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Background

• Forest inventory
- Data from forests to support decision-making and management 

decisions.

- Individual tree attributes such as height, stem curve and tree

locations

• Data collection
- 3D Laser scanning (LIDAR)

- Set of range estimates from the scanner (point cloud in 3D-space)

- Combining the separate point clouds using point cloud respective

location data such as GPS



Backpack MLS

What happens if some point clouds don’t have GPS-timestamps?



Methods: Forest Graph-SLAM

• Graph-SLAM
- Numerically estimates the location and environment map of a 

moving sensor

- In this case, sensor data is in point cloud and GPS format

- Obtains the estimates as a solution to a non-linear least-squares 

minimization problem presented as a graph

• Programming tools:
- C++ Library for the least-squares optimization

- Python-scripts for Graph creation

- Matlab-toolbox for point cloud and trajectory visualization and 

analysis



Methods: Graph-optimization problem

Find a set of poses that minimize

the value of the error function. 

Constraints (z) are created from 

GPS-data.



Test data and equipment

• AkhkaR4DW VUX-1HA laser 

scanner with GNSS/IMU 

localization system 

• Initial trajectory with standard 

deviation for both orientation and 

location in 3D with GNSS/IMU

• Point cloud data from laser scanner 

to produce tree observations



Test sites

• Five 32x32m test sites in Evo, Hämeenlinna

• Different trajectories and environment



Test sites



Test statistics

• How to measure the goodness of the optimization?

• Two Different error measurements were used:

• 1. Internal Accuracy

- Planar accuracy of landmark locations

• 2. Overall accuracy

- Elevational accuracy of the whole point cloud



Internal Accuracy

• The average distance from tree observations belonging in the same 

tree cluster to the center of this cluster

• Averaged over all trees



Internal accuracy



Overall accuracy

• The elevational (z-coordinate) difference of two trajectory points 

with same planar location ie. Trajectory crossing

• Averaged over all trajectory crossings



Trajectory improvement example



Summary

• The internal accuracy of the point cloud was increased 

consistently trough all five different plots

• The overall accuracy increase wasn’t nearly as 

consistent: Initial elevation error and number of trees 

affect the result

• Potential improvements to framework for example:

- Iterative processing

- Improvements to ground extraction

- Tree detection parameter simulation



Improvement example


