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Abstract. Automatic satellite-based reconstruction enables large and
widespread creation of urban areas. However, satellite imagery is often
noisy and incomplete, and is not suitable for reconstructing detailed
building facades. We present a machine learning-based inverse proce-
dural modeling method to automatically create synthetic facades from
satellite imagery. Our key observation is that building facades exhibit
regular, grid-like structures. Hence, we can overcome the low-resolution,
noisy, and partial building data obtained from satellite imagery by syn-
thesizing the underlying facade layout. Our method infers regular facade
details from satellite-based image-fragments of a building, and applies
them to occluded or under-sampled parts of the building, resulting in
plausible, crisp facades. Using urban areas from six cities, we compare our
approach to several state-of-the-art image completion/in-filling methods
and our approach consistently creates better facade images.
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1 Introduction

Urban inverse procedural modeling is beneficial for many simulation, training,
and entertainment applications. Using satellite data enables large scale, poten-
tially global reconstructions. However, satellite data is challenging to work with
due to limitations in resolution, noise, complex camera models, partial coverage,
and occlusions. These aspects hinder high quality urban reconstruction.

Our key observation is that buildings in dense urban areas typically exhibit
a regular, grid-like facade structure. We exploit this observation via a machine
learning-based inverse procedural modeling approach to determine procedural
parameters for a number of facade grammars in the presence of incomplete data.
The grammars are then applied to the faces of reconstructed 3D building models
during a facade completion phase. This methodology significantly improves the
resilience to occluded/noisy images and produces more accurate facade layouts as
compared to alternative segmentation-based methods. Since satellite images have
a very limited off-nadir view (e.g., at most 20 to 40 degrees), and building surface
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Fig. 1: Examples of facade synthesis and completion. Our method automatically
creates procedural facades from satellite-based images despite noise, occlusions,
and incomplete coverage.

coverage is limited (e.g., the orbital path of the satellite is not able to capture
all building sides), often only fragments of a building are seen. Furthermore,
facades that are observed may only be seen at very oblique angles, resulting in
low resolution and stretched facade images. Nonetheless, a procedural approach
has the ability to recreate the observed portion as well as create a plausible
synthesized facade reconstruction of the occluded/not-sampled fragments. The
result is plausible, complete building facades.

Our approach takes as input 3D building models obtained from point-clouds
(e.g., [19]), as well as satellite image fragments projected onto the faces of the
building models. The image fragments are used together with trained deep net-
works to find a representative sample of a facade with minimal noise, and infer
its style and procedural parameters. The parameters are then used to complete
the rest of the facade, and potentially other non-observed facades of a building.
In the end, our approach produces complete facade layouts applied to building
models. Figure 1 shows example results of our approach. Since we have a pro-
cedural output (instead of an image), we can zoom-in to any part of the facade
and still have a crisp result, as observed in the close-up views.

Our results yield improvements over other methods applied to the same data.
Over our six test areas, each spanning 1-2 km2, our method is consistently bet-
ter than the prior work we compare to quantitatively and qualitatively, and the
average accuracy of several performance metrics is 85.4% despite significant oc-
clusions, noise, and strong blurriness. Further, our deep networks are trained on
a new dataset of rectified satellite facade views with ground truth segmentation
that we also offer as a contribution. As far as we know, our work is the first
pipeline to handle façade reconstruction based on satellite imagery despite the
occlusions and resolution limitations of such imagery.

Our main contributions include: (1) A machine learning based pipeline ad-
dressing occlusion and regularity for satellite facade patterns. (2) A facade com-
pletion technique to generate plausible facade layouts based on the predicted
grammars and building geometry. (3) A satellite facade dataset with ground
truth window and door segmentation.


