77th International Astronautical Congress 2026 Paper ID: 112057
student

IAF SPACE EXPLORATION SYMPOSIUM (A3)
Interactive Presentations - IAF SPACE EXPLORATION SYMPOSIUM (IP)

Author: Mr. Mehmet Edip Oztiirk
Erciyes University, Tiirkiye

Dr. Ahmet Kerim Agirman
FErciyes University, Tiirkiye

ROBUSTNESS-ORIENTED EVALUATION OF UAV STATE ESTIMATION METHODS IN
GNSS-DEGRADED AND DENIED ENVIRONMENTS

Abstract

Unmanned Aerial Vehicles (UAVs) frequently operate in environments where Global Navigation Satel-
lite Systems (GNSS) signals are degraded or completely unavailable. Urban canyons, indoor settings,
dense vegetation, and intentional interference significantly reduce positioning reliability, creating ma-
jor challenges for autonomous navigation. Furthermore, although autonomous UAV systems are useful
for exploration and observation in Mars missions, there is no established GNSS system on Mars. In
such conditions, multi-sensor fusion approaches integrating inertial and vision-based measurements are
widely employed to mitigate GNSS limitations. However, estimator performance strongly depends on
sensor reliability, which may vary dynamically under degraded sensing conditions. This study presents
a robustness-oriented comparative evaluation of state estimation methods for UAV navigation in GNSS-
degraded and denied environments. Classical multi-sensor fusion approaches, including Extended Kalman
Filter (EKF)-based visual-inertial integration, are analysed under controlled degradation scenarios. These
scenarios include reduced visual feature availability, increased inertial noise levels, and intermittent GNSS
degradation. Performance is assessed using position and orientation root mean square error (RMSE), drift
accumulation rate, estimator stability, computational efficiency, and failure rate analysis. In addition to
baseline comparisons, the study investigates the influence of adaptive measurement scaling strategies
within the evaluation framework. A learning-based sensor reliability estimation component is explored
as a supplementary mechanism to examine effect of dynamic confidence adjustment on estimator robust-
ness under varying sensing conditions. This component is incorporated without altering the fundamental
filtering structure, enabling a structured comparison between static and adaptive weighting strategies.
Our results show that sensor degradation impacts state estimation performance adversely and adap-
tive measurement weighting enhances robustness while maintaining a real-time computational feasibility.
The findings aid the selection and design of state estimation approaches for UAV systems operating
in GNSS-degraded and denied environments including Martian missions. Keyword: GNSS-Degraded,
GNSS-Denied, Unmanned Aerial Vehicle, Sensor Fusion, Kalman Filter, Martian Mission.



