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e¢* ENRI (Electronic Navigation Research Institute) is a public researcl
institute for aeronautical CNS (Communications, Navigation and
Surveillance) and ATM (Air Traffic Management).
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* Aeronautical navigation and GNSS
- Requirements for air navigation
- GNSS-based air navigation

* lonospheric effects on GNSS and mitigation
- lonospheric disturbances and mitigation
- lonospheric threat model development in the Asia-Pacific
region for air navigation

* Potential use of space weather information for air
navigation
- Five-year research program of ENRI
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Requirements of air navigation

Different levels of requirements for different flight operations

Horizontal| Vertical
Phase Accuracy | Accuracy | Integrity | Time-to-alert | Continuity | Availability
(95%) (95%)
Enroute | 2.0NM : -IX1077 1 smin | (11510850 110.99-0.99999
En route, |-1x10-7/ |-1x 104
Torminal 0.4NM - i | 5sec 11108 /o | 0.99-0.99999
Initial
- ’- |-1x10-7/ |-1x10:4
intermediate, | 720ft - X | Osec 150 oy | 0.99-0.99999
(2 -2x 10~/ 1-6x]0° per
APV*Q@)| 52ft 66ft in any | Osec 'Ssach o | 0.99-0.99999
approach
2 1-2x10° |-6x10¢ per
APV*Q@)|| 52ft 26ft in any 6sec IGsach o | 0.99-0.99999
approach
Precision |-2x10-7 i
Approach 52t | 26-13ft in’énay bsec | 1-6%107 per| 9.99.0.99999
(Category-l) approdch

*1 NPA: Non precision approach

*2 APV: Approach operations with vertical guidance

[Annex 10 to the International Civil Aviation Convention]
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ENRI GNSS-based air navigation
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* |ICAO'(D promotes migration to GNSS?-based navigation from
conventional (ground-based)

* Requirements defined by ICAO
- Very high safety (integrity) requirements
- All the requirements (accuracy, integrity, continuity, and
availability) must be fulfilled together for operational systems

* Augmentation systems are required to meet the requirements
-  SBAS (Satellite-based Augmentation System):Wide area
-  GBAS (Ground-based Augmentation System): Local area
- ABAS (Aircraft-based Augmentation System): Aircraft stand-
alone

* Currently only L1 frequency signal can be used for air navigation
- GPS L2 signal is not in a frequency band protected for aviation
- L5 signal will be available for air navigation in the future

*1 ICAO: International Civil Aviation Organization
*2 GNSS: Global navigation satellite system AOSWA -3, Fukuoka, 2-5 March 2015
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ENRI Errors in GNSS measurements
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ENRI lonospheric impacts on GNSS-based air

_ navigation

* SBAS and GBAS are based on differential GNSS technique

- Spatial decorrelation of ionospheric delay is the major
error source

* Number of available satellites is an important factor
- More satellites, better satellite geometry and
- Better position accuracy with smaller error bound

Satellite

%k Spatial difference in
ionospheric delay and
GBAS

lonospheric
delay

erroneous

position solution Ground reference

statoin

’ Airport
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ENRI lonospheric disturbance with large spacial
decorrelation
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ENRI lonospheric threat model

* lonospheric threat model describes how the ionospheric
parameters relevant for a specific GNSS-based systems

lonospheric delay gradient and lonospheric delay gradient in the nominal
— velocity in disturbed conditions (US) condition (Japan)
I High EI Stationary 0 S -Nin TOtaI Of 2001
700 I High EI Moving 10 s B S B E S e S, 1'0"G'au's§ia'n?
101 3 - ——2.670 :
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F % houndi -' |
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9 ' ; :
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lonospheric delay gradient at lono gradient ( mm/km )
L1 rfrequency [mm/km] [Yoshihara et al., Japan Inst. Nav., 2010]

[Lee et al.,, ION GNSS 2006]
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ENRI Prototyping and validation

u GBAS airborne experimental
subsystem and flight experiment
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le Mitigation efforts in Asia-Pacific region

* lonospheric Studies Task Force (ISTF)
- Established in the ICAO Asia-Pacific Region in 2012
- Objectives
* Facilitate ionospheric data collection and sharing
* Study the need for development of regional
ionospheric threat models for GBAS and SBAS,
* Develop them if the need is identified.

* Observation data have been contributed by member States

* 5th meeting was recently held in Japan (16-18 February 2015)
- |6 participants from 6 States
- 7 observers from industries and air navigation service
providers
- Need of regional ionospheric threat model for GBAS was
identified.

* ENRI is leading this activity.
AOSWA -3, Fukuoka, 2-5 March 2015
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ENRI| Space weather information and air navigation

-

* lonospheric phenomena are important part of space
weather.

* |CAO [2th Air Navigation Conference recommended
- to study optimum ways of utilizing space weather information to
facilitate global use of GNSS
- to work on the ionospheric issues in a coordinated manner

* Space Weather Concept of Operations (ConOps)
- Under development
- Define how space weather information should be utilized for
mitigation of impacts on
- Navigation
- Communication
- Radiation dose

AOSWA -3, Fukuoka, 2-5 March 2015
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ENR| Research program of ENRI for space

k/ weather information utilization

* Development of ionospheric threat mitigation algorithm for
GNSS-based air navigation

-  Five-year program from April 2015 to March 2020
- Utilize space weather information

+ Not limited to self-contained systems

+ Integrity consideration

- Development of concept of space weather utilization suitable
for the low latitude region

- Development of ionospheric anomaly mitigation technique for
GNSS with space weather information

- Feed back to ICAO Space Weather ConOps

- lonospheric observations to understand characteristics of
ionospheric and space phenomena that have impact on GNSS

AOSWA -3, Fukuoka, 2-5 March 2015
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ENRI Summary
_

* GNSS is expected to be a main enabler of next generation air
navigation

* High safety (integrity) is required for air navigation at the same
time as accuracy, continuity, and availability

* Mitigation of lonospheric impacts (ionospheric delay gradient,
scintillation) is the key point to facilitate GNSS implementation
for air navigation

- lonospheric threat assessment and threat model development
undertaken by ICAO lonospheric Studies Task Force in the
Asia-Pacific region

- ENRI will launch a five-year program for development of
ionospheric threat mitigation algorithm for GNSS-based air
navigation

AOSWA-3, Fukuoka, 2-5 March 2015
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organiser  Electronic Navigation Research Institute
Admission Free

Language Eng"sh »Simultaneous interpretation provided

THE 4TH ENRI INTERNATIONAL WORKSHOP ON ATM/CNS (Plenary session only)
~ Global Harmonization for Future Sky ~ | peadiine o March 31, 2015 ‘
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EIWAC 2015 is a conference in the area of Air Traffic
Management (ATM) and its enabling technologies in

* ATM Modeling

Communication, Navigation and Surveillance (CNS). EIWAC * ATM Performance
2015 includes presentations for both tracks of academic * Trajectory Management
discussions and interchanges such as introductions of R & D » Airport Management
activities, project updates and perspectives.
» Safety
* Human Factors
Progom « Avionics

» Traffic Capacity & Congestion Management

Nov. 17(Tue.) Nov. 18(Wed.) Nov. 19(Thu.) * GNSS and related topics

* Performance-based Operations

Opening | SpeCI?| ULLES Specna.ll UL « Remotely Piloted Aircraft Systems(RPAS), UAS
Plenary session Technical sessions  Technical sessions « Aviation Weather

- Keynote Addresses  pogter session Poster session e Environment

EXhlblﬂ?n | Exhibition Exhibition * Air-Ground Integration

Reception(evening)

*meal charges ¥3,000 * Information Technology

* Visit http://www.eiwac2015.jp ! AOSWA-3, Fukuoka, 2-5 March 2015
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