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Abstract—The European project ACTIVE aims at developing
an integrated redundant robotic platform for neurosurgery.
During tele-operation, the surgeon perceives on a haptic device
the interaction of the tool with the brain tissue by means of
a force/torque sensor mounted on the slave. Moreover, active
constraints prevent damage to eloquent areas and assist the
surgeon by constraining and directing his motions. Having two
sources of haptic feedback, and only one haptic device through
which it can be displayed makes it difficult to distinguish between
the two sources. In this extended abstract, we formalize the
problem and propose a solution based on vibratory feedback.
The platform that we’ve set up in order to take our findings from
virtual reality to teleoperation is described, as well as the current
work we’re performing in order to cover not only forbidden
region active constraints, but also guidance forces.

I.

Fig. 1: Teleoperation setup

I NTRODUCTION

While performing an operation, surgeons must rely on their
senses to understand the environment they are dealing with,
and be able to react to unforeseen situations. In traditional
surgery, the surgeon is situated very close to the operating
scene, and gets the stimuli conveyed directly through the tools
he uses (microscope, scalpel, endoscope, etc...).
In robotic surgery, it is frequent to have the surgeon situated
further away from the patient, so as to leave enough room for
the robot, and to place the surgeon in front of a master station
from which he will control the slave robot (for example, [1],
[2]). In such case, the surgeon doesn’t interact directly with
the tissue anymore, but through a computer/robotic interface
that transmits the stimuli from the operating scene to the
master console. This gives rise to many difficulties (lag time,
limited resolution, possible instabilities, etc...) but also allows
to augment the senses of the surgeon.
When it comes to touch, the interaction that takes place
between the robot and the operating scene can be measured by
a force sensor, and then conveyed back to the surgeon through
a haptic interface. Augmentation usually consist in adding
active constraints [3] (also called virtual fixtures [4]), that
either guide the surgeon in the operation (guidance fixtures)
or assist him in staying away from potentially dangerous areas
(forbidden region fixtures). A recent survey can be found in
[5].
When using both a sensor on the robot and virtual feedback
to assist the surgeon, the main issue is that we have two sources
of haptic feedback, but only one haptic device through which

we can render forces. In this work, we tackle the problem of
rendering these two sources of feedback in a way that is clear
and beneficial to the operator at the master console.
II.

C OMBINING SOURCES OF FEEDBACK

When two different sources of feedback are used simultaneously, they will have to be rendered in some way at the
user’s hand. If the feedback sources never return non-null
forces simultaneously (for example, if guidance forces are
only present when the robot moves in free space), conflict
is unlikely to arise, as only one source is rendered at a time.
When both sources return non-zero forces, a straightforward
approach is to just sum both forces. This is expected to work
well if both forces are orthogonal (for example keeping the
user on a given plane while manipulation tissue orthogonal to
it), since it could be simple to tell the forces apart. It also
works if one of the forces is much higher than the other (a
very stiff forbidden surface, for example), and is supposed to
overcome the other.
If we are interested in keeping the operator aware of the
two sources, they should somehow be distinguishable. Just
adding them will create a resulting force with a different
direction and magnitude. We propose to overlay vibrations on
top of one of the sources to make it easily distinguishable
from the other. We will see separately how to tackle forbidden
region and guidance virtual fixtures.

A. Forbidden regions
When implementing forbidden region active constraints,
together with force feedback coming from tissue interaction,
there are a couple of design choices to consider. The first
is: where should we use vibration, on the tissue feedback,
or on the virtual feedback? It’s important for the surgeon
to distinguish as clearly as possible any unexpected force on
the tissue, so we consider it’s best to preserve this source of
feedback as close to the original as possible. On the other
hand, the virtual feedback is already something synthetic, so
we consider it’s the best candidate to modify. On the other
hand, we consider a forbidden region as a critical region that
must not be penetrated, so it’s important to make it very easily
distinguishable, and prevent the surgeon from entering it.
In previous work [6], we experimented in virtual environments, where part of the environment was supposed to represent a physical reality, and other virtual surfaces represented
forbidden regions. We showed how in certain scenarios, just
adding both sources of feedback naively would cause the user
to fail to notice certain elements that he touched. In order to
overcome this, we first thought about rendering one source
of feedback kinesthetically (render continuous forces), while
the other source would be rendered by having a vibration
convey the magnitude of its force. This indeed made it very
clear as to what was virtual and what was supposed to be
real, but since we’re not able to perceive the direction of
vibrations, the direction of the virtual force was lost. Since
we used kinesthesia to render the physical objects (tissue in
the case of surgery), and vibration for the active constraints,
big penetrations into the forbidden regions, would be frequent.
This was highly undesirable.
In later work [7], we proposed a better solution to render
the virtual constraints. We would overlay a vibrating component on top of virtual force. The vibration amplitude would
be proportional to the magnitude of the virtual force, with a
small positive offset at the moment of contact to make it easily
distinguishable. Through an experimental study, we found that
users could easily distinguish the two sources of feedback,
without increasing the penetration into the forbidden regions,
which was our goal.
B. Guidance forces
In the area of guidance forces, the problems we face are of
another nature. Forbidden regions should prevent the user from
reaching a dangerous area, therefore generating force that resist
the surgeon’s motion. On the other hand, a guidance force
should help the surgeon reach a certain goal. The difference is
that in the first case, motion is impeded, while in the second,
a motion should be encouraged. The surgeon should be at all
times in control of the slave, and having the haptic interface
push his hand in a certain direction is deemed dangerous.
The use of vibrations to guide the surgeon is an attractive
one, since the average energy exchange with the hand is zero.
The higher the frequency used, the lower the oscillations it will
cause on the hand. However, as we previously saw, vibration
will not convey the sense of direction that we want to transmit
to the operator. The solution that we propose to solve this
problem is that of asymmetric pulses, where the master device
displays a short strong force in one direction, followed by a

longer lower force in the opposite direction. This creates the
illusion of being pushed or pulled in the direction of the strong,
short pulse. This concept has been employed on un-grounded
portable [8] and wearable [9] devices, where it is clear that
there is no net energy transferred to the hand.
We’ve done preliminary experiments where a clear sensation of pulling or pushing in a direction can be felt. Even
if the haptic device is released, its vibrations are hardly
perceivable, and it won’t slide towards the direction of the
pushing. Psychophysical studies with more subjects will be
performed to study the usefulness of the illusion in clinically
relevant scenarios.
III.

T HE PLATFORM

In order to take our experiments from a virtual scenario to
an actual teleoperation setup, we’ve prepared a platform that
comprises a Light Weight Robot (LWR) from KUKA as slave,
and a Sigma 7 from Force Dimension as the master. A 6DOF
force/torque sensor (ATI Nano17) is mounted on the LWR to
measure the forces at the tool tip of the slave. The setup is
shown in figure 1, and has been designed in the framework of
the European project ACTIVE [10].
On the master side, the displacement of the haptic device
is read, filtered and down-scaled. The filtering is necessary
to remove vibrations introduced by the vibratory feedback
techniques mentioned in the previous sections. The positions
are used to control the slave, which measures its interaction
forces with the environment through the force/torque sensor.
The measured forces are filtered to remove mechanical vibrations of the robot at 190Hz and 50Hz (empirically measured,
due to cooling fans) and upscaled. Using the pose of the end
effector, the forces are rotated to the slave’s reference frame,
and fed back to the operator.
Time delays are inevitable, and in order to guaranty safety
and stability of the system, a passivity observer and controller
is implemented, following the theory and algorithms in [11].
The observers measure the amount of energy that enters and
escapes the system through both the slave and master side, and
limit the output of any of the sides when the system is about to
become active. Without a passivity controller, hard contacts are
extremely unstable (causing big and violent bounces), while
keeping a constant contact force on soft tissue can destabilize
the system (the motion and force scaling playing a key factor
on the maximum allowable stiffness before we lose stability).
Figure 3 shows how the passivity layer is situated in the
system. The difference in contact with a soft tissue (the silicon
sample shown in figure 1) with and without the passivity
controller is shown in figure 2. It can be seen how the contact
is unstable in figure 2a, and that it becomes much more stable
in 2b, where the haptic master doesn’t bounce anymore.
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Fig. 2: (a) recorded force sensor data (black) and position data in vertical direction (perpendicular to contact surface) for master
(red line) and slave (green) devices during contact with a silicon sample located at 0.15m (yellow dashed line), without passivity
controller and (b) recorded position data of master device (slave is slightly shifted in time but not shown) with force sensor
signal (red), the upper bound of the applicable force as calculated by the passivity controller (yellow) and force actually rendered
by the haptic device (green when visible, otherwise red).

Having a working and stable platform will allow us to
extend our work on vibratory feedback that had been done up
to now only in virtual scenarios to the teleoperation domain.
Preliminary tests have been performed, in which a simple
planar forbidden region is introduced inside the silicon sample
shown in figure 1, a couple of centimeters below its surface.
The hidden virtual feature becomes very easy to distinguish
from other unexpected stiff features buried in the tissue, due
to the use of vibration.
IV.

C ONCLUSION

We have presented for the state of our research concerning
the use of vibrations for haptic feedback in robotic assisted
surgery. When tool-tissue interaction forces are available via
a force sensor, it is important to keep them unmodified to
maximize the realism of this feedback at the surgeon’s hands.
Vibrations are used to modify the virtual forces originating
from active constraints. The cases of forbidden region and
guidance virtual fixtures are treated differently, since the goal
of each is different and requires separate considerations. The
teleoperation platform that has been set-up in accordance to
our needs in the ACTIVE project was described, together with
the considerations we’ve taken for its stability. This paves the
way to new experiments that will be conducted in order to
study the usability of our approach in medical scenarios.
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