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1. Introduction

Detecting and monitoring small-scale buildings is a critical challenge in vari-
ous sectors and can be crucial for various important tasks. Buildings considered
small are the ones with a footprint smaller than 10 x 10 meters. Such definition can
be justified by resolution of Sentinel-2 images, which is 10 meters at best. Exam-
ples of tasks for which small buildings detection is essential include: assessment
and monitoring of damage caused by natural disasters or war, identification of ille-
gal settlements, detecting new buildings in key military areas and identification of
structures in protected areas. Regrettably, widely available satellite imagery, such
as Sentinel-2, provides very limited spatial resolution, making it impossible to
efficiently detect small structures. Despite its importance, this issue remains unex-
plored, with very limited research directly concerning building segmentation and
detecting small structures. Traditional segmentation and classification methods
exhibit severe limitations, particularly due to small buildings being frequently po-
sitioned at pixel boundaries, essentially occupying an insignificant fraction of the
original pixel. Additionally, in the context of buildings in complex environments
(e.g. surrounded by vegetation or shadows), popular methods, such as U-Net with
ResNet, often fail to deliver reliable results. In this study, we propose a novel
approach to this issue, by integrating state-of-the-art object detection model with
deep-learning-based super-resolution network.
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2. Methodology

We employ Enhanced Super-Resolution Generative Adversarial Network (ES-
RGAN) [1] to upsample Sentinel-2 imagery 4 times beyond its standard resolution,
preserving and extracting small-scale details with high fidelity. The super-resolved
images are passed to YOLOvS8 model for object detection. The YOLO algorithm
is successfully used for object detection in various types of images, and YOLOvS
demonstrates high effectiveness in detecting small objects in remote sensing im-
ages [2], adapting to specific types of objects visible in aerial photographs (e.g.
cars [3]), and precisely detecting green structures [4]. These two state-of-the-art
methods complement each other to provide accurate segmentation of buildings,
at the level of precision that is not achievable when working at Sentinel-2’s na-
tive resolution. The core research problem is to overcome the limitations coming
from low resolution of available satellite imagery to accurately detect and segment
small-scale buildings. One way to connect the SR and detection models is to allow
them to train together by connecting them sequentially and allowing the gradient
to flow from the detection network to the SR network. The general concept of in-
tegrating super-resolution and detection models has been explored in other works
[5], however we propose a setup in which the detection model receives the last
feature map of the SR model as an input, while the SR model is trained simulta-
neously on the high-resolution image and the gradients obtained by the detection
model. This gives the SR model a chance to be fine-tuned in a way that increases
the accuracy of the network performing detection on the image. A quantitative
assessment is essential to ensure the possibility of optimization of our method
and its reliability. There are several possible approaches to building segmentation
evaluation. One is to treat the segmentation task as pixel-wise binary classification
(building vs non-building) and consider metrics such as accuracy, precision and
recall. Another approach is to calculate the degree of overlap between predicted
building regions and ground-truth annotations and therefore use Intersection over
Union (IoU) metric for evaluation.

3. Results

Our experimental results demonstrate that super-resolution, particularly ESR-
GAN with Visual-Transformer-based metric CLIPscore as loss, delivers very good
results in terms of reconstructing small details. This provides us with reliable
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foundation for the YOLOVS detection model to achieve accurate, state-of-the-art
segmentation. This work highlights the feasibility and robustness of applying
Super-Resolution generative networks with widely-used detection models, such
as YOLO, in order to successfully adapt them to crucial and challenging tasks, e.g.
detection of objects that are small in relation to image resolution.
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