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1 Introduction 
The space industry is continuously growing, and it is no longer an exclusive market for governmental 

and military applications. According to the most recent European Union Agency for the Space Programme 
(EUSPA) report [1], the Global Navigation Satellite System and Earth Observation (EO) market had revenues 
of around €200 billion in 2022 and is expected to reach €500 billion by 2031. As access to space has become 
cheaper, more private companies have entered the space business, increasing its popularity. There even exist 
companies that use space data without owning any space assets, thanks to services such as satellite-as-a-service 
[2]. 

Due to the advances in satellite design and high-resolution remote sensors, the EO sector has been 
experiencing significant development in the last few years. In 2021, the number of satellite launches dedicated 
to EO was bigger than the sum of launches between 2012 and 2016 [3]. In 2020 more than 100 terabytes of 
satellite imagery were generated per day [4]. 

There are several applications based on EO that analyse a vast region or area of interest (AOI) that 
can be covered only by combining several adjacent images into a bigger one, usually called a mosaic. Mosaics 
are crucial for applications like crop classification [5], environmental monitoring [6], urban development 
analysis [7], among others. 

Mosaicking satellite images present several challenges such as geometric correction of the images [8, 
9], colour harmonization [10], and image stitching [11]. Also, another important problem is the presence of 
clouds in satellite images. Some research has been done to minimize the cloud covering percentage in the final 
mosaic [12, 13]. As the number of available images is significantly increasing, a new challenge arises: choose 
the optimal combination of images to be utilised to produce the mosaic by optimizing one or more criteria. 
This is equivalent to finding the best cover of the AOI. In theory for 𝑛 images there could exist 2! possible 
covers. To the best of our knowledge, there is no research about the former challenge.  

This research focuses on the combinatorial optimization problem of choosing the set of satellite 
images to form a mosaic that covers the AOI. The objective is to recommend a set of images that meet the 
user criteria, optimizing some parameters, for example, the total cost of the images or the image resolution. 
The main contribution of this abstract is to present and model the previously described problem, which we 
named as Satellite Image Mosaic Combination Problem (SIMCOP). 
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2 Problem definition 
Consider an EO application that is interested in a specific AOI, big enough to be covered with only 

one satellite image. Then, for the study of that AOI, a mosaic is needed. Depending on the application, the 
images that form the mosaic must meet certain requirements, such as minimum resolution, cloud coverage 
percentage, incident angle, and the range of dates. The set of possible images that could be used to build the 
mosaics is formed by all the images that intersect the AOI and meet the requirements. Each image has an 
associated weight that represents its cost or one of the requirements (resolution, cloud coverage, etc), and the 
objective is to minimize the total weight of the mosaic. 

Formally, the problem is defined as follows. Given a polygon 𝐴, an array of requirements 𝑀𝑅 where 
each value 𝑀𝑅" represents the maximum allowable value of requirement 𝑗, and a set 𝐼 of 𝑛 convex 
quadrilaterals (corresponding to all the satellite images in the range of date), where each quadrilateral 𝑖 has a 
weight 𝑤#, and an array of requirement values, with 𝑟#" corresponding to the value of requirement 𝑗 for 
quadrilateral 𝑖, we have the following objective: 

𝑚𝑖𝑛, 𝑤#
#∈%

 

( 1 ) 

subject to the constraints 

𝐴 ⊆. 𝑖
#∈%

 

( 2 ) 

∀𝑖 ∈ 𝐵, 𝑟#" ≤ 𝑀𝑅" 

( 3 ) 

where 𝐵 is a cover of the AOI. 

This problem differs from the classical geometric weighted set cover [14], where given a finite set of 
points 𝑃 and a set 𝐼 of weighted objects in the plane, the objective is to find a cover of 𝑃 with minimum weight. 
The set to be covered here is not a set of points but a region in the plane with infinite cardinality; this makes 
it harder to verify that a certain configuration is a cover as we cannot check if all the points in the set are 
covered. Moreover, in this problem, each object (image) is characterized by an array of requirements. 

3 Experiments 
This section introduces some preliminary results on a particular use case of SIMCOP using a first 

problem specific heuristic to obtain an approximate solution. This use case considers a situation in which a 
user has access to images that meet their requirements (resolution, date range, etc.) and intercept certain AOI. 
The objective is to select a set of images that covers the AOI while minimizing the images' total cost. For 
simplicity, we assume that the cost of an image is proportional to its area, which is true in many real satellite 
marketplaces, considering images with the same resolution. We can then minimize the total cost of the set of 
images by minimizing the total area. In our scenario, the weight of each image is equal to its area. 

The proposed heuristic always selects the image that has the highest ratio image area inside the 
AOI/image area and stops when a cover is achieved, and consequently, a mosaic can be built with the selected 
images. 

We have compared the performance of our heuristic against a random image selection strategy run 
100 times using the same AOI and satellite images. The AOI is an area of approximately 1640 km2, 
comprehending Mexico City. The image’s dates are between 01-01-2020 to 01-10-2022 and were taken by 
the Pleiades satellite constellation [15]. In this initial experiment, the total number of images was limited to 
30 per AOI. We obtained the images' geolocation data (corners coordinates) through the satellite marketplace 
Up42 [16]. 
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The evaluation parameter is the ratio between the total area of the images forming the cover and the 
area of the AOI, with 1 the lower bound for this optimization problem. Initial results demonstrated the better 
performance of the proposed heuristic with a fitness score of 4.56 compared to all random selection runs which 
obtained between 5.06 and 9.16 with an average of 6.78 and a standard deviation of 0.84. Besides being a 
simple greedy heuristic, our strategy was 32.74% better than the average random selection. The next steps of 
this work will consider proving the NP hardness of SIMCOP, proposing novel optimisation approaches, and 
tackling additional and larger real-world instances. 

4 Acknowledgement 
This work is partially funded by the Fonds National de la Recherche Luxembourg (FNR), Aides à la 

Formation-Recherche (AFR PhD) program under the ASTRAL Project, ref. 17043604, and by the joint 
research programme UL/SnT-ILNAS on Technical Standardization for Trustworthy ICT, Aerospace, and 
Construction. 

References 
[1] EUSPA (2022) EUSPA EO and GNSS Market Report 
[2] ILNAS, ANEC (2021) AEROSPACE SECTOR LUXEMBOURG 
[3] Union of Concerned Scientists Satellite Database. https://www.ucsusa.org/resources/satellite-

database. Accessed 15 Sep 2022 
[4] Mohney D (2020) Terabytes From Space: Satellite Imaging is Filling Data Centers 
[5] Felegari S, Sharifi A, Moravej K, et al (2021) Integration of Sentinel 1 and Sentinel 2 Satellite Images 

for Crop Mapping. Appl Sci 11. https://doi.org/10.3390/app112110104 
[6] Flood N, Watson F, Collett L (2019) Using a U-net convolutional neural network to map woody 

vegetation extent from high resolution satellite imagery across Queensland, Australia. Int J Appl Earth 
Obs Geoinf 82:101897. https://doi.org/10.1016/J.JAG.2019.101897 

[7] Wang H, Gong X, Wang B, et al (2021) Urban development analysis using built-up area maps based 
on multiple high-resolution satellite data. Int J Appl Earth Obs Geoinf 103:102500. 
https://doi.org/10.1016/J.JAG.2021.102500 

[8] Sheng Y, Alsdorf DE (2005) Automated georeferencing and orthorectification of amazon basin-wide 
SAR mosaics using SRTM DEM data. IEEE Trans Geosci Remote Sens 43:1929–1940. 
https://doi.org/10.1109/TGRS.2005.852160 

[9] Pradhan B, Ahmed AA, Chakraborty S, et al (2021) Orthorectification of WorldView-3 Satellite 
Image Using Airborne Laser Scanning Data. J Sensors 2021:. https://doi.org/10.1155/2021/5273549 

[10] Cresson R, Saint-Geours N (2015) Natural Color Satellite Image Mosaicking Using Quadratic 
Programming in Decorrelated Color Space. IEEE J Sel Top Appl Earth Obs Remote Sens 8:4151–
4162. https://doi.org/10.1109/JSTARS.2015.2449233 

[11] Megha V, Rajkumar KK (2021) Automatic Satellite Image Stitching Based on Speeded Up Robust 
Feature. In: Proceedings - 2021 1st IEEE International Conference on Artificial Intelligence and 
Machine Vision, AIMV 2021. Institute of Electrical and Electronics Engineers Inc. 

[12] Kang Y, Pan L, Chen Q, et al (2016) AUTOMATIC MOSAICKING OF SATELLITE IMAGERY 
CONSIDERING THE CLOUDS. ISPRS Ann Photogramm Remote Sens Spat Inf Sci III–3:415–421. 
https://doi.org/10.5194/ISPRS-ANNALS-III-3-415-2016 

[13] Swaine M, Smit C, Tripodi S, et al (2020) Operational pipeline for a global cloud-free mosaic and 
classification of sentinel-2 images. Int Arch Photogramm Remote Sens Spat Inf Sci - ISPRS Arch 
43:195–200. https://doi.org/10.5194/ISPRS-ARCHIVES-XLIII-B3-2020-195-2020 

[14] Har-Peled S, Lee M (2012) Weighted geometric set cover problems revisited. J Comput Geom 3:65–
85. https://doi.org/10.20382/JOCG.V3I1A4 

[15] Pleiades. https://www.eoportal.org/satellite-missions/pleiades#performance-specifications. Accessed 
24 Sep 2022 

[16] UP42. https://up42.com/. Accessed 23 Sep 2022 


