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ATFCM and CFMU

« ATFCM: Air Traffic Flow and Capacity Management

“an ATM service established to ensure that ATC capacity is utilized
to the maximum extent possible, and that the traffic volume is
compatible with the capacities declared by the appropriate ATS
authority”

» Balancing Capacity and Demand

« CFMU: Central Flow Management Unit
— A Eurocontrol Service
— In charge of ATFCM over Europe
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ATFCM and CFMU

* ATFCM Phases

— Strategic: 6 months to 7 days prior day of operation

* Route definition, routing scheme

* Preparation of special events: Olympic Games, Le Bourget airshow, ...
— Pre-Tactical: 6 days prior day of operation

+ Control sectors opening schemes

— Tactical: day of operation
+ Slot allocation, rerouting

« Slot allocation process
— ATS Authorities declare their capacity
— CFMU computes the demand, compares it to capacity
— If demand > capacity, some planes are given departure slots (delays)
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Benchmarking & the PRC

* PRC: Performance Review Commission
— Independent advisory body to Eurocontrol
— Reviews performance under defined Key Performance Areas (KPA)

— Defines relevant indicators (KPI), proposes performance targets,
measures progress over time

— Compares Air Navigation Service Providers (ANSP), fosters best practices
and makes recommendations

* PRU: Performance Review Unit
— Produces indicators for the PRC
— Does all the handwork for the PRC
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Benchmarking & the PRC

* The KPAs:
— Safety
— Capacity & Delays
— Flight efficiency
— ATM Cost-Effectiveness (ACE)

* Capacity & Delays
— In Europe, departure delays are given by CFMU when ATC capacity
overload are foreseen

— Delays are attributed to most penalizing capacity bottleneck
— PRC evaluates capacity improvements through delay assessment
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Benchmarking & the PRC

* Flight effectiveness
— Flown miles (compared to direct routes)
» Fuel consumption
» Journey time

* ATM Cost-Effectiveness
— Cost-effectiveness benchmarking of European ACCs and ANSPs
— based on overall costs compared to provided service
— Valuable for policy-makers, airspace users, ANSPs
— Based on information delivered by ANSPs
— But difficult to evaluate the complexity of the ATC/ATM tasks
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European ATM Programs

* European Commission programs
— Mediterranean Free-Flight (MFF)
— European Single Sky
— Gate-to-Gate (G2G)

- C-ATM
— Sesare

* Programs architecture
— Each program contains different ATC/ATM concepts
— Sesare is a new larger program, resumes C-ATM
— Consortiums regrouping industrial and ANSP partners
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| DSKHA
ATM Concepts

* ATM Concepts under development:
— ASAS-enabled: Spacing, Crossing, CoSpace , Free Flight
— Functional Airspace Block (FAB)
— Arrival Manager (AMAN), Departure Manager (DMAN)
— Collaborative Decision Making (CDM)
— Dynamic Management of the European Airspace Network (DMEAN)
— Multi-Sector Planning
— Erasmus
— Network Operating Plan (NOP)
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Assessing New Concepts

* What we want to know
— Feasibility
— Safety
— Capacity
— Controller's Workload
— Flight efficiency

* What is the aim
— Answer questions
— Produce quantified evidence
— Show system changes

* Easier with control concepts than with organizational concepts
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Example: FAB

* FAB aims

— Airspace not limited to
country’s boundaries

— Harmonized ATM practices
and charging

— Cross-boundary cooperation

* Our study
— What is a “functional”
airspace block?
» Airspace belonging
to major airports
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Airspace Modeling and
Performance Assessment

* Part | — Need for Performance Assessment

1. Benchmarking European Operations
2. Assessing new concepts
3. Validating airspace and route design

* Part Il — Metrics, Modeling and Simulation Tools

4. Performance metrics
5. European airspace modeling tools
6. The OPAS simulator family
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Airspace and route design

* Airspace and Route design is in perpetual motion

— Routes, waypoints, sectors, military areas, SIDs & STARs, ...
are subject to change

— 50 airspace redesign projects ongoing in France

« ATC operators
— Know where capacity and safety issues occur
— Imagine new design
— Need to evaluate the design
« Feasibility
» Capacity
* Flight efficiency
+ Safety
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Airspace and route design

New design —’—'| FTS Evaluation I—'| RTS Evaluation QOperations

T l l

Analysis and feedback

* New design
— ATC operators
— Use dedicated airspace editing tool, or just paper & pencil

* Fast-time simulation
- TAAM, RAMS, ... or OPAS

* Real-time simulation
— Validate the design
— Controller training

November 30, 2005

18/43

direction générale direction des services de direction de la Technique
de I'Avialion civile la Navigation aérienne et de 'lnnovation

Need for fast-time simulation

RTS FTS * Main FTS advantages

: - ick

Set-up time | 12 months | 4 months Gnle
— Cheap

Staff needed | ++++ * — Test many scenarios on many days
Realism +++ ++ of traffic
Size of traffic | + bt — Performance point of view
sample
Control +++ + * Need of performance validation
perspective — Feasibility (aircraft performance)
Performance |+ Eh4 — Capacity
perspective - Environmental impact (noise)
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Example: RVSM

* Reduced Vertical Separation Minima (RVSM)
— A major European-wide airspace redesign (24th January 2002)
— More flight levels available
— Change of all one-way routes

* ... heeds FTS assessment
— Model new routes
— Dispatch flight plans on newly available flight levels
— Run simulations at ACC level, and more
» Future airspace performance

November 30, 2005
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Example: RVSM
Niveaux de vol Niveauy de vol Niveauy de vol Niveaus devol Niveatx de vol Hivesux de vol
CVSM Pairs optimaux RVSM Pairs CWSM Impairs oplimauc RVSM Impairs
) A A4 A
r FL380
R0 - FL370
 FL340 FL350
r FL320 - FL330
I FL30O FL310
- FL280 - FL250
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Airspace Modeling and
Performance Assessment

« Part | — Need for Performance Assessment

1. Benchmarking European Operations
2. Assessing new concepts
3. Validating airspace and route design

« Part Il — Metrics, Modeling and Simulation Tools

4. Performance metrics
5. European airspace modeling tools
6. The OPAS simulator family
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Performance metrics

* A wide range of metrics
— From economic to operational indicators
— Productivity, ATM, Flight efficiency, Safety

* ATM metrics are correlated

— Real capacity:
» Theoretical capacity of ATM structure
+ Controller workload limit

— Controller workload:
* Volume of traffic
« Complexity of traffic
» Control working methods
* Technology, tools

11
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ATM metrics

* Measuring

— Number of flights

— Number of separation losses

— Number of conflicts (with uncertain trajectory prediction)
— Flight efficiency: flight time, fuel consumption

* Trying to grasp

— Workload (en-route workload model)
— Capacity

* Recurrent problem: data

— Flight profiles, airspace boundaries are often unrealistic
» Number of controlled flight hours at Paris ACC: not so easy!
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Complexity metrics

* Complexity
— Studied for 20 years, but...
— ... ho agreed definition of the concept
— ... many different indicators
» An open field

« Some indicators
— Density: raw, adjusted, ...
— Interactions: vertical, horizontal, overtaking (traffic mix)
— Proximate pairs
— Convergence, divergence

12
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Setting up new metrics

* Now: sector capacity metric =
flights per hour
— Easy to measure and regulate

— Real sector capacity depend on
traffic structure

» Operators take safety margins
» Capacity loss

* |dea: complexity-based metric
— Grasp the workload
- Dependant on traffic configuration
# Full capacity
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Presenting results: conflicts
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Presenting results: workload

14




November 30, 2005
29/43

direction des services de
la Navigalion aérienne

direction de la Technique
et de I'lnnovation

direction générale
de I'Aviation civile

Airspace Modeling and
Performance Assessment

* Part | — Need for Performance Assessment

1. Benchmarking European Operations
2. Assessing new concepts
3. Validating airspace and route design

« Part Il - Metrics, Modeling and Simulation Tools

4. Performance metrics
5. European airspace modeling tools
6. The OPAS simulator family
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European airspace analyzing tools

* Hand-made
* Paper & pencil ©

* Model based tools
— ATFCM tools (Flow and capacity analysis)
« COSAAC-SHAMAN, SAAM, DARTS, ICO, DPL...
— Environment tools
« INM-ENHACE, AEM 3, ...
— Airspace and traffic (FTS)
« TAAM, RAMS, SIMMOD, OPAS, ...

* Real-time simulators (RTS)
- EDEP, ESCAPE, ELECTRA, MASS-DARWIN, IVY

15
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European airspace modeling tools

+ COSAAC-SHAMAN
— Developed through DSNA & Eurocontrol cooperation
— Traffic flow analysis

* ICO (Innovative Configuration Optimization)
— Eurocontrol's sector configuration optimization tool
— Adapts ACC capacity to best suit demand

* DPL (Dependences: Protections & Limitations)
— Network effect analysis tool by DSNA
— Aims at optimized regulation of traffic
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The OPAS Simulator Family

* FTS tools developed by DSNA
— OPAS-En-route: en-route simulations
— OPAS-TMA: designed for approach areas
— OPAS-Coupled: en-route/approach interface

« OCaml language
— Developed by INRIA, France
— Linux and Windows (XP, 2000)
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The OPAS Simulator Family

* Lightweight, modular, tools
— easy to maintain
— can adapt to different concepts

* The OPAS family capabilities
— Test new concepts and new algorithms
— Use different navigation logics, dynamic choice of trajectory
— Provide figures to evaluate performance

— If needed, indicators can be computed during simulation (no need for
post-processing)

17
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Simulation Process

Simulation

| Data collection ] parameters

- Flight plans
Data processing : Performances
Airports

- Select and .| Waypoints
increase traffic Sectors

- Edit airspace Restricted areas
= Procedures

Concept model

November 30, 2005
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OPAS-En-route

* En-route FTS, developed & used since 1998

* Input
— Flight plans (France, Europe)
— Performance model (Eurocontrol BADA v3.6 Total Energy Model)
— Sectors, beacons, airports, restricted areas, ...
— Weighting factors (for workload computation)

* Qutput
— Trajectories, and any indicator based on geometry :
» time and distance flown
 sector charge, ...

— Conflicts (type, location, aircraft involved, ...) and Workload
— Fuel consumptions

18
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XIS
OPAS-TMA

* Developed since 2001, validated in 2004

* Input
— Flight plans; Performance model; Beacons, runways, stacks, sectors, ...
— Procedures (adapted from SIDs and STARs with help from controllers)
* Available: Paris (de Gaulle & Orly), Lyon
* Ongoing: Toulouse, Nice
* Planned: Marseille, Dublin
— Volumes linked to environmental constraints

* QOutput
— Trajectories, applied maneuvers, and any indicator based on geometry :
+ time and distance flown
+ Use of stacks, delayed departures ...

— Density maps, trajectories envelopes

November 30, 2005
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OPAS-Coupled

* Developed since 2003 for Gate-to-Gate program
* Allows FTS in en-route and approach mixed environment

+ Main challenge: connect two simulators with different logics
— In OPAS-En-route, aircraft are simulated simultaneously
— In OPAS-TMA, aircraft are simulated one after another

19
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Past studies with OPAS

* OPAS-En-route
— RVSM on 5 French ACCs
— Comparison between radar tracks/free-route/flight plan route
— ASAS-Crossing procedures (MFF)
— Dynamic restricted areas avoidance (Free-Route for MFF)

« OPAS-TMA
— Lyon: CLARINES project
— Orly: South departures
— Toulouse: important changes in airspace structure

* OPAS-Coupled
— ASAS-Spacing concept in Paris TMA (Gate2Gate)
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Study-case: CLARINES at Lyon

* Context
— Creation of a 4t stack in the South-East
— Several procedure modifications

— Main issue: does the new arrival trajectories envelope below FL65 add
less or more than 10% of newly overflown areas?

« Simulations with OPAS-TMA
— 3 airports: Lyon, Bron, Grenoble
— 2 scenarios: current (reference) and modified procedures

— 3 months of traffic (~29200 flights)

— Output: trajectories, density maps, statistics on the use of stacks, flight
times/distances

20
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Study-case: CLARINES at Lyon
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Study-case: CLARINES at Lyon

Newly covered area = 3.2%
Substracted area = 37.9%

Current enveloppe

<FL65 !
( ) Enveloppe with

new procedures
(<FL65)

21




direction générale
de I'Aviation civile

direction des services de
la Navigation aérienne

direction de la Technique
et de I'lnnovation

Demonstration of OPAS

* Lyon airport simulation
— The new CLARINES procedures at Lyon

* Full scale Paris area simulation
— Westward configuration

November 30, 2005
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ATM Research in Japan

MILITBUEN BFMEFZEER
BHl AT LR EEES IL—T
+TEMHRE WAEL

Tetsushi Yamamoto

ATM Strategic vision

To foster implementation of a seamless,
global air traffic management system that
will enable aircraft operators to meet their
planned times of departure and arrival and
adhere to their preferred flight profiles
with minimum constraints and without
compromising agreed levels of safety.

(ICAO GLOBAL AIR NAVIGATION PLAN FOR CNS/ATM SYSTEMS7 6 HikY)




[EleE  FREFERAD AT YT
(Step to Solution )
MR8 - ARE DR (MRE - BB /&)

What is issues?
EIFEDFRH (HRE EBEOEELEE)
Actual Status of such issues

i M2y DFREA (HRE - BREL T D ER DR R L)

Analysis for Bottleneck
N MLAYIDFRTE (B - REEFNEROREEZE)
Identification of Bottleneck

T2 DHERR (RRE - BREL T DERDREE 5 H7)

Resolution against Bottleneck

RIBOFER K P2y DHERRZN R E M)

Evaluation of Bottleneck

FAKICE 1T SRR - FR
Issues of present status
EJE(Delay)
EIEE(L ?
1T Profile (Flight Profile)
B E MR LT HRITProfile (BIE-EE..)&E?
User preferred flight profile(Route, altitude...)

IFITCNS/ATM D [R5 - Fll#9(Constraints of current
CNS/ATM)

@ CNSOEE, HREFICEIELLEHRAR
Deferent ATC Procedures depending on CNS coverage and performance

2 EFIBTFTORRE EHIZEFRDEDR L

Reduction of ATC work loads and improvement of efficiencies

72 DHEIR(Attainment of safety)
BiEX2E DEXTE (Target Level of Safety)




MLy D FEBA(Bottleneck)

EIE(Delay)
RIFRE-EHD FH( Survey of current status, Analysis of factors related)
AT Profile(Flight Profile)

@® @E%‘ﬂ%tl—le\lblef Randomi& & D ELEZ 5 & (Comparison of Fixed route and
Flexible/Random route)

@ BEFTMEBIBSASHT-GES OB EDey elopment of new concept from Current En-
Route concept)

HITCNSD PR F(Limitation of current CNS)
@ BEAFOBEERM (FHEEEEDLEED LK)
Reduction of communication load(Comparison of Voice communication and data link
comimunication)

@ EHREBDERLERS HESEOMRERTE)
Enhancement of ATC efficiency (Effect of supporting tool)
L2 DFER(Attainment of Safety)
@ HIZEDE%7E (Set of Target Level)
@ HIURTLEREFOREEHE RO (Safety requirement like as performance of

subsystem)
@  FHiliF EDEE(Development of evaluation methodology)

& =(Capacity)

&A= (Capacity)
- 2 (R DRIZZIF AN LGNS (FED) 22 (Amount

of supply which can accept of demand)

{45 (Supply)
» BYTOVRT LIZKSEEE(Supply by sub systems)
- EFMLERE(ATC Capacity)
« BERLIEZRE(Runway Capacity)
> VAT LEIRIZK S AR (Supply with total system)
o VAT LB E(System Capacity)
« ZPIF AR E (Airspace Capacity)

=2 (Demand)
~ MZEHE DE R (Flight Operation)




3N Z (Efficiency)
o P LK (What is efficiency?)

> BERELI=MRITH T 53FRLE (Attainment level to target
effect)

> W8 (BE) 12659 5FE GEM) D ZERZE(Attainment
level of the demand for supply(capacity)

FHE1E D B A28 LEA1TIBE D Z(The difference of target level
and actual level)

- BE LD ZR(Relation to the capacity)
» FFE D3N E(Specific efficiency) ¢ 7 =(Capacity)

Z Xt 3R (Cost effectiveness)

& &= 0 3% (Factors for Capacity)
HAHEE ZHITHITHFEICHT Y-t Afit#E E (Service

supply to the demand of some airport or some airspace)

2SR T (Airport) = f(A TMYATARE )« 25 P8 D7 4 {‘/...)
"'q‘:fllﬂi”'ﬁﬁ“_(_/fiirspace) = '/'(A TMYATLAEE 1) « Z2hk Ok ?‘/“/J;fla,,,)

ZHEDT Y MY = f(Airside, LandsideD RS, - R - Layout...)

T DR TIv= (RS-t EDAE..)

ATMYATLBEN = F(ATCHES - FRZSHE DD BE 1 15 4R S MITRE F1.)
ATCHEN = (P AT -BEHIA K- EHIHES.)

M DEEN = f(MFE BT RITAR - EHALS - HIAERE.)
EREBNIBEE N = f(FE B EEEE - (mE5EHE.)
EaH - [(ADELAR BEDELER.)




& f7(Load)

« BT &(E(What is load?)
> FEQTOERERICET 55 1 - 1EE 2% (Work load

for the process)

o« 2 X(Difficulty)

> Tt RADEHS - EHEEE (Complexity and Speed of
process)

« fLLS(Business)

> 7Ot RDERSEE - i3 E (Frequency and Speed of
process execution)

432 3 = I= N\ ol
PR B ATCXF 221818 D EF(Current status of
conventional ATC communication)

BIERE -EMNBREFTECKHLTRERITHEDILNTLIS(communication speed
and demand is nearly closing to limit)
~ BED-OHDEERR A ELS(Work load of communication)
— 1%} 1 ME{E(One by one communication)

« RMEFICE. BIEDIEFEFL M AT B(Sequential processing and
have to wait until the channel is available)

= 18 1{E(Voice communication)

« [EE DN DIFEHRNEIE TE%LY(No communication other than
language)

- BEABSDRBOBERFEEREASZENHS(Risk of
Misunderstanding of the contents, misconnection to the different
pilots)

[E ZE 1{KFF DB {E(Depending on the Language)
- —TEDNRIERFMEIZET H(Need certain time to transfer)
ATC-PilotE #3818 (DCPC) D& HIFI H & B (Coverage Limit)
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F &8 (Conclusions)
(ATCHZBEDHREE)

1 {5 B ] O 52 fE(Reduction of communication time)
ERZIEERE DERICIEZS (EELLVAEZOMEA) (Simple and

Correct)

ZE AT TENATHREBET . F—7—F TR (Key word
repetition)

EfE: —EICEHDIERENEFENLNKSEDHS(Simple

Contents)

fa1 D #E i (Reduction of workload)
2|75 18 D 2 &R E #E F(Reduction of density of arrival aircraft)
1B {E D HE{b(Automation of communication = - * Data Link)
> B{EFEE(Transfer of communication)
» B [EIR(Traffic Information)
> [RIE#H;(Weather Information)
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Future Air Traffic Management

Tokyo, November 30, 2005

Global Plan for Future ATM and Air-
Ground Cooperation

* ICAOQ global plan for future ATM

» European perspective for the evolution of the ATM system

+ Air-ground cooperation & Airborne Separation Assistance
System (ASAS)

] . ASAS concept & ASAS applications

« Concluding remarks

30 Nov 05 . Global Plan for Future ATM and Air-Ground Cooperation 2
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- ICAO global
~ plan

* European
perspective
:; * air-ground
| cooperation &
EASAS
i ASAs
applications
:Concluding
remarks

130 'N‘Qv 05

« Why?
— A Common Vision and the Path to the Future

How (ANConf/10, 1991) and
What (ANConf/11, 2003)

Definition: the ICAO global plan

— is a high level description of the set of ATM processes
and services necessary to accommodate traffic in a
given area and in a given time frame;

— mainly describes performance and interactions;
— focuses on the delivery and use of information.

Global Plan for Future ATM and Air-Ground Cooperation 3

- ICAO global

| plan

+ European

perspective

* air-ground

‘cooperation &
ASAS
- ASAS
applications
+Concluding
remarks

30 Nov 05

Air Traffic Management relies upon
Communication, Navigation and Surveillance
and information systems

Global Plan for Future ATM and Air-Ground Cooperation
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Why do we change?

- ICAQ global

plan  Need for Change * Obstacles to change
- Eurcpedn — Safet
BESpeaiive — Capacity (Europe- y
{ - air-ground = i
Seaetoni USA) Pree.‘.ent aircraft,
ASAS equipment, systems
+ ASAS — Fli ici : ;
~ applications eI EEe/ERey — Diversity of Actors
“Concluding — Too high ATS cost — ATS cost
remarks
— New technologies — Users (airlines, GA) Cost
— Airport congestion
! 30 Nov 05 Global Plan for Future ATM and Air-Ground Cooperation 5

+ ICAQ global
plan
- European
perspective

* air-ground
cooperation &
ASAS
* ASAS
applications
+Concluding
remarks

30 Nov 05 Global Plan for Future ATM and Air-Ground Cooperation
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Present safety filters in the ATM
system

« Air Space Management . . .. .. 1year

: ICAO global

o . ;
g - Air Traffic Flow management
+ European ; 1d
perspective = Strateglc ................. ay
- air-ground — Pre-tactical
sopEanng — Tactical - (take off time) . . . . & s
© ASAS * Planning :
seplications — traffic organisation . .. ... ... 30 minutes
rﬁ::‘::ﬂg'"g — sequencing ‘
- Separation provision . . ... ... 10 minirtes
* Ground safety net STCA.... 2 minutes
* Airborne Safety-net ACAS ... 30 ceconds
30 Nov 05 Global Plan for Future ATM and Air-Ground Cooperation 7§

Air-ground cooperation role
in future ATM

» 1) the airspace user is at the heart of the ATM system.
=>» air-ground cooperation must increase and improve.

+ ICAQ global
plan

* European
perspective

* air-ground " : : .
o 2) Operatlon§ in the futu.re P_\TM system must be thought in
ASAS terms of traffic synchronization and conflict management.
AoARL . = ASAS can support these two areas.
applications i
+Concluding
remarks
E
;
30 Nov 05 | Global Plan for Future ATM and Air-Ground Cooperation 8
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< — In-trail-climb procedure in the Pacific Ocean using TCAS @
+ ICAQ global

plan . — Several years of TCAS operations triggered new operational
* European ' requirements from the flight deck ©
perspective
* air-ground |+ The ASAS concept was “invented” at CENA in 1994 to cope with
;‘23‘5-"“‘““ & | possible drift from ACAS use for non collision avoidance purposes.
- ASAS | — Look at the acronyms
applications g ’ . .
Gl ~ * ACAS= Airborne Collision Avoidance System
il . * ASAS= Airborne Separation Assistance System
Is it possible to use airborne surveillance for separation ?
30 Nov 05 Global Plan for Future ATM and Air-Ground Cooperation 9

- ICAO global Air Traffic Services
plan ' can be enhanced through
;,f,,”s';“j;‘?\',‘e a greater involvement of the flight crews
o and the aircraft systems (the flight deck)
Sl in co-operation with controllers
A and the ATM systems
applications
+Concluding 1
remarks 2001: Publication of the Principles of Operation for the use of ASAS (PO-ASAS)
| 2002: First set of AS/GS applications of ADS-B (Package |)
2003: draft ICAO ASAS Circular available at ANConf/11
30 Nov 05 Global Plan for Future ATM and Air-Ground Cooperation 10
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- ICAO global
plan

+ European
perspective

* air-ground
cooperation &
ASAS

* ASAS
applications

*Concluding
remarks

30 Nov 05

 Airborne Separation Assistance System: An aircraft system
that enables the flight crew to maintain separation of their
aircraft from one or more aircraft and provides flight
information concerning surrounding traffic.

~ * The installation of ASAS onboard an aircraft will impact
i existing systems (e.g. FMS) or equipment (e.g. displays)
‘ and may also require new equipment depending on the
required airborne architecture.

Global Plan for Future ATM and Air-Ground Cooperation 11

: ICAO global
plan

- European
perspective

* air-ground
cooperation &
ASAS

* ASAS
applications

-Concluding
remarks

30 Nov 05

_________________________________ *ASSAP : Airborne Surveillance & Separation Assurance Processing
ank. . The word 'assurance’ is used by RTCA in this context, and is retained

here for consistency with RTCA.

** This arrow includes automated provision of flight ifd or read-back,

probably using CPDLC

....................................

: | Function . System
.I Processing | _Subsystern |3l for ASA™* |
1 ADS-B .
: Data
I link 1
S ASSAP*
;| | Broadeasting | ; ;
| tu | tosuppod 1 Surveillance |¥| Airhorne
K : 1 | ADS-BJ/TIS-B .
i }| | ground 1 | Receive Data, Separation
. surveilance  {) 1 subsystern Processing |J| Assurance
:; i | Ve .| Processing ||
" I (RRSORS RRRNE f ) WNNNINGNES S— '
: ) ~ Voice & [
+ CPDLC |

N s gt
5 711l surveillance | R : :
: 2" || Processing & B : ;| ¢POLC
: Distribution

urveillance & |,
-~ Application Processing

Ground Surveillance Sour

ces

Global Plan for Future ATM and Air-Ground Cooperation 12
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+ ICAQ global
plan

+ European
perspective

+ air-ground
cooperation &
ASAS

« ASAS
applications

-Concluding
remarks

30 Nov 05

» Definition: A set of operational procedures for controllers
and flight crews that makes use of the capabilities of
airborne separation assistance systems to meet a clearly
defined operational goal.

* ASAS Application Categories:
Airborne Traffic Situational Awareness applications =ATSAW
Airborne Spacing applications = SPACING
===TRANSFER OF RESPONSIBILITY FOR SEPARATION===

Airborne Separation applications = SEPARATION

Airborne Self-separation applications = AUTONOMOUS

Global Plan for Future ATM and Air-Ground Cooperation
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- ICAQ global
plan

+ European
perspective
* air-ground
cooperation:
ASAS

* ASAS
applications

+Concluding
remarks

30 Nov 05

i

Procedures vs. ASAS application
category and airspace

; Autonomous
Crossing and : 7
En-Route pasec.jing alric:ﬁ:f: :;J:;ﬁns
rocedures. .
Enhancement of A P Airspace
current operations | Sequencing
(surface, airborne procedures
and visual
separation
ThA procedures)
Surface
Airé)_c:rmta'Trail‘fic Airb Spaci Airborne Airborne Self-
A:v:?e[::sas RS pRcing Separation Separation

Global Plan for Future ATM and Air-Ground Cooperation
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+ ICAQ global
plan

- European
perspective

* air-ground
cooperation:
ASAS

* ASAS
applications

*Concluding
remarks

30 Nov 05

ATSAW: Airborne Traffic Situational
Awareness

Enhancement of the current traffic situational awareness
of the flight crew during flight and on the airport surface

Example of a VFR flying near Paris:
This kind of traffic display would be of
precious help for visual acquisition
in general aviation.

(actual radar data used in simulated
navigation display (ND))

Global Plan for Future ATM and Air-Ground Cooperation 15

* ICAO global
plan

+ European
perspective

* air-ground
cooperation:
ASAS

* ASAS
applications

*Concluding
remarks

30 Nov 05

Awareness

It can easily be seen that the TCAS
display is not suitable for clear,

unambiguous awareness of the air
traffic situation: geometric symbol
without a heading or identification,
limited range.

With ADS-B information, the image can be
enriched with appropriate information such
as the heading and identification for ranges
that can go up to 100 NM. Thanks to this
additional information, the flight crew
disposes of a traffic situational awareness,
even in dense traffic areas such as Paris
TMA.

Global Plan for Future ATM and Air-Ground Cooperation ' 16
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* ICAO global
plan

* European
perspective

* air-ground
cooperation:
ASAS

* ASAS
applications

+Concluding
remarks

30 Nov 05

C{s]=:8 The flight crew is able to maintain a time or distance from

designated aircraft.

| The controller can use new spacing instructions to expedite and

maintain an orderly and safe flow of traffic.

| The controller is responsible for providing separation in

accordance with the applicable ATC separation minima.

. DSNA is developing “enhanced sequencing & merging” in Paris for arrivals:

* Operational concept
* Operational validation through real time simulations

* Operational benefits & limitations through fast time simulations.

Global Plan for Future ATM and Air-Ground Cooperation 17

+ ICAQ global
plan

- Eurcpean
perspective

* air-ground
cooperation:
ASAS

* ASAS
applications

+Concluding
remarks

30 Nov 05

Airborne spacing: merging example

r—_————

— The controller requests the » g

Aﬁiﬁ%mc SELECTION

ASAS equipped aircraft (by ' " ]

radio or data-link) to identify a
given aircraft.

SPACING=
"AFRXXXX, Identify target AFR3141" DELETE>
— To sequence two aircraft on flows i S 4! INKAK

merging at one point (e.g. INKAK in
sector AR), the controller can give a
"Merge" instruction: s/he specifies the
INKAK point in his/her instruction,
and the required separation.

"AFRXXXX, behind target, merge
INKAK 90s behind"”

— Spacing (> Separation) is
maintained on board by
adapting the aircraft's speed

(flight crew or FMS mode).

Global Plan for Future ATM and Air-Ground Cooperation
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: ICAO global
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+ European
perspective

* air-ground
cooperation:
ASAS

- ASAS
applications

+Concluding
remarks
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Airborne spacing: merging example

- = = [ TAS OMAKO
Spacing is accomplished. The 1 30" (Blgad ol
controller can cancel the new , T e

instruction at any time and take
over the usual control.

The controller monitors the

situation on his/her radar

screen, which may be adapted

for the needs of ASAS (display T

of linked aircraft for example).

The ASAS procedure is A
" . \ \ \ AFR224Y,

continued during sector VN st ste

transfers (ACC/North-CDG), but  [RSSERTERTE -

X = \ AFR1031

it can be interrupted upon

request by the TMA controller.

S T

o

¥ N ‘ﬂ_ /' .. ‘- \; /_.-
ML R o BAFSSSEW

110-M. 280

Global Plan for Future ATM and Air-Ground Cooperation 19

+ ICAO global
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+ European
perspective

* air-ground
cooperation:
ASAS

+ ASAS
applications

+Concluding
remarks

30 Nov 05

* Principle of Operation:

— The flight crew is able to provide separation from designated aircraft in
accordance with the applicable airborne separation minima

— The controller can delegate separation relative to designated aircraft to the
flight crew through a new clearance

— The controller is responsible for providing separation in accordance with
the applicable ATC separation minima from other aircraft

» Expected benefits:
— Capacity and flexibility: transfer of tasks to the flight crews, potentially
reduced separation minima
« Aircraft systems:

— Automation tools may be needed to assist the flight crew in performing
separation tasks

— Criticality: The performance of the systems will be very high so as to
maintain airborne separation minima

Global Plan for Future ATM and Air-Ground Cooperation 20
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Airborne separation: lateral
crossing example “"pass behind”

« ICAQ global Extrapolation of visual clearance for IFR aircraft in radar
P';“ | airspace evaluated in a European project: ASSTAR (advanced
i safe separation technologies and algorithms) %« Cloarof
* gir-ground Traffic.»
cooperation: 35
ASAS . ;
| AFRXXXX is ASAS-equipped and \ ‘.
SRR is cleared by the ATCO to separate 4h
SERlediions from GMI759 at 8 NM minimum :
*Concluding
remarks T:arget
After the crossing, ATC would reraft
authorize AFRXXXX to resume
climbing to FL280
Manoeuvre
Clearance envelope
; aircraft
30 Nov 05 | Global Plan for Future ATM and Air-Ground Cooperation 21

Airborne separation: lateral cr
= €xample ik S

- ICAO global ' —Us_ing appropria_te airborne

plan equipment, the flight crew must

- European | select the designated aircraft

perspective _ that is less than 100NM away.

: ﬂir‘-gt“?tl{ﬂd "AFRXXXX, cleared to pass i oo | )
cooperation: = " GMIT59

ASAS behind target GMI759 T T

« ASAS G5+ TAS 4 KOTIT 322
applications —In order to perform the lateral

:Concluding ‘ crossing behind the designated

remarks

aircraft, ASAS proposes
solutions to the flight crew (in
yellow)

30 Nov 05 . Global Plan for Future ATM and Air-Ground Cooperation ' 22
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* air-ground
cooperation:
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+ ASAS
applications

*Concluding
remarks

30 Nov 05

—The solution is accepted and
the new route is activated (in
green)

—The flight crew reaches the

can therefore advise "Clear of
Traffic".

“Marseille ACC, from AFR
XXXX, clear of traffic and
resuming navigation"

Global Plan for Future ATM and Air-Ground Cooperation 23

DSNA

+ ICAQ global
plan

+ European
perspective

* air-ground
cooperation:
ASAS

+ ASAS
applications

*Concluding
remarks

30 Nov 05

nluding remarks

— Careful attention is necessary when selecting the category for an
ASAS application: Categories are associated with different
principles.

- Rigorous safety analysis and validation will be required before
implementing an ASAS application

— Methodologies and guidelines for these analyses will need to be
agreed at the international level.

* ASAS application has the potential of increasing capacity without
affecting safety.

+ Human factors issues are numerous, including acceptability by both
sides of the new sharing of responsibilities.

Global Plan for Future ATM and Air-Ground Cooperation 24
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Alr-ground Cooperation
objectives supported by ASAS

+ ICAQ _q_labul
plan

|
- Eurcpean
perspective.
* air-ground
cooperation:

| ASAS
applications
*Concluding
remarks

30 Nov 05 Global Plan for Future ATM and Air-Ground Cooperation 25

Concluding remarks

The Review of existing ASAS applications highlights the efforts,
resources in the R&D organizations.

+ ICAQ global
plan :

- European R&D DOES DELIVERI

perspective

* air-ground

cooperation: + Starting from a concept paper in 1995, the R&D community

o produced major documents (PO-ASAS in 2001, ASAS Circular in

- ASAS

applications 2003)

¥eond ding » Significant validation work is under way, a path towards

remarks implementation is proposed by the ATM stakeholders.

» Experts from EUROCONTROL, the FAA, EUROCAE, RTCA,
Australia and Japan are working within the scope of the
Requirement Focus Group (RFG) to harmonise ADS-B Package |
applications for global interoperability.
30 Nov 05 Global Plan for Future ATM and Air-Ground Cooperation 26
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http:/www.icao.int/

http://www.icao.org/icao/en/anb/meetings/anconf11/documentation/

http://www.cena.fr/english/index.html

http://www.cena.fr/english/pages/4publ/div_sas.html
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EFMEMFA/LEDSNALRI ES
ENRI/DSNA Workshop

& - RFR 1t Y —IL DB F

Development of Sequencing and Spacing Tool

ERI7TE11830H
November 30, 2005
BTFIEBIZRRA EHl AT LER
Electronic Navigation Research Institute
Traffic Management Systems Division

EH =

Yutaka Fukuda

o BIBBOIERF - MR TXZESRT A
COSMOS  (Computer Oriented Spacing and
Metering Optimization System)

¢« BROESE  Backeground

¢ = Qutline
¢ HERE Function
¢ FF( Evaluation

¢ SBOEHE  Future Works
¢ ELH Summary




o T OBRENSEET 55 — 3 FILEED
MEMEREMEBORSER
Safety and efficiency are required

¢ K TIIRNEFRIZTETANER - MBS IT1ER
HZEEHEBICIRMET I AT ALAZER
Arrival Management Tools (Sequencing and

Spacing Tools) are developed in Europe
and USA.

¢ BIEIER ORECHIZEA S BBRRDOF
AEDRAARICBLELT -4 %5RT,
COSMOS shows landing sequence and
estimated time on final approach fix.

¢ BFIERTFANHARBRE (FRKSEEND
SRR 9 ERE)
ENRI developed and evaluated COSMOS from
FY1993 to FY1997.




&R - bR (T [T 375 Terminal ATC

ZERREF Enroute ATC

\1%(
A—3F )L Z2 15
A Hh s
Entry Fix
to Terminal

A—3TIVEH| Terminal ATC

1735 E il
Airport ATC

-

7B FEER Runway

78 RENEAE | 28 IE 72 sl

Sequencing and Spacing

B %A A Hh i

Final Approa

<

A3t L2
i A Hh =
Entry Fix
to Terminal

ch Fix

EHIED{EZE Controller’s Task

PR EREE (R B R)

Situation Awareness (Monitor)

1

FRICRFEDINRZETFRIL., EFIERAHEERT

EHVNVEDOREDOETE)
Prediction (Detect Future Problem)

L !

ERRE (FED#RAIE)

Decision Making (Resolve the Problem)




ERlXZERXT L D/S Tool

A FIEHORITEEE RS MBS
lnpuiFIight Plan and Radar Track

M EHARXEELEFE OEMEE
F’rocis'sing : ATC Rules and Expertise

71 IRF - R (11 X B e SIS =%

Output : Assisting Information on Radar Display
wEEARDIER. FRIZERZ. SHEEIEREZ
Sequence and Estimated Time on Final Approach Fix
STEZIERZIEZRIRT 5= D BERK
Route to Final Approach Fix

R~ Ai% Display

o BIREAMED ’fi::r/ Time Line

TR EBRFZ > [ A—
T RE RERF I
Rl 3= o
Estimated Time
on Time Line

¢ EERIRLI;HEE
EERBRETAR
BIIZRT
Estimated and

EEHRT

Terminal View

Terminal View e EAF ER) AR
18— Arrival List




A LTA KR Time Line

EAZEIERET:

| No Runway Operation Time :

| BEMRAHEERELH

HKEBIZHIEEZEDERT
Runway Time for Departure
or Closed

| ETEEIERE)

' STA (Scheduled Time of
Arrival) :
BELERSERESNE
| B mimaE gl

Time with Adequate

. Separation

TR 2| ERFZ -

ETA (Estimated Time of
Arrival) :
HEBOMENSFRILZ
E- =BT Bl ih: [:5 37

Time on Final Approach
Fix or Runway by

| Shortest Route

FANLTA =y b
Time Line Target :

Iz D{ER

“war ]| Call Sien of Aircraft
B BER. RIREAS !
Base of Timeline : Runway or FAF

Zeisi R 7k Terminal View

| EEey S
Airspace Map

ETAZEERRRE
ETA Route

STABERRER ’
STA Delayed Route lf‘ 0

HEEER

Trajectory Change Point

| R230 £t Heading 230 deg
A040 B E Altitude 4,000 ft
S210 EE Speed 210 kt

| ORISR
L

mE B
BER IEF

Full Data Block
Call Sign
Altitude Type

| | Runway Seaquence

~ e,

Nzt OO B 15
' Simple Data Block




I|JARF T Arrival List

SPENS B3 e
=)L s B Ak
0430 JAL37Q B767 120 OO ol maa @Eﬁ%
0428 ANA456 B767 100 Arrivals at Terminal Entry Fix:
0425 JAS287 A300 140 BB FERL EE EX BE
0420 ANK085 YS11 080 Estimated Time, Call Sign, Type, Altitude
0419 JAL391 B747 120 . : e
0415 JA8845 B767 100
s I B ] hd

PHNEE : SHITE D i ;
aenee #nre PR
A2l ‘ 07 ANA456 0419 094 210 080
Holding : Fix Name, 06 JAL379 0415 085 200 075
hittide: Exnected 05 JALA56 0470 078 210 047

- B 04 A 85 040 06 00 0
Approach Time 03 ANA548 0401 050 200 010

02 JAS568 0358 040 180 345
|01 JAL364 0355 030 175 340

BfROES ! BEOSE. ®E. B
Warning of Separation Current Altitude. Speed, Heading

st E F|[E Prediction Process

L—4BERT Before Radar Tracking

§-31 22y A dth 22 D F Bl @B B %) + SR AR E AR A DT TRF [

ETA = Estimated Time of Entry Fix + Estimated Flight Time to Final

Approach Fix
.

FFl
|5

BREA RO REBRZOEVRIZEFEIRFEEE

Sequence on First Come First Served at Final Approach Fix
- =
L—4%3BE#% After Radar Tracking
MZEHOME OEHEICREREAMADFABARLERTE

Recalculation of ETA on Every Surveillance Cycle

Ll
B HEREMEN DB

Recalculation of Delayed Route from Current Position




BRIEOEH Route Generation
IRTEALED B B A th S
[CERETHRITT 2 TR
=8 H

The shortest route for
ETA is assumed.

FHRE LIEBERITORE
DR CIBIERIR =5
Delayed route for STA is

searched in pre defined
route generation area.

FEEE{E Display and Operation

ESEI=E/N

Before radar tracking | V802 0305

EBRIRETHRAER
TEH5E

After radar tracking .
with good separation .}\/‘J_ s

“JALBON

%17 OREAT B AT T idX
T B BENDE <

Without separation, so i
delay is required

MR 1~ RiEFTEE A HE

Sequence can be changed with simple operation.

ANK205




Z1{f Evaluation

¢ EFEDSMIZ&LSIaL—3 8
Real Time Simulation of Air Traffic Controllers

F1RIEBR AT L FE2E LIEDEBRL XT L
2nd Experimental System

1st Experimental System

EHlEDOER Comments at Simulation

¢ FRICIEFABEUI THAIL., FIEASHER D HIBF ., finzZe
BADIEFDBEMNEDSELLS,
If prediction time and sequence are good, it is useful
for initial heading and sequence notification to pilot.

¢ L—YEENDHEERTNEELL,
Integration with radar display is required.

¢ FEDA—ZIFIZEEHOKBEEDFRIZLY, MZE
RBEEHISBOCEEEHIEBLOREEHRDSE LTS,
Future traffic volume prediction is useful on the
coordination with Air Traffic Control Center and
Airport Tower.




¢ EFMEAH R CORE CERSEE-FRIERE)
Study on ENRI (FY1993-FY1997)
B EEREETIOREEH# 21— a0 REBIT L 55T
Design, Development and Real Time Simulation Evaluation
o AT LBSEHE- A EE L A—CORREFHE (A
FE-)
Improvement and Field Evaluation on SDECC (Systems
Development, Evaluation and Contingency Management
Center) (FY1999-)
¢+ PEIEREEOHEL —FEH £ (ARTS-F) D#EEL L TE
FA (ERR164E )
Operation as a function of New Radar Display (ARTS-F) at
Central Japan International Airport (FY2004-)

;1-.IJ%EIIL§LL~~ pic) %Eﬁ BIERKROFRICEAHME
SHELOHBORRTHOELE, O
BEE—A

Base for common situation awareness with
airlines and performance monitor on information
of sequence, runway usage and delay

¢ MMZEZBREHEDIEE
Index for Air Traffic Flow Management




¢ THIBEDRL

Improvement of Prediction Accuracy

EHENDELOT UV EERERO LR

Improvement of Route Generation

¢ TEEEEL AT A, ﬁﬁ.gﬂﬁa)i%/x%A
MELEREEBEVATLEOEEICLIHE
AT LDIBE

Integration with Airport Tool, Enroute Tool and
Air Traffic Flow Management System

¢ FIEHOIER AR XIBEC AT LOBE,
PEEE. ERMEICDULNTHREST L=,

Outline, Function and Evaluation of COSMOQOS

¢ XBUVATLORAFE TR, FRBEORL, &
HEDEMABEDOV AT LADHERAA, EFHE
T AERORNBERTFENEELR
ZB Tdho1=,
Important points of development COSMOS were
prediction accuracy, integration with ATC rule
and Graphical User Interface.




