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Abstract

The article is devoted to the topic of current interest, namely the selection of unmanned aerial vehicle (UAV) to perform
the task of a prior evaluation of image quality. The article analyzes the current condition of UAVs development and the
range of tasks that are assigned to them. It is emphasized that the main task of a UAV at the present stage is aerial
photography, the result of which is obtained images of the Earth's underlying terrain in a target area. The basic
approaches to the aerial photography quality evaluation were considered. Their advantages and disadvantages were
highlighted. The main quality performance criteria of photography by means of UAV were introduced, the most
relevant ones were picked out for the task accomplishment. The evaluation of the aerial photography quality by using
UAVs is presented as a multi-criteria decision-making task. The modern approaches to optimization of multicriteria
solutions were reviewed and there was introduced an acceptable optimization model, with the help of which it became
possible to automate the selection of UAV type for the assigned task. The main obtained results were analyzed and the
steps of future research for solving the given tasks were developed.

Keywords: unmanned aerial vehicle; quality performance criteria for assigned tasks accomplishment; multicriteria;

decision theory
1. Introduction

The Class I UAVs are most commonly aimed for
aerial surveillance and reconnaissance of areas
(distinct sites). The main results of these tasks
accomplishment are images. Thus, the result of
decoding images obtained by using UAVs is the
background for successful completion of the tasks.

Currently, the planning of UAVs use is carried
out without considering the required quality of the
received images, which can result in obtainment of
uninformative images and failure to complete the
tasks. Therefore, the objective of selecting UAVs to
perform the assigned tasks by the prior evaluationn
of the images quality is relevant.

2. Analysis of the research and publications

Many scientific papers of foreign and domestic
scientists were devoted to the issues of evaluating
the efficiency of using UAVs and the methods and
techniques of selecting UAVs for performing
various functional tasks.

Thus, the issues of evaluation of the obtained
images quality are discussed in detail in reference [1].
It analyzes the main characteristics of the received
images and various approaches to improve the

quality of these images. Nevertheless, reference [1]
considers the approaches approved for space
photography, but there is no analysis to specify the
process of obtaining images when carrying out
photography using UAV. Reference [2] studies the
issue of the effect of contrast on image quality,
whereas reference [3] is devoted to the problem of
determining the viewing area to perform photo
shooting. Still these publications did not address the
issue of aerial photography using UAVs.

The features of the obtained images decoding are
considered in reference [4], but at the same time the
possibilities of selecting the UAV which is
expedient to be used for the fulfillment of the
particular tasks under given photography conditions
are not taken into account. Reference [5] is devoted
to the process of planning the UAVs application and
the analysis of key criteria that affect the quality of
task performance using UAVs. Reference [6]
discusses in detail the requirements for image
quality and appropriate resolution to perform the
tasks.

In references [7,8] the general concepts of
decision-making  system and  multi-purpose
optimization are investigated. Common approaches
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to addressing these issues are analyzed. References
[9-11] are devoted to multicriteria problems and
models of multicriteria optimization. In [12] the
main known approaches to minimizing vector
performance criteria are discussed in detail. Their
disadvantages and advantages are distinguished
depending on the value of criteria and their quantity.

Article [13] deals with how to obtain a
generalized criterion. This paper also discusses in
detail the multiplicative convolution and its
advantages and disadvantages compared to other
approaches. In [14] the possibilities of applying a
nonlinear compromises scheme and its advantages
over other known methods are considered in detail.

At the same time, the aforementioned references
did not pay sufficient attention to the aerial photo
shooting using UAV. The problem of choosing
UAVs to improve the quality of the obtained image
and the application of multicriteria optimization to
select UAVs to fulfill the tasks were not considered.
Thus, we can conclude that the issue of UAVs
selection for the fulfillment of the assigned
objectives by the prior evaluation of the image
quality is relevant.

The purpose of the article is to develop a method
for selecting UAVs based on the prior evaluation of
the obtained images, which will ensure the
performance of the flight task and sufficient quality
of the obtained images for their further decoding.

3. Problem statement

Suppose we have N types of UAVs that can be used
to complete the tasks. Each of these UAVs has the
predetermined criteria for flight task performance,
where R stands for resolution, P, — for probability

rec

of object recognition in the image, H, — for altitude,
and S, stands for frame area.

It is necessary to define a generalized criterion
for each of ¥; UAVs that will satisfy the following
conditions:

R — min,
P, — max,

(M

Y(R,P,,H,S, )=
l( rec fl k) Hﬂ—)max,

S, = max.

Taking into account expression 1, it is necessary
to evaluate the ratio of the required resolution for the
task completion (by Johnson criterion) and the
resolution of i UAV which is

R,.:R(minY,.(R,P ,H/,,Sk)). Based on this, it is

rec

necessary to select the UAV implementing the result
of the obtained evaluation.

4. Program structure and calculation results

When performing a UAV survey, it is very
important to get an image of acceptable quality that
will ensure proper decoding. After all, the work of a
photo interpreter is significantly dependent on the
quality of images and the ability to decode them.
The process of decoding images can be represented
in the form of the algorithm, which is shown in
Fig. 1.
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Fig. 1. Image decoding algorithm

As we can see in Fig. 1 the main steps in the
process of decoding images obtained by using UAV's
are the detection of objects in the image (block 4),
their recognition (block 6) and location finding
(block 7). Therefore, the quality of the obtained
images plays a significant role for decoding them.

To solve the problems with the use of UAVs, let
us determine the main criteria that will affect the
quality of the images received and the quality of the
tasks accomplishment. These criteria are supposed to
find: photo shooting height, image resolution, image
recognition probability, and coverage area (frame
area).

The introduced method for selecting UAVs is
based on regarding certain criteria and finding an
alternative compromise solution and includes the
following 5 steps.

For step 1 we need to calculate resolution of the
image R and its contrast K under the given
conditions. The resolution depends on photo
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shooting height #,, focal length of payload f,

linear size of payload matrix /,,, number of pixels
along the of payload matrix n, and deflection angle
of the optical axis from nadir & that is calculated by
the expression [1]:
R= ﬂ
n-f cos®’ (2)
The contrast of the image depends on brightness
of the object background M, and surface brightness
M, that is calculated by the expression [6]:
— MO _Ms
M, +M, 3)
During stage 2 the probability of recognizing the
object of the image is calculated. It depends on
resolution of UAV payload R, required resolution

R,, and contrast K, that is determined by the
expression [6]:

Ina _[5]‘
1K) | R

log| —— 0
g(l—Kj v

4)

After that, using expressions (2-4), the altitude of
the flight is determined considering contrast K,
recognition probability P_, image resolution R,

rec

P _=e

rec

and required resolution Ry :

log(HKj
oo 1-K .Zn(Pm)‘[f'RO-cosﬁ-nJ' 5

na [

m

Then we should calculate the frame area, which
depends on height of photo shooting #,,, , viewing

angle of photo equipment y, and deflection angle of
optical axis from nadir € during photo shooting

using UAV [3]:
2-H, ~tg(%)

cos 0

2

S = (6)

Step 3 of the introduced method is the choice of
optimization scheme. Therefore, after calculating the
suggested partial criteria, it is necessary to determine
a generalized criterion that will reflect the
compromise decision regarding the task of the flight.
To proceed with the work, we will use decision
theory.

The selection of the optimality principle is a
decisive step in solving multicriteria decision-
making problems. Taking into account the studies
described in [1,12], the choice of a compromise

scheme includes the following steps: determining
the area of compromise, selecting the scheme of
compromises, and normalizing the partial criteria
with regard to their priorities.

Determining the area of compromise. In vector
optimization problems, contradictions between the
defined criteria can occur. Though, the area of
permissible solutions is divided into two parts: the
area of agreement and the area of compromises
(Pareto area). In the area of compromises, there are
contradictions between the criteria: in order to
improve the quality of the solution by some criteria,
it is necessary to calculate the quality loss by the
other ones (at least by one). The optimal solution
can only belong to the area of compromise.

Selecting the scheme of compromises. The
selection of one or another principle of optimality
transforms the vector problem of decision making to
the scalar (scalarization of the problem) one.
Multicriteria optimization methods allow us to
effectively solve problems of a quite wide class [12].

Normalizing the partial criteria with regard to
their priorities. As a rule, partial optimization
criteria have different physical nature, and therefore
different physical dimensions. In addition, one part
of them can be maximized and the other one can be
minimized. Thus, along with normalization, the
problem of bringing them to the only way of
extremization often arises. Also, partial criteria are
usually of different value. This should be taken into
account when choosing the optimal solution, giving
preference to more important criteria.

According to the results of analysis and
consideration of the specificity of the assigned tasks,
a nonlinear scheme of compromises was chosen for
further work [11,12]. It is a scalar criterion of a
special kind in which the partial criteria are reduced.
Unlike other approaches, a nonlinear compromise
scheme allows us to find a solution that cannot be
improved (i.e. it is optimal by Pareto area) but it is a
unimodal (i.e. single) solution.

The following step is a normalizing of the criteria
to bring their value to the same form using the
normalizing on the basis of stimulants (criteria that
are maximized) and destimulants (criteria that are
minimized):

M — Rm”i M rec
R — 4 P, — 4
R B ()
Hﬂ Sk

HHﬂ ZHWZw ’ Msk = S;{W
J
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There was performed the modeling how the
normalized criteria depend on height in the
MathCAD software environment (Fig. 2) for the
given conditions:

1) The selected type of UAV - PD-1;

2) payload - Sony Alpha 7R camera;

3) contrast K =0,75;

4) photo shooting is carried out in nadir 6=0;
5) the height varies from 0 to 2300 meters.

1 1
0 1000 2000

ho 2300
1 1

Fig. 2. The results of normalized criteria modeling

The modeling results reflect the existing
intersection area, which is the optimal solution for
the task.

Step 4 is the calculation of the generalized
criterion for the selected nonlinear scheme of
compromises in terms of equality of weighting
factors:

Ap=hp =h, =hg =0,25, )

. -1
V{2t {1t 40 {1 )+

-1 -1
11ty )+ (1o )
The result of modeling the behavior of a certain
generalized criterion with the increasing height in

the MathCAD software environment is presented in
Fig. 3.
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Fig. 3. The results of generalized criterion modeling

Step 5 is to evaluate the results. To do this, we
will define the minimum value of the generalized
criterion and the resolution value corresponding to
the given generalized criterion:

Y (hpop)=min¥; (h;,p; ) (10)

Ri:R<)7i(7w>Hi)) : (11

To evaluate the results obtained, it is necessary to
compare the obtained resolution with the required
resolution (in accordance with the tasks assigned to a
photo interpreter). To determine the required
resolution, it is preferable to select the Johnson
criterion [13]. This criterion determines the resolution
requirements based on the specifics of the task (object
detection, recognition, or identification) and the
geometric dimensions of the aerial object. Table lists
the resolution criteria for each of the requirements and
provides the required probability of completing the
task.

i=Ln ,

Table
The Resolution Requirements for Targeted
Intelligence Equipment by Johnson Criterion

Resolution requirements R0,
. m/pixel
Object Crl.tlcal : :
object Identification
type . Detec-
Size, m tion Descrip- [Technical
Type tion | analysis

Human 0,6 0,13 0,11 0,04 0,02
Motor | (g), 032 | 021 | 01 | 006
veficle

Truck 2,5 04 | 031 | 016 | 0,09
transport

House 3,5 0,7 0,55 0,19 0,1

Wareh
arenous) -y 08 | 062 | 022 | 012
es

Large 4 08 | 062 | 022 | 0,12
building ’ ’ ’ ’
Aircraft 4,5 0,9 0,68 0,28 0,15
Bridge 6 1,2 0,98 0,34 0,21
A

trport 6 12 | 098 | 034 | 021

facility

Thus, it is necessary to determine the ratio of
the required resolution to perform the task
(according to Table) and the calculated resolution
according to the value of the generalized criterion:

Ry if £€>1, result positive,
= ~ =
& A[ (Yl VnTY )) if £<1, result negative (12)



24 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2020. N2(83): 20-26

Expression (12) enables us to make conclusions
as for the possibilities of the tasks accomplishment
by means of one or another type of the available
UAVs.

For example, the calculation was made for the
following conditions:

a) three types of UAVs are available - "Leleka-
100", "Furia-A1C", "PD-1";

b) the task is to identify the object "person" by
type;

¢) photo shooting conditions — day time, clear
weather.

The calculations having been made and the
modeling of the obtained results in the MathCAD
software environment showed the following values
of the generalized criteria, which are presented in
Fig. 4:
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Fig. 4. The results of generalized criterion modeling
for different UAVs

After processing the values of the generalized
criterion, the following results were obtained:

_R ~ _

S = %1(Y1(7¥1,H1)) 07
_R ~ _
“2= %2(}’21'(7»2,“2)) L7
_R ~ _
S %3(Y3(7\'3s“3i)) b

Thereby, it can be concluded that it is
advisable to use only type 2 and type 3 of UAVs
(“Furia-A1C” and “PD-1”), since type 1 will not
provide the required quality of photography.
Therefore, the UAV operator (a unit
commander) will be able to choose the
necessary UAV, which will ensure the

(13)

maximum probability and accuracy of the
assigned task completion, regarding objective
factors (technical status of the available UAVs,
readiness of personnel, uniformity of use of
UAV technical resources, etc.).

6. Conclusions

The article introduces a method of selecting
UAVs based on a prior image evaluation. The
criteria to have been chosen for calculations are
identified. The use of a nonlinear compromise
scheme for further studies is justified. The
results obtained will significantly reduce the
impact of the “human factor” on the choice of
UAVs to accomplish the assigned task. With the
help of the developed method, a unit
commander will be able to quickly and
accurately determine the capabilities of the
UAYV available in the unit and make conclusions
as for the expediency of their use under the
given conditions. Thus, it is expected to reduce
the decision making time to select the type of
UAYV and increase the probability of successful
completion of the task.

The prospects of future research are:

1). Considering the qualification of the
operator-interpreter and the influence of time
and number of images on the successful
decoding;

2). Regarding the state of the environment
(cloudiness, air fog, etc.).
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Merta: po3poOka crioco0y BHOOpY O€3MiJIOTHOTO JIITAILHOTO amapary 3a anpiopHOIO OLIHKOK OTPUMaHHX
3HIMKIB, SIKMH 3a0€3M1eYNTh BUKOHAHHS MTOJBOTHOTO 3aBJaHHS Ta JOCTaTHIO SIKICTh OTPUMaHHMX 3HIMKIB JJIS
ix momanemoro aemmdpyBaHHs. MeToau: pPo3risSHYTO METOJ OaraTOKpuUTepialbHOI ONTHMI3alii mpouecy
BHOOpPY OE3MiIOTHOTO JITaJbHOTO amapary. Pe3yjabTaTu: 3ampOoroOHOBaHO crocid BHOOpY O€3MmiJIOTHOTrO
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