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1. QZSS Overview
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QZSS Overview -System-

m Constellation:
1 GEO Satellite, 127E
3 QZO Satellite (IGSO)

m Ground System
2 Master Control
Stations
= Hitachi-Ota and Kobe
7 Satellite TTC Stations
= Located south-western

islands

Over 30 Monitor Stations
around the world
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QZSS Overview -Services-

m Functional Capability:
[1PNT Service (GPS complementary ranging signals)
1 Augmentation Service (GNSS error corrections) 5
1Messaging Service (EWS and disaster management)

m Coverage: Asia and Pacific Region
1Augmentation service covers only Japan

= Experimental service provides error corrections in Asia Pacific region

-

# Cabinet Office
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QZSS Overview -Services-

Functional Capability 1 PNT Service

QZSS improves positioning

availability

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

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

* SIS-URE: 2.6m (95%)
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QZSS Overview -Services-

Functional Capability 2 Augmentation Service

Sub-meter Level Augmentation Service: SLAS

@ Differential code phase positioning

——— —— —— — . ] ®H 1.0 m (95%), V 2.0 m (95%)
ll Ground Segment 3y P ® Domestic Service
1 : \‘:_-'f Sub-meter level Augmentation
] M . R Data on L1S signal (250 bps)
1 %@ Ry
: Sl \—"’ Using QZSS
I A 1 ’ W' Augmentation Signal
Reference | ; - -
1 Stations 1 2m
| I
| it L
1 Augmentation |
\\ Data Generation /
T Using GPS only ~10m
# Cabinet Office v Plus Standard SBAS Service from 2020

National Space Policy Secretariat
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QZSS Overview -Services-

Functional Capability 2 GNSS Augmentation Service

Centimeter Level Augmentation Service: CLAS

® Carrier phase positioning, PPP-RTK
® RTCM SSR uses for OSR calculation
® H 6.0 cm (95%), V 12.0 cm (95%)

® Domestic, land service

.y

N
/  Ground Segment \I

'/v
N ~ s Centimeter class Au i
gmentation
M % = p— Data on L6 signal (2000 bps)

GNSS Eart I
Observation 1
Network i ME 1
(GEONET) 1
Augmentation |

Data Generation ||

7

~ 7 Precise Survey T Construction IT Agriculture

# Cabinet Office Real-time Users (cm level accuracy)
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QZSS Overview -Services-

Functional Capability 3 Messaging Service

Satellite Report for Disaster and Crisis Management (DC Report)

m{% QZSS ® Using margin of L1S signal data

B ® Same service coverage as PNT
ﬁ- service (Asia and Pacific Region)
Disaster Info. provided by ’
JMA such as Tsunami,

A > Using one of four slots of
Volcanic eruption, weather L1S:1575.42MHz, once a four
warning and so on. seconds, 250 bits short code can
L1 transmits disaster management info
with applicable location

DC Report available Handset

A B i

Japan Meteorological

Agency (JMA) Ground Control

Segment Rx can select the Info which shown the
lCabinet Office devices depending on their location
National Space Policy Secretariat

QZSS Overview -Services-

Functional Capability 3 Messaging Service

QZSS Safety Confirmation Service (Q-ANPI) |
Py ® Two-way S-band communication link
® Only #3 QZS (GSO SV) has capability
#3 QZS to provide Q-ANPI —
(GEO) ® Domestic service ' / 3{
vacuation NS \
Shelter o },iﬁjﬁ. .
Wifi, BLE <22 _/'_: <
Ground 4 d (@@= ¥ & age. 1
Control \ﬂ% A 1 I
Segment

Collected Info is
browsed at web- TQ'ANPII

' site via Internet erminal
el

Disaster organization, Municipal

TEE MOE MSE 1SOL 15

Using Smartphone App, Info such as shelter’s capacity,

shorten resources, safety of evacuee collected and sent to
the Q-ANPI center via QZS-3

) go‘femmem This service is available for S-band devices
# Cabinet Office that support Q-ANPI, Q-ANPI terminal. 5
National Space Policy Secretariat

2019/9/26



QZSS Overview -Signals- %
Ranging Signals of QZSS

5 Frequency . QZS-1 |QZS-2/4| QZS-3
Signal MHz Service Contents 1GSO | 1650 | GEO
L1C/A PNT Ranging v v v

L1C PNT Ranging v v v

. DGPS
L1S 1575.42 Augmentatlon (SLAS) (Code Phase Positioning) v v v
Messaging DC Report v v v
L1Sb Augmentation (SBAS) [SBAS (L1) Service| - - v

L2C | 1227.60 PNT Ranging v v v

L5 1/Q PNT Ranging v v v
1176.45
L5S Experimental (L5 SBAS) | L5 SBAS (DFMC) - v v
; PPP-RTK
L6D Augmentatlon (CLAS) (Carrier Phase Positioning) v v v
1278.75 : PPP, PPP-AR
L6E Experlmental Doy (Carrier F‘h’ase Positioning) ) Y Y

# Cabinet Office
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QZSS Development Plan

QZSS Program Schedule (Latest)

November 1, 20|18

JFY 2015 | 2016 | 2017 2018 | 2019 | 2020 | 2021 2022 2023~
o ——=m=ed e =t =3 A h No. 1R
1st Michibiki : ! | 1% Michibiki
Iln-Opelratlon " : replacement satellite
1
T T .
Launch No.2,3,4 1
QZSS AA v
4-SV A QZSS Service
Constellation Service-In

SBAS Service

QZSSs
7-SV
Constellation

Feasibility Study D€

elopment of additional 3 SV

Launlch No.5,|6,7

In Orbit Test

1.
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Latest Status of QZSS Service Provision“ge

£

and Future Expansion

Official Service Launch
® On November 15t 2018, Prime Minster Shinzo Abe attended the ceremony
to commemorate the launch of _ Service.

e

Latest status for the next generation system deployment
e The procurement process for QZS-5, 6, and 7 has started in 2018.
e The contract for update of ground control segment will follow soon.

# Cabinet Office

National Space Policy Secretariat
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2. Recent Evaluation Results
Official Services
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QZSS Performance -PNT Service-

| Performance (SIS Accuracy)

3

GZ5-1 Daly SIS-URE 95% (m) [ Evaluation Period ]

2018/09/01~ 2019/07/12

2t

1

s i soodnte peimana st | [ Eygluation Results ]

DgU?ms 11-2018 01-2018 03-2018 05-2019 07-2019 Specification: Lessthan 2.6 m (95%)

1 QZ5-2 Daily SIS-URE 95% (m)

2t

k L . i 1 » *
L. o S R = te, QZS-1 0.54 m 0.41m 461m
0902018 " .ZUIB o-z2018 0 éDIS 05-2019 ar éDIS )
5 025-3 Daily SIS-URE 95% (m) QZSs-2 0.82m 0.43 m 1.28 m
2 |
e s e QZS-3 0.88m 0.58 m 1.37m
! .‘:‘«,M,MWW B RS N IR RN
0
09-2018 11-2018 01-2018 03-2019 05-2019 0r-2019
5 QZ5-4 Daily SIS-URE 95% (m) Qzs-4  0.87m 0.59 m 1.30m
z { * Due to the anomaly of a onboard atomic clock

1 E i o s S et g

0
09-2018 11-2018 o-2018 03-2018 05-2019 012019
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Improvement of the ranging accuracy of
QZS-1 to 4 is now on going.

14

monitoring station:

@ Sapporo

@ Sendai a1

@ Hitachi-ohta 14

@ Komatsu
Kobe
Hiroshima
Fukuoka

° Tanegashima

© Amami

@ Jtoman

@ Miyako-jima

@ Ishigaki-jima

@ Chichi-jima

(o]

. —
135E 140E MSE 1S0E 155E

Service Area is the area surrounded by the red line.

| Accuracy of SLAS

Positioning error (95%)
Horizontal Vertical RETERS
EL mask : 10°
<1.0m <20m User range error caused by user’s receivers
and user’s situation : 0.87 m (95%)
# Cabinet Office

National Space Policy Secretariat
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Performance Evaluation -SLAS Service-%

| Test results

+ Using the GNSS-based control stations in GNSS Earth Observation Network System
(GEONET) operated by Geospatial Information Authority of Japan as a rover.

-Evaluation period: 2018 May 10 (24 hours)

-Evaluation point: Gushikawa, Okinawa Pref.

-Signal subject to augmentation: GPS (L1-C/A), QZSS (L1-C/A)

*The graph shows error figures by time transition, the table shows statistical figures.

Positioning Accuracy (Horizontal)

Positioning Accuracy
: (95%)
| Positioning Accuracy (Vertical) | Horizontal 0.66 m
Lt i g B o NI e Vertical 0.88 m
PR AL i P ANy -
# Cabinet Office i

National Space Policy Secretariat

Performance Evaluation -CLAS Service-%%

| Recent results of CLAS (PPP-RTK)
® Evaluation period: 1 month of April 2019
® Evaluation points: 72 points in Japan area

® Used Kinematic mode of CLASLIB, open source software " o i
for CLAS users = RECR”

® Horizontal and vertical error as well as TTFF are within the
performance specifications.

f 38 Statistics of 72 evaluation points
£om [11] ] : _ Positioning Accuracy
PP A AOMEERTH A AAEIACRRA A SRR Horizontal 5.3 cm
U mﬁ|\||||1H\h|m:mumi_ Il ”1 Il HHHH_\‘ T
HorizontaINerticaIHI;:g;onf.I;IZN:evaluation points Time to First Fix: 38 sec (95%)
# Cabinet Office 17

National Space Policy Secretariat
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2. Recent Evaluation Results
Expected Services
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Performance Evaluation

| Recent Test results of QZSS-PPP
® Evaluation period: 1 week in the middle of April 2019
® Evaluation point: TKS2 in Japan (shown in right fig.)
® Used Kinematic PPP mode of RTKLIB
® Positioning results are quite stable throughout the period

STATION POSITION ERROR

oMt G oi8 mETo 012 R G ez

East-West 2.3cm
North-South 1.7 cm
Vertical 4.2 cm
MELME O peseiimonm. masmsmeans
4 Cabinet Office These results were obtained with the cooperation of JAXA.

National Space Policy Secretariat

-QZSS PPP-

Site: TKS2(Japan)

5
’7 \w

19

2019/9/26

10



Performance Evaluation -QZSS PPP-

| Recent Test results of QZSS-PPP

® Positioning result at each evaluation point around the world

® These result simulates the case where the augmentation
message is used all over the world. (e.g. via internet)

® Positioning error is less than 20 cm (RMS) except for some
evaluation points.

® Positioning accuracy improves at most points using PPP-AR.

Kinematic PPP Kinematic PPP-AR
03 03
0.2%5 0%
T oz £ o2
5‘0‘15 30‘15
g 01 g o1
<L <1
| ‘ll”“ ‘l ol I”ll ‘
o II lll I I II III o I -II Il II | T III
AIRA TsK2Z CMUM LWVIFZ - WAYGD  PERTA  WTZ27  XMIS4 ARA TiKZ2 CMUW LWMMF? - MAYGD PERTE WTZZ7  XWIS4
NE BN HU mE mM =l
. . Horizontal/Vertical Error in global network
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Performance Evaluation -QZSS PPP- 7}

| Recent Test results of QZSS-PPP
® Relationship between elapsed time and positioning accuracy of PPP
® Evaluation point: TKS2 in Japan (shown in right fig.)
® Blue line and orange line show the convergence time of PPP and PPP-AR, respectively.
® Horizontal error converges to less than 20 cm within about 20 minutes.
@ Vertical error also converges within about 30 minutes.
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e
E/Rl MSAS: Japanese SBAS
MTSAT-2

GPS Satellites
& <
o%' '%’ &
renane Sonet NN ©
=
\‘13’ Sapporo &
» -

e
O Chio

Users | obe Mcs ¢

- Network
Naha GMS
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O MSAS: Japanese SBAS in operation.
B Operational since Sept. 27, 2007.
m Currently operated by JCAB with a GEO called MTSAT-2.

# Cabinet Office

National Space Policy Secretariat

e
E./Rl In 2020: MSAS V2 with QZSS GEO
SBAS Facilities (MSAS V2) QZSS Facilities
'““ T GPsS Sateliites
| \ 2
> o=

Monitor
Stations

Master Stations
(Control Centers)

Hitachi-Of

_______

laaooldld
CAO
(Cabinet Office)

JCAB
(Civil Aviation Bureau)

# Cabinet Office

GPS Signal

23

National Space Policy Secretariat
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ENRI MSAS V2 RF Performance

MSAS-v2 C/NO

MSAS-v2 RF Spectrum 2018/9/18 3:30~ 8:00(GPST)

- . MSAS V2
44
o2
@ 4 Current MSAS
g 38
< - —PRN129
Current MSAS
34 ——PRN137
a2 MSAS V2 — PRN187
ieer 187842 105217 a0

One hour Time

—

€ PRN 129 and PRN 137 have been transmitted from MTSAT-2 (MSAS-V1).
€ PRN 187 is currently transmitted from QZS-3 GEO; Will be switched to PRN
129 or 137 for MSAS-V2.
» With wider bandwidth of ~30 MHz.

# Cabinet Office

National Space Policy Secretariat

24

e
Figcal Year 14 015 116 117 118 119 1 20§21 122 123 24 : 25 1 28 i 27 | 1
[ MTSAT-1R
[ MTSAT-2
Space . ! H : H
Segment i
MSAS
i Senice c £ g g
! R&D by ENRI I B S
DFMC =~ St = : LD
(L5 SBAS) i I e e —— [T '"W
it Triail by ENR] I—) i Under Planning .
¢ QZS-1 Experiment | i i
QZSS Service 4-SV Constellation I ———) . : { ; i .
i LA 7-SV Cansteliation | S S S S S S s
|

* MSAS V1: Current system with MTSAT-1R/2 since 2007, serving NPA only.

* MSAS V2: Replacement to the new QZSS-based system in 2020.

* MSAS V3: LPV/LPV-200 upgrade likely around 2023 along with QZSS 7-SV constellation.
* MSAS V4: DFMC SBAS currently under investigation with QZSS L5S signal.

# Cabinet Office

National Space Policy Secretariat
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e

ENRI DFMC SBAS Experiments

e DFMC (Dual-Frequency Multi-Constellation) SBAS
International standard augmentation system using L5 signal.
e Following L1 single-frequency single-constellation SBAS.
Eliminates ionospheric effects dramatically.
e Vertical guidance service everywhere in the coverage.
Allows SBAS signal transmission from non-GEO (IGSO) satellites.
e Improved SBAS signal availability in polar regions and urban canyons.

e ENRI/MPAT is now conducting DFMC SBAS Experiment
The first L5 SBAS experiment with live L5 signal from the space.
e Using QZSS L5S signal transmitted from GEO and IGSO satellites.
The prototype DFMC SBAS for experiments has been developed.
o GPS/GLONASS/Galileo/QZSS-capable dual-frequency SBAS.
e Compliant with the draft ICAO L5 SBAS SARPS.
Transmission since 23 Aug., 2017 using L5S signal of QZS-2/3/4.
e Expects participation to this experiments. Contact: <sakai@mpat.go.jp>

# Cabinet Office

National Space Policy Secretariat
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VaR.
=

m
=

Realtime Result

w

(S}

=1

® Ground Monitoring Stations|

Monitor Stations

GPS+Galileo+QZSS
Dual Frequency (L1+L5)
DFMC L5 SBAS

Northward error (m)
%Y

'
w

) Location:
5 s GEONET 950369 (Wakayama)
- -2 0 2 4 « Period:
Eastward error (m) 2017/11/13 01:00 - 07:00 (6H)

 Evaluation of L5 SBAS message generated in real time.
» Supporting GPS, Galileo, and QZSS in L1/L5 dual-frequency mode.
» Confirmed that L5 SBAS augments multi-constellation of GPS+Galileo+QZSS.

# Cabinet Office

National Space Policy Secretariat
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3. Expansion to
7-SV Constellation

# Cabinet Office -

National Space Policy Secretariat

Expansion to 7-SV constellation *ﬁ

Service Requirement for 7-SV constellation (1/2)

1. Position, Navigation and Timing (PNT) services
® Open service with Navigation Message Authentication (NMA)

M Step by step approach to improve performance, as new observables, ranging
measurements with using Inter Satellite Ranging (ISR) as well as two-way ranging
system, are to be applied.

M Final goal of SIS-URE specification is 30 cm (95% probability)

2023 to 2026 2.6m Only L-band observables collected at monitoring sites.
After JAXA's validations for new POD engine with ISR

2027 t0 2035 1.0m and two-way ranging between SV and ground TTC
station

After all 7 SVs will have ISR and two-way ranging on

After 2036 0.3m )
board equipment

*: Average of 7SVs
® Authorized service (Encrypted signals for authorized users)

# Cabinet Office

National Space Policy Secretariat
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Expansion to 7-SV constellation

Service Requirement for 7-SV constellation (2/2)
2. Augmentation services

® Both existing services, Sub meter Level Augmentation Service (SLAS) and
Centi-meter Level Augmentation Service (CLAS) are to be provided in
domestic area via current four SVs with same specifications.

® MADOCA based PPP augmentation service will cover Asia Pacific region.
(TBD: see next slide)

3. Messaging services

® Disaster and Crisis management Report (DCR) service, a kind of Early
Warning Service (EWS) may be expanded to Asia Pacific region. (TBD)

B Common format is now being investigated with EC and other provides under ICG
correspondence group.

Investigation for extension of augmentation and Early Warning
Service into wider area in Asia Pacific region is on going

# Cabinet Office

National Space Policy Secretariat

Expansion to 7-SV constellation

Domestic Service and Wide Area Service for carrier phase positioning
QZSS oy : """ Domestic Service
CLAS on /L.ﬁ* MADOCA-PPP - CLAS (Centimeter Level
L6D Augmentation Service) is already
r S operational via L6D signal.
* Employs the dense GNSS CORS in
service area.

.........

» Experimental augmentation by PPP
with MADOCA has been provided
via L6E signal on QZS-2/3/4.

* MADOCA: Multi-GNSS Advanced
Demonstration tool for Orbit and
Clock Analysis, POD engine
developed by JAXA.

» Operational service will begin

MADOCA-PPP

around 2023 (TBD, at the latest)
", QZSS coverage area with same Compact SSR format as
# Cabinet Office’sia Pacific region. " CLAS. 31

National Space Policy Secretariat
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QZSS 7-SV Constellation Design

| QzSs Constellation Plan

QZS-5
QZS-1R
North pole
QZS-6
0Z5-3/

Qzsr2 South_ pole

7-QZSS Ground Track 7-QZSS orbits view
from the equatorial plane

# Cabinet Office

National Space Policy Secretariat
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QZSS 7-SV Constellation Design

95% HDOP for 7-SV constellation with 10 degree EL mask

7-SV Constellation

41GSO + 2 GSO +1 QGSO*

o Operating 3 SVs g S
(QZS-2, 3 and 4) 0
Replacement SV -15

© for QZS-1 launched 34|
in 2020

-45 }

Additional 3 SVs
launched in 2022-23

-

=7 el W 0 A s e T M0 L O OO
30 45 60 75 90 105120135150165180195210225240

01 2 3 45 6 7 89 1W0M1M1213141516171819 20

*: QGSO Quasi-Geo Synchronous Orbit

£Q§binet Office Geosynchronous orbit with small eccentricity and inclination

National Space Policy Secretariat
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4. International
Collaborations
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International Collaborations 7R

Ous-JrP

@ Continuous discussion on Interference Mitigation on L1C/A.
® Cooperation on Ground Segment (Monitoring Site) for future extension.

OEU-JP

® Cooperation Agreement relative to Satellite Navigation Applications between
Japan (National Space Policy Secretariat, Cabinet Office) and EU (DG-GROW,
European Commission) was established on March 8, 2017.

® Current Activities
* Definition of common EWS message format is on going.
»Galileo-QZSS joint EWS trial in Australia was successfully completed in Sept. 2018.
+Joint R&D activity on DFMC SBAS supporting IGSO SBAS concept:
»The first trial was done successfully in March 2019 at GSA HQ, Prague.
»The next trial is being planned for next Spring in the Nordic Region.

| /CG (International Committee on GNSS)

® Continuous participation to ICG and support MGA activity in Asia Oceania region
# Cabinet Office

National Space Policy Secretariat 35
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International Collaborations

O Multi-GNSS Asia (MGA)
® MGA 11th Conference :

@ has been held successfully in Bangkok, Thailand on 27-29 Aug. 2019.
€ Thanks a lot to all providers for your contributions and participations.

——

# Cabinet Office

National Space Policy Secretariat

International Collaborations

®Two MGA events in 2020 !!
— (1) MGA regional seminar :
> A tailor made seminar will be held in

Singapore on February 5-6 or 6-7, 2020

» In conjunction with Global Space and
Technology Convention

» Co-organized with Singapore Space and

Technology Association (SSTA) and Singapore
Land Authority (SLA)

- (2) Full Package Conference
» MGA 12th Conference will be held in
Bangkok, Thailand in August 2020 =
> In conjunction with Thailand Space Week 2020 2020
» Co-organized with GISTDA .
® Visit MGA website for more information !!
— <MGA website> https://www.multignss.asia/
# Cabinet Office

National Space Policy Secretariat
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Summary

* QZSS is Japanese regional navigation satellite system to improve

not only GNSS availability but also accuracy and reliability.
— Currently 4-satellite constellation: Three IGSO and one GEO satellites.

*+ On 18t Nov.,, 2018, Japanese Government officially launched

QZSS service.
— PNT Service, Augmentation Service, and Messaging Service.
* Expansion to 7-satellite constellation
— Has begun the procurement process for additional 3 satellites

» An IGSO, a GEO and a QGSO satellites will be added to the existing constellation.

— The service requirement has been established.
* Covering Asia Oceania region for PNT services.

+ Investigation for extension of augmentation and Early Warning Service into Asia-
Pacific region is on going.

International collaborations
— Bilateral cooperation with US and EC, as well as continuous contribution to

ICG.
# Cabinet Office

National Space Policy Secretariat
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v Tjor nation, please

s:/lqzss.go.jp
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