+# Cabinet Office s

National Space Policy Secretariat

QZSS System Update

Quasi-zenith satellite system,
Japanese Regional Navigation Satellite System

The 5th Japan-EU GNSS Roundtable
Nov. 25, 2021

A

NUMATA Kenji Prv e 1

Director for QZSS Strategy Office
National Space Policy Secretariat

Cabinet Office, Government of Japan




Contents

1. QZSS Overview
2. QZSS Development Status and Future plan
3. QZSS Research and Development

# Cabinet Office

National Space Policy Secretariat

3

:
=t

E

ﬂ:i.
Q|



1. QZSS Overview

* Functional Capability:
— GPS Complementary Service (PNT service)
— GNSS Augmentation Service
— Messaging Service

 Coverage: Asiaand Pacific region
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e Constellation:

— One GEO satellite, QZS-3,
127E Longitude

— Three QZO satellites (IGSO)

EXREE

Quasi-zenith orbit

* Ground System

— Two master control centers
e Hitachi-Ota and Kobe

— Seven TTC Stations

* Located south-western
islands

— Over 30 monitor stations
around the world
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1. QZSS Overview &'é‘i,!
e (QZSS Master Control Centers

http://www.mlit.go.jp/koku/15_bf 000367.html v Two control centers are
available with site diversity.

v Hitachi-Ota is a main operation

& i site and Kobe is a redundant

(SRS MRS it

QZSS Control Cent-er',u Hitachi-Ohta,

. . http://www.mlit.go.jp/koku/15_bf_000367.html
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e Seven TTC (Telemetry, Tracking, and Command) stations: Most are at the southern
part of Japan to ensure continuous visibility of satellites .

e All TTC stations were built and set operational by the end of 2016.
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1. QZSS Overview
rLaunch of the QZS-1R

e The QZS-1R, which is the successor of the first QZS, was launched by H-IIA Launch
Vehicle No. 44 at 11:19 a.m. on October 26, 2021 (JST) at the Tanegashima Space
Center.

* The launch was successful and the satellite has been injected into the proper orbit
and secured three—axis attitude until November 3.

* Currently, the IOT, in—orbit—test, of the satellite is being performed, and the satellite
will be able to start its service by the end of March.

[ IEEEES

H-IIA Launch Vehicle No. 44 (provided MHI )



e GPS Complementary Service

v’ QZSS improves positioning
availability

« Navigation signals L1-C/A, L1-C/B,
L1C, L2C and L5 coming from
high elevation (near zenith) help
improve PNT availability.

« QZSS is the first L1C and L5
signals provider offering inter-
operability among other GNSS.

« SIS-URE, Signal-In-Space User
Range Error: 2.6m (95%)
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1. QZSS Overview

* GNSS Augmentation Service (1/2)

* One of the augmentation service is SLAS, Sub-meter Level Augmentation
Service, for domestic.

« SLAS achieves an error within 1-m in horizontal and 2-m in vertical by
adding L1S signal.

’---------\

¢ i SLAS depends on DGPS technique.
' Ground Segment | (code phase positioning)
| Sub-meter Level Augmentation Data
I L1S (250 bps)
l
I ks
T
[ AnEny . Using QZSS
I Reference \ A ; Augmentation Signal
I stations ' ~2m
| 1 il
l Augmentation
‘ Data Generation
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1. QZSS Overview

* GNSS Augmentation Service (2/2)

» Another one is CLAS, centimeter cLass Augmentation Service, for
domestic.

NF

* CLAS achieves an error within 6.0-cm in horizontal and 12.0-cm in vertical
by adding L6 signal.

’---------\

¢ SLAS depends on carrier phase positioning technique.
' Ground Segment (PPP-RTK)
[ . .
I Centlmeter class Augmentation
1 Data L6 (2000 bps)
1 -
1
I GNSS Earth I
| Observation |
I Network ! lwm |
| (GeoNET) |
I Augmentation |
\ Data Generation /I Precise Survey [T Construction  IT Agriculture
S
[ - :
v Real-time Users (cm level accurac
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1. QZSS Overview

* Messaging Service

« The QZSS safety confirmation service, Q-ANPI, is also available as a
communication service for domestic.

* It is achieved via GEO satellite, QZS-3, and performed S-band two-way

communication. |
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browsed at web-site Using Smartphone App, Info. such as shelter’s capacity,
| EE;EEE via Internet shorten resources, s.afety of evacuee collected, etc and sent to
‘ the Q-ANPI center via QZS-3

Disaster organization, Municipal government
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This service is available on S-band devices that support Q-ANPI, Q-ANPI terminal. ]




1. QZSS Overview L
* MSAS: Japanese SBAS

« MSAS is provided by JCAB, Japanese Civil Aviation Bureau, with QZS-3 operated by
CAO from April 2020 which is augmented GPS for utilizing reroute, terminal and
approach phase.

« As addition update plan of MSAS, it will improve performance to LPV 200 like as ILS-
CAT 1 (precision approach) under seven constellation system.

SBAS(MSAS) Facilities QZSS Facilities

GPS Satellites

<>
- <>

GPS Signal

i

1

1

1

1

1

1

1

: Technical Management Center
I Evaluation/Validation
I - Backup for Hitachi-Ota
1
1
1
1
1
1
1
1
1
1
1

Monitor
Stations

Master Stations
(Control Centers)
Hitachi-Ota and Kobe

JCAB CAO
MSAS: MTSAT Satellite-based Augmentation System

lcabinet Ofﬂce LPV: Localizer Performance with Vertical guidance

National Space Policy Secretariat ILS-CAT 1 :Instrument Landing System — Category 1 12


http://www.central-air.co.jp/aircraft.html

2. QZSS Development Status and Future plan -

 Development Plan

* as mentioned above, the QZS-1R, which is the successor of the first QZS, was
launched in October.

» The seven satellites constellation is scheduled to complete by JFY2023. We
are currently developing three new satellites and upgrading the ground system

for them.
FY2010 / { FY2015 FY2016 FY2017 FY2018 FY2019 FY2020 FY2021 FY2022 FY2023 FY2024
- ' L
QZS-1 laungh QZS-2 launch | L=

QZS-3 launch =§=
QZS-4 launch 4=

QZS-1R launch ==

QZS-5 launch L=
QZS-6 launch ==
QZS-7 launch =}~

7-satellite

1-satellite constellation 4-satellite constellation constellation
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2. QZSS Development Status and Future plan E{

 The three additional satellites will be placed on an Inclined Geosynchronous Orbit, a
Geostationary Orbit on 90.5 East Longitude and a Quasi-Geostationary Orbit on 175
West Longitude. This constellation aims to be as follows:

v" More than one satellites can always be seen at high elevation angle.
v' More than four satellites can be seen as long as possible.
v' The DOP, Dilution Of Precision, can be as low as possible

c o Satellite orbit Satellite Orbital
<@§J Number | Position
st 5
QZS-1R e QZS-1R 148 deg E
_ . QZS-2 139 deg E
>~\©\ / Geosynchronous Orbit 0754 139 deg E
\/) D 'S (4 satellites) 0755 139 deg E
e
0 RRQ/ 9 X Geostationary Orbit QzS-3 127 deg E
Qzs- 6(GEO) %J&QZS 3(GEO) J/QZS_7(QGEO) (2 satellites) QZS-6 90.5deg E
y[ ﬂ %\T Quasi
Y ’ \Jf\« QZS-2% . Geostationary Orbit QZS-7 175 deg W
/ N ‘ (1 satellite)
( Qzs-4 ———
f N %
//‘7 d | \[ ‘ /"!‘\ L
Seven-QZS Ground Track . f\
# Cabinet Office -2 14
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« To improve the accuracy of user positioning, it is necessary to estimate the orbit and
time of each satellite more accurately. In order to improve these, :

v' The three new satellites will be equipped with inter-satellite ranging capabilities.
v' The three new satellites and the upgraded ground system will be equipped with

ground-satellite ranging capabilities.

Improve the error in the
radial direction

Sum of Up and Down signals to
remove time error

New ground station
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2.1. Navigation Message Authentication H{;’!

» While the use of GNSS is getting more widespread, there are increasing concerns
about jamming and spoofing technologies that interfere with positioning signals.

» Therefore, the "signal authentication function"” for QZSS will be developed by JFY2023,
which will be used “electronic signature" technologies to prove that the navigation
message contained in the positioning signal will be authentic.

QZSs

o
positioning signal PrY o
. L I Wwith e- &gnatuy@“ ol ‘5‘
Signal authentication ,_ S|gnature ‘ / 5‘ & S
system > Ve & ‘Vj S &
Private keyﬂllé Navigation @ : [ ignal
L 2 Ground system Interfering
| message —~— signals
1 Pair _——’

i Compatible receivers
Although a compatible receiver is required for an user to
receive this service, the message with e-signature will
increase the "reliability" of positioning and timing
information, and will be used in a variety of use cases such
as automobiles and financial systems.
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2.2. MADOCA-PPP g{;;;

« The experimental augmentation signal of MADOCA-PPP, developed by JAXA, is now
available for Asia-Pacific region.

« The operational service of MADOCA-PPP using the same delivery format as CLAS will start
no later than JFY2024.
v To reduce initial convergence time of MADOCA-PPP, the ionospheric correction data for
Asia Pacific region will be broadcasted from JFY2024 as an experiment.
v Japanese GNSS Monitoring Station Network, (Multi-GNSS Integrated Real time and
Archived Information system : MIRAI) will start from JFY2022. *~

-~;
International \M;\
GNSS )) lonospheric correction
Monitoring MADOCA'EPP ' ' ) data will be provided via
Station g aung'1enta'1t|on 5|gnals will L6D signal on QZS 5-7.
provide via L6E signal on
Network i QZS 1R-7.
MIRAI
A Enhancement of MADOCA-PPP
system
* Generate MADOCA-PPP
augmentation data for QZSS, GPS 1\
and Galileo, and transform _ N
R uplink data format. — ————
- Monitoring * Generate ionospheric correction F—— momcscommmds
j 7 Systems data for Asia Pacific region Fast PPP convergence time would be able
(collaboration) to reduce with QZSS wide area ionospheric
i : : . correction.
4 CawunicL unice
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3. Research and Development

Future system performance directions and elemental technologies

The tentative proposal for future satellite positioning initiatives was announced in JFY2021.

Technical issues have been identified for the future QZSS configuration, and performance
improvement of onboard equipment for the successors of QZSS 2, 3 and 4 and beyond.
The R&D schedule has been being considered with taking into account JFY2032, when the
currently operating satellites, QZS-2, 3, and 4, will reach the end of their design life.

) R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12 R13 R14
Japanese Fiscal Year
2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029

2030 | 2031 | 2032

Operation of a 4-satellite constellation Operation of a 7-satellite constellation
(Positioning services in conjunction with GPS) (Sastanable Positioning Service)

| a | | asal ___ . __
h | Investigation and development of successor satellites necessary to maintain and
Basic Plan on Space Policy QIR Launc l Q|5'7 Launclh : improve sustainable positioning service capabili
Tlmgllne ; piﬁz Iofgr0 @ \l Investigation of the future of Japan's satellite positioning system from a medium to long-term perspective )
(FY2020 reviced version) y

satellite
positioning coordination

Advancement of positioning technology, including improvement of accuracy and reliability and enhancement of resistance, based >

on overseas technologytrends, e

System Short-term research and ; Orbit-
investigation SevED e Development of successor satellites Q2-4 PartA‘l Raising
Q2-4 successor satellites Launch Part1 A
- \ Orbit-
Developmentof successor satellites Q2-4 Part 2  Raising
02-4 successor satellites Launch Part 2 *
R&D plan | ueep ffes Launeh, g|
(draft) *Number of satellites varies depending on the system investigation on FY2021
System

investigation Medium to long-term research and development

Development of next
generation positioning

- T e W | il
# Cabinet Office
National Space Policy Secretariat ~ *QZS-2 Launch on July 1 2017, QZS-3 Launch on August 19 2017, QZS-4 Launch on Oct 10" 2017
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For more information, please visit our web site
http://gzss.go.jp/en/
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| 1 ey
QZSS Overview -System Architecture- Wi
Ranging Signals of QZSS
ZS-1/1R|QZS-2/4| QZS-3
Signal Frel\q/lllj_lezncy Service Compatibility Q 1GS0 QIGSO QGEO
L1C/A Positioning Complement GPS v v v
L1C Positioning Complement GPS v v v
L1C/B Positioning Complement GPS 4 - -
*only QZS1R
1575.42 Augmentation(SLAS) DEFS v v 4
L1S (Code Phase Positioning)
Messaging Short Messaging v 4 4
L1Sb Augmentation(SBAS) | SBAS (L1) Service - - v
L2C | 1227.60 Positioning Complement GPS v v v
L5 1/Q Positioning Complement GPS v v v
1176.45 7
LSS Experimental(L5 SBAS) | L5 SBAS (DFMC) only 0751 4 v
: PPP-RTK
L6D Augmentatlon(CLAS) (Carrier Phase Positioning) v 4 z
1278.75 PPP, PPP-AR v
L6E Expe”mental(MADOCA) (Carrier Ph’ase Positioning) | *only QZS1R v v
B WU TITCG O I IS 21



