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Figure 10: Results from path 5 being executed in scenario 3.

Finally, the system is affected by information latency. Al-
though the pipeline includes a linear interpolation method
to mitigate the fact that the flight controller’s position and
attitude data are published asynchronously, the inherent la-
tency between image acquisition by the camera and the pro-
cessing of state messages may still generate small temporal
misalignments, degrading the estimation performance during
high-speed flights or abrupt maneuvers.

6 CONCLUSION

This paper presented an online pipeline for geo-localizing
multiple terrestrial objects from UAV monocular imagery.
The proposed approach combines three tightly integrated
components: a timestamp interpolation scheme that synchro-
nizes camera frames with asynchronous UAV state estimates,
a geometric projection model that maps image detections
to ground-plane coordinates using UAV attitude and posi-
tion, and a spatial refinement stage that employs the Hun-
garian algorithm and Kalman filtering to associate, filter, and
consolidate repeated noisy observations into consistent geo-
locations. Together, these components enable accurate esti-
mation of ground object positions, eliminating false positives
and consolidating repeated observations into consistent geo-
locations through a spatial refinement pipeline.

Experiments conducted in simulation using Gazebo and
ArduPilot SITL across 3 target distribution scenarios and 6
distinct flight paths demonstrated the robustness and accuracy
of the approach. The system achieved a mean localization
RMSE of 0.603 m while successfully identifying 97.9% of
the 30 targets per scenario. These results validate the effec-
tiveness of the spatial refinement pipeline in reducing local-
ization noise and suppressing false positives, even under the
constraints of a rigidly mounted camera and a planar ground
assumption.

Future work include replacing linear interpolation with
higher-order or learning-based state estimation to reduce tem-
poral misalignments during aggressive maneuvers. Addi-
tionally, conducting experiments in real outdoor environ-
ments will be essential for further validation of the proposed

methodology, as well as extending the evaluation to a broader
variety of target objects beyond the fiducial markers used in
this work.
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APPENDIX A: DATA

Table 2: Comparative analysis of targets detections vs. confirmed tracks across all paths and scenarios.

Scenario 1 Scenario 2 Scenario 3

Path Detections Conf. Tracks Detections Conf. Tracks Detections Conf. Tracks

1

2

3

4

5

6
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