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Summary

Tasmania, and Australia generally, is currently experiencing a significant wood supply shortage,
particularly in the building and construction sector. In recent years, considerable work has been
undertaken in Tasmania to identify industry and community-supported priorities for addressing

the need for additional wood.

PFT has partnered with Forico to investigate costs and silvicultural practice to efficiently transition
from short (pulpwood focused) to longer rotation (solidwood/sawlog or engineered wood
focused). The overall aim is to foster stand improvement strategies in Tasmania’s existing

plantation resources to improve domestic sawlog supply outcomes in short to medium-term.

Transitioning from pulp to solid wood plantation regimes in Tasmania requires a good
understanding of the costs involved during thinning operations and the factors that explain the
productivity and costs of mechanised equipment in these conditions. This project will use
machine productivity data to assess mechanised thinning operations in Eucalyptus nitens stands,
pinpointing those factors with the most significant impacts on productivity and costs. In addition,
sensing technology, including mobile LiDAR systems, will be used to assess the remaining trees'
quality features (DBH, height, branchiness, tree form, stem damage). This project will provide

valuable information for more cost-effective mechanised thinning operations.

Importance and implementation of the project

Mechanical thinning of stands to produce high-value logs is expensive and might be carefully
executed to control costs and avoid stem damage to the residual trees. Transitioning from pulp to
solid wood plantation regimes in Tasmania requires a good understanding of the costs involved
during the thinning operations and the factors that explain the efficiency of mechanised
equipment in Eucalyptus nitens stands. Although several harvesting studies have been conducted
in Tasmania and across Australia, they have focused on clearfelling operations of Eucalyptus
stands and thinning of Radiata pine stands. Thus, it is critical to investigate the thinning strategies
and harvesting equipment that have the potential to meet the silvicultural outcomes, minimise

harvesting costs, and produce high-value logs at harvest time.

Before thinning, sensing technology can be used to determine total volume per ha, which can be
compared to the actual volume after thinning. Remaining trees after thinning must also be

assessed regarding stem quality features such as branchiness, tree form, and any defects caused



during the thinning operation. These assessments have been traditionally performed using
manual and visual methods. Sensing technologies like LIiDAR have emerged and evolved in the last

decade representing a more affordable and accurate way to capture tree and stem data.

The project will be implemented in Northwest Tasmania in two sites owned and managed by
FORICO around the Surrey Hills mill. One thinning regime and intensity will be implemented,
bringing stands from age 9-12, then growing to around 25 years. The mechanised thinning

operations will be performed by harvester/processors.

Project objectives

General:

Assessing the efficiency of mechanised operations and tree/stem quality features from machine

studies and sensing technology in hardwood thinning operations.

Specific:

1. To quantify productivity and costs of mechanised thinning operations in Eucalyptus nitens

stands, pinpointing those factors with the most significant impacts on productivity and costs.
2. To develop a methodology to capture tree quality features in thinned stands from sensor data.

3. To quantify the economic impact of damage to the residual trees caused during thinning

operations using sensing technology.

4. To provide data and methods for more efficient hardwood plantation thinning operations in
Tasmania that will maximise net value recovery and contribute to alleviating Tasmania’s wood

supply shortages, including in the short-term, medium-term, and longer-term.

Project outputs

Innovation outcome

The National Forest Industries Plan notes that new developments in science and technology are
leading to greater productivity from Australia’s forests and new products from processed wood. It

also states that innovation is required across all links in the value chain to extract greater value



from all tree parts. The value extracted, however, must be greater than the costs needed to

extract it if a new product or approach is economically viable and likely to be implemented.

This research project will quantify the productivity and costs of mechanised thinning operations,
and the economic impact of damage to the residual trees after thinning using modern sensing
technology. It will provide data for hardwood plantation forests in Tasmania that will maximise
net value recovery and contribute to alleviating Tasmania’s wood supply shortages, including in

the short-term, medium-term and long-term.

Research carried out in North America, South America, and Scandinavia has indicated that
thinning operations must be executed carefully to meet the silvicultural outcomes, minimise
harvesting costs, and produce high-value logs at harvest time. No public research is available that
has quantified the productivity and costs of mechanised thinning operations in Eucalyptus nitens
plantations. This project will help to fill that knowledge gap, providing valuable information to the

Stakeholders in Tasmania.

Economic benefits

This project will provide knowledge for more efficient and cost-effective mechanised thinning
operations, allowing the forest industry and landowners to understand better the drivers
impacting machine productivity and costs, and methods to reduce the damage to residual trees.
This will enable the production of high-value logs at harvest time, improving stakeholders’

financial returns.

Improved financial returns will lead to growth in the forest industry. Large forest owners and
small woodlot owners will likely increase the size of their forest estate if they get greater returns.
Farmers, without woodlots, currently will be more likely to diversify the land uses on their
holdings by planting more trees — contributing to the “billion more plantation trees” target

outlined in the National Forest Industries Plan.

Including a greater mix of high-value logs in the harvest can be expected to result in more volume
coming from each hectare of land. Assuming that there will be no decrease in the area harvested
each year, more volume from each hectare of land will mean greater employment opportunities
in rural areas; this also will result in more wood to be harvested, more wood to be transported,
more wood to be handled at mills and ports, and more wood to be processed — all generating

additional jobs.



Potential improvements in profitability might be expected if the forestry industry and landowners
in Tasmania conduct efficient mechanised thinning operations and meet the silvicultural
outcomes from the implementation of this project’s result. Knowledge generated from this

project will also benefit plantation forest owners in other parts of Australia.

Location of the study

The study area was located on South Prospect Rd. (latitude: -41°11'4.72", longitude:
145°45'24.96") near Ridgley in NW Tasmania. It comprised two thinning plots in a harvest coupe
(RI103M) planted with E. nitens (Figure 1) owned and managed by Forico Ply. Ltd. Each plot was
about half a hectare with a stock density of approximately 1000 trees/ha at a spacing of 2.5m

x4.0m. The plots were located on relatively flat terrain with abundant understory vegetation.
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Figure 1. Location of the research study (yellow star) in NW Tasmania.

Project activities

In November 2022, PFT’s Operations Manager and UniSC Senior Research Fellow, Dr. Mauricio
Acuna joined Forico’s Operations Forester Roger Ambrose and Casegrande operator, Brad Fuller.
During the meeting, all the people involved in the trial presented and discussed details of the

research activities. These activities are presented as follows.



1. Plot layout and measurement of standing trees before thinning

Two 0.5-ha plots (about 500 trees per plot) were established for the trial. Before the thinning, all
trees in each plot were measured for DBH and marked/painted (e.g. dot or line) to indicate where
the DBH was measured. Also, trees were painted with a consecutive number on opposite sides,
starting from #1 in each row. The location of the numbers on the trees was such that they could
be seen from the machine (e.g. pointing to outrows for trees located on bays and pointing to the

machine for trees on outrows) (Figure 2).

Figure 2. Standing E. nitens trees before the thinning operation

Thinning in these plots was be performed using and outrow and bay procedure, where all trees in
every 5th outrow were removed (about 200 trees/ha), while some trees were removed from the

bays (about 300 trees/ha) (Figure 3). Each plot included 25 rows (5 outrows and 20 bay rows).

In one of the plots, trees to be removed from the bays were marked/painted with a symbol that
the operator could identify during the thinning operation (e.g. a white cross). In the second plot,
trees selected for removal were identified and recorded but not marked/painted; this will allow a
comparison between the trees removed by the operator and those from an “ideal” selection. In

addition to the above measurements, 15% of the trees in each plot (about 75 trees per plot) were



measured for total height. Finally, the plots’ coordinates (centre and 4 corners) were measured

with a high-precision GPS.

Figure 3. Outrows (left) and bays (right) in the thinning operation

The layout of the two trial plots and DBH and height measurements of standing trees were
performed by inventory technicians of the company Technical Forest Services. Table 1
summarises the statistics for the two plots, including the number of live, dead, and missing trees.
Figure 4 shows histograms with the DBH distribution. As observed, DBH followed a normal
distribution in both plots, although the distribution in Plot 1 is a bit skewed to the right. No
statistically significant differences in mean DBH and height were observed between Plots 1 and 2

(Pearson t-test with p-value = 0.05).



Table 1. Statistics for DBH and height measurements in the two study plots

Statistics Plot 1 Plot 2
Number of live trees 485 443
Number of dead trees 41 23
Number of missing trees 80 58
Avg. DBH (mm) 187.6 189.3
Min. DBH (mm) 80.0 51.0
Max. DBH (mm) 309.0 331.0
Std. dev. DBH 49.1 48.0
Avg. Tree height (m)* 19.3 19.5
Min. Tree height (m)* 15.2 16.2
Max. Tree height (m)* 233 22.6
Std. dev. Tree height* 1.7 1.5

*Only for a subsample of X trees in Plot 1 and X trees in Plot 2
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Figure 4. Histogram with DBH distribution for Plots 1 and 2.



2. Scanning of the stands before the thinning operation using a
hand-held LiDAR scanner, the iPAD LiDAR sensor, and an RGB
camera.

Before the thinning operation, all standing trees in the two plots were scanned using a hand-held
a Kudan mobile LiDAR sensor mounted on a pole (Figure 5). The scanning was performed by
walking the plots row by row for an effective point cloud data capture around all the trees. The

scanning was controlled in real-time using a VPN connection to the Kudan software installed in

the minicomputer (Intel NUC).

Figure 5. Kudan scanning mobile app (left) and LiDAR scanner used during the thinning study.

In addition, all the trees in each plot were measured with the iPad’s LiDAR sensor in this study.
The scanning was performed using an iPad Pro 11” 256 GB running iOS 14.4.1. The Polycam app
v2.1.3 was used for capturing the 3D tree models with the iPad (Figure 6). The app creates high-
quality 3D models from photos with any iPhone or iPad and rapidly generates scans of objects or
small environments with the LiDAR sensor. Also, it allows editing 3D captures directly on the

device and exporting them in over a dozen file formats.
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Figure 6. 3D models created from point cloud data collected with the iPad Pro and Polycam app.

In addition, a preliminary tree detection deep learning (DL) model will be developed from 2D
images (Figure 7), which will be validated and improved with the images obtained in the trial. This
model will be implemented as a tool to be run in real-time to detect standing trees and their

spatial location to facilitate decisions by harvesting operators.

Point cloud data (PCD) collected with these sensors will be processed to create dense maps
(digital twins) and 3D objects. PCD will also be used to estimate DBH, tree diameters at different
heights, and estimate tree form using algorithms developed by AFORA/UniSC. All the point cloud
data generated from the sensors will be processed to estimate DBH and diameters every 10 cm
up to a certain height determined by the maximum range of the sensor (5 m for the iPad and > 10
m for the Kudan LiDAR sensors). The algorithms to estimate diameters will build on the

methodology presented by Prendes et al. (2021) and Cabo et al. (2018). The algorithm computes
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the diameters for the initial diameter estimation by fitting a circle to the points in each slice in
each tree stem. Cabo et al. (2018) describe the circle-fitting method in detail. The algorithm

calculates each section centre's diameter and X and Y coordinates and stores their position along
the stem (Figure 8).
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Figure 8. A) Cross-sections along the stem B) Detail of stem slices showing height interval for their

extraction and their thickness C) Circle fitting to the points of a stem slice (Source: Prendes et al.

2021).
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3. Machine productivity data collected during the mechanised
thinning operation.

The mechanised thinning operation was performed with an 8-wheel drive Tigercat harvester
(Model 1185). This is 34-t machine with a power of 308hp and a lift moment of 357 kNm. At the
time of the study, the machine had about 4,000 hrs. of use. Tree felling and stem processing was
performed with a purpose-built Waratah H215E head, which has been specially designed for

Eucalyptus stands and use on large wheel harvesters and excavators (Figure 9).

The mechanised thinning operation was recorded with a Garmin VIRB action camera mounted on
the cabin of the harvester. With the recordings, a time and motion study was conducted in the
office to collect elemental times and get machine productivity data during the mechanised
thinning operation. DBH and tree-size data were also collected during the study since they explain
machine productivity and costs. Protocols and guidelines developed by Australian Forest

Operations Research Alliance (AFORA/UniSC) were used for this purpose. In the office, machine

time elements were recorded with an app developed in Excel and VBA.

Figure 9. Tigercat wheeled harvester and Waratah head used during the thinning operation.
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Machine productivity and predictive cost models will be developed using statistical regression
from statistically significant variables collected during the time and motion study. The impact of
these variables on machine productivity and costs will also be quantified using standard machine
evaluation methods. The productivity and cost models will also allow any statistically significant
difference between two thinning treatments: tree selection by the operator (Plot1) and tree

marking before the thinning operation (Plot 2).

5. Assessment of the remaining trees using sensing technology
(hand-held LiDAR scanner, RGB and depth cameras).

The same sensing technology used for pre-thinning scanning will be used to assess the remaining
trees after the thinning. This assessment will include tree quality features (DBH, height, tree
form). The sensors will provide PCD (digital twins after thinning) that will be processed using
commercial software and algorithms developed by AFORA/UniSC. RGB images will also be used to
characterise and detect damage on residual trees (if any) and quantify their economic impact.
This activity will also be essential to predict the type of logs likely to be obtained during the final

harvest.

6. Collection of machine data from the onboard computer

The contractor has been asked to provide machine StanForD files (APT, STM, PRD, PRI) used
during the thinning operation. Cutting solutions (log data) recorded by the machine will be
compared with theoretical optimal bucking using the APT file provided and a dynamic
programming algorithm. Machine log data will also be used to validate data captured during the

time and motion study and compare measurements collected with the machine and the sensors.

7. Communication of results

The project findings will be presented at the FORMEC conference in Florence, Italy, in October
2023. In addition, PFT will organise a field day in March 2023, where the project details will be
presented and discussed with Tasmanian landowners. The activity will include showcasing the

practical use of the Lidar sensors and discussions about their potential in forestry.
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Progress against the project schedule

Activity Date Completed

Project commencement November 2022 Yes
(Milestone 1)

Plot layout and pre-thinning December 2022 Yes
measurement of standing
trees

Provision of activity plan January 2023 Yes

(Milestone 2)

Scanning of the stands January and February Yes
before the thinning 2023

operation

Time and motion study February 2023 Yes

Scanning of the remaining February 2023 Yes
trees using sensing
technology

Draft report (Milestone 3) February 2023 Yes

Field day with landowners March 2023 No

Final report (Milestone 4) April 2023 No
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