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1. Introduction

Opver the past 25 years, there has been a tremendous in-
crease in the development of unmanned aerial vehicles.
Every year thousands of samples of unmanned aerial
vehicles (UAVs) are created throughout the world. The
success of this rapid development of unmanned aerial
vehicles can be connected with innovative projects in
communications, management, navigation, computer
science, artificial intellectual achievements, etc. (Gertler
2012; Goraj 2003; Harrison 2013).

One of the significant advantages of UAVs is that
it is considered an aerial component and part of an un-
manned aerial system (UAS). The ground component of
an UAS includes technical facilities of communication
and control, ground support equipment, and facilities
for launching, landing, rescue, transport and storage.
With this in mind, the effectiveness of the application
of unmanned aerial vehicles should be assessed not only
by its aerial component, but also by its ground compon-
ent, in other words, the entire unmanned aerial system
(Goraj 2003; Iliushko et al. 2012).

The objectives of the comparative assessment and
selection of the best samples of unmanned aerial systems
can appear during the design and purchase of such sys-
tems and at the stage of their application, when it is ne-
cessary to select the best to minimise cost or to guarantee
a fixed result concerning some certain objectives related
to UASs (Harrison 2013; Samkov, Silkov 2012).

2. Statement of problem

To solve the problems of comparative assessment and
selection, it is first of all necessary to determine the
indicators with which to make a comparison. The par-
ticular indicators offered in reference (Samkov, Silkov
2012) can be used for that. They are the following: sur-
vey capability (W), cost of unmanned aerial system (C),
and agility (1).

Modern UASs are designed on the basis of the latest
achievements of science and technology and appear to
be complex technical devices. One of the specific fea-
tures of the problem of the comparative assessment or
selection of a particular sample is the large number of
possible alternative solutions based on indicators of their
technical level. The technical level of UAS samples can be
assessed by the level of the characteristics that determine
their capabilities (Silkov 1997).

To compare several samples, expert assessment
methods are most often used. Theoretical methods based
on the solution of a single criterion or multi-criteria
problems are also used. The main disadvantage of expert
assessments is their subjectivity and dependence on the
skills of the experts.

Difficulties in solving multi-criteria problems are
associated with the complexity of the analysis and a large

amount of computations. The most widely used methods
are the simple weighing method, the ideal point method,
the ELECTRA method, and the analytic hierarchy pro-
cess (AHP).

The analytic hierarchy process has been most
widely used lately. It was developed by American math-
ematician Thomas L. Saati and belongs to the multi-cri-
teria decision-making methods. The analytic hierarchy
process is based on a hierarchical or network structure
of a decision-making model and priority setting of al-
ternatives based on judgments of a decision maker. Its
main advantage is the rational combination of sub-
jective expert assessments and objective (calculated)
parameters of the UAS samples that are being assessed
(Saati 1990).

3. Solution of the problem

A four-level hierarchical structure can be used for the
comparative assessment of UAS samples based on the
method of hierarchy analysis. This structure can be ex-
plained with the help of figure: going from the bottom
up (Fig.).
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Fig. Structural diagram for determining global assessment

1. Selection of the objects of research that are sim-
ilar in purpose, classification and tasks.

2. Definition of a set of parameters characterising
the objects that can be compared. These objects in-
clude generalised indicators (integral quality indicators)
given in reference (Mitrakhovych et al. 2012), and the
parameters that characterise the technical level of the
samples compared. These parameters are the following:
UAV performance data, mass and geometrical data, and
the payload of an UAV.

3. Selection of integral quality indicators (IQI) for
the samples compared. In this problem, which is asso-
ciated with the search for the specified objects, the IQIs
are the following:

- IQI-1 - flight data of an UAV;

- IQI-2 - survey capability W;

- 1IQI-3 - the cost of an UAS C;

- IQI-4 - efficiency of search performed t.

4. The calculation of the generalised criterion of a
global assessment for the systems selected.



Aviation, 2013, 17(1): 57-64

The analytic hierarchy process is based on the as-
sessment of the factors that affect the lower level of the
hierarchy of criteria and the indicators of higher levels of
this hierarchy, taking into account all relevant paramet-
ers of the objects being compared.

The solution of the problem can be summarised in
three stages:

1. Expert assessment of the importance (priority) of
the parameters selected: L, T, V, ..., TR.

2. Priority assessment objects (UAS) and their char-
acteristics.

3. Determination of global priority for the objects
selected.

3.1. Expert assessment of priority parameters
determining flight characteristics of UAS

3.1.1. Selection of parameters to assess IQI-1

The flight characteristics of each UAV and UAS can be
determined by a set of parameters: range, duration, speed,
altitude, weight of both the UAV and payload mass, capa-
city of the power plant and its specific fuel consumption,
etc. (Silkov 1997). All of these parameters are not equal;
some are more important in terms of the functions per-
formed by UAVs, and others are less important. UAV's
that search for stationary ground objects or objects that
move in a selected area have the most significant para-
meters, which are the following: range of flight, survey of
large areas, and speed of search (cruising speed), which
influence the performance and efficiency of the comple-
tion of the task. The other parameters are less important
even though they can include the aerodynamic character-
istics of UAVs (Iliushko et al. 2012). Flight duration will
obviously prevail for an UAV transponder. The definition
of a set of parameters is often limited due to a lack of
information about the UAVs. Some priority parameters
may not be completely available and reliable for selection
in order to objectively assess UAV performance (Table 1).
To solve this problem, special methods of UAV sample
assessment ought to be developed.

It is necessary to emphasise the importance of the
take-off weight. The experience of UAS operations has

Table 1. Parameters of UAV performance
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proved that small units are easier to transport, and they
do not require large areas and complex infrastructure.
The combat capabilities of these UASs are however lim-
ited. A strong and heavy power plant is required to have
the desired range of speeds and altitudes and sufficient
area of survey.

The use of optoelectronic systems with good resol-
ution and adequate range of object detection is also as-
sociated with the indices of their mass. Take-off weight is
therefore an important indicator of any UAS. Increase in
take-off weight affects UAV flight characteristics, how-
ever. The influence of take-off weight will therefore be
assessed by the inverse of parameter P6.

Thus, the primary task of a comparative assessment
of objects with a complex technical system is an expert
assessment of the influence of the parameters of objects
on IQI.

It is necessary to mention the next thing: if the num-
ber of parameters increases, the amount of computation
increases significantly as well and the analysis gets more
complicated. From this point of view, it is necessary to
minimise the set of parameters. But on the other hand, it is
desirable to have a more complete and comprehensive as-
sessment of the flight characteristics of UASs. Comprom-
ise should be found in the tasks that UASs perform. UAV's
searching for ground targets by scanning areas should
have a large range, and UAVs performing rescue opera-
tions should have a higher flight speed. These factors can
be used for the selection of parameters in table 1.

3.1.2. Determination of the local priorities of parameters
selected for 1QI-1

The selection of the parameters that determine the flight
characteristics of UASs has great importance for object-
ive comparison. That is why experts with a large amount
of experience and good intuition should be involved in
this process. The experts should determine what charac-
teristics are most important for UAVs to perform their
tasks. For quantitative expert assessment involving the
influence of complicated technical systems on the integ-
ral quality indicators, Saaty proposed a 9-point compar-
ison scale of alternatives (Tab. 2) (Silkov 1997).

No Title Symbol Unit of measurement
P1 Range L km

P2 Flight duration T hour

P3 Maximum speed Vinax km/h

P4 Cruising speed Virs km/h

P5 Static ceiling Sd m

P6 The inverse of take-off weight /W ake-off 1/kg

P7 Fuel weight Wil kg

P8 Power plant take-off parameter Niake-off horse power
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Using this table, each expert can create his own

table of assessments (Tab. 3).

Table 2. Comparison scale of alternatives

irrllzpil)erlftxce Determination Explanation
Equal importance of indices o o o
1 Equal contribution of two indices (activities) to the assessment
3 Slight advantage One of the indices has a slight advantage
5 Great advantage One of the indices has a great advantage
7 Significant advantage One of the indices is strongly superior and becomes significant
9 Absolute advantage The evidence of superiority is strongly confirmed
2,4,6,8 Opinions Applicable in case of a compromise

Table 3. Matrix of priority of IQI-1 parameters

Parameter P2 P3 P4 P5 P 6 P 7 P8 Column 9 | Column 10
P1 1 4 3 4 3 5 7 2.903 0.284
P2 1.00 4 3 4 5 3 5 2.783 0.272
P3 0.25 0.25 0.5 1.0 0.5 0.5 0.5 0.500 0.049
P4 0.33 0.33 2.00 2 3 1 3 1.189 0.116
P5 0.25 0.25 1.00 0.50 2 0,5 2 0.707 0.069
P6 0.33 0.20 2.00 0.33 0.50 0,3 1 0.542 0.053
P7 0.20 0.33 2.00 1.00 2.00 3.00 3 1.116 0.109
P8 0.14 0.20 2.00 0.33 0.50 1.00 0.33 0.487 0.048

Columnl | Column 2 | Column 3 | Column4 | Column5 | Column6é | Column7 | Column8 10.227 1.000
Line 9 3.51 3.57 18.00 9.67 15.00 18.50 11.67 22.50

In this table, each row and column is a vector of a
square matrix. If several experts are involved in the as-
sessment, the indices in table 3 are agreed on by con-
sensus, or each expert creates his own table, and the in-
dices are given as geometric means. With the use of the
following algorithm, the vector of priority parameters is
calculated according to the matrix agreed on (Tab. 3).
It can be seen that in accordance with the expert’s as-
sessment, preference is given to parameter P1 (range).
Its weight is 0.284. The value of parameter P2 (time of
flight) is 0.272. Parameter P8 has the least value: 0.048. It
is necessary to emphasise the importance of the correct
selection of priorities, because if preference is given to an
unimportant parameter, that can lead to the wrong de-
cision and therefore the technical and economic losses.
Proper selection of experts with the necessary exper-
ience, knowledge and intuition eliminates the risk of
inadequate assessments. In reference (Saati 1990) the
method of determining the consistency of ratings is de-
scribed.

4. Modelling results

4.1. Assessment of UAV priority according to flight
characteristics

Table 4 shows the vector of parameter priority to assess
the importance of the options accepted by the experts for
IQI-1, not taking into account their numerical values.
The selection of these parameters is based on specific
tasks. Moreover, UAVs are not considered. The next step
is to select the object with the numerical values of the se-
lected parameters. As an example, we have selected four
UASs with known characteristics: UAV1, UAV2, UAV3
and UAV4. Their characteristics are given in table 5. At
constant weight of fuel, increased take-oft weight will
lead to deterioration of many flight characteristics, so
to assess the influence of take-oftf weight, the inverse of
parameter P6 will be used. The data of the first column
have been shown for illustration and cannot be used in
the calculations.
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Table 4. Local priorities of parameters
Parameter P1 P2 P3 P4 P5 Po6 P7 P8
Symbol L km T hour V max km/h Vs km/h Sqm Wiake-ofp K8 Wiesel Niake-off
kg horsepower
Priority 0.284 0.272 0.049 0.116 0.069 0.053 0.109 0.048
Table 5. Flight characteristics of UAS
P1 P2 P3 P4 P5 P6 P7 P8
Unmanned aerial T“k?‘oﬁ
vehicle Welght L T Vinax Vers Sel 1/Wiagee-oft quel’ Niake-off
kg km hour | km/h | km/h m 1/kg kg horsepower
UAV 1 205 600 5 200 120 4570 0.00488 35 26
UAV 2 170 770 7 190 110 4570 0.00588 33 38
UAV 3 195 1620 10 194 162 4575 0.00513 55 38
UAV 4 170 720 6 175 120 4600 0.00588 45 38

Table 5 allows one to identify the priorities of UAV's
by taking their data into consideration. That is why a
matrix should be created for each parameter. To create a
matrix for parameter P1, the values of column P1 of table
5 should be used.

Table 6. Range matrix

Table 6 is formed by means of dividing each ele-
ment of column P1 of table 5 by the values of UAVs (1-4)
parameters that are located in the same column. As a res-
ult, we have got matrix L (size 4x4) given in table 6.

L km UAV 1 UAV 2 UAV 3 UAV 4 Column 5 Column 6
UAV 1 1.000 0.779 0.370 0.833 0.700 0.162
UAV 2 1.283 1.000 0.475 1.069 0.899 0.208
UAV 3 2.700 2.104 1.000 2.250 1.891 0.437
UAV 4 1.200 0.935 0.444 1.000 0.840 0.194

Total 4.330 1.000

It is important to keep in mind the influence of each
parameter: if this parameter improves the characteristics
of an object, its direct numerical value can be used. For
example, the greater the range of an UAV is, the better its
flight characteristics can be. Conversely, if an increase in
the numerical value of a parameter deteriorates the char-
acteristics of an object (e.g. increased drag Xa) its inverse
value is used. For example, if Xa = 1000 N, when form-
ing the table 1/1000 = 0.001 is taken instead. In a similar

Table 7. Flight duration matrix

manner, using the data of table 5, we can find the norm-
alised vectors of flight duration, maximum and cruising
speeds, static ceiling, the inverse of the take-off weight,
the weight of fuel, power take-off (Tabs 7-13). The vector
components in the tables are marked in boldface type.
For the convenience of subsequent processing, we can
distribute them in a separate table (Tab. 14), which can
be used to identify the functions of each parameter.

T hour UAV1 UAV2 UAV3 UAV4 Column 5 Column 6
UAV1 1.000 0.714 0.500 0.833 0.739 0.179
UAV2 1.400 1.000 0.700 1.167 1.034 0.250
UAV3 2.000 1.429 1.000 1.667 1.477 0.357
UAV4 1.200 0.857 0.600 1.000 0.886 0.214
4.136 1.000
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Table 8. Matrix of maximum speed

Vinax km/h UAV1 UAV2 UAV3 UAV4 Column 5 Column 6
UAV1 1 1.053 1.031 1.143 1.055 0.264
UAV2 0.95 1.000 0.979 1.086 1.003 0.250
UAV3 0.97 1.021 1.000 1.109 1.024 0.256
UAV4 0.875 0.921 0.902 1.000 0.923 0.231

Total 4.005 1.000

Table 9. Matrix of cruising speed

Vs km/h UAV1 UAV2 UAV3 UAV4 Column 5 Column 6
UAV1 1 1.091 0.741 1 0.948 0.237
UAV2 0.917 1 0.679 0.92 0.869 0.217
UAV3 1.35 1.473 1 1.35 1.280 0.320
UAV4 1 1.091 0.741 1 0.948 0.237

Total 4.045 1

Table 10. Matrix of static ceiling

Sqm UAV1 UAV2 UAV3 UAV4 Column 5 Column 6
UAV1 1 1 0.999 0.993 0.998 0.249
UAV2 1 1 0.999 0.993 0.998 0.249
UAV3 1.001 1.001 1.000 0.995 0.999 0.250
UAV4 1.007 1.007 1.005 1.000 1.005 0.251
Total 4.000 1

Table 11. Matrix of take-oft weight

1/Wiake-oft K8 UAV1 UAV2 UAV3 UAV4 Column 5 Column 6
UAV1 1 0.829 0.951 0.829 0.899 0.224
UAV2 1.206 1.000 1.147 1.000 1.084 0.270
UAV3 1.051 0.872 1.000 0.872 0.945 0.236
UAV4 1.206 1.000 1.147 1 1.084 0.270

Total 4.014 1.000

Table 12. Matrix of fuel supply

Weie kg UAV1 UAV2 UAV3 UAV4 Column 5 Column 6
UAV1 1 1.0606 0.636 0.778 0.851 0.2083
UAV2 0.9429 1 0.600 0.733 0.803 0.1964
UAV3 1.5714 1.6667 1.000 1.222 1.338 0.3274
UAV4 1.2857 1.3636 0.818 1.000 1.094 0.2679

Total 4.086 1




Aviation, 2013, 17(1): 57-64 63
Table 13. Matrix of take-oft power
h Nuake.of UAV1 UAV2 UAV3 UAV4 Column 5 Column 6
orsepower
UAV1 1 0.6842 0.684 0.684 0.752 0.186
UAV2 1.462 1.000 1.000 1.000 1.100 0.271
UAV3 1.462 1.000 1.000 1.000 1.100 0.271
UAV4 1.462 1.000 1.000 1.000 1.100 0.271
Total 4.051 I
Table 14. Local priorities of UAVs according to their parameters
Pi1 P2 P3 P4 P5 P6 P7 P8
L T Vinax Vers Sd /W, take-off quel, Niake-off
UAV km hour km/h km/h m 1/kg kg Horse-power
UAV1 0.162 0.179 0.264 0.237 0.25 0.224 0.208 0.186
UAV2 0.208 0.250 0.250 0.217 0.250 0.270 0.196 0.271
UAV3 0.437 0.357 0.256 0.320 0.250 0.236 0.327 0.271
UAV4 0.194 0.214 0.231 0.237 0.251 0.270 0.268 0.271

4.2. Calculation of the integral quality indicator
IQI-1: flight characteristics of UAS

Combining table 4 and table 14, we can determine the
generalised priorities of the UAV by integral quality in-
dicator IQI-1 (Tab. 15). In the upper part of table 15,
local priority parameters and their numerical values are
assessed. The generalised UAV priorities for each para-

Table 15. Generalised UAV priorities according to IQI-1

meter are assessed in the lower part, which has been
obtained by multiplying the elements of the first line by
the elements of the lines lying below.

The generalised priority of each UAV is calculated by
summing the corresponding line. So, it equals 0.198 for
UAV1, 228 for UAV2, 0.350 for UAV3 and 0.224 for UAV4.
Thus the sum of all the elements must be equal to 1.

Parameter Pl P2 P3 P4 P5 P6 pP7 P8
Local priority parameters 0.284 0.272 0.049 0.116 0.069 0.053 0.109 0.048
UAV1 0.162 0.179 0.264 0.237 0.25 0.224 0.208 0.186
Local priorities
of UAV UAV2 0.208 0.250 0.250 0.217 0.250 0.270 0.196 0.271
according to UAV3 0.437 0.357 0.256 0.320 0.250 0.236 0.327 0.271
each parameter
UAV4 0.194 0.214 0.231 0.237 0.251 0.270 0.268 0.271
Generalised UAVI 0.046 | 0049 | 0013 | 0027 | 0017 | 0012 | 0023 | 0009 | 0.198
priorities of UAV2 0.059 0.068 | 0.012 0.025 0.017 0.014 0.021 0.013 | 0.228
UAV according
to each UAV3 0.124 | 0097 | 0013 | 0037 | 0017 | 0012 | 0036 | 0013 | 0.350
parameter UAV4 0.055 0.058 0.011 0.027 0.017 0.014 0.029 0.013 0.224

In this context, generalised priority can be the in-
tegral quality indicator (IQI-1) ‘flight characteristics
Since the numerical values of each flight characteristic
of the UAV are assessed in accordance with this priority,
the expert assessment of the importance of each para-
meter should be taken into account as well.

This example shows that the best UAVs in terms of
flight data are UAV3, UAV2 and UAV4, which are almost
identical, and the worst one is UAV1.

4.3. Calculation of the generalised priority

The next step is the selection of the comparative assess-
ment and computation of integral quality indicators IQI-
2, IQI-3 and IQI-4 based on analogy with IQI-1. After
that the final table (Tab. 16) of all integral quality indic-
ators is formed for all systems. The generalised index of
each UAV is determined as the arithmetic mean of private
values. According to the results, the best UAV is determ-
ined. According to the test results, UAV3 has become the
best (its IQI = 0.310). UAV1 has the lowest value (0.217).
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Table 16. Priorities of UAV's according to their integral quality indicators

Unmanned aerial Integral quality indicators
vehicle
1QI-1 1QI-2 1QI-3 1QI-4 1QI average
UAV1 0.196 0.237 0.213 0.223 0.217
UAV2 0.230 0.282 0.237 0.263 0.253
UAV3 0.349 0.290 0.284 0.316 0.310
UAV4 0.226 0.193 0.266 0.198 0.221
On the basis of the proposed methodological ap- References

proach, a system of support and decision making has
been developed. This system allows solving the problem
of selecting the best UAS samples depending on a list of
tasks and their characteristics in order to minimise the
cost of resources (Mitrakhovych et al. 2012). The ad-
vantages of the system of support and decision-making
are the ability to make corrections to the original data
of problem selection, specification of index coeflicients
that are being compared, and graphical interpretation of
the results.

5. Conclusion

Methods to solve the problems of the comparative as-
sessment and selection of unmanned aerial systems have
been offered. These methods are based on the particu-
lar indicators that display the efficiency of using an un-
manned aerial system. An algorithm that helps to solve
such problems has been developed to create a system of
support and decision making and to optimise the distri-
bution of resources as well.

The results of the research allow us to consider the
influence of characteristics on a global assessment of
UASs and to make correct decisions about the selection
of UASs.
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