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Abstract

The rolling shutter effect in star trackers introduces significant distortion in space applications, espe-
cially in high-angular-velocity environments. Previous studies typically utilize multiple sequential frames
to estimate body rates, which can introduce correlation errors and fail to account for angular acceleration.
The Single-Frame Rolling Shutter Corrector (SFRSC) addresses this limitation by estimating attitude,
body rate, and angular acceleration using a single frame. [1]. However, its accuracy is constrained by
the linearization of motion models and sensor noise.

This study proposes a deep learning-enhanced rolling shutter correction framework that integrates
SFRSC with neural image restoration techniques to improve attitude estimation in star trackers under
extreme motion conditions. First, a dataset of simulated rolling shutter-degraded star images is generated,
including variations in angular velocity, acceleration, and sensor noise. Next, a neural network-based image
restoration model, leveraging CNNs and Transformer architectures, is trained to correct star position
distortions. The network is augmented with SFRSC-derived motion parameters as additional inputs,
enabling a physics-informed learning approach.

The integration of deep learning and analytical correction enhances robustness against sensor noise,
nonlinear motion, and extreme rotational speeds. Moreover, the model generalizes well across different
star tracker configurations and operating conditions. The proposed framework is applicable not only to
spacecraft attitude determination but also to drone navigation and mobile imaging affected by rolling
shutter distortion.

By integrating physics-based correction with data-driven learning, this study explores an alternative
approach to improving star tracker performance in challenging spaceflight scenarios. The results indicate
that deep learning has the potential to enhance conventional state estimation techniques, offering a possible
pathway for improved rolling shutter compensation in real-time applications.
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