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AirLock+: Scaling UAV-to-Satellite Image Registration for Target Geolocalization and Geospatial Augmented Reality

Problem Solved: UAV-to-Map Image Registration

Summary of Impact

o Introduce a new task: UAV air-to-ground target geo-localization

o Release the first real-world dataset for this task with paired aerial-ground data

o Propose AirLock+: Our end-to-end system achieves an average target 
localization error of 20.23 meters across 7.8 km of real-world trajectories

Core Applications & Capabilities
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Geo-referenced Satellite Map
o Outdated / seasonal mismatch

o Viewpoint and domain gaps

Database

Input: UAV Image
o Timestamp + GPS (lat,lon,alt)
o Unknown Camera Pose and Intrinsic

Retrieve map from database using prior from onboard GPS

Output: Map-Registered UAV Image
o Translate Pixel (u,v) → World (lat, lon)
o Geospatial AR (world-aligned overlays)

Motivation:  Object detection provides pixel locations (u, v) within image frame; we translate them into world coordinates (lat, lon), defining a new task called Air-to-Ground Target Geo-Localization

3D Visualization of the Scene

Geospatial Augmented Reality for UAVs
(Overlay Map Data on FPV Video Feed)

New Dataset for Air-to-Ground Target Geo-Localization
UAV Videos with GPS Tags – Captured at low & high altitudes

First-Person-View Videos of Target

Reference Maps – Includes Satellite Images & OpenStreetMap
Ground Truth GPS of Target

Dataset Size: Over 50 km of target travel

Speeds up to 40 mph
Target of Interest: Vehicle Target of Interest: Vehicle

timestamp, latitude, longitude

Methodology & Framework

Target-Geo-Localization and Live Mosaic Generation

Object 
Tracker

Image 
Matcher

UAV-to-Map RegistrationUAV Video UAV Video

Reference Map Live Mosaic Map

Benefits of Geospatial AR:
o Enhanced Situational Awareness
o Street Name / POI Overlay
o Live Data Integration (External APIs)


