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ABSTRACT

Building instances play a pivotal role in understanding pop-
ulation distribution and assessing vulnerability in the face of
potential risks. Building instance segmentation is a valuable
technique for identifying individual structures, however, com-
plex urban environments pose great challenges, especially in
the informal areas. In this study, we utilize a building in-
stance segmentation method specifically designed to discern
single buildings in both formal and informal settlements. Em-
ploying a SkipFuse-UResNet34 model, we generate building
instances for Medellı́n, Colombia, resulting in a more com-
prehensive building mask compared to conventional official
data sources. This enhanced mask serves as a vital tool for es-
timating the population at risk, enabling a thorough compar-
ison with official data and addressing current spatial knowl-
edge gaps.
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1. INTRODUCTION

In the undulating slopes of Medellı́n, Colombia, where chal-
lenging topography intertwines with the vulnerability of com-
munities, the threat of landslides emphasizes the pursuit of
precise insights into this complex urban landscape. We ur-
gently require additional information to assess the potential
risks and determine the necessity of employing AI for the
instance segmentation of buildings. Medellı́n, faces unique
challenges as it is nestled in a valley surrounded by steep
slopes. Historical urbanization, driven by rapid industrial and
economic growth in the mid-20th century, led to an influx of
migrants settling informally on the city’s outskirts [1]. The
escalation of informal housing, exacerbated by conflicts be-
tween paramilitary forces and guerrilla groups, particularly
in later years, has extended the city into precarious, hard-to-
reach areas on these steep slopes.

The informal settlements, characterized by low-quality
building fabric, are highly vulnerable to landslide hazards

Fig. 1: Example of selected test area in Medellin and the
obtained instance segmentation results from the proposed
methodology.

due to frequent heavy rainfall and the presence of weak, ero-
sive rocks in the bedrock [2]. Effectively countering this risk
requires precise knowledge of the at-risk areas and an under-
standing of the potential impact on the population. However,
official population data for Medellı́n accurately geolocates
formal residents but significantly underrepresents the more
recent informal settlements on steep slopes, leading to a
substantial underestimation of the exposed population [3].

Detecting informal settlements poses significant chal-
lenges [4, 5] due to limited data availability and the uncer-
tainty associated with reference data [6, 7]. This difficulty
is further aggravated by the intra-and-inter urban variability
observed in informal areas [8]. While the utilization of very
high-resolution imagery proves advantageous for informal
settlement classification, as demonstrated in [9], the detection
of individual buildings within informal settlements remains
an extremely challenging task, often requiring manual inter-
vention [10].

To address this critical knowledge gap, we leverage
high-resolution remote sensing imagery in combination with
a digital surface model (DSM), capable of detecting single
buildings in the challenging urban environment of Medellı́n.
This approach will be tested in formal settlements, but even
more pertinent and demanding is its application in the city’s
informal settlements (see Fig. 1). The morphological charac-
teristics of these areas, marked by small-scaled, intricate, and




