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Abstract. The article presents a possibility of applying the techniques
specific to the drones (UAV) in order to estimate the efficiency, and
optimize the windbreaks (vegetative barriers, forest curtains).In the first part
the article presents a variant of determination of the dynamic and optical
porosities of forest protection curtains using one or two drones
simultaneously. In the second part, ascertaining some language inaccuracies,
it observes that the issue of the efficiency of the forest curtains became a
problem of mitigation of wind intensity. Finally, the last proposed
application shows that using the drones, you can estimate the protected
volumes behind the curtains, basically giving up the optical porosity. In
order to achieve these applications, there is an essential condition: records
of the magnitude of the wind speed and of the coordinates must not be
excessively affected by the wind.

1 Introduction

The definition of the windbreak will be accepted after [1] or [2] (row of trees or a fence, wall,
or screen, which provides shelter or protection from the wind). Synonymous terms, as used
in this article, are vegetative barriers (usually formed by high herbs) or forest curtains or
shelterbelt. We will not detail the definition of the windbreak, but will take over the definition
and we will summarize the information from [2]. A windbreak (shelterbelt) is a planting
usually made up of one or more rows of trees or shrubs planted in such a manner as to provide
shelter from the wind and to protect soil from erosion. Other benefits include contributing to
a microclimate around crops, providing habitat for wildlife, and, in some regions, providing
wood if the trees are harvested, [4]. The importance of vegetal barriers is also highlighted in
the case of the protection of communication ways, [5].

We followed the path described by the authors [3] until to the method of obtaining the
experimental data. Vegetative barrier effectiveness is commonly measured by its sheltering
efficiency leeward of the barrier via reduced wind speed, [3].The aerodynamic () and the
optical (f,,) porosities of the vegetative barrier are defined in [3]. The aerodynamic porosity

is defined by the formula:
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where H is the height of the barrier, in m, ¥ is the leeward wind speed (bleed wind speed), in
m s, and v, is the mean windward wind speed, in m s™'. The optical porosity is defined by
the formula, [3]:

__ (Background area)

B = Gotatareay @
According to [3], the background area (representing gaps outside the area occupied by the
tree including leaves, branches, stems, and trunk), is obtained from image analysis of
digitized photographs. Although S, is convenient to use because it does not require wind
measurement, a relationship between a, and f, is necessary, especially for deciduous trees
that experience porosity variations throughout the year, as it is specified in [3].
Specific objectives of the study from article [3], were to: determine optical porosity using
image analysis, determine aerodynamic porosity and drag coefficients during leaf-on and
leaf-off conditions using wind profile measurements, and measure the effects of vegetative
barrier leaf condition on wind speed reduction.
This article proposes a new approach, with new tools and concepts, for the same problem of
forest curtains. Using the drones to measure parameters and more accurately defining a
wind-dampening factor were the main objectives of this study.

2 Material and methods

For the data acquisition experiments, as in [3], it is primarily necessary to have an area
containing vegetal barriers, with the properties required in [3]. At the beginning of the
proposed activity, it is advisable to take into account the indications from [3], the site must
be chosen based on the following criteria: (a) flat terrain to avoid topographical effects on
wind speed patterns close to the vegetative barrier; (b) absence of obstructions such as
buildings near the vicinity to avoid adverse effects on wind speed patterns along the
vegetative barriers; (c) similar vegetation height on both sides of the vegetative barrier to
maintain constant surface roughness; and (d) minimum length : height ratio of 10:1 to avoid
edge and vortex effects at the ends of the vegetative barrier.

The description of the geographic areas chosen for experimentation, the climatic conditions
and the vegetation type will be made when the experiments will be performed and the results
will be presented, as in [3].

2.1 Wind Profiles

This is the first step of the method, which will be different from [3]. To determine the wind
speed profiles, the authors [3] used two towers on which they placed several anemometers.
In the experiences which are proposed in this article, one or more drones will be used. For
measuring wind speed, drones (UAVs) will be equipped with anemometric sensors. These
sensors will measure the speed and direction of the wind. Such sensors, for drone, exist in
commerce, for example [6], [7], [8] and [9].

2.2 Porosity determination and vegetative barrier drag coefficient

To determine optical porosity, the same methods as [3] can be used, but using images
obtained with a proper camera, installed on the drone (UAV). The linear force density along
the forest curtain and the drag coefficient, can be calculated according to formula (3) and (4)
from [3], neglecting the atmospheric pressure in the two parts of the curtain:
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2.3 Meteorological data and data analysis

As in [2], one meteorological station will be used on board each of the drones used. These
stations will record: atmospheric temperature, humidity and pressure. All parameters will be
reported to the geographic coordinates. In this paper, we are only predicting the structure of
the data because we have not yet done such experiments with drones in the vicinity of the
windbreaks. The data recorded during the flight of the drones in the neighbourhood of the
windbreaks will contain the following parameters:

Table 1. Parameters to be recorded in each flight plan location.

No. Data Parameters Notation  Units
1 Geographic Latitude A degree
Coordinates Longitude 0 degree
Altitude h m
Local abscissa X m
Local coordinate y m
2 Meteorological data Atmospheric temperature T Celsius degree
Atmospheric pressure P Pa
Humidity in the atmosphere u %
Average® wind speed v ms’!
Direction of the maximum wind v grade
speed
3 Photographic images Windbreaks images If -
4 Local time t Hours, min,
sec

All data from the Table 1 will be recorded simultaneously in the designated data acquisition
locations.

2.4 Setting up the drones route and storing data

To make the experiments as effective as possible, it's a good idea to set the drones' route
before the start of the experiments. Also, the data sampling locations will be pointed out. The
software will specify the sampling points of the data that will be automatically stored. An
equidistant point network is recommended at varying distances (0.5 to 30 times the
windbreak height of the longitudinal axis of the windbreak and at set heights up to 0 to 6
times the height of the windbreak). The record list will take the form:

{/11', ei, hi’ Ti’pi’ ui, UL', VL', Ifli ti},i = 1, ,N (4)

where N is the number of recordings made. The geographic coordinate array can be converted
to local Cartesian coordinates using the national coordinate system (e.g. STEREO70 or
WGS84). Is obtain the next string: {x;,v;,z;, T, pi, wi, vy, Vi, Ifi, ti}; i =1, ..., N, and the
conversion errors are negligible for the purposes (assuming z; = h;).

Therefore, in the data processing process, the following points of the fields (time-space
dependent parameters) are obtained: maximum speed {v;, v;, 4;,0;, h;, t;};i = 1, ..., N, or in

T When is working with a special anemometer (e.g. multi-parametric sonic anemometer, [9], [17], one
can measure the three components of the wind velocity at a given time.
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Cartesian coordinates {v;, v;, x;, y;, Z;, t;}; i = 1, ..., N, and the pressure, {p;, 4;, 0;, h;, t;}; i =
1,..,N and in Cartesian coordinates {pi,xi,yi,zi, ti};i =1,..,N and similarly for the
humidity and atmospheric temperature field, but these fields do not directly interest in the
first stage of calculation. There is also an important field of computation, namely that of the
photographic images, which are processed, and generates, according to formula (2), a field
of optical porosity (variable in space and time): {B;x;, i, z;, t;};i = 1,..., N is generated.
Operating with two drones simultaneously and collecting the data, on the each part of the
forest curtain, in symmetrical network points in report to the axis of the windbreak, the next
vectors of data will be obtained:

{Aﬂiv HOi' hOi' TOi' Poi» Uoir Voir Vois IfOi' tOi}: i= 1! S N (5)

for the semi-space in which the wind enters the windbreaks and (4) for the semi-space where
the wind comes out of the windbreaks. In this case, using the formula (1), and eventually a
process of interpolation of the maximum speed field, an aerodynamic porosity field is
obtained. Next, this field is averaged in a volume area given on the each side of the
windbreaks. It can also proceed by calculating the average velocity and then directly
calculating the aerodynamic porosity (1).

When working with at least two drones at the same time, each of them on different part of
the forest curtain in the vectors (4) and (12) will be satisfied (by the working mode, or even
by interpolation), the equality: t; = ty;. If the work is not done with two drones
simultaneously, but only one, then you have to use the hypothesis that the wind has not
undergone significant direction and intensity changes during the data collection process
(which is physically unlikely in many cases).

2.5 Data processing

Data stored in the forms (4) and (5) can be processed to obtain aerodynamic and optical
porosities. Data processing can be done in the same way as in [3], but it can also be used in
a more complex way to processing. This option will briefly describes in order to be prepared
for then when the data will be available.

Data is collected in the form (4) or (4) and (5) and then, by interpolation, the next
functions will be obtained: v, vy, u, ug, v, vy, p, Po, T, Ty in geographic or, in local Cartesian
coordinates, x,y, z, t.

Using the definitions of the wind velocity field (vector) can be defined in this way:

v(t) = v (D1 + v, O, + v,(O)1, (6)

atmospheric pressure and temperature being scalar fields. The direction of maximum wind
speed is established using the wind speed in Cartesian coordinates. The wind speed fields
from the front and behind the windbreak has to be inserted as:

Vwx = Vx(x'y'Z' t)'va = wa(x'y'z' t)vvwz = sz(x'y'z' t) ,fOTy > €
Vi = 0 (%,Y,2,0), v, = vy(x,¥,2,0), v, = v,(x,y,2,t), fory < —¢ @)

and in the same manner, for the other parameters: u,,, p,,, T, U;, p;, T;, where ¢ is a constant
of the windbreak, equal to, for example, the distance at which the drone can safely approach
the curtain axis (due to the crown of the trees). The constant ¢is also the limit of approach of
the drones to the axis of the windbreak, so that the parameters fields will not measure in the
intense turbulence area. The temporal mean of the physical parameters from (7), over a given
time interval of length @, is defined by (8):
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Dy = %foe ve(x,y,2,t)dt,y € [e,nH] (8)

and in the same manner for the other parameters, see [18]. Similarly, spatial average is
defined by integrating the physical fields involved in the process, on the considered
atmospheric volumes, using the triple integral, see [18].

2.6 Aerodynamic porosity

Dynamic porosity, as defined in [3], and in this paper in (1), is interpretable. The two speeds
involved in the calculation formula (1), are defined as average speeds, but a way to calculate
these mean values is not defined. Wind speed is a vector field that depends on the temporal
variable and has three components, (15).Be:

v = Jvi+vi+v7? 9

the intensity of wind speed. Be 6 the angle between the Ox axis and the projection of the
vector velocity on the plane xOy, and f the angle between the wind speed vector, and its
projection on the plane xOy. Using these notations, the components of the velocity vector can
be written as:

vy =vcosfcosB,v, =vcosfsing,v, =vsinp (10)

The system of equations (10) connects the two manners to give the wind velocity vector: by
coordinates, respectively, by velocity and angular coordinates (polar coordinates).
Expressing the intensity of the velocity, as a function of the angular polar coordinates, and
by annulling the derivatives, the directions of maximum wind intensity is obtained:

Vz

0 = arctg =, = arctg ,HE[—E,E],,BE[O,TL’]. (11)
Vy v)%_H])z/ 2°2

Therefore, using the relations (11), it is possible to switch from the wind sensor information
that gives the velocity vector through the Cartesian components to the information that gives
the velocity vector through the maximum speed value. Next, the problem that needs to be
clarified is that of estimating the effect of attenuation of the wind intensity produced by the
forest curtains. Since the average velocity value can be done in time and space, a calculation
method applicable to the wind speed field must be established both in front and behind the
protection curtain and for any type of protection (having the axis, line right or curve, right
line on portions, single tree line or more, possibly from several species). For example, we the
average time speed of the wind can be defined, like in [10]:

v=v(xyzt) = %ftHTv(x,y,z, t)dt,T >0 (12)

If the estimation of efficiency is done on a finite length of the forest curtain, then, for the
calculus of the aerodynamic porosity, the average spatial value of the temporal mean value
can be proposed:

— 1 L ¢h (H _
7 = Toon I IS, vy, 2, t) dx dydz (13)
and in the same manner, with changing of the integral limits after Oy axis for the volume in
front of the windbreak. Thus, a measure of the aerodynamic porosity of the windbreak can
be defined:
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a=-=2 (14)

The ratio (14) is rather a measure of the wind intensity attenuation by the forest curtain.
Conventionally we admit that this ratio can be a measure of the dynamic porosity of the forest
curtain. In terms of spatial mediation, it should be noted that the mean values (13) are
calculated on parallelepiped volumes only when studying areas of small length of a
windbreak. In the case of estimating the efficiency of a windbreak over its entire length, the
average velocity in front of the windbreak can maintain formula (13), but for the average
velocity behind the windbreak, the integration volume changes, being less than that
considered in the above considerations. In order to understand the volume delimitation mode
on which the average wind speed value is calculated behind the windbreak, the readers are
sent to [11].

2.7 Mode of operation in the field

According to the issues problems discussed from [3], the working process of the drones
should aim at measuring the aerodynamic porosity and the optical porosity of the windbreaks.
The working process may only include determining the wind speed field if the objective is to
calculate the efficiency, and the optical porosity estimation is not necessary. By computing,
as in other trials, a relationship will be established between these two porosities. The
relationship between the two porosities may depend on the season, see [ 18], wind speed, type
of the trees, atmospheric humidity. These dependencies can only be determined by repeated
measurements under different environmental conditions. To make accurate measurements, it
is recommended to operate with two drones, each doing the same type of measurements
simultaneously, on different parts of the windbreak.

{ windward wind speed

Fig. 1 The schema of the process of estimating the efficiency of a windbreak, using two drones
simultaneously.

When working with two drones, one on each side of the forest curtain, they will sweep the
chosen test volumes: [0,L] X [g,h] X [1.5,2H], in the front of the windbreak,
respectively[0, L] X [—h, —€] X [1.5,2H], behind the forest curtain, see Figure 1. Lower and
upper vertical limits are conventionally chosen by the operator team to cover the area of
interest. Also, the constant ¢, will be chosen so that no measurements are made in the area of
intense turbulence near the windbreak. Depending on the experimental availability, the depth
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of the domain, %, can be chosen up to 10H - 20H, [3]. The mode of operation of each of the
two drones consists in stabilizing it in a measuring location for a minimum time interval to
achieve wind speed recording and mediation. The following data vector is recorded in each
measuring position:

(i, Yir 20, Dy Dyiy Dy £y, I (15)

where z; > ¢ for the drone which is working in front of the windbreak, respectively z; < —e,
for the drones which working behind the windbreak. The symbol Im; is the image taken by
the video camera of the drone, at the record with the index i.

If you are only interested in the intensity of the wind and possibly the direction of maximum
intensity, you can move from the data structure (9) to the data structure (10):

(xivyiizivﬁi' Q_iv ﬁ_iv tirlmi) (16)

using the Cartesian transformation and the formulas, (10), (11). The index i, varies from 1 to
Ng, in front of the windbreak and from 1 to N}, behind the windbreak. The average wind speed
values, which appear in (15) and (16) are calculated using the formula:

By = TN I (), 0=t < £, < < tyuy =T (17)
where v;; , is the speed recorded in the location i at the time t;. If the recording time step at
each location is constant, then the average (17) becomes the arithmetic average. For the other
average data components measured, the formulas are similar, see [18].

In order to make a correct evaluation of the dynamic porosity, the reference speeds (6) - (7),
averaged in relation to the spatial coordinates and thus located in the centre of the considered
parallelepiped volume, should be reported. We can accept the hypothesis that in front of the
forest curtain, the wind has small variations in relation to those behind the windbreak, so that
it will be considered Ny << N,,. This means that the fluctuations in relation to the spatial
coordinates are small in front of the windbreak in relation to the fluctuations of the wind
speed behind the windbreak, without a narrow zone located along the forest curtain. For a
first approximation of spatial mediation, one can consider the following arithmetic averages:
_ 2w

s
~ i~
r =S =T (18)

the first sum contain all the temporal average values of the maximum wind speed measured
by the drones sensors in the front of the windbreak, and the second sum containing all time-
averaged speeds determined by the drones behind the windbreak. A more precise variant of
the spatial average can be obtained if there is availability of a drone's action plan, so that the
spatial volumes in front and behind the windbreaks include at least 27 measurement points,
in Cartesian network in each volume. In this case, the formulas (13), approximated by
Riemann sums, according to the theory of the triple integral, for example [12], can be used
for spatial average. Another possible option for spatial average of the wind speed calculus is
the polynomial interpolation of experimental data, or other type of interpolation of temporal-
span speeds, followed by the analytical exact calculus, using the formula (13).

3 Effectiveness of forest curtains - a mitigation problem

Since, generally, behind the windbreak, at a certain distance and height, the wind speed
returns to the value of the one before the windbreak, the measure (14) of the forest curtain
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efficiency, cannot be correct unless it specifies the distance and the height at which it is made
determining the wind speed behind the windbreak. The efficiency of the windbreaks can also
be thought in other terms. In the design of vegetal barriers, the optimal height of their
operation and the maximum limit of the attenuated speed, depending on the objective or the
protected objectives, are specified, [5], [13].

In [14] there are results on the wind intensity behind the forest curtain at different distances
and heights. Using Figure 6 from [14], we obtained data required to be able to estimate the
distribution of wind intensity and to set a criterion for the efficiency of the barrier. To express
the effectiveness of the forest curtain as a non-dimensional parameter, it is possible to divide
the measured efficiency by the wind velocity return distance to the average value in front of
the forest curtain, through the height of the curtain. We obtain the expression of a
dimensionless efficiency, which can also be expressed in percentages: f,(h) = §(h)/H in
which the distance d(%), is the one at which the wind intensity, behind the windbreak, at
height / (to the ground), is equal to the average wind speed in front of the forest curtain.
Conventionally, § can be a distance to the windbreak, for which the average speed behind
the windbreak reaches the average value from the front of the same windbreak (or a fraction
thereof) at any height, h, § = §(h) = kH. In this case, obviously, f, = k.

Another way of defining the factor of attenuation of the wind intensity for a forest curtain is
inspired by the graphical representation of the wind speed increase behind the windbreak
[14]. It is possible to define the attenuation factor of the forest curtain, starting from the wind
velocity distribution behind the curtain, in relation to the intensity of the wind speed in front
of the curtain (considered as a mean constant value over time, but depending on spatial
coordinates). Either the velocity field behind the curtain (Figure 1):

vy, = v,(x,y,2),y < —¢&, (19)

It is considered a narrow section of the forest curtain so that the intensity variation (31) is
negligible in relation to the variable across the windbreak, x (Figure 1). The above
considerations also lead to more complex ways of defining the wind speed attenuation by a
windbreak. Suppose, for example, using a drone, the time-averaged speed, more precisely
the mean time value of the vector wind velocity is measured at some points behind the curtain.
Because there aren’t any own experimental data, the experimental data displayed as graphics
is taken from [15]. Using the data published in [15] for an orange windbreak for an average
wind speed in front of the 7 m/s barrier and an average barrier height 8.2 m, some estimation
of the wind speed distribution behind the windbreak can be obtained.

Using the experimental information from [15], a distribution of the velocity field can
be given in a plane section perpendicular to the axis or line of the forest curtain. Distribution
can be obtained by interpolation. Such a distribution can be obtained by collecting the
intensity of the wind speed in several locations behind the forest curtain. Using a wind
distribution map, we can formulate different type of estimators of mitigate of wind intensity
in the presence of a windbreak. The attenuation factor is defined as the ratio between the area
of the field in which the velocity is less than the given speed and the total area of the same
domain. If the maximum allowable speed is defined as a percentage of the average wind
speed in front of the windbreak, then the maximum allowable speed is: v, = k,vy. Maps of
the velocity distribution in the atmospheric spaces in front and behind the vegetal barrier, can
also be obtained by numerical simulation, see [18]. For comparison with the maps given in
[18], [16] can be consulted, for example.

Starting from the surface definition of a plan area using Darboux sums, we calculate the area
of the domain where the wind speed is below the maximum allowable speed:
ny—1

Ay =3 B2 s — ¥ (2101 — 2)0(wi ) (20)
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where:
1, lf Wi,j < kavf
Q(Wi,j) = {0’ if w, > kavf (21)
In (20) and (21),
wi; = (X% ¥1,2), i=0,..,n,,j=0,..,n, (22)

The coordinate along the windbreak line, x;, is fixed, and {(yi)iﬂmny} , {(Zf)j=1 N }, are

meshing of the edges of the volume considered, along the Oy axis, respectively Oz. The
function v from (22) is obtained by interpolation from data collected by the drone. For the
total area of the domain the dimensions of the rectangle can be directly used, or the formula:

ny—1

Ar =32 B i — ¥ (241 — 7)) (23)

With these data, the attenuation factor will have the expression: f, = A, /Ar. For the
dimensions of the section by 10 x 300 m and the characteristics of the case exposed in [15],
taking k, = 0.95, f, = 0.679 is obtained. It can be seen that this attenuation factor depends
on the length of the domain considered and its height. It also depends on the state of the
crown of the windbreak and its type. In the formula (20), factors that take into account the
sizes of the field used for agricultural crops can be introduced. For example, if the calculation
is limited to a distance of 200 m behind the windbreak, the attenuation factor increases to
0.757. The limitation can also be made in height. The statement that the agricultural crop
behind the windbreak needs protection up to a height of 3 m has been supposed. In this case
the domain is restricted to this height (we keep the domain length is kept at 200 m), and,
perhaps contrary to the expectations, the attenuation factor is lower than in the previous case,
its value being 0.683. The explanation for this result can be found in the structure of the
windbreak in the area of the stems, where, among the trunks of the trees, a wind of less
attenuated intensity enters. In the case of complex windbreaks with double or triple rows of
trees, obviously the situation will change.

4 Conclusions

The applications of the drones in the field of agricultural curtains aim at the following
problems:

Al) General inspection of protection curtains for proper maintenance;

A2) Estimating the effectiveness of protection curtains according to the season and the type
of vegetation used;

A3) Surveillance of the effect of forest protection curtains on protected crops (the effect of
uneven baking in the vicinity of the curtain, harvest losses, humidity, exposure to light and
temperature, etc.);

A4) Research activities on the relationship between optical porosity and dynamic porosity,
depending on the type of vegetation used, the wind speed, the season, the vegetation response
to some pest attacks.

For more details, see the source [18].
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