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A B S T R A C T

Machine learning techniques have been frequently applied to map urban deprivation (commonly referred to as
slums) in very high-resolution satellite images. Among these, Deep Convolutional Neural Networks have shown
exceptional efficiency in automated deprivation mapping at the local scale. Yet these networks have never been
used to map very small heterogeneous deprivation areas (pockets) at large scale. This study proposes and
evaluates a U-Net-Compound model to map deprivation pockets in Bangalore, India. The model only relies on
RGB satellite images with a resolution of 2 m as these are more commonly accessible to local urban planning
departments. The experiment assumes a practical situation where only limited reference data is available for the
model to learn the spatial morphology of deprivation pockets. It tests whether an updated map of deprivation
pockets can be obtained with limited information. The model performance to map a large number of deprivation
pockets is examined by incrementally changing the model architecture and the amount of training data. Results
show that the proposed model is sensitive to the amount of spatial information contained in the training data.
Once sufficient spatial information is learnt through a few samples, the city scale mapping accuracy outperforms
existing models in mapping small deprivation pockets, achieving a Jaccard Index of 54%. This study demon-
strated that a well-designed convolutional neural network can map the existence, extent, as well as distribution
patterns of deprivation pockets at the city scale with limited training data, which is essential for upscaling
research outputs to provide important information for the formulation of pro-poor policies.

1. Introduction

More than half of the world's population is living in cities, and this
proportion is expected to be 68% by 2050 (UN, 2018). The rapid
growth of urban population, especially in the global south, is often
beyond the planning and management capability of local governments
in providing housing and basic infrastructure (Hachmann et al., 2018;
Martinez et al., 2008), which, among other issues, contributes to the
expansion of deprived areas (often referred to as slums). Such areas are
inhabited by an increasing number of dwellers deprived of durable
housing and basic services (Ezeh et al., 2017; Habitat, 2003) and are
significantly underestimated in their number (Hofmann et al., 2015;
Taubenböck et al. 2018b, 2018c; Taubenböck and Wurm, 2015). The
role of such areas is manifold. On the one hand, they pave the way for
their inhabitants to urban functions, yet, on the other hand, restrain
them under poor living conditions (Taubenböck et al., 2018a; Turok
and Borel-Saladin, 2018). However, data on the morphology of de-
prived areas such as location, extent and dynamics is often not avail-
able, outdated or inconsistent.

The increasing availability of multi-temporal very high resolution

(VHR) satellite image data allows earth observation (EO) based mon-
itoring for detailed and frequent observation of urban deprivation dy-
namics in space and time (Kuffer et al., 2016a; Mahabir et al., 2016),
and capturing spatial changes of deprivation over an arbitrary period of
time (Kit and Lüdeke, 2013; Veljanovski et al., 2012). In general, EO-
based deprivation mapping activities are largely based upon two pre-
mises. First, the physical appearance of a human settlement can be a
strong indicator of their socio-economic conditions and can be used as a
proxy to locate urban deprivation (Arribas-Bel et al., 2017; Jain, 2008;
Taubenböck et al., 2009). Second, the physical appearance of depri-
vation can be encoded as shared image features for classifying and
mapping deprivation (Graesser et al., 2012; Kohli et al., 2012; Kuffer
et al., 2016b). Hence, an EO-based approach explicitly leverages the
spatial information captured in images for either object or feature-
based deprivation mapping (Benediktsson et al., 2003; Pesaresi, 2000;
Pesaresi et al., 2008). Consequently, EO-based results can complement
and help to validate the missing spatial dimension in deprivation
modeling (Roy et al., 2014). However, the above premises are weakly
supported due to varying deprivation morphology. For example, socio-
economically deprived areas can be hidden by their physical
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