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Abstract 

 

In this study, we propose an alternative methodology for verifying the relevancy of augmented data from 

different on-orbit sensors. This methodology is based on scalar and image-based augmentation, rule-based simi-

larity metrics, and clustering algorithms. Scalar and image-based augmentation techniques are used to augment 

the original data multiple times during the augmentation process. With jittering, values changes (increases and 

decreases), permutations, rotations, and flipping, a set of augmented data is created for use with the rule-based 

similarity metrics. The Structural Similarity Index Measure (SSIM) and the Root Mean Squared Error (RMSE) 

are calculated for each data augmentation technique used and compared against a user-selected threshold value 

(bound). While the decision rule based on the bound declares the augmentations that pass the rule, the SSIM- and 

RMSE-computed errors are inputted into the spectral clustering algorithm. In this algorithm, the cluster that con-

tains the original data would be compared as the baseline against the output of the rule-based system to ensure 

that the output from the rule-based system is relevant. Our rule-based method achieves an output similarity to the 

clustering algorithm of 93.46% in cases where the input data was forced to be 100% unique. To the best of our 

knowledge, this is the first time that rule-based similarity scores are supporting clustering algorithms to determine 

the relevancy of augmented data from an on-orbit satellite. 

 

 Introduction 

 

Accurate and reliable data produced by on-orbit 

small satellites is a unique and expensive commodity, 

but it is crucial to expedite and streamline the Cube-

Sat’s development lifecycle. Numerical simulations 

have been created to aid with the research and devel- 

 

 

opment process of small satellites. However, for sim-

ulations to work, there needs to be sufficient raw (orig-

inal data) collected and available to be processed, for 

the environment to be adequately simulated. Machine 

Learning-driven data augmentation techniques can 

provide a solution to overcome data shortages in such 

testing environments. These techniques involve a set 
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