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Abstract. Attenuation caused by tree shadowing is
an important factor for describing the propagation channel
of satellite services. Thus, vegetation effects should be
determined by experimental studies or empirical formula-
tions. In this study, tree types in the Black Sea Region of
Turkey are classified based on their geometrical shapes
into four groups such as conic, ellipsoid, spherical and
hemispherical. The variations of the vegetation depth
according to different tree shapes are calculated with ray
tracing method. It is shown that different geometrical
shapes have different vegetation depths even if they have
same foliage volume for different elevation angles. The
proposed method is validated with the related literature in
terms of average single tree attenuation. On the other
hand, in order to decrease system requirements (speed,
memory usage etc.) of ray tracing method, an artificial
neural network is proposed as an alternative. A graphical
user interface is created for the above processes in
MATLAB environment named vegetation depth estimation
tool (VAET).
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1. Introduction

In the communication area, signal attenuation is
a major problem and many researches have been aimed to
model in different links such as land mobile satellite com-
munications, terrestrial mobile communication (GSM, 3G,
4G etc.) and high altitude platforms (HAPs). Because
vegetation is a reason of attenuation, influence of vegeta-
tion on different communication links has been studied as
an important issue. The previous studies focused on at-
tenuation due to trees for both satellite and terrestrial links
and many experimental results were reported at different
frequency bands, for different tree types, in different sea-
sonal effects, etc. There are many experiments such as
single tree measurements and attenuation measurements.
Average attenuation of trees was measured for land mobile
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satellites at UHF and L band by Vogel and Goldhirsh
[1]-[3], Butterworth [4], [5], Ulaby et al. [6], and Cavdar
[7]. In [1] and [2], largest and average attenuations and at-
tenuation coefficients for different tree types were meas-
ured at UHF band. The ITU-R [8] also described attenua-
tion through vegetation. At L-band, Cavdar et al. [9] con-
ducted measurement. In [3] and [10], static tree attenuation
measurements were performed in Austin, Texas at L- and
K-band. Moreover, fade statistics for shadowing from
roadside trees were measured at UHF and L bands in 1985,
1986, and 1987 [11]. In [12], single tree attenuation was
examined with the help of measurements at 1-4 GHz fre-
quency band for 45° elevation angle. The frequency de-
pendence of vegetation effects for satellite links was stud-
ied in [13] and some attenuation measurements were per-
formed at L-, S- and C-bands taking into consideration
elevation angles between 25° and 90° [14]. Tree shadowing
effects on wideband channel at 3.1 GHz and 5.8 GHz were
studied in [15]. Additionally, for different terrestrial sce-
narios and different frequency bands, ITU-R Recommen-
dation [16] also includes vegetation attenuation models not
valid for high elevation scenarios. In [17], models and
measurements for land mobile satellite system were pub-
lished.

The vegetation attenuations can be only determined
by experimental studies as summarized in the previous
paragraph. It can reach a judgment in bold outline about
the signal attenuation of the trees. However, the experi-
mental results obtained vary significantly according to
seasonal effects, type and size of trees, geographical loca-
tions etc. Furthermore, the trees in different geographical
locations can have different sizes even if they are the same
species. Therefore, providing generalized results obtained
from the measurements to link designer is not an appropri-
ate approach instead using empirical formulations such as
L=Ad®f¢ [18] where d represents vegetation depth.
Vegetation depth is defined as the length of signal path
within the tree canopy. It is easily concluded that vegeta-
tion depth is a significant factor for calculating attenuation
correctly. Different tree types have different shapes and the
tree geometry is very important to calculate the vegetation
depths for different elevation angles. In the previous
studies, all tree types are considered to have the same
geometry and calculations were made with respect to this
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acceptance without considering tree shape. In this regard,
we focus on single tree vegetation depth based on four
different tree types such as conic, ellipsoid, spherical and
hemispherical. For these four different classifications, the
tree species especially in the Black Sea Region of Turkey
are used. Thus, firstly, trees are grouped in four different
shapes and are modeled in MATLAB environment. Their
average heights and foliage volume data are taken from
[19] for full leaves situation. According to the elevation
angles between 0° and 90°, vegetation depths are calculated
for each tree types via the models with ray tracing method.
Due to the need of high system resources, especially for
ray tracing process, it is not useful to implement a practical
software. Thus, utilization of artificial neural network
(ANN) is proposed to estimate the vegetation depths more
efficiently. All the works mentioned above are wrapped in
a Graphical User Interface (GUI) named VdAET (vegetation
depth estimation tool).

2. Method of Tree Modeling and
Vegetation Depth Calculation

The Black Sea is a geographically rich region com-
prised of deep green forests and there are many different
tree types. In this study, both common and endemic tree
types are investigated and are classified according to their
geometrical shape. In Fig. 1, Fig. 2, Fig. 3, Fig. 4; spheri-
cal, hemispherical, conic and ellipsoid shape tree types are
shown, respectively.

Acacia

~ VAR

Ulmus Glabra ’ Tilia

Fig. 1. Investigated trees (spherical shape).

Betula Pendula Celtis Caucasica Quercus Cerris

Fig. 2. Investigated trees (hemispherical shape).

Fraxinus Excelsior Alnus Glutinosa Castanea Sativa

—g e i

Platanus Orientalis ~ Carpinus Orientalis ~ Abies Nordanniana

Picea Orientalis Pinus Brutia ~ Cupressus Sepervirens

Fig. 3. Investigated trees (conic shape).

R

Populus Nigra Fagus Orientalis

Zelkova Carpinifolia Corylus Colurna Pinus Nigra

Pinus Sylvestris Juniperus Oxycedrus

Fig. 4. Investigated trees (ellipsoid shape).
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Fig. 5. Four different geometrical tree models with full leaves.

More information regarding signal derogation effects
of trees at different frequencies and at different geographic
locations is required for link design of satellite services
(satellite and land mobile satellite communication, HAPs,
etc.) It is important to search on new data belonging to
different tree types for a proper system design and tree
attenuation analysis. In this context, tree types in the Black
Sea Region of Turkey are classified according to their
geometrical shape due to different shapes engender differ-
ent vegetation depths for the same elevation angles.

The two categories of trees are known as coniferous
and deciduous and they have generally non-uniform and
different shapes. However, if trees are supposed to have
full leaves, they can be classified in four groups such as
conic, ellipsoid, spherical and hemispherical as shown in
Fig. 5.

A general geometric tree model has five parameters.
These are hy, hy, 71, 12, 1. by stands for height of foliage
part, A, represents bole height of the tree, ; and r, are
maximum and minimum radius of the foliage, respectively.
1y 1s radius of the bole. All these parameters are in meters.
Tree classes and their parameters are listed in Tab. 1. In
this study, main purpose is to estimate the vegetation depth
of only foliage part. Thus, only 4, r; and r, parameters
which define foliage part are included in simulation (bold
characters in Tab. 1).

Tree Class Parameters
Conic hy, by, 1, 1, T
Ellipsoid hy, ho, 1y, 1y

Spherical hay 1, 1y
Hemispherical hy, 11, 1y

Tab. 1. Tree classes and involved parameters.

Fig. 6. An example from ray tracing process.

1f
J 0

Fig. 7. A sample projection image of a grid for 45°.

The vegetation depths for each elevation angle are
calculated with the help of ray tracing method over the
geometrical tree models presented above. Ray tracing is
a technique to simulate the effects of the ray’s encounters
with virtual objects like our tree models. In this case, the
ray will intersect the tree models at exactly two points due
to the fact that the models are finely closed surfaces.
Vegetation depth is the distance between those two points.
In Fig. 6, a single ray for a certain angle is shown.

Ray tracing process is realized over a rectangular grid
as shown in Fig. 6. For this purpose, firstly a sphere is
calculated such that the entire tree model is inscribed.
Then, a cube is defined with the radius of the sphere to
ensure the grid covers the entire tree model for every pos-
sible situation. Each point of this grid will be a starting
point of a single ray. And also for each elevation angle, this
grid is adjusted according to the ray direction. So, entire
tree model is traced for all elevation angles (0-90°). In
Fig. 7, a sample projection image of a grid for 45° is
shown. White colored grid represents no intersection re-
gions while other colors mean there are different levels of
intersection (vegetation depths).

To calculate the vegetation depths, tree classes and
their involved parameters are needed. The parameters and
categories of the conic, ellipsoid, spherical and hemispheri-
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Tree Names Height | Category | hy | hy | ry [ 12 | 1
Fraxinus Excelsior 30-40 m | Deciduous [ 35| 2 | 6 | 15(0.8 Ezo —Conic
= —Ellipsoid
Alnus Glutinosa | 20-30 m | Deciduous | 28 [ 2 | 1 |14 [08]| £'° Spherical
K N % 16 —Hemispherical
Castanea Sativa 20-25 m | Deciduous | 23 | 2 [ 5 | 12|05 2
S 7
Platanus Orientalis | 20-30 m | Deciduous | 28 | 4 | 8 | 14| 1.5 M
Q
Carpinus Orientalis 15-20 m | Deciduous | 15| 5 | 1 | 6 |0.2 512
Abies Nordanniana | 40-50 m | Coniferous| 45 | 1 | 2 [ 10 | 0.5 10 1
Picea Orientalis 40-60 m | Coniferous | 55 | 1 1]120(1.5 80 1‘0 20 30 4‘0 50 6‘0 7‘0 o 90

Pinus Brutia 15-20 m | Coniferous | 15 | 3 11303

20-30 m | Coniferous| 29 | 1 |03] 2 [0.5

Cupressus Sepervirens

Tab. 2. Common conic tree types in the Black Sea Region.

Tree Names Height | Category | hy | ry | hy | 1y
Populus Nigra 25-30 m | Deciduous | 28 | 4 | 1 | L5
Populus Alba 20-30 m | Deciduous | 25 [3.5] 3 | 0.5

30-40 m | Deciduous | 35| 5 | 1 |05
212

Deciduous | 3 (2.5 2 |05
7
2

Fagus Orientalis

Zelkova Carpinifolia| 20-25 m | Deciduous | 20 | 8
2-4m

Corylus Colurna

Pinus Nigra 30-50 m | Coniferous | 40 | 7 1

Pinus Sylvestris | 20-40 m | Coniferous | 30 | 10 1

Juniperus Oxycedrus | 10-12 m | Coniferous| 10 | 4 [0.50.1

Tab. 3. Common ellipsoid tree types in the Black Sea Region.

Tree Names Height | Category | r; | hy | 1y

Acacia 20-30 m | Deciduous | 10 [ 5 | 0.5

Salix Alba 25-30 m | Deciduous | 12 [ 0.5] 0.5
Juglans 25-30 m | Deciduous [12.5[ 1.5| 2
Ulmus Glabra 30-40 m | Deciduous [17.5| 5 | 1
Tilia 30-40 m | Deciduous | 18 | 3 | 2

Tab. 4. Common spherical tree types in the Black Sea Region.

Tree Names Height | Category | r; | hy | 1y

20-25 m | Deciduous | 18 | 3 | 2

Betula Pendula

Celtis Caucasica 5-6m | Deciduous | 3 | 3 |0.25

30-35m | Deciduous | 35 | 3 |[1.2

Quercus Cerris

Tab. 5. Common hemispherical tree types in the Black Sea
Region.

cal trees are given in Tab. 2, Tab. 3, Tab. 4, and Tab. 5,
respectively.

To be able to show the effect of the tree shape on
vegetation depths for different elevation angles, all trees
are generated as they have the same volume of foliage. As
shown in Fig. 8, vegetation depth corresponding to each
elevation angle is different. Thus, all tree types should be
handled separately to investigate the vegetation depth.

In ray tracing technique, for a single ray, each triangle
of the tree model is tested for intersection. The total num-
ber of triangles depends on both the size of the tree and the

Elevation Angle, ¢

Fig. 8. Vegetation depth versus elevation angle for four
different tree types with the same foliage volume
(45815 m3) {(hh 1, VZ) conic— (25, Ss 10)7 (hla }"1) ellipsoid—
(30, 8.54), (1) sphericar= (10.3), (1) nemispherica= (12.98)}

desired spatial resolution. A smaller triangle means higher
resolution. Graphical resolution should be kept as high as
possible. It means that we need more number of triangles
and more number of calculations. It is not practical. The
criterion in determining the number of triangles is to obtain
a visually satisfying graphic. In this study, the ratio of
surface area to number of triangles is fixed to 0.5 which
means a unit square area consists of two triangles. Pro-
ceeding from here, conducted experiments show that less
than 0.2 m ray spacing does not improve spatial resolution
except longer calculation time.

Ray tracing technique is ground truth for this simula-
tion study, however, it requires high calculation capacity
and system resources. Thus, this situation has made it nec-
essary to search an alternative method. In this study, artifi-
cial neural network (ANN) is investigated for usability
instead of ray tracing. The results of ANN are compared
with ray tracing to reveal its effectiveness.

ANN is generally used with the situations where the
input and output relation of a system is unknown or com-
plex to model. ANN is influenced by biological neurons
and their learning capability. It statistically learns the trans-
fer function of the system by adjusting some number of
coefficients. In this study, the training set consists of 25
trees in four different tree types. This different tree models
have some parameters (4, K, 1y, 12, 1) defining their dif-
ferent shapes. To prepare training data, the range of each
parameter should be defined. Thus, the variation range of
tree model parameters is determined considering the pa-
rameters’ minimum and maximum values. The ANN tries
to minimize a cost function such that [f{x)—y]>. In this
function, f represents the tree model while x is input
parameters (hy, hy, 11, 12, 1) Of that model. y substitutes
the vegetation depth obtained from ray tracing for input
parameters of interest. The ANN training data for four
different tree models are summarized below.

[ﬁ*onic(hli’rliarzi)_yi] 2: i=1:468

, (D
h €[15,20,...55], re[,2,..8] r, €[2,4...,20]
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A 12
[f;llipsaid(h{5nl)_yl] ) l: 1 . 63
h €[10,15,...,40] 7 €[2,3,...,10]

. 12
{I:fs‘pherical(ril)_yl] 4 i=1:11’ 7’16[10,11,,20]}’ (3)

. 12
{[fhm,.sphe,m(r;)— y’] , i=1:16, 1’16[5,7,...,35]}. 4)

Cross-validation method is utilized in training section
to find optimal number of hidden layers. In this study,
hidden layer numbers for conic, ellipsoid, spherical and
hemispherical models are 14, 12, 1 and 16, respectively.

3. Vegetation Depth Estimation Tool
(VAET)

The Vegetation Depth Estimation Tool (VdET) is
created in order to offer the users a practical simulation
environment for performing vegetation depth calculation
for different tree models. The GUI of our tool is shown in
Fig. 9. The tool is programmed in MATLAB environment.
However, for the sake of speed efficiency, some core func-
tions such that ray-triangle intersection is coded in C/C++
language. The VAET is developed to handle different types
of trees for simulation and testing with two methods; ray
tracing and ANN. This GUI contains seven panels and a
progress bar. The functionalities of each panel are stated
below.

e Tree Type Selection Panel: This panel lets the user to
select the type of tree (conic, ellipsoid, spherical,
hemispherical) for simulation.

e Parameter Input Panel: After tree type selection, user
enters related parameter values. Related parameters
and their acceptable range are written according to the
selected tree type and the program waits for an input
value in defined range. These acceptable ranges are
important especially for ANN results due to the
training data are restricted as given in equations
above.

o Calculation Method Panel: This panel contains three
buttons. Ray Tracing and Artificial Neural Network
buttons trigger the simulation. As the ray tracing
method takes some time depending on the tree size
(number of triangles), a progress bar helps the user to
follow the percentage of process completed. Stop
Execution button lets the user to terminate ray tracing
anytime. Additionally, once the input parameters are
given and a simulation is realized, these buttons will
not trigger the same calculation again until there is
a change in parameters.

e Ray Tracing Info Panel: This panel shows a 3D
demonstration of ray tracing process. Users can

observe not only the ray for a certain angle but also
the rays for each elevation angles and intersection
points.

o Simulation Result Graph Panel: In this panel, eleva-
tion angle vs. vegetation depth results of the two
methods are shown in two graphics. While x-axis
represents elevation angle (in degrees), y-axis shows
vegetation depth values (in meters).

e FError Analysis Panel: If both ray tracing and ANN
simulation results are obtained, error analyses are
realized. The error is shown as a graph based on the
difference of ray tracing from ANN. Additionally,
root mean square error (RMSE), standard deviation
(std) and maximum (max) of the error graph are
listed.

o Simulation Result Export Panel: Numerical results
shown in Simulation Result Graph Panel can be ex-
ported within this panel with three different file types
* mat, *.xlsx, *.txt. In this saved file, there are eleva-
tion angles, vegetation depths (from ray tracing and
ANN separately) and error of ANN method.

In Fig. 10, all the simulation results are completed
and graphed with the error statistics.

About

Tree Type Selection - Parameter Input
h, [15-55] (m) E

® s
.y [1-8] (m) s
rp [2-20] (m) "
Calculation Method
Ray Tracing
o Atical Neural Network
i
Stop Exccuton
0:40°
Simulation Result Graph
7]
o RMSE
ST
MAX

PROGRESS BAR

Ray Tracing Info

Simulation Result Export

MATFile

Error Analysis

] e

Fig. 9. An example image of the GUI at the process of ray-
tracing for conic tree type.

About

Tree Type Selection - Parameter Input
h [15-55] (m) E

Ray Tracing Info

) [1-8] (m)

Simulation Result Export

MATFile

Error Analysis

' A RMSE : 0103188
/ STD. ooszse

—~ MAX : 0273084

Fig. 10. GUI at the final stage.
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4. Numerical Results

The experimental studies in the literature contain only
average tree attenuations and there are no detailed data
about the measured tree parameters (%, 71, ;) or the meas-
ured tree canopy (ellipsoid, conic, etc.). In other words,
these studies cannot provide required data for a direct
comparison. To be able to validate the proposed ray tracing
method, we need to produce comparable results to the
experimental studies. References [1], [2], [3], [7], [9] pro-
vide the average single tree attenuations obtained from
measurements at UHF, L and K band. So, it is possible to
compare the average single tree attenuations calculated via
VdET tool with the provided ones in [1], [2], [3], [7], [9]
by utilizing ray tracing method. Firstly, for every geometri-
cal shape trees (conic, ellipsoid etc.), vegetation depths (d)
are calculated with the parameters used at training stage
which are given in (1-4). Then, average single tree at-
tenuation values are obtained by (5) at UHF, L and K band
for full foliage condition. Obtained results are given in
Tab. 6 in detail.

L=A4d"f¢ (5)

L is attenuation in dB, f'is frequency in GHz and d repre-
sents vegetation depth in meters. For the full leaf condition,
coefficients 4, B and C are 1.43, 0.721 and 0.356, respec-
tively [18]. This model gives direct path attenuation with-
out considering the diffracted components. Thus, it is
agreeing with the calculation of vegetation depth via ray
tracing.

UHF L band K band
800 MHz 870 MHz 1.6 GHz 20 GHz
g |= = g == g |== g
8% IS |BE JES P B 55
528 E85 285 c35:28/5 88823
LR R R L RN E A
z |#= z |#= Z |#= =
Conic 8.10 | 1.93 | 833 | 1.98 | 10.35| 2.46 | 23.43
Ellipsoid 6.03 | 1.84 | 6.21 1.89 | 7.72 | 2.35 16.98
Spherical 1140 | 1.83 | 11.74| 1.87 | 14.59 | 2.33 | 29.83
Hemispherical| 10.12 | 3.60 | 1042 | 3.70 | 12.95 | 4.60 | 33.85
Proposed 8.91 2.3 9.18 | 2.36 | 11.40 | 2.93 | 26.02
Cavdar [7],[9]] 8.60 | 2.00 | -- - [11.00 ] 3.00 -
Vog. & Gold.
- - 10.6 2.6 - - 23.00
(11, 12], [3]

Tab. 6. Comparison of the calculated average single tree
attenuations with experimental results at UHF, L and K
bands (for 6 = 30°).

The average single tree attenuations are 8.91 dB,
9.18dB and 11.40dB at UHF (800 MHz), UHF
(870 MHz) and L band (1.6 GHz), respectively. The me-
dian single tree attenuation at K-band (20 GHz) is calcu-
lated 26.02 dB. It is clearly shown that the results are quite
close with the other experimental results. These compari-
sons are made at given elevation angle, 6 = 30°. With the
help of VAET tool, these average attenuation calculations
can be made for each elevation angle (0°-90°) at desired
frequency band even for different tree types.

After validating ray tracing method, the purpose is to
calculate vegetation depth for different tree types not only
accurately but also faster. Thus, ANN is tested for calcula-
tion speed in Tab. 7. against ray tracing method. ANN
method is faster than ray tracing minimally 11.65 times and
maximally 716.41 times. These tests are conducted on
a laptop with Core i7 processor and 16 GB RAM.

Ray Tracing ANN
Tree Types For min. For max. For min. For max.
volume volume volume volume
Conic 2443 s 458.5s 09s 0.64 s
Ellipsoidal 8.81s 121.31s 091s 0.64 s
Spherical 32.88s 9237s 0.61s 0.61s
Hemispherical 722s 25713 s 0.62's 0.62s

Tab. 7. Ray tracing and ANN run time comparison for min.
and max. tree volumes.

To accept the proposed ANN method instead of ray
tracing, it should be tested for accuracy. Fig. 11, Fig. 12,
Fig. 13 and Fig. 14 show comparative calculations of ray
tracing and ANN methods with respect to vegetation depth
for max. and min. foliage volumes.

In Tab. 8, statistics of errors in meters in Fig. 11,
Fig. 12, Fig. 13 and Fig. 14 are listed. These values support
the proposal of using ANN instead of ray tracing.

10%
|
J o
BT
Absolute Error (m) NG AN/
10 %

— Relative Error (%)

—Ray Tracing
—ANN

—Ray Tracing
5 —ANN

(m)

For max. tree volum ©
For min. tree volume

Vegetation Depth
o
n

18
0 10 20 30 40 5 60 70 80 90 0 10 20 30 40 50 60 70 80 90
Elevation Angle, Elevation Angle, 0

Fig. 11. Comparison of ray tracing and ANN methods for max.
and min. foliage volumes for conic shape trees. {max.
vol.=24247.85 m’, (h1, r1, ) = (55, 1, 20); min. vol.=
204.2 m’, (hy, 1, 1) = (15, 1, 3)}

im 4% im 40%

— Absolute Error (m) f
N
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\
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3
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Vegetation Depth (m)

For max. foliage volume

For min. foliage volume \

1
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
Elevation Angle, 0 Elevation Angle, 0

Fig. 12. Comparison of ray tracing and ANN methods for max.
and min. foliage volumes for ellipsoid shape
trees. {max. vol.= 3141.6 m’, (h1, m= (15, 10); min.
vol.=39.27 m?, (h1, 1) = (3, 2.5)}
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Fig. 13. Comparison of ray tracing and ANN methods for max.
and min. foliage volumes for spherical shape
trees. {max. vol.= 242429 m’, (r=18); min. vol=
4188.8 m®, (1 =10)}
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Fig. 14. Comparison of ray tracing and ANN methods for max.
and min. foliage volumes for hemispherical shape
trees.{ max. vol= 89797 m’, ( r, =35); min. vol=
56.55 m*, (r, =3)}

Tree Type Foliage RMS Error |Std. of Error| Max. Error
Volume (m) (m) (m)

Conic Max. 0.1464 0.0623 0.3073
Min. 0.2299 0.1645 0.6045
Ellipsoid ng. 0.1459 0.1004 0.3257
Min. 0.4904 0.2456 0.7931
Spherical Ma.lx. 0.1617 0.0429 0.2228
Min. 0.0665 0.0238 0.0984
Hemispherical ng. 0.6326 0.1382 0.8616
Min. 0.1524 0.1127 0.5899

Tab. 8. Statistics of error in Fig. 11, Fig. 12, Fig. 13 and
Fig. 14.

Mainly, there are two aspects of this study. The first
one, a tool is created to calculate the vegetation depth of
a single tree for different tree types with utilizing ray trac-
ing method. The second one is to propose an alternative
faster method (ANN) instead of ray tracing. Generally,
a faster method brings some estimation error. Thus, to be
able to exhibit the error performance of the ANN, a com-
parison is made in the simulation tool for all possible
situations. Additionally, comparisons of ray tracing and
ANN methods for max. and min. foliage volumes at differ-
ent tree types are shown in Fig. 11, Fig. 12, Fig. 13 and
Fig. 14. The maximum error of ANN is obtained for min.
foliage volume ellipsoid shape tree. This is not an unex-
pected result. ANN training set consist of 25 trees which 8
of them is for ellipsoid shape trees. Ellipsoid tree model
needs two input data h; and r;. The variation ranges of

06 ——800 MHz (UHF Band) J
~———2 GHz (L Band)

05 3.5 GHz (S Band)
——5.5 GHz (C Band)

error (in dB)
o
=

| | | | I
[ 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90
0 (in degrees)

Fig. 15. ANN error in dB for hemispherical tree with 10 m
radius.

these parameters are determined according to Tab. 3 and
shown in (2). The mean 4, value of ellipsoid shape tree is
generally between 19.62 m—28.87 m (Tab. 3: Height col-
umn). The required /4, value to calculate min. foliage vol-
ume for ellipsoid shape tree is 3 m as mentioned in Fig. 12.
caption (min. vol.= 39.27 m’, (h,, r) = (3, 2.5)). As a re-
sult, this 4, value (3 m) is not included in ANN training set
because it is considered as an outlier value. In this case,
ANN makes an extrapolation instead of interpolation.
Thus, this min. foliage volume error of ANN does not indi-
cate the real ANN performance. Additionally, it is clearly
seen from other error tests that ANN makes good approxi-
mations if the input values are within the training range.

On the other hand, giving error in meters is not
enough to express what this means in real world. Vegeta-
tion depth is important to calculate excess loss (dB). Judg-
ing from here, the error is converted to dB with the help of
the most common general form of existing empirical model
in the literature [18] as shown in (5). In [12], a study is
conducted on four different deciduous trees heights rang-
ing between 11 to 18 meters and width between 11 to 20
meters which can be modeled in the tool as hemispherical.
Hereby, the reference tree to show the error in dB is se-
lected hemispherical with 10 m radius with respect to the
(5) range. In Fig. 15, errors in dB according to elevation
angles at four different frequency bands (UHF, L, S, and
C) are shown.

5. Conclusion

In this study, tree types especially encountered in
Black Sea region are classified according to their geometri-
cal shape as conic, ellipsoid, spherical and hemispherical.
Based on ray tracing and ANN method, a vegetation depth
estimation tool (VAET) with a friendly GUI is proposed.
The proposed method is validated with the related literature
in terms of average single tree attenuation (Tab. 6). With
the help of this tool, it is shown that same foliage volume
trees with different geometries have different vegetation
depths (Fig. 8). Additionally, ANN method is proposed as
an alternative to ray tracing. The performance of ANN
against ray tracing in the aspect of accuracy (Tab. 8) and
speed (Tab. 7) is presented and concluded that using ANN
is reasonable with an acceptable error tolerance (Fig. 15).
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