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CHALLENGE
Lunar rovers need absolute attitude for navigation, but cannot rely 

on GNSS or a magnetic reference.

LIMITATION
• Star trackers and Star-ID: easily fail during fast motion.

• Relative tracking: Accumulates drift over time.

OUR GOAL
Use relative tracking to bridge output gaps and catalog 

re-anchoring to limit drift → Maintain continuous, accurate 

absolute attitude estimates during fast rover motion. 

Continuous tracking. Drift correction. One camera.

STAR TRACKER PROPOSED

Spatial output availability

POSE PREDICTION
Apply the relative rotation ΔRt to the previous attitude Rt−1.
The predicted attitude Rt

− gives the current camera 
orientation.

②

QUALITY-GATED UPDATE
Check reprojection and rotation consistency of Rt

ref.
Set Rt to Rt

ref if valid, or retain Rt
− otherwise.

④

• The pipeline takes star images, camera calibration, and a star catalog as input.

• Each frame produces an attitude estimate, marked as catalog-confirmed or propagated.

Relative tracking + re-anchoring
Track rotation between frames and correct drift 
using the star catalog.

Continuous tracking
Robust during fast motion

Performance across rover 
motions
0.147°–0.439° RMSE across six sequences

Continuous, robust attitude estimation
for rover localization from a single camera.

Attitude RMSE & Availability

• Attitude RMSE below 

0.44° across all six 

sequences.

• Our method achieves 

100% output availability 

across six sequences, 

compared with 84.8% on 

average for the star 

tracker.
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 RESULTS & TAKEWAY

RELATIVE TRACKING
Match stars with LightGlue and select RANSAC inliers ℐ.
Solve Wahba’s problem to estimate the relative rotation 
ΔRt.

①

CATALOG RE-ANCHORING
Project catalog stars si using Rt

− to obtain ûi,t.
Match these projections to detected centroids and refine 
a candidate absolute attitude Rt

ref.

③

• Rapid motion: Sharp attitude changes near crater boundaries

• Star tracker / Star-ID: Output gaps during fast rover motion

➜ Proposed: Continuous attitude estimates along the full 

rover trajectory


