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OCE Project ObjectiveOCE Project Objective

To explore the utility of LiDAR to re-construct, and possibly 
improve upon, a ground-based forest stand structural 
classification that separates relatively uniform even-aged forests 
from increasingly complex uneven-aged multi-cohort forests

To develop and deliver a software package that automates the  
multi-cohort forest structure classification process using LiDAR 
and FRI data and make it available to project partners for 
integration in a comprehensive forest inventory management 
system



MultiMulti--Cohort Forest Structure Cohort Forest Structure 
ClassifierClassifier

What is it?What is it?

•• A tool to support forest practitioner and researchers in A tool to support forest practitioner and researchers in 
the practice of multithe practice of multi--cohort forest management.cohort forest management.

Aids in the managing, viewing and processing of Aids in the managing, viewing and processing of lidarlidar
point cloud data,  point cloud data,  

Deriving landscape and stand level descriptive Deriving landscape and stand level descriptive 
statistics from Lidar point cloud data, andstatistics from Lidar point cloud data, and

Performing stand structure classifications  Performing stand structure classifications  



Development Platform (1 of 2)Development Platform (1 of 2)
Developed as a plugDeveloped as a plug--in within MapWindow GISin within MapWindow GIS*

•• A A freefree open source Geographical Information System (GIS)open source Geographical Information System (GIS)

Includes viewing, editing and geospatial analytical toolsIncludes viewing, editing and geospatial analytical tools
Provides an easyProvides an easy--toto--use interface for use by nonuse interface for use by non--GIS expertsGIS experts
Eliminates the need for end users from purchasing a complete GISEliminates the need for end users from purchasing a complete GIS
systemsystem
Active user communityActive user community
International users and developers conferenceInternational users and developers conference

• Orlando, Florida  31 March - 2 April 2010 

•• PlugPlug--ins are fully integrated within MapWindow allowing users ins are fully integrated within MapWindow allowing users 
access to additional data manipulation and spatial tools.access to additional data manipulation and spatial tools.

•• This approach allows for the development of specific tasks This approach allows for the development of specific tasks 
related to viewing, processing and analyzing Lidar point cloud related to viewing, processing and analyzing Lidar point cloud 
data for stand structure classification.data for stand structure classification.

** http://www.mapwindow.org



Development Platform (2 of 2)Development Platform (2 of 2)
Processing and 3D viewing of Processing and 3D viewing of LidarLidar Point Cloud dataPoint Cloud data

•• FUSION/LDV package (FUSION/LDV package (Version 2.7Version 2.7))

Available at no cost from the USDA Forest ServiceAvailable at no cost from the USDA Forest Service
• http://forsys.cfr.washington.edu/ fusion/fusionlatest.html

Command line programs from the Fusion Command line programs from the Fusion LidarLidar Toolkit (LTK)Toolkit (LTK)
•• Importing Las filesImporting Las files
•• TilingTiling
•• Point cloud classification (ground Point cloud classification (ground \\ nonnon--ground)ground)
•• Generates bareGenerates bare--earth digital elevation modelsearth digital elevation models
•• Point cloud summary statisticsPoint cloud summary statistics

Version 2.8 was released in March, 2010 Version 2.8 was released in March, 2010 
and contains many new enhancements and contains many new enhancements 
includingincluding

•• Additional statisticsAdditional statistics
•• More efficient memory managementMore efficient memory management
•• Better handling of tile edgesBetter handling of tile edges

•• LasviewLasview
A free program for visualizing LAS data. A free program for visualizing LAS data. 
http://www.cs.unc.edu/~isenburg/lastools

http://forsys.cfr.washington.edu/ fusion/fusionlatest.html
http://www.cs.unc.edu/~isenburg/lastools


ComponentsComponents
Plug-in Tool Bar

Plug-in Menu

MapWindow GIS Application

Tool Input Form

Output Display



Spatial and Reporting ScalesSpatial and Reporting Scales



Work FlowWork Flow

Build Catalog

Tile Dataset

Bare Earth Point 
Filtering

Height Above Ground

Tile Level Statistics Grid Level Statistics

Digital Elevation Model

Polygon Clip

Polygon Level 
Statistics

Grid Level Statistics

Stand Structure 
Classification

Quality Assessment
Map Spatial Extent
Check for Outliers

Process

Check

Output\Input

Set Workspace



Outputs: Outputs: CatalogCatalog Reports (1 of 2)Reports (1 of 2)

Catalog produces descriptive reports 
• used to evaluate a new acquisition for internal 

quality, completeness of data coverage and 
return or pulse density. 

• primary output is a web page containing a 
summary of each file for the entire data set. 

• produces images representing the coverage area, 
pulse and return densities, and intensity values 
for the entire acquisition. 

• images have associated world files

Intensity Image

Report

Outlier



Outputs: Outputs: CatalogCatalog Reports (2 of 2)Reports (2 of 2)

Plug-in enhancements
• Creates a spatial index layer from the catalog report

Contains catalog report summary statistics
Links to source dataset for 3D viewing

Index Map

Point Cloud 
Viewer

Outlier



Outputs: Merged and Tiled Datasets Outputs: Merged and Tiled Datasets 
Tile Dataset



Outputs: DEM and Above Ground HeightsOutputs: DEM and Above Ground Heights

Bare Earth and Above Ground Point Heights

• Filters a point cloud to identify bare-earth points
• Derive above ground heights for non-ground points

Bare Earth DEM Tile (Elevation)

OutlierBare Earth 
Point Filtering

Hillshade

Color 
shading

3D Point Cloud 
Above ground heights



Outputs: Clipped Above Ground HeightsOutputs: Clipped Above Ground Heights

Clips above ground point data using a polygon shape file
• creates individual clipped point files for each polygon
• calculates polygon (stand) level statistics
• creates a polygon index layer with statistics       

Polygon Index layer

Outlier

Polygon 43

Polygon Clip

Polygon Level Statistics

Polygon 25



Stand Structure Classification (1 of 3)Stand Structure Classification (1 of 3)

Step 1: Define discriminant classification functions      

Equation Builder

Outlier

Polygon 43

Polygon 25

Stand Structure 
Classification

Sample classification function for a mixed wood cover type (MW2)

Cohort class 1 = -0.179699816 +  ( Max ht * 0.030323748)  +  ( Ht variance * -0.005819563)
Cohort class 2 = -0.344478415  +   (Max ht * 0.041700802)    +   ( Ht variance * -0.007583264)
Cohort class 3 = -0.371830603  +   (Max ht * 0.04293942)      +   ( Ht variance * -0.007430198)

Ascii Equation File (csv) 



Stand Structure Classification (2 of 3)Stand Structure Classification (2 of 3)
Step 2: Calculate polygon (stand) grid level statistics

• calculates statistics for sample cell (size is user defined)
• creates a point layer with sampling zone statistics

Equation Builder

Outlier

Point layer for Polygon 43 with 
sample zone statistics

Polygon 25

Stand Structure 
Classification



Stand Structure Classification (3 of 3)Stand Structure Classification (3 of 3)

Step 3: Calculate stand structure class

• Outputs a classified  stand structure polygon layer     

Equation Builder

Outlier

Polygon 43

Polygon 25

Stand Structure 
Classification



Known issuesKnown issues

•• Edge effects with grid metrics (Edge effects with grid metrics (asciiascii grids)grids)
•• may be resolved in 2.8 with the new buffer switch may be resolved in 2.8 with the new buffer switch 

within the Fusion within the Fusion GridmetricsGridmetrics programprogram

•• CanCan’’t create intensity images for large datasetst create intensity images for large datasets
•• memory issuesmemory issues

•• Error trapping issuesError trapping issues
•• Equation builder needs work Equation builder needs work 



Thank YouThank You

Arnold RudyArnold Rudy
arudy@kbm.on.caarudy@kbm.on.ca

mailto:arudy@kbm.on.ca
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