77th International Astronautical Congress 2026 Paper ID: 110456

oral

student

54th IAF STUDENT CONFERENCE (E2)
Student Conference - Part 2 (2)

Author: Mr. Ibrahim Doga Ergin
Middle East Technical University, Tiirkiye

Dr. Halil Ersin Soken
Middle East Technical University, Tiirkiye

DESIGN AND SIMULATION OF A COMPUTATIONALLY EFFICIENT STAR TRACKER
ALGORITHM FOR SMALL SATELLITES

Abstract

The surge in small satellite missions demands highly accurate, cost-effective Attitude Determination
and Control Systems (ADCS). While Commercial Off-The-Shelf (COTS) optical components reduce costs,
they introduce significant computational and noise-related challenges for embedded microcontrollers. This
paper presents the design and Software-in-the-Loop (SIL) simulation of a computationally efficient star
tracker pipeline, functioning as a compact, all-in-one ADCS sensor component. The architecture algo-
rithmically integrates a COTS CMOS sensor and an M12 lens with a magnetometer and gyroscope. A
MATLAB framework simulates the space environment, utilizing a magnitude-filtered Yale Bright Star Cat-
alog to minimize onboard memory requirements. The algorithm is optimized to minimize computational
load. Pre-processing removes common COTS defects, targeting Gaussian noise and simulated dead or
bright pixels. A Center of Mass (CoM) algorithm then extracts sub-pixel star coordinates. For the compu-
tationally heavy lost-in-space scenario, a Geometric Voting algorithm performs robust star identification.
The key novelty in this pipeline is fusing initial magnetometer and gyroscope (angular velocity) data to
establish attitude boundaries, which drastically reduces the initial catalog search space. Furthermore,
following the initial acquisition, gyroscope data continuously propagates the attitude to constrain the
Region of Interest (ROI) for the subsequent tracking phase. This eliminates successive full-sky searches,
significantly reducing the computational burden and ensuring the entire pipeline from image capture to
the final Quaternion Estimator (QUEST) solution operates at a minimum 1 Hz rate. Simulations will test
the robustness of the algorithm with regard to noise injection and dynamic conditions. The preliminary
results show that the magnetometer and gyroscope-augmented voting and tracking algorithm are reliable
for maintaining the 1 Hz requirement on the STM32 platform and are targeting sub-arcminute pointing
accuracy. This research validates the development of a highly efficient and all-in-one sensor fusion solution
for reliable attitude determination of small satellites to be launched in the near future.



