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Abstract:

With the acceleration of urbanisation, we also see a strong increase in unplanned urbanisation globally. Especially in
underdeveloped and developing countries, unplanned urbanisation is an important reality, and causes serious problems
e.g., in the quality of urban living, infrastructure and health services, access to education etc. In this context, building
extraction from imagery is an important application, because it is frequently used for urban planning and change detection,
e.g., in monitoring urban developments and accessibility, or monitoring street-level changes after natural disasters
(Boonpook et al., 2021). For extracting building footprints, high spatial (and in the case of disaster, also temporal)
resolution images, such as the one shown in Figure 1, are needed, so that building details and sizes can be identified with
high precision. This can be important in subsequent decision making, e.g., for interventions, required services or building
health. Although various manual and computational methods are used for building extraction, due to the promising speed
and precision they offer, use of machine learning and deep learning algorithms has been increasing in recent years (e.g.,
Tiede et al., 2021). On the other hand, unplanned urbanisation can cause challenges to deep learning due to irregularities
in spatial structures.

Legend

D Extracted Buildings
Orthophoto ‘
RGB

B Red: Red

B Green: Green

- Blue: Blue

TURKEY A

Mersin
. Coordinate System: WGS 1984 Web Mercator Auxiliary Sphere 2022 1050 1 -

Figure 1. Study area. The image is obtained in a UAV mission conducted by the authors.
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In this study, we apply a deep learning approach to extract building footprints in a region with unplanned urbanisation,
i.e., we use orthophotos created based on 10 cm resolution unmanned aerial vehicle (UAV) photographs of Mersin
province in Turkey. Specifically, we used Sensefly Ebee Plus UAV with a built-in 20 MP camera for photogrammetric
data collection. Because of its mixed content for planned and unplanned urbanisation, a neighbourhood in the centre of
Mersin was selected for the study. In the application, due to its previously successful use in object detection (Wu et al.,
2020), we used the Mask R-CNN deep learning algorithm (He et al., 2017) and carried the application out through ArcGIS
Pro (URL-1). Mask R-CNN algorithm is a tool used for spatial image segmentation and object recognition (Su et al.,
2019), and because it is the most compatible algorithm with the Deep Learning tools in ArcGIS Pro, the project’s original
software environment. The approach automatically detects objects with specific shapes on the high-resolution image,
while also creating a high-quality segmentation mask for each sample. We used a pre-trained package for ArcGIS Pro
Deep Learning tool on a very high resolution orthophoto data set which was obtained through UAV flights that we planned
and conducted ourselves. Besides its exploratory nature with the areas that contain structures from unplanned
urbanisation, an additional novelty in this research is to examine if automatically extracted building footprints can be used
in 3D GIS and open source data platforms.

The algorithm identified the target buildings with an accuracy of 79% and extracted their footprints (Figure 1). While
79% accuracy is fairly high, it is not as good as many modern applications of object recognition with machine / deep
learning algorithms. The key explanation here is possibly that the model is trained with a disjoint dataset (where there are
gaps between each house), whereas in these examples the data contains twin-buildings without gaps between them based
on an adjoining system applied in unplanned urban areas throughout Turkey. Unsurprisingly, thus, the algorithm
perceived some of the building groups as single buildings and could not distinguish individual buildings. Possible reasons
are the irregularity of the spatial structures we mentioned earlier, i.e., the proximity of buildings in unplanned urban areas,
the presence of different objects in the areas belonging to the building, and the insufficient width of the roads between
the buildings bring special challenges for the application of building extraction in unplanned urbanisation. Consequently,
to facilitate the use of the extracted buildings in urban planning applications, we create solid models of buildings of known
height (not included in this submission). Our experience suggests that not only this deep-learning approach allows useful
building footprint extraction, but also the consequent 3D models can be used for visualisation purposes in smart city
applications. Furthermore, building footprints produced from high-resolution orthophotos can be used to enrich data in
areas with poor OpenStreetMap (OSM) data, thus contributing towards creating cartographic content where ground
surveys are not always possible. A useful next step would be to train the deep learning models with more versatile data
to increase the accuracy of the outcomes even further.
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