
8/21/13	  

1	  

 
Mega Binti Abang 

PhD Candidate 
University of Tennessee  

Department of Forestry, Wildlife and Fisheries 

Feasibility of measuring individual trees  
using remote sensing 

Room 160 Plant Biotech Building 

Wednesday April 24 2013 12.20 pm 

Outline 
 •  Introduction 

       -definition 
       -usage  
       -limitation 
 

•  Current knowledge 
      -recent studies  
       -application  
       -difficulties  
 

•  Future direction 
•  References 
•  Picture source 

 

Introduction 
 •  Remote sensing – technique to get information about 

objects through analysis of data collection (Northern 
Arizona University) 

•  Detection of electromagnetic energy from aircraft or 
satellites.  

•  Electromagnetic spectrum – 2 i.e. optical and microwave 
wavelength regions.  

•  Optical remote sensing : wavelengths 0.4-14 mm.  
•  Microwave remote sensing : wavelengths 1mm-1m. 
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Introduction 
 •  Type of sensor : 

Ø   Active sensors   - emit a pulse and later measure the 
energy returned or bounced back to a detector – Radarsat 
(land cover and land use monitoring) 

Ø    Passive sensors - measure radiation that reaches a 
detector – aerial photography or Landsat Thematic 
Mapper  (vegetation structure and ground surface) 

 
 

Basic	  of	  remote	  sensing:	  

Limita6ons	  of	  	  microwave	  sensor	  
image	  

•  Thermal	  imaging	  system	  very	  expensive	  to	  
acquire	  and	  process	  	  

•  Detector	  materials	  must	  be	  kept	  extremely	  
cold	  

Bag	  of	  
ice	  
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Limita&ons	  of	  	  microwave	  sensor	  
image	  

•  Thermal	  infrared	  imaging	  systems	  difficult	  to	  
calibrate	  

•  Data	  collected	  is	  computa&onally	  expensive	  

•  Thermal	  images	  can	  be	  difficult	  to	  interpret	  	  

•  Thermal	  images	  of	  water	  measures	  only	  the	  
very	  top	  layer	  of	  the	  water	  surface	  	  

Limita&on	  of	  conven&onal	  sensors:	  
	  

•  Accuracy of individual-tree classification remains 
low (Li et al., 2013) 

•  Sensitivity and accuracy decrease  

•  Ability to represent spatial pattern  

Current	  knowledge	  

•  LIDaR –Light Detection and Ranging /Laser 
Imaging Detection and Ranging 

•  Airborne LIDaR-Directly measure the 3-
dimensional distribution of plant canopy 

•  Accurately estimate LAI and aboveground 
biomass even in those high-biomass ecosystems 
where passive and active radar sensors fail  
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LIDAR equipment and basic principle 

Laser,	  scanner	  and	  op6cs,	  photodetector	  and	  
receiver	  electronics,	  and	  posi6on	  and	  
naviga6on	  system	  

Intersec6on	  of	  
laser	  illumina6on	  

Return	  
signal	   Height	  

recorded	  

Recent	  studies	  
•  Li	  et	  al.,	  2013	  
•  Extrac6ng	  features	  of	  
individual	  trees	  :	  

Ø 3-‐D	  textural	  features	  
Ø Rela6ve	  degree	  of	  
foliage	  clustering	  

Ø Rela6ve	  scale	  of	  foliage	  
clustering	  

Ø Gap	  distribu6on	  
features	  

point	  cloud	  of	  
an	  aspen	  tree	  	  

point	  cloud	  of	  
top	  (a)	  and	  base	  
(b)	  of	  main	  
crown	  
	  

•  calculated	  
variance-‐to-‐
mean	  ra&o	  of	  
the	  height	  
layers	  	  

•  To	  obtain	  highest	  species	  classifica6on	  
accuracy,	  the	  minimum	  LIDAR	  points	  density	  
of	  50m-‐2	  	  
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Success	  rate	  increase	  when	  using	  
more	  features	  

Note	  :	  study	  of	  different	  species	  >70%	  success	  rate	  using	  ten	  features,	  	  
for	  monospecies	  the	  rate	  is	  higher.	  

Current	  studies	  
•  Zhang	  et	  al.,	  2013	  
•  Rela&onship	  between	  hyperspectral	  measurements	  and	  

mangrove	  leaf	  nitrogen	  concentra&on	  
•  Compare	  individual	  bands	  and	  nitrogen	  
•  Use	  2	  models	  	  
•  -‐	  ar&ficial	  neural	  network	  (ANN)	  based	  on	  known	  nitrogen	  

absorp&on	  bands	  and	  
	  	  	  	  	  -‐	  stepwise	  mul&ple	  linear	  regression	  (SMLR)	  	  
•  Input	  data	  –	  con&nuum	  removed	  reflectance,	  band	  depth	  at	  

the	  center	  of	  the	  absorp&on	  feature	  (BNC)	  and	  log	  (1/BNC)	  	  

Results	  
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Predic6ng	  nitrogen	  using	  spectral	  
response	  

r2	  –measure	  how	  well	  future	  outcomes	  will	  be	  predicted	  by	  a	  model	  
BNC-‐band	  depth	  at	  the	  center	  of	  the	  absorp6on	  feature	  ,	  r2	  =0.91	  

Ar6ficial	  neural	  network	  tes6ng	  results	  
for	  black	  mangove	  

Current	  studies	  

•  Levick	  and	  Asner,	  2013	  

Landscape	  distribu6on	  of	  the	  propor6on	  of	  
treefall	  in	  the	  (a)	  Combretum	  and	  (b)	  Acacia	  
catchments	  
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Conclusion	  

•  Time series LiDAR - a valuable tool for : 
Ø measuring rates and patterns of vegetation change 

at the landscape level, 
Ø delivering valuable spatial information for 

understanding vegetation structural dynamics 

Errors and difficulties in 
classification 

•  Some crown were over-segmented into multiple 
subcrowns 

•  Two or three neighbouring tree crowns were 
detected as one large crown 

•  Require gap distribution 
•  Presence of understory trees causing abnormal 

feature value 
•  Effects of thinning and wind felling to tree 

features (Holmgren and Persson, 2004) 
•  Structural similarity of different species 

(Thompson et al., 2007) 

Future directions 
•  Aid in monitoring and measuring the distribution and 

status of biodiversity for larger area  

•  As a early indicator/signal in areas with dying trees 
threatened with pest or disease   

•  As tool to early selection of areas where trees are timely to 
be harvested based on height and stem calculated from 
LIDAR data 

•  Detection of invasive species at early stage  

•  Recommend species to be planted in certain areas based on 
integration of data for example, soil type, soil moisture, 
environment and characteristics of plants.   
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