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WE USE THE term imaging sciences to refer to the 
overarching spectrum of scientific and technological 
contexts which involve images in digital format 
including, among others, image and video processing, 
scientific visualization, computer graphics, animations 
in games and simulators, remote sensing imagery, 
and also the wide set of associated application 
areas that have become ubiquitous during the last 
decade in science, art, human-computer interaction, 
entertainment, social networks, and many others. 
As an area that combines mathematics, engineering, 
and computer science, this discipline arose in a few 
universities in Argentina mostly in the form of elective 
classes and small research projects in electrical 
engineering or computer science departments. Only in 
the mid-2000s did some initiatives aiming to 

generate joint activities and to provide 
identity and visibility to the discipline 
start to appear. In this short paper, 
we present a brief history of the three 
laboratories with the most relevant 
research and development (R&D) ac-
tivities in the discipline in Argentina, 
namely the Imaging Sciences Labora-
tory of the Universidad Nacional del 
Sur, the PLADEMA Institute at the 
Universidad Nacional del Centro de la 
Provincia de Buenos Aires, and the Im-
age Processing Laboratory at the Uni-
versidad Nacional de Mar del Plata.

The Imaging Sciences Laboratorya 
of the Electrical and Computer En-
gineering Department of the Univer-
sidad Nacional del Sur Bahía Blanca 
began its activities in the 1990s as 
a pioneer in Argentina and Latin 
America in research and teaching in 
computer graphics, and in visualiza-
tion. The facility currently is staffed by 
six National Research and Technology 
Council (CONICET) fellows (Clau-
dio Delrieux, Alejandro Vitale, Felix 
Thomsen, Natalia Revollo, Marina 
Cipolletti, and Noelia Revollo), plus 
three postdocs and 13 Ph.D. candi-
dates, who are actively researching 
novel image analysis methods includ-
ing multifractality, complexity theory, 
and deep learning in the hope of 
generating breakthroughs in research 
contexts including three-dimensional 
(3D) medical images,1 3D shape 
analysis,2 biometrics,3 biomedical 
signal analysis,4 microscopy,5 remote 
sensing,6 satellite imagery,7 and 
environmental monitoring,8 while 
maintaining research and develop-
ment activities in scientific visualiza-
tion and computer graphics.

In Figure 1, we show novel 3D 
texture analysis techniques applied 
to brain MRIs in mild and moderate 
Alzheimer’s disease patients (and in 
comparison with a control population 
of subjects of similar age and condi-
tion). The proposed operators detect 
compromised areas of the subjects’ 
brains that correlate to their actual 

a	 www.imaglabs.org
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neurocognitive impairments, and are 
able to identify compromised areas 
even before the subjects actually 
experience any abnormality with high 
statistical significance.1 In Figure 2, 
we show the results of a demographic 
analysis of body shape and obesity, 
using inexpensive smartphones to 
acquire 3D body shapes. Specialists 
scanned a total of 250 people using 
LIDAR devices and measured them 
using standard anthropometric pro-
cedures. Also, we developed a deep-
learning-based photogrammetric 
procedure to compute point clouds 
from short-range videos taken with 
smartphones; the anthropometric 
measurements were similar in quality 
and accuracy to those obtained with 
LIDAR. An obesity and body-shape 
analysis of this population shows that 
Body Mass Index (BMI) and similar 
indices may be misleading, and our 

study proposes a different assessment 
strategy.3

Apart from these research activi-
ties, the Imaging Sciences Laboratory 
is a nationwide reference in I+D+i 
(Investigacion, desarollo, e innovacion, 
or research, development, and in-
novation) and technological transfer 
to other stakeholders. Since 2006, 
the lab has participated significantly 
in the development and deployment 
of innovative products for more than 
20 companies and institutions, and 
has been awarded several national in-
novation prizes. Among this group of 
applied projects, we note the develop-
ment of Agroinfintiy, an information 
management platform commissioned 
by the Chamber of Crop Producers 
of Bahía Blanca,b which includes the 
monitoring and productive assess-

b	 www.bcp.org.ar

ment of more than 200.000 sq.km. of 
agro-productive areas. This platform 
is able to register and process rel-
evant indicators from global scale to 
producer-focused scales, using satel-
lite and airborne imagery, weather 
information, and field observations, 
taking into account all the economic 
variables to elaborate a full recom-
mendation. The group is involved in 
several ongoing collaborations with 
internationally renowned groups, 
including the Zentrum für Virtual 
Reality und Visualisierung (VrVis) and 
Vienna University of Technology (TU 
Wien) in Austria, the Universidade 
Federal Rural de Pernambuco and 
Universidade Federal de Alagoas in 
Brasil, the Universidad de Valladolid 
in Spain, the University of Denver in 
the U.S., and several other national 
centers in Argentina. The group also 
regularly organizes graduate classes 
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with invited professors from these 
and other internationally recognized 
research groups.

The PLADEMA Institute
The PLADEMA Institutec depends on 
the School of Sciences of the Univer-
sidad Nacional del Centro de la Pro-
vincia de Buenos Aires (UNCPBA), the 
National Atomic Energy Commission 
(CNEA) and the Scientific Research 
Commission (CIC) of the Buenos 
Aires Province. It began its activities 
in 1997, standing out for providing 
solutions to applied problems using a 
multidisciplinary approach, provid-
ing its main contributions in the 
areas of simulation, mathematical 
modeling, high-performance comput-
ing, and graphics computing. These 
fields apply cross-cutting method-
ological tools to tackle different 
problems using complementary ap-
proaches, fostering the development 
of novel solutions of great impact 
from the social and productive point 
of view at the local, regional, and 
national levels. Currently, PLADEMA 
has six research teams focused on 
specific topics. The whole team 
consists of more than 100 members 
(20 Ph.D.’s, 18 doctoral fellows, four 
support personnel, and more than 
60 interns). Three groups are actively 
working in image processing or com-
puter graphics: Yatiris, researching 
problems related to medicine, includ-
ing the processing of medical images; 
MediaLab, which specializes in com-
puter graphics, virtual reality, and the 
development of training simulators; 
and RedDot, which focuses on video 
analysis, computer vision, and signal 
processing. The main researchers 
of these groups are Marcelo Vénere, 
Alejandro Clausse, Ignacio Larra-
bide, Cristian García-Bauza, and Juan 
D’Amato.

Some results from the Yatiris 
team in image processing include: 
automatic segmentation in magnetic 
resonance imaging (MRI) and com-
puted tomography (CT) images for 
the detection and discretization of 
arteries and intravascular ultrasound 
images in order to perform hemody-
namic modeling, and the use of deep 
learning techniques to detect retino-

c	 www.pladema.net

Figure 1. Per-voxel statistical significance of different novel three-dimensional texture 
analyses and their correlation to different degrees of Alzheimer’s disease. The operators 
detect compromised areas in the subjects’ brains that correlate to their actual neurocogni-
tive impairments.1

Figure 2 (Left): A point cloud generated with handheld devices using photogrammetry and 
deep learning. (Right): A 250-person body shape and overweight analysis shows that BMI 
and similar indices may be misleading, and proposes different assessment strategies.3

Figure 3. Subway train simulators for the Buenos Aires city network.
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blastomas in ocular images.16 Interest-
ing advances were achieved in training 
areas with the implementation of an 
abdominal ultrasound simulator17 and 
the construction of anatomical tables 
for the teaching of anatomy.

The MediaLab team is a main-
stay within Argentina when it comes 
to work in computer graphics and 
virtual reality. Innovative techniques 
to achieve highly realistic modeling 
effects have been developed by the 
group for use in real-time applications 
and video games;18 also, a comput-
ing platform that allows the real-time 
management of multiple projection 
surfaces was built, based on which the 
first Cave Automatic Virtual Environ-
ments (CAVEs) were developed in Ar-
gentina; MediaLab’s multidisciplinary 
team achieved the successful CAVE 
implementation using Virtual Reality 
techniques. Interactive applications 
using video game concepts applied to 
the social and cognitive development 
of children with intellectual disabili-
ties also have been used at the lab to 
allow learning through play.19

Finally, the RedDot team special-
izes in real-time image processing 
applied to computer vision and 
security applications. Through the 
use of deep learning techniques, the 
team has developed algorithms able 
to monitor scenes and detect the 
behavior of certain objects.20 Solu-
tions have been implemented for 
urban traffic, movement of people, 
and detection of equipment failures 
in industrial plants.

PLADEMA is a strong actor in the 
transfer and development of ap-
plied technological products. Since 
2001, PLADEMA has implemented 
more than 30 innovative products for 
Ministries, other government entities, 
and private companies, winning many 
national innovation awards. A good 
example of this kind of applied project 
is the development of a simulator 
covering the entire subway network 
of the city of Buenos Aires to train the 
drivers of subway trains how to handle 
system failures (Figure 3). Training 
with the simulator enables drivers 
to practice solving various types of 
faults on a varied set of trains, within 
a simulated virtual environment that 
emulates real processes. The project 
faced great technological challenges at 

the national and international levels, 
including the accurate modeling of the 
physical behavior of the trains, simula-
tion of the movement of large crowds, 
representation of many kilometers of 
tunnels and tracks, and of the geom-
etry of more than 100 railway stations. 
Furthermore, everything must work in 
real time.

The implementation of the RUBIKA 
platform is another success story that 
includes the construction of nine 
CAVEs, installed at different institu-
tions in our country, along with the 
development of software packages 
for training in several areas, such as 
teaching in petroleum engineering 
careers, and the design of nuclear 
power plants (Figure 4). The goal was 
to design, build, and fully develop a 
local solution for several applications 
with the same quality as its interna-
tional equivalents, taking advantage 
of working with local knowledge and 
lower costs. This required solving 
complex technical challenges con-
cerning the hardware and software 
that make up the environment using 
low-cost projectors so the device can 
be easily maintained, and required the 
development of a software platform 
with substantial added value in terms 
of calibration, distributed processing, 
and optical corrections. The structure 
has to allow the adjustment of the four 
surfaces (three walls and the floor) 
and the calibration of the projectors 

to ensure that the projected images 
are less than one pixel in error. Each 
surface is handled by a separate com-
puter, and all four processes must run 
synchronously. Finally, the position 
of the user’s head must be detected in 
real time to generate the correctly cor-
responding projection.

PLADEMA keeps close collabora-
tive relationships with internationally 
well-known groups and with several 
R&D institutions in Argentina. Also, 
the institute regularly holds postgrad-
uate classes given by professors from 
these and other outstanding research 
groups. PLADEMA is also a bench-
mark for local and regional training 
offers, especially regarding the imple-
mentation of academic proposals 
such as technical and short careers, 
which are planned and designed to-
gether with government and business 
stakeholders, such as the Municipal-
ity of Tandil City and the Chamber of 
Companies of the Computer Pole of 
Tandil (CEPIT).

The Image Processing Laboratory
The Image Processing Laboratory 
(PILab) is part of the Institute of Sci-
entific and Technological Research 
in Electronics (ICYTE)d of the Uni-
versidad Nacional de Mar del Plata 
(UNMdP) and CONICET. It started in 
1987 as part of the Image Analysis and 

d	 https://icyte.conicet.gov.ar

Figure 4. RUBIKA is a software and hardware platform that generates immersive virtual 
environments for training. 
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is not always direct.9,10 The PILab is 
developing theoretical advances in 
this direction, defining color morpho-
logical operators in a novel fuzzy color 
space (Figure 5).11,12 The automatic de-
sign of w-operators in gray levels and 
in color space is not only a theoretical 
approach of the lab, but these tech-
niques also are being used to develop 
medical applications.13

2.	 Deep learning models for seg-
mentation and knowledge discovery in 
medical images. From previous experi-
ence in discovering knowledge from 
data clustering using fuzzy systems,14 
the new challenge regarding this para-
digm is to be able to answer important 
questions about networks based on 
deep learning. Many of these ques-
tions have not been analyzed in the 
research literature. This research will 
allow us to study in depth the type of 
knowledge that can be extracted from 
answering questions such as:

	˲ Is it possible to use the data rep-
resentation contained in the internal 
parameters of the networks to extract 
interpretable knowledge?

	˲ What is the meaning of these pa-
rameters, and how can we take advan-
tage of them to extract knowledge?

	˲ What does the internal data of the 
network describe regarding the prob-
lem addressed?

	˲ How are changes in the input data 
reflected in the internal parameters of 
the networks?

3.	 Tracking moving objects in 
image sequences. Object tracking 
systems in image sequences have been 

Coding Group (COANIM) of UNMdP, 
which later was dissolved since most 
members moved to the private sector. 
The remaining members created the 
Image Processing Group in the early 
1990s. This group was strengthened 
with the addition of CONICET and 
CIC fellows, later formally becoming 
the PILab.

Since its creation, PILab has been 
nourished by numerous scholar-
ships of all kinds, undergraduate 
students, CONICET and CIC Doctoral 
Scholarships, always maintaining a 
high number of junior participants 
(currently 50%). More than half of 
the scholarship holders come from 
abroad, mainly from Ecuador and Co-
lombia. Argentine scholarship holders 
typically decide to join as CONICET 
fellows, thus staying at the lab. The 
PILab currently has 20 members: eight 
seniors (Virginia Ballarin, Juan Pas-
tore, Guillermo Abras, Eduardo Blotta, 
Agustina Bouchet, Marcel Brun, Diego 
Comas, and Inti Pagnucco), two post-
docs, six Ph.D. candidates, and four 
interns. Its initial area of expertise was 
mathematical morphology, pioneer-
ing this topic in Argentina. Over time, 
the lab’s goals shifted to the develop-
ment of applications in medical imag-
ing. Currently, three main research 
approaches coexist at the lab:

1.	 Design of color morphological 
operators and fuzzy morphological 
operators. Color is a very important 
visual feature in computer vision and 
image processing. The extension of 
grayscale image algorithms to color 

Figure 6. Sperm motility tracker software.

Figure 5. W-operators of the math-
ematical color morphology using diffuse 
definitions of color spaces: example of 
erosion and dilation applied to a color im-
age. (a) Original color image. (b) Situation 
of the representative crisp colors in the 
RGB color space. (c) Volumes of colors 
in the 0.5-cut for the fuzzy colors yellow, 
blue, green, and gray obtained from the 
Voronoi diagram in the RGB cube. (d) 
Dilation. (e) Erosion.

(a)

(b)

(c)

(d)

(e)



latin america      big trends big trends      latin america

NOVEMBER 2020  |   VOL.  63  |   NO.  11  |   COMMUNICATIONS OF THE ACM     95

restricted to rigid objects. The image 
sequences from biological experimen-
tation do not fit these models, which 
is why the PILab has increased its re-
search efforts in tracking objects with 
other modes of movement, develop-
ing efficient methods to segment and 
quantify these objects.15

Apart from these research activities, 
the PILab has participated in vari-
ous technological transfer initiatives 
ranging from fingerprints restoration 
for the Argentine Forensic Anthropol-
ogy Team (EAAF), and DNA Images 
for Human Identification software 
for the Mar del Plata Human Genetics 
Foundation, to Sperm Motility Tracker 
software (Figure 6) for the Biological 
Research Institute (IIB).

The group maintains close col-
laboration with internationally 
renowned groups, including the 
College of Engineering of Texas A&M 
University, U.S.; the Image processing 
Lab of the Instituto de Matemática e 
Estatística of the Universidade de São 
Paulo, Brazil; the CEATIC Center for 
Advanced Studies in Communication 
Technologies of the Universidad de 
Jaen, Spain, and the Uncertainty and 
Imprecision Modelling in Decision 
Making group of the Universidad de 
Oviedo, Spain. The PILab also main-
tains close collaboration with local 
centers of excellence to which the 
PILab transfers technology, such as 
the Institute of Biological Research 
(IIB-CONICET), the Plant Physiol-
ogy Laboratory of the INTA Balcarce, 
and especially with the Institute of 
Research in Technology and Materi-
als Science (INTEMA).

Joint Activities and Conclusion
Aiming to gain visibility as a dis-
cipline, these three groups jointly 
sponsor other activities which include 
the organization of a yearly School 
and Workshop in Imaging Sciences 
(ECIMAG),e and a joint Ph.D. program 
in medical imaging. The ECIMAG was 
held from 2008 until 2014, after which 
the financial situation of the scientific 
communities in Argentina suffered a 
huge shortage. During these years, the 
event was organized by universities in 
some of the major cities of Argentina, 
including Buenos Aires, Tandil, Bahía 

e	 www.ecimag.org

Blanca, and Santa Fe. Apart from regu-
lar paper and poster presentations, 
the school would bring between two 
and four renowned invited professors 
from international research centers 
to deliver intensive courses focused 
on advanced topics related to image 
processing.

During these events, it became 
apparent that medical imaging was 
an important common research topic 
of the three research groups, while 
all three faced similar difficulties in 
developing Ph.D. programs in the 
area, due to the lack of critical mass 
in faculty. For this reason, a project 
for developing a joint Ph.D. program 
in the topic was presented and finally 
approved. In late 2018, the degree was 
opened at the Universidad Nacional 
del Sur, obtaining official accredita-
tion from the corresponding Ministry 
Agency (CONEAU). Currently there are 
three candidates in the program at 
that university, with other candidates 
submitting applications. During 2019, 
the degree was opened at the Universi-
dad Nacional de Mar del Plata and the 
Universidad Nacional del Centro de la 
Provincia de Buenos Aires, and their 
respective accreditations are due in 
the months to come.

While the field of imaging sciences 
started as a fringe area in engineer-
ing departments, it has matured and 
developed into a discipline in its own 
right in Argentina, as evidenced by 
the accomplishments of the three 
research groups. In spite of financial 
limitations, the groups have grown in 
research, development, and extended 
collaborations internationally, mak-
ing the future of imaging science in 
Argentina look bright indeed. 
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