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FOREWORD 
1. This document was prepared by EUROCAE Working Group 73 “Unmanned 

n in Europe. 
r aeronautics, 

certain 
 is principally 

 the preparation of performance specifications and guidance 
European and 

st Members of 
., and/or the 

, through their 

documents are 
f the European 
f official policy 
overnments. 

 reviews which 
selected major 
motely Piloted 

mendations to 
ommission, as 
map issued in 

 specific UAS 
set of 

 a follow up of 
nt EASA Policy Statement – Airworthiness Certification of Unmanned 

01, 25th August 2009 and of the EUROCAE 
ER-004 Volume ept for UAS Certification and Airworthiness Approval 
– UAS Airw on”. As such, it is principally oriented towards 
UAS curren it of EASA (above 150 kg) albeit that some 
principles and re s could be utilized for Unmanned Aircraft below 
150 kg as well. 

7. Copies of th tained from  
CAE 

 Dolet 
OFF 

FRANCE 
 

Tel: 33 1 40 92 79 25 
Fax: 33 1 46 55 62 65 

Email: eurocae@eurocae.net

Aircraft Systems (UAS)”. 
2. EUROCAE is an international non-profit making organisatio

Membership is open to manufacturers and users of equipment fo
trade associations, national civil aviation administrations, and, under 
conditions, non-European organisations.  Its work programme
directed to
documents for civil aviation equipment, for adoption and use at 
world-wide levels. 

3. The findings of EUROCAE are resolved after discussion among
EUROCAE and in collaboration with RTCA Inc, Washington D.C
Society of Automotive Engineers (SAE), Warrendale PA, U.S.A.
appropriate committees. 

4. EUROCAE performance specifications and other 
recommendations only.  EUROCAE is not an official body o
Governments. Its recommendations are valid as statements o
only when adopted by a particular government or conference of g

5. The purpose of this EUROCAE report is:  
 on one hand, to summarize the results of the debates and

took place within the EUROCAE Working Group WG73 on 
topics relating to Unmanned Aircraft System (UAS) / Re
Aircraft System (RPAS) Objectives and Assessment criteria 

 on the other hand, to provide a set of subsequent recom
the official bodies, such as the EASA and European C
identified in the European RPAS Steering Group Road
June 2013 (Annex 1, line 13B).  

6. The report aims at eventually supporting the establishment of a
Acceptable Means of Compliance AMC1309 to be included in a future 
Civil UAS Certification Specifications to be issued by EASA, as
the curre
Aircraft Systems (UAS) E.Y013-

3, “A Conc
orthiness Certificati
tly under the rem

commendation

is report may be ob
EURO

102 rue Etienne
92240 MALAK

 
Web Site: www.eurocae.net  

© EUROCAE, 2013 
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CHAPTER 1 

INTRODUCTION 

1.1 

ay, similar to 
 to cover the 

otely Piloted 
 airworthiness 
A Certification 
jor importance 
ria, which are 

unction 
his AMC.1309 
verities and to 

els (DAL). 
zed by all stakeholders that the UAS Type Certification basis 

ned aircraft, in 
, including the 

 on board to the third parties on the 

sessment criteria for UAS at 
 development 

e it has a direct impact on 

tion effort and 

nd acceptable 
ding AMC and 

nsiderably differ depending on the applicable airworthiness code (CS 23, CS 
9, CS VLR). This is typically the case for the failure 

ave been proposed (see section 4.1), there are no firm 
 conducting System 

d aircraft Type 

1.2 

EUROCAE WG-73 has reviewed and debated the topics related to UAS Safety 
objectives and assessment criteria.  
This document addresses UAS applications with no people onboard (see note 1). 
The purpose of this EUROCAE report is, on one hand to sum up the results of these 
debates and reviews on selected major topics (see section 3) and on the other hand to 

bodies, such as the EASA 
ef.[8]). 

                                                

 

GENERAL 

Unmanned aircraft are considered to be aircraft and hence, in a w
manned aircraft, need a Type Certificate. This Type Certificate is
airworthiness of the entire Unmanned Aircraft System (UAS) / Rem
Aircraft Systems (RPAS)1, as specified in the Type design. The UAS
requirements shall eventually be laid down in codes like the EAS
Specifications (CS). Of these requirements, requirement 1309 is of ma
since it sets the System Safety Objectives and Assessment crite
elaborated in the associated AMC (Acceptable Means of Compliance) in conj
with a complete set of airworthiness requirements. In particular, t
provides a methodology to identify and classify the failure conditions se
derive the required probability requirements and Design Assurance Lev
It has been recogni
should adapt the airworthiness requirements and criteria used for man
order to take due account of the specific character of UAS applications
shift of the risk2 from the crew and passengers
ground3 or in the air. 
Defining the appropriate System Safety Objectives and As
an early stage of the UAS rule-making process is crucial for both UAS
manufacturers and authorities sinc
 The overall safety level of UAS operations 
 The architecture (e.g. redundancies and complexity) of the UAS  
 The related amount of substantiation, development and certifica

subsequent economic repercussions. 
The current manned aircraft certification specifications, requirements a
means of compliance are primarily stated in CSxx.1309 and correspon
may co
25, CS VLA, CS 27, CS 2
probability requirements or for the single failure criteria.  
While some overall principles h
and detailed criteria yet which have been agreed that would allow
Safety Assessment in a similar way as performed in the case of manne
Certification. 

SCOPE AND PURPOSE 

provide a set of subsequent recommendations to the official 
and European Commission, as also identified in the ERSG Roadmap (r

 
1 The term unmanned aircraft will be used in this document which addresses both UAS and RPAS.   
2 In this document, the term “risk” combines both severity and probability of occurrence.  
3 The term "on the ground" is used generically throughout the document but should be understood as on any 
surface where a risk to a third party may occur. 

© EUROCAE, 2013 
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The report is to support the establishment of a specific UAS AMC 1309
in a future set of UAS Type Certification requirements as a follow up
EASA Policy Statement – Airworthiness Certification of Unmanned Ai
(UAS) E.Y013-01, 25th August 2009 (ref. [3]), and of EUROCAE ER-
(ref. [4], “A Concept for UAS Certification and Airworthiness App
Airworthiness Certification”). As such, it is principally oriented to

 to be included 
 of the current 
rcraft Systems 
004 Volume 3 
roval – UAS 

wards UAS currently 
principles and 

recom  as well. 
NOTE nt methodology 

ystem  against 
iled in manned 
d therefore are 

NOTE  document addresses unmanned aircraft with no people on board. 
raft with people on board (but no crew on board) are likely 

a different set of airworthiness requirements and safety 

1.3 OCUMENT 

rpose and the 

nts4. 
s a review of UAS 

are under focus and have been subject to continuous 
WG-73 survey 
resulting from 

each topic listed in Section 3 : 
o A statement of the issue 
o A summary overview of different related approaches as proposed by 

various stakeholders and debated within EUROCAE WG-73 
o A subsequent recommendation.  

 Section 5 presents the general conclusions of this report.  

                                                

under the remit of EASA (above 150 kg) albeit that some 
mendations could be utilized for Unmanned Aircraft below 150 kg
 1: It is assumed that standard practices and safety assessme

(qualitative and quantitative) to assess Unmanned Aircraft S
the proposed Safety Objectives and criteria as currently deta
AMC 1309 may be largely replicated in the case of  UAS an
not covered by this document.  

 2: This
Unmanned airc
to be subject to 
objectives. 

STRUCTURE OF THE D

This document is structured as follows 
 Section 1 presents a general introduction, the scope and pu

structure of the document. 
 Section 2 identifies the main references of the supporting docume
 Section 3 reviews the considered approaches and provide

"1309" topics which 
debate over the past years. It includes reference to a EUROCAE 
illustrating the outstanding consensual and non-consensual areas 
these debates.  

 Section 4 and related appendices provide for 

 
4 Only officially published documents are referred here. Other draft documents such as internal EUROCAE  
WG-73 Work Papers have also supported this document. Some other documents, not officially released, are 
quoted in the appendices. 

© EUROCAE, 2013 
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1.4 IATIONS ABBREV

Abbreviation Term Meaning 

AC Advisory Circular 

AMC mpliance Acceptable Means of Co

ARP e Recommended Practice Aerospac

ATC Air Traffic Control 

AWO All Weather Operations 

AWFT Air Worthiness Focus Team 

C2 ontrol Command and C

CA e Collision Avoidanc

CAT  Transport Commercial Air

CFR Code of Federal Regulations 

CS Certification Specification 

CS – AWO  on for All Weather Operations Certification Specificati

DAL Design (or Development) Assurance Level 

DGA rale pour l'Armement Délégation Géné

EASA  European Aviation Safety Agency

EC European Commission 

EDA gency European Defence A

ERSG sion RPAS Steering Group European Commis

EUROCAE for Civil Aviation Equipment European Organisation 

EUROCONTROL opean Organization for the Safety of Air Navigation Eur

FAA tion Federal Aviation Administra

FAR Federal Aviation Regulations 

FINAS Flight In Non-Segregated Airspace 

FP Flight Path 

ICAO on Organization International Civil Aviati

IFR s Instrument Flight Rule

JAA uthorities Joint Aviation A

JARUS lemaking on Unmanned Systems Joint Authorities for Ru

MIDCAS Midair Collision Avoidance System (EDA project) 

NATO ganization  North Atlantic Treaty Or

NPA Notice of Proposed Amendment 

RPA Remotely Piloted Aircraft 

RPAS Remotely Piloted Aircraft System 

SA Separation Assurance 

SMS Safety Management System 

STANAG NATO Standardization Agreement 

© EUROCAE, 2013 
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Abbreviation Term Meaning 

TCAS  Traffic Collision Avoidance System 

TF Task Force 

UA ft Unmanned Aircra

UAS raft System Unmanned Airc

UAV Unmanned Aerial Vehicle 

USAR ems Airworthiness Requirements UAV Syst

VFR t Rules Visual Fligh

VLA Very Light Aircraft 

VLR Very Light Rotorcraft 

VMC Visual Meteorological Conditions 

WG-73 (EUROCAE) Working Group 73 

 

© EUROCAE, 2013 
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CHAPTER 2 
 

e Final Report: A Concept for European 
 2004. 

ry 2005. 
nned Aircraft 

rtification and 

[5] S erial Vehicles 

 is based on the USAR, developed by the French Military 
ANAG 4671. 

[7] ICAO Annex 2 Amendment 43. 
[8] Roadmap for the integration of civil Remotely-Piloted Aircraft Systems into the 

European Aviation System, Final Report from the European RPAS Steering 
Group, June 2013. 

REFERENCES 

[1] JAA-EUROCONTROL Task Forc
Regulations for Civil Unmanned Aerial Vehicles (UAVs): 11th May

[2] EASA A-NPA 16/2005 dated Februa
[3] EASA Policy Statement – Airworthiness Certification of Unma

Systems (UAS) E.Y013-01, 25th August 2009. 
[4] EUROCAE ER-004 Volume 3: “A Concept for UAS Ce

Airworthiness Approval – UAS Airworthiness Certification”. 
TANAG 4671 (USAR) Ed 1, 3 September 2009: Unmanned A

System Airworthiness Requirements. 
NOTE:   This STANAG

Authorities, and later updated by NATO FINAS group to ST
[6]  ICAO Circular 328 AN/90 Unmanned Aircraft System. 

© EUROCAE, 2013 
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CHAPTER 3 

ssed topics related to UAS Safety Objectives 
: 

ss and Operational Aspects  
efinition and Classification 

ated within 
ities, research 

ce users.  
73 organized a survey in 

tify the different interpretations and rationales relating to 

]) 

is survey has identified the extent to which the stakeholders have consensus on 
these topics, and where there is, currently, no consensus. This survey has proven to 
be useful in better formulating the common and parallel approaches or rationales 
behind those consensual and non-consensual areas; its results are summarized in 
Appendix 1 and are subsequently taken into account in the following sections of this 
report. 

 
UAS 1309 TOPICS UNDER DEBATE 

EUROCAE WG-73 has extensively discu
and Assessment criteria. These can be listed as follows
 Overall guiding principle 
 Interrelation between Airworthine
 Failure Severity D
 Quantitative Probability Requirements 
 UAS Categorization. 

Different approaches regarding above topics have been reviewed and deb
EUROCAE WG-73, whose members represent industry, author
institutes, and airspa
Considering the complexity of the issue, EUROCAE WG 
order to review and better iden
the following topics: 
 Current EASA Guiding Principles as stated in EASA Policy (ref. [2
 Probability Requirements 
 Airworthiness versus Operations. 

Th

© EUROCAE, 2013 
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CHAPTER 4 

CO NDATIONS 

lowing: 

proaches still outstanding as proposed by various 
in EUROCAE WG-73 over the past years 

ent recommendation. 

4.1 

4.1.1 

 overall guiding principle that may be used as the 
bjectives and 
 systems. 

4.1.2 Considered

les as currently 
ormulations as 

el (“Equivalent 
 Policy ref. [3] 

ft safety level (“Minimize 
AO Annex 2 

SG Roadmap ref. [8] 
 reference to a minimum level of airworthiness corresponding 

ents whilst recognizing the 
 [5]. 

E nd while other 
r

4.1.3 R

T ear the following difficulties: 
( f interpretation 

e shift of the risk 
e ground or in 

eing not specifically related to 

(c)  Reference to a specific minimum level such as CS-23 may be a possible 
approach but may be too specific at the level of an overall guiding principle. 

It is thus proposed to state an overall guiding principle as follows  
UAS shall be designed and operated in such a manner that the risk to third 

 
NSIDERED APPROACHES - SUBSEQUENT RECOMME

This section provides for each topic identified in previous section the fol
 A statement of the issue 
 An overview of different ap

stakeholders and debated with
 A subsequ

OVERALL GUIDING PRINCIPLE 

Statement of the issue 

The issue here is to define an
starting point to develop more detailed quantitative UAS System O
Assessment criteria for designers, manufacturers and operators of these

 approaches 

Appendix 2 provides the detailed wording of some outstanding princip
formulated by different bodies. One may summarize the different f
follows: 
(a) Broad terms with reference to manned aircraft safety or risk lev

safety” or “Do not harm more”) such as EASA UAS Airworthiness
(b) Broad terms with no direct reference to manned aircra

hazards to persons, property or other aircraft”) such as IC
Amendment 43 ref. [7] or recently issued ER

(c) Broad terms with
to EASA CS-23 or FAA FAR Part 23  requirem
specific characteristics of UAS such as NATO STANAG 4671 ref.

ASA UAS Airworthiness Policy ref. [3] is confined to risk on the grou
eferences address risk in the air as well. See also section 4.2. 

ecommendations 

he above outstanding guiding principles b
a)  The comparison with manned aircraft bears inherent difficulties o

ft and due to thdue to the different nature of unmanned aircra
from the crew and passengers on board to the third parties on th
the air 

(b)  The concept of minimizing the hazard, while b
manned aircraft, leaves room for interpretation 

parties on the ground or in the air is acceptable. 
Detailed interpretation of this principle is covered under section 4.4. 

© EUROCAE, 2013 
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4.2 INTERRELATION  BETWEEN AIRWORTHINESS AND OPERATIONAL ASPECTS 

4.2.1 

ted to design 
 to operational 

res the safety of people on board 
he operational 

ty of third parties in the air is ensured by:  
nt (flight rules, 

ently subject to 

ns is shifted to 
 airworthiness 
 the ground or 

; they assume that meeting the requirements for the safety of people 
arties. Hence 
ents for UAS. 

s may have to 

 ATC (where 
separation and 

y on equipment to perform 
r such equipment may thus 

nd the (implicit 
and may have 
: 

m and/or land at alternative sites other than aerodromes. 
erations and the stronger interrelation 

ations should 
 of splitting 

or Operational 

4.2.2

nd operational 
quirements level), with no particular restricting 

assumptions concerning the kind of operations. Operational restrictions together 
with special conditions or “waivers” should be dealt with under Restricted Type 
Certification (see e.g. EASA UAS Airworthiness Certification Policy ref. [3]). 

(b) Consider operational environment and operations that may have a direct impact 
n basis (as it is 
ch as CS-VLA 

assuming VFR – Day light operations or CS-AWO varying safety requirements 
as a function of visibility conditions). 

                                                

Statement of the issue 

Manned aviation regulations clearly split between requirements rela
standards within the framework of Type Certification and those related
rules within the framework of operational certification.  
Manned aircraft Type Certification essentially ensu
and, in general, is based upon only few assumptions5 with regard to t
environment. The safe
– Operational rules which depend on the operational environme

class of airspace), and 
– Equipment as required by these operational rules (and subsequ

airworthiness approval). 
Unmanned aircraft operations bear the following specific character: 
– There is no risk to people on board and the risk of UAS operatio

third parties on the ground or in the air. Existing manned
requirements do not explicitly address the risk to third parties on
in the air
on board implicitly provides an adequate level of safety to third p
this implicit assumption may lead to inappropriate safety requirem
More explicit UAS requirements with regard to risk to third partie
be established. 

– For manned aviation, the pilot in command on board and
applicable) ensure the adherence to operational rules like safe 
collision avoidance. Unmanned aviation may also rel
these tasks. UAS airworthiness approval criteria fo
have to be subsequently adapted. 

In addition, unmanned aircraft may perform operations which are beyo
and explicit) assumptions of the operational rules for manned aviation, 
direct impact on airworthiness requirements, e.g. unmanned aircraft may
• Orbit for prolonged period of time over densely populated areas  
• Routinely take-off fro
Considering the specific character of UAS op
between UAS airworthiness and operational aspects, recommend
therefore be made as to whether the conventional manned approach
between requirements for Type Certification and requirements f
Approval may or may not be applicable in the case of UAS. 

 Considered approaches 

The following approaches could be envisaged in summary 
(a) Maintain the distinction between airworthiness certification a

approval (including at re

on airworthiness and safety requirements in the Type Certificatio
the case in some of the manned airworthiness requirements su

 
5 There are nevertheless some examples where airworthiness requirements do make such assumptions e.g. CS-
VLA assuming VFR flights only or CS-AWO Cat 2 & Cat 3 airworthiness approval assuming visibility conditions. 

© EUROCAE, 2013 
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NOTE ay to perform 
ogy. In the first 

 a given level 
in the second 
cording to its 

NOTE  airworthiness 
ticular types or 

 and operational environment.  This would greatly 
 of commercial 

 to Appendix 6 (and section 4.4) for examples of interrelation 

4.2.3 

actices. When 
ce, it may be 
rt term.  

specially in the context of a future total aviation system, 
AS airworthiness safety requirements 

ress the risk to third parties that is directly related to the kind of 
would permit the safe but also economically efficient exploitation of 

4.3 

4.3.1 

finitions and classification, such as provided in FAA AC 
rity of failures 
pants. Since 

the scope of this report), this 
cter of UAS.  

4.3.2 

efinitions and 
ose given in manned AC/AMC 1309.  

approaches may be summarised as follows: 
definitions with 
ee Appendix 3 

(  characteristics 

4.3.3 R

Any set of general severity definitions will in any case have to be accompanied by 
ecifi racter of UAS 

applica
(a) and, provide a general functional failure classification considering 

potential end effects on third parties, UAS crew or ATC. Refer to Appendix 4, 
A4.4 

(b) On the other hand, provide a guideline to classify various UAS failure scenarios 
according to failure classification scheme mentioned in (a). Refer to table of 
Appendix 4. 

NOTE: Probability requirements, depending on the worst possible outcome of the 
failure scenarios in term of actual effect on third parties, are covered in the 
next section.  

 1:  The above approaches may have an impact on the w
Operational Safety Assessment using the ED 78 methodol
case, the UAS will be assumed to be certified according to
(without considering operations and environment), while 
case the UAS airworthiness safety level will be set ac
contribution to meet the overall operational safety objective. 

 2:  The second approach provides the opportunity to tailor the
requirements to meet the required level of safety for par
classes of operation
enhance the economic efficiency with which this new class
aviation could be implemented. 

NOTE 3:  Refer also
between operational environment and airworthiness.  

Recommendations 

The first approach is in line with the current manned aviation pr
considering an incremental concept of UAS integration into the airspa
easier to implement and therefore it is recommended to use it on the sho
In the longer term however, e
only the second approach may allow setting of U
that properly add
operations. This 
this new sector of commercial aviation. 

FAILURE SEVERITY DEFINITION AND CLASSIFICATION 

Statement of the issue 

Manned failure severity de
23.1309 or EASA AMC 25.1309, provide a scheme to classify the seve
according to their impact on safety, notably of the aircraft and its occu
unmanned aircraft do not carry occupants (within 
classification may have to be reviewed and tailored to the specific chara

Considered approaches 

Appendix 3 provides different sets of proposed failure severity d
classification that would parallel th
Basically, two different 
(a) Stay as close as possible to manned aircraft general severity 

slight adaptation considering the absence of people on board (s
e.g. JARUS) 

b) Provide severity definitions specifically related to UAS inherent
(see Appendix 3 e.g. STANAG 4671) 

ecommendations 

sp c UAS failure classification examples, given the particular cha
tions. Hence, a third approach is recommended i.e.: 

On the one h

© EUROCAE, 2013 
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4.4 QUANTITATIVE  PROBABILITY REQUIREMENTS 

4.4.1 

fers among the 
 of equipment, 
erity of failures 
ceptability of a 

obability values for manned aircraft has been 
cident rates to 

uirements; the 
te manner the 

avoidance may 
safety of 

nd, the question is how quantitative probability requirements 
airworthiness approval of unmanned aircraft equipment 

ll safety target set for 
e also 4.2.1). 

4.4.2 C

E aches: 
F
( t rates with no 

( ly consider the 
 on third parties (e.g. by using the Bow-tie tool see Appendix 5) in 

derive UAS safety requirements 
( ity for ground 

lass I events, 
ents may lead 

F
rance and Collision Avoidance (SA & CA) functions on board 

uld meet a fixed safety target (without considering mitigation by 

( ard the UAS 
applicable, and 
endix 5). 

4.4.3 Recommendations 

For the risk on the ground 
(a) For the risk on the ground, a specific target value for the acceptable probability 

for ground fatalities should be defined in line with guiding principle 
recommended in section 4.1.3. Detailed UAS probability requirements for Class 
I events, as defined in Appendix 4 A4.4 (where these events may lead to fatal 
injuries) shall subsequently be derived, see examples in Appendix 6. 

Statement of the issue 

Although the exact wording of requirement 1309 for manned aircraft dif
distinctive codes, in general terms it sets requirements for the design
systems, and installations based on the occurrence probability and sev
which could affect continued safe flight and landing. In assessing the ac
design, the need to establish rational pr
recognized (e.g. FAA AC 23.1309 or EASA AMC 25.1309) based on ac
establish acceptable probabilities of these failures. 
Likewise, UAS AMC.1309 needs explicit quantitative probability req
issue is how these can be established, while reflecting in an appropria
safety of third parties on the ground (see also 4.2.1). 
In addition, for unmanned aircraft, separation assurance and collision 
rely more on equipment to perform these tasks. Similar to the issue of the 
third parties on the grou
should be established for the 
performing these tasks in a manner consistent with the overa
mid-air collision (se

onsidered approaches 

UROCAE WG-73 has reviewed and debated the following basic appro
or the risk on the ground 
a)  Base the unmanned requirement purely upon manned acciden

mitigating factor  
b)  Compare the risks by manned and unmanned aircraft, but strict

end effect
order to 

c)  Establish a specific safety target value for the acceptable probabil
fatalities from which detailed UAS probability requirements for C
as defined in Appendix 4 A4.4, shall be derived (where these ev
to fatal injuries).  

or the risk in the air 
(a)  Separation Assu

the UAS sho
ATC or other aircraft) 

b)  Set the probability requirements for SA & CA functions on bo
considering mitigation by ATC for separation assurance, where 
by other aircraft SA & CA (e.g. by using the Bow-tie tool, see App

© EUROCAE, 2013 
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This value should be expressed in the probability of a ground fatality
that would be considered as acceptable at societal, political and econom
rationale to determine the acceptable probability value may also b
comparison with the risk to third parties on the ground arising from ma
For instance, a target value of 10-6/h (i.e. 1 fatality on the ground eve
hours) would be consistent with historical evidence related to General 
ra -4 6

 per flight hour 
ic levels. The 

e based upon 
nned aviation. 
ry million flight 
Aviation Crash 

te of 10 /h of which 2% caused ground fatalities . It would be also consistent with 
USAR version 

3.0 .  
NOTE alue could be 

ft aviation (e.g. 
 

ther societal, political and economic aspects. 
N rsons who are 

F
( nt of all the 

air collision factors, is recommended i.e. setting the probability 
ring mitigation 
 and by other 

F
( afe) criteria is 

des, either by 
ability) or not 

s be adopted 
n the UAS AMC 1309 to be established.  Account may be taken of 

 single failure) 
 application of 
where a single 
ries) should be 

D
(d)  The definition of Design Assurance Levels (DAL) including software levels as 

per methodologies of SAE ARP 4754 (or ARP 4754a wherever applicable) and 
EUROCAE ED-12B (or C, wherever applicable) and DAL as per EUROCAE 
ED-80 for Complex Electronics Hardware (or any equivalent to be accepted by 
the authority) should be determined in a manner consistent with the tailored 
severity classification and probability levels set forth in the tailored UAS AMC 
13098 that will be established.  

                         

the ground fatality probability target initially used to develop the DGA 
7

 1:  As illustrated above, the rationale for setting this target v
partially based upon some comparison with manned aircra
ground fatalities statistics induced by manned aircraft crashes) but will

ely be also based upon olik
OTE 2:  There may be a need to distinguish between the risk to pe

involved and those who are not. 
or the risk in the air 
b)  For the risk in the air, the second approach which takes accou

mid-
requirements for SA & CA functions on board the UAS conside
such as by ATC for separation assurance, where applicable,
aircraft SA & CA (e.g. by using the Bow-tie tool see Appendix 5). 

ail-safe criteria 
c)  As previously stated in section 1.1, the single failure (or fail-s

applied differently in different manned aircraft airworthiness co
being strictly applied (i.e. regardless of failure occurrence prob
applied (i.e. considering failure occurrence probability).  
It is recommended that, for UAS, a way combining both approache
and stated i
the occurrence probability of failure conditions (including some
and/or of experienced engineering judgment based upon the
sound design techniques. However, as a design aim, the cases 
failure could lead to a Class I event (where it may cause fatal inju
minimized. 

esign Assurance Levels 

                        
6 See for instance "Determination and Evaluation of UAV Safety Objectives" by R. Clothier and R. Walker 
(http://eprints.qut.edu.au/4183), referring to NTSB statistics.  
7 The DGA USAR version 3 was developed by the French Military Authorities, and later updated by NATO FINAS 
group to STANAG 4671; the ground fatality probability was implicitly used to develop the USAR version 3. See in 
particular 
http://www.uavnet.org/index.php?option=com_remository&Itemid=11&func=select&id=20&orderby=1 
8 Example of such consistency between hardware probability requirements and software levels may be found in 
FAA AC 23.1309 1D. 
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S
( ons leading to 

established as 
MC (e.g. AMC 
ratio of 10% of 
n errors). This 
ystems, when 

pared to manned aircraft and a 
ser) contribution of UA pilot errors. Therefore, it is 

ded to review the applicability of this ratio for UAS. 

4.5 

4.5.1 

uirements may 
rding to some 

rent probability 
mber or 

nt probability requirements are defined between FAA AC 
5.1309. If so, can the parameters used in manned aviation 

UAS be 

4.5.2 Considered approaches 

T orization. The 
issue at sta ifferent 
d overall guiding 
p
( oduces a weight threshold of 150 

tional Aviation 

(b) es the concept of 
Kinetic Energy categories to determine the airworthiness reference code to be 
tailored in establishing the UAS Type Certification Basis10 

(c)  Another approach (see also the discussion under 4.2) could be to establish a 
UAS categorization that combines physical parameters (such as weight or crash 
size area) as well as operations and environment parameters. 

                                                

ystem Failure Conditions Probability Requirements 
e) The probability requirement due to all systems failure conditi

Class I events shall be derived from the probability requirement 
per above 4.4.3 (a) (see also section 4.5). Manned aircraft A
25.1309) or Advisory Circular (e.g. FAA AC 23.1309) assume a 
technical failures and 90% of operational failures (including huma
ratio is not necessarily applicable to an Unmanned Aircraft S
considering a higher level of automation as com
different (possibly les
recommen

UAS CATEGORIZATION 

Statement of the issue 

The issue is whether the detailed UAS AMC.1309 failure probability req
apply to all types of unmanned aircraft or they may have to vary acco
UAS categorization. For instance, in the case of manned aircraft, diffe
requirements are defined within FAA AC 23.1309 (as a function of weight, nu
type of engine) and differe
23.1309 and EASA AMC 2
be applied to unmanned aviation or should parameters more specific to 
defined (such as weight, size and kind of operations)? 

he UAS community has yet to determine an appropriate UAS categ
ke here is to determine possible UAS categories that may lead to d

etailed UAS safety requirements while meeting the provisions of the 
rinciple. 
a)  Basic European regulation EC 216/2008 intr

kg9 under which Unmanned Aircraft are under the remit of Na
Authorities 

 EASA UAS Airworthiness Certification policy (ref. [3]) introduc

 
9 It has been widely recognized that this threshold is primarily intended to define the border of responsibilities 
between EASA and National Authorities and that it is not related to any significant technical meaning with regard 
to UAS categorization. 
10  In the military UAS context, the Weight Range applied by NATO STANAG 4671 (ref [5]) covers, as a first step, 
Unmanned Aircraft from 150 kg to 20,000 kg. STANAG 4671 itself was developed from DGA USAR v3 dated 
January 2005 which does not have upper weight limit. 
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4.5.3 

mmended to 
g from 

sity and class 

t significant parameter 

eeting the safety target value referred to in 4.4.3. 
are size of the 

As an illustration on the way to implement this recommendation, examples are 
provided in Appendix 6, considering unmanned aircraft characteristics and type of 
operations. 

                                                

Recommendations 

In line with the third approach stated above under 4.5.2 (c), it is reco
establish a range of UAS probability requirements for Class I events differin
each other by an order of magnitude11 as a function of  
– Operations and environment parameters such as population den

of airspace 
– The size of UA crash area, considered as the mos

relating to the risk to third parties on the ground 
that altogether shall allow m
Wherever possible, a manned reference aircraft may be used to comp
crash area and safety target value.  

 
11 Such as found in FAA AC 23.1309 (Class I to Class IV) e.g. as a function of weight with quantitative probability 
requirements classified by an order of magnitude. 
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CHAPTER 5 

 that should be 

 sections 4.1.3, 4.2.3, 4.3.3, 4.4.3 and 
4.5.3 of this document are proposed as an input to the ERSG regulatory roadmap 
ref.{8]) and envisaged future EASA UAS AMC 1309 NPA. 

 
CONCLUSIONS 

This report provides a set of recommendations relative to major topics
elaborated in any future UAS AMC 1309. 
In particular, the recommendations stated in

© EUROCAE, 2013 
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APPENDIX 1: EUROCAE WG-73 SURVEY 

nd discussed 
uthorities and 

ed by various 
years already, 

e various stakeholders. 
 survey in order to review 

t interpretations relating to the following topics: 
rinciples as stated in EASA Policy (ref. [2]) 

ders have consensus on 

ciple have become 
calling for an 

 Unmanned Aircraft is generally agreed. 
and in the air, 
f ref. [3]). 
 (harm to third 

orthiness and 
al aspects cannot be totally separated and that their interface has to 

potential 
perations and 

he end effects 

pare between 
 contradictory 

pare between 
 the ground 

uld we not compare at all? 
(b) The term “equivalent category” (between manned and unmanned aircraft) is 

variously interpreted (as per Kinetic Energy, End effects on third parties, kind of 
operations or complexity) or found totally inadequate. 

(c) Should the comparison be based upon the level of technology, risk 
apportionment including public acceptance (e.g. Commercial operations versus 
State Aircraft operations), should we take account of operational aspects? What 
about the cases where comparison is not possible at all? 

Over the past years, different approaches have been reviewed a
amongst EUROCAE WG-73 members representing Industry, A
Research Institutes. In addition, different draft policies have been provid
bodies. These reviews and discussions have been going on for some 
since it proves difficult to reach a consensus among th
Considering this difficulty, EUROCAE WG 73 organized a
and better define the differen
 Current EASA Guiding P
 Probability Requirements 

ss versus Operations  Airworthine
This survey has identified the extent to which the stakehol
these topics, and where there is no consensus. 
Consensual areas 
The survey identified that there is consensus about the following:  
(a) Whilst the difficulties in interpreting EASA Guiding prin

apparent, the need to have a general principle aimed at 
acceptable level of risk introduced by

(b) This latter principle should cover the risks both on the ground 
although currently ‘in the air’ is beyond the current EASA policy o

(c) The risk is generally defined as a combination of consequences
parties, fatalities) and probability of occurrence. 

(d) There is a general agreement that, especially for UAS, airw
operation
be accounted for. 

(e) The Bow-tie methodology (see Appendix 5) is viewed as one of the 
tools that allow having a holistic approach of airworthiness and o
to model and quantify the risk mitigating factors with regard to t
on third parties. 

Non Consensual areas & Diverging Approaches  
The survey identified that there is no consensus about the way to com
manned and unmanned aircraft risks, which leads to different and
approaches:  
(a) In order to derive the probability requirements, should we com

accident rates or between actual risks of harm to third parties on
based upon manned aircraft statistics, or sho

© EUROCAE, 2013 
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APPENDIX 2: ONGOING GUIDING PRINCIPLES 

ted by various 
blication of this report), illustrating the different 

approa

Item e 

The following is a list of guiding principles that have been formula
bodies (as available at the date of pu

ches that have been taken. 

 Referenc Overall Guiding Principle (quote) 

1 

icy 
ti

4.1) 
(August 2009) 

y on the ground 

worthiness standards should be set to be no less demanding than those 
currently applied to comparable manned aircraft nor should they penalize UAS 

use technology 

EASA Pol
E.Y01301 (sec on 

A civil UAS must not increase the risk to people or propert
compared with manned aircraft of equivalent category 
Air

by requiring compliance with higher standards simply beca
permits 
 

2 
ICAO Circular 3
dated 2011 
(sections 2.8, 3. ) 

The principal objective of the aviation regulatory framework is to achieve and 
e case of RPAS, 
ell as the safety 

xist for manned 
well as any special and specific standards that address the 

operational, legal and safety differences between manned and unmanned 

 Amendment 43 

28 
RPAS will operate in accordance with ICAO standards that e
aircraft as 

1

maintain the highest possible and uniform level of safety. In th
this means ensuring the safety of any other airspace user as w
of persons and property on the ground.   
 

aircraft operations. 
Note: Above principle has been reformulated in ICAO Annex 2
quoted below.  
 

3 

ICAO Annex 2 
Amendment 43 

1

A remotely piloted aircraft shall be operated in such a manner as to minimize 
hazards to persons, property or other aircraft and in accordance with the 

 Annex 2 to the 
 (RPASs) into (November 20 2) 

conditions specified in Appendix 4 [of ICAO Annex 2]. 
Note: EASA-NPA 2012-12 ("Transposition of Amendment 43 to
Chicago Convention on remotely piloted aircraft systems
common rules of the air") was issued on 21 August 2012. 
 

 

4 
EUROCAE WG

r 201

en civil aviation 
ual and simple 

all Safety UAS 
uantitative risk 

 failure condition and 
derive quantitative criteria at UAS system level. 

-73 

0) 

Recommendation is given to finalize and harmonize – betwe
authorities, industry and possibly military authorities – consens
definitions of Catastrophic UAS failure condition and Over
Safety Objective, based upon an absolute acceptable q
resulting from the consequence of a UAS Catastrophic

ER-004  
(Novembe

  

5 

STANAG 4671 

gated in 
September 200

The intention of this document is to correspond as closely as practicable to a 
ing aircraft as 
A CS-23 (from 
ique features of 
 subparts. 

lished for DGA USAR v3 (January 2005) 
and adapted by NATO/FINAS for STANAG 4671.  
 

(Edition 1 
promul

9) 

comparable minimum level of airworthiness for fixed-w
embodied in documents such as 14 CFR Part 23 and EAS
which it is derived) whilst recognising that there are certain un
UAV Systems that require particular additional requirements or
 
Note: This principle was first estab

6 ERSG Roadmap 
June 2013 

RPAS shall be designed, manufactured, operated and maintained in such a 
manner that the risk to people on the ground and other airspace users is at an 
acceptable level. This level shall be set through essential requirements 
adopted by the legislator, following substantial consensus by all involved 
parties during the rulemaking process. When developing the safety 
requirements for RPAS, the risk must be considered in relation to the different 
size of RPAS and the type of operation involved 
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APPENDIX 3: ONGOING SEVERITY DEFINITIONS 

dix: 
9 
r E) s, FAA, 2011 
 

JARUS    Draft JARUS working paper 

Referenced documents in this appen
EASA CS-25 AMC 130

D (o m Safety Analysis and Assessment for Part 23 AirplaneFAA AC-23.1309 1 Syste
EASA A-NPA 16/2005 See ref. [2] 
NATO STANAG 4671  See ref. [5] 

 
y Definition Severit

FAA AC-23.1309 1 le fatalities of the occupants, or incapacitation D Failure Conditions that are expected to result in multip
or fatal injury to a flight crewmember normally with the loss of the airplane.  

M
an

ne
d 

C 1 of the aeroplane. EASA CS-25 AM 309  Failure Conditions, which would result in multiple fatalities, usually with the loss 

EASA A-NPA 16/20
(“Severity I”) 

ty I Event may be 
bility to continue controlled flight and reach any predefined landing site, i.e. 

 to fatalities or 

05 The worst UAV hazard event designated hereafter as “Catastrophic” or Severi
defined as the UAVs ina
an UAV uncontrolled flight followed by an uncontrolled crash, potentially leading
severe damage on the ground. 

NATO STANAG 46
309 

sult in a worst credible outcome of at least uncontrolled flight (including 
flight outside of pre-planned or contingency flight profiles/areas) and/or uncontrolled crash (which 

71 Failure conditions that re
AMC 1

can potentially result in a fatality). 

Catastrophic

U
nm

an
ne

d 

(draft June 2013 as 
circulated for National 
Authorities comments) 

Failure conditions which could result in one or more fatalities. 

JARUS 
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Severity Definition 

FAA AC-23.1309 1

the crew to cope 
 the following:  

such that the flight crew cannot be relied upon D 

Failure Conditions that would reduce the capability of the airplane or the ability of 
with adverse operating conditions to the extent that there would be
(i) A large reduction in safety margins or functional capabilities;  
(ii) Physical distress or higher workload 
to perform their tasks accurately or completely; or  
(iii) Serious or fatal injury to an occupant other than the flight crew. 

M
an

ne
d 

EASA CS-25 AMC 1

ane or the ability of the crew to 
to the extent that there would be: 

lied upon to perform 

her than the flight crew. 

309 
(i) A large reduction in safety margins or functional capabilities; 

Failure Conditions, which would reduce the capability of the aeropl
cope with adverse operating, conditions 

(ii) Physical distress or excessive workload such that the flight crew cannot be re
their tasks accurately or completely; or 
(iii) Serious or fatal injury to a relatively small number of the occupants ot

EASA A-NPA 16/20
) 

 emergency site, 05 Failure conditions leading to the controlled loss of the UAV over an unpopulated
using Emergency Recovery procedures where required. (“Severity II”

NATO STANAG 467
AMC 1309 

ncreased crew workload, are 
eading to the 

1 
expected to result in a controlled-trajectory termination or forced landing potentially l
loss of the UAV where it can be reasonably expected that a fatality will not occur. 

Failure conditions that either by themselves or in conjunction with i

Hazardous 

U
nm

an
ne

d 

(draft June 2013 as 
circulated for National 
Authorities comments) 

ility of the remote crew to cope 
here would be the following: 

 leading to the loss of the UA where it can be 
reasonably expected that a fatality will not occur or 
b) A large reduction in safety margins or functional capabilities or 
c) Loss of Detect and Avoid (UA unable to maintain safe separation) 
 

JARUS 

Failure conditions that would reduce the capability of the UA or the ab
with adverse operating conditions to the extent that t
a) A controlled-trajectory termination of flight potentially
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Severity Definition 

FAA AC-23.1309 1

the crew to cope 
duction in safety 

nditions impairing 
r a discomfort to the flight crew or physical distress to passengers or cabin crew, 

D 

Failure Conditions that would reduce the capability of the airplane or the ability of 
with adverse operating conditions to the extent that there would be a significant re
margins or functional capabilities; a significant increase in crew workload or in co
crew efficiency; o
possibly including injuries. 

M
an

ne
d 

EASA CS-25 AMC 1

 of the crew to 
mple, a significant 

se in crew workload or in 
rt to the flight crew, or physical distress to 

309 

Failure Conditions which would reduce the capability of the aeroplane or the ability
cope with adverse operating conditions to the extent that there would be, for exa
reduction in safety margins or functional capabilities, a significant increa
conditions impairing crew efficiency, or discomfo
passengers or cabin crew, possibly including injuries. 

EASA A-NPA 16/20
”) 

Failure conditions leading to significant reduction in safety margins (e.g., total loss of communication 05 
(“Severity III with autonomous flight and landing on a predefined emergency site). 

NATO STANAG 467
9 

es or in conjunction with increased crew workload, are 
 can be 

1 Failure conditions that either by themselv

AMC 130
expected to result in an emergency landing of the UAV on a predefined site where it
reasonably expected that a serious injury will not occur. 

Major 

U
nm

an
ne

d 

013 as 
circulated for National 
Authorities comments) 

e remote crew to cope 
with adverse operating conditions to the extent that there would be a significant reduction in safety 
margins, functional capabilities or separation assurance. In addition, the failure condition has a 
significant increase in remote crew workload or in conditions impairing remote crew efficiency. 

JARUS 
(draft June 2

Failure conditions that would reduce the capability of the UA or the ability of th
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Severity Definition 

FAA AC-23.1309 1
crew actions that 

duction in safety 
ew workload (such as routine flight plan D 

Failure Conditions that would not significantly reduce airplane safety and involve 
are well within their capabilities. Minor Failure Conditions may include a slight re
margins or functional capabilities, a slight increase in cr
changes), or some physical discomfort to passengers or cabin crew. 

M
an

ne
d 

EASA CS-25 AMC 1
h involve crew 
 for example, a 

 crew workload, such 
s or cabin crew. 

309 
Failure Conditions which would not significantly reduce aeroplane safety, and whic
actions that are well within their capabilities. Minor Failure Conditions may include,
slight reduction in safety margins or functional capabilities, a slight increase in
as routine flight plan changes, or some physical discomfort to passenger

EASA A-NPA 16/2005 
”) 

ncy). 
(“Severity IV

Failure conditions leading to slight reduction in safety margins (e.g. loss of redunda

NATO STANAG 46
309 

afety and involve UAV crew actions 
n in safety 

71 Failure conditions that do not significantly reduce UAV System s

AMC 1
that are well within their capabilities. These conditions may include a slight reductio
margins or functional capabilities, and a slight increase in UAV crew workload. 

Minor 

U
nm

an
ne

d 

013 as 
circulated for National 
Authorities comments) 

e crew actions that 
are within their capabilities. Minor failure conditions may include a slight reduction in safety margins 
or functional capabilities, a slight increase in remote crew workload, such as routine flight plan 
changes. 

JARUS 
(draft June 2

Failure conditions that would not significantly reduce UA safety and involve remot
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Severity Definition 

FAA AC-23.1309 1  that would not affect 
se crew workload). D Failure conditions that would have no affect on safety (that is, failure conditions

the operational capability of the airplane or increa

M
an

ne
d 

EASA CS-25 AMC 1 le, Failure Conditions that would 
not affect the operational capability of the aeroplane or increase crew workload. 309 Failure Conditions that would have no effect on safety; for examp

EASA A-NPA 16/20
) 

Failure conditions leading to no Safety Effect. 
05 

(Severity V”

NATO STANAG 4671 
309 

Failure conditions that have no effect on safety. 
AMC 1

No Safety 
Effect 

U
nm

an
ne

d 

3 as 
circulated for National 
Authorities comments) 

Failure conditions that would have no effect on safety for example, failure conditions that would not 
affect the operational capability of the UA or increase remote crew workload. 

JARUS 
(draft June 201
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APPENDIX 4: HIGH LEVEL UAS FAILURE CLASSIFICATION 

ies the risk scenarios for unmanned aircraft and their potential 

ssion, 
 aircraft if these 

ded, and 
he ground and in the air. 

A4.1 

wing of a flight path

This appendix identif
outcomes (or end events) by 
• Defining the functions to be performed during any type of UAS mi
• Identification of the effect on the behaviour of the unmanned

functions are not performed as inten
• The assessment of the potential effect on people on t

DEFINITION OF THE HIGH-LEVEL FUNCTIONS 

All aircraft perform the following functions from immediately after take-off: 
• The follo , along an intended route, in terms of geographical 

ition and altitude, 
•

pos
 The assurance of safe separation from other aircraft, and the avoidance of 

collisions, and 
 • Landing. 

A major difference between the ‘flight path’ and ‘separation a
‘collision avoidance’ is tha

ssurance’ and 
t the ‘flight path’ is always applicable and can be 

voidance’ only 
lanned. 
hen defining a 

according to a 
 of navigation 

be passed at a predefined altitude and time within a 

 that could be 
urse of actions 
 site for a safe 

ding, or terminate the flight . 
• Unmanned aircraft may use dedicated sites for take-off and landing instead of a 

conventional airport or heliport. Any site that is not the intended landing site or 
predefined by emergency recovery procedures (see above) is an ‘unplanned’ 
landing (or crash) site. The pilot may be able to select an unplanned landing site 
that is uninhabited and thus minimize the hazard risk to third parties on the 
ground.  

                                                

planned beforehand, while ‘separation assurance’ and ‘collision a
apply when there are other aircraft in the vicinity, and cannot be p

The following unmanned aircraft aspects are of particular relevance w
high-level functional failure categorization:  
• Unmanned aircraft can be programmed to follow a flight path 

navigation plan12 which defines the trajectory e.g. by a series
waypoints which shall 
specific accuracy.  

• There may be Emergency Recovery procedures13, i.e. functions
implemented by the crew or by an automatic pre-programmed co
that are intended to navigate the UA to a predefined emergency
lan 14

 
12 The term ‘navigation plan’ is used to indicate that this is the routing as intended by the UAV crew; this may be 

the same routing as in the ATC flight plan, but since an ATC flight plan may not be mandatory for each flight, 
the term ‘navigation plan’ is used instead.  

13 This definition is consistent with the EASA policy. 
14 This may include a controlled crash.  
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A4.2 T ON THE BEHAVIOUR OF NOT PERFORMING THE FUNCTIONS AS 

tended one or 
tion Assurance 
ailure depends 

 extent to which these functions cannot be performed any more. The following 
re subsequently proposed to be analysed in classifying the UAS failure 

d and planned 

unplanned but predictable and safe flight 
fined emergency procedures)  

e (which is 

surance and Collision Avoidance 

fe separation is 

 (e.g. to a pre-
rd 

site, does the UA pilot 
ited landing or 
 the ground is 

crash location is totally 
crash”)? 

cument is used 
airspace, either 
manned aircraft 
.  

 Par A4.1: 
o continue its 

FP1

EFFEC
INTENDED 

As a result of a system failure, the UA may not be able to perform as in
more of the high-level functions defined in A4.1, ‘Flight Path’, ‘Separa
and Collision Avoidance’, and ‘Landing’. The classification level of a f
on the
parameters a
conditions: 
• Flight Path:  

o Can the UA still follow its flight path according to its intende
flight path?  

o If not, can the UAV follow an 
path (e.g.  according to well de

o If none of the above, then the UA flight path is unpredictabl
tantamount of an uncontrolled flight) 

• Separation As
o Can the UA still be safely separated from other air traffic? 
o Can the UA still perform Collision Avoidance in case sa

lost? 
Landing / Crash Site:  • 
o Can the UA land at its intended “normal” landing site?  
o If not, can the UAV land at an intended, safe landing site

planned uninhabited emergency landing / crash site, such that the haza
risk to third parties on the ground is minimized)?  

o If it cannot land or crash at above pre-planned 
have still the means to select an unplanned but uninhab
crash site (such that the hazard risk to third parties on
minimized)? 

o If none of the above, then the landing / 
unpredictable (which is tantamount to an “uncontrolled 

NOTE: The term “Separation Assurance” in the context of this do
as a generic term referring to, depending on the class of 
separation provided by ATC or or self-separation by the un
if required by the applicable class of airspace and flight rules

 
This yields the following failure scenarios for the high-level functions from
• After occurrence of th e failure, the unmanned aircraft is still able t

flight according to its intended and planned flight path (failure scenario ). 
to continue its 

ed flight path, 
 to one of the following cases:  

able and safe 
cy” Procedures 

• After occurrence of the failure, the unmanned aircraft is not able 
flight (including take-off and landing) according to the intend
leading
o The unmanned aircraft follows an unplanned but predict

flight path e.g. in accordance with predefined “Emergen
(failure scenario FP2.1) 

o The unmanned aircraft does not follow its intended and planned flight 
path with the required accuracy (typically undetected erroneous 
navigation) while its attitude is still under control (failure scenario FP2.2, 
which could lead the UA to fly out of the assigned airspace or even to 
CFIT) 

o The unmanned aircraft enters an uncontrolled flight or taxiing (failure 
scenario FP2.3). 

• After occurrence of the failure, the unmanned aircraft is still able to land on the 
normally planned landing site (failure scenario L1). 
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• After occurrence of the failure, the unmanned aircraft is not able to land on the 
s: 

ed uninhabited 
normally planned landing site, leading to one of the following case
o The unmanned aircraft can land or crash at a pre-plann

emergency site (failure scenario L2.1), 
o The unmanned aircraft cannot land or crash at a pre-plann

emergency site but its pilot has still the mea
ed uninhabited 

ns to select an unplanned 
era) where to uninhabited emergency site (e.g. through an on-board cam

land or crash the unmanned aircraft (failure scenario L2.2),
o The unmanned aircra

 
ft has neither option L2.1 nor L2.2 and crashes on 

an uncontrolled manner at a location totally unpredictable (“uncontrolled 
crash”) (failure scenario L2.3). 

 
The 4 different options for the flight path and the 4 different options 
yield 16 combinations, of which some are not applicable b

for the landing 
ecause they are correlated. 

For example, if the flight continues as per navigation plan (option FP1) this implies that 
also th land  n p ), and the options L2.1 - L2.3 are not 
applicable. A review of all the options yields to 9 possible combinations: 
 

 FP1 FP2.1 FP2.2 FP2.3 

e ing is as pla ned (o tion L1

L1 + + - + 

L2.1 - + + - 

L2.2 - + + - 

L2.3 - - + + 

 
Each of these may also have an effect on Sepa
Avoidance (CA): 

ration Assurance (SA) and Collision 

properly or not.  
ptions in the table above15. 

A4.3 

A4

 Separation Assurance functions properly or not, •
• Collision Avoidance functions 
This yields 4 combinations for each of the o

EFFECT ON PEOPLE ON THE GROUND AND IN THE AIR 

he effect on people on the ground and in the air may beT :  
• Physical hit or stress to third parties in the air or in the ground, 
• Workload increase to the crew or ATC.  

.4 FUNCTIONAL FAILURE CLASSIFICATION LEVELS 

1. Class I: Failure condition that is expected to directly or indirectly l
hit of third parties in the air or on the ground (see notes  below) 

ead to physical 

2. Class II: Failure Condition that is not expected to lead to physical hit of third 
parties in the air or on the ground but is expected to lead to stress to third 
parties in the air or on the ground as a result of nearby collision or crash nearby 
third parties. 

3. Class III: Failure Condition that is not expected to lead to physical hit of third 
parties in the air or on the ground nor to stress to third parties in the air or on 
the ground but is expected to lead to a significant increase in workload to UAS 
crew, to ATC.  

                                                 
15 SA OK + CA OK, SA not OK + CA OK, SA OK + CA not OK, SA not OK + CA not OK 
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4. Class IV: Failure Condition that is not expected to lead to phys
parties in the air or on the ground nor to stress to third parties in 
th

ical hit of third 
the air or on 

e ground but is expected to lead to a slight increase in workload to UAS crew 
or ATC 

5. Class V: Failure Condition that is not expected to lead to physical hit of nor 
stress to third parties in the air or on the ground and will not increase the 

NOTE
a. anned 

d for manned 
s. 

b. sical effects on 
s of injuries or 

severe outcome would depend on specific 
ft chara q  should then be 

determined as per recommendation stated in sec  considering the 
st sever ect  parties. 

ig  effec UA ilure

workload to UAS crew or ATC. 
S: 

Above classification levels do not necessarily parallel the classical m
severity classification (Catastrophic, Hazardous etc…) use
aircraft which is oriented towards onboard crew or passenger
The term “physical hit” is intentionally used to cover phy
third parties, rather than specifying their exact nature in term
fatal injuries. The most 
unmanned aircra cteristics. Probability re uirements

tion 4.4.3,
mo e eff  on third

  
  

H h Level End t of S fa  

  

l Effect to people Proposed 
Class 

(see A4.4)   

Potentia

  
L A A 

Ground Air     
FP S C

1 li orma   No V 1.1 FP1 (per f
pa

ght L1 (N
th) 

l) OK OK None ne 

2 1 1 (per flight 
th) 

L1 (Normal) NOK OK None Stress II .2 FP
pa

3 1  fli
th) 

al) OK NOK None None IV .3 FP1 (per ght L1 (Norm
pa

4 1.4 Phy I FP
path) 

1 (per flight L1 (Normal) NOK NOK sical Physical 

5 2.1 
nc

ma  No  IV  2.1 FP
(Emerge y) 

L1 (Nor
L2.1 (Prede

l) or 
fined) 

OK OK None ne

6 2.1 
nc

a
.1 (Predefined) 

OK  II  2.2 FP
(Emerge y) 

L1 (Norm
L2

l) or N OK None Stress 

7 2.1 
nc

a
.1 (Predefined) 

K K III  2.3 FP
(Emerge y) 

L1 (Norm
L2

l) or O NO None None 

8
nc

a
.1 (Predefined) 

K K al Ph I  2.4 FP2.1 
(Emerge y) 

L1 (Norm
L2

l) or NO NO Physic ysical 

9
y

l  
ed) 

 III  3.1 FP2.1 
(Emergenc ) 

L2.2 (Unp
select

anned OK OK None None 

10 3
ency) 

L2.2 (Unplanned 
selected) 

NOK OK None Stress II .2 FP2.1 
(Emerg

11
c

l ned 
ted) 

OK NOK III  3.3 FP2.1 
(Emergen y) 

L2.2 (Unp
selec

an None None 

12 3.4 FP2.1 
cy

L2.2 (Unplanned NOK NOK Physical Physical I 
(Emergen ) selected) 

13 4.1 FP2.2 
(inaccurate 
navigation) 

-  - - - - I 
(Worst 
case) 

14 7.1 FP2.3 
(Uncontrolled 
flight) 

L2.3 (Unplanned 
unselected) 

- - Physical Physical I 

NOTE:  When classifying failure conditions according to above Class levels, 
account may be taken of existing design mitigation factors. 
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Example 1: Where the unmanned aircraft is designed with dual red
surfaces such that in case of any failure of one of them, its ability to 
path is not affec

undant control 
follow the flight 

ted, the loss of one control surface would correspond to line 1 in the 
table, hence Class V.   
Example 2: In case of total loss of Command and Control Link (C2 link loss), i.e. 

 the Ground, 
ctors 

nned aircraft 
controlled and the unmanned aircraft cannot 

ds to 

n Home" mode 
 multiple way 

 predefined uninhabited 
sp. Class IV, 

ffect on separation assurance and collision 
ers  
set emergency 

ed Flight Path 

– Capability of unmanned aircraft to land at an uninhabited site without C2 
link 

– Capability of unmanned aircraft to perform separation assurance and 
collision avoidance functions in the absence of C2 link.  

inability to transmit UAV flight control & navigation commands from
several cases have to be envisaged as a function of design mitigating fa
(a) If the UAS has no design compensating provisions, then the unma

flight path eventually becomes un
land on a normal landing site or on a pre-planned one. Thus it correspon
the line 14 of the above table, hence Class I. 

(b) If the UAS has design compensating provisions such as "Retur
i.e. autonomous pre-programmed course of actions, including
points enabling the unmanned aircraft to reach a
emergency landing site, it may correspond to lines 5, 6, 7, or 8 (re
II, III or I) as a function of the e
avoidance depending on several design and operational paramet
– Airborne  transponder able to automatically switch to  pre-

code to inform ATC about the link loss 
– Flight Plan coordination with ATC including pre-programm

in case of C2 link loss 
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APPENDIX 5: BOW-TIE AND PROBABILITY REQUIREMENTS 

d aircraft have 
confirmed by 

s among 

ff area, which 

y, since VFR 
safe landing 

son of noise 

 
plicitly covered 

For un

For manned aircraft it is evident that people are at risk since manne
occupants on board who may be injured or killed by an accident. This is 
accident statistics that also show that such accidents may yield casualtie
people on the ground, but not at every accident: 
• Many accidents are on the runway or in the approach or take-o

are cleared of people for reasons of safety; 
• Accidents en route are mostly in areas of low population densit

pilots should execute their flights such that they can always make a 
in case of an engine failure; 

• Populated areas are avoided as much as possible for rea
abatement during departure and arrival. 

 
Although the technical and operational requirements for manned aircraft may not
explicitly address the safety of people on the ground, their safety is im
by ensuring the safety of the occupants on board. 
 

manned aircraft it is not possible to cover the safety of people on the ground by 
carry passengers. So the 

people on the 

l requirements 
ments for the 

The risk to people on the ground, which is covered by additional operational 

ound is always 
l requirements 

s on the 

tie diagram’. At 
 some ‘hazardous event’ to the system (like an aircraft accident), 

 people on the 
stood by using an example from daily life, the 

 for traffic. A 
ome could be that he is hit by a car. Yet not all pedestrians who cross 

the street without looking are hit by a car: 
• The car driver may spot the pedestrian, anticipate that he may cross the street 

and reduce speed;  
• The crossing may be controlled by traffic lights, so the pedestrian may safely 

cross the road if he has a ‘green light’; 
re warned of 

pedestrians. 

                                                

the safety of occupants since unmanned aircraft do not (yet) 
question then becomes: how may unmanned aircraft be a risk to 
ground, and how can it be ensured that this risk is acceptable? 
 
The analogy with manned aviation shows that safety consists of two levels: 
• The risk to the occupants on board, which is covered by technica

for the designer and manufacturer, and by operational require
operator, pilot and maintenance organisation; 

• 
requirements (e.g. routing).  

By the additional operational requirements, the risk to people on the gr
less that the risk to people on board. Or: by the additional operationa
there is no one-to-one correlation between aircraft accidents and casualtie
ground. 
 
This can be illustrated by a diagram like Figure 116, a so called ‘bow 
the centre there is
which may lead to several potential outcomes (like casualties among
ground). Figure 1 may be under
‘hazardous event’ of a pedestrian crossing a street without looking
potential outc

• The crossing may be a zebra crossing, so car drivers a

 
16 From: http://www.skybrary.aero/index.php/Bow_Tie_Risk_Management_Methodology (URL April 2013). 
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These are examples of controls to mitigate the outcome of crossing a
looking for cars. Reversely, it may be that a car driver ignores the tra

 street without 
ffic lights; this is 

an example of an ‘escalation’ which aggravates the outcome of the hazardous event. 

 
FIGURE 1:  BOW-TIE METHODOLOGY17  

 

 
In fact, the left hand side of the bow tie is the ‘Fault Tree’ of events that lead to the 

 determine the 
the bow tie 

municating the 
 risks’19. 

es unmanned 
he ‘hazardous 
nsibility of the 

ity on the effect 
e’) depends on 

operational factors (routing in relation to population) which are beyond the scope of 

hazardous event, and the right hand side the ‘Event Tree’ of events that
outcome of the hazardous event18. EUROCONTROL considers 
methodology ‘an excellent way of visualising risk management and com
context of the controls (barriers and mitigations) put in place to manage
 
The bow tie methodology illustrates the dilemma which distinguish
aircraft from manned aircraft: while a crash of a manned aircraft (t
event’) is a direct risk to the occupants on board, and also a respo
designer and manufacturer of the aircraft, they can have no responsibil
of such a crash to people on the ground since this (‘potential outcom

the designer and manufacturer. While for manned aircraft the objectives for the 
 ‘hazardous event’ in 

the centre of the bow tie, these objectives have no meaning for (unoccupied) 
un

technical safety requirements (or ‘airworthiness’) are set by the

manned aircraft and have to be deduced from the safety objectives for people on 
the ground, set by the ‘potential outcome’ on the right hand side of the bow tie. Or: the 
safety objectives for the design and manufacture of unmanned aircraft can only be set 
by: 
1. Setting the safety objectives for people on the ground, and by 
2. Determining how the effect of a crash is mitigated by operational factors. 

                                                 

17 From: http://www.skybrary.aero/index.php/bow_tie_risk_management_methodology 
18 See e.g. ‘Safety Management System and Safety Culture Working Group (SMS WG) Guidance on Hazards 
Identification’ and ‘Air Traffic Organization Safety Management System Manual - Version 2.1’. 
19 See http://www.skybrary.aero/index.php/Bow_Tie_Risk_Management_Methodology (URL April 2013). 
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APPENDIX 6: UAS CATEGORIZATION EXAMPLES 

AS probability 
 section 4.4 

 (as a function 

The following examples are only aimed at illustrating the way to set U
requirements that would allow meeting the safety target value referred to in
as a function of UAS categorization parameters proposed in section 4.5
of unmanned aircraft characteristics and type of operations).  
Example 1: An unmanned Cessna 172 orbiting over a stadium which is
flying above a 10 fold population density that is normally flown by a m
172

 tantamount of 
anned Cessna 
h area. As a 

 
-6 nt is set at 10 

0-5/h instead of 

20. Both unmanned and manned aircraft have the same cras
consequence this category of unmanned aircraft21 can only meet the safety target
value of e.g. 10 /h (see 4.4.3) if its required probability for Class I eve
times more severe than the one set for the manned Cessna 172 e.g.1
10-4/h. 
Example 2:  A 200 kg unmanned aircraft with a wingspan of 3 m and a s
leading to a crash area of less than 10% of the crash area of a Cessna 172 

peed of 40 kts 
flying 

s category of 
ee 4.4.3) if its 
the one set for 

under the same operational environment. As a consequence, thi
unmanned aircraft22 could meet safety target value of e.g. 10-6/h (s
required probability for Class I event is set at 10 times less severe than 
the manned Cessna 172 e.g.10-3/h instead of 10-4/h. 
Example 3: A 10,000 kg unmanned aircraft with a wingspan of 20 m a
200kt leading to a crash area of more than 10 times but less than 100

nd a speed of 
times the crash 
ronment. As a 
target value of 
t at 100 times 
tead of 10-4/h. 

 
area of a Cessna 172 while flying under the same operational envi
consequence, this category of unmanned aircraft23 could meet safety 
e.g. 10-6/h (see 4.4.3) if its required probability for Class I Event is se
more severe than the one set for the manned Cessna 172 e.g.10-6/h ins
Example 4: An unmanned Cessna 172 flies IFR in Class E airspace a
Aviation aircraft under VMC. ATC will separate this Cessna from other
since it is VMC, there may be also be VFR traffic from which ATC 

mong General 
 IFR traffic, but 
cannot provide 
ircraft have to 
 per hour, the 
or each. As a 
ty target of e.g. 
t as severe as 
  

separation. Hence all aircraft have to perform self-separation, and all a
provide collision avoidance. Assuming a target value of 10-7 collisions
target value of 10-7/h could be achieved by a failure rate of 10-4/h f
consequence, this category of unmanned aircraft24 could meet the safe
10-7 collisions per hour if its required probability for Class I event is se
for a manned Cessna 172 in Class E airspace under VMC, e.g. 10-4/h.  
Example 5: A small unmanned aircraft flies IFR in Class E airspace a
Aviation aircraft under VMC. ATC will separate this unmanned aircraft 
traffic, but since it is VMC, there may be also be VF

mong General 
from other IFR 

R traffic from which ATC cannot 
provide separation. Hence all aircraft have to perform self-separation, and all aircraft 
have to provide collision avoidance. Unlike Example 4, if this unmanned aircraft 
cannot be detected by manned aircraft, hence these cannot perform self-separation (if 
they fly VFR) nor provide collision avoidance. As a consequence, this category of 
unmanned aircraft25 can only meet the safety target of e.g. 10-7 collisions per hour if its 

ent is set to meet this target, e.g. 10-7/h, since the required probability for Class I ev
manned aircraft cannot contribute to meeting this objective. 

                                                 
20 Provided it follows ICAO Annex 2, Chapter 4 Visual Flight Rules 
21 Size of crash area is not more than that of a Cessna 172, prolonged flying over population densities up to 10 
times the average population density. 
22 Size of crash area is less than 10% of that of a Cessna 172, flying over the average population density. 
23 Size of crash area is not more than 100 times than that of a Cessna 172, flying over the same operational 
environment as a Cessna 172. 
24 Unmanned aircraft that is large enough to be visually detected by other aircraft for separation, in airspace 
where ATC does not separate, with only General Aviation. 
25 Unmanned aircraft that is too small to be visually detected by other aircraft for collision avoidance, in airspace 
where ATC does not separate, with only General Aviation. 
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Example 6: An unmanned Cessna 172 flies IFR in Class C airspace a
Aviation aircraft under VMC. ATC will separate this unmanned aircraf
IFR and VFR traffic, each aircraft has to perform its own collision avo
airspace there is also Commercial Air Traffic, hence the safety target fo
mid-air is e.g. 10-9. Assuming that the separation by ATC contributes a
then the collision avoidance by both aircraft has to contribute 10-6. I
improve the collision avoidance by reduci -2

mong General 
t from all other 
idance. In this 
r a collision in 
 factor of 10-3, 
f TCAS would 

ng the MAC rate by 10 , then the CA 
bined, divided 

26

 event is set to 
meet t
NOTE -9 for the MAC 

pon MAC rate 
shop Second 

cus Report dated 18 January 2013) and are similar to the values of 
5.10-7 and 5.10-9 used in MIDCAS (see MIDCAS-T-0173 'Working Paper - 
Collision Avoidance concept and Operational aspects considered in 
MIDCAS'). 

                                                

capability (without TCAS) should achieve 10-4 (for both aircraft com
among the aircraft similar to the examples 4 and 5). 
As a consequence, this category of unmanned aircraft  can only meet the safety 
target of e.g. 10-9 collisions per hour if its required probability for Class I

his target, e.g. 10-2/h. 
:  Above figures (such as safety target value of 10-7 and 10

rate) are provided for illustration and currently based u
statistics (see FAA Sponsored "Sense and Avoid" Work
Cau

 
26Unmanned aircraft that is large enough to be visually detected by other aircraft for collision avoidance, in 
airspace where ATC separates, among General Aviation and Commercial Air Transport. 
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- Michael Allouche, Israel Aerospace Industries (Focus Team Leader) 

ands National Aerospace Laboratory 
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ious draft version of this report in the framework 

ion. 
x ES, Italy 

 
leumier, Indra, Spain 
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ms 
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ld UK 

- Maurice Labonde, Cassidian 
- Thomas Mildenberger, Eurocockpit 
- Robert Molina, Boeing Spain 
- Abdoulaye Ndiaye, EUROCAE General Secretary 
- Paul Nisner, National Air Traffic Services UK 
- Alex Pillington, BAE Systems, UK 
- Angela Rapaccini, ENAC, Italy 

- Hans Brants, NLR, Netherl
- Serge Lebourg, Dassault Aviation 
- Jean Louis Roch, Thales France 
- Isaac Sela, Elbit Systems, Israel 
- Fredrik Nordström, Ca
In addition, the following mem
UAS Airworthiness "13
have provided comments to the prev
of the Eurocae WG-73 consultat
- Magda Balerna, Sele
- Jeffrey Bergson, FAA 
- Nick Brewer, CAA UK
- il
- , M

Daniel Cobo-Vu
Matt Degarmo

- Riccardo Delise, ENA
- Dewar Donnithorne
- Ron Eastaugh, BAe Syste
- Michael Gadd, CAA UK 
- Tamar Gottesman 
- David Haddon, EASA 
- Tony Henley, Consultant
- Robert Jones, Cranfie

© EUROCAE, 2013 



 

© EUROCAE, 2013 

32

erlands National Aerospace Laboratory 

Netherlands National Aerospace Laboratory 
assidian 

- Andy Talby, QinetiQ UK 

- Michiel Selier, NLR Neth
- Paul Smith, BAE Systems 
- Lennaert Speijker, NLR 
- Dirk Steinbach, C


	CHAPTER 1INTRODUCTION
	1.1 GENERAL
	1.2 SCOPE AND PURPOSE
	1.3 STRUCTURE OF THE DOCUMENT
	1.4 ABBREVIATIONS

	CHAPTER 2REFERENCES
	CHAPTER 3UAS 1309 TOPICS UNDER DEBATE
	CHAPTER 4CONSIDERED APPROACHES - SUBSEQUENT RECOMMENDATIONS
	4.1 OVERALL GUIDING PRINCIPLE
	4.1.1 Statement of the issue
	4.1.2 Considered approaches
	4.1.3 Recommendations

	4.2 INTERRELATION BETWEEN AIRWORTHINESS AND OPERATIONAL ASPECTS
	4.2.1 Statement of the issue
	4.2.2 Considered approaches
	4.2.3 Recommendations

	4.3 FAILURE SEVERITY DEFINITION AND CLASSIFICATION
	4.3.1 Statement of the issue
	4.3.2 Considered approaches
	4.3.3 Recommendations

	4.4 QUANTITATIVE PROBABILITY REQUIREMENTS
	4.4.1 Statement of the issue
	4.4.2 Considered approaches
	4.4.3 Recommendations

	4.5 UAS CATEGORIZATION
	4.5.1 Statement of the issue
	4.5.2 Considered approaches
	4.5.3 Recommendations


	CHAPTER 5CONCLUSIONS
	APPENDIX 1: EUROCAE WG-73 SURVEY
	APPENDIX 2: ONGOING GUIDING PRINCIPLES
	APPENDIX 3: ONGOING SEVERITY DEFINITIONS
	APPENDIX 4: HIGH LEVEL UAS FAILURE CLASSIFICATION
	A4.1 DEFINITION OF THE HIGH-LEVEL FUNCTIONS
	A4.2 EFFECT ON THE BEHAVIOUR OF NOT PERFORMING THE FUNCTIONS AS INTENDED
	A4.3 EFFECT ON PEOPLE ON THE GROUND AND IN THE AIR
	A4.4 FUNCTIONAL FAILURE CLASSIFICATION LEVELS

	APPENDIX 5: BOW-TIE AND PROBABILITY REQUIREMENTS
	APPENDIX 6: UAS CATEGORIZATION EXAMPLES
	APPENDIX 7: EUROCAE WG-73 PARTICIPANTS

