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Abstract: The Laboratory of Computer Applications for Health Care at University of São Paulo develop multidisciplinary research
involving Computer Science areas and other knowledge fields such as Physiotherapy, Psychiatry, Radiology, and Cardiology. Most
studies use concepts besides Computer Science, by aggregating knowledge to solve real problems. In this paper we present the main
projects  in  Virtual  Reality  and  Augmented  Reality  areas,  highlighting  serious  games,  computer-aided  diagnosis  and  therapy,
simulation and training. Besides the social and scientific impact inherent to the type of the developed research, some systems are
available to health professionals in order to allow technology transfer and consequent technological and economic impact in daily
activities of health tasks.
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Figure 1. Some projects developed by LApIS members: (a) serious game for virtual rehabilitation; (b) facial emotion synthesis; (c) simulation for
dental anesthesia.

Figure 2. Computer-aided diagnosis in Autism Spectrum Disorder: (a) Patient during eye tracking process; (b) frame of a video used as stimulus; (c)
Saliency map obtained from processing of eye tracking signals.

1. Introduction
LApIS is an abbreviation in Portuguese for “Laboratory
of  Computer  Applications  for  Health  Care”.  The
laboratory  aggregates  nine  full  time  advisors  from
School of Arts, Sciences and Humanities at University
of São Paulo (USP), with background in the Computer
Science areas, which teach and supervise graduate and
undergraduate students. Most of the projects of LApIS
are multidisciplinary because their members believe that
solution of real problems requires knowledge of several
areas. Then, the development of such research requires
effective participation of professionals from other areas,
who  know  the  application  deeply.  Thus,  besides  the
advisors  above  mentioned,  LApIS  has  collaboration

with researchers from Brazilian and foreign institutions,
with backgrounds not only in Computer Science areas,
but  also  in  Psychiatry,  Cardiology,  Physiotherapy,
Odontology, Radiology, among others.

Research developed at  LApIS aims to  solve some
real problems, by answering research questions such as:

 How to develop efficient and engaging systems for
virtual rehabilitation?

 How  do  aid  diagnosis  and  therapy  of  different
anomalies and disorders?

 Using emotions recognition in simulation, games,
and computer-aided diagnosis can contribute to the
efficiency of these systems?
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 Is it possible to generate intuitive visualization in
three-dimensional (3D) environments  to  decrease
the cognitive effort required to understand abstract
information?

 Virtual games can present the same efficiency like
real games?

In order to answer these and other questions, we put
together  several  areas  of  Computer  Science,  such  as
Graphical  Processing,  Machine  Learning,  Computer
Theory,  Software  Engineering,  Information  Retrieval,
and Human-Computer Interaction. Other areas are also
studied  in  order  to  aggregate  useful  concepts  for  the
research. Among these, the most recent are studies about
characteristics  of  disorders  like  Autism  Spectrum,
Alzheimer, and Mild Cognitive Impairment. Anomalies
like  cardiomyopathies  and  breast  cancer  are  also
explored  in  some  research.  Finally,  concepts  that
involve  studies  from  Psychology  and  Education,  like
cognitive skills, affective computing and visual attention
have been included in some of the research developed at
LApIS.

2. Main Projects
The projects developed at LApIS can involve different
concepts within Computer Science areas. Most of them
use  Graphical  Processing,  considering  Virtual  Reality
(VR) and Augmented Reality (AR), Image Processing
and Content-Based Image Retrieval.  In  this  paper the
projects  more  directly  related  to  VR  and  AR  are
highlighted (Figure 1).  Other  projects can be seen at:
https://lapis.each.usp.br/.

2.1 Serious games
In  partnership  with  physiotherapists,  LApIS  has
developed  serious  games  to  aid  training  and  motor
rehabilitation processes.  In  [1],  a  VR serious game is
described  for  the  motor  rehabilitation  of  patients
considering the performance of daily activities. Also in
this  context,  Funabashi  et  al.  [2]  proposed  a  serious
game  whose  task  is  to  associate  images,  involving
cognitive  and  motor  challenges.  The  correspondence
between virtual and real games is also investigated [3].

Aiming  to  provide  greater  engagement  in  serious
games,  some  researchers  have  investigated  the
automatic adaptation of these applications based on the
user's  emotional state.  In [4],  an Affective Computing
framework was proposed for the automatic adaptation
of  serious  games  aimed  to  aid  motor  rehabilitation
processes. 

In addition to reducing the cost of implementation to
the developer, this approach allows the physiotherapist
to  configure  the  adaptations  to  be  defined  for  each
patient. Figure 1a illustrates one of the games used in
this research.

A PhD research  currently  developing  aims  to  not
only provide the automatic adaptation of serious games
of general purpose, but also to include the analysis of
the user's personality in this context [5]. In this sense, a

systematic  review was  developed  in  order  to  analyze
how the user's personality traits imply the experience of
using VR systems [6], as well as a systematic literature
review to identify emotion recognition techniques [7].

2.2 Computer-aided diagnosis and therapy
Collaboration  with  Psychiatric  Institute  at  USP  and
Instituto  de  Computação  (Unicamp)  is  advancing  the
state-of-art in computer-aided diagnosis and therapy of
Autism Spectrum Disorder (ASD), Alzheimer,  as well
analysis  of  Psychotherapy  sessions.  Initial  results
obtained  by  processing  anthropometric  facial
measurements  extracted  from  two-dimensional  (2D)
images [8,9] are promising. 

Using  machine  learning  methods  to  process  eye
tracking  signals  [10]  has  shown  the  potential  of  an
approach  under  development,  illustrated  by  Figure  2.
Some  of  the  psychiatric  disorders  can  limit  an
individual's  ability  to  recognize  facial  expressions  of
emotions.  To  aid  training  of  this  skill,  recognition  of
emotions is explored.  LApIS has developed tools for
generation  of  synthetic  facial  images  [11]  and
caricatures [12] representing emotions to be used in this
context (Figure 1b). 

Radiology and  Cardiology are  other  two fields  of
knowledge investigated by some LApIS research. The
former is related to aid diagnosis of breast cancer using
Computer  Theory  [13].  Regarding  the  later,  a
partnership  with  Heart  Institute  at  USP  allows  3D
objects  to be reconstructed from Magnetic  Resonance
Imaging and used to retrieve the most similar  objects
from a database [14]. Thus, physicians can analyze the
retrieved  objects  to  compose  their  decision  about  the
diagnosis. Figure 3 shows the developed system.

Figure 3. Computer-aided diagnosis in Cardiology by using 3D
objects retrieval: (a) Ventricle wall reconstruction; (b) 3D environment

used for retrieval.

Information  Visualization  has  being  explored  as  a
tool to aid diagnosis. Currently, LApIS has explored the
visualization of temporal data in 3D space, associating
VR concepts to Visual Attention and Machine Learning.
Thus, we seek to advance the visualization of temporal
data  in  3D space,  through  personalized  visualizations
based on capturing the users' preferences. While in [15]
the  use  of  rule-based  learning  is  discussed  in  the
personalization of visualization of temporal data, in [16]
the results of a controlled experiment carried out with
health  professionals  are  presented.  The  proposed
approach is extensible to other domains that share data
that can be organized into informational clusters.
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2.3 Simulation and training
VR  simulators  for  training  medical  procedures  can
provide a low cost  environment while provide greater
safety for students. With this point of view, LApIS has
developed  VR  systems  for  process  simulation  and
medical training.  

In order to reduce the high failure rates in the dental
anesthesia  procedure,  the  VR  Vida  Odonto  haptic
simulator  [17]  (Figure  1c)  has  been  developed  by
LApIS in collaboration with the Faculty of Dentistry of
Bauru  (USP)  and  the  Interactive  Technologies
Laboratory  of  the  Polytechnic  School  (USP).
Gamification  techniques  were  incorporated  into  this
simulator  to promote engagement and provide student
assessment metrics [18],  making it a serious game. In
another  work  [19],  a  method  of  learning  haptic
trajectories  was  added  to  the  game,  favoring  the
learning of trajectories performed by an expert.

In  [20],  a  simulator  for  the  medical  procedure  of
breast palpation with force feedback is presented. This
application was built using the ViMeT (Virtual Medical
Training) framework, also developed by LApIS [21]. In
this  simulator,  techniques  and  force  feedback
parameters  are  implemented  to  simulate  different
features useful to train the palpation exam, such as size
and stiffness of nodules, and parameters related to breast
composition.

LApIS  has  also  studied  methods  for  simulating
physiological processes related to health areas. In [22],
partial results of a method for simulating blood flow in
arteries are presented. In it, a method joining Smoothed
Particle  Hydrodynamics  and  elastic  deformations  in
meshes representing arteries is proposed. The objective
is  to  offer  greater  realism  in  the  creation  of  3D
simulators that require a reliable representation of blood
flow in the human body.

3. Impacts and final remarks
Results  of  research  developed  at  LApIS  have  been
published in high impact journals and conferences, cited
along this paper, which can show the scientific impact
of the researchers. Besides this, some awards have been
achieved  [8,23,24,25],  which  ratify  the  quality  of  the
research.

Regarding  technological  and  social  contributions,
the results of the applications related to diagnosis are
currently being tested by the partners in order to include
them in  the  routine  of  health  professionals  aiming at
aiding  ASD,  Alzheimer  and  Cardiology  diagnosis.
Simulator  of  dental  anesthesia,  as  well  as  its
gamification,  is  also  being  validated  aiming  at  its
insertion in the student’s routine.

Members  of  LApIS  are  always  open  to  exchange
experiences  with  other  laboratories.  All  the  projects
cited  in  this  paper  have  opportunities  to  establish
collaboration and include new students.
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