
Pointclouds Integration from Aerial and Ground 
Exploiting Normal Vector and Pose Graph Optimization 
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Summary

Integration of pointcloud maps from different platforms
• Pointcloud Integration requiring two maps and one trajectory
• Compatible with any algorithms if requirements are given as a result

One Point Matching by Scan-Context[1] based on Normal Vector
• Searching only a pair of loops in an unstructured environment

Pose Graph Optimization(PGO) for two graphs[2]; 
The Virtual trajectory of UAV and actual trajectory of UGV
• PGO to locate the UGV trajectory on the UAV map

Method

Down
Sampling Construct

Scan-Context
(Normal Vector)

One Point 
Matching

Odometry
Algo.

Point Map (UAV)

Point Map (UGV)

Odometry (UGV)

Pose Graph 
Optimization

Add Constraint 
Between Two Graphs 

via ICP

Pose Graph
Construction
(UAV, UGV) Combining Map

Transform 
Partial UGV Map

From Anchor Node to Last Node

Principal
Component

Analysis

Initial State

Virtual Pose of UGV in UAV Map Pose of UGV

One Point Matching (Not Aligned) Pose Graph Optimization (Aligned)

UAV Map UGV Map UGV Relative Transformation Constraint via ICP

Anchor Node

Minwoo Jung1

Ayoung Kim1

moonshot@snu.ac.kr
ayoungk@snu.ac.kr

1 Seoul National University

Input : Two Pointclouds and One Trajectory

Output : Integrated Pointcloud Map

Problem definition

Results

One Point Matching Pose Graph Optimization

Integrated Pointclouds After One Point Matching and PGO 
• Induced a large error at ends of the map by One Point Matching.
• Aligned each pointcloud maps by PGO, not only on the whole but 

also on the details.

Applications

Colorized UGV point exploiting nearest UAV point 
• Combined the camera based map with UGV maps 
• Possible to colorize the UGV points 

Conclusion

• Introduced the system to integrate pointcloud maps 
acquired by different platforms entirely.

• Constructed scan-context based on Normal Vector, being 
robust for unstructured environment and different FOV.

• Located the UGV trajectory on the UAV map utilizing PGO.
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