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airspace encounter category
airborne electronic hardware

air navigation service provider

air risk class

above ground level

acceptable means of compliance

air traffic control

beyond visual line of sight

command and control

command, control and comnmication
concept of operations

detect and avoid
EuropeannionAviation Safety Agency
emergency responsglan

European Union
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ground risk class
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human machine interface

industrial, scientific and medical
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TCAS traffic collision avoidance system

TMPR tactical mitigation performance requirement
UA unmanned aircraft

UAS unmanned aircraft system

UAS Regulation Commission Implementing Regulation (EU) 2019/947 of 24 May 20tfon
rules and procedures for the operation of unmanned aircraft

VLL very low level
VLOS visual line of sight
VO visual observer

GMZ1Article 1Subject matter

AREAS OF APPLICABILITY BBAREGULATION

For the purposes ohie UAS Regulatigpthe term Wperationof unmanned aircraft syster@Hoes not
includeindoor UAS operationsindoor operatiors areoperationsthat occurin or into a house or a
building (dictionary definition) gmore generallyin or into a closed space such as a fuel tank, a silo,
a cave or a mine where the likelihood of a UA escaping into the outside airspace is very low.

GM1Article 2(3) Definitiors

59CLbL¢Lhb hC WI{{9a.[L9{ hC t9ht[9Q

Assemblies of people have been defined by an objective aitaglated to the possibility for an
individual to move around in order to limit the consequences of anawttontrol UA. It was indeed
difficult to propose a number of people above which this group of peapleldturn into an assembly
of people: numbers @re indeed proposedbut they showed quitea large variation. Qualitative
examples of assemblies of people are:

(@) sport, cultural, religiousor politicalevents;
(b) beaches or parks on a sunny gay
(c) commercial streets during the opening hours of the shapxl

(d)  skiresort/tracks/lanes

59CLbL¢Lhb hC W5! DbD9wh,; { Dhh5Q

Under the definition of dangerous gogdlood may beconsideredto be capable of posing a hazard
to healthwhen it iscontaminated ounchecked (potentially contaminedl).In consideration of Article

5(1)(b)(iii)
(@) medical sample suchasuncontaminated blood can be transported in thipenQ8pecificor
Wertifiedategories;

(b) unchecked or contaminated blood must be transported in WpecifiQor the ertifiedQ
categoies If the transport may result in a high risk for third parties, th&Soperation belongs
to the Wertified(rategory (sed\vticle 6 1.(biii) ofthe UAS Regulatignlf the blood is enclosed
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in a container such that in case of an accigéme blood will not be spilled, the#ASoperation
maybelong to thepecifi€zategory if there are no other causes of high risk for third parties.

GM1Article 217) Definitions
59CLbL¢Lhb hC WI!¢hbhah!{ htOw! ¢LhbQ

Right phases during which the remote pilbas noability to intervene in the course of the aircraft
either following the implementation of emergency proceduyes due toaloss of the commanand
control connectionare not considered autonomous operatis

An autonomous operation should not lenfusedwith an automatic operation, which refers to an
operation following preprogrammed instructions that the UAS executes while the remote pilot is able
to intervene at any time.

GM1Article 218) Definitiors
59CLbL¢Lhb hC W' SRLb+xh[ 95 t9w{hb

Due to the huge variety of possible circumstances, this GM only provides general guidelines.

An uninvolved person is a person that does not take pathe UAS operationeither directly or
indirectly.

A person may be consideréo be ® y @ 2 Wh@rSHeyhave:

(@) givenexplicit consento the UAS operator or to the remote pilot to be part of tH&Soperation
(even indirectly aa spectator or just accepig to be overflown by the UAS); and

(b) receivedfrom the UAS operator ofrom the remote pilot clearinstructions and safety
precautions tdfollow in case the UA8xhibitsanyunplanned behaviour.

LY LINAYOALX ST Ay 2NRboedl2 :2P$SO02yaARSNBR | WLISNA?
(a) isable to decide whether or not to participain the UAS operation;
(b) broadly understandthe risks involved:;

(c) hasreasonable safeguards during the UAS operations, introduced by the site managbeeand
aircraft operator; and

(d) isnot restricted from taking part in the event or activity if they decide twoparticipate in the
UAS operation.

The persornnvolvedis expected to follow the directions and safety precautions provjidad the UAS
operator or remote pilot should check by asking simple questions to make suriéditections and
safety precations have been properly understood.

Spectators or any other people gathered for sport activities or other mass public deemthich the
UAS operation is not the primary focusNE ISy SN} f f & O2yaARSNBR G2 6S Y

People sitting at a be&cor in a park or walking on a street or onoadare al® generally considered
to be urinvolvedpersons

An example: when filming with a UAS at a large music festival or public event, it is not sufficient to
inform the audience or anyone present via &pa address system, or via a statement on the ticket,
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or in advance by email or text message. Those types of communication channels do not satisfy the
points above. In order to be considered a persowolved each person should be asked for their
permission and be made aware of the possible risk{Bis type of operation does ndall into the
Wpentrategory and may be classified\@pecifi€br WertifiedQaccording to the risk.

GML1 Article 2(22) Definitios
59CLbL¢Lhb hC -GFx MAEL adjaat hta! 0O

This MTOM is the maximum mass defined byrtrenufactureror the builder, inthe case of privately
built UAS, which ensusdhe controllability and mechanical resistance of the When flying within
the operational limits

The MTOM should includal the elements on board the UA

(@)
(b)
(€)
(d)
(e)
(f)

allthe structural elements of the UA;

the motors;

the propellers if installed

all the electronic equipment and antennas;

the batteriesand themaximum capacity diuel, oil and all fluidsand

the heaviest payload allowed by the manufacturerincluding sensors antheir ancillary
equipment

GM1 Article 3 Categories of UAS operations

BOUNDARIES BETWEHECATEGORIES UAS OPERATIONS

(@)

(b)

Boundarybetween¥pentand Bpecifi€

AUASoperation does not belong to thépenzategory wherat leastone ofthe general criteria
listed in Aticle 4 of the UAS Regulatios not met (e.g. when operating beyond visual line of
sight(BVLOS)r when the detailed criteria for a subcategaing not met (e.g. operating 10kg
UAclos to people when subcategory A2 is limited tagtUA)

Boundarybetween$pecifi€and WertifiedQ
Article 6 ofthe UAS Regulaticand Article 40 of Regulation (E2)19 945define the boundary

0SG6SSy (KS WALISOAFTAOQ YR GKS WOSNIAFTASRQ Ol

an operational perspectivayhile the secondone definesthe technical characteristics of the
UA and they should be read together.

A UASoperation belong to the WertifiedQcategorywhen, based on the risk assessment, the
competent authority considers that the risk cannot be mitigated adequately wittioait

T certification of the airworthiness of the UAS;
T certification of the UAS operatoand
T licensingof the remote pilot, unless the UAS is fully autonomous

UAS geratiors are always consideréd beinthe WOS NI A TA SR Gheyd (G S32 NB
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T areconducted over assemblies of peomléh a UAthat has characteristic dimensions of
3 m or more or

T involve the transport of peopleor

T involve the carriage of dangerous goods that may resub liigh risk for third parties in
the eventof an accident.

GM1 Article 6% SNIIAFTFASRQ OF 1S3I2NE 27

UASOPERATIONS TNEEERTIFIEBATEGORY

Article 6 ofthe UAS Regulatioshould be read together witiArticle 400f Regulation (ELB019/945

T Article 6 addressetJASoperations andArticle 40 addresses the UAS. This construction was
necessary to respect the EU legal order reflecteBdgulation(EU) 2018/1139which foresees that
the requiremens for UASoperations and registration are in the implementing ,aahd that the
technical requirements for UAS arethre delegated actThe reading of the two articleesults inthe
following:

(@) thetransport of people is always in théertifiedzategory Indeed,the UAS must be certified
in accordancevith Article 40andthe transport of pepleis one of thdJASoperationsidentified
in Article 6as beingn the Eertifiedzategory

(b) flying over asmmblies of people with a UABat hasa characteristic dimension ¢éss tharB m
may be in thegpecifi€xategory unless the risk assessment conclublasit is in theWertifiedQ
category;and

(c) the transport of dangerous goods is in theertifiedQcategory if the payload is not in a
crashprotected container such thatthere is a high risk for third partigés the case of an
accident

GM1 Article 9 Minimum age for remote pilots

SUPERVISOR

A person may act asremote pilot even if he or shbas notreachedthe minimum age defined in
Article9(1) of theUAS Regulatigrprovided that the person isupervised. The supervisimgmote

pilot must, in any casecomply withthe age requirement specified in th#rticle. The possibility to

lower the minimum ge applies only to remote pilots (and not to supervisoBhcethe supervisor

and the young remote pilot must both demonstrate competency to act as a remote mil@hinimum

age is defined to conduct the training and pass the test to demonstrate thenmim competency to

FOG Fa + NBY2GS LRAE2G Ay (GKS w2LISyQ OlFGS3a2NEO®

GM1to AMC1 Article 11 Rules for conducting an operational ri

assessment
GENERAL

The operational risk assessment required by Article 11 of the UAS Regulation may be conducted using
the methodology described in AMCL1 to Article This methodology isasicallythe specific operations
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risk assessment (SORA) developed by JARUS. Otherdwoleties might be used by the UAS operator
as alternative means of compliance.

Aspects other than safety, such as security, privacy, environmental protection, the use of the radio
frequency(RF)spectrum, etc. should be assessed in accordance with théicapfe requirements
established by the Member State in which the operation is intended to take place, or by other EU
regulations.

For some UAS operatiotizat areclassified abeing inthe Bpecifi€zategory, alternatives to caring
out a full risk assssment are offered to UAS operators:

(@) for UAS operations with loweintrinsic risks, a declaration may be submitted when the
operations comply with the standard scenaso(STS) listed in Appendix 1 to the UAS
Regulation. Table 1 provida summary of the&sTS; and

(b) for other UAS operationsa request for authorisation may be submitted based on the
mitigations and provisions described in the predefined risk assessment (PDRA) when the UAS
operation meesthe operational characterisation describedAiMC?2 et sq. to Article 11 tahe
UAS Rgulation. Table Below providesa summary of the PDRA

While the STSare described in a detailed wayhe provisiors and mitigatiors in the PDRA are
described in @ather generiavayto provide flexibility to UAS operatoasmdthe competent authorities
to establish more prescriptive limitations and provisidhat areadapted to the particularities of the
intended operations.

In accordance with Article 11 of the UAS Regulation, the applicant must collect and provide the
relevant technical, operational and system information needed to assess the risk associated with the
intended operation of the UAANd the SORAAMCL to Article 11 of the UAZgulation provides a

detailed framework forsuchdata collection and presentation. Tlwencept ofoperations (ConOp}

description is the foundation for all other activitiesd should be as accurate and detailed as possible.

The ConOps should not only describe the operation, but also provide insight it K S | ! { 2 LIS NJ
operational safety culture. It should also include how and when to interact thighair navigation
serviceprovider ANSPwhen applicable.

PDRAs only address safety risks; consequently, additional limitations and provisions migtat bee
included afterthe consideration of other risks (e.g. security, privaeig).
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ST® Edition/date UAS characteristics BVLOS/VLOY Overflown area | Maximum range | Maximum Airspace notes
from remote height
pilot
Table It List of STSoublished as Appendix 1 to the UAS Regulation
PDRA# Edition/date UAS characteristics BVLOS/VLOY Overflown area | Maximum range | Maximum Airspace AMCH# to notes
from remote height Article 11
pilot
PDRAO1 1.0/xx.xx.2019| maximum characteristic dimensig BVLOS sparsely If no VO up to| 150m Controlled | AMC2

up to 3m and a typical kinetic energ
up to 34kJ

populated areas

1km

Table 2t List of PDR#ypublished as AMC to Article 11 to the UAS Regulation
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AMCI1Article 11Rulesfor conducting an operational risk assessment
SPECIFIOPERATIRISK ASSESSMEBIOURCE JARUS SORA V2.0)

EDITION Septemb2019
1. Introduction

1.1 Preface

(@) This SORA is based on the document developed by JARUS, providing a vision on how to
safely create, evaluate and conduct ammannedaircraft system (UAS) operation. The
SORA provides a methodology to guide both th&S operatorand the competent
authority in determining whether &ASoperation can be conducted in a safe manner.

The document should not be used as a checklist, nor be expected to provide answers to
all the challenges related tthe integration of the UAS in the apace. The SORA is a
tailoring guide that allows BlASoperator to find a best fit mitigation meansnd hence
reducethe risk to an acceptable level. For this reason, it does not contain prescriptive
requirements but rather safety objectives to be met aarious levels of robustness
commensurate wittthe risk.

(b) The SORA is meant to inspire UAS operators and competent authorities and highlight the
benefits of a harmoised risk assessment methodology. The feedback collected from
reaHife UASoperations wil form the backbone ahe updatesin the upcoming revisions
of the document.

1.2 Purpose of the document

(@) The purpose of the SORA is to propose a methoddtngg used as an acceptable means
to demonstrate compliance with Article 11 thie UAS Regulatigrthat isto evaluate the
risks and determine the acceptability of a proposed operatiormdJAS within the
Wpecifi€zategory.

(b) Due to the operational differences atlde expanded level of risk, thépecifi€zategory
cannot automatically take credit for the safety and performance data demonstrated with
the large number of UA operating in théperfCrategory. Therefore, the SORA provides
a consistent approach to assess the additional risks associated witkxgfended and
new UASoperationsthat arenot covered by thédpen(rategory.

(c) The SORA s not intended as a-at@p-shop forthe full integration of all typeof UASN
all classes of airspace.

(d) This methodology may be applied where the traditional appho@caircraft certification
(approving the design, issuing an airworthiness approval and type certificate) may not be
FLILINBLINRFGS RdzS G2 Fy |LILX AOFydiQa RS&AAND
manner. This methodology may also suppthr activities necessary to determinthe
associated airworthiness requirements. This assumesthesafety objectives set forth
in, or derived from those applicable for th&ertified®category, are consistent with the

2 As defined by Article 4 of the UAS Regulation.
3 As defined by Article 6 of the UAS Regulation (EU).
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ones set forth or derived for th#pecifi€zategory.

The methodology is based on the principle of a holistic/total system safetpasid
assessment model used to evaluate the risks related to a giv¥eSoperation. The model
considersthe nature ofall the threats associated with a specifieédzard, the relevant
design, and the proposed operational mitigations for a spedifi€operation. The SORA
then helps to evaluate the risks systematicailyd determine the boundaries required
for a safe operation. This method allows the applicant tced®ine the acceptable risk
levels and to validate that those levels are complied with by the proposed operations.
The competent authority may also apply this methodology to gain confidence that the
UAS operator can conduct the operation safely.

To avoid epetitive individual approvals, EASA will apply the methodology to define
Wtandardscenario$dr Predefinedrisk assessmeatf@r the identified types of ConOps
with known hazards and acceptable risk mitigations.

The methodology, related processes, amdlres proposed in this document are intended
to guide the UAS operator when performing a risk assessment in accordance with
Article 11 of the UAS Regulation.

1.3 Applicability

(@)

(b)

(c)

(d)

(€)
(f)

(9)

The methodology presented in this document is aimed at evaluating the sefity
involved with the operation of UAS of any clasizeor type of operation (including
military, experimentalresearch and developmerdnd prototyping). It is particularly
suited, but not limited to® LJS CopeFatiod<Ior which a hazard amdisk assessment
arerequired.

The sfety risks associated with collisions between UA and manned aircraft are in the
scope of the methodology. The riskaé€ollision between two UA or between a UA and
a UA carrying people will be addressed in future revisadriee document.

In the event ofa mishap, the carriage of people or payloads on board the UAS (e.g.
weapons) that present additional hazarisexplicitly excluded from the scope of this
methodology.

Security aspects are excluded from the applicabidlftyhis methodology whetthey are
not limited to those confined by the airworthiness of the systems (thg.aspects
relevant to protection from unlawful electromagnetic interference.)

Privacy and financial aspects are excluded from the applicabilityiofrtethodology.

The SORA can be used to support waittegegulatory requirements applicable to the
operation if it can be demonstrated that the operation can be conducted with an
acceptable level of safety.

In addition to performing a SORA in accordamdth the UAS Regulationthe UAS
operator must also ensure complianeeith all the other regulatory requirements
applicable to the operation that are not necessarily addressed by the SORA.

1.4 Key concepts and definitions

1.4.1 Semantic model
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(@) To facilitate effective communication of all aspects of the SORA, the methodology
requiresthe standardseduse of terminology fothe phases of operation, procedures,
and operational volumes. The semantic model shown in Figure 1 provides a consistent
useof the terms for all SORA users. Figure 2 provides a graphical representation of the
model and a visual reference to further aid the reader in understanding the SORA

terminology.
Operation in control Loss of control of the operatioff)
Normaloperation Abnorm_alstuauon Emergencysituation
(undesired statg (unrecovered statg
Standard Contingency procedures Emergency procedures
operationapProcedures (T home i sotaiand on (land asap or activation of FTc.)

Emergencyesponseplan
(plan to limit escalating effect of the loss of control of the opera}ion

Operational Volume

Area used to determine the intrinsic GRC
Flightgeography Contingencyolume Riskbuffer Adjacent areas

Area to which the operation needs to be technically contained
Area to consider to determine the ARC

Flightgeography Contingencyolume Opga?f:lrnsk Adjacent airspace

Area to which the operation needs to be technically contained

(*) The Loss of control of operation corresponds to situations

1 where the outcome of the situation highly relies on providerare
1 which could not be handled by a contingency procedore

1 when there is grave and imminent danger of fatalities

Figurelt SORAsemanticmodel
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Ground Risk Model Air Risk Model
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Figure21 Graphicalrepresentation ofthe SORAsemanticmodel

1.4.2 Introduction to robustness

(@)

(b)

(c)

(d)

(€)

To properly understand the SORA process, it is important to introduce the key concept of
robustness. Any given rigkitigation or operational safety objectiv€OSO)can be
demonstrated at differing levels of robustness. The SQ@R¥Eessproposes three
different levels of robustnessow, medium andhigh, commensurate witkhe risk.

Therobustnessdesignation is achieveadsing both thdevel of integrity (i.e. safety gain)
provided by each mitigation, and tHevel of assurancdi.e. method of proof) that the
claimed safety gain has been achieved. These are bothaisid.

The activities used to substantiate the levelimigrity are detailed in Annexes B, C, D
and E. Those annexes provide either guidance material or reference industry standards
and practices where applicable.

General guidance for the level of assurance is provided below:

(1) Alow level of assurance is wheethe applicant simply declares that the required
level of integrity has been achieved.

(2) Amediumlevel of assurance is where the applicant provides supporting evidence
that the required level of integrity has been achieved. This is typically achieved by
means of testing (e.g. for technical mitigations) or by proof of experience (e.g. for
humanrelated mitigations).

(3) A high level of assurance is where the achieved integrity has been fooiruk
acceptable by a competent third party.

The specific criteria dimed in the Annexes take precedence over the criteria defined in
paragraph d.
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()  Table 1 provides guidance to determine the level of robustness based on the level of
integrity and the level of assurance:
Lowassurance Medium Highassurance
assurance
Lowintegrity Low robustness | Low robustness| Low robustness
Mediumintegrity Low robustness Medium Medium
robustness robustness
Highintegrity Low robustness Medium High robustness
robustness
Tablelt Determination ofrobustnesdevel
(g) For example, if an applicant demonstratesiadium level ointegrity with alow level of

assurancethe overall robustness will be considerd¢ol be low. In other words, the
robustness will always be equal to the lowest level of eitheiintegrity orthe assurance.

Roles and responsibilities

(@)

(b)

(c)

(d)

(€)

While performing a SORA process and assessment, several key actors might be required
to interact in different phases of the process. The main actors applicable to the SORA are
described in this sgion.

UAS operator  The UAS operator is responsible foe safe operation of the UA&nd

hence the safety risk analysis. In accordanitk Article 5 ofthe UAS Regulatigrthe UAS
operator must substantiate the safety of the operation by performihg specific
operational and risk assessment, except for the cases defined by the same Article 5.
Supporting material for the assessment may be provided by third parties (e.g. the
manufacturer of the UAS or equipmeni-space service providers, etc.). ThAS
operator obtains an operational authisationfrom the competentauthority/ ANSP.

Applicantt The applicant is the party seeking operational approval. The applicant
becomes the UAS operator once the operation has been approved.

UAS manufacturer For the purposes of the SORA, the UAS manufacturer is the party
that designs and/or produces the UAS. THAS manufacturehas unique design
evidence (e.gfor the system performanceahe system architecture, software/hardware
development documentation, t/analysis documentation, etc.) that they may choose
to make available to one or many UAS operator(gpdhe competent authority to help

to adzoadl yadAlradsS GKS 11 2 LIS NJ di pawvial UAS FSG @
manufacturemay utilse the SORA ttarget design objectives for specific or genesadl
operations. To obtain airworthiness approval(s), these design objectives could be
complemented bythe use of certification specifications (CS) or industry consensus
standards if they are fountb be aceptable by the competent authority.

Component manufacturert The component manufacturer is the party that designs
and/or produces components for use in UAS operations. The component manufacturer
has unique design evidence (efgr the system performane, the system architecture,
software/hardware development documentation, test/analysis documentation, etc.)
that they may choose to make available to one or many UAS operator(s) to substantiate
a safety case.
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()  Competentauthority T The competent authoritysithe recognised national authority for
approving the safety case of UAS operations, according to Articlef the UAS
Regulato® ¢ KS O2YLISGISyd Fdzik2NAGe Yl & | OO0SL
whole or in part. Through the SORA process, the apiliteny need to consult with the
competent authority to ensur¢he consistent application or interpretation of individual
steps. The competent authority muperform oversight of the UASperator according
to paragraphgi) and (j)of Article 18of the UARegulation EASA magerform oversight
of the UAS design and/or production organisatiand, when considered necessary, of
the component design and/or production organisatiaand may approve the design
and/or the production of eachThe competentuthority also provides the operational
approval to the UAS operator.

(g0 ANSPr The ANSP is the designated provider of air traffic service in a specific area of
operation (airspace). The ANSP assesses whether the progligletdcan be safely
conducted in theparticular airspace that covels, and if spauthorises the flight.

(h)  U-spaceserviceprovidert U-spaceserviceproviders are entities that provide services
to supportthe safeand efficient use of airspace.

() Remote pilott The remote pilot is designatl by the UAS operatpor, inthe case of
general aviation, the aircraft owner, as being charged withlgafenductngthe flight.

The SORprocess
Introduction to risk

(@) Many definitions of the wordHskCexist in the literature. One of the easiest and most
understandable definitions is provided in SAE ARP 4754A /| EUROGAA: BBe
combination of thefrequency(probability) of anoccurrenceand its associated level of
severityQ This definition offisk(s retained in this document.

(b) The consequence of an occurrence will be designatdthem of some type.

(c) Many different categories of harm arise from any given occurrence. Various authors on
this topic have collated these categories of harm as suppolsiethe literature. This
document will focus on occurrences of harm (e.g. a UAS crash) that ardigbdrand
usually give rise tanear loss of life. Chronic events (e.g. toxic emissions over a period of
time) are explicitly excluded from this assessmehhe categories of harm in this
document are the potential for:

(1) fatal injuries to third parties on the ground;
(2) fatal injuries to third parties in the air; or
(3) damage to critical infrastructure

(d) It is acknowledged that the competent authoritieshen appropriate, may consider
additional categories of harm (e.ghe disruption of a community, environmental
damage, financial loss, etcThis methodology couldlsobe used for those categories of
harm.

(e) Several studies have shown that the amounenérgy needed to cause fatal injurjés
the case of a direct hiisextremely low (i.e. in the region of few dozen Joules.) The energy
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levels of operations addressed within this document are likely to be significantly higher
and therefore the retainedharm is the potential for fatal injuries. By application of the
methodology, the applicant has the opportunity to claim lower lethality either on a
caseby-case basis, or systematically if allowed by the competent authoritiesifetige
Wpen(rategory).

(H  Fatalinjury is a wellefined condition and, in most countrigsknown by the authorities.
Therefore, the risk of undereporting fatalities is almost neaxistent. The quantification
of the associated risk of fatality is straightforward. The usuamsdo measure fatalities
is by the number of deaths within a particular time interval (alge fatal accident rate
per million flying hours), or the number of deaths for a specified circumstancettie.g.
fatal accident rate per number of takafs).

(g) Damage to critical infrastructure is a more complex condition. Therefdte
guantification of the associated risks may be difficult and subject to cooperation with the
organisation responsible for the infrastructure.

2.2 SORA process outline

(@) The SORA methology provides a logical process to analyse the proposed ConOps and
establish an adequate level of confidence that the operation can be conducted with an
acceptable level of risk. There are ten stépe support the SORA methodology and each
of these st@s is described in the following paragraphs and further detailed, when
necessary, in the relevant annexes.

(b) The SORA focuses on the assessmeait @hdground risls. In addition to air and ground
risks, an additional risk assessment of critical infrastmecshould also be performed.
This should be done in cooperation with the organisation responsible for the
infrastructure, as they are most knowledgeable of those threats. Figjatelines the ten
steps of the risk modeWhile Fgure 4 provides an overall understanding of how to arrive
at anair riskclass (ARC) for a given operation.
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Step#1: ConOpsdescription
As perSection2.2.2 and Annexes A and A2

v

Step#?2: Determination of the UAS intrinsgzound riskclass(GRG
As persection2.3.1

v

Step#3: Final GRC determination
As per&ction2.3.2 and Annex B

Isthe GRQess tharor equal to7?

YES
v

Step#4: Determination of the initiakir riskcLasYARG
As perSection2.4.2

ARC
As persction2.4.3 and Annex C

NO *

Step#6: TMPR and robustness levels
As persction2.4.4 and Annex D

v

Step# 7: SAlldetermination
As perSection2.5.1

v

Step#8: Identification of operational safety objectivd®SO¥
As perSction2.5.2 and Annex E

v

Step#9: Adjacentarea/ airspaceconsiderations
As perSction2.5.3 and Annex E

Step#10: Comprehensivaafety portfolio
Are the mitigations and objectives required by the
SORA met with a sufficient level of confidehce
As persection2.6

NO

YES

Other procesge.g.
category‘ertified

UAS operation

L approval(with
or new application ;
) " associated
with a modified S
limitations)

ConOps

Figure3t1 The SORA process

Note: If operations are conducted across different environments, some steps may néed to
repeated for each particular environment.

2.2.1 Preapplication evaluation

(@) Before starting the SORA process, the applicant should verify that the proposed operation
is feasible (i.e. not subject to specific exclusions from the competent autlorstybject
to an ST Things to verify before beginning the SORA processlagther.
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(1) the operation falls under th&8pentategory;

(2) the operation is covered by Wtandard scenar@ncluded in the appendiio the
UAS Regulatioar by a‘gredefined risk assssmenfbublished by EASA,

(3) the operation falls under th&ertifiedategory;or

(4) the operation is subject ta specific NGGO fromthe competent authority.

If none of the above cases applies, the SORA process should be applied.
2.2.2 Step #It ConOpslescription

(@) The first step of the SORA requires the applicant to collect and provide the relevant
technical, operational and system information needed to assess the risk associated with
the intended operation of the UAS. Annextd\ this document providesa detailed
framework for data collection and presentation. The ConOps description is the
foundation for all other activitiesandit should be as accurate and detailed as possible.
The ConOps should not only describe the operation, but also provide insigtihe UAS
2LISNF G2NDRa 2LISNFGA2yFE &l FSand wherdi intelz2d®S & L
with the ANSPTherefore, when defining the ConQpise UAS operator should give due
consideration to althe steps, mitigations an@S@ provided in Figes 3 and 4.

(b) Developing the ConOps can be an iterative process; therefsré¢he SORA process is
applied, additional mitigations and limitations may be identified, requiring additional
associated technical details, procedures, and other informatiione provided/updated
in the ConOps. This should culmindte a comprehensive ConOps that fully and
accurately describes the proposed operation as envisioned.

2.3 The ground risk fcess
2.3.1 Step #2; Determination of the intrinsic UAS ground risk class (GRC)

(@) The intrinsic UAS ground risk relates to the risk of a person being struck by the UAS (in
the case ofiloss of UAS control with a reasonable assumption of safety)

(b) To establish the intrinsic GRC, the applicant needs theirmaem UA characteristic
dimension (e.gthe wingspan foia fixed-wing UAS the blade diameter for rotorcraftthe
maxmum dimension for multicopters, etc.) and the knowledge of the intended
operational scenario.

(c) The applicant needs to have defined the arearisk when conducting the operation
including:

(1) the operational volumgwhich is composed of the flight geography and the
contingency volume. To determine the operational volyrie applicant should
consider the positiorkeeping capabilities of the UAS #D space (latitude,
longitude, height and time). In particulghe accuracy of the navigation solution,
the flight technical errdrof the UAS and the path definition error (e.g. map esyor

4 ¢KS FTfAIKG GSOKYAOIf SNNBNI A& GKS SNNRNI 6SGsgSSy liykS I O dzt
G2 FTte GKS FftA3IKGE RANBOG2NIO®
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and latencies should be considered and addressed in this datation;

(2) whetheror notthe area is a controlled ground area; and

(3) the associated ground risk buffer with at least:a tule’, or for rotary wing UA

defined using a ballistic methodology approach acceptable to the competent

authority.

(d) Table 2 illustratesiow to determine theintrinsic ground rislclass GR§. Theintrinsic
GRC is found at the intersection of the applicable operational sceaadithe maxmum

UA characteristic dimension that drives the UAS lethal area. In case of a mismatch
between the maxmum UAS characteristic dimension and the typical kinetic energy
expected, the applicant should provide substantiation for the chosen column.

Intrinsic UASground risk class
Max UAS characteristics dimension 1m/approx. | 3m/approx. | 8m/approx. | >8m / approx.
3ft 10ft 251t 251t
< 700J < 34kJ <1084kJ > 1084kJ
Typical kinetic energy expected (approx. (approx. (approx. (approx.
5291t Ib) 25000ft Ib) 800000ft Ib) | 800000ft Ib)
Operational scenarios
VLOS/BVLOS oweecontrolled
ground areé 1 2 3 4
VLOS imasparsely populated
environme?ﬂ YPoP 2 3 4 >
BVLOS iasparsely populated
environmen? Yo 3 4 > 6
VLOS i populated environment 4 5 6 8
BVLOS ia populated environment TBO TBO TBO TBO
VLOS ovesin assemblyof people 7
BVLOS oven assemblyof people TBO

Table21 Determination of the ntrinsic GRC

(e) The operational scenarios described attempt to provide discrete caisajns of
operations with increasing numbof people at risk

(H Reserved.

() EVLOXoperations are to be consideread be BVLOS for thimtrinsicGRC determination.

If the UA is planned to operate at 12®altitude, the ground risk buffer should at least be 120

In line with Figure 1 and paragraph 2.3.1.(c), the controlled area should encompass the flight geogragimntitigency
volume and the ground risk buffer

The intrinsic ground risk class for BVLOS operatiormopulated environment or over gathering of peopléll be
developed in a future edition of the SORA.

EVLOS$ AUAS operation whereby the remote gilmaintains uninterrupted situational awareness of the airspace in
which the UAS operation is being conducted via visual airspace surveillance through one or more/dsigossibly
aided by technological means. The remote pilot has direct control o8 at all times.
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Controlled ground aredsre a way to strategically mitigate the risk on ground (similar to
flying in segregated airspace); the assurance that there wilinoevolved persons in the
area of operation is undehe full responsibility of the UAS operator.

An operation occurring ia populated environment cannot be intrinsically classified as
being in asparsely populateégnvironment even in cases where the footprint of the
operation is completely within special risk areas (e.g. rivers, railwaysjndustrial
estates). The applmt can make the claim farlower density and/or shelter with Step
#3 of the SORA process.

Operations that do not have a correspondimgrinsic GRC (i.e. grey cells on the table)
are not supported by the SORA methodology.

When evaluating the typical kitie energy expected for a given operation, the applicant
should generally uséhe airspeed, in particular Mise for fixedwing aircraft and the
terminal velocity for other aircraft. Specific designs (e.g. gyrocopters) might need
additional considerationsGuidance useful in determining the terminal velocity can be
found athttps://www.grc.nasa.gov/WWW)/KL2/airplane/termv.html

The nominal size of the crash area for most UAS can bdpaiéd by considering both

the size andhe energy used in the ground risk determination. There are certain cases or
design aspects that are nagpical and will have a significant effect on the lethal area of
the UASsuch aghe amount offuel, highenergy rotors/props, frangibility, material, etc.
These may not have been considered in theginsic GRCdetermination table. These
considerations may lead to a decrease/increasthaintrinsicGRCThe use of industry
standards or dedicatetksearch might provide a simplified path for this assessment.

2.3.2 Step #3 Final GRC determination

(@)

(b)

(c)

The intrinsic risk of a person being struck by the UAS (in castss of control of the
operation) can be controlled and reduced by means of mitigati

The mitigations used to modify the intrinsic GRC have a direct effect on the safety
objectives associated with a particular operation, and therefoigimportant to ensure

their robustness. This has particular relevance for technical mitigationsiassd with

the ground risk (e.ganemergency parachute).

Thefinal GRC determination (stétthree) is based on the availability of these mitigations

to the operation. Table 3 provides a list of potential mitigations and the associated
relative correctiom factor. A positive number denotes an increasghe GRC, while a
negative number results in a decreasaghe GRC. Athe mitigations should be applied

in numeric sequence to perform the assessment. Annex B provides additional details on
how to estimae the robustness of each mitigation. Competent authoritieay define
additional mitigations and the relative correction factors.

9 See the definition in Article 2(21) of the UAS Regulation.
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Robustness
Mitigation | Mitigations for ground risk
Sequence Low/None Medium High
M1t Strategic mitigations foground 0: None
1 . -2 -4
riskto -1: Low
M2 1 Effects of ground impact are
2 0 -1 -2
reduced*!
M3 1 Anemergencyresponseplan
3 (ERP) is in placthe UAS operatois 1 0 -1
validated and effective
Table3 1 Mitigations for final GRQletermination

(d)  When applying mitigation M1, the GRC cannot be reduced to a value lower than the
lowest value in the applicable column in Table 2. This is because it is not possible to
reduce the number of people at risk below that of a controlled area.

(e) Forexample, in the case of a 21 UAS (second column in Table 2) flyingiswual line
of-sight(VLOYoverasparsely populated area, the intrinsic GRC is 3. Upon analysis of the
ConOpsthe applicant claims to reduce the ground risk by first applying Mhedium
robustness (a GRC reductioh?2). In this case, the result of applying M1 is a GRC of 2,
because the GRC cannot be reduced any lower than the lowest value for that column.
Theapplicant then applies M2 using a parachute systezaulting in a further reduction
of 1 (i.e.a GROf 1). Finally, M3 (the ERP) has been developesi¢dium robustness
with no further reduction as per Table 3.

()  Thefinal GRC is established by addingtladl correction factors (i.e-1-1-0=2) and

(@)

adapting the GRC by the resulting numbe2&).
If the final GRC igreaterthan 7, the operation is not supported by the SORA process.

2.4 The air risk process

2.4.1 Air risk process overview

(@)

(b)

The SORA ust® operational airspace defined in the ConOps as the baseline to evaluate
the intrinsic risk oamid-air collisionand by determining the air risk category (ARC). The
ARC may be modified/lowered by applying strategic and tactical mitigation méhas.
application of strategic mitigations may lower the ARC level. An example of strategic
mitigations to reducethe risk of acollision may be by operating during certain time
periodsor within certain boundaries. After applyitige strategic mitigationsany esidual

risk ofamid-air collision is addressed by means of tactical mitigations.

Tactical mitigations take the form of detect and avfiidAA)systems or alternate means,
such as ADB, FLARM, {4shace services or operational procedures. Depending on the
residual risk ofa mid-air collision, thetactical mitigation performancerequirement(s)
(TMPR(s)nay vary.

10 This mitigation is meant as a means to reduce the number of people at risk.
11 This mitigation is meant as a means to reduce the energy absorbed by the people on the gpaumimpact.
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As part of the SORA process, the UAS operator should cooperate with the relevant service
provider for the airspace (e.dhe ANSP or W$pace service provider) and obtain the
necessary authesatiors. Additionally, generic local authorisations or local procedures
allowing access to a certain portion of controlled airspace may be used if dediad.

the Low Altitude Authorization and Notification CapabililyAANC system in the United
States).

Irrespective of the results of the risk assessment, the UAS opeshtaridpay particular
attention to allthe features that may increase the detbility of the UA in the airspace.
Therefore, technical solutions that improve the electronic conspicuousness or
detectability of the UA@rerecommended.

2.4.2 Step #4 Determination of the initial air risk class (ARC)

(a)

(b)

(€)

The competent authority, ANSBY, U-space service provider, may elect to directly map
the airspace collision risks using airspace chareaton studies. These maps would
directly show the initial ARC for a particuteolume of airspace. If the competent
authority, ANSP, or4dpace sevice provides an air collision risk map (static or dynamic),
the applicant should use that service to determine the initial ARC, and go directly to
Section2.4.3¥pplication ofstrategicmitigation2o reduce the initial ARC.

As seen ifrigured, the airspace is categeeid into 13 aggregated collision risk categories.
These categories were characsed by the altitude, controlled versus uncontrolie
airspace, airport/heliport versus nearport/non-heliport environments, airspace over
urban versus rural environments, and lastly atypical (e.g. segregated) versus typical
airspace.

To assignthe proper ARC for the type of UAS operation, the applicant should use the
decision tree found ifrigure4.
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OPS in Atypica
Arspace?

Yes

OPS >FL&OO? Yes ARC-b

OPSin
Clas==B,CorD
Airs pace?

Airport/Heliport
nvironment?,

ARC-d ARC-d ARC-C ARC-c

OP5
in Uncontrolled
Airspace over
Urban Areas,

Operations
in Uncontrolled
Airspaceover Rural
Areas.

OPs
in Controlled
Airspace?

oPs
> 500 ft. AGL but
< FLEDD

OP5in
Mode-C Veil
orTMZ?

OP5
in Uncontrolled
Airspace over
Urban AreaZ

Operations
in Uncontrolled
Ajirspace over Rural
Areas.

OPsin
Mode-C Veil
orTMZ?

OPs
in Controlled
Airspace?

OP5< 500 ft AGL

ARC-c ARC-c ARC-c ARC-b

Figured1 ARCassignment process

The ARC is a gqualitative classification of the rate at which a UAS would encounter a
manned aircraft in typical genersédcivil airspace. The ARC is an initial assignment of
the aggregated collision risk for the airspabefore mitigations are appliedhe atual
collision risk of a specific local operational volume could be much diffeaedtcan be
addressedwith the application of strategic mitigations to reduce the ARC (this step is
optional, seeSection2.4.3, Stepts).

Although the static generaledrisk put forward by the ARC is conservative. {t stays

on the safe side), there may be situations where that conservative assessment may not
suffice. It is importanfor both the competent authority andhe UAS opeator to take

great care to understand the operational volume and undeiichitircumstances the
definitions inFigure4 could be invalidated. In some situations, the competent authority
may raise the operational volume ARC to a level whigheiaterthan that advocated by
Figured4. The ANSP should be consultecetsure that the assumptions related to the
operational volume are accurate.

ARCGa is generally defined as airspace where the riskadllision between a UAS asd
manned aircraft is acceptable without the atidn of any tactical mitigation.
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(g0 ARGb, AR&, ARal generally defia volumes ofairspace with increasing risk af
collision between a UAS aadnanned aircraft.

(h) During the UAS operation, theperational volume may span many different airspace
environmers. The applicant needs fmerforman air risk assessment for the entire range
of the operational volume. An example scenario of operations in multiple airspace
environments is provided at the end of Annex C.

2.4.3 Step #5t Application ofstrategic mitigations to determinghe residual ARC (optional)

(@) As stated before, the ARC is a genemlqualitative classification of the rate at which a
UAS would encounter a manned aircratft in the specific airspace environment. However,
it is recogisedthat the UASoperationalvolume may have differentcollision riskrom
the one that thegeneraisedinitial ARC assigned.

(b) If an applicant considers that the geneasal initial ARC assigned is too high for the
condition in the locabperationalvolume, thenthey shouldrefer to Annex C for the ARC
reduction process.

(c) If the applicant considers that the gendsaldinitial ARC assignment is correct for the
condition in the locabperationalvolume, then that ARC becomes tresidual ARC

2.4.4Step #6t  TMPR andobustness levels

Tacticalmitigations are applied to mitigate any residual risk afid-air collisionthat isneeded

to achieve the applicable airspace safety objective. Taatiitiyations will take the form of

either Weeandavoid(i.e. operations nder VLOSPr they may require a system which provides

an alternate means of achieving the applicable airspace safety objective (operation using a DAA,
or multiple DAA systems). Annex D provides the method for appigiztizalmitigations.

2.4.4.10perations under VLOS/EVLOS

(@) VLOS is considerad be an acceptablaactical mitigation for collision risk for all ARC
levels. Notwithstanding the above, the UAS operator is advised to consider additional
means to increasghe situational awareness with regard to air traffic operating in the
vicinity of the operational volume.

(b) Operational UAS flights under VLOS do not need to meet the TMPR, nor the TMPR
robustness requirements. In the case of multiple segments of the fligbsetlsegments
conductedunder VLOS do not have to meet the TMPBr the TMPR robustness
requirements, whereas thoseonducted undeBVLOS do need to meet the TMPR and
the TMPR robustness requirements.

(¢) In general, all VLOS requirements are applicable t@®BYEVLOS may have additional
requirements over and abowhose ofVLOSTheEVLOS verification and communication
latency betweerthe remote pilot andthe observers should be less than 15 seconds.

(d) Notwithstanding the above, the applicant should have a deented VLOS deonfliction
scheme, in which the applicant explains which methods will be used for detection, and
defines the associated criteria applied for the decision to avoid incoming traffibel
remote pilot relies on detection by observers, theeuof phraseology will have to be
described as well.
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For VLOS operations, it is assumed that an observer is not able to detect traffic beyond 2
NM. (Note that the 2 NM range is not a fixed value @nohay largely depend othe
atmospheric conditions, airaft size, geometry, closing rate, etc.). Therefore, the UAS
operator may have to adjust the operation andibe procedures accordingly.

2.4.4.20perations under a DAA systamTMPR

(@)

For operations other than VLOS, the applicant will use the residual AR@aled below
to determine the TMPR.

Residual ARC TMPR TMPRevel ofrobusness

ARG High High

ARCc Medium Medium

ARGb Low Low

ARGa No requirement No requirement

(b)

(c)

(d)

(e)

Table4t TMPRand TMPR level of robustness assignment

High TMPR (AR®): This is airspace where either the manned aircraft encounter rate is
high, and/or the available strategic mitigations are low. Therefore, the resulting residual
collision risk is high, and the TMPR is also high. In this airspace, the UAS may be operating
in integrated airspace and will have to comply with the operating rules and procedures
applicable to that airspace, without reducinige existing capacity, decreasing safety,
negatively impacting current operations with manned aircraft, or increasingigheto
airspace users or persons and property on the ground. This is no differmntthe
requirements for the integration of comparable new and novel technologies in manned
aviation. The performance level(s) of those tactical mitigations and/or the redui
variety of tactical mitigationare generally higher than for the other ARCs. If operations
in this airspace are conducted more routinely, the competent authasitgxpected to
require the UAS operator to comply with the recognised DAA system standarg.
those developed by RTCA-&28 and/or EUROCAE WIGb).

Medium TMPR (ARE: A medium TMPR will be required for operations in airspace where
the chanceof encounteing manned aircraft is reasonahleand/or the strategic
mitigations available are mégm. Operations with a medium TMPR will likely be
supported bythe systems currently used in aviation to aid themote pilot in the
detection of other manned aircraft, dyy systems designed to support aviation that are
built to a corresponding level of robustne3saffic avoidance manoeuvres could be more
advanced than for a low TMPR.

Low TMPR (ARS): A low TMPR will be required for operations in airspace where the
probabiity of encountering another manned aircraft is Iplut not negligible and/or
where strategic mitigations address most of the yishkd the resulting residual collision
risk is low. Operations with a low TMPR are supported by technology that is designed t
aid the remote pilot in detecting other traffic, but which may be builtdeer standards.

For example, for operations below 184 the traffic avoidance manoeuvres are expected
to mostly be based on a rapid descent to an altitude where manned airarafnot
expected to ever operate.

No performance requirement (AR@). This is airspace where the manned aircraft
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encounter rate is expected to be extremely low, and therefore there is no requirement
for a TMPR. It is generally defined as airspace wheregkefacollision between a UAS
and a manned aircraft is acceptable without the addition of any tactical mitigathm.
example of this may be UAS flight operations in some parts of Alaska or northern Sweden
where the manned aircraft density is so lokat the airspace safety threshold could be
met without any tactical mitigation.

Annex D provides information on haw satisfy the TMPR based on the available tactical
mitigations and the TMPR level of robustness.

2.4.4.3Consideration of additionairspace/operatioal requirements

(a)

(b)

(c)

(d)

(e)

Modifications to the initial and subsequent approvals may be required by the competent
authority or the ANSP as safety and operational issues arise.

The UAS operator arttle competent authorityneed to be cogmsant thatthe ARCs are a
generaised qualitative classification ofhe collision risk. Local circumstances could
invalidate the aircraft density assumptions of the SORA, for exardpke to special
events. It is importanfor both the competent authorityand the UASoperatorto fully
understand the airspace and dmaffic flows and develop a system which can alert UAS
operators to changes to the airspace on a local level. This will allow the UAS operator to
safely address the increased risks associated with thesets.

There are many airspace, operational aylipmentrequirements which have a direct
impact on the collision risk of all aircraft in the airspace. Some of these requirements are
general and apply to allolumesof airspace, while some are local and are required only
for a particularvolume ofairspace. The SORA cannot possibly cover all the possible
requirements for althe conditions in which the UAS operator may wish to operate. The
applicant and the competent abbrity need to work closely together to define and
address these additional requirements.

The SORA process should not be used to support operations of a UAS in a given airspace
without the UAS being equipped with the required equipment for operations at th
airspace (e.gthe equipment required to ensure interoperability with other airspace
users). In these cases, specific exemptions may be granted by the competent authority.
Those exemptions are outside the scope of the SORA.

Operations in controlled aipgace, an airport/heliport environment or a Mode
Veil/transpondemandatoryzone (TMZ) will likely require prior approval from the ANSP.
The applicant shouldnsure that theyinvolve the ANSP/authority prior to commencing
operations in these environments.

2.5 Finalassignment o§pecific assurance and integrity level (SAIL) and OSO

2.5.1Step #7 SAIL determination

(@)

(b)

The SAIL parameter consolidates the ground and air risk angdyskdrives the required
activities. The SAIL represents the level of configahat the UAS operation wikmain
under control.

After determining thefinal GRC antthe residual ARC, it teen possible to derive the SAIL
associated with the proposed ConOps.

Page?7 of 130



Annexl to ED DecisioR019/021/R

(c) The level of confidence that the operation will remainder control is epresented by
the SAIL. The SAIL is not quantitatiwet instead corresponds to:

(1) the OSO to be complied with (s@ableb);

(2) the description of the activities that might support compliance with those

objectives; and

(3) the evidence that indicatethat the objectives have been satisfied.

(d) The SAIL assigned to a particular ConOps is determinedTeditep:

SAIL determination
Residual ARC

Final GRC a b c d
KH I Il \Y] VI
3 Il Il \Y] VI
[ 1] v VI
5 v v v VI
6 \% \ \ VI
7 VI VI VI VI

>7 Category C operation

Table51 SAIL determination

2.5.2Step #80 Identification ofthe operatioral safety objectives (OD

(@) The laststep of the SORA process is to use the SAIL to evaluate thecelefeithin the
operation in the form of OS©and to determine the associated level of robustnd&sshle

6 provides a qualitative methodology to make this determination. In this table, O is
optional, L is recommended with low robustness, M is recommended with medium
robustnessandH is recommende with high robustness. The various OSOs are grouped
based on the threat they help to mitigate; hen@me OSOs may be repeated in the

table.

(b) Table6 is a consolidated list ahe common OSOs that historically have been used to
ensure safe UAS operations. It represents the collected experience of many eapdrts

is therefore a solid starting point to determine the required safety objectives for cifape

operation. The ompetent authoritiesmay define additional OSOs for a given SAIL and

the associated level of robustness.

QSOﬂymber (in SAIL
line with Annex E)
Il I v \% VI
Technical issue with the UAS
OSO#01 Ensure the UA8perator is competent
L| M| H| H| H
and/or proven
OSO#02 UASmanufacturedoy competent
. 0] L M H H
and/or proven entity
OSO#03 UAS maintained by competent and/g
. L M M H H
proven entity
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OSOumber (in

line with Annex E) SAIL
| Il 1] v \% VI
OSO#04 UAS developed to authority
. . O O O L M H
recogriseddesign standards
OSO#05 UAS is designed considering system
s 0] 0] L M H H
safety and reliability
OSO#06 C3 link performance is appropriate fg
. 0] L L M H H
the operation
OSO#07 Inspection of the UAS (product
inspection) to ensure consistenagth L L M M H H
the ConOps
OSO#08 Operational procedures are defined,
. L M H H H H
validated and adhered to
OSO#09 Remote crew trained and current andg
. . L L M M H H
able to control the abnormal situation
OSO#10 Safe recovery fromtechnical issue L L M M H H

Deterioration of external systems
supporting UAS operatios

OSO#11 Procedures are iplace to handle the
deterioration of external systems L M H H H H
supporting UAS operatian
OSO#12 The UAS is designed to manage the
deterioration of external systems L L M M H H
supporting UAS operatian
OSO#13 External services supporting UAS
operations are adequattor the L L M H H H
operation
Humanerror
OSO#14 Operational procedures are defined,
validated and adhered to - M 3 3 H :
OSO#15 Remotecrew trained and current and
able to control the abnormal situation - - M M H :
OSO#16 Multi-crew coordination L L M M H H
OSO#L7 Remote crew is fit to operate L L M M H H
OSO#18 Automatic protection of the flight

envelope fromhumanerror

OSO#19 Safe recovery frorhumanerror o|l ol L| M| M| H

12 The robustness level does not apply to mitigations for which credit has been taken to derive the risk classes. This is
further detailed in para. 3.2.11(a).
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(.)S(mymber (in SAIL
line with Annex E)
| I 11 \Y) V VI
0OSO#20 Ahumanfactors evaluation has been
performed and thehuman machine
. . (@] L L M M H
interface(HMI) found appropriate for
the mission
Adverse operating conditions
0OSOo#21 Operationalprocedures are defined,
. L M H H H H
validated and adhered to
OSO#22 The remote crew is trained to identify
critical environmental conditions and L L M M M H
to avoid them
OSO#23 Environmental conditions for safe
operationsare defined, measurable L L M M H H
andadhered to
OSO#24

UASsdesigned and qualified for

. " o (@] M H H H
adverse environmental conditions

Table6 1t Recommenagd OSG

2.5.3 Step #; Adjacent area/airspace considerations

13

14

(@)

(b)

The objective of this section is @mddress the risk posed by a loss of control of the
operation resulting in an infringement of the adjacent areas on the ground and/or
adjacent airspace. These areas may vary with different flight phases.

Safety requirements for containment are:

1. No prob&let*failure!* of the UAS or any external system supporting the operation should

to operation outside the operational volume.

Compliance with the requirement above shall be substantiated by a design and insta

appraisal and shall includs leag:

- the design and installation features (independence, separation and redundancy);

- any relevant particular risk (e.g. hail, ice, snow, eleotegnetic interference etc)
associated with the ConOps.

(c)

The following three safety requirements apply fgrerations conducted:

(1) either wherethe adjacent areas:

Theterm®INB 6 6f SQ ySSR&a& G2 0S5 dzy RS NA htxiRatedl tf ockudicne dj rddreftihes 1 G A @S A
Rdz2NAyYy3a GKS SyiANB aeadSYkz2LISNIidAz2ylLt tAFTS 2F Ly AGSY®Q
Theterm® | A f dZ2NBQ ySSRa G2 0S8 dzy RSNA G2 2 Rof & édomponeént,habtCodzieh@ny O S

such that it can no longer function as intended. Errors may cause failures, but are not considered to be failures. Some

structural or mechanical failures may be excluded from the criterion if it can be shown that thebamtad parts were
designedaccordingo aviation industry best practices.
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(i) contain @semblies of peoplé unlessthe UAS isalready approved for
operations over assemblies of people; or

(i) are ARCd unless the residual ARC of the airspace area intended to be flown
within the operational volume is already ARIC

(2) Orin populated environments where:
(i) M1 mitigation has been applied to lower the GRC; or

(i)  operating in a controlled ground area

1. The probability of leaving the operational volume should be less th&fFH)
2. No sigle failuré? of the UAS or any external system supporting the operation should leg
its operation outside the ground risk buffer.
Compliance with the requirements above should be substantiated by analysis and/or teg
with supporting evidence.

3. Software (SW) andirborne electronic hardware (AEH) whose development error(s) co
directly (refer to Note 2)ead to operations outside the ground risk buffer should be develo
to an industry standard or methodologlgat isrecogrisedasbeingadequate by the competen
authority.

As it is not possible to anticipate all local situations, the UAS operator, the
competent authority and the ANSP should use sound judgement with regard to the
definition of the Hdjacent airspac@as well aghe Hdjaent area® For example,

for a small UAS with limited range these definitions araot intended to include
busy airport/heliport environments 30 kilometres away. The airspace bordering
the UAS volume of operation should be the starting point of the deieation of

the adjacent airspace. In exceptional cases, the airspace beyond ttubsmes

that border the UAS volume of operation may also have to be considered.

Note 1: The safety requirements as proposed in this section cover thath
integrity andassurance levels.

Note 2: Thehird safety requiremenin Section2.5.3(c) desnot imply a systematic

need to develop the SW and AEH according to an industry standard or
methodology recogisedas adequate by the competent authoritfhe use of the
GSNXNBRGt&Q YSIya GKI G oftwaR&@s arioin® Sy G SN
electronichardwarewould lead the UAutside the ground risk buffexithout the

possibility for another system to prevent the Um exiting the operational

volume

2.6 Step #10x comprehensive safety portfolio

(@) The SORA process provides the applicant, the competent authority and the ANSP with a
methodology which includes a series of mitigations and safety objectives to be
considered to ensure an adequate level of confidence thataperation can be safely
conducted. These are:

15 See the definition in Article 2(3) of the UAS Regulation.
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(1) mitigations used to modify the intrinsic GRC;
(2) strategic mitigations for the initial ARC;

(3) tactical mitigations for the residual ARC,;

(4) adjacent area/airspace considerations; and
(5) OsaG.

The sitisfactory substantiabn of the mitigations and objectives required by the SORA
process provides a sufficient level of confidence that the proposed operation can be
safely conducted.

The UAS operator shoulik sure to address any additional requirementsit were not
identified by the SORA process (efgy. security, environmental protection, etc.) and
identify the relevant stakeholders (e.g. environmental protection agencies, national
security bodies, etc.). The activities performed within the SORA process will likely address
those additional needdut they may not be consideretb be sufficient at all times.

The UAS operator should ensure the consistency between the SORA safety case and the
actual operational conditions (i.e. #te time of the flight).

ANNEX ATO AMC1 TO ARTE 11

CONOPS: GUIDELINES ON COLLECTING AND PRESENTING SYSTEM AN OPERATION
INFORMATION FOR SPECIASDPERATIGN

A.0 General guidelines

This document must be original work completed and understood by the appliopatator).
Applicants must takeesponsibility for their own safety casenvhether the material originates
from this template or otherwise.

A.0.1 Document control

Applicants should include an amendment record at the beginning of the document to record
changes and show how that the docant is controlled.

Revision/ Issue

Amendment/ Date Amended by Signed

Number

a,b,corl, 2, 3etc., DDMMYYYY Name of the person | Signature of person carryin

carrying out the out the amendment/
amendment/ revision/ revision/ issue number
issue number

This section is critical to ensure appropriate document control.

Any significant changes to the ConOps may require further assessment and apprthal by
competentauthority prior to further operations being conducted.
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A.0.2 References

(a) List all referenceg¢documents, URL, manuals, appendices) mentiondueiConOps

# Title Description Amendment/ Revision/ Issue
Number

[1]

[2]

A.1 Guidance forthe collection and presentation of operatioally relevant information

The template below provides section headings detailing the subject areas that should be
addressed when producing the ConOps, for the purposes of demonstrating that a UAS operation
can be conducted safely. The template layouts as presented are not préserimit the subject

areas detailed should be included in the ConOps documentation as required for the particular
operation(s), in order to provide the minimum required information and evidence to perform
the SORA.

A.1.1Reserved
A.1.20rganisation overvie/

(@) This section describes hotlie organisation is defined, to support safe operations. |
should nclude:

(1) the gructure ofthe organisation andts managementand
(2) the responsibilities and duties of the UAS operator
A.1.2.1Safety

(@) The \¥pecifi€category covers operations where the operational risks are higher and
therefore the management of safety is particularly importamhe applicant should
describe how safety is integrated in the organisatiamd thesafety managemensystem
that is in plae, if applicable

(b) Anyadditionalsafetyrelated informationshould be provided.
A.1.2.2 Design angoroduction

(@) Ifthe organisation is responsible for the design and/or production of the thisSection
shoulddescribe the design and/or the productianganisation

(b) It should povide information on the manufacturer of the UAS to be useldefUASs not
manufactured or produced by the operator, il®y a thirdparty manufacturer.

(c) If required information on the production orgdsation of the third-party organsation
should be provided as evidence.

A.1.2.3 Training of staff involved in operations

This section should edcribe the training organisatioar entity that qualifies all the staff
involved in operationsvith respectto the ConOps

A.1.2.4 Maintenance
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This section should describe:

(8) the general maintenance philosophy of the YUAS
(b) the maintenance procedures for the UAsfhd
(c) the maintenance organisatigif required.

A.125 Crew

This section should describe:

(a)

(b)

(€)

(d)

the responsibilities and duties ofepsonne] includingall the positions and people
involved, for functions such as:

() the remote pilot (includingthe composition of theflight team according tahe
nature ofthe operation,its complexity the type of UASetc); and

(2) support personneld.g.visualobservergVOs) launch crewandrecovery crey,

the procedure for multcrew coordination if more than one person is directly involved in
the flight operations

the operation of different types of UAShcludingdetails of any limitations to theypes

of UAS that a remote pilot may operai€appropriate and

RSGIAfa 2F (GKS 2LISNI (2 NRAZ, intligingladydproddire) NB &
guidance or references to ensure that the flight team are appropriately fit, capable and
able to condutthe planned operations.

A.1.2.6 UAS configuration management

This section shouldescribe how theperatormanages changes to the Ua@figuration

A.1.2.7 Other position(s) and other information

Any other position defined in the organisation, or aoher relevant information should be
provided.

A.1.3 Operations

A.1.3.1Type of operations

(@)

(b)

Detailed description of theConOps the applicant shoulddescribe what types of
operations the UAS operator intends to carry out. The detailed description should contain
all the information neededto obtaina detailed understanding of how, where and under
which limitations or conditions the operations shall be perform&the operational
volume including the ground and air risk bufferseeds to be clearly definedRelevant
chartddiagrams,and any other infomation helpful to visuate and understand the
intended operatioiis)should be included in this section.

The applicant shouldrpvide specific details on the type of operations (e.g. VLOS, BVLOS),
the population density to be overflown (e.g. away from pkx sparsely populated,
assemblies of peop)eand thetype of airspaceto be usad (e.g.a segregted area, fully
integrated).
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(c) The applicant should escribe the level of involvementol) of the crew andany
automated or autonomous systems during egttase of the flight.

A.1.3.2 Normal operation strategy

(@) The normal operation strategy should contain all the safety measures, such as technical
or procedural measures, crew trainirgfc. that are put in place to ensure that the UAS
can fulfil the operationwithin the approved limitations, and so that the operation
remains in control.

(b)  Within this section, it should be assumed that all systems are working normally and as
intended.

(c) The intent of this chapter is tprovidea clear understanding of how the opéian takes
place within the approved technical, environmental, and procedural limitations.

A.1.33 Standard operating procedures

This section should describe the standard operating procedures (SOP) applicable to all
operations for which an approval is reggted. A reference to the applicable operations manual
(OM) is acceptable. Note: Checklists and SOP templates may be provided by the local competent
authority or a qualified entity.

A.1.33.1 Normal operating procedures

This section should e$cribe the nomal operating procedures in place for the intended
operations.

A.1.33.2 Contingency and emergency procedures

This section should ebcribe the contingency procedures in place for any malfunction or
abnormal operation, as well @& emergency.

A.1.33.3 Occurrence reporting procedures

UAS, like all aircraft, are subject to accident investigations and occurrence reporting schemes.
Mandatory or voluntary reporting should be carried out using the reporting processes provided
by the competentuthorities Asa minimum, the SOP should contain:

(@) reporting procedures in case of:
(1) damage to propes;
(2) acollision withanother aircraft; or
(3) aserious or fatal injury (third pagsand own personngj and

(b) documentation and data logging procedures: describe how recandsirformationare
stored and made available, if requiretd, the accidentinvestigationbody, competent
authority, and other government entities (e.g. poli@s applicable.

A.1.3.40perationallimits

This section shouldedail the specific operatinimitations and conditions appropriate to the
proposed operation(s for example, operating heights, horizontal distances, weather

Page35of 130



Annexl to ED DecisioR019/021/R

conditions,the applicable flight performance envelope, timef operations (day and/or night)
and any limitations for operatg within the applicable class(es) of airspaate.

A.1.35 Emergencyesponseplan (ERP)
The applicant should:
(@) define a response plafor usein the event ofaloss of control of the operatign
(b) describe the procedures to limit the escalating effecta afashand
(c) describe the procedurefor usein the event ofaloss of containment.
A.14 Remotecrew training
A.1.4.1General information

Thissectiondescribesthe processes and procedures that the UAS operator uses to develop and
maintain the necessary competence for the remote crew (i.e. any person involved WBe
operation).

A.1.4.2Initial training and qualification

Thissectiondescribes the processesrad procedures that the UAS operator use®tsure that
the remote crewis suitably competentandhow the qualificationof the remote crewis carried
out.

A.1.4.3Procedures for maintenance of currency

Thissectiondescribesthe processes and procedurésat the UAS operator uses to ensure that
the remote crew acquire and maintain the required currency to execute the various types of
duties.

A.1.4.4Flightsimulation training devices (FSTE
Thissection

(@) describesthe use ofFSTBfor acquiring and maittining the practical skills tfie remote
pilots (if applicablg; and

(b) describesthe conditionsand restrictions in connection with such traini(iapplicable).
A.1.4.5Training progranme

Thissectionprovidesa reference to the applicable training programa(s) for the remote crew
A2 Guidance fotthe collection and presentation of technical relevant information

The aim of this section is to collect @k necessary technical information about the UAS and
its supporting systems. This information needs to be sufficient to address the required
robustness levels of the mitigations atitk OS@ ofthe SORA.

The list below is suggested guidance for items whicly berelevant for this assessmebut
the itemsmay differ, depending on the specific UAS utilised in this ConOps.

A.2.1 Reserved
A.2.2 UAS description
A.2.2.1 Unmannedaircraft (UA) segment
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(@) A detailed description othe physical characteristics of the UA (mas=ntre-of-mass,
dimensions, etc,)includng photos, diagrams and schemati@sappropriateto support
the description of the UA.

(1)

(2)
3)

Dimensionsfor fixedwing UAthe wingspanfuselage length, body diameter etc.;
for a rotorcraft thelength, width and height, propeller diametegtc.,

Mass: althe relevant masses such #s empty mass, MTOM, etcand

Cente of gravity. the cente of gravityand limitsif necessary

(b) Materials: the main materials used and where they are used in thehighlighting in
particular any new materials (new metal alloys or composites) or combinations of

materials (compositeYailoredCio designs).

(c) Loadlimits: the capability of the airframestructure to withstand expected flight load

limits.

(d) Subsystems: any subystems such as a hydraulic system, environmental control system,
parachute, brakesetc

A.2.2.1.2 UAperformancecharacteristics

This section should include the following:

(@ the performance of the UA within the proposed flight envelpggecifically addresag
at least the following items:

(1)

(@)

Performancethe

(H  maximum altitude

(i)  maximum endurance

(i)  maximum range

(iv) maximum rate of climp
(v) maximum rate of descent
(vi) maximum bank angleand
(vii) turn rate limits
Airspeedsthe

()  slowest speed attainabje

)
(iii)
(iv)
)

stall speed (if applicabje
nominal cruise speed
max cruise speednd

neverexceed airspeed
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(b) Any performance limitations due to environmental and meteorological conditions
specificallyaddressng the following items:

(1) wind speed limitationshgadwind,crosswind,gusts);
(2) turbulence restrictios;

(3) rain, hail, snow, ash resistance or sensitgt

(4) the mnimum visibility conditions, if applicable
(5) outsideair temperature (OAT) limitand

(6) in-flighticing:

(i)  whetherthe proposed operating environment inclusleperations in icing
conditions

(i)  whether the system ha an icing detection capabilityand f so, what
indications, if any, the system provii® the remote pilot, and/or how the
system esponds;, and

(i) any icing protection capability of the UAncludng any test data that
demonstrates the performance of the icing protection system.

A.2.2.1.3Propulsionsystem
This section should include the following:
(@ Principle

Adescription ofthe propulsion system and its ability to provide reliable and sufficient power to
take off, climb, and maintain flight ahe expected mission altitudes.

(b) Fuelpowered propulsion systems
(1) Thetype (manufacturerorganisation and model) of engitieat is used
(2) How many engines are installed
(3) Thetype andthe capacity of fuethat is used
(4) How the engine performande monitored,

(5) Thestatus indicators, alest(such as warning, caution and advisomgssagethat
are provided to the remote pilot

(6) A descripion ofthe most critical propulsiomelated failure modes/conditions and
their impact onthe operation of thesystem

(7) How the UA resporg] andthe safeguardghat are in place to mitigate the risk of
a loss oengine power for each of the following

(i)  fuel garvation;
(i)  fuel contamination
(iif)  failed signal input from theemote pilot station(RP$ and

(iv) engine controller failure
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The inflight restart capabilitie®f the engine, if applicable, anfiso,a description
of the manual and/or automatic features of thispability

The fuel system and how it allows for adequate control of the fuel delivery to the
engine, and provides for aircrew determinationtioé fuel remainingThis includes

a system level diagram showing the location of the system in the UA arfdehe
flow path; and

How the fuel systemis designed in terms of safety (fire detection and
extinguishing, reduction of risk in case of impact, leak prevention,. etc.)

Electriepowered propulsion systems

(1)

(@)
3)
(4)
(5)
(6)
(7)

(8)

(9)

(10)

(11)

(12)

(13)
(14)

(15)

A hightlevel description of the electrical distribution architectumecludng items
such as regulators, switches, buses, and converéer necessary

Thetype of motorthat is used

The number omotorsthat are installed

The maxmum continuous power output of the motan watts;
The maxmum peak power output of the motoin watts;
Thecurrent rangeof the motorin amps

Whetherthe propulsion system fsea separate electrical sourcand f not, how
the poweris managed with respecttthe other systems of the YA

A description othe electrical system and how it distributes adequate power to
meet the requirements of the receiving systeriibis should includa system level
diagram showinghe electrical power distribution throughoute UA

How poweris generated orboard the UA (for example, generagialternators,
batteries)

If a limited life power source such as batteries is used, the useful life of the power
source during normal and emergency conditipasdhow this was determired;

How information onthe battery status andthe remaining battery capacitys
provided to the remote pilot othe watchdog system

If availablea description othe source(s) of backup powéosr usein the event of
aloss of the primary power sourcé&his should include:

() thesystemghat are powered during backup power operation
(i) adescription of anyautomatic or manual load sheddingnd

(i)  how much operational time the backup power source prosidecludngthe
assumptions used to make this determiiat,

How theperformance of thepropulsion systenis monitored,

Thestatus indicators and alert (such as warning, caution and advisory) messages
that are provided to the remote pilot

A description othe most critical propulsiomelated failure modes/coditions and
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their impact on system operatign

(16) How the UA resporg] andthe safeguardghat are in place to mitigate the risk of
apropulsion system loss for each of the following

() Low batterycharge
(i) A failed signal input from the RP&d
(i) A motor controller failure

(17) If the motor has in-flight reset capabilitiesa descrption of the manual and/or
automatic features of this capability

(d) Other propulsion systems

A descriptionof these systemso a level of detail equivalent to the fuel arafectrical
propulsions sections above.

A.2.2.1.4Flightcontrol surfaces andactuators
This section should include the following:

(@) A description ofthe design and operation of the flight control surfaces and
servos/actuatorsincludng a diagram showing thcation of the control surfaces and
the servos/actuators

(b) A description oainy potential failure modes antie corresponding mitigations
(c) How the system resporsto a servo/actuator failureand
(d)  How the remotepilot or watchdog systens alerted of aservo/actuator malfunction
A.2.2.1.55ensors
This section shouldesgscribe the norpayload sensor equipment dioard the UA andts role.
A.2.2.1.6Payloads

This section shodldescribe the payload equipment dooard the UAincludingall the payload
configurations that significantly changbe weight and balance, electrical loads, or flight
dynamics.

A.23 UAScontrol segment
This section should include the following:
A.2.3.1 General

An overall system architecture diagram of the avioriashitecture includngthe location of all
air data sensors, antennas, radios, and navigation equipnfedescription ofany redundant
systens, if available.

A.2.3.2 Navigation
(@) How the UAS determirsts location
(b) How the UAShavigatesto its intended dstination;

(c) Howthe remote pilot respondto instructions from:

Page40of 130



(d)
(e)
(f)
(@)

Annexl to ED DecisioR019/021/R

(1) air traffic control,

(2) UAobservesor VGs(if applicablg; and

(3) other crew membes (if applicablé;

The procedures to test the altimeter navigation system (position, altijude

How the systemidentifiesand respondto a loss othe primary means of navigation
A description oany backup means of navigatipand

How the system resporsto a loss of the secondary means of navigation, if available

A.2.3.3 Autopilot

(@)

(b)

(c)

(d)

(e)

How the autopilot systemvasdeveloped and theindustry or regulatory standardbat
were used in the development process

If the autopilotis a commercial ofthe-shelf (COTS) prodydhe type/design andhe
production organisatiorwith the criteria that were used in selecting th€OTS autopilot.

The procedures used to install the autopiland tow its correct installationis verified,
with references to any documents or procedures provided by theanufacturef a
organisation and/or developed iy K S ! | { @rda&iddfon 2 NI &

If the autopilot emploginput limit parameters to keep the aircraft within defined limits
(structural, performance, flight envelope, etcd) list of thosdimits anda description of
how these limitsnvere defined and validated

Thetype of testing and validion that was performed (softwarén-the-loop (SITL) and
hardwarein-the-loop (HITL) simulations)

A.2.3.4 Flightcontrol system

(@)

(b)
(c)

How the control surfaces (if any) respond to commands from the flight control
computer/autopilot.

A description ofhe flightmodes (i.e. manual, artificigkability, automatic, autonomous)
Flightcontrol computer/autopilot:

(1) Ifthereareany auxiliary controlshowthe flight control computer interfacgwith
the auxiliary controlsand how theyare protected against unintendedctivation

(2) A description othe flight control computer interfaces required to determittee
flight status and to issue appropriate commands.

(3) Theoperating systenon whichthe flight controlsare based

A.2.3.5 Remote pilot station (RPS)

(@)

(b)

(c)

A descriptionor a diagramof the RPS configuratigrincludng screen captures of the
control station displays.

How accurately the remote pilatan determine the attitude, altitude (or height) and
position of the UA

Theaccuray ofthe transmission of critical parametets other airspace usersir traffic

Paged1of 130



Annexl to ED DecisioR019/021/R

control ATQ.

(d) Thecritical commandshat are safeguarded from inadvertent activation and how tisat
achieved (for example, is there a tvetep process to comman#witch theengineoffQ
Thekinds of inadvertent inputthat the remote pilotcouldenter to cause an undesirable
outcome (for example, accidentally hitting tHéll enginé€xontrol in flight).

(e) Any other programmes that run concurrently on the ground control computesind if
there areany, theprecautionary measurethat are used to ensure that flighdritical
processing will not be adversely affected

(H  The provisionghat are madeagainst @ RPS display or interface leagk.

(g) Thealerts (such as warning, caution and advistmg} the system providsto the remote
pilot (e.g. low fuel or batterjevel failure of critical systemsy operation out of control)

(h) A description ofhe meango providepower to the RPS, and redundangiésny.
A.2.3.6 Detectand avoid (DAA) system
(@) Aircraftconflict avoidance

(1) A description of thesystem/equipmentthat is installed for collaborativeonflict
avoidance (e.g. SSR, TCAS-B3 ARM, etc.).

(2) If the equipment is qualifiedjetails ofthe detailed qualification to the respective
standard.

(3) If the eguipment is not qualified, the criteria that eve used in selecting the
system.

(b)  Non-collaborativeconflict avoidance:
A description of theequipmentthat is installed (e.g. visiebhased, PSR data, LIDAR, etc.).
(c) Obstacleconflict avoidance

A descripion of the system/equipmentthat is installed, if any, for obstacle collision
avoidance.

(d) Avoidance oadverseweatherconditions

A description of thesystem/equipmentthat is installed, if any, fothe avoidance of
adverse weather conditions.

(e) Standard

(1) If the equipment is qualifieda list of the detailed qualification to the respective
standard.

(2) If the equipment is not qualified, the criteria thatene used in selecting the
system.

(H A description ofany interfacebetween the conflict avoidancesystemand the flight
control computer.

(@) A description ofhe principleghat governthe installedDAAsystem
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(h) A description ofhe role of the remote pilot or any other remote crew in tBé\Asystem.
(i) A description othe known limitations of thddAAsystem.
A.2.4 Containmentsystem

(@) A description othe principles ofthe systemequipment used to perforntontainment
functions for:

(1) avoidance of specific area(s)walume(9; or
(2) confinement in a given arear volume

(b) Thesystem information angdif applicable supportng evidence that demonstrates the
reliability of the containment system.

A.2.5 Groundsupport equipment (GSE) segment

(@) A description ofill the support equipment that is used on the ground, such as launch or
recovery systems, generators, and powepplies.

(b) A description ofthe standard equipment available, and the backup or emergency
equipment.

(c) A description ohow the UAS is transported on the ground
A.2.6 Command andontrol (C2) link segment
(@) Thestandard(swith whichthe systems compliant

(b) A detailed diagram that shows the system architecture of ti@&2 link, includng
informational or data flows anthe performance of thesubsystemand values forthe
data rates and latencies, if known.

(c) A description othe control link(s) connecting the WA the RPS and any other ground
systems or infrastructures, if applicabspecifically addresagthe following items:

(1) Thespectrumthat will be used for the control link and how the use of this spectrum
hasbeen coodinated If approval of thespectrum is not requiredhe regulation
that wasused to authorisethe frequency

(2) Thetype of signal processing and/or link security (i.e. encryptioagis employed

(3) The datalink margin in terms of the overall link bandwidih the maximum
anticipated distance from the RP&hd fow it wasdetermined

(4) If thereisa radio signal strength and/or health indicator or similar display to the
remote pilot how the signal strength and health vakieveredetermined, and the
threshold values that represent a critically degraded signal

(5) If the system employredundant and/or independent control linkeow different
the designs, andthe likely common failure modes

(6) For satellite linksan estimate of the latencies associated with using the satellite
link for aircraft control and for air traffic control communications.

(7) Thedesign characteristicthat prevent or mitigate the loss of the datalink due to
the following:
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()  RF or other interference

(i)  flight beyondthe communications range

(i)  antenna masking (during turns and/or at high attitude anyles
(iv) aloss offunctionality of theRPS

(v) aloss offunctionality of theUA and

(vi) atmospheric attenuationincluding precipitation

A.2.7 C2 link degradation

A descrption ofthe system functionsn case of a C2 link degradation

(@)

(b)

(€)

Whether theC2 link degradation status availableand in what form(e.g. degraded,
critical, automatic messages)

How the status of the C2 link degradatisrannounced to the remote pilot (e.g. visual,
haptic,or sound).

A description ofhe associated contingency procedures

Other.

A.2.8 C2 link loss

(@)
(b)
(€)

(d)

(e)

(f)

The conditionghat could lead to doss of theC2 link
The measures in case afloss of theC2 link

A de<cription of the clear and distinct aural and visual alerts to the remote pilot for any
case ofalost link.

A desciiption ofthe established lost link strategy presented in the WWp&atingmanual
taking into account the emergency recovery capability.

A descrption of how the geeawareness or gefencing system is used in this case, if
available.

The lost link strategyand, if incorporated, thee-acquisition process in order to try to-re
establishthe linkin a reasonalyishort time

A.29. Safety featires

(@)
(b)

A description of the single failure modes and their recovery mode(s), if any.

A descrption ofthe emergency recovery capability to preveisgks tothird-parties. This
typically consisof:

(1) aflight termination system (FTS), procedure or functibat aims to immediately
end the flight or

(2) an automatic recovery system (ARS) that is implemented through UAS crew
command or by the onboard systems. This may includen automatic
pre-programmed course of action to reach a predefined and unpopulateckdbrc
landing areaor

(3) any combination of the above, or othenethods.
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(c) The applicant shouldrpvide both a functional and physical diagram of the global UA
system witha clear depiction of its constituent componentsnd, where applicable, an
indication of its peculiar features (e.g. independent power sigspfedundancies, etc.)

ANNEX B TO AMC1 TO ARTICLE 11

INTEGRITY AND ASSURANCE LEVELS FOR THE MITIGATIONS USED TO REDUCE THE INTRINSIC GF
RISK CLASSRC)

B.1 How to use Annex B

The followingTableB-1 provides the basic principles to consider when using SORA Annex B.

Principle description Additional information

#1

Annex B provides assessment criteria for | The identification of mitigations is the responsibil
integrity (i.e. safety gain) and assurance (| of the applicant.

YSGK2R 2F LINR2F0O 27
mitigations. The proposed mitigations a
intended to reduce the intrinsiground risk
class (GRC) associawwith agiven operation.

#2

Annex B does not cover the Lol of t
competent authority.TheLol is based on th
competent authoritf? aassessment of thg
F LILX AOFydQa | 0Af Adng
operation.

#3

A proposed mitigation may or may not have
positive effectin reducing the ground ris
associated with a given operation.

In the case where a mitigation is available |
does not reduce the risk on the ground,
level of integrity should be considerg
equivalent toNoneQ

#4

To achieve a given level
integrity/assurance, when more than or
criterion exists for that level o
integrity/assurance, athe applicable criteria
need to be met.

#5

Annex B intentionally uses neescriptive
terms (e.g. suitable, reasonably praetble)
to provide flexibility to both the applicant an
the competent authorities. This does n
constrain the applicant in proposin
mitigations, nor the competent authority i
evaluating what is needed on a cdsgcase
basis.

#6

This annex in iteentirety also applies tg
singleperson orgarsatiors.

Table B1 ¢ Basic principles
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M1 mitigations aréstrategic mitigationSintended toreduce the number of people at risk on the grouda
assesshe integrity levels of M1 mitigationghe following need to be considered:

(@)
(b)

the evaluation ofthe people at risk.

the definition of the ground risk buffer anithe resulting ground footprintand

With the exception of the specific caseadtether(providedin the following paragrapli?), the generic criteria
to assess the level of integritydble B2) and level of assurancdaple B3) of the M1 type ground risk

mitigations are provided ifollowing paragraph{l).

(1)

Generic criteria

Level of integrity

Low

Medium

High

M1t Strategic
mitigations for
ground risk

A ground risk buffel
with at least a 11

The gound risk buffer takes intg

consideration:

(a)improbablé single malfunctions
or failures (including the
projection of high energy part
such as rotors and propeller
which would lead to an operatio

Same asnediun?®

Criterion #1 ru_Ie1 or fo_r rotary outside the operational volume
- wing UA defined usin : .
(Definition qf a ballistic (b)m_eteorologlcal conditions (e.g
the ground risk wind);
buffer) methodology _ _
approach acceptabl¢ (c) UAS latencies (e.g. latencies th
to the competent affect the timely manoeuvrability
authority. of the UA;
(d)UA behaviour when activating
technical containment measure
and
(e)UA performance.
2For the purpose of this assessment, the tdnprobabled
Lif the UA is planne should be interpreted in a qualitative way #nlikely to
to operate at an| OCCUr in each UAS during its total libeit which may occu
altitude of 150m, the | several times when considering the total operational lifg
Comments ground risk buffer a number of UAS of this tyPe
should be a minimun| 3 The distinction between a medium and a high leve
of 150m. robustness for this criterion is achieved through the lev
assurance (Table 3 belaw)
The applicant The applicantevaluates the area o
evaluates the area of . o
Criterion #2 operations byuse of authoritative,

(Evaluation of
people at risk)

operations by means
of on-site inspections
or appropriate
appraisals to justify
lowering the density

density data (e.g. data fronthe
U-space data service provide
relevant for the proposed areand

Same as medium
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Level of integrity

Low

Medium

High

(e.g.aresidential

same reason).

of the people at risk

area during daytime
whensome people

may not be present
or an industrial area
at night time for the

time of operation to substantiate
lower density of people at risk.

If the applicant claims a reductio
due to a sheltered operationg
environment, the applicant:

(a)uses a UAf less than25kg and
not flying above 174 knotsand

(b)demonstratesthat although the
operation is conducted in
populated environment, it g
reasonable to consider that mos
of the noninvolved personswill
be located within a buildirfy

Comments | N/A

4as per MITRE presentation given
during the UAS Technical Analysis
and Applications Center (TAAC)
conference in 2016 titleWAS
EXCOM Science and Research Pa
(SARP) 2016 TAAC Update
PR16-3979

® The consideration of this mitigatio
may vary based othe local

conditions.

N/A

TableB2 1 Level of integrity assessment criteria for ground risk of ntagthered M1 mitigations
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Level of assurance

Low

Medium

High

M1 T
Strategic
mitigations
for ground
risk

The applicant declare
that the required level

The applicant has supporting eviden
to claim that the required level of

The claimed leve
of integrity is

Criterion #1 | integrity is| integrity has been achieved. This | validated by 4
(Rglglri%rr]]gf achieved. typicaly done by means of testing competent third
risk buffer) analysis, simulatioh inspection, desigr party.
review or through operationa
experience.
1 Supporting evidenc{ 2Whensimulation is used, the validity
Comments | may or may not bg the targeted environment used in th N/A
available simulation needs to be justified
The applicant declare| The density dataised for the claim o] Same as medium
that the required level risk reduction is an average density m| however, the
of integrity has beer for the date/time of the operation from density data useq
achieved. a static sourcing (e.g. census data | for the claim of
night time ops). risk reduction is ¢
- nearreal time
Criterion #2

(Evaluation of
people at risk)

In addition, for localised operations (e.
intra-city delivery or infrastructure
inspection) the applicant submits the
proposed route/area of operation to th
applicable authority (e.g. city polic
office of civil protection, infrastructurg
owner etc.) to verify the claim o&
reduced number of people at risk.

density map from
a dynamic
sourcing (e.g
cellular user data
and applicable fot
the date/time of
the operation.

Comments

3 Supporting evidenc
may or may not be

available

N/A

N/A

TableB.31 Level of assurance assessment criteria for ground risk of-tethered M1 mitigations
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(2) Specific criteria in case of use of a tetherreduce people at risk

When an applicant wants to take credit for a tether justify a reductionin the number of
people at risk

(a)

(b)

the tether needs to be considered part of the UAS and assessed based on the criteria
below, and

potential hazards created by the tether itselhould beaddressed through th®©SQ@
defined in Annex E.

The level of integrity critela for a tethered mitigation is found ifable B4. Thelevel of
assurance for a tethered mitigation is foundTable B5.

Level of integrity

Low

Medium

High

M1t Tethered
operation

Criterion #1
(Technical
design)

Does not meet the
YhediunQevel criteria

(@ The length of the line i
adequate to contain the U4
in the operational volume
and reduce the number o
people at risk

(b) The $rength of the line is
compatible  with  the
ultimate load$ expected
during the operation.

(9 The ¢rength of the
attachment  points  ig
compatible  with  the
ultimate loads expected
during the operation.

(d) The tether cannot be cut b
the rotating propellers.

Same asnediun?

Comments

N/A

lUltimate loads are identified as the maximum loads to
expected in service, including #ike possible nominal an
failure scenarios multiplied by a Is&fetyfactor.

2The distinction between a medium and a high leve
robustness for this criterios achievedhrough the level o

assuranceTableB5 below).

Criterion #2
(Procedures)

Does not meet the
YhediunmQevel criteria

The applicant has procedurg
to install and periodically
inspect the condition of the
tether.

Same asnediun?®

Comments

N/A

8 The distinction between a medium and a high leve
robustness for this criterion is achievéadugh the level o

assuranceTableB5 below).

TableB41 Level of integrity assessment criteria for ground risk tethered M1 mitigations

Level of assurance
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Low

Medium

High

M1t
Tethered
operation

Does

not meet the

YhediumQevel criteria

The applicant has supporting
evidence (including the
specifications of theéether
material) to clainthat the
required level ofntegrity is
achieved.

(&) This is typically achieve

The claimed level o
integrity is validated by
EASA

Criterion #1 /
(Technical through testing or
design) operational experience.
(b)Tests can be based ¢
simulations however, the
validity of the target
environment used in the
simulation needs to be
justified.
Comments | N/A N/A N/A
(a)Procedures are validate
against standard;s
considered adequate b
(@) Procedures do no e competent authorif[y
require  validation and/or in accordance_wnr Same asnedium. In
against either 3 a means of complianc| gddition:
ki) acceptable to that )
standar or ? authority (a)Flight tests performed
means o ' to  validate  the
compliance (b)Adequacy of the  procedures cover the
Criterion #2 considered procedures is provel  complete flight
(Procedures) adequate by the  through: envelope or are prove
;3mgﬁ$m (1)dedicated flight|  to be conservative.
' tests or (b) The procedures, flight
(b) The adequacy o (2)simulation, tests and simulations
3 elc |st 5 simulation is prover] ~ competent third party.
eclared. valid  for  the
intended purpose
with positive
results.
Comments | N/A N/A N/A

TableB51 Level of assurance assessment criteria for ground risk tethered M1 mitigations
B.3 M21 Effects of ground impact are reduced

M2 mitigations are intended teeduce the effect of ground impacince the control of the operation is lost.
This is done by reducing the effect of the UA impact dynamics$h@earea, energy, impulse, transfer energy,
etc.). One example would libe use ofa parachute.

Level of integrity
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Low/None Medium High
(a)Effects of impact Same as medium. In addition:
dynamics and  pos|
impact hazards are| (@)When  applicable, he
significantly reduceg activation of the mitigtionis
although it can beg automated.
assum_ed that a fatality (b)The effects of impac
iy Sl Sl dynamics and post impag
(b)When applicable, in cas  hazards are reduced to
of malfunctions, failureg level where it can be
Criterion #1 or any combination§ reasonably assumed that
(Technical Does not meet the thereofthatmayleadtod fatality will not occut.
design) thediumCevel criterion crash, the UAS contair
all the elements required
for the activation é the
mitigation.
(c)When applicable, an
M2 T failure or malfunction of
Effects of the proposed mitigation
UA impact itself (e.g. inadvertent
dynamics activation) does not
—E adversely affect the
“=liees safety of the operation.
(e.g. 2 The applicant retains th
parachute) discretion to implement ar
additional manual activatior
1 Examples of post impaq function.
Comments | N/A hazards include firesndthe | , .
release of higkenergy parts Em_ergln_g research an
| upcoming industry standard
will  help applicants tg
substantiate compliance wit
this integrity criterion.
SIS e Any equipment used to reduce the effect of the UA impact dynarsdsstalled and
(Procedures, . . ) . .
. : maintained in accordance witie manufacturef iastructions:
if applicable)
Comments /| *The distinction between a low, a medium and a high leveblmfistness for this criterion
Notes achieved througlthe level of assurancd@dgbleB.7 below).
%'Itlr;ei::?nng#ﬁ Personnel responsible for t_he installatipn anq mai.n.tenance of the measures propos
applicabl’e) reduce the effect of the UA impadiynamics are identified and trained by the applic&nt.
Comments /| ®>The distinction between a low, a medium and a high level of robustness for this critg
Notes achieved lhirough the level of assuranciapleB.7 below).
TableB6 1 Level ofintegrity assessment criteria for M2 mitigations
M2 T Level of assurance
Effects of Low/None Medium

High
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UA impact
dynamics
are
reduced
(e.0.
parachute)

The applicant declares tha
the required level of
integrity hasbeen

The applicant has
supporting evidence to
claimthat the required

The claimeddvel of integrity is
validated by EASA against a
standard considered adequate

o achieved. level of integrity is by EASA and/or in accordance
Criterion #1 . e . . .
: achieved. This is typically | with means of compliance
(Technical .
: done by means of testing, | acceptable to EASA (when
design) 2 : .
analysis, simulatiot applicable).
inspection, design review
or through operational
experience.
2The use oindustry
standards is encouraged
when developing
mitigations used to reduce
1 , , the effect of ground
Supporting evidence may .
Comments or may not be available Impact.
y 3When simulation is used,
the validity of the targeted
environment used in the
simulation needs to be
justified
(a)Procedures are
validated agains]
standards considered
adequate by the
competent  authority
and/or in accordance
with means of
(@) Procedures do no : . o
require  validation tco;rrl]pltlan(;re] .acceptabln Same asnedium. In addition:
against either g DEHETRIISZ :
(2)Flight tests performed tc
standard or a meany (b)The adequacy of the ; )
Tvorf of compliance procedures is prove VEIREES  UE  [eEselltE
Criterion #2 : i cover the complete flight
considered adequat¢  through:
(Procedures, by the competent envelope or are proven to b
if applicable) yth _ P (1)dedicated flight conservative.
authority. tests or .
(b) The adequacy of thy (b)The procedures, flight test
roceduroelzs y . (2)smulation, andsimulations are validatec
(F:)hecklists is declared provided that the e EulS e El
representativenes
s of the
simulation means
is proven for the
intended purpose
with positive
results.
Comments | N/A N/A
Criterion #3 Training is selfleclared| (@)Training  syllabus il (a)Training syllabus is validate
(Training, if (with evidence available) available. by a competent third party.
applicable)
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(b)The UAS operator | (b))Remote crew competencie
provides are verified by a competen
competencybased, third party.
theoreticaland practical
training.

Comments | N/A N/A N/A

TableB.7 - Level of assurance assessment criteria for M2 mitigations
B.4 M31 AnERRSs in place UASoperator validated and effective

An ERP should be defined by the applicant in the evemtlo$s of control of the operation (*). These are
emergency situations where the operation is in an unrecoverable state and in which:

(@)
(b)
(€)

the outcome of the situatiomelieshighly on providence; or
it could not be handled by a contingency procedure; or

when there isagrave and imminent danger of fatalities.

The ERP proposed by an applicant is different from the emergency procedures Pliseekpected to cover:

(1)
(2)

the conditions to alert ATM.

(*) Refer to the SORgemanticmodel (Figure 1) in thenain body.

a plan to limit the escalating effect afcrash (e.gto notify first responders), and

Level of integrity
Low/None Medium High
Th? ER.P:bI for the situation: Same asnedium. In
(a)is suitable for the situation; addition, in case odloss
M3t An No ERP is available, | (b)limits the escalating effects;| of control of the
ERP isin the ERP does not covg (c) defines criteria to identify af operation, the ERP is
place,UAS Criteria the elements identified emergency situation: shown to significantly
operator to meet a ¥hediumQor gency ' reduce thenumber of
validated WHighQevel of integrity | (d)is practical to use; people at riskalthough it
apfd . (e)clearly delineateghe duties ]tc:anl_be assum_ﬁd that a
effective of remote crew member(s). atality may still occur.
Comments | N/A N/A N/A
TableB81 Level of integrity assessment criteria for M3 mitigations
Level of assurance
Low/None Medium High
M3T An (@)Procedures do noj (a)The ERP is developed | same agnedium. In addition:
ERP is in require  validation standards considere
lace UAs | Criterion #1 against either g adequate by the (@)The ERP and  th
g o (Procedures)|  standard or a mean{ competent authority| ~ effectiveness of the plas
vgli ated of compliance]  and/or in accordance witff ~ With respect to limiting the
considered adequat{ means of complianc{ Number of people at rish
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Level of assurance

Low/None Medium High
and by the competent acceptable to that are validated by ¢
effective authority. authority. competent third party.
(b)The adequacy of th¢ (b)The ERP is validatg (b)The applicant hay
procedures and through a representativg  coordinated and agree(
checklists is declared  tabletop exercisé the ERP with all thirg

consistent with the ER
training yllabus.

parties identified in the
plan.

(c) The representativeness (
the tabletop exercise i
validated by a competen
third party.

Comments

N/A

The tabletop exercise may
may not involve all thirg
parties identified in the ERP

N/A

Criterion #2
(Training)

Does

not meet

the

YhediumQevel criterion

(a)An ERRP training syllabus|
available.

(b)A record of the ER
training completed by the
relevant staff is
established and kept u
to date.

Same asnedium. In addition
competencies of the relevan
staff are verified by a
competent third party.

Comments

N/A

N/A

N/A

TableB91 Level of assurance assessment criteria for M3 mitigations
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ANNEX C TO AMC1 TO ARTICLE 11
STRATEGIC MITIGATIONOLLISION RISK ASSESSMENT

Cl

C.2

C3

Introduction T air risk strategic mitigations

The target audience for Annex C is the UAS operator who wishes to demonstrate to the
competent authority that the risk of anid-air collisionin the operational volume is acceptably
safe and to obtain, with concurrence from the ANSP, approval to opeiratine particular
airspace.

More particularly, this Annex C covers the process of how the UAS operator justifies lowering
the initial assessment dhe ARC.

The air risk model provides a holistic means to assess the risk of an encounter with manned
aircraft. This provides guidance to both the UAS operator and the competent autloority
determining whether an operation can be conducted in a safe manner. Thelndoés not
provide answers to all the air risk challengasd should not be used as a checklist. This
guidance provides the UAS operataith suitable mitigation means and thereby redsdbe

air risk to an acceptable level. This guidance does not comigscriptive requirementsut

rather a set of objectives at various levels of robustness.

Principles

The SORA @lyused to establish amitial ARC for anperationalvolume when the competent
authority has not already established one. The @hitARC is a geneisdd qualitative
classification of the rate at which a UAS would encounter a manned aircraft optrational
volume. Aresidual ARC is the classification after mitigations are applied. ThepéAgional
volume may have collision kidevels that differ from the geneiigkdinitial ARC level. If this is
assumed to be the case, this Annex provides a process to help the UAS operator and the
competent authority work to lower the initial ARC through the application of strategic
mitigations.

Air risk scope andassumptions

The scope of this air risk assessment is designed to help the UAS operator anchfietent
authority in determining the risk o collision with manned aircraft which are operated under
the Bpecifi€zategory. The scope of the air risk assessment does not include:

(@) the probability of UAS on UAS encountens

(b) risks due to wake turbulence, adverse weathemntrolled flight into terrain return-to-
course functios, alost link, oranautomatic response

C.3.1 SORAyualitative vsquantitative approach

This air risk assessment is qualitative in nature. Where possible, this assessment will use
guantitative data to back up and support the qualitative assumptions. The SORA approach in
general provides a bat@e between qualitative and quantitative approaches, as well as
between known prescriptive and netmaditional methodologies.

Pageb5of 130



Annexl to ED DecisioR019/021/R

C.3.2 SORAU-spaceassumptions

The SORA has usedsphce mitigations to a limited extent, becausesphce is inthe early
stages of development. When-4pace provids adequate mitigations to limit the risk of UAS
encounters with manned aircraft, a UAS operator can apply for, and obtain credit for these
mitigations whether theyaretactical orstrategic.

C.3.3 SORAIlight rulesassumptions

Today UAS flight operations under thépecifi€zategory cannot fully comply witie IFR and

VFR rules as written. Although IFR infrastructures and mitigations are designed for manned
aircraft operations (e.g. minimal safe altitudes, equipage requirements, operational restrictions,
etc.), it may be possible for a UAS to comply liih IFRrequirements. UAS operating at very

low levels (e.g. 4088 AGL and below) may technically comply witle IFR rules, but the IFR
infrastructure was not designed with that airspace in mind; therefanitigations for this
airspace would be derivednd highly impractical and inefficient. When operating BVI20$AS
cannot comply with VPR

Given the above, fothe purposes of this risk assessmeittis assumed thathe competent
authority will address these shortcomings. All aircraft must adhere to spdtidht rules to
mitigate the collision risk, in accordance with Regulation (EUPRR/2012’ (the standardised
European rules of the air (SERA) Regulatidimimplementation of procedures and guidelines
appropriate to the airspace structure reducthe collision risk for all aircraft. For instanctkere

are equipment requirements established for the airspace requested and requirements
associated with dawight operations, pilot training, airworthiness, lighting requirements,
altimetry requirements, aspace restrictions, altitude restrictions, etc. These rules must still be
addressed by the competent authority.

The Member State is responsibfer defining the airspace structures in accordaneéth
Regulation (EU) 2017/373n addition, as required ifrticle 150f the UAS Regulatigrihe
Member State will define the geographical zones for UAS opexaitie Member Statevhen
defining the airspace structureconsiders the traffic type and complexity and defines the
airspace classes and services bgingvided in accordance withthe SERA. This informatipn
which can be published either in theeronautical information publicationA(P or any other
aeronautical publication, can be used by tHé&Soperator to identify the initial air risk. The
SORAsir riskmodel is a tool to assess the risks associated with UAS operations in a particular
volume ofairspace, and a method to determine whether those risks are within acceptable
safety limits.

C.3.4 Regulatoryrequirements,safety requirements, andwvaivers

The SERRegulation requirgall aircraft, manned and UAS, $%&main well clear from and avoid
collisions witlibther manned aircraft. The UAS is unablédee and avoi@therefore, it must

16 A UAS operating under VLOS may be able to comply with VFR.

17 Commission Regulation (EU) No 923/2012 laying dowodhanmon rules of the air and operational provisions regarding
services and procedures in air navigation and amending Implementing Regulation (EU) No 1035/2011 and Regulations
(EC) Nd.265/2007, (EC) No 1794/2006, (EC) No 730/2006, (EC) No 1033/2006 ando(E285/2010, OJ L 281,
13.10.2012, p.1.

Pageb6 of 130



Annexl to ED DecisioR019/021/R

employ an alternate means of compliance to meet the interi#e€ and avoiQwhich will have

to be defined in terms of safety and performance for the UAS operation. When the risk of an
encounter with manned aircraft is extremely low (i.e. atypical/segregatedairspace) an
alternate means of compliance may not texjuired. For example, in areas where the manned
airspace density is so low, (e.g. in the case oflewel operations in remote parts of Alaska or
northern Sweden)the airspace safety threshold could be met with no additional mitigation.
UAS operators red to understand that although the airspace may be technically safe o fly
from an air collision risk standpoint, it does not fulfil point SERA.32€iecSERRegulation

or the ICAO Annex,Zection 3.2Gee and Avoidequirements.

To operate a U8 in manned airspace, two requirements must be met:

(a) A safety requirementhat ensuesthat the operation is safe to conduct in the operational
volume and

(b) A requirement for compliance with point SERA.3201he SERARegulationto $ee and
avoidQ

These requirements must be addressed to thenpetentauthority through either:
(1) demonstration of complianceith both requirements;

(2) demonstration of an alternate means of compliarveih the requirements; or
(3) awaiver of the requirement(s) by theompetentauthority.

The SORA provides a means to assess whether the air risks associated with UAS operations is
within acceptable limits.

C.3.5 SORAassumptions orthreat aircraft

Thisair risk assessment does not consider #ility of thethreat aircraft to remain well clear
from or to avoid collisions with the UAS in any part of the safety assessment.

C.3.6 SORAassumptions orpeople-carrying UAS

This air risk model does not consider the notion of UAS carrying people, or urban mobility
operations. The model and the assessment criteria are limited to the rigk @ficounter with
manned aircraft, i.e. an aircraft piloted by a human on board.

C.3.7 SORAassumptionson UASethality

This air risk assessment assumes thatidair collisionbetween a UAS and manned aircraft is
catastrophic. Frangibility is not considered.

C.3.8 SORAassertionon tacticalmitigations

The SORANmodd makes no distinction between separation provision and collisiaridance

but treats them as one dependent system performing a continuous functibnsegoals and

objectives change over time. This continuum starts with an encounter and progresaenear

mid-air wllisionobjective as the pilot and/ahe detect andavoid system of the UAegotiate(s)

theey O2 dzy § SNIP ¢ KS dza SA BAFI [GKAS2 yiCE NavK 240zl FO G KO3 NB Fr2 N.
the provisioning of (tactical) separation services referred to in ICAO Doc 9854.
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SOR classification ofmitigations
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The SORA classifies mitigations to suit the operational needs of a UAS\YpetiécXxlass.
These mitigations are classified as:

(a) strategicmitigations bythe application ofoperationalrestrictions

(b) strategicmitigations bythe application oftommonstructures andrules and

(c) tacticalmitigations

Strategic mitigations are applied before take Tactical

off and reduce the risk of an encounter mitigations are
applied after take

off and reduce the

Strategic . §tra.tegic risk of an
T mitigations not encounter
mitigations under o
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g |
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FigureC5 shows the alignment dhe mitigation definitions between ICAO and the SORA.
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FigureC51 SORAair-conflict mitigation process
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C.5 Air risk strategic mitigation

Strategic mitigation consists of procedures and operational restrictions intended to reduce the
UAS encounter rates tine time of exposure, prior to takeff.

Strategiamitigations are further divided into:

(a) mitigations by operational restrictions whieme mitigations that are controllédby the
UAS operator; and

(b) mitigations by common structurésand rules which are mitigations whictannot be
controlled by the UAS operator.

C.5.1 Strategicmitigation by operational restrictions

Operationalrestrictionsare controlled by the UAS operator aace intended to mitigatethe
risk of acollision prior to takeoff. This section provides details on operational restrictions, and
examples bhow these can be applied to UAS operations.

Operationakestrictions arghe primary meanshat a UAS operator can apply to redube risk
of collision using strategic mitigation(s). The most common mitigations by operational
restriction are:

(@) mitigation(s) that bound the geographical volume in which the UAS operates (eajncert
boundaries or airspace volumeand

(b) mitigation(s) that bound the operational time frame (e.g. restricted to certain times of
day, such as figgonly at night)

In addition to the above, another approach to limit exposure to risk is to limit the exposure time.
This is callethhitigation by exposur@Mitigation by exposure simply limits the time of exposure
to the operational risk.

Mitigationsthat limit the flight time or the exposure time to risk may be more difficult to apply.
With this said, there is some precedence for this mitigatiwhich has (in some cases) been
accepted by the competent authority. Therefore, even tholgis consideredto be difficult,
this mitigation strategy may be considered.

One example is theinimum equipment lis{MEL systemwhichallows in certain situations

a commercial airline to fly for three to ten days with an inoperatiadfic collision avoidance
system(TCAY¥ The sadty argument is that three days is a very short exposure time compared
with the total life-time risk exposure of the aircraft. This short time of elevated risk exposure is
justified to allow the aircraft to return to a location where proper equignt maintenance can
take place While gpreciatingthat this may be a difficult argument for the UAS operation to
make, the UAS operator is still free to pursue this line of reasoning for a reductiom riisk of
collision by applying a time of exposure argument.

C.5.1.1. Example ofoperational restriction bygeographicaboundary

18 ¢KS dzal 38 2F GKS g2NR WO2yidiNRttSRQ YSIkya GKFG GKS 1 { 2L
to implement an effective operational restriction mitigation strategy.
19 Thisusageof® ¢2NR WA (GNHzOGdzZNBEQ YSIFya AN AGNUzOGAzNBST FANBFeas ol
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The UAS operator intends to fly in a Class B airport airspaeeClass B airspace, as a whole,
has a very high encounter ratelowever, the UAS operator wishes to operate at a Vevy
altitude and at the very outer reaches of the Class B airspace where manned aircraft do not
routinely fly. The UAS operator draws up a new operational volume at the outer edge of the
class B airspace and demonstratiest operations within the new ClasB volume have very low
encounter rates.

The UAS operator may approach this scenario by requesting the competent authority to more
precisely define thairport environment from the SORA perspective. The UAS operator then
considers the newly defineairport environment and provides an operational restriction that
allows the UAS operation to safely remain inside the class B airspace, but dhtsidewly
defined SORAirport environment.

C.5.1.2 Example ofoperational restriction bytime limitations

The WAS operator wishes to fly in a Class B airport airspetee.Class B airspace, as a whole,
has a very high encounter ratelowever, the UAS operator wishes to operate at a time of day
when manned aircraft do not routinely flifhe UAS operator then restigcthe time schedule

of the UAS operation and demonstrates that the new time (e.g. 08338M and still within
Class B) has very low encounter rates and is safe for operation.

C.5.1.3 Example ofboperational restriction bytime of exposure

The UASperator wishes to cut the corner of a Class B airspace for flight effici@heyUAS
operator demonstrates that even though the Class B airspace has a high encounter rate, the
UAS is only exposed to that higher rate for a very short amount of timetemngitions the
corner.

C.5.2 Strategic mitigation by common structurésand rules

Strategic mitigation by common structures andes requires all aircraft within a certain class

of airspaceo follow the same structures and rules; these structures ands work to lower

the risk ofcollision within the airspace. In accordance wite SERARegulation dl aircraft in

that airspace must participateand only the competent authorities have the authority to set
requirements for those aircraft, while the ANSP and ATCO provide instructions. The UAS
operator does not have contr8lover the existence or level of participation of the airspace
structure or he application of the flight rulesTherefore, strategic mitigation by common
structures and ruless applied by the competent authoritieSheseshould be made available to

the UAS operator through the geographical zones, defined in accordatitdrticle 150f the

UAS Regulation

For example, imagine the situation if individual drivers could create their own driving rules to
covertheir direction, lanes, boundaries and speed. If the driving rulee different from one
driver to another, no safety benéfwvould begained even thoughthey were all following rules
(their own), and total chaos would ensuélowever, if all driversvere compelled to follow the

20 This usage of the wordtructureQmeans air structure, airways, traffic procedures and the like.
21 The usage of the worddoes not contrdmeans that the UAS operatdoes not have control over the implementation
of aviation structures and rules and is reliant on toenpetentauthority to implement structures and rules.
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same set of rules, thethe traffic flow would be orderlywith increased safety for all drivers.
This is why a UAS operator cannot propose a mitigation schema requiring participation from
other airspace users that differs from that required by the competent authority.

Most strategic mitigations by common structures and rules will take the form of:
(@) comnon flight rulesiand
(b) common airspace structuse

Strategic mitigations by common flight rules is accomplished by setting a common set of rules
which all airspace users must comply witlhese rules reduce air conflicts and/or make conflict
resolution eager. Examples of common flight rules that redube collision risk include right of

way rules, implicit and explicit coordination schemes, conspicuity requirements, cooperative
identification system, etc.

Strategicmitigation byusing acommon airspace gticture is accomplished by controlling the
airspace infrastructure through physical characteristics, procedures, and techniques that
reduce conflicts or make conflict resolution easi&xamples of common flight airspace
structures which reducthe risk ofcollision are airways, departure and approach procedures,
airflow management, etc.

In the future as Uspace structures and rules become more readily defined and adopted, they
will provide a source fathe strategicmitigation of UAS operations bgommonstructures and
rules that UAS operators could more easily apply.

C.5.2.1Example of mitigation by common flight rules

The UAS operator intends to fly in a volume of airspace in which the competent authority
requires all UASo be equipped with an electronicooperative systeft and anticollision
lighting. The rules further require the UAS operator file a flight plan with the designated
ANSP/space service providers, and check for potential hazards along the whole flight route.
The operator complies witthese requirements and installs asbllision lights and a Mod8
Transponder. The operator further agrees to fildight plan prior to each flightThese rules
enhance the safety of the flighh the same way aa notice to airmen(NOTAN. The UAS
operator should also have a system in place to check for high airspace usage in the intended
operational volume (e.g. a glideompetition or a flyin). In those situations where the UAS
operator does not own the airspade whichthe operational volumeexists, the rules require

the UAS operator to request permission prior to entering that airspace.

C.5.2.2 Examples of mitigation by common airspace structure

Example 1: The competent authority establisheransit corridor through Class B airspace that
keeps the UAS separated from other RdAS airport trafficand safely separatethe corridor
traffic in one direction fronthe traffic in the other direction. The UAS operator interid fly

22 The installation of an electronic cooperative system would make the UAS a cooperative airacafidance with FAA
Interim Operational Approval Guidance-88vu X Q! yYIF Yy SR ! ANDNF Fd {&&adSya hLISNI {A:
{eadGSYzQ CSRSNIt ! GAI1BG,2008. ! RYAYAAUNI GA2YyS C! !l k! Lw
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through this Class B airport airspaaad hence must stay withithe established transit corridor
and adhere tdhe transit corridor rules.

Example 2: The UAS operator intends to fly a UAS from one location to arasitidiies a flight
plan with a Uspace service provider or the procedural separation systesrtheUAS takes off,
the U-space service provider then guarantees separation by procedural controtiut alfcraft

in the airspace. Procedural controls attee take-off windows, reporting points, assigned
airways and altitudes, route clearances, etc. requifer safe operation.

Reducinghe initial air risk class (ARC) assignment (optional)

This section is intended for an applicant that intends to use strategic mitigations to reduce the
collision risk (i.e. ARC). There are two types of ARC:

(@) the initial ARG which is a qualitative classification of a UAS operational collision risk
within an operational volume before strategic mitigations are appléea

(b) theresidual ARGwvhich is a qualitative classification of a UAS operational collision risk in
an operational volume after all strategic mitigations are applied.

If a UAS operator agrees that the (genexed) initial ARC applicable to their operation and
operational volune is correct, then this step is not necessaapd the assessment should
continue at SORA Step #6 (asigmthe DAA tactical performance requirement and robustness
levels based othe residual collision risk).

If mitigations to reduce the ARC are relevant aa proposed, this section provides
information and examples of how to use strategic mitigation(s) to lower the collision risk within
the operational volume, and demonstrate the strategy to a competent atityh The examples
within the SORA may or may not be applicable or acceptable to the competent authority
however, the SORA encourages an open diakgetween the applicant and the competent
authority to determine what is acceptable evidence.

C.6.1Loweiing the initial ARC tahe residual AR in anyoperational volume (optional)

ARCGa is intended for operations iatypical/segregatedairspace (sedableC1). Lowering the
initial ARC t@esidual AR@ requiresa higher level of safety verification becausallows a UAS
operator to operate without any tactical mitigation.

To demonstrate that an operation could be reduced toeaidual AR@, the UAS operator
shoulddemonstrate

(@) that the operational volume cameet the requirements of SORA atypical/segregated
airspaceand

(b) compliance with any other requirementsandatedby the competent authority for the
intendedoperationalvolume.

A residual AR@ assessment does necessarily exempt the UAS operator froreq@ements

to Weeand avoidand to ¥emain well cleafromCother aircraft.If the designated competent
authority allows the UAS operator a residual AR@ssessment for the operational volume, in
order to comply withthe SERRegulationthe UAS operator must either provide a valid means
andequipmentas an alternate means of compliance for tHee and avoi@equirement, or the
competent authority must waive the requirement tdeeandavoidand ¥emain well clea
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C.6.2Loweringthe initial ARC usingperational restrictions (optional)

There may be many methody which a UAS operator may wish to demonstrate a suitable air
risk and strategic mitigations. The SORA does not dictate how this is achaexkthstead
allows the applicanto propose and demonstrate the suitability and effectiveness of their
strategic mitigations. It is important for both the UAS operator and the competent authority to
understand that the assessment may be qualitative in natarel where possibleaugmened

with quantitative data to support the qualitative assumptions and decisidbhs. UAS operator
and the competent authority should understand there may not be a clear delineafitine
decision points, so common sense &he safety of manned aircraft sluld be of paramount
consideration.

The SORA provides a twtep method to reduce the air risk by operational mitigation. The first
step is to determine the initighR@y using the potentiadir riskencounter rate based oknown
airspace densitiesag perTable Cl). The second step is to reduce the initial risk through UAS
operator-provided evidence that demonstratélat the intended operation is more indicative
of another airspace volume amhencounter rate that corresporsto a lower risk clagfcation
(ARC); henceeducing theinitial ARC to a residual AR&3 (perTable C2). This requireghe
agreement of the competent authority before the ARC may be reduced.

The SORA used expertise from subject matter experts to rataitipace encountecategory

(AEQ and the variables that influence the encounter rates (i.e. proximity, geometry, and
dynamics) The variables are not interdependenbr do they influence the encounter outcome

in the same mannei small increase in one encounter rate vhatiacan have major effects on

the collision riskconverselya small increase in another variable could have limited effect on
the collision riskHence, lowering the aircraft density of an AEC airspace does not equate to a
direct and equal lowering of th ARC risk level. There is no direct correlation between an
individual AEC variable and the ARC collision risk lénedammary:

(@) there are three interdependent variablethat affect the ARC;
(b) the contribution of each variable to the total collision risknot the sameand

(c) for simplicity, the SORA only allowise manipulation of one of the variableghe
proximity, i.e. the aircraftdensity.

The first step to potentially lowering the ARC is to determine the AEC andgbeiated density
rating usingreble C1. 12 operational/airspace environments were considered for the SGRA
risk classificatiorandthey correspond to thel2 scenarios found in Figure 4 of the SORA main
body.
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Operationalenvironment, AEC and ARC
Operations in Initial  generalised| Corresponding AEC Initial ARC
densityrating
Airport/heliport environment
OPS inan airport/heliport
environment incliss B, (?or [ 5 AEC1 ARG
airspace
OPS in an airport/heliport
environment in class E 3 AEC 6 ARGc
airspace orirtlass F or G
Operations above 40ft AGL but belowlight level 600
OPS #400ft AGL but <L600
in a ModeS Veil or 5 AEC 2 ARGH
transpondermandatory zone
(TM2)
QPS 2 00ft AQL but L600 5 AEC 3 ARGH
in controlled airspace
OPS #00ft AGL but 4L600
in uncontrolled airspace ove 3 AEC 4 ARCc
anurbanarea
OPS #400ft AGL but <L600
in uncontrolled airspace over 2 AEC5 ARGc
rural area
Operations below 400 ft AGL
OPS <00ft AGL in a Mod&
Veil or TMZ 3 AEC 7 ARGe
QPS 400ft AGL in controlleg 3 AEC 8 ARGC
airspace
OPS < 400ft AGL in
uncontrolled airspace ovesin 2 AEC9 ARCc
urbanarea
OPS < 400ft AGL in
uncontrolled airspace ovea 1 AEC 10 ARGb
rural area
Operations abovélight level 600
OPS ¥L600 1 AEC 11 ARGb
Operations iratypical orsegregatedairspace
QPS in atypical/segregated 1 AEC 12 ARGa
airspace

TableC1 ¢ Initial air risk categoryassessment

After detemining the initial risk usindableC1, an applicant may choose to redudet risk
usingTableC2. To understandableC2, the first column shows the AEC in the environment in
which the UAS operator wishes to operate. Column A shows the associated airspace density
rating for that AEC rated from 5 to 1, with 5 being very high denaitgt 1 being very low
density.

Column B shows the corresponding initial ARC.
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Column C is key to lowering the initial ARC. This column dhewslative density ratingthat

a UAS operator should demonstrate to the competent authority in order to argulejastify

that the actual local air density rating of the operational area is lower than the rating associated
with the initial AEC (Column A)TableC.1. If this can be shown and accepted by the competent
authority, then the new lower ARC level as shown column D may be applicable.

As stated earlier, the UAS operator is responsiblecollecing and analgingthe airspace
density andfor demonstraing the effectiveness of their proposal for strategic mitigations by
operational restrictions to the copetent authority.In summary the UAS operator should
demonstrate thathe restrictions imposed on the UAS operation can lower the risicoflision

by showing that the local airspace encounter rate, under the operational restrictions, is lower
than thegeneraisedAEC assessed encounter rate provide@iableC1.

The strategic mitigation reduction case should be modelled after a safety ca@bke. size and
complexity of thestrategicmitigation reduction depends entirely on what the UAS operator is
trying to do, and where/when they want to do it. Thgategicmitigation case as a safety case
has two advantages. Fihgtit provides the UAS operator with a structured approach to describe
and capture the operatiorthe hazards identifiedthe riskanalysedand the threat(s) mitigated.
Secondly, it provides a safety case structure that a competent authority is familiar with,,which
in turn, helps the competent authorityo understand the UAS operator's intended operation
andtheir reasoning as to why a redtion in the ARC can be safely justified.

As each authority is different, the SORA recommends the applicartintact the competent
authority and/or ANSP to determine the format and presentation of the strategic mitigation
reduction case.
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The density ating of manned aircraft, assessed on a scale of 1 to 5, with 1 representing a very low d
and 5 representing a very high density.
Column A B C D
Initial generalised If the local density can| Newlowered
AEC densityrating for | Initial ARC| bedemonstrated to be | (residual) ARC
the environment similar ta
AEC 1 or; 5 ARG 4o0r3 ARCc
AEC 2 2 or ote? ARGh
AEC 3 4 ARG iN(ztrj 22;
AEC 4 3 ARGc ANote 1 ARGb
AEC5 2 ARCGc ANote 1 ARGb
AEC 6 or; ARGb
AEC 7 or; 3 ARCGc ANote 1
AEC 8
AEC 9 2 ARCGc INote 1 ARGb
Note 1: The reference environment for assessing density is AEC 104@MASAGL over rural areas).
AEC10 and AEC 11 are not included in this talslany ARC reduction would result in ARG UAS
operator claimingareduction to AR should demonstrate that alhe requirementsthat define atypical or
segregatedairspace have been met.

TableC2
To fully understand the above, the SORA provitlese examples.

Example 1:

A UAS operator is intending to operate in an airport/heliport environmentlass C airspace,
whichcorrespond toAEC 1.

The UAS operator enters tlimitial ARGeduction table at Row AECQolumn A showthat the
generaisedairspace density of this environment is 5. Column B shows the associated initial ARC
as ARdl. Column C indicates that if a UAS operator can demonstrate that the actual, local
airspace density corresponds to a genm@d density rating of 3 or 4, thethe ARC level may

be reduced to aesidual ARE (Column D)If a UASoperator demonstrate that the local
airspace densitgorrespond more to scenarios with a density of 2 or 1, then the ARC level may
be lowered to aesidual AR® (Column D).

Exampe 2:

A UAS operator is intending to operate in an airport/heliport environment, in class G airspace,
with a correspondindevel of AEC 6.

The UAS operator enters tliitial ARCGeduction table at Row AEC 6. Column A shinathe
generaised airspace desity rating that corresponds with this environment is 3. Column B
shows the associated initial ARC as ARColumn C indicates that if a UAS operator can
demonstrate that the actual, local, airspace density corresponds more to the reference scenario
that has a generédeddensity rating of 1, namely AEC 10, then tesidual ARC level may be
reduced to AR® (Column D).

Example3:
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A UAS operator is intending to operate below 408GL, in alass G (uncontrolled) airspace,
over an urbarsedarea, with a correspondinigvel ofAEC 9.

The UAS operator enters thitial ARGeduction table at Row AEC®olumn A indicates that

the generaked airspace density rating corresponding with this environment is 2. Column B
shows the associated initisdARC is ARE€ Column C indicates that if a UAS operator
demonstrateghat the local airspace density corresponds more to a density rating of 1, namely
AEC 10, then theesidual ARC level may be reduced to ARColumn D).

C.6.3 Loweringthe initial ARC bycommon structures andrules (optional)

Today, aviation airspace rules and structures mitigate the risk of coll&gihe airspace risk
increases, more structures and rules are implemented to rediieeisk. In general, the higher
the aircraft censity, the higher the collision riskndthe more structures and rules are required
to reducethe collision risk.

In generalmanned aircraft do not use very low level (VLL) airspaed is below the minimum

safe height to perform an emergency procedudnlessat such a height as will permit, in the
event of an emergency arising, a landing to be made without undue hazard to persons or
property on the surfacgRef. point SERA.31@5the SERA&Regulation). Subject to permission
from the competent authority, special flights may be granted permission to use this airspace.
Every aircraft will cross Vhlrspace in an airport environment for takdf and landing.

With the advent of UA8perations, VLL airspace is expected to soon become more crowded,
requiring more common structures and rules to lower the collision Hs&.anticipated that U
space services will provide these risk mitigation measufidss will require mandatory
participation by all aircraft in that airspace, similar to how the current flight rules apply to all
manned aircraft operating in a particular airspace today.

The SORAoes notallow the initial ARC to be lowered througiategicmitigation bycommon
structures andrules for all operationsn AEC 1, 2, 3, 4, 5, and #10utside the scope of the
SORA, a UAS operator may appeal to the competent authority to lower the ARC by strategic
mitigation by usingcommon structuresThe determination of acceptability fallsnder the

normal airspace rules, regulations and safety requirements for ATM/ANS providers.

Similarly, the SORdoes notallow for lowering the initial ARC through strategic mitigation by
usingcommon structures and rules for all operations in AE€. 10

The maximum amount of ARC reduction througihategic mitigation byusing common
structures and rules isy one ARC level.

2 AEC 1, 2, 3, 4, and 5 already have manned airspace ndestraictures defined bjRegulation(EU) No 923/2012Any

24

UAS operating in these types of airspace shall comply with the applicable airspace rules, regulations and safety
requirements. As such, no lowering of the ARC by common structures and rules edalémathose mitigations have
already been accounted for in the assessment of those types of airspace. Lowering the ARC for rules and structures in
AEC 1, 2, 3, 4, 5, and 11 would amount to double counting of the mitigations.

AEC 10: the initial ARGARGD. To lower the ARC in these volumes of airspace (tea)R&Zjuires the operational volume

to meet one of the requirements @typical/segregated Airspace.
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The SORAoesallow for lowering the initial ARC through strategic mitigation by structures and
rulesfor all operations below 408 AGL within VLL airspace (AEC8, 9 and 10)

To claim an ARC reduction, the UASrap should show the following:

(@) the UAis equippedwith an electronic cooperative systemand navigation andanti-
collisionlighting?;

(b) aprocedure has been implementéal verify the presence of other traffic during the UAS
FEAIKG 2LISNI A2y 6SdTd OKSOl AYRtc)2 G KSNI | A NDI

(c) a procedure has been implemented to notify other airspace users of the planned UAS
operation (e.g. filing othe UAS flight plan, applying fa NOTAM fromthe service
provider for UAB operations, eto);

(d) permissionhas been obtainedrom the airspace owner to operate in that airspa@é
applicable);

(e) compliance with the airspace UAl&ht rules,the UASRegulation, andhe policies, etc.
applicable to the UAS8perationalvolume andwith which all/most aircraft are required
to comply (thesdlight rules,the UASRegulation, angbolicies are aimed primarily atA$
operations in VLL airspace);

(H aUAS airspacstructure €.g. U-spacé exists in VLL airspace to help keep UAS separated
from manned aircraft. This structure must be complied with by all UAS in accordance with
the EU® or nationalregulatiors;

() aUAS airspace procedural separation service has been implemented for VLL airspace. The
use of this service must be mandatory for all UAS to keep UAS separated from manned
aircraft®in accordance wittthe SERRegulation and

(h) al UAS operatorsan directly communicate with theair traffic controller or flight
information services directly or through a-sbace service provider in accordance with
the SERRegulationEV).

C.6.3.1Demonstration ofstrategic mitigation by structures andrules

25 Although the SORA takes into account the questionable effects ctaltision lighting, ilso takes into account that
the installation of anticollision lights is often relatively simpdad has a net positive effect in preventing collisions.

26 Although NOTAMSs are used here as an example, the use of NOTAMs may not be acceptable yniesgethall
operations in VLL airspace. It is envisioned that a separate system like that of NOTAMSs, which specifically addresses the
concerns of VLL airspace, will fulfil this requirement.

27 Although flight plans and posting NOTAMS are used here as éasntipe use of flight plans and NOTAMs may not be
acceptable unless they cover all operations in VLL airspace. It is envisioned that a separatevaysterspecifically
addresses the concerns of VLL airspadk fulfil this requirement.

28 The Uspaceregulation and the relevant adaptation of SERA will apply

29 This refers to possible future applications of an automated traffic management separation service for unmanned aircraft
in a Uspace environment. These applications may not exist as such tddaybscription to these services may be
required.
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The UAS operator responsiblefor collecing and analysng the data required to demonstrate
the effectiveness of their strategic mitigations by structures and rules to the competent
authority.

Determination ofthe residual ARC risk level by tlmpetent authority

Asstated before, the UAS operator is respotsiior collecingandanalysngthe data required
to demonstrate the effectiveness of all their strategic mitigations to the competent authority.

The competent authoritynakes thefinal determination @ the arspaceresidual ARC level.

Caution: As the SORA breaks down collision mitigation sttategic andtactical parts, there
can besome overlap between all these mitigationghe UAS operator anthe
competent authority need to be cogsaint andto ensure that mitigations are not
countedtwice.

Although the static genergledrisk (i.e. ARC) is conservative, there may be situations where
that conservative assessment may be insufficitmthose situations, the competent authority
may raise the ARC to a letlht is higher than that advocated by the SORA.

For example, a UAS operator surveys a forest near an airport for beetle infesttidthe
airspace was assessed beingARGb. The airport is hosting aair show The competent
authority informs the UAS operator that during the week of #ieshow the ARC for that local
airspace will be ARG The UAS operator can either equip for AdR@irspace or suspend
operations until theair showis over.
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ANNEX D TO APPENXIA TO AMC1 TO ARTICLE 11
TACTICAL MITIGATION COLLISION RISK ASSESSMENT

D.1

D.2

D.3

D.4

Introduction-tacticalmitigation

The target audience for Annex D is the UAS operator who wishes to apply TMPR, robustness,
integrity, and assurance levels for their operation.

Annex D provides the tactical mitigation(s) used to reduce the risknaidair collision. The
TMPR is driven by the residual collision risk of the airspace. Some of these tactical mitigations
may also provide means of compliance with point SERA.320fk @ERA&Regulation, andhe
additional requirement®f various states.

The airrisk model has been developed to provide a holistic method to assess the risk of an air
encounter, and to mitigate the risk that an encounter develops amid-air collisilm. The SORA
air-risk model guides th&JASoperator,the competent authority, and/or ANSP in determining
whether an operation can be conducted in a safe manifikis Annex is not intended to be used

as a checklist, nor does it provide answers to all thdlehges ofDAA.The guidance allows a
UASoperator to determine and apply a suitabtgeans ofmitigation to reduce the risk of id-

air collisionto an acceptable level. This guidance does not contain prescriptive requirements
but rather objectives to be met at various levels of robustness.

Principles

The mtigation of the risk that an encounter develops intanéd-air collisions a highly dynamic,
variable, and complicated procesBo simplify the process, the aisk nodel takes a more
gualitative approach to arrive at an initial aggregated airspace risk assesshiteit. an
assessment of the initial, unmitigated risk of an encounter, and optional application of strategic
mitigations, this Annex assigns a performancguieement on the UAS operation to mitigate
the remaining collision hazardd. theresidual airspace risk).

Scopeassumptions andlefinitions

See Annex C fahe scope and assumptions

Knowledge of terms and definitions

To understand this sectin the following SORA definitions need to be understood:
(a) atypical/segregated vsther airspace;

(b) AEC (see Annex C);

(c) initial ARGsee Annex

(d) residual ARC (see Annex C);

(e) ICAO conflict management (see ICAO Doc 9Béetjon2.7);
()  strategicmitigation (seeAnnex C);

(g) tactical mitigations and feedback loo@d

(h) VLOS and BVLOS
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D.5 TMPR assignment

A tactical mitigation is a mitigation applied afteke-off, and for the air risk modeit takes the
form of athitigating feedback loo@This feedback loop @ynamic in that it reduces the rate of
collision by modifying the geometry and dynamicshafaircraft in conflict, based on retime
aircraft conflict information.

SORA tactical mitigations are applied to cover the gap between the residual riskref@mter
(the residual ARC) and the airspace safety objestiMee residual risk is the remaining collision
risk after all strategic mitigations are applied.

D.5.1 Two classifications of tactical mitigation
There are two classifications of tacticaitigations within the SORA, namely:

(@) VLOS, whereby a pilot and/or observer siggsehuman vision to detect aircraft and take
action to remain well cleadrom and avoid collisionwith other aircraft.

(b) BVLOS, whereby an alternate means of mitigatiomuean vision, as in machine or
machine assistané® is applied to remain well clefrom and avoid collisionwith other
aircraft .9. ATGeparationservices, TCAS, DAAghAce, etc.)

D.5.2 TMPR using VLOS

Originally the regulations fdsee andavoidCand void collision€defined in point SERA.3201
of the SERRegulationassumedhat a pilot was orboard the aircraftWith UA this assumption
is no longer validas the aircraft is piloted remotely.

Under VLOShe pilot/UASoperator accomplishe®ee and avoi@by keeping the UAS within

their VLOSThe UAS remains close enough to the remote pilot/observer to aliem to see

and avoid another aircraft with human vision unaided by any device other than, perhaps,
corrective lmses. VLOS is generally considered an acceptable means of compliance with the
Yemain well cleafromand @Hvoiding collisior@equirements of point SERA.3201tbé SERA
Regulation.

VLOS generally provides sufficient mitigation for cases where tharesgents for tactical
mitigations are low, medium, and higbifferent states may have other rules and restrictions

for VLOS operations (e.g. altitudes, horizontal distances, times for relaying critical flight
information, UASoperator/observer trainingetc.). In some situationshe competent authority

may decide that VLOS does not provide sufficient mitigation for the airspace risk, and may
require compliance with additional rules and/or requirements. It is HHAS2 LIS NJ (2 NB& Q
responsibility to comply h these rules and requirements.

The UASoperator should produce a documented VLOScdefliction scheme, explaining the
methods that will be applied for detection and the criteria used to avoid incoming traffic. If the
remote pilot relies on detection yb observers, the use of communication phraseology,
procedures, and protocols should be described. Since the VLOS operation may be sufficiently

30 For the purposes of this dissection, systems like ATC separation services would be considered to be machine assisted.
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complex a requirement to document and approve the VLOS strategy is necessary before
approvalby the competent athority.

The use of VLOS as a mitigatdwes notexempt theUASoperator from performing the full
SORA risk analysis.

D.5.3TMPR using BVLOS

Since VLOS has operational limitations, there was a concerted effort to find an alternate means
of complianceawith the human®ee and avoi@equirements.This alternate means of mitigation

is loosely described d#letect andavoid (DAAQRDAA can be achieved in several ways, e.g.
through groundbasedDAAsystems, albasedDAAsystems, or some combination of tho.

DAA may incorporate the use of i@uissensors, architectures, and even involve many different
systems, a human in the loop, on the loop, or no human involvement at all.

TMPR provides tactical mitigations to assist the pilot in detecting and avdidifiig under
BVLOS conditionghe TMPR is the amount of tactical mitigation required to further mitigate
the risks that could not be mitigated through strategic mitigatithe fesidual risk)The amount

of residual risk is dependent on the AR{&nce, he higher the ARC, the greater the residual
risk,andthe greater the TMPR.

Since the TMPR is the total performance required by all tactical mitigation means, tactical
mitigations may be combined. When combining multiple tactical mitigations, it is irapot
recogrise that the mitigation means may interact with each other, depending on the level of
interdependency. This may negatively affect the effectiveness of the overall mitig&taos.
should be exercised not to underestimate the negative effedtsinteractions between
mitigation systems. Regardlessf whether mitigations or systems are dependent or
independent, wherthey act on the same evenunintended consequences may occur.

D.5.3.1TMPR assignment risk ratio

The SORA TMPR is based orfitidings of several studie$hese studies provide performance
guidance usingiskratios. Table shows the SORA TMPR risk ratio requirements deriosd f
those studies.

Air-Risk
Class

ARCc se

TMPR TMPRsystemriskratio objectives

high performance

medium -
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C N
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.<
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—
Z
[ &
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>
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performance

ARG low performance LAa0SY NrAal NI GA2
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TableD.1 1 TMPRrisk ration requirementstable

Table provides TMPR qualitative critaras a qualitative means of compliance to h&lAS
operators translate the risk ratio quantitative values found@ableD.1 into system qualitative
functional requirements.TableD.3 providesguidance for theTMPR integrity and assurance
objectives for comliance with the objectives ofableC1.

For the purpose of this assessmetite objectives ofTableD.1 take precedence ovethe
guidance provided ifables D2 andD.3.

D.5.3.2TMPR qualitative criterion table

Table D2, below, shows more qualitative criteria for the different functions and levels of the
TMPRThe qualitative criteria are divided into five sfunctions of DAAhamely: detect, decide,
command, execute, anthe feedback loopWhere reference is made tthe detection of a
percentage of all aircraft, this should be read as a detection rate of the overall mix of aircraft
anticipated to be encountered in thadetection volumeand not limitedto the detection of just

the subset of aircraft in the mix.
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TMPR Level

Function Low Medium High
(ARC-b) (ARC-c) (ARC-d)

¢KS SELISOGIGARZY A& T2

E enable the operator to detect approximately 90|
= ¢KS SELISOGFGAZ2Y Aa T 2ofallaircraftin the detection volundeTo
E enable the operator to detect approximately 50|accomplish this, the applicant will have to rely
& of all aircraft in the detection volunfe one or a combination of the following systems
E This is the performance requirement inthe ~ [Services: . L A system
= absence of failures and defaults. @ DNRBdzyR oFaSR 5! ! kymeetingRTCA
g - - ) ) A 36 SC-228 or
8 g E Itis required that the applicant has awareness|w C[ T"wa
g £ £ most of the traffic operating in the areain whiclw t At 2% 1 g NB ESJSROCAEW
<] = = the operator intends to fly, by relyingononeofgy 1 5{ n LYk®i1¢e Ly w
€ = S _ ! . 1!
5 | Peeet g g  |moreofthefollowing: e e (swrNparsy {sngrorontas?
5 o c w 148 27 o0sSomokasSRo C e 4 s a0 Similar)

o o 1 1 1 X n . .
o h ®w | ¢tak] mall OS {"dz2NBSA f|and installed if
s < z services w ! tak! maAL)F OS 9FNI& /
kel x a . x @ 30 ' 1 accordance
=l w (asS [2¢6 [/ 2aua !"Piptr. - ié . .
g Fa Resolution Service with applicablg
g Aware aircraft trackers en |0 1 OGABS 02 YYdzy A OF A Arequirements.
3 w | as QT P tak) TaLJl‘OS_Cairspaceuser
= w az2ZyAu2NRY3I |+ SNBY dzZipg gperator provides an assessment of the
[ (e.g. use of a scannér) effectiveness of the detection tools/methods

chosen.

For an in-depth understanding of the derivation, please see Annex G. Detection should be done with adequate precision for the avoidance manoeuvre to be e
2The detection volume is the volume of airspace (temporal or spatial measurement) which is required to avoid a collision (and remain well clear if required) with
aircraft. It can be thought of as the last point at which a manned aircraft must be detected, so that the DAA system can performance all the DAA functions. Th
volume in not tied to the sensor(s) Field of View/Field of Regard. The size of the detection volume depends on the aggravated closing speed of traffic that may
be encountered, the time required by the remote pilot to command the avoidance manoeuvre, the time required by the system to respond and the manoeuvrabi
performance of the aircraft. The detection volume is proportionally larger than the alerting threshold.

SFLARM and PilotAware are commercially available (trademarked) products/brands. They are referenced here only as example technologies. The references ¢
an endorsement by the approval authority for the use of these products. Other products offering similar functions may also be used.

“These refer to possible future applications of automated traffic management systems for unmanned aircraft in an UTM/U-space environment. These applicatic
exist as such today.

5If permitted by the authority. May require a Radio-License or Permit.

5The selection of systems to aid in electronic detection of traffic should be made considering the average equipment of the majority of aircraft operating in the a
example: in areas where many gliders are known to operate, the use of FLARM or similar systems should be considered whereas for operations in the vicinity
commercially operated aircraft, ADS-B IN is probably more appropriate. These refer to possible future applications of automated traffic management systems 1
unmanned aircraft in an UTM/U-space environment. These applications may not exist as such today. A subscription to these services may be required.

"The selection of systems to aid in electronic detection of traffic should be made considering the average equipment of the majority of aircraft operating in the a

TMPR Level

Function Low Medium High
(ARC-b) (ARC-c) (ARC-d)

All requirements of ARC-b and in addition:
1. The operator provides an assessment of thq
human/machine interface factors that may affe|

The UAS operator should have a documented
confliction scheme, in which the UAS operator

explains which tools or methods willbe used fq .~ A s a s s . JAsystem
detection and what the criteria are that will be ; Kri ria'\tl(‘aBd;::iigns LAatz2uQa g meeting RTCA
- = applied for the decision to avoid incoming traffi pprop ) ’ SC-228 or
< = ) . . 2. The UAS operator provides an assessment
o o In case the remote pilot relies on detection by A EUROCAE W
13 £ . the effectiveness of the tools and methods
£ < someone else, the use of phraseology will hav utilised for the timely detection and avoidance 105
Decide % ?.J— be described as well. wraffic Y MOPS/MASP
14 14 Examples: o . . . " (or similar)
2 2 w CKS 2LISNI G2NJ AL In this cqntext tlmgly is Qeflned as enabling thel and installed i
. K remote pilot to decide within 5 seconds after th
traffic is crossing an alert boundary and opera accordance

indication of incoming traffic is provided.

The UAS operator provides an assessment of
failure rate or availability of any tool or service
the UAS operator intends to use.

at less than 1000ft.
w ¢KS 206aSNBISNI Y2y AiZ
W59{/9b5HZ 59{/9b5HZ

with applicablg
requirements.

Tactical mitigation performance requirements (TMPR)
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TMPR Level
Function Low Medium High
(ARC-b) (ARC-c) (ARC-d)
=
=)
2
=
[}
g A system
5 meeting RTCA
g = = SC-228 or
I g g The latency of the whole command (C2) link, i.{The latency of the whole command (C2) link, i EUROCAE W
g o o the time between the moment that the remote  |the time between the moment that the remote |105
g Command % GSJ- pilot gives the command and the airplane pilot gives the command and the airplane MOPS/MASP
5 14 14 executes the command should not exceed 5 |executes the command should not exceed 3 |(or similar)
o S S seconds. seconds. and installed i
<
2 accordance
;E; with applicablg
= requirements.
©
k)
5}
T
i
TMPR Level
Function Low Medium High
(ARC-b) (ARC-c) (ARC-d)
=
=)
2
[} Avoidance may rely on vertical and horizontal
= . ; - ) . A system
] avoidance manoeuvring and is defined in meeting RTCA
3 UAS descending to an altitude not higher than |standard procedures. Where horizontal Sc_zzg or
2 < S ySIENB&aiG GNBS&S 6 dzhf RAmanoeuvring is applied, the aircraft shall be
() o o . . . EUROCAE W
o g g feet AGL is considered sufficient. demonstrated to have adequate performance, 105
© = et . . . .
= 5 5 The aircraft should be able to descend from its|such as airspeed, acceleration rates,
8 Execute § § 2LISNF GAy3 +tGAGdzZRS (i 2climb/descend rates and turn rates. The follow ?grospii/i:\;gsp
g 5 o aminute. are suggested minimum performance critetfa: and installed i
c = = o ! ANBLISSRY % pn 1y2i{
k=) . A o T 27~ Jaccordance
‘g w wluasS 27F OtAYOKRsaOSwithapplicabls
:E w ¢dz2Ny N} USY x o RS3 requirements.
©
L
3
[
*%Low End Performance Representative (LEPR) performance requirments for RTCA SC-228 Study 5
TMPR Level
Function Low Medium High
(ARC-b) (ARC-c) (ARC-d)
™
=
=)
g The information is provided to the remote pilot
g with a latency and update rate that support the|A system
o . . . _|decision criteria. The applicant provides an meeting RTCA
= Where electronic means assist the remote pilo
2 : ’ B L ) _lassessment of the aggravated closure rates |SC-228 or
@ - - detecting traffic, the information is provided wit o )
I = c - considering traffic that could reasonably be  |EUROCAE W
@ g OE) a latency and update rate for intruder data (e.g . !
S o o position, speed, altitude, track) that support the expected to operate in the area, traffic 105
E Feedback 5 s TR ' information update rate and latency, C2 Link |MOPS/MASP
I= = = decision criteria. ) - L
(<] Loop o] 9] latency, aircraft manoeuvrability and (or similar)
= 14 14 For an assumed 3 NM threshold, a 5 second . . .
o ° o R performance and sets the detection thresholds|and installed ir
> > update rate and a latency of 10 seconds is ’
c . accordingly. accordance
kel considered adequate (see example below). _ - A . "
= The following are suggested minimum criteria: |with applicablg
2 © LYdNXzZRSNJ FyR 2¢y aK jairworthiness
% X o aS02yR&a® requirements.
k)
3
i

TableD.21 TMPRqualitative criteriatable
D.5.3.3Effects of aircrafiequipmenton tactical system performance

The performance of a tactical mitigation is affected by #wgiipmentof both the UAS and
threat aircraft, on an encountebpy-encounter basis.A tactical mitigation mitigateghe
encounter riskoy using a set of sufunctions of theDAAroutine, namely see/detect, decide,
command, execute, and feedback lo&muipmentthat aidsthese subfunctions increases the
overall performance of the tactical mitigation system.
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The following example illustrates hahe equipmentof both the UAS and threat aircraftfects

the overall tactical performance. Given a threat aircraft equippeti witransponder, it is easier

for other aircraft to detect and track the threat aircrafh this casethe UAS caie equipped

with a systenthat isable to detect and track transponders. Howeva@iUAS that mitigatethe

risk by locating the threat airaft by detecting their transponder (e.g. through AGRS. 7.)
cannot use the same approach to mitigate the risks posed by an aircraft without a transponder.

Tactical mitigationequipmentis not homogeneous within the airspadeifferent classesof
airspace have different més of equipment General aviation aircraft tend to be less well
equipped than commercial aircraftThere will be differences in the mix of general
aviation/commercial aircraft from one location/airspace to another. Basedthenaircraft
equipment a specific tactical system (e.g. FLARM, ACAS, etc.) could mitigate the risk of a
collision in somelasse®f airspace and not in others.

Therefore, theUASoperator needs to understand the effectiveness of their tactical mitigation
systemawithin the context of the airspace in which they intend to operated select systems
used for tactical mitigation accordingly. A TCAS |l 7.1/AG%Bipped UAS will not mitigate all
the encounter risks in an area where sailplanes equipped with FLA&Khawn to operate.

D.5.4.TMPR robustness (integrity and assurance) assignment

TableD 3, below, lists the recommended requirements to comply with the TMPR integrity and
assurance assignment.
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TMPR: N/A
(ARC-a)

TMPR: Low
(ARC-b)

TMPR: Medium
(ARC-c)

Allowable loss of
function and
performance of the

Allowable loss of
function and
performance of the

Allowable loss of
function and
performance of the

Allowable loss of
function and
performance of the

Criteria Tactical Mitigation| Tactical Mitigation| Tactical Mitigation| Tactical Mitigation
System: < 1 per 10] System: < 1 per 10| System: < 1 per 1 0 System: < 1 per 100 0(
Flight Hours Flight Hours Flight Hours Flight Hours
(1E-2 Loss/FH) (1E-2 Loss/FH) (1E-3 Loss/FH) (1E-5 Loss/FH)
Level of This rate is
integrity commensurate with
The requirement is] The requirement is] a probable failure
considered to be mqconsidered to be mg condition. These
Comments /| by commercially by commercially |[failure conditions ard A quantitative analysis
Notes available products.| available products.| anticipated to occur required.
No quantitative No quantitative one or more times
analysis is required| analysis is required| during the entire
operational life of
each aircraft.
TMPR: N/A TMPR: Low TMPR: Medium
(ARC-a) (ARC-b) (ARC-c)
JkeRelato] The operator The evidence that the
declares that the . : . e
. L provides evidence| tactical mitigation
tactical mitigation . L
that the tactical | system will mitigate thg
system and e . - :
o ) mitigation system | risk of collisions with
Criteria N/A procedures will L . .
. . will mitigate the ris manned aircraft to an
mitigate the risk of s . .
collisions with of collisions with acceptable level is
Liewell el manned aircraft o a manned aircraft to a| verified by a competen
assurance acceptable level. third party.
acceptable level.
Comments / N/A N/A N/A N/A
Notes

TableD.31 TMPRintegrity andassuranceobjectives
D.6 Maintenance and continued airworthiness

The DAA maintenance and continued airworthiness requirements are addressed in the SAIL
requirements please refer to Annex E.
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