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— 1. What is ENRI?

v Electronic Navigation Research
Institute (National Laboratory) P
v Established in1967 . C. Hirasawa

v Supported by Ministry of Land, . = President
Infrastructure, Transport & Tourlsm'

v Budget: ¥2.2 billion (2010 mcludmg
personnelcosts). - .. ‘
v Personnel: 64 (45 researchers) d \ |

2-24-6 Jindaiji ngashl-machl Chofu Tokyo 1820012 ii
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http://www.enri.go.jp/index.shtml N
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€ Major research areas

e ATM(Air Traffic Management)
Systems

e Communication, Navigation
and Surveillance

e Airborne/Common ground Separation &
Engineering Flow Control

== o sl i
" EMlon = ..
0 GBAS
Aircraft Systems GNSS &

R R
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& Facilities

eRadio Anechoic
Chamber

e Experimental Aircraft

e Experimental
Mode-S Radar
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&% 2. Present Long Term Research

Vision - Back ground -

@ Traffic Increase in
alrport/airspace

®Demand to reduce - ==
operation cost j> |

®Reduction of environ-
mental impact

@|ncrease safety

To respond such g
demands....

ICAO “Global ATM Operational
Concept” (2005)
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— 4@Torealize ICAO’s ATM Concept
- Major World Projects -

eNextGen (usa) eSESAR &®u) ©CARATS

(Next Generation air ~ (Single European Sky ATM (Japan)

transportation System) Research Programme) (Collaborative Actions for

Renovation of Air Traffic
Systems)

NextGen

CARATS )

Collaborative Actions for Renovation of Alr Traffic Systeens
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" @ Key words of these projects

v Trajectory Based Operation
v CDW, Interoperability

v Satellite Based Navigation
v'Wide Area Data Link

Procedural Radar Trajectory

Paradigm
Shift of
ATM!

Position Estimation Position Estimation Precise Position

by Pilot Reports by Radar tracking Estimation by
N

B >4 ~|_Trajectory Prediction
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@ ENRVs Long-term Research Vision
- Features of the present R&D vision -

Published in 2008, 5§ major domains ...

(2) Highly Accurate,
Reliable & Flexible ES) Functional Airspace}
y
t

Navigation Technolog Configuration &
Irajectory Managemen

drem

= | (1) ATM Performance )
: | Analysis for Bottleneck
{g}) Aﬁ‘:}‘(’)?sc?d Opei ratt"’”s} identification & Efficiency

Infrastructure for Collaborative

\Jmprovement
(3) Information & Communication - 9’
Decision Making in ATM &

9
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€ ENRI R&D Roadmap
5 Major 2009 —H——— ) ()2

R esearc h Short Term Middle Term

Long Term

Areas 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020

Performance Analysis of Trajectory
Management (TM)

e
ATM Performance Analysis ATM Performance Evaluation & Analysis

for Bottleneck kentification P 16 mpllcs B

and Efficiency Improvement [

1

Air Traffic Controller Workload Analysis

Techniques for Reducing Human Errors

Safety Assurance taking into account HF

Evaluation Method for Terminal Airspace

Functional Terminal Airspace Design

QOceanic Airspace Operational Procedures

Promoting Dynamical Routes Operation

Strategic & Integrated Airspace Design &
Operations

Functional Airspace
Configuration & Trajectory
Management

RNAV Route Safety Assessment

Development of Trajectory Model

Development of Safety Analysis Tools

Assessment & Improvement of Safety for
Total Flight Phase

Use of Trajectory Prediction Model

Operational Efficiency Improvement by TMin
High Density Airspace

Traffic Information (Info.) Exchange hy
Airborne Surveillance

Spacing Applications of Airbome Surveillance

Dev. of Surveillance Data Link for ATCo

Flight Info. Exchange for TM

Supplement of Trajectory Management (TM)
hy Airbome Surveillance

Information and
communications Aeronautical Tele-communications Network Information (Info.) Management among Systems: SWIM
infrastructure for collaborative ; ; ; ;
Evaluation of Air-ground High-speed Data Link
decision making g o Development (Dev.) of Aeronautical High-speed Communications Techniques

Medium

Methods of Surveillance Information Processing (Sensor fusion, Integration of associated Info. and TM)

Radio Environments & Interferences kssues (subjects common o each domain)

Advanced operations of

Advanced Airport Operation by TM

Airport/ Airport surface

Impl. of Multilateration for ATC Applications
Impl. of ASMGC

Dev. of Airport Surface Navigation

»

Actual Use of CAT-1 GBAS

Use of CAT-Illl GBAS

Use of CAT-llic GBAS

——

Requirement Review for GNSS

Highly accurate, reliable, and Curved Approach

flexible navigation technology

GBAS Dynamic Approach Paths Provision for TM

Performance Improvement of MSAS & Its Use
for Precision Approach

Advanced ABAS

Use of CAT-1 ABAS




e
ENRI

" & Effects of the Long-term Vision

(1) Acknowledgement and Share of the vision

Publici ities at JCAB, many academic )
v ENRY International WIS on ATM/CNS (EWAC 15¢)

*March 5-6, 2009 e
*26 presentations, 300 Participants OnArEt?ga/ Workshe,

NS

(2) Contribution to developing future
plans in aeronautical societies

v Provide information to help construct JCAB “CARATS”

\
/ CARATS )

ACtons for R
" O Al Trathic 5y pgens

s Mar,
h562

v ENRI researchers join activities to develop future
visions by JAXA and NEDO

11
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~ 3. Update of the Present Vision
3.1 Why necessary?

Present vision is based on information by 2008 ...
a. Change of Social & Administrative Demand

. New Knowledge, Newly
Developed/introduced Technologies

c. Problems Specific in Japan

a. Change of Demand
® Rapid increase in East Asian aiir traffic
@ Haneda & Narita Airport expansion
® Establishment of JCAB “CARATSY’

6‘

12
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— & Rapid increase in East Asian traffic
- Increase in domestic, international and over flight

in Japan -
1 1 1
1997 -
1999 .
= Domestic
§ 2001 (Arrivial)
ke ® International
$ 2003 (Departure+
.LCI’__> E— Arrival)
2005 m— = Overflight
2007 131 143 4 23

0 200 400 600 800 1000 1200 1400
The number of flights in Japan (x1000)

v'Highest is over flight
v'Domestic flight is also increasing

13



New Tower




e
ENRI

<" b. New Knowledge, Technologies
- Obtained by ENRI Research Activities -

€ Taxiing data from MLAT at Haneda Airport

. ..;_. ['____}{/_F/{Z’?\T\\ﬁ =% ]...

Congested -
taxiways .
for take-off

15

Evolution of Surfacg?
Management!



e
ENRI

'@ Development of ENRI SSR Mode-S with
Downlink Aircraft Parameters (DAPs)

Two experimental Mode-S radars =
in operation
N2 : — o002
ABCADS B2 -
145 i o 2000 2
5 T
s /0‘ ﬂm o qooo
% 5 10 }115 ""ﬂ 20 M 25 ;om 38
Time [min]
Aireraft without MCP/FCU Selected
DAPs function r;J:f:'l'rj:lEl_l Altitude down-linked
-*”F. g0 r I — e L -
“ G214 1209 H230 Lo - \V =

—

Aircraft with . .
DAPs function  Flight Intention -

data in FMS .

=
More precise trajectory prediction! j‘*‘

16
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t7 @ Electromagnetic environment in L band
- Fast & Sophisticated CNS systems, Higher traffic density -

D60MHz 1215

" DMEPulses

| DME/TACAN |
1030 1090 |FF, SSR, TCAS, MLAT
[] B WMLAT, ADS-B

969 1008 10531065 1113 1206

O Oynps 1] ¢

f
960 1024 1176 1206

I AMRS GNsS I |
L5/E5A E5B

A
l
N
o N
W L
=
N
1
o
(D)
-
LL

(Wwgp) [9A97]

Can cause EMI on

CNS systems => Original Fast & Precision Radio Receiver

Development of

interference tolerant
CNS systems!

17
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e lInfluence of lonosphere on GNSS
- Effect of ionosphere more serious at lower latitude -
- MSAS algorithm improvement for coverage extension -

08/1/17 LPV200 Availabiity. 11 GMS Plnar 08Z1/17 LPV200 Aveilabi
o S 999

Aingejreay

220

130 140 150
Longitude, deg Longitude, deg

New Algorithm to improve MSAS Availability

Realize Dependable and gy | e

broader GNSS system! -
S
18 Ground
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& @ Visualization of ATCO Workload

- Analysis by real time ATC simulation data -
3:32:00

3:30:00

Rl ATCOs’ tasks

]

are analyzed

]
|

and classified

(

]

01

into 3 task

levels

(

652 | |

—]

[JAL836

"4

[ANAS57

P |

(0

Simulator display Advancement of

Task analysis!

JA8351

\

=

/
-
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&' ¢. Problems Specific in Japanese sky
¢ Concentration on Metropolitan Airports

—_
o
o

37

Million

- Others

Osaka Traffic
<—except Osaka -
Haneda

Haneda - Osaka

b 33 Li/?;k — 'r -
i <« Haneda Traffic ‘ J%
- except Haneda - 3
Osaka :
L 31
_. 129 131 133 135 137 139 141

1978 1988 1998 2008 Longitude (deg.)
| L

4

~—0
o

wW
($]

(@)
o

S
o

Latitude (deg.)

N
o

The number of passengers

o

Fiscal vear
Share of Haneda traffic
expanding year by year ...
1 129 131 133 135 137
Longitude (deg.)

Domestic fllghts concentrating
da Airport! Haneda - Fukuoka
on Haneda Airport! Flight trajectories

20
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~ & Competition with high speed train

- The number of passengers by domestic flight and
JR high speed train -

N—r

JR Highspeed Train

8

Share of high speed
train is increasing ...

N
-
o

Domestic Flight

100, 4 gttt gty

The number of passengers Mill.

0 /

1996 2000 2004 2008
Fiscal Year

Measures necessary to keep the share of \
domestic flight!

21
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" 3.2 Recent Short, Mid and Long
Term Researches

€ Long term target: realization of smooth,
efficient and on time operation = Present target

®Emphasized short and mid term targets

-Congestion relief and cape y,mcrease_m
terminal area and airport bt BT S

-Harmonlzatlon ofdo estlc mternatlonal and

2ration
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—" & ENRI Short, Mid and Long term
research objectives

® Short term:

- Precise analysis and estimation of present en-
route, terminal and surface traffic characteristics

- Evaluations of practical navigation systems

® Mid term:

- Propose methods to respond short term
demands

 Test the validity of the presented method

/
® Long term: Development and evaluation of

software/hardware technologies to realize
future ATM system \ ,:; S /

\ =
23 \ S -
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~ 4. Research Roadmap Update
- In the process of updating ... -

®Review of present ENRI roadmap and

CARA

S to keep compatibility

®Followings are taken into account to
make the roadmap refined and easy

v Reduction of research subjects
v Reduction of research domains

v Mutual relationships among different
subjects

v Continuity of present on going
researches

24
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Example of specific measures by implementation phase

> " fight prase
[S—— /. pevacars i s
aperaion
= / (deMmammes Dynastic
) H mechon)
(e) G ol /
/ A
LEt onanak
{dl Precion o compasty of tapcnry c |

Cf RRAVIRNP, RRPIAR)

(b) Efective use of airspios by high-precision RNP (RNP2, of fexinie rand
ol) souks ukamperedby aiway and FOX)

pricison (ADRNAV)

y—

iy

4. Realizalion of satslie

A

4

(8} Pronigicn of nindgation senvce in kbw-allude airspace
(uiization of GNSS}

/ {€) Pl route-seling by curved precision 2gpreaeh /

5 ’
LY 4

Infomaton)

o ) Impraving sitati bysk-lo-aF
/ survellancs (saf-eintionof separston between aicrafl]

the ground and in the air

e for 40T

i //MH‘ di
W (9lUpgradng

pgradng of oor L L
ermcontict supportforse qancing)

S

6. Maximum use of the
y of b

oommunication (inroducton of data ink] /

..... ns

auncon. ete. Division of
h as RIVSL)

{g) Division of rokes between humans and machine:
ines //(h mans maymahlyengage hsuwame inder e .mmmed

Qaveng i ) Rezitime " oF
aipod (aipor-hpo COM) // e adps mermmng rspace /
7.Full informalion-sharing
and coordinaled decsion- () Estabishment o nework (SN where neozssary
infommation can be accessed stany tine
making
ma'nagemsrtarmmaﬁmlom f \TM, el
3 ofhigh
denshy naiig: L o1Upgrdingta 3 g = - A
congestad aiporls and suppar.ete) L2 l
airspace —
o A

Measures in JCAB “CARATS”

v Direction of
renovation

v Eighht major
regions

v Short, Mid and
Long term plans

v'Base of detailed
implementation
plan
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& Updated Roadmap of ENRI

a \ :
i . ; ; D A d Efficient Route Setti Capacity Increase
Advanced E Efficient Flight Route Setting /;/ ynamic an icient Route |ng/_I;:Iai?ﬁt:?gh?gsheaiSspermiuy.: Erl';rnrmgal and
H i Trajectory Predicti Trajectory has ed Operation [
operation in | {[Teecoy Predicion 27| Trajectory b /. | S
Air :| Estimation of ATM performance and Safet}f_'_,_.—ﬁstimatinn for Hew Operation Prucedures/' Ilmprwed Safety
Less C cti
l\l Mode-S Cummunlcatlnn///'/ Flight Data Exchange by Mode-S J,a’r/Separatmn Assurance Onhuard/ Y IEr:?aZar?;geZut;ci:n
- - _'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_" e e e e o e e e e e e <
Connectin Advanced Surveillance Technol Perf Bastd Surveillance Syst Y
Ground & gir vanced Surveillance Technoloyy ///' erformance Based Surveillance System / :Icap”agr?r noreacs
in all Phases
and Improving | Aeronautical D ata-Link / Next Generation Fast Data-Link for Air Navigation /: roves
p . F R d Hew Radio S ] I Convenignce
Safety | Electromaynetic Propagation and|Interference //, requency Hesources and New Radio Systems /I
1
= {Analysis of ATCO’ s Workload 7 Human Error Reduction 7~ Oeration faking Humman Factors 7! J imeroved Satey
R | T e e AR, T -
;_; R il by vy = | Capacity Increase
‘I Enhanced MSAS and ABAS A-{f Advanced ABAS fﬁ CAT-lABAS /‘I inApproach and
Advanced - i  [Oeearte
i Il caticeas =~ CAIT-Il and Ill Operations by GNSS i j [ICaRacty Increase
operation on ! oo
1 [ - . :
GNSS hased Curved Approach v Dynamic Approach Route Setting by GHSS 1 fConvenience
& CIOSG tO | =~ Y i 9 / : Moise Reduction
U

Airport

26

IJ Analysis of
G round Traffic

Prediction on Surface / Traject

Efficient Operation

Trajectory based Operation

Communication & Surveillance

nry hased Operationon
ce

Less Congestion
misson Reduction

Satellite based Navigation

Research purposes, contents in different colors . :‘
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® Features |crcrwrsessn 0000 om @ Concentrated

Trajectory Prediction @-@}/5//@ @T_lf-iecmwha traffic at
Of th e T ﬁmme 5""53“'9' metropolitan

—= Airport
Mode-5 t:nrnrnur.u:;aﬂc.rtI @},//f T Flight Data E
Up da ted Advanced Sur:allam.;?‘wmgy .@ @*'.. //_ @ Over.ﬂight

Roadmap mm@mm urﬁ = ﬁ@ ‘:Hmm @ Punctuality

Elat:irurmgnetu: Prqh#lm and Interferefjce 'i! @ @
r g

Analysis of ATCO'ts WarHoad x;/-m“fm @ Electro-magnetic
— -t environment

EnrnncEdMSAS.;ru:l nqns &) ;,,—f? 1 Advanc
CAT- GBAS 0@267/ ® © catnahin opmstor @ lonosphere
GHSS hamﬂtuﬁeﬂ Appnigch D f,/" O E by
Crovnd Traffic @/"/;@' «_Trsiectiey Prediction on Su

a. Refinement of Present Roadmap

b. Short term: R&D for Present Issues + Advanced Analysis \I

¢. Mid term: Research for Future Challenges <
» d. Long term: D & T for Future ATM Systems
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" 5, Conclusions

m  ENRI Present Long Term Research Vision

+ Published in 2008
+ Theme: Smooth, Efficient & Fixed time Operation

m  Update of the Research Vision
+ Change of Social & Administrative Demand/
+ New Knowledge, Technologies
+ Demand Specific in Japan

m Research Roadmap Update
+ Refined ...
+ Clear in Short, Intermediate & Long Term objectives

m Updated Version of the Research Vision
will be Published in 2010 \

28
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Thank you for your attention!
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