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ABSTRACT:

The forest sciences as well as other areas of lketlyel benefit from technological advances to deviéidep working methods and
increase their knowledge of their specific fieldstfidy. New equipment and methods are continualyelbped to support these
applications. In the last decade, laser scannirg) @mofiling systems have been consolidated as dnéhe@ most effective
technologies for geospatial data acquisition. Basethe time-of-flight and with an electromagnetpestrum that ranges into the
mid-infrared, 1535nm, the terrestrial laser systanesappropriate for correlating the intensity daiih physicochemical properties.
Thus, the main objective of this study was to eatduhe influence of the distance to the targgh@ndata acquisition intensity
targets forest in order to support future studiesasrelation between this variable and the phydiemical characteristics of the
targets. In this study we used the Terrestrial L&eanner 3D llris with Optech operating princifilased on flight time and
wavelength of 1535nm spectral range from infraregignetic medium. The data acquisition targets iiigngas assessed at
distances (1m a 50m) by using a target referenc@9éf reflectance. The results were analysed andieshdhat the distance
interferes with the return of intensity. From tlesults of this research recommend that the intedsita are calibrated in relation to
distance before using them as a source for stuttyegbhysical-chemical characteristics of the terge

1. INTRODUCTION characteristics of the targets do modify the intgndhe main
goal of this study was to test a methodology fajuésition of

The forest sciences as well as other areas of leugel benefit  intensity from laser scanner in forest targets tndnalyse the

from technological advances to develop and imprdveir
working methods and to increase their knowledgeuakm
specific field of study. New equipment and methbdse been
continually developed to support these applicatidnghe last
decade, systems for laser scanning and profilinge Haeen
consolidated as one of the most effective technetodor
geospatial data acquisition. The automated dataisitiqn has
expanded rapidly in recent vyears, together with

technological advances made in the areas of sutgesind
mapping (Buckley et al., 2008). The scanning systenuslaser
profiling, also known as Terrestrial Laser ScanfiérS), have
some characteristics that apply so important ierdbanalysis.
The TLS has the advantage of being a fast methodoof
destructive data acquisition (Seielstad et al., 120l the most
cases, the Terrestrial Laser Scanner generatesvitsformat
file of the data collected. The files are basedaastructure in
which coordinates of the points in space (X, Y, tBg value of
the intensity of the laser pulse (l), and the valabtained from
the digital camera (RGB) are stored according thpueece
XYZ, |, RGB. Spatial information obtained from lasgranners
are commonly used for
identification of geometric features. RGB data imgrothe
visual identification of features and provide a téet
understanding of the object. However, there isck & specific
applications for the intensity values that retufterainteraction

influence of distance in the quality of data infgnacquisition.
The results will support future studies that wiflpaoach the
correlation  between intensity and  physicochemical
characteristics of the forest targets.

1.1 Intensity

then this study, the intensity is based in the défmi by Colwell

(1983) that is the variation of the flux by enerfgy unity by
solid angle irradiated in the same direction frone tpoint
source. It is characterized by the symbahd is given in watts
per estereoradian (W/sr). Or even as the quaryigriergy that
passes through by a unit area per second, peeesidian. The
Figure (1) and the Equation (1) illustrate this ospt.

dQ

both volume estimation and

Figure 1. Point source radiating energy in a sdidgle

with the target. Variations in physical and cherica (Colwell, 1983).
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_ E The study materials for data acquisition intensajues were a
~ Acos 0dQ @ tree located on the campus of the University ofed Rio dos
Sinos in Séo Leopoldo, Brazil and a terrestrialrlasanner 3D
where | = intensity lIris Optech TLS. The acquisition was planned arecated in
E = quantity by energy that passes through by awo steps. The first study was performed to deteemihe
unit area per second minimum distance between the equipment and theeta@
dQ = solid angle trunk of a tree) to acquire intensity data. Westde distances

for 1 meter to 5 meters. The following study wasfqgrened in
Therefore, the radiation does a solid ardflewith the normal  two different targets on the same tree trunk. QGmget was a
to the areaA”. And, the projection this area with the radiation sample trunk and the other standard Spectfal®@9%
passing is given fohcosd. reflectance at different distances and radiome&#olutions of

8 and 16 bits. At this point we performed an arialyd the
The intensity can to be defined also, realizingamalogy to the interference distance (5 to 50 m) the value ofithensity of
radar equation. For the LIDAR, the energy that mefuis return TLS. The acquisition of the intensity dafdtos stage is
described for Equation (2), (Baltsavias 1999, Wetmnl &ohr  shown step by step in Figure (2).
1999, Wagner et al. 2008, Hofle and Pfeifer 2007).

A
P. =P ﬁpnonza @)

where P, = is the energy that returns to the sensor afte
its issuance, the target reflection and dispersior
in the atmosphere.
Pt = is the energy of the laser output pulse
p = is the reflectance of the target
A = is the effective area of the laser on the
surface of the target. :
R = is the distance between the sensor and thg
target.
ny = is the transmission efficiency of the optical
sensor, the laser pulse and the properties of th
receiver. :
n?, =is the efficiency of transmission of the
atmosphere between the sensor and target.

Other terms such as brightness, irradiance, BRDF or BR
(radiation backscattered from the surface in argidiection),
reflectance factor or relative reflectance are aksed.

In practice, the laser scanner sensors measurghitten flux
that enter in the receiver from a given directiowd ahe solid
angle, namely, the scattered radiation which iateel to the
received signal power. Laser scanners record sweate return
of pulse power received as a single digital numbpresenting
the intensity. The recorded intensity is proporlono the
function of bi-directional reflectance distributiqBRDF) the
target, which can be written in terms of laser povie

accordance with the Equation (3) (Leader, 1979). Figure 2. Mosaic of pictures showing the procedunds

acquisition of the intensity data as a functiondaftance and

BRDF = 92 Py 1 ®) type of targets. (a) Tree before cleaning. (b) Tree the target
dP; 00 cosb; demarcated after cleaning. (c and d) Marking tretadices. (e
and f) Representation of the target in the trunk @pectralofi
where P; and Ps= are the energy incident on the target99%. (g) Measuring the height of park equipment for
and the energy (dispersion) that returns to themaintaining the viewing geometry. (h) Points of eingist
sensor, respectively. enhanced in red in the point cloud.

Qs = is the solid angle of dispersion.
0s = is the angle between the direction of the The stem of the tree originally had lichens, whialere
surface normal and the scattering target. previously removed (Figure 2a). After cleaning, amea was
selected in a trunk-shaped circle and marked widtkopen
The fact is that the intensity of return is depemidgpon the (Figure 2b). After that, different distances werarked using
physicochemical characteristics of the target nwdter metric tape, beacons and pickets (Figure 2c and ZHg
fixation of the Spectraldh 99% on the tree trunk required a
plastic bag so that Spectraft®9% would not have contact with
2. MATERIALSAND METHOD the surface of the tree and would be removed wlesessary
(Figure 2e and 2f). The plastic was cut so thatdbeter of
Spectralofi 99% was the same without the plastic coating,
leaving only a 5mm circular edge to fixate the @lathis
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fixation procedure was performed with plastic petitm for the

preservation of SpectralBr99%, because it cannot come into I =

contact with dust or grease.

In order to maintain the viewing geometry it wasessary to
perform the acquisition twice in the same area, oh¢hem

scanning the Spectral®®9% and after scanning only the trunk

(Figure 2e and 2f). For the same geometry, were lapt the
heights of park equipment (Figure 2g). Scanning pexformed
with a spacing of 0.5 mm between points at foutagdices, 1m,
2m, 3m and 5m for both the trunk and for the Spﬁmt? 99%.
These distances were analysed to determine whaitiienum
spacing between the target and the TLS for intgndita
acquisition purposes.

After scanning, the (X, Y, Z, I) data were processk was
possible to identify the targets of interest asvahdn detail in
the Figure (2h). The red area illustrates the $selecof the
target in the point cloud directly on the trunk.rFloe different
distances, i.e., 1Im, 2m, 3m and 5m, the intens#ia dvere
collected and compared in order to determine thereme
intensity of return of the laser beam. Such infdiama has
helped to establish some criteria for imaging ok targets,
aiming the correlation with physicochemical projeest

In the moment that was defined the range for trguiattion
distances were studied for radiometric calibrationhe
calibration model was developed from the distanockE$m,
10m, 15m, 20m, 30m, and 50m and was adjusted bsétbod
of least squares (Equations 5, 6, 7 e 8) from arskorder
polynomial (Equation 4), according to the followiagove:

I(n) =aq * dz(n) + b * d(n) + Cn) 4

I(n=1)

Iip=
(n=6) (6x1) (8)

A" = is the transposed matrix Af(3x6)
L (6x1) = corresponds to the value of the
independent terms of equation systén).

where

From the results of the intensity acquisition (stahces of 5m,
10m, 15m, 20m, 30m and 50m) were designed a modehé
radiometric calibration with the variablégintensity in digital
numbers from 0 to 255) artti(distance meters ranging from 5
to 50m).

3. RESULTSAND DISCUSSION

At this stage it was possible to verify the behawabthe return
intensity of laser interacting with the targets setthe study
object. Intensity data obtained at distances oR,13 and 5
meters were collected. For these distances thectobjas
processed with radiometric resolutions of 8 andbit6. The
Figures, 3, 4 and 5 illustrates the targets recoad from the
point cloud generated by TLS positioned a distasfc2 m, 3m
and 5m from the target. The acquisition of 1 mé&erfrom the
target did not record any point and consequentligéal model
was not generated.

For the distances of 2 and 3 meters the point ctbdaot have
a complete record (Figures 3 and 4). For the distanf 5
meters the record of the point cloud was satisfgatoth 8 bits
of radiometric resolution (Figure 5). It was possito verify the
edge effect in all images highlighted in red regtarin Figure
(3). The mean intensity of return of Spectr&l@® % was the

from 1 to & experiments performed at distancesmaximum over a distance of 5m (Figure 5). Altholigis - 3D

operate with the principle of time of flight, tharse result was

observed in equipment operating by phase difference

where | = is the intensity acquired withn™ ranging
of 5m, 10m, 15m, 20m, 30m and 50m.
d = is the distance to the target in meters.
a, b and ¢ = are adjustment coefficients of the (kaasalainen et al, 2009).
equation
X=@A"+A)T«@"+1) (5)

a
X = H
Cl(3x1)

where

6)

and c of the modé(n), Equation (4).

[din=1) dim=1 dim=1]

| da db dc |
|d) =6y din=6) dImn=6)|
d, dp d, (6x3) @)
where A (6x3) = corresponds to the matrix formed by|

the partial derivative of intensity with respect to

X (3x1) = is the value of the parameters to be~
adjusted and correspond to the coefficients a, I

Tree d=2m Tree d=2m

image 8 bits

Photogréphycamer

__TLS image 16 bits

O
e i

Spectralofi d=2m
image 16 bits

Photography camera Spectralofi d=2m
TLS image 8 bits

the coefficients a, b and c of the model with "n" Figure 3. Images produced by the intensity of th& Tn 2m

ranging from 1 to 6 experiments.
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target with 0.5mm spacing between points and raeiom
resolution of 8 and 16 bits. Edge effect highlighte red
rectangle.
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Photography camera Spectralofi m Spectralofi d=3m

TLS image 8 bits image 16 bits
Figure 4. Images produced by the intensity of th& Bm target
with 0.5mm spacing between points and radiomeg&solution
of 8 and 16 bits.

SpectraloRl d=5m
image 16 bits

~ Spectralofi d=5m
image 8 bits

Figure 5. Images produced by the intensity of th8 Bm target
with 0.5mm spacing between points and radiomegsolution
of 8 and 16 bits.

Following were tested the distances of 5m, 10m,208p, 30m
and 50m and the intensity showed lower values updCm,
probably due to the glare reducer (Figure 6). I§ wassible to
reach a modelling of intensity versus distance tvhitay be
represented by a second order polynomial with=R0,9588
(Equation 9).

| =-3,4643d + 12,079d + 229,6 9)

where | = is the return intensity in digital number of

TLS.
d = is the distance to the target in meters.

In this study case was found that from 5m the isitgn
increased until close distance of 10m where ocdurtee
deflection curve returning to decrease. It's impottto notice
that the equation is based on a methodology whezeetige
effect was isolated and the scan was performedepdipular to
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the target (90°), was admitted that there was finénce of the
viewing angle on the acquisition of intensity.

This model adjusts the intensity acquired at défferdistances
to be normalized when it needs the comparison tsigevhich

the intensity has been acquired at different destanin other
words, if methodologically it's not possible to pide images
targets on the same distance, a model must beapedefor the
intensity correction so the distance doesn't imterfin the

quality of results.

250
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220
210

Intensity (DN)

200

190

| =-3,4643d+ 12,079d + 229,6
R? = 0,9588

180

170

5m 10m 15m 20m 30m 50m

Distance (meters)

Figure 6. Mathematical model of intensity adjudimddistance.

The distance showed it to have a direct influence tioe
intensity data acquisition, in this study. Before ihtensity is
used for studies of correlation with other variablgou should
thoroughly study the type of equipment and behaviou
relation to the same distance as the target toxpbred. In a
study published by Eitel et al (2010) using a devigith
operating principle of flight time, but with a wdeagth in the
visible region comprising, 532nm, a methodology was
developed for acquisitions much closer ranging frbm to
2,6m. The authors report that the distance did affetct the
acquisition of intensity data. However, it was fduthat the
equipment requires a minimum initial distance of &nd the
return intensity of TLS decreases as the distamceeases.
Some devices have a dimmer brightness, which makes
acquisitions closer or less than 3m, (Kaasalairteal 009),
these results in lower intensities distance depeodsthe
characteristics of each manufacturing equipment.is Th
manufacturing information often not available te #nd user.

4. CONCLUSION

The main objective of this study was to evaluat itifluence
of the distance to the target in the data acqaisiintensity
targets forest in order to support future studiesarelation
between this variable and the physicochemical ciariatics of
the targets.

As the target is represented by a georreferenced goud it is
supposed to be possible to determine the totalnvelof each
variable separately, facilitating the process ef filture studies
to the determinate the amount of biomass. Any ebjerelled
from a TLS is subject to the edge effect. In thisdg it was
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observed this phenomenon. Future researches iratbés must
develop methods for reducing or eliminating theesdffect of
the point cloud during the processing. The resolitained in
this study recommend that the minimal distances@@mning of
forest targets is 5 meters considering only therisity as
variable of interest.

The distance showed it to have a direct influence tioe
acquisition of intensity data in this study. Theref before the
intensity is used for studies of correlation witther variables,
should thoroughly study the type of equipment arg t
performance of relative distance and the targdietexplored.
Each device has a different wavelength and interdifferently
with targets to be studied. To infer a calibratitata TLS with a
specific target, should be developed calibratiomeho

In the case of using RGB pattern, the method predentéhe
study is not applicable because of the parallaxodien
between the point cloud and the digital photograph.

These results allowed establishing some criteriairftaging
target forest as well as the understanding and hinglef the
interference distance of the data acquisition viigrrestrial
Laser Scanner. Due to the results obtained witar lasanner
3D llris suggested that the minimum distance foteggets to
scan in order to study correlation between thensitg of the
laser return and physicochemical properties oftdinget, either
5 meters modelling point cloud with radiometricalesion of 8
bits.
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