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Abstract—The mm-waves are very crucial for current and expected 

wireless application. Propagation of this signal is a defiance. Despite 
the performance advantages: provide high bandwidth/capacity, it 
gives reasonable throughput and high data rate, it Also presents high 
penetration losses and poor diffraction. This imposes many 
challenges with respect to its implementation. Furthermore, as direct 
result to its low height antennas, it forms real challenge;in particular 
for the proposed environment (dense of vegetation in paper’s case). 
the complex structure of the foliage, composed of randomly oriented 
trunks, branches, twigs and leaves, hence, the involved physical 
process in the propagation of the radio waves through vegetation is 
complicated deeds. Therefore, accurate modeling of the propagation 
of radio waves through tree foliage, generally requires accurate 
electromagnetic description of the tree geometry, including its 
branches and leaves, valid over a wide range of frequencies. In matter 
of fact, the vast complexity generated when climb into knowledge 
that those impediments change over time in unpredictable ways due 
to movement of user! The investigation here is to review empirical 
models that use millimeter wave signals conducted in a vegetative 
environment. A chronicle order of an old research concerning the 
topic has been revised and analyzed especially models which 
extended to EHF bands where actual millimeter waves reside. 
Furthermore, the method of developing a model of measured data 
through prediction data as the core of empirical models. Final purpose 
of this review paper is to compare the conventional models with one 
of the recent in a vegetative environment under operation of 6- 300 
GHz. 

Index Terms—mm-waves, EHF bands, Power spectral 
efficiency,power delay profile , propagation models . 

I. INTRODUCTION he complex structure 

of the foliage, composed of randomly oriented trunks, 

branches, twigs and leaves, the involved physical 
process in the propagation of the radio wave through 

vegetation is complex. Therefore, and based on [2] Accurate 
modeling of the propagation of radio waves through tree 

foliage, generally requires accurate electromagnetic 
description of the tree geometry, including its branches and 

leaves, valid over a wide range of frequencies. In matter of 

fact, the vast complexity generated when climb into 
knowledge that those impediments change over time in 

unpredictable ways due to user movement! The investigation 
here is to review empirical models that use millimeter wave 

signals conducted in a vegetative environment. 

 

II. PROPAGATION MODELS 

Researches undergoes millimeter waves have showed that 

for measured empirical data, the line of sight is merely 
correspond to free space loss propagation characteristic[1]. 

Therefore the concentration will be on non-line of sight rays. 

The focus here is to obtain the intensity of a signal received via 

a multipath channel as a function of time delay or power delay 

profile (PDF). For most wireless outdoor channel, the 
propagation through dense foliage is unavoidably demanding 

and highly expensive due to the random characteristics of the 
channel. The intentions are to present the excess attenuation 

of transmitted signal in addition to the free space loss of 
propagated waves in a vegetation dominant environment. In 

wireless medium, the purpose is it as in other medium of 

communication; the objective is to accomplish a 
comprehensive site planning in order to create reliable and 

efficient transmission process. Models are to accurately send 
information and mainly for network planning, more specifically 

for carrying out feasibility studies and during initial wireless 
network deployment. They are fall into three different 

categories: 

1) A- Empirical models : These models are 

measurements campaign that depends on the location, 

frequency bands, range, and clutter characteristics of the 
environment. 

2) B- Deterministic models : It is mainly used for simple 
environment beside it required high and rigorous data about 

environment. Also another side has to be mentioned is the 
massive calculation and physics required in term of Maxwell 

equations and dielectrics properties of terrains. 

3) C- Statistical models : The process of transmitting 

broadband sequence is totally a random process where 

neither is easy to guess what will happen in the receiver side 
nor is knowledgeable to collect information and data about 

elements of environment [6]. Any model which constructed 
based on the above types is compared to a comparison 

models(table 1) to show differences in reading and therefore 
the prediction of losses due to our chosen obstruction (the 

forest and plants) in millimeter waves. The previous models or 

calculations are to perform link budget intentionally for 
deciding the loss due to multiple factors.attenuation due to 

vegetation is a variation of received electric field strength 
because of the path loss and shadowing occur over relatively 

T 
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large distances[5] or alternatively called large-scale 

propagation effects or statistically local mean attenuation 

which is used extensively in cell site planning. The mentioned 
complex structure of trees and clutters around them cause 

division of signal spherical propagation to multiple wave -
fronts with different delay spreed in front of receiver’s 

antenna.thus, the constructive and destructive addition of 
multiple copies result in value different from the transmitted 

power[5].Variation due to multi-path occurs over very short 
distances, on the order of the signal wavelength,sometimes 

referred to as small-scale propagation effects or multipath 

fading to be calculated in order to design reliable and efficient 
communication systems [5].During 2019, [12] argued that 

mm–Wave signals are more sensitive to blockage effects than 
lower frequency signals. In fact, due to the short wavelengths, 

contributions from diffraction phenomenon for example are 
relatively insignificant at mm–Wave frequencies in 

comparison to the lower frequency bands. Therefore,the 

presence of obstacles may create abrupt changes with signal 
attenuation up to 40 dB at mm–Wave frequencies according 

to [12]. The use of adaptive antenna arrays and beam-steering 
solutions can be considered in order to overcome this issue 

[12]   

Table.1. Comparison models 

III. DISCUSSION OF COMPARISON PROPAGATION MODELS 

1) The Weissberger models: It provided by Wissberger in 

1982[21].They show very poor accuracy in these 

environments. The reasons could be low antenna height, 
climatic factors like humidity, oxygen. it does not account for 

the effects of the tree structure, tree density or type, moisture 
content of leaves, branches, etc., or wave polarization. Also 

the accuracy of the Weissberger model has been questioned 
at higher frequencies (11.2 - 20 GHz) along with little 

correlation to the physics of the problem. The conservation of 

Weissberger model simplicity and including the enhancing of 
drawbacks of its earlier version, led into a new modified 

version that enhanced by Michigan’s Radiation Laboratory. 
However, allow for the generation of a much more extensive 

data set, using computer simulations, based upon which, a 
simple, and more accurate and general macro-model of the 

mean power attenuation, for point to point propagation in a 
forest can be developed. These models include near-field 

effects, which are essential for accuracy, when the radio 

receiver is near a tree trunk or branch. The vegetation depth is 
between( 14 –400)m. 

 

Figure.2.Weissberger representaion 

2) Cost235 : The COST 235 model 1996 which derived 

European Co-operation in Science and Technology ( COST ) is 

proceeding of the COST project involving Extensive field 

measurements in the millimeter wave frequencies. This model 

was developed using measurements conducted on sycamore, 

horse chestnut, pecan, apple and lime trees covering a range 

of frequencies between 9.6 GHz and 57.6 GHz. The 

measurements were carried out when the trees are in-leaf and 

outof-leaf .The model generally can be applied to frequencies 

between 200MHz to 95GHz. The parametric equations for this 

model are given in equations inside table 1 and below for the 

range that in GHz and vegetation depth less or equal to 200 m.  

 

The graph above shows that at border of 60 GHz the 

attenuation is dramatically increased. The convex of the curve 

is near to 60 GHz. This means there is a maximum frequency 
which relate to a maximum attenuation. In more than 200 m 

vegetation depth the loss is also linearly increased. 
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3) FITU-R : The international telecommunication union 

(ITU) proposed a model for foliage attenuation in 1986 without 

concentration on leaf state at 11.2 GHz. However in 1998 a 
modification has been presented according to [21]. The new 

amendments provide the shortages of earlier version. A 
research in 2009 extended the application of this model with 

validity at 11.2GHz to 20GHz as given in equation 

From simulation of FITU-R to plot function behavior, it’s clear 

that along almost a 190 GHz range the power representation 
of loss seems flat over the range. However, this flatness has a 

good aspect since it means the channel is predictable 

statistically and therefore there is a Markov process for such 
channel matrix especially when massive MIMO considered for 

any mm-wave application. 

IV. MEASUREMENTS CONSIDERATION 

Measured path loss was obtained by substituting the 

computed values of the effective isotropically radiated power 
EIRP, the values of received power, shadowing, multipath loss 

and others into equation below 

 

Where 

EIRP = Effective isotropic radiated power 

Pr(dBm) = mean power received 

The performance of a propagation model is determined by 

the root mean square error between the measured path loss 
and the predicted path loss through equation 

 

if Values of RMSEs closer to zero, they show a better fit 

which means there is a match in readings. 

A. Example of how to drive an empirical model from old ones: 

1) Near ground propagation model:: This model can be 
described as a modified version of combined free space path 

loss and plane earth pass model. Friis’s equation provides clear 

path loss due to travelled distance of electromagnetic waves 
as in equation 

 

Whereas plane earth model is an independent model of 

frequency where height of transmitted and received antennas 
took place in calculation of path loss as in equation 

 

[8] Has mentioned the derivation of the model named 
above. As it is combined between two models in a piecewise 

regression model, research has showed that there is an 
intersection distance where at 150 m and above plane earth 

model showed better results in determining path loss 
accurately and vice versa for distance of propagation below 

150 m . The excess loss then is a gross of where Lveg is the loss 

caused by vegetation canopies and Lsys is the miscellaneous 
loss, which includes transmission line attenuation and antenna 

losses as in 

 

The vegetation loss itself can be different for each 

environment because the effect of needle and leaves are much 

higher than that caused by trunk and branches. Also it can be 
obtained either as function of difference of attenuation 

resulted from forest and plane earth or as a function of depth 
of vegetation as in equations 

The parameters c1,c2 and c3 are obtained by fitting reading 
of loss. The discrepancy of effect of vegetation in different sites 

as written above comes to final factor governs the whole 

process of model generalization which is trunk gain K 

 Where h-ref is the height of tree part 

without leaves in reference environment, h-ex is the height of 
tree part without leaves in examined environment. The final 

steps where all effects included the path loss due to distance 
and foliage has been showed in equation 
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V. EMPIRICAL MM-WAVES IN A VEGETATION 

ENVIRONMENT 

A. Non-Zero Gradient (NZG) model 

Even though NZG mentioned as empirical models but its fact 
is a semi-empirical because it takes into consideration the 

geometry in its formation. It developed by Rutherford 
Appleton Laboratory (RAL). The other name is the dual slope 

attenuation function that represents the mathematical decay 

or increase of coherent and incoherent components of 
transmission elements. The NZG model has a little drawback in 

that its applicability is limited to only 11.2 GHz and 20.0 

 

The model stated as dual slope due to coherent and 

noncoherent components where naturally multipath 
components are having higher slope with greater loss than 

direct rays. This appears in graph down 

B. Dual Gradient ( DG ) 

In addition to geometry measurements, the illumination 

level of vegetation has been added to calculation of NZG to 
form Dual gradient . 

 

This parametric equation has some shortcomings and 

inaccuracies in its formulation; in particular the inverse 
relationship between attenuation and frequency implies a 

decrease in attenuation as frequency increases [5]. This 

appears to contradict the behavior of signals propagated 
through vegetation where the rate of attenuation increases as 

distance is increased. 

 

C. Alborg University model 

In [23] a comprehensive model has been invented. The new 
derived model operated in 24 GHz. In fig (1) transmitter and 

receivers have been placed in above average tree level and 
near ground consequently in an area located in amazon region 

where average tree height of vegetation area 9 m, tree 
canopies (3-13) m and leafs size 15 cm. the readings have been 

taken in at end of rainy season in dry condition when trees are 
in leaf state. With a full circle in Azimuth and 20° separation in 

elevation, it’s found that there was 5 (SCM) spatial 

components multipath for each pair of TX-Rx. 20 ° between 
coherent components and none coherent ones. 

Figure.1. the scenario, measurements positions and geometry 

Mm-waves suffer from the fact that fixed obstacles as tree 

trunk can cause blockage of Fresnel clearance zone. The Path 
loss found to be 170 dB for vertical polarized antennas. The 

abovementioned eleven positions have direct components 

and by performing directional analysis we can obtain strongest 
power component (P max) and the beam combining gain 

(BCG). The result is in the equations describe the diversity gain 
and BCG 

 

Here, is where the excess term comes to appear. The 
attenuation due to vegetation can be calculated as a difference 

GHz. The form is  

The parameters given in the below table  
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between calibrated path loss, i.e. the LOS component and 

other power components which spatially distributed and 

estimated 

[24]. 

The importance of such propagation comes from the fact 
that the loss is dB/m i.e. the effect of trees appears in short 

range. Also it is valid for single of trees or even matrix of it. And 

it is operating in a wide range of frequencies apart from 24 GHz 
of testing which recorded 3.8 dB/m clutter attenuation. In 

other attention, the report showed that for single tree, 19.9 
dB/tree that calculated and compared to previous efforts as 

mentioned inside literature [23]. The directional analysis of 
same report assert on the strongest component and the first 

three combined strongest components as key subject to 

determine diversity gain and beam combining gain. However, 
they showed losses of 2.9 and 2.6 dB/m. 

VI. COMPARISONS BETWEEN VEGETATIVE MM-WAVES MODELS 

Table (1) showed chronically organized old models that also 

have the opportunity to work in mm- wave. Alborg university 

model has been calculated in 24 GHz which is applicable for all 
stated models. But the prediction and results of mathematical 

functions are quite different. According to [23] Wissberger, 
COST35 and FITUR are well presented in short vegetation 

depth with an average of root mean square RMSE at 13.3, 11.7 
and 6.9 dB respectively. The values of geometrical TX-Rx 

separation (P direct), strongest components (P max) and the 

combined power sample resulting from non-coherent addition 
of the strongest components (P comb) are massively 

comparison tool among proposed propagation models. 
Consequently, the measures show Cost-235 is better in term of 

diversity gain and beams combining than either compares 
models. RMSE also showed that cost is the best as the gain is 

high. Weissberger showed weaknesses in multipath that is not 
attend in others since has the biggest loss in diversity gain and 

beamforming. But Alborg model is literally is compare less 

regarding other models with 7 dB diversity gain and (2.6 – 3.8 
dB) clutter inside vegetated area. Figure (2) the plotting of loss 

showed that for short distance the FITU-R 

 

VII. CONCLUSION 

The paper discussed a comprehensive overview of efforts 

exerted on studying the effect of forest and clutters on 
transmitted electromagnetic waves through sphere. the wave-

front is severely disturbed by textures of tree.the historical 
overview and the different parameters that included in an 

empirical calculation of loss due to vegetation as an either an 
excess loss in addition to free space loss or more functions 

included. the detailed actions of what specifically happening 
and other types of modeling such as ray tracing , ..etc along 

with back-scattering impacts are left for further deep 

investigations of physical aspects of the wave-front and 
characteristics of propagation’s environment 

 

 

more stable than others.  
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