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6. 1) Development and optimization of laser scanmer methods for assessment of

The purpose of the | wood qualities and quantities at high spatial resolution and validation of these

project/main methods across countries.

problems/hypotheses | 2) Further improvement of the information flow regarding wood resources

addressed along the forest/wood-products chain by adapting forest information and
planning systems to utilize improved information from laser scanner aided
inventories.

7 Methods were developed to: extracts quality-related properties of single-trees;

Brief description of
the research plan and
of possible larger
deviations from the
plan

combining low and high density data; improve tropical plantation inventory
procedures; utilize a XML based information system; optimize silvicultural
treatments; estimate tree lists; predict product recovery from pre-harvest
inventories with airborne laser scanning data trained by ground-based laser
scanning or harvester data; utilising single tree data in tactical forest
management planning. Also, comparative testing was done of algorithms for
single-tree detection and feature extraction.




8.
Results
{max 2 pages)

The 3D structural information of the forest derived from airborne laser scanner
{ALS) data can be used to detect and measure trees. Several teams within the
project worked on the development of algorithms for segmentation of
individual trees. These algorithms were evaluated on data sets from different
participating countries in a joint work package (Vauhkonen et al. 2010b).
However, not all trees in the forest can be detected, even with the most
advanced algorithms. Therefore, methods were developed that account for
segmentation errors and resulted in model-unbiased estimates {Lindberg et al.
2010a; Breidenbach et al. 2010a). The simultaneous use of high and low
resolution ALS data allowed a reduction of field work when combined with
semi-supervised methods (Breidenbach et al. under preparation).

Methods for the classification of tree species as such (@rka et al. 2009) or the
prediction of tree species-specific variables such as canopy base height
(Breidenbach et al. 2010e, Vauhkonen 2010a, Breidenbach et al. submitted)
and timber volume (Breidenbach et al. 2010b) were developed in several work
packages.

The possibilities to efficiently obtain wood quality related variables using
existing manual field methods are limited. Therefore, methods for the
estimation of stem attributes using terrestrial laser scanning (TLS) by
measuring the diameter for all visible stem parts have been developed. A
complete method for combining TLS measurements of tree stems and crown
segments from ALS data for estimations of stem diameters was compared with
conventional methods (Lindgren et al. 2008; Lindgren et al. 2010b). This
included the automatic linking of ALS and TLS data at an individual tree level
(Olofsson et al. 2008). The stem measurements obtained from TLS were also
compared with measurements from harvesters. Harvester data were imputed to
areas without reference data using ALS-derived crown segments. The
prediction results of stem mean tree height, and stem diameter distributions
were validated at sub-stand level (Holmgren et al, 2010).

A new ALS based forest inventory and planning concept was developed for
industrial eucalyptus plantations in Brazil. The use of dynamic treatment units
in forest planning could be used in the future also in the Nordic countries to
make more optimal decision about which areas that will be harvested. Spatially
optimized cutting areas often deviated from compartment boundaries (Packalén
et al. submitted). Stand attributes and site index were modeled by Zonate et al.
(2010) and Packalén et al. (submitted). The accuracies were considerably better
than what is typically attainable in boreal forests. In industrial plantations it
was also possible to utilize clone information in the statistical models, With
respect to stem volume, clone information improved the accuracy over 30%.
Additionally, a theoretical model for ALS based forest inventories was
developed and validated on data from Brazilian eucalyptus plantations
{Mehtitalo et al. submitted).

Forest information systems were therefore developed and improved to enhance
the information flow within the forest enterprises. To go one step further and
provide this information to the end users, e.g., the wood processing industry, a
software prototype was developed that includes a logistics interface. In the
interface the users can select the forests that best meet industry demands by
assigning specific log demands to each forest. The web based platform also
allows an efficient means to transfer information throughout an organization. A
XML-based forest plantation simulator was developed to model the wood flow




{Seppinen et al. under preparation). The simulator was also used as a
benchmarking system for actual harvests in Brazilian eucalyptus plantations.
The digital road network, digital elevation models, and tree data need to be
utilized in planning of harvesting operations. A co-operation with the
University of Lavras (Brazil) was established to fulfill this task. Field data were
collected from forest roads and methods for predicting the road quality using
ALS data were developed.

9.

What advantages has
been gained by the
Nordic collaboration
(i.e. by the
cooperating partners,
use of the project
results)

The forest industry in all Nordic countries has started to use the laser scanning
technology for forest inventory and planning. However, new methods are
needed to utilize the new technology. The proiect has supported research in
each country with close connection to the industry and has promoted a network
of researchers in the interface between remote sensing and planning.
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Project summary
(about 1/3 page)
with main emphasis
on results for
possible use in the
News & Views

The aim of the project was to develop methods that benefit from emerging and
rapidly evolving sensor and information technologies, primarily laser scanning.
These methods provide timely and accurate information about wood properties
of forests. Methods were developed for automatic measurements of trees using
airborne laser scanning combined with manual field inventories, ground based
laser scanning, or data collected by harvesters. However, not all trees in the
forest can be detected. Therefore, methods were developed that account for not

section of detected trees and produce model-unbiased estimates. A new forest inventory

Scandinavian and planning concept was developed using dynamic treatment units to optimize

Journal of Forest the allocation of harvesting operations. Forest information systems were

Research developed and improved to enhance the information flow within the forest
enterprises. To go one step further and provide this information to the end
users, e.g., the wood processing industry, a software prototype was also
developed that includes a logistics interface.
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