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The Brazilian favelas are a kind of informal settlements characterized by steep
topography and a maze-like structure. Like many other settlements of its kind that
are prevalent in developing countries today, they are often considered a problem
rather than a solution. This paper is part of a larger research that taking a
realistic stand aims to understand the formal structure of this city-shaping force
and capture it into a rule-based, computational model. The goal is to develop
appropriate requalifying procedures to intervene in informal settlements and
guidelines for designing formal settlements in similar sites. The paper is focused
on the use of digital technologies to reconstruct in 3D a favela used as a case
study, a preliminary step to understand its formal structure and create a
computational model.
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INTRODUCTION
Informal settlements (also called slums or favelas)
are strictly related with urban growth. According to
Davis (Davis 2006), these phenomena were ﬁrst identiﬁed in France, North America, and India, in the 19th
century. The ﬁrst Brazilian slum was founded in the
1880s in Rio de Janeiro, with the occupation of a hill
called "Morro da Providência" by poor people (Davis
2006) (Compans 2007).
Brazilian slums were not considered part of the
city by municipalities until the 1980s. The change in
viewpoint took place with the democratization pro-

cess that occurred in that decade when public opinion started to reject extreme policies, including informal settlements removal. The possibility of requalifying and urbanizing such informal settlements was
then considered for the ﬁrst time in Brazilian history
(Compans 2007). Today such settlements are part of
the cityscape in many cities, including Rio, where topography has given them distinctive features.
This paper is part of a larger research that aims to
understand the formal structure of such informal settlements, deﬁne guidelines for their requaliﬁcation,
ﬁnd compositional rules that help to explain their
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growing process, and ultimately, develop guidelines
for the design of planned settlements in similar topographic conditions. The research uses the favela
Dona Marta as a case study and encompasses the
methodological steps described in the next section.
There were several reasons for choosing favela
Dona Marta. It is located in Rio de Janeiro and it has
had a big media exposure since the 1990s. It appeared in two video clips (They don't care about us,
from Michael Jackson and Put in a love song, from Beyoncé and Alicia Keys) and two movies (the Brazilian
Elite Squad, the enemy within and the North American Fast Five.) This exposure to the public makes of
favela Dona Marta a paradigm of the image that people have formed regarding Brazilian favelas. Moreover, it is located in the south part of the city, near
a prime area and close to Christ Redeemer, an important Brazilian monument. Not least important,
this favela has been paciﬁed, which enabled us to establish links with the Residents Association and, ultimately, have access to the favela.

STATE OF ART
The ultimate goal of the research is to build a computational model of favela Dona Marta. The idea is
to capture the rules underlying the genesis of the
form into a shape grammar, while understanding the
relations between such form and physical site features, socio-economic conditions, and technological
aspects, including the availability of materials. The
idea of using grammars to capture the generation
of urban form has its roots on previous work on the
development of a shape grammar for the Marrakech
Medina (Duarte et al. 2007). Like favelas, the Marrakech Medina has a complex shape that grew incrementally over time without a clear plan; it was
the result of local rules expressing social conventions
and physical conditions, rather than the outcome of a
top-down approach. However, the steep topography
associated with favelas, makes it a unique case. More
recent work has used grammars to describe Mozambican slums (Barros et al. 2013) and even Brazilian
favelas (Dias 2014). The former case has a signiﬁcantly diﬀerent structure, partly because sites are al-

most ﬂat. The latter case addressed Rocinha, one of
the largest favelas in Rio that shares the steep site
features of favela Dona Marta. However, due to its
large size, Rocinha does not have a homogeneous urban fabric and still poses security challenges, which
makes it more diﬃcult to study. This meant that the
study could not rely on an accurate survey of the
site. To avoid this limitation, the current study uses
cutting-edge 3D reconstruction technology to survey
the paciﬁed favela, which is the focus of this paper.
The automated image-based 3D reconstruction of
sites and buildings has its roots in the work by Noha
Snavely, which resulted in the open source Bundler
software (Snavely 2006). This software implements
the structure-from-motion approach, in which large
collections of images can be oriented in a single coordinate frame to produce a sparse 3d point cloud
model. Then the bundle of images can be used to
produce a dense point cloud model. One of the ﬁrst
tools for this ﬁnal procedure was the patched-based
multi-view stereo (PMVS) and the clustering views for
multi view stereo (CMVS) software packages developed by Furukawa et al. (Furukawa 2014). After this
work, other tools have been developed that take advantage of the possibility of using the graphics processing unit (GPU) [1] and multi-core processing (Wu
2011).

METHODOLOGY
The ﬁrst methodological step is concerned with gathering and creating accurate representations of the
settlement, including 2D drawings and 3D models,
which will permit to study the relationships between
site features, particularly topography, and the complex shape of the built structures. The second step
is to develop a shape grammar aimed at explaining
the genesis and structure of the form. This paper is
focused on the 3D reconstruction of the case study,
that is, on the development of a 3D digital model
using various computer-based techniques. This step
consists of two sub-steps, one that uses Google Earth
images, described below, and another that uses images gathered directly in the real environment, the
latter to be addressed in a future article.
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The workﬂow to produce the ﬁrst exploratory threedimensional model was as follows:

Figure 1
Sparse
reconstruction of
favela Dona Marta

Figure 2
Dense
reconstruction of
favela Dona Marta

• image gathering from Google Earth;
• 3D sparse reconstruction from such images
using a structure-from-motion approach
(SFM);
• 3D dense reconstruction using a multi-viewstereo approach (MVS);
• triangulated mesh generation using Poisson
surface reconstruction technique;
• texturing the triangulated mesh via image
projection.
The software Google Earth Pro shows many places reconstructed in 3D and it was used to obtain site images from favela Dona Marta. Given limitations in visiting the site, it was considered the hypothesis that a
suﬃciently good 3D reconstruction was possible extracting views from the existing Google's 3D models, and processing them using an SFM approach. In
fact, this software allows one to save images of the
screen like a camera. To do this work, 417 images
were taken with resolution set to 1064 x 659 pixels. The images were taken from diﬀerent viewpoints
surrounding the case study, as suggested by Koutsoudis (Koutsoudis 2013) and with some approximation to capture as much details as possible. This survey helped us to gain some basic understanding of
the site, permitting us to plan short but eﬀective site
visits for information-gathering in the real environment, needed to build more accurate models.
The Google Earth images were processed in a
notebook with an intel i5 processor 1.60GHz with
6GB of RAM memory and an Nvidia GeForceTM 740M
graphics card with 2GB of dedicated memory. To
generate the 3D model it was used the software Visual SFM. The steps to obtain a sparse 3D reconstruction were the following: i) scale invariant features
transform (SIFT), where the software looks for characteristic elements in the images, ii) compute matches,
where the software looks for correlated features in
all possible image pairs and shows a matrix graphic
where the matching probability between image pairs
is shown by means of a color code, iii) sparse re-

construction, where image focal distance is reﬁned
and radial distortion is calculated, following a selfcalibration approach that is then used to perform a
sparse 3D reconstruction, in which the relative orientations of the images are recovered.

After the Sparse Reconstruction was completed using Visual SFM (Figure1), it was necessary to do a 3Ddense reconstruction (Figure 2). For this purpose it
was used the CMVS software (Furukawa 2014), which
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can run within the Visual SFM environment, CMVS
takes as input the Visual SFM output (Furukawa et al
2010). Both in the sparse and in the dense reconstructions there are several parameters that can be
manipulated and can inﬂuence the quality and resolution of the ﬁnal point cloud models as well as the
processing time. These parameters also have to be
managed taking into account hardware capabilities.
CMVS creates a point cloud that has to be
meshed and reﬁned to become a more realistic
model (Bartos et al 2014). This was done using MeshLab. Cleaning the dense point cloud is an important step to have successful mesh generation, because it removes oﬀ spurious points generated by
the dense reconstruction process. After this procedure, it was created a triangulated surface using a
Poisson surface reconstruction. Several reconstruction depths (octree depth) were tried. By increasing
the octree depth, more dense and detailed meshes
can be obtained up to the limit of the point cloud resolution.The following step is coloring the model. This
can be done in two diﬀerent ways: i) transfer the color
from the point cloud to the mesh vertices (Figure 3),
and ii) projecting the color from the oriented images
to the mesh surface (Figure 4). The second approach
gave better results because color is stored as a texture
map rather than in a color per vertex format.
Although it was possible to incorporate the scale
and orientation of the model at the stage of the
sparse reconstruction using known coordinates of
reference points, we used Helmert transformation
to recover scale, position, and orientation after the
mesh model was ﬁnished. The transformation parameters were calculated using JAG3D software [2]
and the implementation of the transformation was
done in Meshlab.

Figure 3
Final 3D mesh
model of favela
Dona Marta

Figure 4
Detail from the ﬁnal
model of favela
Dona Marta

In addition to the ﬁnal 3D model, a 2D site plan
was created using a topographic charter and images
from Google Earth Pro. Pathways were drew over the
topography, in those areas where it was clearly visible
in pictures, taking also into consideration the alignment of buildings and looking for logical aggregations, for instance squares, streets, alleys, and so on.
Then, public and green spaces, big topographic gaps,
and public transportation pathways were identiﬁed
(Figure 5).
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Figure 5
2D site plan of
favela Dona Marta

the Dona Marta favela seems to be densely built, a
more accurate analysis permitted by the developed
3D model shows that there are open public and private spaces, as well as green areas. These preliminary
results suggest that the informal city replicates, to a
certain extent, the typologies of the formal city.
The process of creating the slum's 3D model and
site plan from Google Earth was a preliminary step
that was important to understand the basic structure
of the environment. It also was useful to identify adequate ways of collecting images directly from reality
so to obtain better results, that is, more accurate and
higher deﬁnition representations. Results show that
the data gathering process in the real environment
will be very demanding due to the complexity of the
form. Future work will be concerned with the development of a 3D model and site plan, using such data.
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