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Abstract

Objective: The risks in unmanned civil aviation are considered as one of the most important. In the article is
proved applicability of ensuring the flight safety of aircraft and considered the basic risks of manned civil
aviation. Methods: Analyzed statistical data on aviation accidents, organized probabilities distribution of
aviation accidents for manned and unmanned civil aviation to identify factors that influence the occurrence
of emergency situations in manned and unmanned aviation. Results: We proposed typology of risk
components in civil aviation and systematized methods and techniques to reduce risks. Over the analogies
defined possible risks, their causes and remedies in civil unmanned aircraft. Weight coefficients distribution
was justified between risk types for development of recommendations on risk management in unmanned civil
aviation. Discussion: We found that the most probable risk in manned civil aviation is the human factor,
organization of air traffic control, design flaws of unmanned aviation system as a whole, as well as
maintenance of unmanned aviation system.

Keywords: air transport system; factors of aviation accidents; risks in civil aviation; unmanned aerial
vehicle.

1. Introduction aerial vehicle (UAV) operation is held under the so-

_y . called "segregated or dedicated airspace," the space
Unmanned aviation (UA) gradually shows the signs reserved in advance and where the UAV has the

of gaining enough liquidity from a commercial point ot 6 fly. Aircraft type classification and the rules
of view. This is evidenced by the data on market  of ajrcraft navigation, rules of aircraft locating in
distribution of unmanned aircraft. At the time of airspace and other requirements are provided by
2010 up to 20% in the development and individual acts of a particular country. However,
implementations of in UA focused on Civil Aviation statistics on air accidents of UA boards (for example
(CA). At the period of 2014-2015 the total flight aviation accidents dynamics was analyzed with more

hours of American MQ-1 and MQ-9 exceeded than 70 UAVs during period 2014-2015, which are
400 000 flight hours [1]. in service of defense intelligence of different
countries [2]) shows that the trends of risks with
UAVs’ are similar to the risks of "large" commercial
civil aviation accidents, particularly as it concerns
the technical component and human factors [3].
Consequently, it seems appropriate to use the

However, it is no secret that with the advent of
commercial exploitation for UA an entirely new
problem arose, the problem of risks resulting from
possible violations of flight safety by unmanned

aircraft. . o
method of analogy in order to mark the qualitative

2. Applicability and quantitative components of risks that must be

Today, the leading countries of the world, where UA considered by developers, manufacturers and
operators of UAVs.

commercialization quickly develops, unmanned
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3. Solution

In fact, risk is a probability of unforeseen losses in a
situation of uncertainty [4]. From the perspective of CA,
the risk is understood is the future impact of a hazard
that is not controlled or eliminated. It can be viewed as
future uncertainty created by the hazard. If it involves
skill sets, the same situation may yield different risk [5].
Depending on the causes and the opportunities for
elimination, there are two components of risk, namely:
non-specific and specific elements.

Non-specific element of risks is conditioned by the
external circumstances of universal, i.e. macro character.
Non-specific element of risks equally affects the possible
market performance. This element includes property
relations, regional monopoly, socio - political situation,
environmental risks, economic crises, etc. This element of
risk is not considered in the article because it is practically
impossible to manage this part of risks for the designer,

features that pertain to particular business activity.
This element of risk appears merely at the level of
business activity and has no macroeconomic shape.
Accordingly, specific element of risk can be
considered as a major risk type for CA.

It is common to assume that the most general
risks which have a systematic nature are allocated to
the specific risks for manned CA (Table 1).

It is known that the main feature of the air
transport system of CA is ensuring aircraft flight
safety. If risks 4,5,6,7 and 8 (see Table 1), as
evidenced of CA current practice, can be adjusted by
the state or relate only to the operator and the
manufacturer, whereas the specific risks 1,2,3 and 9
can be referred to the sphere of developer
regulations or, using a mixed approach, to two or all
three subjects of aviation activity. Overall, it
concerns the general issues of flight safety, of
aircraft (AC) reliability, staff qualification, control

manufacturer or aviation engineering (AE) operator [6].
However, the specific element of risk is by far

and quality management, etc. [7].

the type of business risk which is caused by specific

Table 1
Types of main specific risks in civil aviation

Ne Risk formulation Applicable methods/techniques of reduction

1 | Increasing cost of aviation fuel Increasing aircraft fuel efficiency. Applicable to operator and
developer.

2 | Growing cost of services of aircraft Improving AC reliability. Applicable to developer and

repair manufacturer.

3 | Increasing cost of continuing service State regulation. Applicable to operator, developer and

life and further equipping of the aircraft | manufacturer.
4 | Rising of airport and air navigation State regulation is applied. Concerned with the operator.
charges

5 | Increasing of agent fees and other Large carriers benefit from the developed route network. Can be
significant components of cost(flight regulated by the State. Concerned with the operator.
hour, ton-km, pass-km)

6 | Increasing cost for renovation of airline | An important factor in reducing these risks is state regulation of

fleet (purchase new / used aircraft) prices for services of natural monopolies: aircraft repair plant;
design bureaus; AE manufacturers and airport services. Applicable
to operator and manufacturer.

7 | Increasing of air tariff At present situation, when supply shortage is expected on the
domestic market, tariffs increase is inevitable, but it will play a
positive role because the financial capacity of aviation market will
be increased and will not lead to a critical decline in transportation.
Applicable to operator.

8 | Seasonality of air transportation/aerial Large carriers benefit from the developed route network, able to

work adapt its airline structure during seasonal fluctuations of the market.
The impact of this factor is partially offset by flexible seasonal tariff
policy that maximizes income or diversification (change) of the
airline activity. Applicable to operator.

9 | Growing operational risks on air Ensuring AC flight safety. This risk is insured, and therefore

transport threatens by the financial and reputational losses of airlines.
Applicable to operator, developer and manufacturer.




16 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2016. N 4(69): 14—19

Moreover, the risk Ne9 in CA is insured and
therefore threatens not only the financial and
reputational (image) losses of airlines.

Specific risks 1,2,3 and 9 (see Table 1)
respectively are caused by certain factors which are
generalized to reasons caused related to people
(human factor) and engineering drawbacks.

A more detailed distribution of all causes of
aviation accidents in manned CA are shown in Table
2. In fact, the causes of aviation accidents do not
occur in "pure" form: usually aviation accidents
result from a combination of several reasons.

Based on statistics during 2009 - 2010 the
majority of aviation accidents in manned aviation
were related to drawbacks of AC crew activity [8].
This is a consequence of shortcomings in the work
carried out in this direction by airlines.

If we assume 1,0 as the common weight of all the
causes of aviation accidents, then from the
distribution in Table 2 human factor can be
considered as the main cause of aviation accidents in
manned CA - 0,61, and the remaining four factors

share only 0,39. Solution to the problem of
significant influence of the human factor in CA can
be found by applying a systems approach to safety
management based on comprehensive consideration
of human factors at all levels of air transport system
(ATS) [9].

Using analogy to consider the probable
distribution of causes for aviation accidents in
unmanned aviation, it can be asserted that the causes
shall be similar to CA since the features of ATS
which includes UAs as movable fleet shall not be
different in context. The aims and objectives of ATS
which includes UAs are the same, i.e. to ensure
flight safety and provide a competitive service in the
market, namely transportation of goods or
performance of aviation works [10]. In view of the
above said, we can assume that the distribution of
aviation accident causes for UA in comparison to the
manned aviation can be suggested as follows (see
Table 3).

Table 2
Distribution of aviation accidents in manned CA

Ne Causes of aviation accidents for manned AC Specific weight

1 Flight crew (human factor) 0,61

2 The organization of air traffic control 0,11

3 AC design drawbacks 0,11

4 Meteorological Supply 0,09

5 AC maintenance 0,08

Factor Nel will have much less impact on the
safety due to the high level of automation and triple
redundancy system of unmanned board. Therefore,
much less human intervention is observed in flight
navigation on all phases of flight, from releasing the
brakes at the start of their "chucking" after
unmanned aerial vehicle (UAV) run. However, in
the "transitional" areas, including the board transfer
from one operator to another within one Ground
Control Station (GCS) or between two GCSs,
problems may happen. Also, problems may arise in
the process of drawing up the route of flight and
during before-flight checks if they are not
automated.

Factor Ne2 will have much less impact on safety
given that a tried and tested system of Air Traffic
Control shall be used with appropriate operating
standards in CA and technical equipment.

Factor Ne3 indicates that not only the UAV board
but also the GCS and Data Link (DL) need to be
considered, i.e. an integrated Unmanned Aviation
System (UAS). For example, in 2102, the State
Aviation Administration of Ukraine considered the
application for type certification of UAV M-7V5
"Sky Patrol" that consists of the UAV itself and its
GCS. Direct and return data link between UAV and
GCS are certified as well, indicating holistic
certification of the UAS.

Since the general approaches to formation of the
ATS that includes the fleet of UAVs are being
formed today, and it is familiar that the flight safety
of AE is being established at the stage of design and
creation, so it is possible to identify in advance the
directions of the activities and corresponding
operators that will affect the right decision in terms
of the future level of flight safety of unmanned AC.
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First of all, it should be noted that the formation
of the safety level and research in this area takes
several stages.

At the initial stage fields of boundary parameters
and modes of flight, in which the UAV performs the
specified functions are defined. These values are
determined by aerodynamic and  strength
calculations, and then it is possible to set the limits
of their use with regard to the constraints and
assumptions [11].

At the second stage all possible characteristics
that allow considering UAVs outside the acceptable
parameters are defined. This aspect should cover the
fault of UAV itself and failure of all elements of
UAS. Among other, the review of the anticipated
operating conditions is performed, as in some cases
these conditions worsen the negative impact on
UAV  destabilizing factors. The  specified
requirements in projects of relevant design and
certification documents are formalized. The main
document is the certification basis of AC.

At the third stage, the flight safety requirements
to all other elements of ATS are developed based on
mathematical models of reliability and UAV safety
based on practical skills and real aviation accidents.

Factor Ne4 will probably be the same for all ACs
in the airspace. Technical support of a particular
board with the appropriate instruments will make an
effect, for instance, with meteorological radar,
regardless of whether the AC is manned or
unmanned [12].

Factor Ne5 in some ways will exercise an effect
similar to factor Ne3, since the main operator is a the
design bureau (developer) which is intended to form
the technical policy in relation to AC type during its
all lifecycle.

It is indisputable that during operation of UAS,
the role of the manufacturer and operator of AE
cannot be underestimated. Probable distribution of
main AE market operators (developer, manufacturer
and operator) depending on the type of major
specific risks in civil aviation is shown in Table 1.

Table 3

Probable distribution of reasons (factors) of aviation accidents in unmanned aviation
compared to manned CA

Reasons of aviation Probable reasons of
No accidents in Specific aviation accidents of Specific weight Distribution inside the
- manned AC as a weight unmanned AC as a part of P £ factor
part of ATS UAS
1 Flight crew (human | 0,61 External crew of UAV Should be Problems may occur
factor) (human factor) significantly during board transfer
below 0,61 from one operator to
another
2 Air traffic control 0,11 Air traffic control 0,11 Probably there is no
management management difference in the
distribution
3 Design drawbacks 0,11 Design drawbacks of the UAV X-?
of a single AC UAS as a whole GCS y-?
(may be more) DL 7-?
4 Meteorological 0,09 Meteorological Support 0,09 and can be | Probably there is no
Support less difference in the
distribution
5 Maintenance of 0,08 UAS maintenance UAV K-?
individual AC (may be above 0,08) GCS M-?
DL H-?

4. Conclusions

1. Flight safety in civil unmanned aviation will
depend on the influence from developers,
manufactures and operators of AE at specific
business risks.

2. The most important specific risks in civil UA,
by analogy with manned aviation, are the increase in
the cost of aviation fuel, rise in the cost of UAV
repair services and increased operational risks to air
transportation.

3. In general, the reasons (factors) of aviation
accidents in civil UA probably are similar to the
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factors engaged in manned aviation, however, they
differ in terms of distribution within individual
factors.

4. The following factors have the most significant
differences from the analogue: external flight crew
of UAV (human factor), design drawbacks of UAS
as a whole and UAS maintenance.

5.With no obvious differences from the
analogue, the risks related with air traffic control
management, as well as the meteorological support
risks shall exercise their influence.
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Bu3zHaueHHs pU3UKiB B UMBiILHIN Oe3mioTHil aBiamii
HarionanbHuii aBianifinuil yaisepeureT, npoci. Kocmonasra Komapoga, 1, Kuie, Ykpaina, 03058

E-mails: 'kharch@nau.edu.ua; *dennis_j@mail.ru

Mera: Pusuku y Oe3misoTHIH aBiallil IIUBUIBHOTO NPU3HAYCHHS PO3TIIAAAIOTHCS SIK OJIHI 13 HAWBAXKIIMBIIINX.
VY craTTi OOIPYHTOBAaHO AaKTYalbHICTh NMUTAHHS 3a0e3leueHHs Oe3MeKH IMOJLOTIB TOBITPSHHUX CYIEH Ta
PO3TIITHYTO OCHOBHI PHW3WKH B IIJOTOBaHIM MUBiUIRHIN aBiamii. Mertoam: IlpoBemeno aHami3z maHuUX IIpO
aBiariiiHi moxii Ta MPOBEAEHO PO3MOIiT HMOBIpHOCTEH BUHUKHEHHS aBialliiHUX TMOMIN IS MIOTOBAaHOI Ta
0e3MiJIOTHOT UUBIIBHOI aBialii 3 MeTOr0 BUsIBICHHS (pakTOpiB, SKi BIUIMBAIOTh HA BUHUKHEHHS MO3aIITATHUX
cUTyauid y misoToBaHid 1 Oe3minoTHi aBiamii. Pe3yabTaTh: 3amporloOHOBaHO THUIOJOTII0 CKJIaJOBUX
PU3MKIB Y IMBUIBHIN aBiallii, CHCTEMAaTH30BaHO CIIOCOOM Ta MPUHAOMHM 3HIDKEHHS pu3MKiB. Ha ocCHOBI
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QHAJIOTI BH3HAYEHO HMOBIPHI PU3WKH, NMPUYMHH IX BUHHKHEHHS Ta IUIAXM IOJOJAHHA B IMBLIBHIN
Oe3minoTHIH aBiamii. OOIPyHTOBaHO pO3MOALT BaroBUX KOE(ILi€HTIB MK THIaMH PH3HUKIB 3
(dopMyBaHHA PEKOMEHIALIHA 3 YHpaBIiHHSA pU3MKaMH Yy O€3MUIOTHIM IMBiUNIBbHINA aBiauii. OOroBopeHHs:
BcranosieHo, o HaOLIBII HMOBIPHUMH pU3UKaMH Y MIOTOBAHIM HUBLIBHIN aBialii € MoAckkuii Gakrop,
opraHizaiis YNpaBIiHHSA MOBITPSHUM PYXOM, HEIOJIKH KOHCTPYKIIi OE3IJIOTHOI aBialiifHOI CHCTEMH B
IIJTOMY, a TaKOK 00CITyTOBYBaHHS OC3IIJIOTHOI aBialliifHOT CHCTEMH.

KurouoBi cjioBa: aBiamiiiHa TPaHCIIOPTHA CHCTEMa; OE3MiJOTHE MOBITPSHE CYAHO; PU3UKA B ITUBLILHIN
aBiarrii; ¢pakTopu aBiaifHUX MTOJTIH.

B.I1. Xapuenko', .M. MaTuitunk’

Omnpeae/ieHue pUCKOB B IPAaKIAHCKOI 0eCIMJIOTHON aBUAMU

HaunonanbHblli aBUallMOHHBIM yHUBEpPCUTET, poci. KocMonaBta Komaposa, 1, Kues, Ykpauna, 03058
E-mails: 'kharch@nau.edu.ua; “dennis_j@mail.ru

Henb: Pucku B OecHMIIOTHON aBHAIMKM TPaKJAHCKOTO HAa3HAUYEHHUS pAcCMaTPHUBAIOTCA KaK OJHH U3
BakHEHIINX. B cTtarbe 000CHOBaHa aKTyalbHOCTh BOIPOC oOecreyeHus: 6€30MacHOCTH TONIETOB BO3AYLIHBIX
CyJIOB M PAacCMOTPEHBI OCHOBHBIC PUCKH B MHJIOTHUPYEeMO#l rpaxpaHckoil aBuanuu. Mertoabl: [IpoBenen
aHalu3 JaHHBIX 00 aBHALIMOHHBIX IPOMCHIECTBUAX W TPOBEIEHO paclpeliefieHHe BeposTHOCTEH
BO3HUKHOBEHUS aBHAIIMOHHBIX MPOUCIICCTBHA JIJIST MHJIOTHPYEMON W OECITHUIIOTHOM TpaXK TaHCKOW aBUAITUH C
LIETBI0 BBISBICHUS (PAaKTOPOB, BIHMAIOIINX HAa BOZHWKHOBEHHE BHEIITATHBIX CHUTYyalllii B MIWJIOTHPYEMOH U
OecrimioTHOW aBuanmu. PesyabTaThi: [IpemioxkeHa THUMOJOTHS COCTaBISIONIMX PUCKOB B Tpa)XIaHCKOM
aBUAINH, CUCTEMATU3UPOBAHBI CIIOCOOBI M TIPUEMBI CHUXKCHHS PUCKOB. Ha OCHOBE aHayoruii onpenencHbl
BEPOSATHBIC PUCKH, MPUYUHBI UX BO3HUKHOBEHUS M IYyTH NPEOJOJICHUS B TPAXKIAHCKOW OECIUIOTHOU
aBuanuu. OOOCHOBaHHO pacIpelie]ieHHe BECOBBIX KOI(PQUIMEHTOB MEXKAy THIIAMH pPUCKOB JUIS
(hopMupoBaHUS pPEKOMEHAAIMH 10 YMPABICHWIO pPHCKAaMH B OECIHMIOTHOW Tpa)XTaHCKOH aBHAIWU.
Oo0cy:xaeHue: YCTaHOBJICHO, YTO HaNOO0JIEe BEPOSATHBEIMI PHUCKaAMH B MIJIOTHPYEMOW TPaskIaHCKOW aBHAITIH
SIBIIIETCSL  YEJIOBEUECKUH  (pakTop, OpraHu3alys YHpaBlIeHHS BO3AYIIHBIM JBHKCHHEM, HEIaIeKo
KOHCTPYKUUHM OECIJIOTHOH aBHAlMOHHOW CHUCTEMBI B IEJIOM, a TaKke O0OCIy)XuBaHHE OECIIIOTHON
ABUALIMOHHOM CHCTEMBEI.

KiioueBble ciioBa: aBUAllMOHHAsA TpPaHCIOPTHAsA CUCTEMA, OeCIIUIOTHOE BO3AYIIHOC CYJHO; PHCKU B
Fpa)KI[aHCKOI\/'I aBHalu, q)aKTopI)I aBHAITMOHHBIX HpOI/ICHlCCTBPIP'I.
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