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Airworthiness Classification of Unmanned Aircraft Systems
Based on Risk Assessment of Operational Scenario

Abstract

This paper introduces a novel strategy for the specification of certification of airworthiness (CoA)
categories for unmanned aircraft systems (UAS). Logical approach in this classification based on
determination of allowable risk for an UAS supposing of operational scenario that using from this
parameter as alone criteria for segregation of manned and unmanned airworthiness. In this research, for
issuance of CoA in scope of UAS, is proposed regular matrix according to risk table of mil-std-882 that
based on, level of airworthiness control on the design & construction of UAS’s with various missions, is
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specified. Referral point of the present work, is validation on proposed matrix with statistical work upon
greater than 500 kinds of military and civil UAS that has been accomplish in two stage and with
computation of two criteria as maximum kinetic energy and hazard area from physical, performance and
aerodynamic specification each UAS with aim of determination of risk. For this intent in first step,
attention to introduce various level of injury in references is specified limits for kinetic energy that
respect to their current UAS in archive is categorized and is conformed to introduced categories in
proposed matrix. In next step, with creation of statistical algorithm are defined limits for hazard area
parameter that in beside limits of kinetic energy, meanwhile increase the precision in proposed
categorization for UAS in certification matrix, this matrix is validated again. Such after determination of
certification category on the proposed matrix, this certification issue on what limitation of requirements
and design & construction regulations, is subject that will implement in next issuance. Important point
correspond to this technique, is degeneration and no confliction of introduced methodology for

| a¥

determination of CoA category of an UAV with regulations framework of part 21.

Keywords: UAS, Airworthiness, Hazard area, Operational scenario, Risk assessment
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1-  Certification of Airworthiness/CoA

2-  Special Certificate

3-  Certification Basis

4-  Type Certificate

5-  Authority

6-  Risk Scoring

7-  Severity

8- Probability

9-  Hazard Area

10- Maximum Takeoff Weight (MTOW)
&l g pba

[1] ICAO. Convention on international civil
aviation, ninth edition. International Civil
Aviation Organization (ICAO), 2006.

[2] ICAO. Annex 8 to the convention on
international civil aviation, airworthiness of
aircraft (16th edition). International Civil
Aviation Organization (ICAO), May, 2012.

[31 CASA. Civil aviation safety regulations 1998
(CASR) part 101, unmanned aircraft and
rocket operations. Civil Aviation Safety
Authority, Canberra, ACT,  Australia,
December, 2004.

[4] CASA. AC 21-43(0), Experimental certificate
for large unmanned aerial vehicle (UAV). Civil

6,558 (oo (BB —(oole @ pi3 I )y
0 liesls 5 gz <Jgl ol iz Lo

W oo JoSis JuBle 00, SUjhas adhis goue polie 4
KE (slp gy 65 (2800 b polie ool e 51 51
Wl Cod 8l 0oy SUylas dslais goue polde b Sl
ledgo I elil sln oy Sy 00, 1 o 5980 o0 Lo
Ol g o0yl [y 00, S LS o leds Ojganl e o
331 o KE 5l o il )5 a4y 3laie glaosls
F38 e 3 Tl 5B atasplas suies, ol
otzosy oal Jlael il oo ol Sy oty 31 s Lpunily
@03, 4 ymie Wi oe 5 N JSL eoleiiay mple o
Joily Glw p ol 5l Ghme Gilinceado
Sl gdy GSel o b a5 egige 00,5 byl S,
ol 1, adgalsS i sl 5l S
aleiee Fie8ly sty e G3lsn sl 2

& 5 i -F

BI0d) 9090 Ay (g 0,505, oS yly w@lie oy
oddolgainn G yle ! Lol jlypcasde aslinlss
35 505 b oS g5 ¥ i 3 o slite ol sl
e e ol Cajpele Lz 5 slay g8 saatia
A s iy 5l aly b5 e Glhes (55l
A b JLasl o 3LbI e 4y colol ST s ol
Qe sgax 3l Sledlbl SOL S oloul b o idu j0 aes 0
Y e el o eadlu s sbogie ol gy
&r ez S5l Sln eabimss s Gululy
S o elats S s )i amn o y5e wilond ol [17]
S Al s Jeily ob3,l pe el il 6l B
Sy e bl ) i (55, hane 55 gy
SxSoste Ste Sy e lp JoSe datine (lye o
05,5 F 3 ook omes, i, ol Jols & oud
JRYpUes RN ERVA RIS o PV A1 J P RSV R VR JPO
ey $385 et 3 T Jlons 3 oatmolis saises,
GO0, & e &5 ooy ol S owdlo s
Joily Glow p ol 1 Ghmee Gilynceadlo
00,5 oo oyl Sy

2250 032l Jloiu>Mo g2 pe 4 Guizmen ( Sle 0
Sty Sy b gibte |y 2 (53l pmdlo Sl oS
pho 5 S5 obey S ke ol ol i



Vot $9)9il9n (omidign (ShRgh — sole 2 y00
0 el 5 5l cpo o)lods (ea3les Lo

[10]M. E. T. Horn, N. L. Fulton and M. Westcott.
Measures of societal risk, and their potential
use in civil aviation. Risk Analysis, Vol. 28,
No. 6, pp. 1711 1726, 2008

[11]M. Lin, E. Larson and J. Collins. Columbia
accident investigation board report Volume ii,
Appendix D.16, Determination of debris risk to
the public due to the Columbia breakup during
reentry. Columbia Accident Investigation
Board, Arlington, VA, USA, 2003.

[12]R. M. Montgomery and J. A. Ward. Casualty
areas from impacting inert debris for people in
the open. Research Triangle Institute, Cocoa
Beach, FL, USA, 1995.

[13]AAAM. Abbreviated injury scale (AIS) 2005
manual, update 2008. 1st edition. Association
for the Advancement of Automotive Medicine,
Chicago, IL, USA, 2005.

[14] Janells, Unmanned Aerial Vehicles and
Targets, edited by Mark Daly , Issue Thirty-
nine- May 2014, juav.janes.com

[15]ADS-30, Human Engineering Requirements
for Measurement of Operator Workload, US
Army Aviation Systems Command, St. Louis,
MO, 30 July 2013.

(5]

(6]

(7]

(8]

[%]

e Sy Sl ol Lol (53l piemdo sanail

Aviation Safety Authority (CASA), Canberra,
ACT, Australia, Jul, 2015.

R. Clothier and R. Walker. Determination and
evaluation of UAV safety objectives. In 2/*
International Unmanned Air Vehicle Systems
(UAVS) Conference, Bristol, UK, 2006.

DoD. MIL-STD-882D, Standard practice for
system safety. United States of America
Department of Defense, Washington, DC,
USA, 11 May, 2012.

R. A. Clothier, J. L. Palmer, R. A. Walker, and
N. L. Fulton. Definition of an airworthiness
certification framework for civil unmanned
aircraft systems. Submitted to Safety Science,
2010.

M. Nas. Classifying unmanned aircraft
systems:  Development of an objective
framework for evaluating uas classification
schemes. Murdoch University, Perth, WA,
Australia, 2010.

M. T. DeGarmo. Issues concerning integration
of unmanned aerial vehicles in civil airspace.
MITRE, Center for Advanced Aviation System
Development, McLean, VA, USA, November,
2004.



