is also a safety

feature, as collisions between robot structure and environment
can be detected. This is not the case with today�s robots, as
they are usually equipped only with a TCP mounted force-
torque sensor.

The diameter of the surgical instruments that are attached to
the robot tool tip has to be as small as possible. This is not only
necessary to reduce the incision size (and therefore to reduce
trauma) but also to be able to insert the instrument through the
narrow intercostal space if used, e.g., in heart surgery. To achieve
the full manipulability of 6 DoF inside the patient, at least an
additional 2 DoF at the distal end of the instrument are neces-
sary. This is also a prerequisite for intuitive and correct hand–
eye coordination to which surgeons are used to in open surgery.

The surgeon is separated from the operation area because of
the restricted access described earlier. Consequently, the surgeon
is able to neither feel contact forces nor to palpate tissue. An
advanced telesurgery system should be able to display this infor-
mation to the surgeon by appropriate display technologies.

Information about contact forces can be given by aug-
mented reality where contact forces are displayed visually or
by directly reflecting them to the user�s hand with the aid of
haptic input devices. In such a bilateral teleoperating system,
the teleoperator (master) and the telemanipulator (slave) are
coupled in a closed loop. The design goal is impedance
matching of master and slave, so the operator feels virtually
interacting directly with the remote environment in the
patient. To achieve a transparent system (i.e., good matching
of impedance) that provides a good feeling of the manipulated
tissue, a tight coupling between the master and the slave is
necessary [10]. Lawrence four-channel architecture for bilat-
eral teleoperation is advantageous, where positions and forces
are sent from the master to the slave and vice versa. This archi-
tecture implies the measurement of positions and forces of the
telemanipulator�s end effector. This requires locally accurate
forward kinematics, since the master kinematics in general
differs from the slave and teleoperation is implemented in
Cartesian space.

Figure 1. Schematic illustration of the DLR teleoperated surgery system for
MIS. In the front, an assistant surgeon (e.g., for the application and change of
instruments) is with the patient. In the background, the surgeon at a master
console is directing the instruments.
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