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Problem Context

e The development and employment of small Unmanned Aerial Vehicle (UAV)
has and continues to progress rapidly — but for the moment - operations are
conducted within visual line of sight (VLOS)

* A common approach beyond that (BVLOS) has yet to be developed.

e The introduction of UA systems (UAS) - with their associated innovations and
evolving technology - into established national aviation system is forcing the
need to find new ways of ensuring successful and safe integration.

 The inability of the regulatory system to adapt will stifle innovation and the
benefits that could be realised from a safe UA regime.

e The first country to find a viable regulatory solution stands to gain significant
indirect value as well as the obvious direct benefits.

* A robust solution is required to ensure that the risks are acceptable.

* Without this assurance, large UAV operations cannot be considered viable or
sustainable.




Safety Case Methodology

* A Safety Case approach offers a proven methodology for managing the
risks of a given operation in non-routine situations or when the the
existing rules regime is not suitable.

» A Safety Case allows the regulator to make evidenced risk-based decisions
and ensure public safety on a case-by-case basis.

e With regard to UA BVLOS operations, many developers and operators will
be on a development pathway that will mean the UA system will be
continuously evolving. A Safety Case regime offers a flexible approach and
allows on-going approvals as long as the operator can demonstrate to the
regulator that defined criteria continue to be met.




Problem / Solution

e Each applicant will probably be bring their own unique and usually
innovative solution to the operational situation they are addressing.

* The existing regulatory framework does not have defined risk criteria — or
the criteria are inadequately described.

e Significant burden on regulator as each operator seeks SC approval.

* A two-tier Safety Case structure has therefore been prepared:

* Foundation Safety Case (FSC) — Setting the framework and criteria that must be
met)
* Operator Safety Case (OSC) - Showing how an operator will meet the requirements

and criteria set out in the FSC 6



Solution

* The FSC consists of a structured framework with the required scope and
an associated set of criterion to allow consideration of the functions and
processes that an UAS must include and meet to enable safe and
effective UAV operation.

* The aim is for the OSC to achieve a level of safety that will match or
exceed the level of safety of established commercial GA operations. This
will allow the societal, environmental and economic benefits of UAs to
be achieved while also enabling ongoing innovation.

 If the an OSC shows that an operator can achieve the defined criteria of
the FSC it should be acceptable by the CAA. Subject to the usual F&PP,
financial status tests etc.




Two-tier Safety Case Concept
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Process background: Break problem down

Aircraft phases of flight
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Break problem into manageable parts

Vessel approach reaches

Reach 1 (pilot
boarding)
Reach 2
(Fairway)

Reach 3 (Pass
headland)

Reach 6
(Approach)

Reach 5 (Take Reach 4 (Take
way off) tugs)



Break problem into manageable parts

Route based breakdown
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Example of use of two-tier Safety Case

e Queenstown Airport — Civil Regular Passenger Transport (RPT) Night
Operations

* Foundation Safety Case

» Operator Safety Cases

* Air NZ: Airbus - A320 — with addition of Head Up Display and ROPS — Main line
 Jetstar, Airbus - A320 — Existing equipment fit — Domestic and International
 Virgin Australia) — Boeing 737-800 - Existing equipment fit — Limited application
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Multi-stakeholder context

Each stakeholder
meets own
responsibilities under
own approved
Operator Safety Case

Foundation Safety Case
defines elements that each
operational stakeholder
supplies

CAA regulator for Air NZ, Airways, QAC
CASA regulator for Qantas, Jetstar, Virgin



Example - Operator Safety Case

Air NZ:
« A320
* New technology equipage
* Main line

Jetstar

* A320

* Existing equipage

* Domestic and International
Virgin Australia

* Boeing 737-800

* Existing equipment fit

* Limited schedule

67 controls in total

¢ Aerodrome operator:
. E.g:
. Infrastructure
. Ground equipment

e Airlines
. E.g:
. Training
. Procedures
* Airway NZ

. Procedures
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UAV Safety Case

* Development of Universal UAV Foundation Safety Case



Contemporary best
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Foundation for SC

Cognitive Work Analysis — Work Domain Analysis
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UAV Safety Criteria

 When is ‘safe’ safe enough?



The Risk Criteria / Target Safety Level Problem

Quantitative

P Easy to “pick a number”
Difficult to perceive actual meaning
Very difficult (impossible?) to measure
Differing units
Unquantifiable factors

vV v vV Vv

Qualitative
» Difficult to prove / justify
» Societal perceptions (new vs established
activities)
» Imprecise

Navigatus Consulting

107/ RNP
procedure

14 CFR 25.1309
CFR = 10 PFH

ESSAR ATM =
1.55 108 PFH

\(—A—\ (_A_\

\[

—

- Total risk
criteria

I

Units: PFH, per procedure, en-route FH/ATM,
component failure PH, per phase of flight, etc 20



ALARP (concept)

* Risk > than developed
world levels

* Current developed world
performance and ALARP met

* Equal to current US levels and
ALARP met

* Better than US levels and
developed world targets and ALAR
met

* On a par with global levels and
all practicable steps taken

* On a par with ‘best practice’ and
all practicable steps taken

* Better than ‘best practice’ and
all practicable steps taken

* Risk < future safety targets

Navigatus Consulting 21



Alternative - Bench marking (example)

US 1998 - 2012 Fatal Accident Rates Comparison

nWorld (Day & Night, 2002-2011) ~ wUS Fatal (Day & Night) ~ wUS Fatal (Night) ~ @ZQN Foundation (Night)

3.00E-07

2.50E07

2.00E07 -

1.50E-07 -

1.00E-07 -

5.00E-08 -

0.00E+00 /- /A

ZQN All Phases ZQN Arrival Phases ZQN Departure Phases




Alternative - Bench marking (UAV example)

14 CFR 135 Commuter 14 CFR 135 0n

Commercial SE IFR /ZI All Multi Engine (NZ)
*
(NZ) Commercial SE VFR

. *
NZ SE Commercial... (NZ)

r | I | I I I T I 1

0.00E+00 2.00E-06 4.00E-06 6.00E-06  8.00E-06 1.00E-05 1.20E-05 1.40E-05 1.60E-05 1.80E-05

All Single Engine (NZ2)

& Lower (safer) Fatal Accidents per hour flown Higher -

Similar operations — actual (socially accepted)




Uber Elevate White Paper 2019

“Safety. We believe VTOL aircraft need to be safer than driving a car on
a fatalities-per-passenger-mile basis. “

“Federal Aviation Regulation (FAR) Part 135 operations (for commuter
and on-demand flights ) on average, have twice the fatality rate of
privately operated cars, but we believe this rate can be lowered for
VTOL aircraft at least to one-fourth of the average Part 135 rate,
making VTOLs twice as safe as driving.”
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Alternative - Bench marking (UAV example)

14 CFR 135 Commuter 14 CFR 135 0n

Commercial SE IFR /ZI All Multi Engine (NZ)
*
(NZ) Commercial SE VFR

. *
NZ SE Commercial... (NZ)

[ | I | I I I T I 1

0.00E+00 2.00E-06 4.00E-06 6.00E-06  8.00E-06 1.00E-05 1.20E-05 1.40E-05 1.60E-05 1.80E-05

All Single Engine (NZ2)

& Lownr (safer) Fatal Accidents per hour flown Higher -

Uber Elevate stated target




Proposed Criteria (Draft):

e Each process has an associated fatality risk faced by individual passengers
and members of the public due to:
* ‘On Craft’ hazards and threats (typically system or performance failures)

* Hazards and threats that may impact the “Off craft’ elements of the UA system
(typically system performance failures and human performance failures)

* Risks created by external hazards and influences unrelated to the UA systems

* National Aviation Safety Criteria met
* That, for each given process, can be demonstrated that the risk is ALARP
* The Foundation Safety Case Target Level of Safety (TLS) = <4 x 10°®

* That the risk of not being able to carry out a given operational process is
<107 per flight hour (measured quantitatively were possible else
gualitatively)

* That the collision risk is <107 per flight hour (measured quantitatively)

26
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Practical Example:

for Unmanned Aircraft and General Aviation
Aircraft in Uncontrolled Airspace

Linking airspace collision model with Safety Case



National Airspace Risk Reference System

< = C © NotSecure | asrp.navigatusconsulting.com/map/index/26902 * @ 0O » &6 0 e :

Show:

AirSpace Risk Profile - Sample Data

Note: Mock data for Complexity and a/c movements.

Cell ID Ref X Ref Y
26902 51 150
Sample Complexity Factors

Aircraft Count
Aircraft Proximity
Aircraft Mixture

Proportion Climbing
Elevation Range:

Oft - 60000ft Proportion Descending

Heading, Speed and Altitude Changes
Variance of All Aircraft Headings
Conversion of Traffic Flows

Separation Standards

Overall Inherent Complexity Rating

Sample Aircraft Movements

IFR - Large 947
IFR - Medium 214

IFR - Small 329

VFR 324

Map data ©2019 Goog Fixed Wina 1965



Safety Case Linked to Airspace Risk Model

Link to the Operational Base Operational Area

Open Airspace Risk Tool 26902 v
Show selected cell on the Airspace Risk Tool Select a cell from the Airspace Risk Tool grid below
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Example results — Applied Collision Risk Model

1.00E-05
= 1.12E-06
2 8.99E-07 o .
= 1.00E-06 6.75E-07 Basic mitigations + additional A
2 4.50E-07
(WS
2 2.25E-07
5 123807 o
E 9.20E-08 ' Basic mitigations + additional B
% 1.00E-07 -————r 1N ————— - ————-— -_ Collison risk TLS (SORA)
©
(&)

3.07E-08
1.00E-08 1 2 3 4 5

Number of A/C (excl. UA) 32



Take aways (1) ..........

A: Until:
* Technology matures

* Rule system catches up with technology

Safety Case approach offers near term regulatory solution to managing
risk while enabling innovation.

B: Process model enables objective of existing system
C: Establishing criteria is not straight forward
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Take aways (2) ..........

D: While Safety Case solution potentially huge burden on regulator

E: Practical Safety Case framework can be developed that:
* Enables efficient oversight and monitoring
* Flexible — allowing ongoing innovation

F: For UAV; a practical quantitative / universal collision model can be developed

G: The proposed safety criteria (a step up from the current ‘accepted’ risk) are
probably achievable
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