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Safety / Performance Criteria

Agreeing Assumptions
Module 10 - Activities 5 & 6

European Airspace Concept Workshops
for PBN Implementation
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Why have safety and performance
criteria?

" Measure performance

" Measure safety

= Determine success of implementation
= Other ...
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Interconnections Dol

DESIGN CONCEPT
v Compare DESIGN: DESIGN:
ROUTES & HOLDS AIRSPACE & SECTORS
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Assessment Do)

" Qualitative Assessment

— Expert judgement used to assess the design based on
ICAO SARPs and Procedures

" Quantitative Assessment

— Quantified results produced in the form of numerical data
e.g. capacity increased by 20%

Both Qualitative and Quantitative assessment are

crucial to safety and performance assessment




[ =4
Evaluating Safety e

WHAT
EVALUATING (Steps)
SAFETY e | Two methods: :
. N : Comparative (Relative) - HOW
|  eenoJAbsolute . :
EXISTING SYSTEM _L
(Reference Scenarie) | oy TTToTTTTTRoTToTTOT 0 Evaluate System
l How to choose ! Risk against
---- = f tw thods .
PROPOSED SYSTEM ! | oreolwomene® . afhreshoid
(Scenarios Developed) I Method
_____ K Is suitable Reference
IDENTIFY System available?
SAFETY ASSESSMENT
METHOD* l Is Trade off
) s Trade o
Is Reference sufficiently
similar to Proposed System? - between syste_m
EVALUATE RISK parameters possible?
[FHA]
ARE SAFETY
»> CRITERIA —
SATISFIED? l
Proposed System Evaluate system
is safe on basis of
[Local Safety i.e. Use Comparative ; trade-off
Case (by State)] Method i.e. Use Comparative
Method
DETE#MWE IMPLEMENTATION
CHANGES TO & REVIEW (Derived from Doc. 9689 pp. 7 & 18)
PROPOSED

SYSTEM
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EV aI u atl n g Safety 1/2 EUROCONTROL

Assessment Techniques

QUALITATIVE k-

Logical
Operational Judgement

1 QUANTATIVE

Fixed target
Mathematically derived

&

Comparative Absolute

Methods of Assessment

Comparative:
P Compare

s Gt s {New Emomment

Reference Scenario Analyse |s operation as safe or
safer than current ops?

Absolute:

Modelling |- Mathematical [ TLs 5x109) |
< Computation

o —me.g. Reich Model Does output meet the set target?
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Evaluating Safety 2/2

* Comparative Assessment

— Reference system must sufficiently resemble the new

system to be introduced (typically the case with airspace
changes).

— Comparative does not automatically mean ‘qualitative’:
Comparisons can be made between two TLS.

" Absolute method often used for route spacing or
determination of separation minima (ICAO)

" Professional judgement/common sense is a good
synonym for ‘Qualitative’
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Safety & Performance Criteria
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+— Safety Policy
o] Safety Policy Statements
+— ) J
— Safety Policy Highv-LeveI Objectives afety
)] Safety Policy Quantitative and Qualitative Targets | friteria
S
o Safety Plan
Q. Safety Argument
S
1 | Safety Case
b
= #FHA| Evidence resulting from Safety
0 Safety Argument |+ #PSS }Ammmﬁj—
o0t Post-Implementation Safety Case
7 U +System Safety Assessment (SSA)




I 2 e
- [ -4
Performance Criteria Dol

1a. an airport capacity increase of 20% is demonstrated; and

2a. no increase in noise pollution is experienced by the residents of
Suburb Y between 22:00 and 05:00 UTC;

3a. track mileage flown by arriving aircraft is not extended by more than
0%0;

1b. TARGET airport capacity = 43 movements per hour

2b. noise emitted by each ACFT does not exceed 65dB at the noise
monitoring point.

3b. track mileage flown by arriving aircraft does not exceed 32 NM from
qurggigal Airspace Entry point.
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Sample Checklist: oo
Safety and

ASSESSMENT AND MEASUREMENT (ref. Part C 3.2)

s |5 the chosen A=mmszment methodology (gualisie v=. quaniistie] e corred mebodology for

Performance bt

& [lothe people that e a=signed o the azsessment haue the suiishie beckground and =upport
tnol= o do fhe azsessment?

» 1 & |5 the azse=sment done by people from the projedt f=am or by exiemal parties?
r I er I a # = the grsessrerd dome moeiiioe during B desion peocesy ™

SAFETY CRITERLA (ref. Part C© 3.3)

&  What has been the moffntion i decide on either redsfee or shanlide messurement of safisty?

& What = the caosen frequency apprmsch on safisty smsee=ment [phased v= once-only] and why
ws Hhi= spprosch chosen?

& What = the caosen support b subsinnfiste the safely ammemment smulsfons [fazk- rea-time],
analy=iz snd'or exped judgement?

& What = the henchmark” used in the deferminafion of =sfety crilens?

PERFORMANCE CRITERIA [ref. Part C 3.4, 3.5)

= [ the design obpecives mel?

& [epending on the objectes were qualiy and or quanily messured in omder o debermine & e
objecives are mel?

& fre there messurement fiools used, et woskl nomally ke oufside the scope of the d==ign
proe=ct bo mea=ure i e cbpecives ar= met (2.3, noee modaling ooks]?

Dutstanding Actlons/lssuss

Action Dus Rasponsibls
daba
Reports
REPORT TYPE DUE DATE RESPOMSIBLE COMSULTATHIN
FERICD

DRAFT REPORT
REVIEW
FINAL REPORT
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Assumptions / Enablers el
& Constraints
CONSTRAINT =~ o — i
He NEW . '
1 | CONSTRAINT? ] I
4 A !
DESIGN | | E
MITIGATION o I :
CONCEPT : | Normally beyond ! E
' T Design Project 1 !
¥ ' Scope | E
ENABLER Y- : ; ;
T L
! | i
| N | i
| FUNCTIONAL TECHNICAL |:
''''' ™ REQUIREMENT © ™ REQUIREMENT i
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Assumptions / Enablers & Constraint®m.

CONSTRAINTS

MITIGATION

ENABLERS

High Terrain on final approach RWY X

Increase ILS angle by 1°7?

Specification change for ILS

Multiple airports within close proximity
with poor co-ordination agreement

Letter of Agrrement

EUROCONTROL DOC The Cross-Border Common Format
Letter of Agreement

Aircraft Performance Mix limits capacity

5e3|gn different SIDS for high and low

performance aircraft,

Airspace Design

Aircraft Navigation Performance Mix
limits capacity by increasing ATC
workload

ATC system modification to allow FDPS/RDPS
to show aircraft navigation capability

Software Application Change

Inadequate Navigation infrastructure

New DME at Location A

Enhance NAYV infrastructure

High mix of IFR-VFR movements limits
capacity

SEGREGATED VFR/IFR ROUTES

Airspace Design

Fixed-wing/Rotor craft mix increases
approach workload and complexity

Separated routes based on aircraft category

Airspace design

TSA which adversely affects traffic
patterns

Airspace sharing arrangements

Flexible Use of Airspace Concept and EUROCONTROL DOC
The Cross-Border Common Format Letter of Agreement

Poor Radar Coverage prevents route
placement in part of the Terminal
Airspace

Improve Surveillance capability

Enhance Radar infrastructure

Poor Radio Coverage adversely affects
route placement in part of the Terminal
Airspace

Improve Radio Coverage

Enhance communications infrastructure

Severe weather disrupts traffic,
especially at peak times

Create 'contingency' routes for poor weather
operations; re-locate holding patterns

Airspace design

No flights permitted over Village X

Diverge departure routes as soon as possible
after take-off

Airspace design

Flights over/City Y not permitted below
10,0 e

Continuous Descent Approach

Airspace design and Level constraints in procedures

— 2T | \—
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Assumptions
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Traffic Analysis

Traffic Distribution
Time/Geography

¥ Check EUR ARN &
Adjacent TMA Traffic

IFR/VER Mix
MIL/Civil Mix

ACFT. Perform. Mix
(Jets/Props/Helicopters)

ajdweg dyjer)

NN/ WA LND ;A5

Statistics

Runway Length
Landing Aids - ILS CAT?
Available Runways

Greenfield Sites
(Runway Orientation Choice)

ATM/CNS ASSUMPTIONS

rrent/future)

TRAFFIC
ASSUMPTIONS

RUNWAY IN USE
Primary/Secondary

MET.
ASSUMPTIONS

Communication
Means/Coverage
Available Frequencies/
Frequency management

Surveillance
Means/Coverage

COMMUNICATIONS
ASSUMPTIONS

SURVEILLANCE
ASSUMPTIONS

ACFT Navigation Equipage
NAV Infrastructure & Coverage
RNAV or RNP?

FDP-RDP Link
Multiple Level Filters

Sector modules &
configuration factors

NAVIGATION
ASSUMPTIONS

ATC SYSTEM
ASSUMPTIONS

e
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Fleet Assumptions o

" What's in my fleet?
— Jets
— Turbo props
— Piston
" What level of navigation qualification?
— What certification?

" Upgrading a fleet costs €. Retrofits must be
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Fleet Capability and Trends

IATA-EUROCONTROL Avionic Survey Results

1 Not Available
= Planned
@ Available
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Select Nav spec based on fleet e
capability

Flight oh Additional Functionalitles
P pRase {Required or Optional)

—— e
Spedification App
En rowte
oceanic/ En route
remote | continemtal Intermediate

RNAV 10 10

RMNAV 5°
AMC 20-4

RNAV 2 2 2 2

RNAV 1
Rev 1 1 1 1 1 1 1 0O
JAATGL 10

RNF 4 4 0O
RNP 2 2 2 0O
RNP 1° 1 1 1 1 1 of 0O

R"'ﬂ‘lﬂ““d 2* 2or 1 1 1 0.3 1 1 R 0O 0 0

RMNP APCH®
AMC 20-27 1 1 03 1 of 0O
AMC 20-28

RNFP AR
APCH 1-0.1 1-0.1 o
AMC 20-26 :

Specific requirements for
RF & WNAVY

RNP 0.37 0.3 03 03 0.3 0.3 03 of 0O
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Cost vs. Benefit ws) Bt
Mixed mode or Mandate?

" PBN raises the important questions: Is it necessary to
mandate PBN aircraft equipage for operation along PBN
ATS routes and/or SIDs/STARS?

" The alternative of a mandate is allowing a mix of
navigation qualifications to operate in an airspace and
having dedicated ATS Routes (incl. SIDs/STARS) for
particular PBN gqualifications. This is called * mixed
mode’.

" Evidence repeatedly shows that mixed mode difficult to
manage in en route and terminal operations. Controllers
_usually end up radar vectoring everyone
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Cost vs. Benefit @) —
Mixed mode or Mandate?

What is it?
M
I Phasad Implamentation of
X a navigation specification
Is a more popular solution Mandates of Alrbome
E with alrspace users but aquipment are the favoured
D creates . option for efficlent ATM...
Difficult for ATC to But can be costly for
manage effectively without Alrspace users
careful alrspace design (If the mandate Is too
M conslderations & well defined demanding).
operating procedures.
O
D
E Result: only same PBN aircraft
qualihcations permitted
in an airspace.

AU preference ATM preference
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Cost vs. Benefit @ —
Why have mixed mode?

" Mixed mode is typically used because
— Keeps down aircraft operator costs: retrofits may be costly.
— It may be physically impossible to retrofit old aircraft;
— Physical/cost limitations of certain aircraft types.
" Consequences of mixed mode ..
— No incentive for aircraft to obtain ops approval
— Fleet retains mixed flavour
— Navaid infrastructure evolution slowed
— CBAs difficult to quantify.
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Analysing Cost Vs. Benefit s
CBAs needed to justify mandates

" CBAs — demanding and exacting process

" Need to know the cost of the proposed change
— FMS upgrades

— STC/Certification costs for manufacturer, passed
on to the aircraft operator.

" Upgrades cost money. They need to be worth it.




Analysing Cost Vs. Benefit s

State Sample

e

EUROCONTROL

Modernisation of Airspace and the Cost Benefit Analysis Process

and Review

Performance Eid.c?q Current
Drivers for Change hlrz:m'“t Airspace B
Concept
Flight Efficiency \
Operational and New
Technical Airspace A
Requirements Concept
Mixed Operations Social. Consumer, Fleet Capability,
Implementation oraSingle Network and Approvals + “Tﬂ:ﬂﬁ““
Method Equipment Environmental Investment Bleotte
Standard Factors Planning 9
‘ Re-aswess
: Options
Cost Benefit E Decision to A for C hange
1. Directive for Equipage Analysis Implement No
2. Notification of
an Airspace Volume l
3. Natural Equipage Yes
Implementation B
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Navaid Infrastructure el
(also has cost implications)
" What is available?
— GPS (can we use it?)
— Augmentation (SBAS/EGNOS?)
— DME (coverage?)
= Are the aircraft equipped?

— Navaid Infrastructure availability must match fleet
equipage.
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Navaid Infrastructure > Nav Specs e

NAV SPEC
DME/ gm:; VOR/
DME IRU DME

RNAV 10

RNAV 5

RNAV 2 &1

RNP 4

RNP 2

B < < <

RNP 1

Advanced
RNP

<
<
<

RNP APCH
APV Baro

RNP APCH v
APV SBAS + SBAS

RNP AR
APCH Y

RNP 0.3 v
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Assumptions
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Assumptions

"A" TERMINAL AIRSPACE MOVEMENTS

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

MONTH

"B" TERMINAL AIRSPACE MOVEMENTS

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

MONTH

1000 700
> A >
< 800 | N Z 600 |
[a) ,,/ N o =
o A — x 500 - /
W 600 - Y2002 & 400 < —— Y2002
/ AN
D 400 | —Y2001 ¢ 300 | | ~ Y2001
I L 200 1\
Q200 S N
- - 100 - \
0 T T T T T T T T T T T O T T T T T T T T T T T

300

"C" TERMINAL AIRSPACE MOVEMENTS

250 A

200 | L7

—— Y2002

150
100

——Y2001

50

FLIGHTS PER DAY

0 T T T

MONTH

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC




Assumptions
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2506
35% 350

'25% @ 25%'
% ‘5%

67%

15%¢

3%/

15%&
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Kapitali Assumptions: ot

Fleet Characteristics

= 75 % GPS/DME equipped
" 95 % DME

= ALL RNAV 5 approved

" 65% RNAYV 1 approved

= 25% Retro-fittable
" 10 % too old
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Kapitali Assumptions: ot

Infrastructure and Technical

" Two radar (APP and feed from ACC) full coverage as from
2000ft update rate

® 10 revolutions per min
“ Full RADAR and Flight plan Data Processing (FDP)

= Approach Capabillities:
— RWY 04 ILS CAT Il
— RWY 22 NPA - discuss

“ DME coverage over whole TMA from 2000 ft
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Which Nav Spec for Kapitali? e

Fliaht oh Mﬂtlﬂnﬂﬁ.ﬂtﬂﬂllll‘llﬂl
griphase {Req.lredurﬂpﬂnml]

Mavigation
Specification
En rowte
oceanic/ En mui
remaote

RNAY 5 -
“AMCI0T

RNAV 2 2 2 2
SID/STARS
RMNAV 1

Rev 1 1 1 1 1 1 1 0O
JAATGL 10

et 4 I~

=Nz r 4 x =

RNP 13 1 1 1 1 1 of 0O

SID/STARS

e 2" Zorl 1 1 1 03 1 1 B 0 0o o©

RNP APCH®
FA |amczo27 1 1 03 1 ot 0
AMC 20-28

RNP AR s S— :
“EPCH =01 B e
AMC 20-26 0.1 RF & VNAV
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A few examples .... Bl

nanging a Radar for approach
ocked military airspace — that wasn't

nanging planned Runway orientation

o
O O W@ O

nange to the number of runways available

It's really cheaper getting the assumptions/enablers/constraints
RIGHT
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THANK YQU
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