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Information needs that foresters foresee in their 
decision-making – A top-level analysis

"Spatio-temporal levels of decision-making"

Foresters  need  
(1) FOREST SYSTEM INFO
(2) INFRASTRUCTURAL INFO

Complex systems, multiple 
ambiguous goals, optimising is 
ill-posed, � fair decisions call 
for appropriate data yet cost-
efficiency is essential 

Note: time-dimension varies with e.g. geog. latitude and it is highly non-linear 
(onsider fluctuations in legislation, preferences and at the markets)



Example – Finnish Forest Management planning



Foresters' ability to utilize and gain from diverse  data?

- Forestry is, in many parts of the world, a very traditional field
(business)

- Decision support systems, incl. their human element, are not
always very flexible to support a new discription of the FOREST
SYSTEM

- Improved decisions must pay for the data acquisition and analysis
costs

- Proving advantages can be complex 
"Provide the data, in the format we've used, with reduced costs"



What is Remote Sensing – a quick run-through.
What can it answer or possibly be used for in forest?

Remote Sensing

Target � Sensing � Data/Obs 
Data/Obs � inversion  � Target

Active vs. Passive sensing
Spatial resolution / sampling density
Spectral resolution (N bands)
Radiometric resolution (~Bit depth)
Temporal resolution
Medium and correcting its effects
2D, 2.5D, 3D



Close-range Remote Sensing

© Toby Minear

UPM
-Active and passive sensors, on-line or
postprocessing

- Forest mensuration applications largely in
research-phase (e.g. re-inventing dendrometers
with camera/laser)

- Machine vision in harvesters, forwarders (skidders),
diggers, planting machines,..

- Medium playes a lesser role, or?  

DEMO 1 (Close-range Photogrammetry)



Air- and Spaceborne Remote Sensing



Air- and Spaceborne Remote Sensing – bit of history

Since 1930s aerial photography 
Lakkasuo
Vuorijärvi
KiviHarju-Huikko

1964

1931

Landsat 1 (1972)
IKONOS (2000)
Quickbird (2001)

Digital Aerial Cameras, 2004- Commercial laser scanning, 2002/3-

UAVs



Air- and Spaceborne Remote Sensing

Recent technical advancements

Airborne laser scanning, GPS/INS-technology allowing direct sensor 
orientation, faster systems > 100 kHz PRF

Digital passive sensors, large frame arrays

Computing power, also portable. Data storage & transfer capabilities

Algorithm development, routines automated

Sub-meter satellite imagery for civil-usage, Hyperspectral scanners etc.

That's all very nive, but

Flying is still expensive, approximately 50 � /min in the air, space?

Passive sensing still requires cloudless WX, which can be scarse

Forests are compex targets for the inversion



"Going 3D" (ALS, Airborne Laser Scanning vs. photogrammetry)

A ranging LiDAR sends a short (10 ns), timed pulse 
of nearly monochromatic, coherent and collimated
light that has high radiant power. It measures the 
time delay of the pulse returning to the instrument in 
a monostatic configuration. AVI – From the above

AVI – Impivaara

Airborne laser scanning (ALS, LiDAR, LaDAR) is 
an effective, newish tool for assessing 
(vegetation) environmental geometry in 3D
E.g. Canopy height, canopy density / gaps, 
terrain profile & derivates

"Forest is a complex 3D system"



ALS..

A discrete-return LiDAR follows 
the black-box –principle: 1-4 
return echoes are registered 
along with intensity values

Points, XYZ from surfaces along 
the path (cone) of the pulse.



Paula Litkey, FGI Paula Litkey, FGI

Full-waveform ALS



ALS - Pros and cons

+ Ease of 3D reconstruction / restitution

+ Active, operation possible whatever the solar zenith, cloudless
WX required between sensor and target. 4-8 ´ more WX in 
comparison to aerial photog. or satellite imaging.

+ No shading, only occlusion, which is minimal with scan angles,
±15°from nadir.

+/- Backscatter intensity in one l , no BRD-effects, but intensity
variation due to varying range (R/Rref)a, a=2,..,4), etc. Object
classification?

+/- Sensor orientation prone to geometric errors, accuracy limited
by GPS/INS & range accuracy, from 1 km AGL ~ 25 cm in XY,
10 cm in Z. 

- Non-regular sampling (point patterns depend on the scanning
method / mirror movement, flying speed, scan freq., Pulse
Repetition freq., PRF). High sampling rates are costly as
they require low flying heights and its 50 �  / min. An image with
25-cm pixels has 16 samples / m2. 



ALS data - Interpretation for forestry purposes

A part of the pulses reach ground,
classsify i.e. find and label them => 
estimate a DEM

- RMS-accuracy 20-30 cm 
(1 pulse per m2 data, 1� /ha)

� Canopy / tree height estimation; 
Route optimization in logging / 
wood procurement; other 
topography dependent 
phenomena?, Site classification,



ALS data - Interpretation for forestry – area-based approac h

With an existing DEM, each point has a height-value (h).
Process the cumulative h-distribution for the percentiles. The 
95-% percentile may predict Lorey's Mean Height (HgM) with 
5-% RMSE. The shape of the distribution, ratio of points 
reaching ground indicate canopy closure, and canopy closure 
is, via allometry, linked with stem volume. Link to MARV4

Mean H, m Volume, m3/ha



ALS data - Interpretation for forestry – area based approac h

Ex. Outlined / Needed components for an ALS forest 
inventory in Finnish private forests

- LiDAR survey, 1 � /ha
- Aerial images, 0.5 � /ha
- Representative field plot network, 2-4 � /ha
- Regression or non-parametric estimation, 0.1 � /ha

Results per stand or for a grid, e.g. 100 m2 cells: V, H, G, S
Per-species results not accurate, stand density inaccurate
H > 6-8 m, young stands need to be visited in field
Stand delineation based on canopy alone (topography, soil 
conditions?)

AN AREA BASED METHOD by R. Nelson, Aldred & Bonnor 
(1980s). First laser attempts in SU (Solodukhin, 1977). 
Application to forestry in late 1990s in Norway by Naesset)



ALS data - Interpretation for forestry – single trees

70´ 70 m Pine-Spruce-Birch

LiDAR, HSV=f(intensity) | h > 12m



ALS data - Interpretation for forestry – single trees

- High-density data, several hits per tree required

Objective: Position each tree in 3D, measure height, crown 
dimensions, classify (species), predict DBH � Map of trees

Image-analysis approach: 
Process (interpolate) the point 
cloud into a 2.5D canopy 
surface (image). 

Point-cloud processing:
Fit implicit or explicit crown 
models to the point cloud



ALS data - Interpretation for forestry – single trees

Challenges

- Clumped trees

- Size & shape variation

- SP-recognition



"Going 3D" (ALS, Airborne Laser Scanning vs. Photogrammetry )

- Targets are viewed from several directions, from the above, camera 
positions and orientations are highly accurate.
- Using intersection of camera rays, objects seen in the views get XYZ

Problem, how to know which pixel (sub-pixel) in each view is from the 
same object or its surface element? ("Correspondence problem"). For 
N views with M pixels there are M^(N-1) pixels to choose from.

"Forest is a complex 3D system"

Pros & Cons

- WX is scarse
- Shadows & occlusion
-/+ Going 3D is complex
+ High sampling density is

cheaper
+ Multispectral/classification



Images - interpretation for forestry – single trees

Since trees are non-planar, their 
appearance varies � Top only 
seen in all images, unless occluded

How to solve the (N-1)^M –problem 
and what should we strive for, a) tree 
tops or b) crown surfaces?

Confine in depth (Z), use epipolar 
geometry, search is reduced to 
(N-1)*k pixels, where k = number of 
pixels along lines.



Images - interpretation for forestry – single trees, 
Korpela (2004, 2006)







3D Search Mesh

Back-project and aggregate 3D correlation





"Going 3D" Images & ALS – Combine Pros

LiDAR � DEM, coarse 3D restitution, shapes
Images � Classifications (Sp), "Sharpened" 3D restitution



Images & ALS – Combine Pros – single-tree approach



Multi-scale TM in 3D treetop positioning

Maxima at different scales, take 
global � (X,Y,Z)



Multi-scale TM – Crown width estimation

Demo 2

Near-nadir views have been found best for the manual 
measurement of crown width in aerial images



Species recognition

Spectral values
Texture

Variation:

- Phenology
- Tree age and vigor
- Image-object-sun geometry
=> reliable automation 
problematic => bottleneck



LS-adjustment of a crown model with lidar points
Assume that

1) Photogr. 3D treetop position is accurate

2) Trees have no slant

3) Crowns are ± rotation symmetric

4) We know tree height and species �
approximation of crown size and shape

� LiDAR hits are “observations of crown radius at 
a certain height below the apex”

Assume a rather large crown and collect
LiDAR hits in the vicinity of the 3D treetop 
position. Use LS-adjustment to find a crown 
model.



Example - a 19-m high spruce:

Solution in three iterations.

Final RMSE 0.31 m

Note apex! LiDAR did not hit the apex 
and the “crown width at treetop” 
(constant term) is negative.



Example - a 22-m high birch:

Solution in six iterations.

Final RMSE 0.47 m

For some reason RMSEs are larger for 
birch in comparison to pine and spruce.

Convergence? 



Seedling stands

Using LiDAR & Image 
features, Classify into

1) conifer canopy
2) broadleaved canopy
3) low grass & shrubs
4) Abiotic surface



Finding invariant image features for 
SP-classification is difficult

Classified seedling stand

BRD-effects



Summary

From "wishfull thinking" to real applications in the use of RS for 
forestry in the last 5 years.

ALS has been a major breakthrough.

Digital photogrammetry and digital aerial cameras

Computational resources

Forest inventory: area-based or via single-trees
Accuracy is restricted because of
- allometric regularities (noise)
- poor species recognition (bottleneck)
- occlusion



Outlook
Forest inventories, where 
RS has a bigger role will 
take foothold

Will foresters still be measuring 
the forest or will it became a task 
of engineers & other 
INNOVATIVE people ?

LINK TO VIDEO


