GPS/GNSS kA2

IR BT E A%

(Global Navigation Satellite System)
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e (Global Navigation Satellite Systems

> Global Positioning System (GPS, USA)

> GLObal Navigation Satellite System (GLONASS, Russia)
> Galileo (EU)

> Beidou/Compass (China)

» Regional Augmentation Systems
> Quasi Zenith Satellite System (QZSS, Japan)
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 Global Constellations « Regional
— GPS (24+3) Constellations
— GLONASS (24+) — QZ55 (4+3)
— GALILEO (24+3) — IRNSS (7)

— BDS/BEIDOU (27+3 IGSO + 5 GEO) Satellite-Based

I s Augmentations
' — WAAS (3)

— MSAS (2)

— EGNOS (3)

— GAGAN (2)

— SDCM (3)

EGNOS y‘ SDCM

C

BEIDOU
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Space Segment

| |
GNSS Satellites {:@b T Q@\:}

LS
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"III \‘\ ] GNSS Ermﬂn:.aslﬂlgna]s
GNSS Confrol -,
Channel ;
o
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Data Uploading Masier Control Base Staj]uns
| Stations Siation

Control Segment User Segment
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o

(\)

K

9; Orbital Period 11hrs 58min 11hrs 15mins 14hrs 04mins 12hrs 37min

©

5 Orbital Height 22,200 Km 19,100 Km 23,222 Km 21,150 Km

®

§ Inclination 55° 64,8° 56° 55°

=]

[ Number of Orbital 6 3 3 6

Q Planes

.

o®

; Number of 24 operational + 6 21 operational + 3 24 operational +6 27 MEOs + 5 GEOs
5 satellites spares spares spares + 31GS0s

C

3  Referenceframe WGS-84 PZ90 GTRF CGCS 2000

2 Reference time GPS Time (GPST) GLOMASS Time Galileo System BeiDou Time (BDT)
_|

(GLONASST) Time (GST)
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GNSS# * 47 ¥

LS/LSOC/E5a | L2/L2C/L20C E6 /LEX L1/L10C/E1
/B2a / B1

GPS 30 30 30
clonass [T 24 24
Galileo " 30
BeiDou [ 35
Qzss g 3
IRNSS |

129

4— ARNS* Bands —

B Frequency band used by the system, with N = number of satellites
{a I Frequency band not used by the system
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FIGURES Ground Tracks of QZSS and IRNSS.

Department of Applied Geomatics, Chien Hsin University, Ta
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Improved positioning accuracy by multipath reduction |

‘..O t.~ i aia !

Multipath errors

_.Jr,__.

Multipath effects are minimal on satellites
with high elevation angles

D | ‘A4ISU2AIUN UISH U21YD ‘SI14DW029 paljddy jo juawiaodaq

Satellite signals are

= delayedinthe .
lonosphere A
Satellite signal delays caused

by the ionosphere Improved positioning accuracy
through decreased ionospheric errors




¢ 2 IRNSS (NavIC)

Primary
Service
Area

Secondary
Service
Area

D | ‘A4ISU2AIUN UISH U31IYD ‘S214DW029 paljddy jo juawiuodaq

Satellite Type | Longitude | Inclination | Launch date
IRNSS-1A (11) | 1GSO 55°E 290° July 2013
IRNSS-1B (12) | I1GSO 55°E 31.0° April 2014
IRNSS-1C (13) | GEO 83°E - October 2014
IRNSS-1D (14) | IGSO | 111.75°E 305° March 2015
IRNSS-1E(I5) | IGSO | 111.75°E 28.1° January 2016
IRNSS-1F (16) | GEO 325°E - March 2016
IRNSS-1G (17) | GEO 1295°E - April 2016

Latitude [deg]

20 40 60 80 100 120 140
Longitude [deg]

FIGURE 1 Groundtrack of IRNSS and GPS Block IIF (light green) satel-
lites on day of year (DQY) 183 of 2016. The inner and outer black

boundaries indicate the border of the IRNSS primary and secondary
service areas, respectively.




BASE CONDITION

Region East Asia

City Taipei

|ddy jo juawiundaq

LAT 25 |©

LONG

Time Current Time

Time Zone | UTC+08:00 Vv
Year Month DEV
2017 vif]| 04 v/l 13 v

Hour Minute GPS/QZSS Weeks

10 v|:i|45 v 920 ) )Z0)
BDS @ (NONGEQ) / Il (GEO) C01 ~C36

Mask Angle 00 w|®

DOP Information

HDOP: 0.36 Visible GNSS: 52
VDOP: 0.52 Q/5:1 GPS:12
BDS: 14 GAL:9
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GNSS =z i3 &

GPS +BeiDou Corrections

W

GPS > Augmented Position 1
GNSS >

BeiDou > System1
GLONASS > Augmented Position 2
GNSS >

Galileo > System?2

M

GLONASS+Galileo Corrections
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+ 19824 10 ¥ GLONASSH#+% P 425 &t
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. 1995 243 f#FR # 3k 2

+ 1990 M 4o pA 7558 47 R FE B
£ 2006 B 45 £ 45 %
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GLONASS # 3.5 42

Constellation recovery Accuracy improvement

Number of operational satellites User positioning error (RMS, SIS)

—Satelites in past —Forecast 0  WAnticipated (in 2006) B Anticipated (in 2002) B Obtained

- 35m
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GLONASS## 4% R.i%(2014)

o

o

©

=]

3

3 e

o

3

° | GLONASS |Cosmos | Plane/ |Frequ. | Launch | Intro | Status | Outage

=h [number [number| slot |chann.| date | date | | date

> R R e R | ——m R — | = | ——m e |

g_ | 730 | 2456 | 1/01 | 01 | 14.12.2009 | 30.01.2010 | operating | ....ceeuun..

o | 747 | 2485 | 1/02 | -4 | 26.04.2013 | 04.07.2013 | operating | ..eeeeunnn

= | 744 | 2476 | 1703 | 05 | 04.11.2011 | 08.12.2011 | operating | .v.veveans

f‘? | 742 | 2474 | 1/04 | 06 | 02.10.2011 | 25.10.2011 | operating | ...eeeunnn

g | 734 | 2458 | 1/05 | 01 | 14.12.2009 | 10.01.2010 | operating | ....ceuoun..

8 | 733 | 2457 | 1/06 | -4 | 14.12.2009 | 24.01.2010 | operating | ..evevsaus

o | 745 | 2477 | 1/07 | 05 | 04.11.2011 | 18.12.2011 | operating | ...eevuans

- | 743 | 2475 | 1/08 | 06 | 14.11.2011 | 25.12.2011 | operating | ...eeeunn.

Q | 736 | 2464 | 2/09 | -2 | 02.09.2010 | 04.10.2010 | operating | ..evevsaus

‘3‘- | 717 | 2426 | 2/10 | -7 | 25.12.2006 | 03.04.2007 | operating | ...vevsans

S | 723 | 2436 | 2/11 | 00 | 25.12.2007 | 22.01.2008 | operating | ...ceueunn.

:v; | 737 | 2465 | 2712 | -1 | 02.09.2010 | 11.10.2010 | operating | ..eeeeunnn

5 | 721 | 2434 | 2/13 | -2 | 25.12.2007 | 08.02.2008 | operating | ...vevsans

C | 715 | 2424 | 2/14 | -7 | 25.12.2006 | 03.04.2007 | wunusable | 11.03.2014

3. | 716 | 2425 | 2/15 | 00 | 25.12.2006 | 12.10.2007 | operating | ...ceeun..

s | 738 | 2466 | 2/16 | -1 | 02.09.2010 | 12.10.2010 | operating | ..evevsaus

a | 746 | 2478 | 3/17 | 04 | 28.11.2011 | 23.12.2011 | operating | +.eevevusns

3 | 714 | 2419 | 3/18 | -6 | 25.12.2005 | 31.08.2006 | operating | ...eeuounnn

y | 720 | 2433 | 3/19 | 03 | 26.10.2007 | 25.11.2007 | operating | ...veveaus

| 719 | 2432 | 3/20 | 02 | 26.10.2007 | 27.11.2007 | operating | ...vevsans
| 725 | 2443 | 3/21 | 04 | 25.09.2008 | 05.11.2008 | operating | ...eveuvnnn
| 731 | 2459 | 3/22 | -3 | 02.03.2010 | 28.03.2010 | operating | ..eeeeunnn
| 732 | 2460 | 3/23 | 03 | 02.03.2010 | 28.03.2010 | operating | ..evevsans
| 735 | 2461 | 3/24 | 02 | 02.03.2010 | 28.03.2010 | operating | ...eeeunnn
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b7 GLONASS% & :* 4

- Constellation sustainment (24 sats with spares)
— Glonass-M launches up to 2014
— Glonass-K launches since 2015

— 24 satellites transmitting CDMA signals by 2020
« GLONASS improvement

— Constellation (availability)
— Accuracy of the core system

— Augmentations development (accuracy, integrity, availability,
assisting technologies...)

— References improvement (geodesy, time, Earth rotation and
attitude data...)

« User segment development
— Governmental applications
— Chips and chipsets, navigation maps
F’@ — Encouraging commercial applications

|ddy jo juawiundaq
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Ground control | Orbit Launchers
segment | constellation
' R -~ - ~
Spacecraft Glonass ——
control
\''I'I'I'|'|'|'|'|'I'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|‘\'—i
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3 Monitor 4,
:..f.: ?and ULS Station
= N ﬁ <~ SCC System Control Center
- TT&C Telemetry, Tracking & Commanding station
System Control Center ULS Uplink Station
(Krasnoznamensk) MS  Monitoring Station

CcC Central Clock
SLR Satellite Laser Ranging station
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http://gpsworld.com/wp-content/uploads/2014/06/Roscosmos-GLONASS-montoring-sites.png
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» Glonass (one operational satellite)

» Glonass-M (19 operational satellites)

* Glonass-K (from 2010 onwards)

New CDMA signals introduced on Glonass-K
Keeping on transmitting the existing FDMA signals
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7% GLONASS#F % 42

1982 2003 2011 2014

“Glonass” “Glonass-M” “Glonass-K1” “Glonass-K2”

—
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« 3 year design life

« 7 year design life  *+ 10 year design life » 10 year design life
« Clock stability -

5%10-13 « Clock stability  Unpressurized bus  « Unpressurized

. Siagnals: L1SF 110" - Expected clock + Expected clock stability
e + Signals: Glonass +  stability ~10...5710-" ~5...1*1014
(FDMA) L20F (FDMA) + Signals: + Signals:

. « Totally launched 36 Glonass-M + L30C Glonass-M + full set of
Jotally launched 81 = o -telites (CDMA) — test CDMA signals

+ Real operational life * Another 12 * SAR * SAR
time 4.5 years satellites ordered
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New (Glonass-K) satellites (from 2010 onwards)
More satellites (30, probably not before 2015)

* Improved accuracy

* Modernized ground control segment

* New signals:

— L3 (1201-1212 MHz, to be defined
(Galileo E5b 1207.14 MHz))

— CDMA (on first Glonass-K
demonstration satellite in 2010)

* Interoperability with GPS and Galileo

ly jo juawiundaq

Glonass-K satellite
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,:“5 ..fb%% 7y
System Glonass GPS
Number of satellites 24 30+
Number of orbital planes 3 6
Semi-major axis 25500 km 26550 km
Eccentricity < 0.01 < 0.01
Inclination 64.8° 55°
Period of revolution 11h16m 11h58m
Repeat period 8 days 1 day
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Glonass GPS

C/A code

Frequency 0.511 MHz 1.023 MHz

Chip length 587 m 293 m
P-code

Frequency 5.11 MHz 10.23 MHz

Chip length 59 m 29 m
Modulation scheme FDMA CDMA

FDMA - Frequency Division Multiple Access (Glonass: same
code for all satellites, different frequencies)
CDMA - Code Division Multiple Access (GPS: different codes

for all satellites, same frequencies)

- GPS /GLONASS saldile bleck disgraw.
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* Nominal carrier frequencies
— L1: 1602 MHz (GPS: 1575.42 MHz)
— L2: 1246 MHz (GPS: 1227.60 MHz)

» Satellite specific frequencies
— L1, = L1 + kx0.5625 MHz

=7
— L2, = L2 + kx0.4375 MHz AL

Note: L1,/ L2, = 9/7 for all k
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Satellite

CDMA 7 BL4E

FDMA Signals CDMA Signals
T T

L30C
L10OF L2OF
«Glonass-M» L1SF L2SF - - (c 2014 r.)
L10OF L20OF
«Glonass-K» 1G L1SE L2SF L30C
L10OF L20F L10C L20C
«Glonass-K» 2G L1SF L2SF L1SC L25C L30C
1600.995 MHz
1248.06 MHz

1202.025 MHz
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Glonass GPS

Orbit

Clock

Update period

Almanac

Position, velocity,
acceleration at
at reference time

Clock offset and
drift at reference
time

30 minutes

Keplerian elements

Keplerian elements
and corrections
at reference time

Clock offset, drift
and drift rate at
reference time

Two hours

Keplerian elements
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* New geodetic datum
— Change from PZ90 to PZ90.02 in September 2007
— PZ90.02, differences with ITRS less than 0.5 m

« User range accuracy

— ICD 3.7 m
— Actual 1.8
» Clock stability
& 3.7 m ICD
— 1083 g/s qrepedfees .= before November 2007
1.8m

03.01.08
13.01.08
23.01.08
02.02.08
12.02.08
22.02.08
03.03.08-
13.03.08

1 ’ L
-F .
~‘? ICD — Interface Control Document

N o N oo

01.06.08-
11.06.08

21.06.08

01.07.08
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dB[m]

Errors
dL=-1.9m

dB= -4.2m
% dH= 17.4m
dL{m]

\,;ﬂ:ﬂ' 6 9 12 15

DOPs
HDOP=1.1
PDOP=23
GDOP=26
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www.glonass-center.ru
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GLONASS News

Status & Feedback Performances
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Galileo% & B #2.(GNSS-1)

« GNSS-1%#%% 3+ 3 (1995- 2004)7]%3-.1 EGNOS (Buropean

Geostationary Navigation Overlay Serv1ce) I T F N
i 7 ¢
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Galileo% & B #2.(GNSS-2)

» GNSS-2 % & 3+ % (1999-2008) # % Galileo >
%—{gxﬁ '—"'r’ﬁé e L iR E,E-Emfgri 3 3T B
GPS¥*GLONASSF Pk 23 H & m%’rﬂmix:ﬂm;

- Galileo®7& 2+ endd sk ¥ (e = SEEBIE) » #
T3k BE AR EIE AT E R

 Galileos: ¥ GPS% GLONASSR RF#M I i » & @
% —’F'f PV Y - BEIR i#q—’]{ WSk
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7 %
Galileoit§ a2 &

4 Phases:
« Definition Phase (z_& ¥ £)
* up to end 2005.5
* Initial definition of the GAL

Exploltation phease

Deployment phase

Prog rmmume

Gallleo
Phasas

Definltlon phass

| | | 1 | | | [ | | | |
0T 2003 20 2005 2006 2007 1008 2009 2010 2011 2012 3012 2014 B0 E 2018 2017 2018 2018

» In-Orbit Validation (& & F¢ )
e 2005 through 2011.5
» Consolidation of Mission Requirements
» Development of satellites and ground based components
 In Orbit validation
* Deployment (3% ¥ F# £Ex)
e 2009 through 2014
« Construction and launch of satellites
* |Installation of complete ground segment
« Exploitation (& i€ [ £X)
e 2014 onwards
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Galileo k L7F #

o
=
g
§ 27 satellites, 3 active spares
S 23.222 km orbit
2 569 inclination
%
& . :
S Signal in . . Telemetry
Space Signal in Integrity Telecommand
Space e
Indication
o
2
S
8
E
ﬁ
Ground Mission Segment Ground Control Segment
Signal Management Satellite health
POSitiOﬂ, Time management

Integrity, Security
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Walker 27/3/1
+3 Active Spares

Inclination 56°
29600.318 km Radii

Period 14hr 4m 42s

Ground Track Repeat
10 days /17 Orbits

2 Rubidium, 2 PHM




2003 2005 2008 2014
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Galileo In Orbit Galileo Full

GPS | Galileo Exp. SV Validation Operational
Constellation (2) Const. (4) Const. (30)

D | ‘A}ISuaAIUN

IOV
Phase
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Galapagos @

.Papeete

® Reunion
Fidji ®

New Norci
Rio Grande Kerguelen ¢ = Canb}&a

Note.: Utilization of the locations is matter of ongoing assessment
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R GalileoFR 7378 F

Open Service Free service; Mass market;

Encrypted; sub metric accuracy

Commercial (dedicated signals in E6 band);
Guaranteed service-data via Internet

Open Service + Integrity and
Safety of Life Authentication of signal.
Guaranteed service

Navigation

Public Regulated Encrypted; Integrity;
Continuous availability
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Near real-time; Precise; Return E’jﬁa
link feasible '




| ARNS Bands
RNSS Bands

-

I d

14
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IR
-
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RNSS Bands

!

Galileof

1
cccccom HN N =N ﬂ -

j '
L
- GALILEO Bands (Navigation)

ESa/L5

- GALILEO SAR Downlink
|:| GPS Bands (Current & modernized)

ARNS Bands
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.10 Navigation Signals - Right Hand Circularly Polarised

OS/SOL  Alt-BOC(15,10) CS BPSK(5) OS/SOL BOC(1,1)*
Data + Pilot Data + Pilot Data + Pilot
p A N PRS BOC,,(10,5) PRS BOC,,(15,2.5)
-155 -155 -152 -152
E5‘i‘dBW ESE)dBW B0 ew L1 iew
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Commercial Service (CS) Public Regulated Service (PRS)
Open Service (OS) Safety Of Life Service (SOL) * BOC(1,1) or Optimised CBCS




Vertical Accuracy

paijddy jo juawiuodaq

Latitude (Deg.)
=

1 [

GPS Galileo Galileo + GPS
Constellation

90 | | | | | | | | | | |
=180 =150 120 -90 -0 =30 0 30 60 90 120 150 180

Horizontal Accuracy -note (eg)

1 frequency | 2 frequencies
Horizontal Positioning (95%) | 15 [m] 4 [m]
Vertical Positioning (95%) 35 [m] 8 [m]
Velocity (95%) 0.5 [m/sec] | 0.2 [m/sec]
!,-r ? Timing with respect to UTC 30 [nsec] 30 [nsec]
v Global availability 99.8 % 99.8%
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http://gpsworld.com/wp-content/uploads/2014/02/Galileo_positioning_performance.png
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North Error (m)

Pseudorange Residual (m)

East Error (m)

270° 90°

180°

L Galile'(')"";” B S S S AU

50 100 150 200 250
Time since TOW = 313285.5 (s)


http://www.gpsworld.com/wp-content/uploads/2013/03/pos_err.jpg
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http://gpsworld.com/wp-content/uploads/2013/12/GNSS-SDR-1.jpg
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« Position fixes made by France’s CNES space agency in
Toulouse, France, on 9 Dec. 2014 with Galileo’s fifth satellite,
recently salvaged from the wrong orbit to begin naV|gat|on

testl n better th an 2 m B8 TURN_MRUO07_141209_0000_part0.sbffile - Planimetric Plot - 5/N 11999 -[of x|
View Scale Center History Tools
Topocentric grid: North-East view
Reference: (N 52°1306.41892" E 004°25'10. 369637 O
B Stand-Alone |
:_'.'.:]
by
S
-
+
i
5 E
g £ A
. 5 —
© A=}
5 £ ] i
a ;
2 :
g
4418 44185 ] 4.419 4.419 7 m :
Long. [deg] 1 =
5 ’ g
. L 1
15 14 13 12
‘ Topocentric East [m]
| 15,286 of 85,400 points | Stand-Alone



http://gpsworld.com/wp-content/uploads/2014/12/Fix_performed_with_navigation_assistance.jpg
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http://www.gpsworld.com/wp-content/uploads/2012/09/Table-11.jpg
http://www.gpsworld.com/wp-content/uploads/2012/09/Fig3.jpg
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SVID CCSDS

ddy jo juawiundaq

Satellite Code (PRN) ID [hex] Orbital Slot Status
GSAT-0101 11 3A5 BO5 Available
GSAT-0102 12 3A6 BO6 Available
GSAT-0103 19 3A7 Co4 Available
GSAT-0203 26 263 BOS Available
GSAT-0204 22 264 BO3 Available
GSAT-0205 24 265 A0S Available
GSAT-0206 30 266 AQ5 Available
GSAT-0208 8 268 Co7 Available
GSAT-0209 9 269 C02 Available
GSAT-0210 1 26A A02 Available
f"? GSAT-0211 2 268B A06 Available
+Y
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Galileo Signal in Space Ranging Accuracy - Constellation averages [m]
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