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Fundamental Problem

How to go from A to B?

3

/D;;ﬁgAJ’!Tok o'g' ¥ “'7?"‘“‘: \
* How to know my location precisely ? it v, by

* In any condition
* Atanytime
* Everywhere on earth (at least outdoors!)

* How to navigate to the destination?
* Guidance or Navigation

* How to synchronize time globally?
* Mobile phones

* Financial Institutes

Where am |
on the Earth?
35040’ 41”
139939’ 40”
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Navigation Types
* Landmark-based Navigation * Radio-based Navigation
* Stones, Trees, Monuments * LORAN, OMEGA
* Limited Local use e Subject to Radio Interference, Jamming,

Limited Coverage

* Celestial-based Navigation . o
+ Stars, Moon * Satellite-based Navigation or GNSS

 Complicated, Works only at Clear Night * TRANSIT (not used anymore)
* GPS, GLONASS, GALILEO, QZSS
(Michibiki), BEIDOU (COMPASS), NavIC

* Sensors-based Navigation (IRNSS)
* Dead Reckoning  Global service, QZSS and NavIC are regional
* Gyroscope, Accelerometer e High Accuracy & Reliability

 Compass, Odometer
* Error accumulate quickly (Drift Error)

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 3
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What is GNSS?

L5/E5/B2/L3

GNSS or Global Navigation Satellite System is an acronym used to represent
all navigation satellite systems such as

" ete T Gouney | covrsge

GPS USA Global

GLONASS Russia Global

Galileo Europe Global

BeiDou (BDS) China Global

QZSS (Michibiki) Japan Regional

NavIC India Regional

GPS and GLONASS have signals for civilian and military usage
¢ Military signals are encrypted and not available for civilian use
Galileo and BeiDou also have Open and Restricted Signals
All civilian signals are freely available
Technical information for civilian signals are made public
¢ Necessary to develop a receiver
¢ Its called ICD (Interface Control Document) or IS (Interface

Specification)

L2 L6/E6/B3
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GPS Constellation Status

37 Satellites * 29 Set Healthy

o Baseline Constellation: 24 Satellites
/O
)l g"-._ﬁ" . WA Satellite Block | Quantity | ~VeT29¢ | ojdest
AV A P, ” GPS IIR | e6) | 200 [ 244
[ | \/ 3
\ @\ i@ 7 epsirRm |7y | 12 | 183 |
\ ..-"j- \/ X |¢ GPSIIF { 12 | 80 [ ms |
t 1 ’s GPS IlI [ 40 | 17 | 30 |
-._‘IF‘ P *Not set healthy As of 01 Jan 2022

GPS Signal in Space (SIS) Performance
From 01 Jan 21 to 01 Jan 22

Average URE* Best Day URE Worst Day URE
31.5cm 70.4 cm
4r.3 cm | (20 Apr 21) l (13 Mar 21) l

*All User Range Errors (UREs) are Root Mean Square values

Source: This slide is taken from “GPS Programme Update and International Activities to Protect GNSS Spectrum”

Link: https://www.unoosa.org/oosa/en/ourwork/icg/activities/2022/CSISTokyo/presentations.html
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GLONASS (RUSSIa)

o

A

ROSCOSMOS

Multifunctional Space
Relay System “Luch’ Total
) Operational
Maintenance
r

Global Roscosmos ground station
network

48 stations in Russia

13 stations abroad

Regional and local augmentations
77 stations of the Ministry of Transport

71 stations of the Federal Service for State
Registration, Cadaster and Cartography

Fundamental facilities

1 cold-atom optical frequency reference e
73 stations of the national fundamental astronomic ar

geodetic ne(wk

Ground segment

System Control Center

The network of measurement stations
Processing computing systems.

The network of uplink staions

The network of satellite laser ranging stations

GLONASS STATUS

Geostationary space vehicles

3sv
28V
18V

The constellation continuously
provides global PNT services
(availability —99.997%)

MEO navigation space vehicles

O GLONASS-M batch

O GLONASSK batch
731
s

ROSCOSMOS

'©

%I RELATIVE NAVIGATION SERVICE

&
OPEN SERVICE

&

‘ GLONASS SERVICES

&+ GLONASSM

& GLONASS K

AIRPORT

GLONASS-K

=

GLONASS-M

GLONASS K %

y HIGH-ACCURACY SERVICE

o
Q AUGMENTED SERVICE
B

GEO relay LUCH
satellite

SORge,
ke,
"-f’f”vs

MONITORING
STATION

INTERFACE SOLUTIONS

CORRECTIONS

ACCURACY

ROSCOSMOS GLOBAL
STATION NETWORK
ENLARFEMENT

INNOVATIVE DEVELOPMENT

DOMESTICALLY
DESIGNED
MULTIFREQUENCY
RECEIVER

These slides were taken from ICG Website. Please refer the original presentation material at

INTER-SATELLITE
LINKS

AL RV ™

GLONASS-K2

INTERFERENCE
MOMNITORING AND
CONTROL SYSTEM

NEW ONBOARD | »
SATELLITE |-
CLOCKS

G

TRANSITION TO
RESILIENT
NAVIGATION
RECEIVERS

ROBUSTNESS

DEVELOPMENT OF

AUGMENTATIONS & .—'
CHANNELS TO
CONVEY UPTODATE
INFROMATION TO

MODELS OF GLONASS SIGNAL
TROPOSPHERIC AND IONOSPHERIC
DELAYS INTRODUCED INTO ICDs.

MORE

COMPETITIVE

LONASS

USERS

AVAILABILITY

GLONASS

\ HIGH-ORBIT GLONAS S

DEPLOYMENT

https://www.unoosa.org/documents/pdf/icg/2021/ICG15/01.pdf

ROSCOSMOS

GLONASS-K2
N13L

i Launch

4 2022

= Non-pressurized platform
= > 10 years lifetime

= FDMA signals: L1, L2

= CDMAsignals: L1,L2, L3

* Radio inter-satellite links

=  Two-way/one-way onboard laser
ranging equipment

= Optical inter-satellite links with high
data rate

= COSPAS — SARSAT payload

Onboard clock stability 0,5...1x10-14

S 26 SV St
updated 07.09.2021 = 3
A GLONASS DEVELOPMENT ROADMAP A ‘ GLONASS CONSTELLATION MODERNIZATION
ROSCOSMOS

GLONASS-K2
N 24L and further

Launch ;
2024 |

I = (One common navigation antenna I

New Passive H-maser

Please refer original document for detail information
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Galileo (Europe)

B U SPACE //
Galileo Constellation Status

/ GSAT 104 (Spare, NAVANT failure), relocation from C05 to C4C5
”. completed on 12/05/2021

GSAT 204 (Spare, SAR operational), relocation from B03 to B4B5
completed on 06/05/2021

GSAT 201/202 (set to unhealthy)

/
4 /3|ane A Plane B Plane C GSAT 227/228 launched 04 Dec 2021: L11 slots in Plane B: B03, B5B6

LEOP and testing proceeding well

Source: This slide is taken from “Galileo Status Update” Please refer original document for detail information
Link: https://www.unoosa.org/oosa/en/ourwork/icg/activities/2022/CSISTokyo/presentations.html

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 7
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BeiDou (China)

o
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P 1. System Status

——System Components

BDS is mainly comprised of three
segments: a space segment, a ground
segment and a user segment.

ot

Up to now, BDS-3 constellation
consists of 3 GEO satellites, 3 IGSO
satellites, and 24 MEO satellites.

TOTOTOL oToT

The BDS ground segment consists of
various ground stations, including

master control stations, time

synchronization/uplink stations,

monitoring stations, etc.

The BDS user segment consists of

various kinds of the BDS terminals.
Source: This slide is taken from “BeiDou Navigation Satellite System Development and High-Accuracy Applications”,

Link: Introduction to BeiDou at https://www.unoosa.org/oosa/en/ourwork/icg/activities/2022/CSISTokyo/presentations.html
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QZSS (Japan)

1.QZSS Overview -System- i

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

m Ground System

12 Master Control
Stations

HEXRRHE

Quasi-zenith orbit

m Hitachi-Ota and Kobe
17 Satellite TTC Stations

m Located south-western
islands

1 Over 30 Monitor Stations‘
around the world

# Cabinet Office

National Space Policy Secretariat

Source: This slide is taken from “Introduction to QZSS and Applications” Please refer original document for detail information
Link: https://www.unoosa.org/oosa/en/ourwork/icg/activities/2022/CSISTokyo/presentations.html )
Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 9
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NavIC (India)

O Launch dates:

* IRNSS 1A :01 Jul 2013
IRNSS 1B : 04 Apr 2014
* IRNSS1C :160Oct 2014
* IRNSS 1D :28 Mar 2015
* IRNSS 1E :20Jan 2016
* IRNSS 1F :10 Mar 2016
* IRNSS 1G :28 Apr 2016
s IRNSS1l 12 Apr 2018

Q All launches using Polar Satellite
Launch Vehicle (PSLV) from Satish
Dhawan Space Centre (SDSC) at
Sriharikota

NavIC Constellation status

%QA‘. isPa

55° E

IRNSS-11I 83° E 111.75° E

IRNSS-1A  IRNSS-1C IRNSS-1D

sin il LT
- 2
< ; \’9
’vgo 9;»? | ‘ ' . . ’Q'P “$'o
'5?5\9 L . e 6:;11 &
s \\ IRNSS-1B~ IRNSS-1E W& o
E .

GSO satellites (shown in blue) are with ~4° inclination
GSO satellites (shown in orange) are with 29° inclination

IRNSS 1A and 1E are providing NavIC based safety of life alerts

Source: This slide is taken from “NavIC System and Applications: Status and Update”

Link: https://www.unoosa.org/oosa/en/ourwork/icg/activities/2022/CSISTokyo/presentations.html

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp

Please refer original document for detail information
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Systems Related with Navigation

Augmentation Systems

Navigation Satellite Systems

GPS, GLONASS, Galileo, BeiDou, QZSS, NavIC SBAS or GBAS

Satellite Based Augmentation Systems
(SBAS)

Se——

PVT Computation Engine
(Position, Velocity and Time)

PVT Solutions with
Enhanced Accuracy and Reliability

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 11
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» Satellite Based Augmentation System (SBAS) are used to augment GNSS Data
* Provide Higher Accuracy and Integrity

* Correction data for satellite orbit errors, satellite clock errors, atmospheric correction
data and satellite health status are broadcasted from satellites

* SBAS Service Providers
 WAAS, USA (131,133,135,138)
 MSAS, Japan (129,137)
« EGNOS, Europe (120,121,123,124,126,136)
« BDSBAS, China (130,143,144)
e GAGAN, India (127,128,132)
 SDCM, Russia (125,140,141)
« KASS, Korea (134), Also Navigation System
 AUS-NZ, Australia (122)
 NSAS, Nigeria, (147)
e ASAL, Algeria (148) PRN code numbers are given in the bracket

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 12
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Advanced Configuration
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A8 MTRIP client: Mot connected

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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compute position

Position Output
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GNSS Satellites visible in
the sky where receiver i
located
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Satellites - Skyplot

270

2020-09-16T02:59:24Z (UTC)

Satellites - Skyplot

pTrimble, .. vmieoss

@crs
@stAs
@cLonass
@calico
@czss

90 .BeiDou

180

o

Satellites - Skyplot
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MANILA

2020-09-16T03:01:54Z (UTC)

2020-09-16703:02:31Z (UTC)

Satellites - Skyplot

2020-09-16703:02:54Z (UTC)

Satellites - Skyplot

rimble, sissioss

180

""Ho Chi Minh

2020-09-16T03:03:18Z (UTC)

Satellites - Skyplot

rimble, o.ooxme171

2020-09-16T03:09:08Z (UTC)

We do not have BeiDou data in Kualalumpur and Ho Chi Minh stations because of license limitation in the receiver

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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GPS Skyplots: Tokyo, Jakarta and Maputo

Tokyo Base-Station Jakarta Base-Station Maputo Base-Station
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How does a GPS/GNSS Receiver Work?

2022/02/02 8:23 PM Slide : 18
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GNSS: How does it work?
Determine the Distance using Radio Wave

m
Oms Assume that the Satellite Transmits Signal at Oms.
25ms If Receiver receives the same Signal after 67ms,
Distance = 67x300,000 = 20,100Km
Oms
50ms

Satellite with a known position
transmits a regular time signal.

25ms

Distance = (Reception Time - Transmission time) X Speed of lig

Speed of Light: 300,000 km/s
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GNSS: How does it work?
Principle of Satellite-based Navigation

Receiver generates its own GPS signal similar to the signal

coming from the satellite for each satellite

=> Its called Replica Signal

=>» The Replica Signal includes PRN Code and Carrier Signal

=>» This Replica Signal is moved forward and backward to
match with the incoming signal

N\ 4

K k)2 k2 Y \' |

p _\/(x0 X))+ (vo—yE) +(z0—25) +¢ UL AN U AR LA
Codoto) LTI T

<>

If k > 4, solve for X, y, z and errors including clock bias & Al

Correlation between Incoming Signal and
Receiver Generated Signal
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Pseudorange (Code-Phase Measurement) - 1
Transmission

o RERE
Pseudorange = (Reception Time — Transmission time) x Speed of Light
Time
o; (XK, yk, Z¢) 2
. | . E S
; Signal propagation at the speed of light 8 Z §
Uiy, z
() Yy, 2 S
Reception gy e
About 20,000 km Time
v
Transit time

A

<\§§\)k
(\Q(“\\\‘\’\
At
¥

Wl \// f;f\

Y P
2022/02/02 8:23 PM

R
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A GPS receiver measures the signal transmission time
from the code phase at signal reception time.
Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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How to Improve GPS Accuracy?
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Error sources

Satellite Orbit Error

V = 4km/s
Satellite Clock Error

)

lonospheric Delay

50 — 200Km ‘
)
)
7
7/
. //
Tropospheric Delay ye
10Km '//
7/

Multipath

'

Thermal Noise

@ Receiver Clock Error

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 23
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GPS Position Accuracy
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How to achieve accuracy from few meters to few centimeters?

ORI= 35.666342230° 139.792210090° 59.7350m
AVE=E:-0.2368m N: 1.1001m U:-0.6957m
STD=E: 0.7813m N: 0.8869m U: 1.8977!
wRMS=E: 0.8164m N: 1.4131m U: 2.0212m 2D: 3.2639m

o5 -
50 cm grid T
P

ORI= 35.666342230° 139.792210090° 59.7350m
AVE=E:-0.0160m N:-0.0395m U: 0.1039m
STD=E: 0.2253m N: 0.2461m U: 0.5594m

50 cm grid

50 cm

SPP (Single Point Position)

2022/02/02 8:23 PM

DGPS (Differential GPS)
Code-phase observation

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp

ORI= 35.666342230° 139.792210090° 59.7350m
AVE=E:-0.0000m N: 0.0002m U: 0.0028m

STD=E: 0.0017m N: 0.0015m U: 0.0039m

RMS=E: 0.0017m N: 0.0016m U: 0.0048m 2D: 0.0046m

5 cm grid

RTK (Real Time Kinematic)
Carrier-phase observation

Slide : 24
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Errors in GPS Observation (L1C/A Signal)

One-Sigma Error, m
DGPS

Error Sources

Total
Satellite Orbit 2.0
Satellite Clock 2.0
lonosphere Error 4.0
Troposphere Error 0.7
Multipath 1.4
Receiver Circuits 0.5

0.0
0.0
0.4
0.2
1.4
0.5

Comments

Common errors are removed

Common errors are reduced

If we can remove common errors, position accuracy can be increased.
Common errors are: Satellite Orbit Errors, Satellite Clock Errors and Atmospheric Errors (within few km)

Values in the Table are just for illustrative purpose, not the exact measured values.

Table Source : http://www.edu-observatory.org/gps/gps_accuracy.html#Multipath

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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How to Improve Accuracy?

* Both Code-Phase and Carrier-Phase observations are necessary
* Carrier-phase provides centimeter level resolution

* Need to remove or minimize the following errors:

 Satellite Related Error
 Satellite orbit errors
 Satellite clock errors

* Space Related Errors
* lonospheric errors
* Tropospheric erros

* Receiver Related Errors

* Receiver clock error
e Receiver circuit related

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 26
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High-Accuracy Observation Methods

* Basically three types of Observation
* DGPS (Differential GPS)

* Code-phase observation
* Requires Base-station (Reference Station)
 RTK (Real Time Kinematic)
* Code-phase and Carrier-Phase Observation
e Requires Base-station (Reference Station)
* PPP (Precise Point Positioning)
* Code-phase and Carrier-phase observation
* Does not require base-station

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 27
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Which Method: DGPS, SBAS, RTK, PPP?

10m
o im +— DGNSS __J_/,._-J SBAS
< [
© -
= R
3 e
()
<L
10cm - ¥
= 1 PPP
e =
_RTIK _~
- 5 /'
/__,/
1cm I I I
10km 100km 1000km 10,000km
Baseline

http://www.novatel.com/an-introduction-to-gnss/chapter-5-resolving-errors/

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp

o

Worldwide
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How to Remove or Minimize Common Errors?

Use Differential Correction

5

Recommended Base-length < 40Km

\ Send Observation Data to Rover
&\ for Real-Time Position g

Bas?'_Stat'on For RTK, both base and rover receivers need to
Antenna is installed at a use data from the same satellites User in the Field
Base-station Antenna position known-position (Either fixed or moving)

shall be known in advance Use RINEX data for post-processing
2022/02/02 8:23 PM
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CSi ey for Spatial Information Sence
How to Remove or Minimize Common Errors?
Principle of QZSS MADOCA and CLAS Services

QZSS

GPS
"(E‘ (%)
l[all2]
& 53
§ o
5§
O3
<<
S
Currently, MADOCA provides correction
l data for GPS, GLONASS and QZSS.
It will be extended for Galileo in future.
Correction Data: _ Base-Station is not required.
Satellite Orbit Error of GPS and Other Satellites [ The Rover receiver should be able to receiver MADOCA
Satellite Clock Error of GPS and Other Satellites W\ signal in L6 band. . . .
“1 MADOCA correction data is also available online.
I\
Rover
Slide : 30

2022/02/02 8:23 PM Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp



CS i Center for Spatial Information Science % ;EL': j( ‘:?:é

The University of Tokyo ( ’ THE UNIVERSITY OF TOKYO

GNSS Applications

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 31
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Lots of Opportunities for these GNSS Applications.....

Pay-As-You-
Drive \ \
\ Precision
Legal & Law "\ [olles A \ / Farming
Enforcement '§ ' y/ Emergency & "\ Al
ITS / ADAS '\ / Safety Services o
\ Sol, e-Call — Health

Agriculture

Geo-Fencing

Auto-Driving 3 ‘
vav/vax /4 | ERA-GLONASS /4 Services

/
\\\Early Warning/} ' People Flow

Geo-Security

A lllegal Fishing /4

7/ Tax Collection , Timing "\ LB
f Applications "\ | Game

Telecom :
Alternate for ., W \ . ) y Entertainment
Fuel Tax / Secured . Finance 7 / N Advertisement
Collection /4 Transportof "\  Robotics / Scientific

Dangerous YA Power Grid Y/ Applications '\ Marketing

Goods ) . - Space Weather
Supply-Chain \ VLBI

Insurance

WELEEUENY

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 32
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ERP =» ERP2.0

ERP is based on Gantry System
Requires construction of huge structures

5K F
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o 4

€ Traffic Speed O &\ Incidents/Alerts O [® Camera

o [E3 ERP
e.g. Orchard - Q
Select Camera LOCa[IDI'!7 -
Select ERP Location o - %ﬁ r:‘:z \
ERP 2.0 is based on Satellite System (GNSS) ‘ £ 99
Ex |
b =
ST w%n%
Source: https://onemotoring.lta.gov.sg/content/onemotoring/home/driving/traffic_information/traffic-smart.html =

(]

Ko,

@Apcs
Slow Fast
S
e —
a
e
5
noks
oy T -
U R puA
4 KETAM, S
/
e
{ [
o
st
AP $
M
|
l
=
__________
.
Ui
+

B | Map data & contributors, Singapore Land Authority
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Dynamic Road Pricing (DRP) based on GNSS

* Road Usage Charging

C,%EUC?

THE UNIVERSITY OF TOKYO

15:51

Lall 4G . (B 15:51

Pricing is variable and based on

il 4G . BE) 15:51

il 4G . B

Road Pricing

Road Pricing

Distance, time, location,

Road Pricing
Ti 07:51:48 Times‘:amp:zgacy?égm? 07:51:40 gy =t Margaret's ‘>
ime: 2l Latitu e.'l.. 4783°N i A \ Primary Schot @
Iong-!_ud§ 103.84491917°E ) 2
* Vehicle type, lane and occupancy Road: Penang Road Fix hper DGPS ReLs : »
. Satellites: 19 =5 ult kafé
+ Traffic congestion condition Rate U0 -0 i
Trip Length: 1.049km " h g
. ) 330° = 0
* Reward road users for using alternate routes to Trip Charge: $0.10 _ s ©
A GPRd .'
aVO|d COngested route Total Distance Travelled: 4.867km 300, 2 60" 8 ] fo)
e =] Plaza Sinaaoura : PoMo
. e . . Total Charge: $0.48 o, . . $0.10/km -
* Payback the drivers who help to minimize traffic “ . ; 8 heistana®  penang Road o
congestion Auth Status: OK o N T e 4 o e Dhub:’iul@u [l
aptivate Escape Rooms @ Al
. \ flor o gz 9 R
* No Physical Toll Gates \ 3 ura Japanese
. . . ° 2 B3 National Museum (&)
* GPS-based system is used for Location, Distance and __ Churchaof the - N
Lane OCcCuU pat|0n o . " ri Thendayuthapani 1 Fort Canning Green o
Temple & ¢ I \ :
* Can be implemented on any road section @ 9% “encimm \AN @
[ o (_g ar A
* Not limited to only highways, express ways or toll roads . 2 R - & +Pe
M . f—r A I 5
* Global Seamless Implementation s1op I ‘ I I |I II I k@ forcomra A\ | cnuch o = 1o
. Bytes Received: 484729 % % o 3 8 & oogle =] Liang Court, Y8
* The same system can be implemented globally " " a . " Y . " o
. . Dashboard Skyplot Map Dashboard Skyplot Map Dashboard Skyplot Ma
» The same In-vehicle device can be used globally = £
o @ 4 5] @ | o @ <
¢ Single system for smooth cross-border operation
* Once a border is crossed, charging or rewarding rates can

be updated automatically
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GNSS for Precise Farming e

| H@- i i |
i O E i
v Y & ¥
Before and after seedling, the tractor has to irrigate, put | e \‘[
fertilizer and spray pesticides where there are plants. [ ]
If they are put far from the plant, it will affect the yield. P’ 4/ )4 \l/
This requires few centimeter level of accuracy so that the & V é \{/
tractor can automatically perform the job at different ¥ \l/ \\(/ e
stages of plant growth and harvesting. | 4{/ V
'Y 'Y
GNSS is a core system to provide this level of accuracy. | | |
[ [ » v
| | |
y ¢ 5 t

S -
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Fishing Boat Monitoring

=> Monitor fishing fleet in real-time

\

=> Assist investigations
>> Validate log-book data
=>> Manage fish stocks

=> Monijtor area compliance

o .
.;?_, . :‘-&‘\:—/‘//

and monitor compliance with area a

¥ &0 - -

= - -——a—--*l

I » © 16/30

Fishing b in Bali Ind . Queensland Fisheries in Australia requires every boat to have GPS tracking device
Ishing boats in Ball, Indonesia https://www.youtube.com/watch?v=2gWTAZ8hmOQOY&t=36s

» Monitoring of Fishing Boats is necessary to fishing industry.
» This will help the fishermen to generate more income in long-term.
» Over-fishing, lllegal fishing shall be stopped to protect marine ecology and bio-diversity.

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 36
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1. QZSS Overview -Current Services-

Messaging Services outline
Satellite Report for Disaster and Crisis Management (DC Report)

.@, QZSS ® Using margin of L1S signal
® Domestic service, only generated
.W JMA is available currently.

Using one of four slots of L1S:1575.42MHz,
once a four seconds, 250 bits short code can
transmit disaster management info with
applicable location

Disaster Info. provided by JMA such
as Tsunami, Volcanic eruption,
weather warning and so on.

DC Report available Handset
(GNSS Rx, Car Navigation device)

EQEEE n.!! Disaster Info.

Jepan ; Ground Control
Meteorological L
Agency (JMA) g Rx can select the Info which shown the devices
depending on their location
# Cabinet Office ,

National Space Policy Secretariat

Slide from QZSS Presentation by S. Kogure, UTokyo/ICG GNSS Training, 11 — 14 January 2022
Link: https://www.unoosa.org/oosa/en/ourwork/icg/activities/2022/CSISTokyo/presentations.html

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 37
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QZSS Early Warning System (EWS) : System to Test EWS
Disaster and Crisis (DC) Management Report (in Japan)

EWS Message \

Decoding )

GNSS
(Pos. Vel.,Time) )

Coding Interface

7.
7.
]
]

QZSS Control Office
Japan

EWS Test Message
Teams generate sample EWS message
See documents: EWS_Format.pdf
EWS_ Message Example.pdf

Minimum Requirement as MVP (Minimum Viable Product) for PoC level Prototype: AIarrgLiEc;/:rfs:tlon Flashing light Siren System Showing message
Item (1) : Generate sample test EWS message on signage display
Item (2) : Read EWS message from Spresense device and display in a PC

Slide : 38
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eCALL / ERA-GLONASS

eCALL (Europe) ERA-GLOANASS (Russia)

achverbindungd

-
Uber Mobilfunk VIN:DC 't';; wp den tibertragen-

hergestellt und ¢l

SIONASS (@) ERA-GLONASS
(SO

Die Positionsdaten werden
satellitengestiitzt ermittelt.

ERA-GLONASS

-
-
N
=3

Moblle
Communications information

Die L@»tetolle empfangt und Networks : Services

beitet die Daten.

> Pl ) i6/3 > Pl ) 12528 o @ &£« (& O 2

https://www.youtube.com/watch?v=pJkhBLKs2Ic

https://www.youtube.com/watch?v=yj0j9aV7Km4

90% of accident victims survive if help is available within 9 minutes of accidents
Only 15% can be saved after 18 minutes — ERA-GLONASS

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 39
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Reference Slides
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GPS L1C/A Signal Structure

 Carrier Signal
* |t defines the frequency of the signal

* For example:
e GPSL1is1575.42MHz, L2 is 1227.60MHz and L5 is 1176.45MHz

* PRN Code

* Necessary to modulate carrier signal
* Used to identify satellite ID in the signal
* Should have good auto-correlation and cross-correlation properties

* Navigation Data
* Includes satellite orbit related data (ephemeris and almanac data)
* Includes satellite clock related information (clock errors etc.)
* Includes satellite health information

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 41
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GPS L1C/A Signal Structure (Satellite Side)

sl

L1 Carrier, 1575.42Mhz
Carrier Signal

oI
[Té’z‘é'ﬁﬁi} +(cara0)—— NN ™ O™
: PRN Code, 1.023Mhz

Atomic Clock PRN Code
Rb or Cs Clocks

x1/204600

Navigation Data, 50Hz
Navigation Data

2022/02/02 8:23 PM
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L1 Band GPS Signal
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Pseudorange (Code-Phase Measurement) - 2

1-sequence of PRN Code is 1023 bits, 1ms long. ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ |
This corresponds to 300Km S
1-bit or chip corresponds to 1/1023 ms. ’

This is about 293m (say 300m) in distance.

In the receiver, signals are resampled at certain frequency, say 10MHz.

This means every chip will be further divided into 10 smaller chips.

If it is possible to detect code phase at 1/10 of this sampled chip, then range
measurement accuracy would be about 300/10/10 = 3m.

However, there are various types of noises and this accuracy may not be possible.

Normally, GPS L1C/A guarantees an accuracy within 10m. 2m
Thus, using Code-Phase (PRN code) measurement, the accuracy will be limited to few

2Zm
meters level. |

2022/02/02 8:23 PM Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 43
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PRN (Pseudo Random Noise) Code

* PRN Code is a sequence of randomly distributed zeros and ones that is one millisecond long.
* This random distribution follows a specific code generation pattern called Gold Code.
* There are 1023 zeros and ones in one millisecond.

* Each GPS satellite transmits a unique PRN Code.
* GPS receiver identifies satellites by its unique PRN code or ID.

* |t continually repeats every millisecond
* The receiver can detect where the PRN code terminated or repeated.
* A unique sequence of bits indicates start of a PRN code.

* It helps to measure signal transit time and compute pseudorange between the receiver and the satellite

* Its also called C/A (Coarse Acquisition) code in GPS

1ms /1023
—> |
Unique Sequence at the
start of the PRN code 0]1]0]1j0 01 1jOJ1j0 O
Ims
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Carrier-Phase Measurement — 1

Carrier-Phase measurement is done by counting the number of cycles coming from the satellite to the
receiver.

* However, there are many complexities in measuring total number of cycles (N) from the satellite to the
receiver.

* Thisis called integer ambiguity

 This is due to the fact that all cycles are the same and there are no headers to tell the receiver when a new cycle has
arrived after number of cycles as in PRN code.

* A PRN code has a header to tell the receiver that this is the beginning of the PRN code that is 1023 chips long.
* There are algorithms to solve this problem of ambiguity resolution.

* One complete cycle for GPS L1 band is 19cm long.
* Thus, if we can measure one wavelength, we can get 19cm accuracy
* If we can measure 1/10% of a cycle, we get about 2cm accuracy.
* Thus, Carrier-Phase measurement can provide centimeter level accuracy.

<— 19cm—>
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Code-Phase (PRN Code) vs. Carrier-Phase Measurement
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19cm

Code-Phase Measurement Carrier-Phase Measurement

Measuring distance between the satellite and the receiver with a tape
that has distance markings but distance values are not written. We only
know that each distance marker is 19cm apart. So, we need to count at
certain point the number of cycles separately that’s coming to the
receiver. This is called integer ambiguity solving.

Measuring distance between the satellite and the receiver with a tape
that has distance markings as well as distance values written. So that we
can measure correct distance.

Only provide meter level accuracy Provides centimeter level accuracy
Simple and required measurement. It’s part of signal demodulation Counting of number of cycles (solving integer ambiguity) is not required
process. So this can’t be avoided. if carrier-phase based measurement such as RTK or PPP is not required.
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