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] INntroduction

This Appendix meticulously outlines the Operational Services and Environment
Description (OSED) pertinent to the Uncrewed Aircraft System (UAS) Detect and Avoid
(DAA) design and Development Test and Evaluation (DT&E) Guideline. The primary
objective of this Appendix is to distinctly delineate the operational context of the DAA-
Equipped UAS, for which the broader Guideline has been crafted to support the
development of DAA systems.

The OSED meticulously identifies key elements of the UAS and its operating
environment, elucidating crucial characteristics that significantly impact the operation
of a DAA system and its interactions with other airspace participants or relevant
stakeholders. At times, it becomes imperative to make assumptions that place
constraints on the scope of all potentialities in the operation and environment. To
assist when this is done, these assumptions are systematically identified throughout
the document, and numbered in the ASSUMP-OSED XX format.

While these assumptions are not intrinsic to the functionality of a DAA System, there
exist scenarios where a DAA system may operate in a context that deviates from some
of these assumptions. However, the assumptions documented herein serve as a
substantial foundation for the proposed DAA requirement set in the Guideline,
subseqguently substantiated in the Safety Case. Therefore, if these assumptions prove
incompatible with a specific proposed operation, additional investigation may be
necessary to re-validate the requirement set for that operation or to
supplement/amend the requirement set to accommodate differences in the
operational context.

The OSED also includes, as an Annex, a comprehensive description of an anticipated
set of operational scenarios. This annex encompasses both nominal and off-nominal
scenarios, providing a detailed scenario and sequence diagram for each.

7 Document Structure

This document identifies a number of key elements to the operational context of a DAA
system, these are:

e Major systems and system elements:
o The Operational Framework
o The DAA System
o The DAA-Equipped UAS
o Intruders, and
o Third Parties.
e The Operational Environment, consisting of:

o The Airspace Environment
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o Operation Environment (Types of operations),
o The Airborne Physical Environment, and
o The Ground Physical Environment

These elements serve as the primary sections discussed within the OSED. Further
breakdowns within these sections are undertaken as necessary to comprehensively
elucidate relevant considerations and provide sufficient context for the generated
assumptions.

Once the operational context is established in these sections, the document proposes a
series of behavioural flow diagrams. These diagrams capture exemplar behaviours of a
DAA-equipped UAS during encounters, leading to the development of a set of
Operational Scenarios, encompassing both nominal and off-nominal situations.
Through this process, additional necessary assumptions are identified.

For a comprehensive compilation of all assumptions outlined in the OSED, please refer
to Annex B in the Guideline.

3 Operational Framework

UAS operations described in this OSED operate under a Beyond Visual Line of Sight
(BVLOS) approval. While each State's Authority (the National Airworthiness Authority
(NAA) or delegate) may employ slightly different mechanisms for approval of BVLOS
operations, and may impose different limitations on BVLOS operations, the following
commonalities are assumed:

ASSUMP-0OSED.1 The UAS will operate under a BVLOS Approval
ASSUMP-OSED.2 A BVLOS operation will exhibit the following characteristics:

e The Remote Pilot in Command (RPIC) is unable to maintain visual unaided
contact with the Uncrewed Aircraft (UA) for some or all of the operation.

e The RPICis not required to, or is unable to, visually separate the UA from
Intruders.!

e The UA may be operated close to or far away from to the RPIC: the standoff
distance is only limited by the UAS Control and Non-Payload Communications
(CNPC) data link performance.

e The BVLOS approval does not invoke the entirety of either Instrument Flight
Rules (IFR) or Visual Flight Rules (VFR) of the air.?

'Note that a definition for Intruders is provided in Section 6.
2 Unique aspects of UAS BVLOS operations mean they are typically incapable of complying with these
rules in entirety.
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DAA System

Within the OSED framework, the DAA System is defined as the amalgamation of
components integrated into a Non-DAA-Equipped UAS to facilitate DAA functionality.
Certain elements required for DAA operation are inherent in the UAS, such as GPS,
sharing common functionalities with other UAS capabilities. However, these elements
are considered external to the DAA System's boundaries, with the DAA System
interfacing with them to achieve the necessary functionalities.

While many pivotal components of a DAA system are situated within the airborne
Unmanned Aircraft (UA), the DAA System draws support from various additional UAS
elements. The subsequent elucidation provides a breakdown of major UAS Segments
along with their corresponding® DAA System elements. These are as follows:*

1.

UA Segment: The UA segment is the aircraft itself and its component systems. In
the context of a DAA system, the UA is typically fitted with all the equipment
necessary to detect and track Intruders, and to decide the appropriate course of
action, and potentially commanding the UA flight control system to manoeuvre
if the system is designed to operate without a human in the loop.

Ground Segment: The ground segment consists of the Ground Control Station
(GCS) and all support ground-based equipment. The CCS houses the RPIC and
other operational staff, mission management interfaces, the command-and-
control interface. It displays safety-of-flight telemetry information from the UA,
DAA alerting (visual and aural), guidance and awareness information, and
facilitates voice communications.

Communications Segment: The communications segment consists of the
CNPC datalink that exhibits known performance and integrity characteristics.
Non-safety related data links are not considered as part of the CNPC link and are
often separate datalinks. The CNPC data link is responsible for all safety-related
communications activity between the UA and GCS. The CNPC data link may
consist of a single or multiple direct Radio Frequency (RF) channel(s), Satellite
Communications (SATCOM) channel(s), or shared mobile-network channel(s); a
mixture of all three, or other wireless communications bearers.

Personnel: The RPIC is responsible for control of the UAS at all times. The RPIC
uses the DAA system to make decisions about avoidance manoeuvres
throughout the operation. The RPIC is also the human interface between the
UAS and Intruders, ATC, or other airspace users.

Figure 1 provides an illustration of a DAA-Equipped UAS system diagram, with the DAA
System elements shown in green. The figure highlights the DAA components within
the UA Segment onboard the aircraft (top) as well as major elements within the

“ Note that the allocation of DAA system elements to UAS segments is not always fixed. For instance,
Cround-Based DAA, (CBDAA) moves the detection and tracking functions off the flying UA, and into one or
more pieces of ground equipment.

° e, another means of resolving the range of Intruders, such as radar.

9
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Cround Segment (bottom), the Communications Segment linking the two, and the
Personnel (the RPIC) within the GCS.
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In the above example, the Alerting and Cuidance processing functions are shown as
being optionally located either aboard the UA or in the Cround Segment (or split across
both) depending on the specific configuration. A VHEF voice communications relay on-
poard the UA segment is shown as optional. Lastly, an Uncooperative Range Finding
sensor” is also shown as an optional element that can enhance the capabilities of an
electro-optical/infrared (EQ/IR) Surveillance sensor.

° e, another means of resolving the range of Intruders, such as radar.
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While there are several options to select from regarding a detection system, the maost
common are Radar, and EOQ/IR. Radar-based DAA systems typically have significantly
larger size, weight and power (SWaP) requirements and are generally reserved for the
domain of larger and more complex UAS. In the interests of having the broadest
applicability to the Uncrewed Aviation community, this Guideline will focus on EQ/IR-
based DAA Systems, and as such the OSED is scoped around EQ/IR-based systems.®

Assumptions 3 and 4 below summarise the assumed state of the DAA system UAS
elements:

ASSUMP-OSED.3 The DAA Systerm will use an EQ/IR detection subsystem.

ASSUMP-0OSED.4 The; UA Segment, Ground Segment, Communications Segment, and
Personnel (including maintenance personnel), are all approved per the requirements
listed in the Requirement Set at Appendix E of the Guideline, and as required by the
Authority.

5 Ownship (DAA-Equipped UAS)

"Ownship" designates the UA equipped with the DAA system. This Ownship may take
various forms, encompassing fixed-wing, multi-rotor, traditional Vertical Take Off and
Landing (VTOL), or hybrid 'quad-plane' platforms.

In the context of this OSED, a UA is defined as any aircraft equipped with a DAA system
that enables it to meet all the essential functional and performance requirements
outlined in this Guideline. Within the OSED framework, the DAA-equipped UA is
considered a singular entity and is collectively referred to as the Ownship.

51 Ownship Characteristic Dimension

To apply insights gleaned from existing literature on DAA systems, a crucial
assumption needs to be established concerning the size of the UA and the resultant
proximity of the Ownship and Intruder, where the possibility of a MAC exists.

The collision model utilized for determining risk ratio requirements, as outlined in
Appendix E to this Guideline, hinges on the assumption that the combined wingspan
of both the intruder and UAS is under 100 feet. By limiting the UAS wingspan to 8
meters (approximately 26 feet), the model remains applicable for aircraft with
wingspans of up to 23 meters (approximately 74 feet), effectively representing a
substantial sample of the aircraft expected in the uncontrolled airspace environment
discussed in Section 8.

ASSUMP-0OSED.5 The Ownship characteristic dimension will not exceed 8m.

& While the OSED and Guideline have been developed around EQ/IR DAA Systems, much of the guidance
contained within will remain relevant, however supplementation and re-validation of requirements may
be required to achieve a comprehensive safety argument for a non EQ/IR-based system.

11
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52 Ownship Performance Characteristics

In general, a DAA capability should be available to most UAS regardless of the UA's
performance. However, the performance of the UAS is a major input to the DAA
system's capabilities, is a significant driver of hardware requirements, and the overall
safety benefit that can be achieved by as given system. Conseguently, the performance
characteristics of the UAS in question (or the range of performance characteristics of
the set of compatible UAS) should be defined when considering the development of a
DAA System.

The key performance characteristics that impact the DAA system include:
e Minand Max airspeed (KTAS)
e Horizontal Agility (deg/s)
o Vertical Agility (fpm)
e Max Acceleration (Q)

ASTM F3442/F3442M and RTCA DO-366A [1]/DO-365C [2] provide guidance on various
combinations of aircraft performance characteristics and subsequent expectations for
detection and tracking system needs.

53 Ownship Equipage

The Ownship will be fitted with the airborne DAA System equipment, and the
integration of this equipment must enable the following functions:

e The DAA system is able to receive attitude and positional information from the
UA.

e The DAA system is able to receive traffic information from ADS-B (In), if available.
e The DAA system is able to generate alerting and guidance notifications.

e Alerting and guidance is able to be sent to the GCS.

e Surveillance information is able to be sent to the GCS.

A baseline set of equipage present aboard the Ownship and within GCS that is capable
of achieving the above functions has been developed as an example. This minimum
equipage is captured in Assumptions 6 through 9:

ASSUMP-OSED.6 The Ownship is equipped with ADS-B (In) as a component of the
DAA system for cooperative Intruders. The use of ADS-B (Out) is optional (or as required
py the Authority).

ASSUMP-OSED.7 The RPIC has access to an approved radio and has radio coverage
throughout the area of operations to facilitate voice communications with Intruders or
other airspace actors. This may be achieved through communications relay from the
CCS to the UA, or directly from the GCS.

12
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ASSUMP-0OSED.8 If the minimum approved equipment necessary for undertaking
DAA is not available to the UAS or RPIC during a failure event (i.e., system failure, lost-
link, etc.), appropriate contingency procedures would be enacted to reduce the
likelihood of an encounter during this event.

ASSUMP-0OSED.9 The Ownship is equipped with enhanced visibility solutions to
iNncrease its visibility to any Intruders, as required by the Authority (such as navigation
lighting and/or high contrast colour schemes).

54 Remote Pilot In Command (RPIC) Considerations

The RPIC is the human operator responsible for the safe operation of the UAS. In many
cases, the RPIC is the Remote Pilot operating the controls of the UAS. In other cases,
the operator responsible for safe operation of the UAS may be a crew member other
than Remote Pilot, who acts on the information provided by the CCS, the DAA system,
ATC and/or other external sources. This Guideline uses the term RPIC and Remote Pilot
interchangeably, but the above caveat must be considered.

ASSUMP-OSED.10 While more than one person may be required to operate a specific
UAS in practice, this OSED assumes a single RPIC is responsible for the safe operation
of the UAS, or fleet of UA.

ASSUMP-OSED.11 The RPIC has direct and timely access to the relevant DAA displays,
and equipment as required to exercise the necessary authority as the remote pilot in
command.

There are also different operational configurations to consider with respect to the
Ownship and RPIC, categorised as One-to-One and One-to-Many operations. One-to-
Many operations may be treated the identically to the One-to-One operations, i it is
assumed that the RPIC is able to react appropriately to any and all incoming alerts (i.e,
from any of the DAA equipped UA under control).

While a single RPIC may control UA using a one-to-many UA control system, this OSED
does not distinguish between a one-to-one and one-to-many control system and
assumes that in either case timely actions can be enacted by the RPIC during a DAA
event.

ASSUMP-0OSED.12 For One-to-Many operations, the RPIC can perform all necessary
actions for all aircraft in a timely manner during any DAA event.

o INntruders

An Intruder is any aircraft that is positioned within the DAA surveillance volume of the
Ownship. Crewed Intruder aircraft will exhibit conventional flight characteristics, either
as a fixed-wing or helicopter aircraft. An uncrewed Intruder aircraft would present no
differently, provided detectability characteristics are similar. As such the DAA system
makes no distinction between crewed and uncrewed Intruders and will treat all
Intruders as though they were crewed aircraft.

15
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ASSUMP-0OSED.13 Any UA that are representative of crewed aircraft size will be visually
indistinguishable to the DAA system.

The following atypical Intruders are out of scope for the DAA system:
e Space vehicles
e Stealth aircraft
e Small UAY

Encounters with the above (as part of ensuring safety through a DAA system) are out of
scope due to the difficulty in detecting them with current EQ/IR sensors and/or the
existence of procedural means of avoiding areas of known operations.

For those Intruders that remain in the scope, in order to be conservative, it cannot be
assumed that they are equipped with a DAA system of their own. The burden of
avoiding a potential collision cannot be transferred to other aircraft. This is captured by
Assumption 14.

ASSUMP-OSED.14 Intruders are not equipped with any DAA system and therefore will
not coordinate DAA functions to stay well-clear from or avoid collisions with the
Ownship in nominal operating environments.

o.1 INntruder Characteristics

Both cooperative and non-cooperative Intruders (i.e., those reporting position via
ADS-B or not reporting, respectively), fall within the scope of this guideline, as
expressed in Assumptions 15 and 16.

ASSUMP-0OSED.15 For the purpose of this OSED, Intruders can be cooperative or non-
cooperative.

ASSUMP-0OSED.16 For the purpose of this OSED, Intruders without functioning ADS-B
(Out) equipment are defined as non-cooperative Intruders.

Class G airspace typically has a 250kt IAS [imit. This limit has been adopted for
cooperative Intruders as seen in Assumption 17. Per the MIT LL Uncorrelated Encounter
Model, as referenced in the ASTM F3442/F3442M - 23 Standard [1] (Figure X1.1),
operation at 10,000ft at airspeeds greater than 200kt IAS is possible but rare for non-
cooperative aircraft. Because of this, 200kt IAS been adopted as the maximum airspeed
for non-cooperative Intruders in Assumption 18.

ASSUMP-OSED.17 The maximum airspeed for cooperative Intruders within the scope
of this guideline is 250Kkt IAS, with a maximum vertical rate of 5000 fpm and maximum
norizontal acceleration of 1.5g (where g is the acceleration of gravity).

7 Noting there are various regulatory definitions for “Small UAS", in this case, Small UA are those that
present minimal collision hazard to the Ownship, and/or are small enough that it cannot be reasonably
expected that a DAA system will be able to detect them in flight such that the system can generate
avoidance manoeuvres in a timely fashion.

14
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ASSUMP-0OSED.18 The maximum airspeed for non-cooperative Intruders within the
scope of this guideline is 200Kkt IAS, with a maximum vertical rate of 1500 fpm and
mMmaximum horizontal acceleration of 1.0 Q.

In-scope encounters include those with any of the aircraft categories identified in
Assumption 19. Note that only crewed Intruder aircraft (or uncrewed Intruder aircraft
that behave like crewed Intruder aircraft) are considered for this Guideline.

ASSUMP-OSED.19 Intruder aircraft of any of the following categories are assumed
within the scope of the guideline: aircraft, rotorcraft, glider, lighter than air (airship and
balloon), or powered lift. Other categories are excluded from scope.

Uncooperative Intruders are classified in accordance with RTCA DO-366A [1]% into three
categories based on their speeds and sizes. This is reproduced with the addition of
category D for cooperative Intruders below in Table T:

Category Size Cooperation | True Airspeed Example Intruders
A Small Uncooperative Up to 100 knots Cliders, balloons etc.
B Medium Uncooperative Up to 130 knots Single-engine VFR aircraft
C Large Uncooperative Up to 170 knots Dual-engine VFR aircraft
D Large Cooperative Up to 291 knots Dual-engine IFR aircraft

Table 2 captures the set of encounter types according to Intruder surveillance and
radio capability, airspace flight rules, and encounter altitude®.

e < ~Ferrmuatation or mntruaer =N unter 1ypes

Type | Flight Rules | Altitude | Surveillance | Radio
1 VER <5000 ft None None
2 VER <5000 ft ADS-B (Out) None
3 VER <5000 ft None VHF
4 VER >5000 ft None VHF
5 VER >5000 ft ADS-B (Out) VHFE
6 IFR n/a ADS-B (Out) VHF

8 The additional category (D) is assumed in this OSED to account for the fact that the DAA system is not
expected to only function against non-cooperative Intruders.

° Some authorities place an upper altitude within Class G airspace whereby additional voice
communications requirements must be met. For the purpose of this OSED, the 5000 ft AMSL altitude
threshold of Australia is used but this may be different or irrelevant in other States.

15
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0.2 Intruder Equipage

Intruder equipage is expected to reflect the requirements of the operational airspace.
Table 2 outlines the permutations considered within the operational scenarios
presented in this Guideline. Intruders may be cooperative or non-cooperative
depending on their equipage.

ASSUMP-OSED.20 Intruders will be equipped according to the requirements of the
flight and airspace rules they are operating under/within. Key equipment that are
relevant to this OSED are ADS-B and radio equipment for voice communications.

0.5 INntruder Encounter Geometries

Intruders can enter the Ownship's DAA surveillance range from any horizontal or
vertical direction, which includes converging, diverging, overtaking, overtaken, and
head-on encounters. It is expected that Intruders that appear in front of the Ownship
would be most common due to the forward motion of the Ownship.

Intruders may climb and descend at any rate up to their maximum vertical rate within
their operating envelope. Intruders may travel at any speed up to their maximum
speed approved for the area at which they operate in. Slow moving Intruders or slow
closure rates may present challenges in typical DAA systems and alerting algorithms as
minor variations between adjacent video frames captured by EQ/IR sensors cannot
easily be detected by many state-of-the-art difference-based algorithms.

7 Third Parties

Significant third parties to the operation of a DAA System include ATC operations and
any communication relays used by pilots and/or RPIC to share safety critical voice
information.

7] Third Party Communication Relay

The third-party communication relay represents an independent communication
channel used to disseminate safety-critical voice information among pilots and RPIC
operating within uncontrolled airspace. A third-party communication relay may or may
not exist in any operational scenario. The relay could range from communications via
ATC through to message relay via multiple Intruder pilots.

72 Air Traffic Control (ATC)

ATC refers to the facility and associated controller(s) responsible for separating aircraft
in the airspace that has ATC coverage. ATC are not required to provide Air Traffic
Services (ATS) within uncontrolled (Class G) airspace, however; if a Flight Information
Service (FIS) is requested and ATC workload is not excessive, a service can e provided.

16
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8 Alrspace Environment

The operational environment for the DAA System is comprised of several components,
however one of the most significant and complex is the Airspace Environment. The
following sections describe the various considerations of the Airspace Environment,
discuss their relevance to the DAA System, and yield important assumptions about the
operations affecting the development of DAA System requirements.

Broadly, the airspace environment adopted for the OSED is described as "uncontrolled
airspace (i.e, Class G) outside of the airport environment". This airspace typifies the
JARUS SORA Airspace Encounter Category (AEC) 5. Further key characteristics of the
airspace are described below:

e The DAA system is meant for operations in Class G airspace as defined in within
the Airspace Regulations 2007 (Cth.). The airspace class designations generally
align with Annex 11 to the Convention on Civil Aviation.

o DAA-equipped UAS are allowed to operate up to 10,000 ft AMSL at an IAS no
greater than 250 kts.

e \VHF radio is required for operations above 5000 ft AMSL and within the vicinity
of aerodromes where carriage and use of radio is required. DAA-equipped UAS
will not fly in a VFR traffic pattern or circling approach.

e Transit to the DAA authorised environment must be achieved via other
approved methods such as visual observers, or protective airspace.

e ATC s not required to provide separation services in Class G airspace.

e When the UA is in communication range with ATC, the UA will take note of
traffic advisories, respond to directions, queries, and safety alerts.

e  DAA sensor performance may limit the operational altitude.
e Altitude is to be reported and processed based on altimeter measurements.

ASSUMP-0OSED.21 The UAS will operate in Class G Airspace and will integrate other
Class G traffic.

ASSUMP-0OSED.22 DAA-equipped UA will not fly in a VER traffic pattern or circling
approach. Transit to the DAA authorised environment must be achieved via other
approved methods such as visual observers, or protective airspace

ASSUMP-OSED.23 ATC are not required to provided separation services for VFER, IFR, or
BVLOS flights in Class G airspace. However, when the UA is in communication range
with ATC, the RPIC will take note of traffic advisories, respond to directions, queries, and
safety alerts.

The following conditions would move an encounter beyond the scope of this Guideline
Additional analyses could be performed to identify relevant considerations for
operations with a DAA system in these areas, however this is out of scope for the
current Guideline:
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e Encounters within a prohibited area. I.e,, airspace within which flight of the UA is
prohibited.

e Encounters within a restricted area. l.e, airspace within which flight of any
aircraft is restricted in accordance with specified conditions.

e Encounterswithin a danger area. l.e, airspace within which activities dangerous
to the flight of aircraft may exist at specified times.

ASSUMP-OSED.24 The airspace environment excludes Prohibited, Restricted, or
Danger areas. Operation in these environments is subject to additional approval by the
competent Authority.

Figure 2 and Figure 3 capture the above elements of the airspace environment at a
high level, providing a snapshot of the complete intended operating environment.

Both figures consider typical Class G operations with no ATS and instances where ATS
are available respectively. Figure 2 illustrates an operational environment the DAA
system is expected to operate in within uncontrolled (Class G) airspace. This
environment depicts a VER Intruder operating at an altitude below 5000 ft AMSL and
another VFR Intruder operating below 10,000 ft AMSL but above 5000 ft AMSL.
Because access to VHF radio communication is not mandated in all Class G airspace
(depending on the rules of each State), this diagram shows an example of the Ownship
operating below 5000 ft where the radio communication link between the Intruder
and Ownship is highlighted as an optional requirement. A definition for Ownship is
provided in Section 5.
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Figure 2: DAA Operational Environment without ATC Surveillance Coverage

Figure 3 illustrates an operational environment the DAA system is expected to operate
in within uncontrolled (Class G) airspace where the Intruder is being provided some
form of ATS in the presence of ATC surveillance. This environment depicts VFR and IFR
Intruders operating at altitudes above 5000 ft AMSL. Access to VHF radio
communication is assumed to be a requirement when operating within these altitude
limits (noting that this is not the case in all States).
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Figure 3: DAA Operational Environment with ATC Surveillance Coverage

The assumed operational environment for the DAA equipped UAS is condensed in
Assumption 25.

Flight Rules

This section is concerned with which flight rules the DAA system must be able to
detect in, and the right of way rules once a detection has occurred: Assumption 26
outlines right of way rules between UA and crewed aircraft. Assumption 27 is related to
the conditions (flight rules and conditions) under which a DAA system is expected to
be capable of detection and tracking.

ASSUMP-0OSED.25 UA will always be required to give way to a conventionally piloted
aircraft, and that normal right of way rules under VFR/IFR do not apply to the UA. This
does not prevent a conventionally piloted aircraft from giving way to a UA if they detect
it during operation.

8.1.1 Alirspace Classification
The JARUS SORA [4] Air Risk Framework employs both Air Risk Classes (ARC's) and
Alrspace Encounter Classes (AEC's) to compartmentalise airspace. These classes are

pased on a number of characteristics, including:
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e whether the airspace is controlled or not
e airspace class A B, C, D, Eor(,
e altitude (Very Low Level Integrated, Very High Level),

e (fthe airspace requires a transponder, e.g., within a Mode C Veil or a Transponder
Mandatory Zone (TM/Z), and

e \Whether the airspace is within a SORA defined airport or not.

Figure 4 illustrates how these characteristics make up the various ARC/AEC partitions:

Controlled Airspace _ Uncontrolled Airspace

AEC4
Above 500 ft AGL Below
FL500 within
Uncontrolled Airspace,
over Urban Population

( AECS5 )
. Within Irrte'grated,
Integrated Airspace o
Urban Rural
Population Population

( AEC8 )

Within VLL and Controlled
Airspace

( AECS )

Within VLL,

Uncontrolled airspace

and over Urban
Population

‘Within VLL Airspace
and Mode C Veil or
TMZ

Within SORA Defined Airport and
within Class E, F or G airspace

Figure 4. JARUS SORA Air Risk Classification (ARC) and Airspace Encounter Classes (AEC)
This Guideline is only applicable in AEC 5. The key distinguishing features for AEC 5 are:
e |[tLisnotoveran Urban Area,
e [tisin Class C Airspace,
e [tisnotwithin a SORA Defined Airport,

e Theairspace has not been deemed Atypical Airspace using Airspace
Characterisation.

ASSUMP-0OSED.26 The UAS will operate in AEC 5 airspace, per the JARUS SORA,
namely, class G airspace, outside of airport environments, and over rural areas.

8.12 Differentiating Between VLL, Integrated Airspace, and VHL

A key element in the AEC partitioning in Figure 6 is altitude, which is used to segregate
Very Low Level (VLL) operations from Integrated Airspace and Very High-Level (VHL)
airspace. Individual states may choose their own altitude bands; however, SORA uses
the following:

o Very Low Level (VLL) defined as approximately 400 ft. (122 to 152 meters) Above
Cround Level (AGL) and below.
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Integrated Airspace defined as approximately as airspace above 500 feet (152
meters) AGL, and below FL60O.

Very High Level (VHL) defined as airspace above FL60O0.

8.1.3 Urban and Rural Population Areas

In order to separate AEC 5 and AEC 4, it is necessary to discriminate between urban
and rural populations. SORA defines an Urban Area a "a town, city, outer suburban,
suburban, urban, residential area, metropolis, and/or open-air assembly of people”.
However, the competent authority and/or ANSP may apply a different definition.

8.2 Alrport Environment

This Guideline is not applicable to operations in SORA defined Airport environments.
SORA describes an airport "as the region surrounding an airport or heliport, where
arriving and departing aircraft fly".

SORA also provides guidance to competent authorities on possible different
interpretations for the Airport Environment definition. Applicants will be expected to
align with the competent authority interpretation of this guidance. However, for
uncontrolled airspace and AEC 5, where the bounds of airport environments have not
peen defined by a competent authority, the following relevant elements should be
considered when making a determination:

A fixed distance from the airport reference point. Some examples may include:

o 2 nautical miles from an airport with a published instrument flight
procedure but not in controlled airspace,

o 2 nautical miles from airports without published instrument flight
procedures or an operational control tower,

o 2 nautical miles from a heliport

e Asetofdistance and altitude limits tailored to each airport and considering
runway configuration.

e Some other relevant airspace schema, which the competent authority or ANSP
define.

C A P A e~
8.3 Atypical Airspace

IT airspace is deemed “atypical”, then under SORA guidelines there is no requirement
for the applicant to implement DAA measures, as the encounter rate is deemed to be
sufficiently low to meet the Target Level of Safety (TLOS) requirements of 1x1077
fatalities per flight hour for this class of airspace. There are two ways to achieve that
category. The first is by complying with one of the defined conditions in SORA which
acts to segregate the UA operation from other aircraft. The second is to quantitatively
demonstrate that the traffic density levels in the area fall below certain encounter rates
using Airspace Characterisation. The current expectation threshold is an unmitigated
Well Clear Violation rate no greater than 1x107* per flight hour, using a Well Clear
Volume with a 2000 ft horizontal boundary, and +250 ft vertical boundary.
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9 Operation Environment (Types of Operations)

UAS may conduct many different types of operations, resulting in a large variety of
flight manoeuvre patterns. These include point-to-point transit, loitering, and survey
work. The operations may be conducted at various altitudes applicable to the airspace
environment and aircraft limitations.

Point-to-point transit is the most common type of flight operation described in the
operational scenarios within this OSED. It describes the simplest flight path where the
aircraft transits from a given origin to a designation.

Loitering is commonly used for search and surveillance operations. Loitering involves
following a close-looped orbital pattern about an area or location of interest. During
loitering operations, the UA can also engage in random patterns and hovering
mMmanoeuvres.

The above operations fall within the scope of this guideline, as is captured by
Assumption 27,

ASSUMP-0OSED.27 Hovering behaviours during extended operations are within the
scope of this OSED. Operational scenarios that do not explicitly consider situations
where the UA stops and hovers mid-flight are also possible.

Survey operations are typically deployed for agricultural applications, infrastructure
inspection, aerial mapping, and search and rescue operations (for search and rescue,
often a survey pattern is followed by a loiter pattern). Survey operations generally follow
a repetitive 'walking line' flight pattern from start to end and are also considered within
the operation scope of a DAA system to apply this guideline. An example of a typical
survey pattern is illustrated in Figure 5.
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9 Flight Profiles

The following section describes the anticipated typical Ownship flight profiles.

The Ownship is expected to operate up to the airspeed limit ceiling of 10,000 ft AMSL.
Below this altitude, aircraft must operate below 250 knots in Class G airspace (item 3 of
Table 4.02(1) Part 91 (General Operating and Flight Rules) Manual of Standards 2020

ASSUMP-OSED.28 The Ownship may operate up to a ceiling of 10,000ft AMSL).

Figure 6 illustrates examples of in-scope flight profiles of the Ownship with associated
altitudes.”® Note that this guideline is concerned solely with the enroute and mission
phases of flight, take-off and landing phases are out of scope. In the figure, two
different flight profiles are provided. In blue, a flight profile depicting operations from
an aerodrome for a larger UA is shown, the flight profile is similar to a guideline VFR
operation. The second flight profile in orange indicates a lower altitude operation
departing and landing at a Launch and Recovery (LAR) site. Each flight profile assumes
an enroute phase, then descending to an altitude to carry out a particular mission
pefore returning to an enroute phase and landing.

2006——2000 2006——32000

/N \

1000

\ Out of Scope

I a/soo—snn\ 4°g>ég 8;—483/00_50&\4

00—20

Altitude (ft)

Out of Scope

CL ENR - ENR - ENR - MNV - MNV - MNV - ENR - ENR - E
Climbto Cruise Descent Low Low Low Climbto Cruise De
Cruise Flying Flying Flying  Cruise
Phase of Flight (ICAO ADREP)

- -From Aerodrome - -From LAR Site

Figure 6: Example In-Scope Flight Profiles

Assumption 29 outlines the way in which altitude is measured and reported within the
scope of this guideline.

ASSUMP-OSED.29 Altitude is to be measured via an authority-approved altimetry
subsystems and externally reported according to guideline practice for the airspace
and location (i.e., in general, altitude reported in AMSL, as well as implementation of
QONH corrections where required).

ONOTE: For simplicity of the diagram, AGL vs. AMSL altitudes are not differentiated when in reality, some
of the altitudes shown are AGL and others AMSL. However, the difference is not relevant for illustration
puUrposes.
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10 Airborne Physical Environment
10. Meteorological Conditions

The DAA system is only expected to be capable of performing DAA functions in VMC.
Meteorological conditions may vary for different encounter participants:

e  Ownship: The Ownship is only expected to be approved for operations in Visual
Meteorological Conditions (VMC). In operating within VMC, it must respect the
required standoff distances from IMC (i.e., cloud). However, there is increased
challenge to detect and maintain standoff from IMC with no pilot onboard.
While a DAA system could also be used to detect and avoid IMC weather
conditions, it could also be achieved through other means, and is only optionally
required as part of the DAA System under this guideline.

e Intruder: Intruders can be operating within VMC or IMC depending on their
approval. VMC stand-off distances from IMC (cloud) are intended to provide both
VFER and IFR operators with the ability to visually acquire each other in time to
remain well clear in the instance where the IFR aircraft departs IMC nearby a
VFR operator.

In the instance where the Ownship accidentally enters IMC, a degraded mode of
operation using ADS-B (In) only provides some level of protection against IFR aircraft
operating nearby in IMC.

Where the Ownship is in VMC conditions, but nearby aircraft are obscured IMC
conditions, the ADS-B (In) capability provides an early warning capability before the IFR
aircraft enters VMC and can be acquired by the EQ/IR package.

ASSUMP-0OSED.30 The operation of the DAA system is assumed to be under VMC.
Specifically, Day VFR conditions.

ASSUMP-OSED.31 For the purpose of this OSED, the DAA system is not capable of fully
functioning in IMC, and, therefore a degraded mode of operation is simply available as
a fall back while attempting to return to VMC,

To ensure the UA remains in VMC, there must be means (technical or operational) for
the RPIC to determine the degradation of VMC into IMC. The DAA system may need to
correctly detect IMC and alert the RPIC appropriately, or alternatively, there needs to be
approved operational procedures in place to prevent and mitigate IMC (the latter
would push the operation outside the assumed meteorological conditions within the
scope of this guideline).

ASSUMP-0OSED.32 The RPIC is assumed to be capable of determining the
meteorological conditions (VMC or IMC) of the UA's surroundings, and able to avoid
entering IMC either via the DAA System, or other means.

10.2 UA Equipment Qualification

DAA equipment onboard the UA will be approved for and operate continuously while
airborne in the environment described by this OSED. Environmental factors while
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airborne are typically captured in an environmental analysis as required by the
Authority. Some specific items that may require consideration for UA equipment are:

e Pressure and temperature variations experienced in operation.

e Electromagnetic Interference (EMI) and Electromagnetic Compatibility (both to
and from the DAA system).

e Power requirements in different environmental conditions.
e Suitability in IMC conditions (Note: only for accidental excursions into IMC).

e Meagsures to prevent entering IMC.

11 GCround Physical Environment

Cround Segment equipment may be located in weather-protected or non-weather-
protected environments. The equipment will be approved for the environment in
which it is expected to operate.

This Guideline assumes the GCS is located on the ground. However, if the GCS is aboard
a crewed aircraft, then the equipment is expected to be approved for, and compatible
with, the aircraft and the airborne environment in which it is expected to operate.

The assumed GCS operating environment for applicability of the guideline is seen in
Assumption 33.

ASSUMP-0OSED.33 This OSED assumes that the UA and CCS are only operated in
environments that they are approved for.

12 Encounter Behaviour and Scenarios

Within the scope of the operations and environmental characteristics described in the
preceding sections, a set of expected encounter behaviours can be developed This
takes the form of encounter flow diagrams, and ultimately a full suite of expected
operating scenarios can be developed.

As reflected in the Encounter flow diagrams, all scenarios involve an Intruder being
present within the DAA sensor range threshold. Behaviour of the UAS when there are
no Intruders present is outside of the scope of this investigation and is the domain of
the UAS System Safety Program.

Note that these scenarios include the functionality of the DAA system, but the
overarching goal of the encounter behaviours and scenario descriptions is to ensure
continued safety of flight. Consequently, additional UAS elements and functionalities
(e.g., direct voice cormms between Ownship and Intruder) are identified and described
as a necessary. However, this is in the context of the overall suite of pilot and aircraft
actions to ensure flight safety and avoid loss of separation, rather than being deemed
necessary for the correct functionality of the DAA system itself.

All'encounter scenarios can be found within Appendix C to this Guideline.
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12.]1 Encounter Flow Diagram

Figure 7 and Figure 8 depict the assumed flow of events during an encounter with an
Intruder.

The first diagram (Figure 7) depicts the typical operation of the DAA System in order to
remain well-clear in nominal conditions. There are no temporal values associated with
each functional block and the activities in the diagrams may occur asynchronously. For
instance, the events in the diagram could occur in parallel for multiple Intruders.
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The second diagram (Figure 8) depicts the flow of activities that take place in off-
nominal conditions. Note that the specific actions required under emergency lost-link
procedures will be situation dependent and are determined by the particulars of a
given operation, hence this is identified as an exit point from the flow diagram.
Emergency lost-link procedures will likely involve executing a return to landing (RTL)
operation, return to a pre-defined safe location, and/or a ditch operation when no other
recovery options are viable.
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122  Representative Operational Scenarios

Operational scenarios describe the employment of a DAA system that could achieve
compliance with the DAA DT&E CGuideline, accomplishing different operational
objectives under conditions relevant to expected use. These scenarios illustrate the
intended breadth of use cases for the DAA system, ensuring that the Guideline is
robust with respect to intended use.

The following subsections describe the format of the scenarios and how they are
presented, as well as additional necessary assumptions that were identified when
developing the sets of Nominal and Off-Nominal scenarios.

The full set of scenarios is contained in Appendix C to the OSED.
2.2.1 Scenario Structure
Scenarios are grouped into two sections based on the following definitions:

e Nominal: Expected normal functioning of the DAA system, supporting UAS
elements, and/or airspace environment.

o Off-nominal: Abnormal or failed functioning of the DAA system, supporting UAS
element, and/or airspace environment. For the purpose of this OSED, an off-
nominal event can include randomly distributed failures of any type (human
error, internal or external system failure, environmental issues etc.).

Each operational scenario has the following format:

e Overview: Provides a description of the airspace environment, relevant
stakeholders, operational objectives, and assumptions.

e Scenario Narrative: Describes interactions among stakeholders, the use of
various capability within the airspace environment, and high-level process flows
that enable the stakeholders to accomplish the operational objectives.

A sequence diagram ' is included in each scenario as a visual representation of the
scenario narrative. Figure 9 provides an example of the format used:

'The sequence diagrams used in the following scenarios are UML inspired, but not strictly compliant with
ISO/IEC 19505-2:2012. [5] Instead, a simplified abstraction is employed to visually articulate the flow of
actions and information between stakeholders of each scenario.
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222 Scenario Assumptions

In determining the Scenario sequencing, and development of the Sequence Diagrams,
a number of additional assumptions were found to be necessary to appropriately scope
the encounters.

Assumptions 34 through 47 are relate to aspects of encounters between the Ownship
and Intruders, as described in the set of Scenario Descriptions in Appendix C to the
Cuideline.

ASSUMP-0OSED.34 It is assumed that communication latency is acceptable between
the Ownship AV, UAS Ground Segment, and an Intruder, (as well as any 3 parties) in
an encounter.

ASSUMP-OSED.35 The RPIC can cope with multiple Intruders and correctly follow the
guidance provided by the DAA system.

ASSUMP-0OSED.36 Human factors/errors are not considered in the scenarios.

ASSUMP-0OSED.37 The DAA system can always produce a solution for multiple
simultaneous encounters.

ASSUMP-0OSED.38 The DAA system is assumed to be capable of prioritising the
detection, tracking, alerting, and the provision of manoeuvre guidance for multiple
simultaneous Intruders, to a defined upper limit such that its ability to perform the
necessary DAA functions is not degraded.

ASSUMP-OSED.39 A full 260-degree view by the EQ/IR payload is not guaranteed and
Is assumed to be prioritise a forward-facing view with a fixed FoR. Therefore, an
Intruder positioned at the rear of the Ownship may not be captured within the DAA
FoR.
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ASSUMP-0OSED.40 The ADS-B (In) recelver is able to detect and track any Intruder
broadcasting ADS-B in any direction.

ASSUMP-OSED.41 The UA manoeuvres when commanded in time to prevent the
unwanted event (loss of well clear or NMAC).

ASSUMP-0OSED.42 Although the Ownship may be equipped with an autopilot capable
of performing manoeuvres automatically, based on guidance and alerting information
from the DAA system, manoeuvres will be executed manually by the RPIC. Automatic
execution of the manoeuvre guidance as a last resort is optional.

ASSUMP-OSED.43 If communication cannot be established between the RPIC and the
Intruder pilot, the RPIC is expected to broadcast navigational intent prior to executing
an avoidance manoeuvre based on the guidance provided by the DAA system
(assuming that VHF communications are available to the RPIC). Regardless of
reception of signal by the intruder pilot, the UA is expected to give way as per ASSUMP-
OSED.25.

ASSUMP-0OSED.44 Communication latency and availability may introduce delays
during an encounter event where an immediate manoeuvre may be required to
remain well-clear. It is assumed that the necessary manoeuvres will be prioritised and
enacted by the RPIC in a timely manner, regardless of communication latency and
availability.

ASSUMP-OSED.45 A ditch operation may be required by the Authority if the UA has
experienced complete DAA failure with no means of communicating with potential
Intruders. The exact threshold for ditching will be determined by the Authority.

ASSUMP-OSED.46 Intruders may be operating under VER or IFR. For aircraft operating
under IFR, VHF communications and ADS-B (Out) are assumed to always be available.

ASSUMP-0OSED.47 It is assumed that the avoidance manoeuvres initiated by the UA do
not confuse any intruders that do detect the Ownship.
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