
TL;DR

OrthoTrack is a training-free system that estimates continuous, absolute, metrically scaled 6-DoF UAV trajectories using only publicly available orthophotos and surface models as a map prior.

MovingDrone is a large-scale benchmark spanning Berlin that pairs photorealistic UAV sequences with dense 6-DoF poses and co-registered multi-modal geodata.
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Problem Statement

• Input: Orthophoto (DOP) / elevation map (DSM) / intrinsics

• Output: 6-DoF continuous trajectory of UAV camera

Stages:

1. Initialization

Match the first frame to the full DOP at reduced resolution; if that fails, run a tile-based

pyramid search over overlapping DOP crops until a reliable region is found.

2. Keyframe localization

Select a visibility-aware DOP/DSM crop (inverse-depth-weighted to avoid large crops for

oblique views). Match three crops with the dense matcher RoMaV2, lift matches to 3D, and 

solve PnP-RANSAC for a metric, globally anchored pose.

3. Inter-frame tracking

Propagate keyframe 2D-3D correspondences with optical flow, apply forward-backward

consistency, and run a lightweight PnP-RANSAC per frame.

4. Adaptive quality monitoring

Continuously check point count, spatial spread, and reprojection error; trigger a new

keyframe when any signal fails. Reprojection error uses two adaptive thresholds: (1) an 

absolute bound that is relaxed during a short warmup after each keyframe and (2) a relative 

bound that tightens over time to detect slow drift.

OrthoTrack

OrthoTrack estimates metric 6-DoF poses for every UAV frame using a georeferenced

orthophoto (DOP) and an elevation model (DSM), without GPS or IMU.

Conclusion

• OrthoTrack provides drift-free, metrically scaled 6-DoF camera tracking without relying on GPS or IMU.

• It uses a training-free pipeline that registers UAV video directly to public orthophotos (DOPs) and DSMs, 

remaining robust across seasonal and historical map variations.

• It improves visual localization dramatically over standard VO - reducing ATE by 69× on UAVScenes

while reaching 0.67 m ATE (0.33 m median error) on MovingDrone.

[1] Wang, Sijie, et al. "Uavscenes: A multi-modal dataset for uavs." ICCV. 2025.

[2] Campos, Carlos, et al. "Orb-slam3: An accurate open-source library for visual, visual–inertial, and multimap slam." IEEE transactions on robotics. 2021.

[3] Teed, Zachary, and Jia Deng. "Droid-slam: Deep visual slam for monocular, stereo, and rgb-d cameras." NeurIPS. 2021.

[4] Teed, Zachary, Lahav Lipson, and Jia Deng. "Deep patch visual odometry." NeurIPS. 2023.

[5] Wang, Shuzhe, et al. "Dust3r: Geometric 3d vision made easy." CVPR. 2024.

[6] Lin, Haotong, et al. "Depth anything 3: Recovering the visual space from any views." arXiv. 2025.

[7] Maggio, Dominic, and Luca Carlone. "VGGT-SLAM 2.0: Real time Dense Feed-forward Scene Reconstruction." arXiv. 2026.

[8] Wang, Yifan, et al. 𝜋3 Permutation-Equivariant Visual Geometry Learning." ICLR. 2026.

[9] Zhu, Juelin, et al. "Lod-loc: Aerial visual localization using lod 3d map with neural wireframe alignment." NeurIPS. 2025.

[10] Dhaouadi, Oussema, et al. "Ortholoc: Uav 6-dof localization and calibration using orthographic geodata." NeurIPS. 2025.

1 2 3

4 5

Modalities

MovingDrone

MovingDrone is a large-scale photorealistic 6-DoF UAV pose benchmark across Berlin with co-registered multi-modal geodata.

Sequence Examples

P
ro

je
c
t 

P
a

g
e

Quantitative Results

[3]

[2]

[4]

[5]
[6]

[7]

[8]

[9]

[10]

[2]

[2]

[2]

[3]

[3]

[3]

[3]

[4]

[9]

[1] (10FPS) (30FPS)

Ablations

• OrthoTrack remains robust to older orthophotos, with accuracy depending primarily on geometric

rectification and temporal appearance change (seasonal vegetation, new construction).

• RoMa v2 achieves the best overall performance, providing the highest pose accuracy alongside fast 

processing speed.

• Standard Lucas–Kanade (LK) optical flow is fully sufficient for inter-frame aerial tracking given high input

frame rates.

• The pipeline reliably maintains localization across varying input frame rates and remains robust to high-

speed drone dynamics.

Temporal Analysis
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