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OP:Sense

Research Platform for Robot-supported Surgery with
Haptic Feedback and Optical Scene Monitoring
OP:Sense is a modular platform for research into
novel methods for the secure and precise execution
of robot-supported operations. The system focuses
on supporting and relieving the strain of the surgeon
and on providing novel alternatives to conventional
surgery. For this purpose, individual modules – both
hardware and software components – are combined
in a system that is adapted exactly to the operation to
be performed. This system is both secure and testable.

Robot System
Use of modern lightweight robots with force-momentum
sensors and seven active degrees of freedom allows for
novel, combinable control concepts compared to conventional medical robots:
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 In the haptic telemanipulation mode, the surgeon controls
the robots via haptic input devices. The surgeon can feel
the resistance counteracting the instrument and, thus,
distinguish between e. g. soft tissues and bones. Additionally, virtual limits can be simulated for the protection of
risk structures.
 In the manual mode, the surgeon can directly position the
robots by taking hold of them and guiding them to the
correct position. If necessary, he is supported by assistance
functions limiting the adjustable positions of the robot
and medical instrument and allowing for precisely guided
movements.
 In the autonomous mode, the robots autonomously move
to a given position in order to provide the surgeon with
free working space or to allow for the exchange of medical instruments mounted to the robot.
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Camera System
OP:Sense extends conventional robot-supported surgery by
integrating optical monitoring systems that acquire the operation environment, inclusive of humans and objects, in real
time and three dimensions. The calculated virtual scene is
used as the basis of further developments, such as redundant
checks of robot positions, adaptive track planning, and prevention of collision. These features were developed among
others under the European Research project SAFROS and
guarantee maximum safety for patients and medical staff.

Scene Interpretation
Research also focuses on the interpretation of the scene
monitored, in particular with respect to humans and their
actions: How many persons are in the room? Where are they
located? Which gesture do they make? To which activities
do the gestures acquired correspond? In which phase of the
operation are these activities typically encountered?
Based on the information derived, OP:Sense supports the
surgeon by displaying the currently needed information only
or by optimizing the camera position. Thanks to these connectable aids, the surgeon can concentrate on the operation
exclusively.

To acquire the scene, OP:Sense integrates time-of-flight cameras,
a marker-based tracking system, and structured light cameras.

3D Representation for the Surgeon
In case of laparoscopic operations e.g. in the closed abdominal cavity, the surgeon sees the field of operation by means
of the camera and screen only. Conventional systems do not
provide any spatial impression. Depth has to be estimated
from monocular information, such as size ratios. Quality of
this estimation strongly depends on the experience of the
surgeon.
In contrast to this, the OP:Sense demonstrator offers a consistent 3D representation of the field of operation according
to the latest state of the art. The integrated Endocam® Epic
3D HD camera made by the Richard Wolf company surveys
the field of operation using two 3-chip HD sensors. The field
of operation is represented on an autostereoscopic screen
developed by the Fraunhofer Heinrich Hertz Institute. It
acquires the positions of the eyes of the surgeon and, on
this basis, displays a three-dimensional image.

OP:Sense acquires and interprets the poses of the acting persons
and robots.
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