Intensity of airborne discrete-return LIDAR - using it t o classify
forest vegetation: Mapping of understory ground liche ns and

tree species identification
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Objectives 1

Airborne laser scanning (ALS, LIDAR, LaDAR) is an effective,
newish tool for assessing (vegetation) environmental geometry
in 3D

« Canopy height, Canopy density / gaps, Terrain profile &
Derivates

Foresters & environmentalists need the tree biomass data on
per species basis (management, wood procurement,
stratification issues)

For a more accurate estimation of the tree biomasses, using
allometric (e.g. knn-) reasoning, the species information is
needed. In LAI estimation alike.
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Objectives 2

Intensity information in LIDARSs should be looked into? It might
be a potential predictor and offer added value in vegetation

mapping.
Approaches

Empirical: Study existing, operational systems for their
potential, in the field.

Semi-empirical: Study backscatter reflectance properties of
different targets {A;} at different | . Laboratory type of work,
design/specify an optimal LiDAR(I ) for objects {A}, test it.

Semi-empirical: Study theory, implement a LIDAR-simulator
that scans objects {A} at different | , geometry etc. Derive
results for object separability. Accuracy is subject to

model/simulator realism.
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Background — What is LIDAR and intensity?

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.

- Transmitter + Optics

- Receiver + Optics

- Control & Measurement Unit
- GPS/IMU
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Pulsed transmitter + Optics

- Pulse lenght (5-15 ns), Peak power (MW), Pulse repetation
frequency (10-200 kHz), One or many pulses in the air,
0.3 m/ns, IFOV ~ [0.2, 2 mrad], | ~[600 nm -1064 nm],
Pulse form ~ [Rectangular — Gaussian]

Receiver + Optics

- Photodiode  Voltage raise  Triggering quantization.
Discrete return vs. full-waveform systems
Range resolution (¥2-c-Dt), Range accuracy (Y2 - C - t,i. - SIN-?)

Control & Measurement Unit
- Clock (GHz, Dt), Control the Scan system, Time stamp
GPS/IMU observations, Data Storage

GPS/IMU
- Observations of position (# Hz) and attitude (#00 Hz)
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principle: 1-4 return
echoes are registered
along with intensity values



Full-waveform

Paula Litkey, FGI
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Because of the geometry, LIDAR intensity (amplitude) is
analogous to backscatter reflectance

Observed intensity depends on many factors

» Transmitted power (fluctuates = 10%, depends on PRF)

* Range?4, beam divergence?, receiving area of the scatterer
 Reflectivity of the target “surface”

* Noise, gain, attenuation, aperture? settings in receiver

e Transmission losses in the medium

» Speckle effect (laser)

M Wikipedia
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ALTM3100

Intensity map; Intensity map;
July 2007 July 2006
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Intensity calibration and normalization

The radar equation

The power entering the receiver:

FD;

P =
" 4nR*B? of

P, = transmitt ed power

D, =receiver aperture

R =range

(Wagner et al. 2006), where

A Q = scattering (solid) angle

[, = transmitt er beamwidth

& = E P4 (the bidirectio nal properties of scatterer)
p =reflectivity
is the so-called backscatter 4 _ieceiving area of scatterer
cross-section.

Sanna Kaasalainen,

Colloquim, March 7, 2008 FGI



Intensity calibration and normalization

A, = receiving area of scatterer

Thus the intensity is proportional to:

® R? for homogenous targets spreading over the
full footprint

® R for linear objects (e.qg. wire)
® R?for individual large scatterers

A branch, R 32 ?

Sanna Kaasalainen,
FGI
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Intensity calibration and normalization

Calibration Surface albedo from intensity
observations, absolute
Normalization Make intensity observations
comparable
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Experiment on ground lichen mapping

Kaasalainen & Rautiainen (2005, J of Geophysical Res. 110
D20102)

Cladina sp. showed high backscatter intensities in laboratory
tests with a 1064-nm and 633-nm LIDAR  “The results
(extremely strong backscattering surge) imply that lichens could
be separated from other surfaces, such as soil and forest
understory, by their unusually strong hot spot peak amplitudes”

| carried out an “in situ” -test of the hypothesis/conclusion
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« 30 m x 32-m plot or test surface, CT-site in Lapinkangas delta / Hyytiala
* LIDAR data from July 2006 & July 2007 (Comparison of instruments)

» Georeferencing, photogrammetric mapping of understory flora in Aug, 2007
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Photogrammetric mapping of understory flora:
Oblique images, Powershot G6 consumer-grade camera, 63°dFOV, quadrangle

coverage with 42-64% and 25% image overlaps, 0.5-0.8 mm pixels, 36 control
points (internal)
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Image quality

e semi-overcast WX,
shaded areas

e color fringing in
edges
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- 27 “flight lines”, 39 images
perline 1053 images

-1.2° 0.8 m photo-spacing

- Orientation by means of
triangulation, 11040 image
points, ouch...(17553
unknowns in non-linear
regression)

- Accuracy 5—7 mm in XY and
23 mmin Z

- Required lens-distortion
correction!
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Camera calibration — 3D test field @ HUT/PERS-Laborato ry

Solve focal lenght, principal point position, radial & tangential lens
distortions, CCD-shear/affinity
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CCD
7.2 mm”~ 5.3 mm
3072 " 2304 pixels

Lens errors up to 80
pixels or 0.186 mm
in the focal plane
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Orthomosaic

Using the 1053 images
and a DEM interpolated
from camera positions,
constructed an
orthomosaic with 2.5
mm pixels (12k = 14k)

It's accuracy was
evaluated in 20 points,
SD of differences 3 cm
in X and Y.



Bringing the plot and the orthomosaic to “world coordin ates”

Trees positioned in aerial
iImages observed from plot
corner poles in “polar
observations”
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Bringing the plot and the orthomosaic to “world coordin ates”
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Digitization of lichen
polygons in the
orthomosaic followed

Now it was possible to
extract 1-return pulses
inside the plot and
carry out inclusion
testing to see if a
LIDAR pulse had hit a
lichen mat or other
type of surface



Intensity normalization of LIDAR

Using homogenous targets, solved [a,b] such that per target
Intensity variance was minimized

» Gravel road, 3-km long

- Asphalt Results
« Short “grass”
_ a~24-25
* Barley field b ~ 0.05 (ALS50 scanner only)
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Geometric accuracy of LIDAR
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Translating the lichen map and testing for intensity
differences between lichen and other surfaces

Peak in class separability (measured in t-statistics) occured at

XY offsets of DX=0.09 m and DY= 0.04 m and DX=
0.08 mand DY= 0.19 m.

ALS50 Colloquim, March 7, 2008 ALTM3100



Best-case separability, ALS50, LDA-classification
accuracy 73.6 % (69.5% for raw intensity obs)

In ALTM3100, best-case LDA-classification accuracy 64.4% (62.4%
for raw intensities)
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Discussion of Results

A higher (than other understory vegetation) backscatter surge
was observed in situ for Cladina surfaces

Separability was weak, however (74% at best), and
mapping/monitoring applications won'’t be possible

The photogrammetric mapping of the understory was succesful,
the lichen map had an internal accuracy of £ 0.03 m and an
external accuracy of 0.07 m.

.... to be continued
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Tree species identification — outlook

Colloquim, March 7, 2008



Colloquim, March 7, 2008



Other applications

» Forest road modeling / risk assessment (plans with Bosse)

* Improved DEM estimation (some own ideas)
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