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Overview of Presentation

1. Overview of currenGNSERNSStatus

2. Opportunities with muliGNSS
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Multi-GNSERNSE System Overview

A Global systems
I USA Global Positioning System (GPS)
i Russia Df 2 0 | Navigaksiernnay&putnikovaysistema
(GLONASS
I EU Galileo
I China  BeiDou

A Regional and augmentation systems
I Japan QuasiZenith Satellite SystenQZSH

I India Indian Regional Navigation Satellite Syst#RNSH
I WAASEGNOSMSASGAGANSDCM
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GNS3 a Nutshell: Operational Status
_

30/04/2016 NAVCEN

GLONASS 23 28 30/04/2016 Information Analysis Centre2
Galileo 10 12 29/03/2016  EuropeanGNSService Centres
BeiDou2 14 16 29/03/2016  China Satellite Navigation Syste
BeiDou3 6 6 Office

QZSS - 1 30/04/2016  QZvision*4

IRNSS 7 7 30/04/2016 IndianSpace Research

Organisations
91 101

*1: http://navcen.uscg.gov/?Do=constellationStatus

*2: http:// www.glonassanc.rsa.ru/en/index.php

*3: http://www.gsc-europa.eu/systernmstatus/ConstellatioAnformation

*4: http:// qz-vision.jaxa.jp/USE/en/naqu

*5: http:// www.isro.gov.iirnssprogrammetowards-selfreliancenavigationirnss
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GPS Constellation Status
(30 .04.2016 )

31 Healthy Satellites

Baseline Constellation: 24

A 12 BlocklIR satellites
A 7 Block IIR -M satellites
A 12 BlocklIF satellites

i Broadcasting L5 nsafety of
I Better resistance tojamming

i Thefinal GPSIIF satellite was launched on 5 February
2016 and becameavailable to users on March 9.

A Future Block Il satellites (FY17)

I Signals 3 times more accurate than current GPS

I Provide military users up to 8 times improved anti -
jamming

I Increase SV operational life (25% longer than Block IIF)

I New L1C signali interoperable with other GNSSs
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Increasing System Capabilities E Increasing User Benefit

Block [A/IIR

Basic GPS
A Standard Service
I Single frequency (L1)

I Coarse acquisition (C/A)
code navigation

A Precise Service
i Y-Code (L1Y & L2Y)
i Y-Code navigation

Block IIR -M, IIF

IR -M: IA/IIR capabilities plus
A 2nd civil signal (L2C)
A M-Code (L1M & L2M)

IIE : IR -M capability plus
A 3rd civil signal (L5)

A2 Rb+ 1 Cs Clocks

A 12 year design life

Block Il

A Backward compatibility
A 4th civil signal (L1C)

A 4x better User Range
Error than IIF

A Increased availability
AIncreased integrity
A 15 year design life



Standard Positioning Service (SPS)
Signal -in -Space Performance

6 - 2001 Standard Positioning Service (SPS)

Performance Standard (PS)
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System accuracy better than published standard




GPS Horizontal Position Accuracy

Horizontal Position Error Histogram: 1 April - 30 June 2014
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Source: http://www.gps.gov/systems/gps/performance/accuracy/
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GLONASS
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A GLONASS Program is high priority of the Russian Government

ThePr esi denti al Decree ~ 638 dG@OKRASS (Gohal 1
Navigation Satellite System) for the Benefit of Social and Economic Development of
the RussianFeder ati ono

GLONASS open service is free for all users
GLONASS achieved FOC 19 December 2011

GLONASS performance to be comparable with GPS

GLONASS will continue
i Keep the GLONASS traditional frequency bands
I Transmit existing FDMA signals
I Introduce new CDMA signals

New GLONASS Program (2012 7 2020)
I Adopted 3 March 2012
I GLONASS sustainment, development, use

International cooperation i make GLONASS as one of key
elements of the international GNSS for worldwide use




= Constéllatimnssialys
(30/04/2016)

Number of operational satellites

——5Satelites in past —Forecast

Total in orbit
Operational (healthy)
In maintenance

Under check by the Satellite
Prime Contractor

Spares

Flight Test

Thecurrent configuration of GLONASEonstellation enablexontinuous
navigationworldwide.
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A GLONASS constellation is 100% deployed
T 2002 6—7 Satelhtes - ® Anticipated (in 2006) W Anticipated (in 2002) ™ Obtained
i 2012 24 satellites

A Availability
I 2002 18%
I 2012 100%

A Accuracy
i 2006  35m (1sigma)
i 2012 2.8 m (1 sigma)

Performance Improvement

Plan (URA, m)
I I (5]
I I 075
I i
2018 2019 2020




GLAONMNAS Modernisation Plam

1982 2003 2011 2013-2014

NGl onasso NGl ond&ds NGl onkE® NGl o3&

A3 year design life A7 year design life A 10 year design life A 10 year design life
A Clock stability -

5%1(-13 A Clock stability A Unpressurized A Unpressurized

. 1*10°13 A Expected clock A Expected clock stability
AflzgSnFa‘ISLlIE)lFSF’ ASignajs: Glonass + Stablllty ~10é5%10 ~5¢é 1 *4 {
’ ’ L20F (FDMA) A Signals: A Signals:

Glonass-M + L30OC Glonass-M + L10OC,
(CDMA) T test L30OC, L1SC, L2SC

satellites goingto launch8 A SAR (CDMA)

A Real operational life  satellite by the end A SAR
time 4.5 years 2012

CDMA signals general structure already designed
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GALILEO
Navigation solutions powered by Europe

Galileo Implementation Plan

Full Operational Capability

Galileo is |mplemented Full services, 30 satellites

in a step-wise approach

Initial Operational Capability

By 2020 Galileo will be: Initial services for OS, SAR, PRS,
fully deployed and recognised and demonstrator for CS
adopted by the widest user 2016
communities
a civilian infrastructure delivering In-Orbit Validation

robust positioning and timing 4 fully operational satellites
services with high degree of and ground segment
performances 2013

GIOVE A/B
2 test satellites

2005/2008

Galileo System Testbed v1
Validation of critical algorithms -

2003 GALILEO
GIOVE
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GALILEO

Navigation solutions powered by Europe

The Galileo Service

Freely accessible service for

SipEn eElERes) positioning, navigation and timing

MU A EDTIEVCL STV -l  Encrypted service designed for greater
(PRS) robustness in challenging environments

Search and Rescue Locates distress beacons and confirms
Service (SAR) that message is received

Delivers authentication and high accuracy

Commercial Service (CS) . : .
services for commercial applications

Integrity Monitoring Provides vital integrity information
Service for life-critical applications




Galileo Space Segment

Navigation solutions powered by Europe

irst four satellites (I0V) launched in
011 and 2012

Satellite 5 & 6 are recovered and
safe on improved orbits

Satellite 7 & 8 launched
on 27 March 2015

26 satellites to be launched by 2018




\0‘emati°’76/

FIG/IAG/UN-GGIM-AP/ICG/LINZ Technical Seminar :{‘ Q’%
Vertical References Frame in Practice ;&?,’ ! ,(j/_\:
Christchurch, New Zealand, 1-2 May 2016 J\(/Q’Ies,AeN\QQO\Q

BeiDou
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J History and Innovation

A BeiDou1 (200Gs)

I 2 GEO satellites, active positioning syst:
A BeiDou2 (formerly Compass20072015

I Regionabkervicewith a total of 15 satellite

A 6 GEO, 6GSO4 MEO (Feb 2016)
A BeiDou-3 (2015- 2020

I Globalservicewith a total of 35 satellites
A5 GEO, 2MEQ 31GSO
A1 February2016: 21sBDSMEQ satellite
A5 April 2016: 2% BDSIGSQ satellite
A Another 18 satellites by the end of 2018

22



Constellation
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 |IRNSS - Regional Navigation Satellite System
* IRNSS consists of 7 Satellites

« 4 Geo Synchronous Orbit (GSO) satellites at 55° E and
111.75° E at an inclination of 29°

« 3 Geo Stationary Satellites (GEO) at 32.5° E, 83° E and
129.5° E

« |IRNSS transmits signals in LS band (1176.45 MHz) and S
band (2492.048 MHz)




-71.. [ Indian Regional Navigation Satellite System (IRNSS)

v A IRNSS shall provide two types of servic&sandard

Positioning services (SPS) and Restricted Servic
(RS)

A 7 IRNSS satellites are successful realized in orbit
i 5 IRNSSE, GSQ20 January2016
i 61 IRNSSF, GEO1QMarch2016
i 7th: IRNSSG, GEO28 April 2016

A Current constellation satellites are functional with
navigation signals irbland Sband.

A Efforts to bring in 1-band in future satellites are
under progress.

A Renamed Navigatiorwith Indian Constellation or
NavigN § 6 £ksHilor navigato

27



~A-- l Indian Regional Navigation Satellite System (IRNSS)
zwil|isFa

NRSC HYDERABAD :IRNSS DF 3DRMS Position Error:6.22(m), Duration : 18/10/2015,0:0:0-24/10/2015,23:59:58UTC
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QZSS
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Current Status

FEMZETRIRRE
Japan Aerospace Exporation Agency

D b b b b b #di-enith-atellite-yster® B B B B b #D&3>i - enith atellite yster® D B D D b dd&5i enith atellite yste® DD DD D D D

AThe firisMCHRIBIKIce | wa st el aiunched
September 2010.

SIS-URE in the 1S-QZSS (Interface Specification of QZSS) is +/- 2.6m (95%).
JAXA confirmed that the stability of MICHIBIKI SIS-URE using 12 days duration,

and the time percentage in spec is 100%.
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FHNAZH RSN

We confirmed the accuracy of the combination of GPS+QZSS improves
because of DOP and good ionospheric correction parameters from MICHIBIKI.
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Evaluation conditions
- point: Tokyo ( Koganei Monitoring Station)

- date: 2011/06/03 00:00:00 23:59:30( GPSI
- mask elevation angle: 10 degrees

- ionospheric correction

GPSonly using the parameters from GPS

GPS+QZS using the parameters from  QZSS

O FRLP N WO o N 0 O

b

0123 456 7 8 9 1011121314151617 1819 202122 23

Positioning accuracy (m)

{‘\ Improvement

GPS only [GPS+QZSS

Horizontal Average 1.451 1.027
RMS 1.773 1.232
Max 4.885 3.209
Vertical Average 3.204 1.540
RMS 4.122 2.080
Max 0.388 5.828
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One Example of Availability Improvement
' at Glnzaln Tokyo (Feb. 19 2011)

FHNAZH RSN

' 1l L P . )
a_y=RS ?‘Fi"’zw Z;z; il : smgﬁ;\/ge@,ﬂm Date of Observation: 19/02/2011
=N ¥ ) -~ 4 = . - . .
' i' ‘%% Sy O . 2 + = 250 minutes driving observation data
HH B J Dok iy My = INTHE2™ . .
g + during 6:00-12:30 obtained under JAXA-

Melco joint research experiment

Single Frequency DGPS positioning
Availability

GPS 395
) GPS+QZSS 69.1

CRCEY ﬁmm
(R R LY

Iim Lﬁ/ ’%E“’
\

©2011ZENRIN (Z05E-008)

= Reference trajectry (measured by MMS)
Positioning result for GPS standalone use
® Positioning result for GPS+QZSS combining use
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What doeanulti-GNSS mean
for user<
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More Satellites

Visible satellite number (mask angle 30°)

Visible Satellite Mumber at TimerStep™ 145

B0 | 4k

G0

0 30 50 90 120 150 180 210 240 270 300 330 360

Longitude (deg)

GPS(27)&lonas€24)+Galileo(3p+BeiDoy35)+QZS8B)HRNSE)+SBAS(7

T
_ ! L _
30 35

10 15 20 25 30 35
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More Signals
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