Can Location Embeddings Enhance Super-Resolution of Satellite Imagery?
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(c) Building Segmentation

Figure 1. Illustration of the super-resolution pipeline and its application on an area of the city of Tashkent, Uzbekistan. (a) Sentinel-2 input
image with low resolution, (b) super-resolved output, and (c) building segmentation result.

Abstract

Publicly available satellite imagery, such as Sentinel-
2, often lacks the spatial resolution required for accurate
analysis of remote sensing tasks including urban planning
and disaster response. Current super-resolution techniques
are typically trained on limited datasets, leading to poor
generalization across diverse geographic regions. In this
work, we propose a novel super-resolution framework that
enhances generalization by incorporating geographic con-
text through location embeddings. Our framework employs
Generative Adversarial Networks (GANs) and incorporates
techniques from diffusion models to enhance image qual-
ity. Furthermore, we address tiling artifacts by integrating
information from neighboring images, enabling the gener-
ation of seamless, high-resolution outputs. We demonstrate
the effectiveness of our method on the building segmenta-
tion task, showing significant improvements over state-of-
the-art methods and highlighting its potential for real-world
applications.
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1. Introduction

Recent advancements in remote sensing technologies
have provided a wealth of satellite imagery, enabling ap-
plications in areas such as urban planning, disaster man-
agement, environmental monitoring, and resource manage-
ment. Among these applications, building segmentation is
particularly critical, especially for rapidly urbanizing re-
gions. High-resolution imagery is crucial for accurately
mapping and analyzing structures; however, limitations in
publicly available satellite imagery, such as Sentinel-2, pose
challenges due to their relatively low spatial resolution
(10-20 m per pixel). To overcome these limitations, super-
resolution techniques have emerged as essential tools to en-
hance image quality and enable finer detail extraction from
low resolution images [11].

Generative Adversarial Networks (GANs) [10] have
been previously employed for super-resolution of remote
sensing images, but their application has largely been con-
fined to limited datasets, for example NAIP imagery, which
covers only regions within the United States [30]. Mod-
els trained on these datasets often fail to generalize effec-
tively to global regions, producing suboptimal results when
applied elsewhere. Moreover when attempting to upscale






	. Introduction
	. Related Works
	. Remote-Sensing Super-Resolution
	. Location Encoders

	. Method
	. Problem Formulation
	. Model Overview
	. Super-Resolution Network
	. Location Conditioning
	. Training Constraints
	. Local Padding

	. Experiments
	. Dataset
	. Implementation Details

	. Results
	. Super-Resolution
	. Segmentation

	. Conclusion

