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PREFACE 

 

Plantation forests of Australian hardwood species in South-East 

Asia now exceed 7M ha. The viability of these plantations is increasingly 

threatened by diseases and pests. 

 

The aim of this workshop is to present examples of current 

research into the use of remote sensing for forest and plantation 

management applications with a focus on the use of low-cost unmanned 

aerial vehicles (UAVs) to gather data for forest inventory and monitoring of 

tree health. This workshop will address the following main topics:  

 Mapping and spatial modelling 

 Photogrammetry 

 Case studies 

 Field trip on day 2 

Speakers at the workshop include four keynote speakers from 

Australia, and another eight presenters from Australia, Indonesia, and 

Malaysia. 

 

Funding for this workshop was provided by the Australian Centre 

for International Agricultural Research http://aciar.gov.au/ (ACIAR project 

FST 2014/068 http://www.forestryhealth.org). We also wish to acknowledge 

all our invited speakers, presenters, and all participants for contributing to 

this workshop. We extend our thanks to the other organisations supporting 

the ACIAR project and this workshop; the University of Tasmania, the Centre 

for Forest Biotechnology and Tree Improvement (CFBTI), the Vietnamese 

Academy of Forest Sciences (VAFS), the NSW Department of Primary 

Industries Forest Science, the University of Gadjah Mada (UGM), PT. Arara 

Abadi-Sinarmas Forestry, Riau Andalan Pulp and Paper (PT. RAPP-RGE) and 

PT. Musi Hutan Persada (MHP). 

http://aciar.gov.au/
http://www.forestryhealth.org/
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INVITED SPEAKERS 

 

Dr Christine Stone is a Principal Research Scientist 

and Leader of the NSW Department of Primary 

Industries Forest Science team. 

Last year she received the highest award in 

Australian forestry, the N.W. Jolly Medal, in 

recognition for her long-term commitment and 

ongoing contribution to forest industry R&D in the 

areas of remote sensing and forest health. 

 

 

Dr Jon Osborn is a senior lecturer in surveying and 

spatial sciences at the University of Tasmania. Jon’s 

research focus is the application of remote sensing, 

particularly photogrammetry and laser scanning. 

Jon has provided leadership in recent Australian 

research into photogrammetric measurement of 

plantation forests for inventory estimation. URL: 

http://www.utas.edu.au/profiles/staff/spatial/jon-osborn 

 

 

 Dr Colin McCoull is a private environmental 

planning consultant (Director, Van Diemen 

Consulting) and Research Assistant at the University 

of Tasmania. Colin’s research focuses on the use of 

Geographic Information Systems for tracking 

human movement and UAV based surveying 

applications including UAV based LiDAR and 

Photogrammetry and their use in Forestry. 

 

 

http://www.utas.edu.au/profiles/staff/spatial/jon-osborn
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Matthew Dell is proprietor of Tasmanian 

Environmental Consultants. Matt is a geoscientist 

and environmental scientist mapping rocks, soils, 

landforms and landscapes. Matt works across a wide 

variety of disciplines including drone and fixed wing 

aerial photography time series, photogrammetry, 3D 

modelling and DEM generation producing detailed 

assessments of coastal and urban environments 
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WORKSHOP PROGRAM 

    

Day 1: Monday 30
th

July 

Time Presentation title Presenter 

8.30 Arrival / Registration  

9.00 Workshop Opening Dr Agus Justianto 
(DG FOERDIA) 

9.15  Welcome & Introduction 
 Purpose of the workshop 
 Outline of 2-day program 

Caroline 
Mohammed & 
Christine Stone 

9.30  Remote Sensing at Arara Abadi Budi Tjahjono 

Remote Sensing at RAPP Amit Kumar 
Haldar 

Remote Sensing at MHP Albertus Dwi 
Handoko 

10.00 Overview of Recent Australian Research Christine Stone 

10.30  Morning tea  

11.00 Remote Sensing in Planted Forest Project - 
LPF/0043, Bintulu, Sarawak 

Albert Tan Thean 
Wei 

Optimum Spatial Resolution of Drone 
Imageries for Mangrove Species Classification 
with Maximum Likelihood Method 

Monika 
Ruwaimana 

11.20   Data acquisition:  
o Photogrammetry - Platforms and 

Sensors 
o Flight Planning and Costs 

 Data processing:  
o Structure from Motion 

Photogrammetry 
 Data characteristics:  

o Photogrammetry Compared with ALS 

Jon Osborn 
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Time Presentation title Presenter 

12.05  Lunch  

1.05  Symptom Progression of Ceratocystis Disease 
in Acacia mangium 

Aswardi Nasution 

1.15  Deriving Inventory from Point Clouds: 
 ALS and Photo point clouds  

o Workflows 
o Results  

Christine Stone 

2.00  Application of Microlight – Trike Aerial Survey 
for Forest Inventory in Indonesia 

Emba Tampang 
Allo 

Biomass Mapping using Airborne Lidar for 
Degraded Peat Swamp Ecosystems in 
Sumatra, Indonesia  

Solichin Manuri 

2.20  Results from the Indonesian Case Study sites: 
Point cloud data acquisition and processing:  

o UAV aerial photography 
o Ground control / GNSS 
o SfM data processing 
o Extracting terrain 
o Extracting canopy 
o Normalising tree height data 
o Extracting band ratios into point 

cloud 
o ITD 
o Tree health 
o Inventory estimation 

Colin McCoull & 
Matthew Dell (& 
others) 

3.30 Afternoon tea   

4.00 – 
5.00 

Panel Discussion Caroline 
Mohammed & 
Christine Stone 

 
 
 



 

6 

 

Day 2: Tuesday 31
st

 July 
Field trip: 

Times  Presenter 

7.00 – 9.00 Travel to field site 

 

 

9.00 – 12.00 Field data acquisition: 

 Ground control 

 UAV flights 

 Other field work  

 

Colin McCoull  

Matthew Dell  

Christine Stone 

12.00 – 1.00 Lunch  

1.00 – 3.00 Return from site  

3.00 – 4.30 Demonstration of data processing 

workflows and results 

Matthew Dell & 

Colin McCoull  

4.30 Summary and close of workshop Caroline 

Mohammed & 

Christine Stone 
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Overview of Recent Research in Australia on the Application of Remote 
Sensing Technologies for Forest Resource Assessment 

Christine Stone, Leader Forest Science, NSW Department of Primary Industries. 
Christine.stone@dpi.nsw.gov.au 

Over the past six years, researchers in Australia and New Zealand have 

undertaken a series of research projects on the application of remote 

sensing technologies for the forestry sector, funded, in part, by the Forest & 

Wood Products Australia +R&D Corporation.  

 

The overall objective of these projects has been to improve the capacity of 

forest growers and forest service providers to apply current and novel 

remote sensing systems for a range of operational practices, in particular 

the assessment of plantations.  A key driver of these “Trans Tasman” 

projects has been their collaborative, multi-disciplinary approach which has 

brought together recognised expertise in forestry, remote sensing, 

photogrammetry, UAV technologies and robotics software.  The projects 

have also received significant support from the forest grower sector, with a 

dozen companies contributing cash and resources. 

 

As a result of these projects, the deployment and integration of LiDAR 

acquired by light aircraft is now operational for most softwood plantation 

growers in Australia and New Zealand.  This approach is based on an area-

based, plot imputation methodology.  A recently concluded project (FWPA 

PNC 326-1314) demonstrated the robust performance of applications using 

point cloud data acquired from aerial photography, which is a cheaper 

option to LiDAR acquisition. Metrics can easily be extracted from these 

photogrammetric data in a similar modelling process to that routinely 

applied to LiDAR Canopy Height Models. 

 

These projects have also taken advantage of the emerging diversity of 

manned and unmanned airborne platforms and the continuing 

mailto:Christine.stone@dpi.nsw.gov.au
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improvements in the density and quality of data captured by sensors 

associated with these systems.  This has required defining the optimal 

acquisition specifications for acquiring both LiDAR and photogrammetric 

data. The improved quality of sensors has resulted in the acquisition of 

dense point cloud data. The advent of affordable but detailed 3D 

information now permits the assessment of forest resources at both plot-

level and individual tree level, for example the application of individual tree 

detection algorithms (e.g. the “PointcloudITD” application). In addition, we 

have demonstrated that both airborne and UAV acquired ultra-high density 

point cloud datasets are suitable for tree-level, on-screen visual assessment 

and 3D construction modelling for accurate estimation of stem attributes, 

i.e. virtual plot inventory. 

 

Most recently, this forestry remote sensing team has submitted a research 

project application to the newly formed Australian National Institute for 

Forest Products Innovation. We plan to take advantage of new multiple 

sensor systems (e.g. combinations of RGB cameras, multispectral, 

hyperspectral, thermal & LiDAR sensors) to evaluate novel operational 

applications, for example, high resolution mapping of nutritional 

deficiencies, weeds and tree health & condition. Capturing temporal data 

for resource assessment will also be investigated. 

 

Deliverables from all these Projects included the publication of a Final 

Report, several “Best practice guides” and prototype software applications, 

which are now available on the FWPA web site - 

http://www.fwpa.com.au/resources/resources.html  

 
 

 

 

 

 

http://www.fwpa.com.au/resources/resources.html
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Optimum Spatial Resolution of Drone Imageries for Mangrove Species 
Classification with Maximum Likelihood Method 

Monika Ruwaimana
1*

, Novian Atmaja
2
, Ign. Pramana Yuda

1
 

1 FakultasTeknobiologi, Universitas Atma Jaya Yogyakarta 
2 Kantor SistemInformasi, Universitas Atma Jaya Yogyakarta 

*correspondence author monruw@gmail.com; monika_ruwaimana@mail.uajy.ac.id 

Drone is one of the current ecological remote sensing research tool, it could 

fly much lower compared to airplane and satellite, providing detailed image 

or higher spatial resolution, which could reach sub-centimetre. Research on 

mangrove species classification with drone image is still limited in number, 

and there is no reference on optimum spatial resolution for classification. 

Here we hypothesized that there is a linear relationship between spatial 

resolution and mapping accuracy, where the reduction of spatial resolution 

will also reduce the species classification accuracy. Based on that, we 

conducted an experiment with 8 different spatial resolutions, i.e. 2.5cm, 

5cm, 10cm, 20 cm, 40cm, 60cm, 80cm and 100cm, with 9 iterations for each 

image. The result is against our former hypothesis, as it shows that there is 

no significant map accuracy reduction, where the Overall Accuracy (OA) in 

2.5cm resolution is 84.97±2.37%, and in 60cm is 88.61±3.6%. Instead of 

showing reduction, this shows a slightly increase of accuracy when the 

resolution is decreasing, even though it is not significant. However, in 100cm 

spatial resolution, the accuracy is significantly lower (OA=20.72±1.24%). 

Based on those result, we recommend the resolution of 60cm for mangrove 

species identification, firstly, because this reduction in resolution (from 

2.5cm to 60cm) could save a lot of analysis time (from 15 min to 2.5 sec). 

Secondly, but at utmost importance, this resolution shows highest mapping 

accuracy for species with high heterogeneity like palm N. fruticans, without 

significantly reducing the accuracy of mangrove trees like R. apiculata and A. 

alba. 

 

 

mailto:monruw@gmail.com
mailto:monika_ruwaimana@mail.uajy.ac.id
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Data Acquisition and Processing 

Jon Osborn 
School of Technology, Environments and Design, College of Sciences and 

Engineering, University of Tasmania 

Recent research is consistently demonstrating the capacity of aerial 

photography and structure-from-motion (SfM) photogrammetry to produce 

dense point cloud data that can be used to support plantation forest 

management.  Deriving high quality data relies on careful flight planning, 

including appropriate selection of airborne platform, camera, camera 

settings, flying height, focal length, ground sampling distance, image 

overlap, and environmental conditions. This presentation will provide an 

overview of flight planning requirements to acquire suitable aerial 

photography for SfM photogrammetry and the extraction of dense point 

clouds representing canopy surfaces.  Examples from Australian trials will be 

used to illustrate the performance of SfM photogrammetry in comparison 

with airborne laser scanning (ALS). 
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Progression of Ceratocystis Disease Symptoms and Signs in Acacia 
mangium 

Aswardi Nasution 
Tasmanian Institute of Agriculture, University of Tasmania 

The appearance over time of the signs and symptoms associated with 

Ceratocystis wilt and canker in Acacia mangium was observed in Riau 

plantations, Indonesia.   Ceratocystis disease incidence, recorded as 22.2% in 

the first assessment, increased to 40.7% over the 19 weeks of observation. 

Wounds created by insects were the first externally visible sign of the 

disease. Wounding by boring insects was the most frequent observation and 

suggests that, at the two sites observed, a vector may be transmitting the 

spores of Ceratocystis.  After the borer damage, lesions developed, followed 

by evident cracks, cankers and gummosis. These signs and symptoms were 

all observed in an 18-week period. Yellowing of the phyllodes, their wilting 

and finally trees death followed in a short time span, sometimes only 2 

weeks.  Ceratocystis disease influenced the pattern of leaf area index (LAI) 

over the period of observation which may be useful for assessing the impact 

of Ceratocystis in acacia through aerial observation. 
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Application of Remote Sensing Technologies for Enhanced 

Forest Inventory 

Christine Stone, Leader Forest Science, NSW Department of Primary Industries. 
Christine.stone@dpi.nsw.gov.au 

Several recent, collaborative Australian and New Zealand research projects 

have evaluated a series of novel approaches to the application of remote 

sensing systems that capture accurate, three dimensional (3D) point cloud 

data in order to assess their potential for delivering operational plantation 

resource assessment tools.  The emerging diversity of airborne platforms, 

sensors, algorithms and efficient processing workflows presents multiple 

opportunities to the forest plantation sector for more accurate and reliable 

resource information.   

 

An initial outcome was the development of an analytical and software 

solution enabling the operational deployment of airborne LiDAR (ALS) 

derived information into company yield planning systems.  The objective 

was to provide accessible data flow prototype based on plot imputation that 

could be interfaced with existing software infrastructure for volume and 

product yield estimates (e.g. the software package YTGen, Silmetra).   

 

For each phase of the dataflow process; i.e. variable extraction and selection 

(predictor variables); modelling and validation, several methodologies were 

evaluated.  One reason for selecting area-based plot imputation is because 

it can deal with multiple response (plot inventory) variables simultaneously.  

The process of metric  extraction  from the point cloud data is now available 

in software packages including LAStools (https://rapid.com/lastools/) and 

FUSION (http://forsys.cfr.washington.edu/fusion/fusionlatest.html).  

 

A detailed evaluation of point clouds obtained from several digital aerial 

photography (DAP) platforms and coincident LiDAR data acquired over both 

Pinus radiata and Eucalyptus globulus plantations revealed that through the 

mailto:Christine.stone@dpi.nsw.gov.au
https://rapid.com/lastools/
http://forsys.cfr.washington.edu/fusion/fusionlatest.html


 

14 

 

use of modern photogrammetric software (e.g. AgisoftPhotoScan) it is 

possible to extract a suite of point cloud metrics which can be modelled to 

estimate and map stand volume with levels of accuracy that are only slightly 

lower than that obtained for LiDAR-based estimates.  This therefore 

provides a cheaper alternative to the routine acquisition of LiDAR data, 

although an initial LiDAR-derived Digital Terrain Model is highly 

recommended in order to normalise the DAP point cloud.   

 

The continuing improvement in airborne sensor technology is resulting in 

the acquisition of increased point densities providing detailed 3D 

information which now permits the assessment of plantations at both the 

plot-level and individual tree-level. The software package “PointcloudITD” 

produced as a project deliverable is now being applied operationally and 

enables tree-level estimates (e.g. tree counts) to be incorporated into the 

modelling process.  Finally, we have demonstrated that remote sensing 

systems now exist whereby the density and accuracy of the 3D point cloud 

data captured and associated processing software, coupled with 

developments in immersive virtual reality technology makes feasible the 

potential for ‘virtual cruising’ of forest inventory plots.  
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The Potency of Application of Microlight – Trike Aerial Survey for Forest 
Inventory in Indonesia 

Emba Tampang Allo, Forest Planning Agency Region VIII Denpasar, 
Microlight – Trike Pilot 

BPKH Wilayah VIII Denpasar,  
E-mail: tampangallo@yahoo.co.id; emba@menlhk.go.id 

National Forest Inventory in Indonesia is one of the responsibilities of Balai 

Pemantapan Kawasan Hutan, BPKH (Forest Planning Agency), institutions 

under Directorate General of Forestry Planning and Environment 

Governance, Ministry of Environment and Forestry (MoEF). The inventory 

has been conducted since 1980s, in a systematic sampling grid of 5 x 5 km or 

10 x 10 km, assessed using terrestrial method, which are time consuming, 

labor intensive, high cost, small coverage, and long re-visit time interval. The 

emergence of remote sensing, especially for forest inventory application, 

has become a promising alternative that could cover the shortcomings of 

the conventional survey method. Recent development in remote sensing, 

LiDAR, have enabled the detection of tree species, as well as estimation of 

its volume.  

 

In 2013, MoEF distributed 15 Microlight – Trikes to 14 BPKHs throughout 

Indonesia, and one to Directorate of Forest Resources Inventory and 

Monitoring in Jakarta, then trained the staff to become licensed pilots. This 

aircraft is more efficient than UAV/drone in terms of flight range, time, 

stability, and height, and also capability to withstand cross wind. The plane 

is equipped with an aerial camera system for aerial survey and mapping. 

One of the outputs of this system is a geo-referenced aerial photo mosaic 

with spatial resolution of + 10 cm (depends on flight height, around 500 m 

above ground). The mosaic can be processed further into point clouds, 

either to produce Digital Terrain Model (DTM) and Digital Surface Model 

(DSM), or to produce 3D feature for tree detection and classification 
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purposes. Recent studies show that aerial photo-originated point clouds are 

able to estimate tree diameter and height with high accuracy.  

 

For tree species recognition, LiDAR sensor can be attached onto the plane, 

thus the flight records both aerial photo and LiDAR data simultaneously. 

Using this mode, the point clouds recorded will be denser than other 

commercial airplanes (helicopter, piper, cessna, etc) due to its lower 

airspeed (around 50 mph). Tree species detection is performed under 

supervised method; involving traditional survey for tree attributes in a 

training area, and then be used for assessment in the whole Area of 

Interest, AOI. The LiDAR data also will give better result for tree diameter 

and height, as well as for stand volume estimation.  

Previous inventory results are well documented (species, position, diameter, 

height, etc), that can be imported spatially into GIS environment. Nowadays, 

the attributes can be updated using Microlight – Trike survey, not only to 

predict the growth rate in the sample plots, but also to estimate current 

stand volume at regional even to national level.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Data acquisition process, Palu – Central Sulawesi, 2016. Aerial 
camera system (the white box) placed under the pilot seat (Photo: Author). 
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Figure 2. Point cloud extracted from aerial photo colored based on its 
height; green: shorter trees, & red: higher trees (Nevalainen et al., 2017). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Example of further processed aerial photo point clouds; horizontal 
profile (left) of an aerial photo mosaic (right). Source: Author, processing 
result of data recorded by BPKH Palu, 2016. 
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Biomass Mapping Using Airborne Lidar for Degraded Peat Swamp 
Ecosystems in Sumatra, Indonesia 

Solichin Manuri and Hidayah Hamzah 
solichin.manuri@gmail.com, hhamzah@wri.org 

World Resources Institute Indonesia 

Accurate mapping of peat lands is required for restoration planning. WRI 

Indonesia is supporting Indonesian Peat Restoration Agency (Badan 

Restorasi Gambut-BRG) in providing detailed and accurate mapping of 

peatlands in Sumatra and Kalimantan. Airborne Light Detection and Ranging 

(LiDAR) technology is capable for high resolution digital elevation model 

(DEM) and vegetation structures. LiDAR has been intensively used in 

forestry application for assessing timber and carbon stock, which provide 

high accuracy and credibility of the results.  The objective of this study was 

to estimate aboveground biomass (AGB) from various land cover using 

airborne LiDAR data in two Peat Hydrological Units in South Sumatra, 

Indonesia covering a wall-to-wall area of 174,436 Ha. The area was chosen 

due to the worst peat fires in 2015 and peat impacted by drainage. The 

LiDAR data acquisition was carried out in December 2016 – February 2017 

using ALS70 Leica camera mounted on Pilatus Porter and Grand Caravan 

fixed wing aircrafts. We used FUSION 3.6 to process the classified point 

cloud data to generate LiDAR metrics. The ground validation was carried out 

in December 2017 – April 2018 to measure above ground biomass at plot 

level. The preliminary analysis suggested that the coefficient of 

determination of regression between the LiDAR metrics and AGB values 

between 0.61 – 0.75. Further upscaling of wall-to-wall biomass map is 

possible using the best selected AGB model.  

 

 

 

 

 

mailto:solichin.manuri@gmail.com
mailto:hhamzah@wri.org
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