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Abstract—This abstract focuses on the role of artificial cogni-
tion in the context of robot-assisted laser microsurgery. The issues
related to the use of a laser as surgical tool are identified and
contrasted against the possibilities offered by a cognitive system.
The concept and progress in the development of a cognitive
supervisory system for laser microsurgery are presented. This
system is intended to supervise laser-tissue interactions occurring
during surgery, controlling the incision process and generating
alarms when potentially dangerous situations are detected.

I. INTRODUCTION

Applications of cognitive systems in robotics vary widely.
By definition, these systems exhibit a set of properties [1] that
are desirable when tackling problems that require high-level
reasoning capabilities i.e., similar to those of humans. Exam-
ples of such problems include planning and executing actions
in real-world environments, dealing with high-dimensional or
uncertain information and coping with situations that were not
considered or cannot be taken for granted at design time.

Surgical robotics constitute a promising field of application
for cognitive systems. Recent trends in this area point towards
the development of special-purpose robots [2] to attain surgical
procedures that would be difficult or impossible otherwise.
The purpose of developing robots for surgery is to provide
the surgeon with highly specialized tools that extend his/her
performance, therefore improving the overall quality of the
surgical treatment [3]. Nevertheless, sometimes interposing
a robot between the surgeon and the patient increases the
complexity of the procedure, which is usually due to the
physical constraints of the robot. For instance, the robot may
have many degrees of freedom in order to adapt to the shape
of specific anatomical parts, making it difficult to control.
Additional constraints appear in minimally invasive surgery,
where a limited access to the surgical site implies a poor
perception of the area of interest, demanding additional mental
workload to the surgeon, who plan and execute movements
on the tools by looking at images provided by a camera
located inside the body of the patient. An extended list of
open problems related with the use of robots in the operating
room is reported in [4].

Thus, it seems that classic robot control strategies are not
sufficient to handle the complexity of the scenarios presented
above. Cognitive approaches are currently being investigated
to turn surgical robots into smart tools. Recent results in this
context cover the development of advanced control algorithms

for robots with many degrees of freedom, automatic move-
ment of surgical tools, obstacle avoidance, navigation aid and
simultaneous localization and mapping [4].

In the case of laser surgery of the vocal cords, i.e., laser
phonomicrosurgery (LP) [5] surgeons cannot rely on their
sense of touch to control the incision process. Rather, they are
required to develop a different kind of dexterity, built around
the capability of predicting the effects of laser irradiation of
tissue.

This abstract discusses the issues related to the use of
lasers as surgical tools and how systems based on cognitive
approaches can help in mitigating them. The concept and the
current state of development of a cognitive supervisory system
for laser phonomicrosurgery is presented.

II. LASER PHONOMICROSURGERY

The interaction between the laser and the tissue is the
elemental building block at the core of laser-based surgery.
It is through this interaction that incisions and resections are
performed. The control of the incision process relies on the
experience and dexterity of the surgeon, who intrinsically
establishes the state of the interaction and thereby decides the
laser actions to perform. The mental workload is intensified
by an inadequate perception of the surgical site, as LP is
performed through a microscope [6]. Acquiring the skills
needed to conduct LP requires extensive training.

Improper operation of the laser may hinder the surgical pro-
cedure. Furthermore, it may lead to undesired and potentially
dangerous effects. Carbonization is one of those. It occurs
when the temperature of tissue increases, due to the energy
transferred from the laser [7], beyond 100°C. Carbonization
causes pain and longer healing times, diminishing the quality
of surgery [6]. Also, it may influence the patient ability to
speak normally again.

Nowadays there are no technical solutions for the auto-
matic supervision of the incision process during laser-based
surgery. To this end, a predictive model would be necessary,
predicting the outcome of the process and analyzing its state.
Analytical models of laser-tissue interaction (LTI) are well
known [7]. They depend mainly on tissue temperature and
water content. At the same time, these variables depend on
laser properties as beam focus and power, as well as on laser
exposure time and pulse rate. The laser wavelength, and its
corresponding absorption and scattering coefficients on the



tissue also determine the emergence of undesired effects like
tissue carbonization. Accurate and real-time measurement of
some of these variables during LP is not straightforward.

Thus, if a system is supposed to supervise the state of the
LTL it should rely on inputs similar to those used by surgeons
(laser location and history of actions) and not on analytical
models based on tissue properties.

III. COGNITIVE SYSTEMS FOR LASER SURGERY
SUPERVISION

Using a forward model to predict the state of LTI during
LP leads to formulate a solution in which analytical modeling
is neither convenient nor viable. Accordingly, we propose to
use models motivated by the capacity of humans to map and
fuse diverse sets of information and infer the state of events.

A. Cognitive Model

Length and depth of an incision depend on the treatment
parameters, such as the laser power and the total exposure
time. Skilled surgeons have developed the ability to finely
configure these parameters in order to get the incision they
have planned. The thermal state of the tissue plays a major
role during the incision process [7], driving its outcome. We
may hypothesize that surgeons have an internal, and probably
not explicit, estimation about the thermal state of the tissue.
Developing an autonomous system able to predict this state
without using a deterministic model can be seen as the design
of an artificial cognitive model.

A cognitive model generally denotes the combination of a
knowledge set with a given cognitive architecture [8]. Such
knowledge encapsulates the experience about certain process
or entity, while the cognitive architecture specifies how this
knowledge is represented, acquired, and processed in order to
obtain some specific behaviour.

We have developed a thermal model of tissue based on high-
level information such as laser activation, power and pulse
mode [9]. The change in temperature due to heat transfer
and diffusion are modeled as functions of laser exposure
time. The model is parameterized with respect to laser power
and assumes constant tissue properties. This model has been
extracted using machine learning techniques.

Initial results demonstrated the concept of an artificial
cognitive system able to predict the tissue thermal state during
laser exposure and it is based on simulated data, generated
with a Monte Carlo-based algorithm complemented by a finite
difference method for the resolution of heat diffusion [10].

B. Supervising Laser-Tissue Interaction

The cognitive supervisory system is meant to support sur-
geons, enhancing their perception about the state of LTI, thus
facilitating their decision making. This model is not supposed
to replace the surgeon perception but to complement it. Fig.
1 shows a diagram describing this concept.

The purpose of this system is to predict the continuous
appearance changes of the surgical site that can be observed
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Fig. 1.  Cognitive System for supervision of laser surgery. The system
provides additional information to the surgeon enhancing the perception on
the laser-tissue interaction

during LP, by means of image processing (e.g., laser lo-
calization, carbonization detection) and artificial intelligence
techniques. This functionality will be used to automatically
supervise the surgical procedure, generating alarms in case
unexpected or unforeseen situations are detected. The focus of
the supervisory system falls on the undesired and potentially
dangerous situations that may arise during LTT. In this context,
tissue carbonization and incision quality are recognized as
potential targets for automatic supervision.

At the core of the supervisory system lies the developed
model of temperature during LTI [9]. Based on the model
of temperature dynamics and the history of laser actions,
an autonomous system to avoid tissue carbonization and to
supervise the quality of the incision can be implemented.
Given the location of the laser beam, the temperature model
can be mapped onto the area of interest, activating the input
when the surgeon triggers the laser, generating and tracking
an estimation of tissue temperature.

IV. PRELIMINARY RESULTS

Initial studies demonstrated that a model based on ML can
be obtained mapping the same inputs that surgeons use (i.e,
laser actions) to the resulting thermal state of the tissue [9].
Nevertheless input/output data for the model was obtained
through simulation, given an analytic description of the tem-
perature dynamics [7],

. 1
T =xkVT + —8, (D
pe

where T, and T' represent the tissue temperature and its
temporal derivative, while VT' is the Laplacian operator,
describing the spatial change of temperature along the tissue,
which conductivity, «, is approximatel;/ the same for liquid
water and most tissues (~ 1.4 x 10’7%). The source of heat
per unit of volume and time, S, contributes to the change
in temperature weighted by the density (p) and the specific
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Fig. 2. Temperature dynamics at the center of the tissue at the surface
(j = 1), and at z = 0.025mm, (j = 2) for continuous/pulsed type of laser
modes. Time response of the reference (blue) and learned (red) models are
shown.

heat capacity (c). In pursuance of proving initial concepts
in [11], [9], Eq.(1) was solved using Finite Differences (FD)
approximation whereas a Monte Carlo approach was used to
properly simulate the heat of rate generation (5).

The results presented in Fig. 2 demonstrated that a learned
system can reproduce the dynamics of tissue temperature ob-
tained through the solution of the partial differential equation
presented in Eq. 1.

V. CONCLUSION

In this abstract, the concept of cognitive supervisory sys-
tem for robotic laser surgery was discussed. The system is
intended to supervise the laser-tissue interactions that occur
during surgery. A model of tissue temperature during laser
irradiation is at the core of the system. The model is inspired
by the cognitive process that surgeons do when map visual
information i.e., location of the laser spot, together with the
history of laser actions, to the estimation of temperature in the
tissue to avoid carbonization. This is, they decide what actions
to do in order to avoid increasing the temperature of the tissue
beyond 100°C.

Further investigation and developments are needed to bring
the system into a real surgical scenario. Current efforts are
focused on the validation of the temperature model. Also, a
model able to predict the properties of laser incisions, in terms
of depth and width, is being developed. These developments

are supported through the collection of experimental data from
real laser-tissue interaction.

VI. ACKNOWLEDGMENTS

The research leading to these results has received funding
from the European Union Seventh Framework Programme
FP7/2007-2013 — Challenge 2 — Cognitive Systems, Interac-
tion, Robotics — under grant agreement tRALP N°288233.

REFERENCES
[1] D. Vernon, “Cognitive system,” Encyclopedia
of Computer Vision., 2012. [Online]. Available:

http://www.vernon.eu/publications/12_Vernon_Cognitive_System.pdf

[2] F. Rodriguez y Baena and B. Davies, “Robotic surgery: from au-
tonomous systems to intelligent tools,” Robotica, vol. 28, no. Special
Issue 02, pp. 163-170, 2010.

[3] R. Satava, “Future directions in robotic surgery,” in Surgical Robotics,
J. Rosen, B. Hannaford, and R. M. Satava, Eds. Springer US, 2011,
pp. 3-11.

[4] Cognitive surgical robotics - robotic surgepedia. [Online]. Available:
http://rsp.inf.elte.hu/mediawiki/index.php/Cognitive_Surgical_Robotics

[5] L. Mattos, D. Caldwell, M. Dellepiane, and E. Grant, “Design and
control of a robotic system for assistive laser phonomicrosurgery,” in
Engineering in Medicine and Biology Society (EMBC), 2010 Annual
International Conference of the IEEE, 2010, pp. 5411-5415.

[6] W. Steiner and P. Ambrosch, Endoscopic laser surgery of the upper
aerodigestive tract: with special emphasis on cancer surgery. Thieme,
2000.

[71 M. Niemz, Laser-tissue Interactions. Springer Berlin Heidelberg, 2003.

[8] D. Vernon, G. Metta, and G. Sandini, “A survey of artificial cogni-
tive systems: Implications for the autonomous development of mental
capabilities in computational agents,” Evolutionary Computation, IEEE
Transactions on, vol. 11, no. 2, pp. 151 —180, april 2007.

[9] L. Fichera, D. Pardo, and L. S. Mattos, “Modeling tissue temperature
dynamics during laser exposure,” in Proceedings of the International
Work Conference on Artificial Neural Networks (IWANN), 2013.

[10] J.J. Crochet, S. C. Gnyawali, Y. Chen, E. C. Lemley, L. V. Wang, and
W. R. Chen, “Temperature distribution in selective laser-tissue,” Journal
of Biomedical Optics, vol. 11, no. 3, pp. 01-10, 2006.

[11] L. Fichera, D. Pardo, and L. S. Mattos, “Supervisory system for
robot assisted laser phonomicrosurgery,” in Proceedings of the 35th
International Conference of the IEEE Engineering in Medicine and
Biology Society (EMBC), 2013.



