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Block IR £ (12/2/14)

b &5 |PRN | #5E LA | BEE | U —E REASRES
IOR-1 | 42 97-01-17 | Rb |#TBEIFREK
MR-2 | 43 | 13 | F-3 | 97-07-23 | Rbl |98-01-3100:57

I R-3 46 11 D-2 99-10-07 Rb1 | 00-01-03
I R-4 91 20 E-1 00-05-11 Rb1 | 00-06-01 16:09
O0R-5 44 28 B-3 00-07-16 Rb2 |00-08-17 13:51
I R-6 41 14 F-1 00-11-10 Rb1 [00-12-10
0 R-7 24 18 E-4 01-01-30 Rb1 |[01-02-15
I R-8 o6 16 B-1 03-01-29 Rb3 |03-02-18 15:53
IR-9 45 21 D-3 03-03-31 Rb3 | 03-04-11
OIR-10 | 47 22 E-2 03-12-21 Rb3 |04-01-12

OR-11| 59 19 C-3 04-03-20 Rb3 | 04-04-05

IR-12| 60 | 23 | F-4 | 04-06-23 | Rb2 |04-07—09
IR-13| 61 | 02 | D-1 | 04-11-06 | Rb1 |04-11-22 ﬂ
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Sat# | PRN# | Orbit | Launch Date | Clock | Commitment Date
I R-14/M1 | 53 17 | G-4 | 05-09-26 Rb3 | 05-12-16
IR-15/M2 | 52 31 A-2 06—09-25 Rb3 | 06-10-12
IR-16/M3 | 58 12 | B-4 | 06-11-17 Rb3 | 06-12-13
OIR-17/M4 | 55 15 F-2 07-10-17 Rb3 | 07-10-31
IR-18/M5 | 57 29 | C-1 07-12-20 Rb3 | 08—01-02
IR-19/M6 | 48 07 | A-4 | 08-03-13 Rb3 | 08—03-24

I R-20/M7 | 49 09-03-24 Rb2 | 11-05-06:B %
IR-21/M8.| 50 05 | E-3 09-08-17 Rb1 | 09-08-27
OIF-1 62 25 | B-2 10-05-28 Rb1 | 10-08-27
OF-2 63 01 D-2 11-07-16 Rb1 | 11-10-14

IF-3 201249 A F & (SPACEFLIGHT NOW)
http://earth-info.nga.mil/GandG/sathtml/satinfo.html
National Geospatial-intelligence Agency

2012 £F2 F14 A B #
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_GPS 7n/77'-// \—ézf/_/_b-
-t

Accuracy User Range \ 78 . | o o 10 10
(meters) Error at 1 day : ' . Bt :
MMD Reg. 4.5 b b | b b 9.9 12
?\' I.ﬂ'-!;:'llm Design Life L 1.5 1.5 1.5 1.5 12 | 15
s Expendables 7 10 10 0 | 10 : -
L1C/A -160.0 -160.0 -158.5 -158.5 158.5 -158.5 | -158.5
L1P | -163.0 | -163.0 | -1615 -161.5 -161.5 161.5 | -161.5
L1M | - - - - | -158.0 -158.0 -158.0
Signal Power | l1- : T ) Lo
(dBW) L2C . ' : - | -160.0 | -160.0 | -15B.5
L2P 66.0 66.0 [ - 04.5 -164.5 _:1_ -1b61.5 -101.5
LzM . . b 161.0 | -161.0 158.0
L5 ] 157.9 -157 1|
Availability specification levied on full constellation at | Byt
it ) I 98% with SV goals of 95% S0.09%: | S940%

Inside GNSS September/October 2011

_— " ; _ . . . 11
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GLONASS Modernization Plan

1982 2003 2011 2013-2014

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

_
» 3 year design life

10 year design life 10 year design life

7 year design life

* g,[gg‘flgtabi"ty- . Clocklgtability e Unpressurized e Unpressurized
110 . ility o ili
 Signals: L1SF, L2SF, Signals: Gl Expected (.:,Ifgk Séitigly Expected (ilngls,E?%I-Ilgy
L1OF (FDMA) d |gna S. onass + - e . ree
’ L20F (FDMA) e S Is: e S Is:
» Totally launched 81 nass- na’s-
Y « Totallv launched 28  Glonass-M + L30C Glonass-M + L10C,
satellites y .
_ _ satellites and going ~ (CDMA) — test L30C, L1SC, L2SC
» Real operational life  to Jaunch 8 satellite « SAR (CDMA)
time 4.5 years by the end 2012 « SAR

CDMA signals general structure already designed
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GLONASS Constellation Status at 11.06.2012 based on both the almanac analysis and navigation messages
received at 06:00 11.06.12 (UTC) in IAC PNT TsNIImash
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Orb.
Orb. slot ol.
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RF chnl

01
-4
05
06
01
-4
05
06

# GC

730
728
744
742
734
733
745
729
736
717
723
737
721
715
716
738
746
724
720
719
725
731
732
735
701
743
722
712
714
727
726

Launched

14.12.09
25.12.08
04.11.11
02.10.11
14,12.09
14,12.09
04.11.11
25.12.08
02.09.10
25.12.06
25.12.07
02.09.10
25.12.07
25.12.06
25.12.06
02.09.10
28.11.11
25.09.08
26,10.07
26,10.07
25.00.08
02.03.10
02.03.10
02.03.10
26.02.11
04.11.11
25.12.07
26.12.04
25.12.05
25.12.08
25.09.08

Operation
begins
30.01.10
20.01.09
ne.1z2.11
25.10.11
10.01.10
24.01.10
18.12.11
12.02.09
04.10.10
03.04.07
22.01.08
12.10.10
08.02.08
03.04.07
12.10.07
11.10.10
23.12.11
26.10.08
25.11.07
27.11.07
05.11.08
28.03.10
28.03.10
28.03.10

25.01.08
07.10.05
31.08.06
17.01.09
13.11.08

Operation
ends

12.10.11
14.12.11
19.12.11
08.09.10
31.08.09

Life-time
(months)
29.9
41.6
7.2
8.3
20.9
20.9
7.2
41.6
21.3
63.6
23.6
21.3
23.6
65.6
63.6
21.3
6.4
44.5
23.6
23.6
44.5
274
274
27.4
15.5
7.2
33.6
B9.6
Fr.6
41.6
44.5

Satellite health status

In almanac | In ephemeris (UTC)

B e e e S S R S S S S S S S R S S S

+ 06:45 11.06.12
+ 22:30 10.06.12
+ 00:01 11.06.12
+ 02:15 11.06.12
+ 04:00 11.06.12
+ 06:00 11.06.12
+ 06:45 11.06.12
+ 06:45 11.06.12
+ 06:45 11.06.12
+ 06:44 11.06.12
+ 06:45 11.06.12
+ 23:30 10.06.12
+ 01:30 11.06.12
+ 02:59 11.06.12
+ 04:45 11.06.12
+ 06:30 11.06.12
+ 06:45 11.06.12
+ 06:45 11.06.12
+ 01:00 11.06.12
+ 02:30 11.06.12
+ 03:30 11.06.12
+ 04:45 11.06.12
+ 05:31 11.06.12
+ 06:30 11.06.12

Comments

In operation
In operation
In operation
In operation
In operation
In operation
In operation
In operation
In operation
In operation
In operation
In operation
In operation
In operation
In operation
In operation
In operation
In operation
In operation
In operation
In operation
In operation
In operation
In operation
Flight Tests
Spares
Spares
Spares
Spares
Maintenance
Maintenance
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GLONASS #f (200741 H30H)

Real-Time GLONASS monitoring (for IAC tracking point)

Satellites in wiew Estimated position
Slkey plot epoch: 10:38:00 30.01.07 Fosition estimation epoch: 10:35:00 30.01.07
M dB[m]
= f L ™y
Tk Errors
| -V dl=19.4m
/» \\ dE=-18.9m
(A
\ L& 15 15%0, 25

'j/ DOPs
HDOP=1.5
FPDOP=24
SDOP=2.8

,

LURE

URE [m]
el

Information ‘Analytic’ Center. @FX27755:9" *North

i o
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GLONASSHINE % 6 (20114E4 H 12H)

Real-Time GLONASS monitoring (for IAC tracking point)

.

Satellites in view Estimated position
Sky plot epoch: 03:43:00 12.04.11 UTC Position estimation epoch: 03:43:00 12.04 11 UTC
] dB[m]

Errors
dl=-0.9m
dB=5./m
dH=3.1m

dL{m]

DOPs
HOOP=1.0
FDOP=1.6
GDOP=1.4

10 15 20 25

URE

1 "2 '3 4 &5 6B 7 8 9 10 11 12 13 14 ‘168 16 17 18 18 ' 20 21 22 23 @ 24
Satellite 1D

| nformatioandiytic Center @FX 27 55.9 ° North
37.8° East .,

Laboratory of Satellite Navigation Engineering



&Tokyo University of Marine Science and Technology
]

GLONASSHINE % 6 (201242 H 13H)

Estimated position

Satellites in view
Sky plot epoch: 14:13:00 13.02.12 UTC

Position estimation epoch: 14:13:00 13.0212 UTC
dB[m]

Errors
dlL=-1.3m
cB=0.0m

s tH= -0.5m

x“?‘a -aravers ol

/ DOPs
HOOP=1.0

PDOP=1.5
SDOP=16

—— - 43 14 15 16 17 18 18 20 21 22 23 24

12 3 4 & B 7 & 8 10 11 12
Satellite 1D
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GPSHIAL % i (201242 H13H)

Estimated position

Sky plot epoch: 09:24:00 13.02.12 UTC Fosition estimation epoch: 09:24:00 13.02.12 UTC
I+ dB[m]
J30° [ )

Errars
dl=0.4m
dE=0.1m

? dH= -3.3m

h?ﬁ‘-----dL[m]
76 912 15
E::i/j DOPS

7z

HDOP=0.8
POOP=1.3
GDOP=1.5
L r
URE
UR E [m]
10
g
B
4
2
RN A R 'mﬂ’*l2’13%’;5{’?&%’18’19'20’21ﬁ’n’m’zﬁ’zﬁ’z? 2820 30 31 32
Alellire

Laboratory of Satellite Navigation Engineering



QTokyo University of Marine Science and Tech

HYLABE 20145FI0C(1848) FE

- | GIOVE-A 200512 A28 H#T5_E(F
~ GIOVE-B 2008f)-'-'4ﬁ27 BiT5_Elf

A R 5187
(L—HESE)

—A

IOV 244
2011 £F10 21 A#T_E

SMEO#:&&30&F E1-1589.742MHz

o E2:1561.098MHz
7 56
FLRMAS E5:-1207.140MHz

BLEF#E 29980km  E6:1278.75MH;
JEEERNA PR 57368  C1:5019.861MHz

Laboratory of Satellite Navigation Engineering

23



g\ Tokyo University of Marine Science and Technology

Full Operational Capability

’ g s Full services, 30 satellites
Galileo is implemented 2018

in a step-wise approach
Initial Operational Capability

Early services for OS, SAR

2 ﬁ#ﬁ-ﬁ Pilot project for PRS and demonstrator for CS
28175 LITTFH# 2014
1468 HF S

B8 FFERE 2012/02/02 DO st

SEDFE " and ground segment

2013 6HMFT5 LIS 2012

2014 8##T5_E1F-OSISAR Bi#s
2015 SH#ITE_EIS
2016 PRS/CS Gf#44 GIOVE A/B

2 test satellites

2012/03/14 @Munich  2005/2008

Galileo System Testbed v1
Validation of critical algorithms

2003

GALILED

| GSTR-V)

1
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Indian Regional Navigational Satellite System
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HROWAAS (SBAS)Y—E R (DGPS)

HLERITOMEBTR (A2 TT)T1HEE)
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GNSSH IR A, L1+

GPS -160 — —
7 N,
180+ \ r . . .
1550 1560 1570 1580 1590 1600 1610 1620
GLONASS 160+ |
old signals 180+ |
1550 1560 1570 1580 1590 1600 1610 1620
nr L1OCI ~L10C|
GLONASS -160 IrE WX |
new signals 180+ ;' ! A |

1550 1560 1570 1580 1590 1600 1610 1620

Galileo -160F
-1Eﬂh 1 1 1 1 |
1550 1560 1570 1580 1590 1600 1610 1620
. 160}
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GNSSH R/ L2+
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Eccentricity = 0.075 [Inclination = 41 degree
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iﬁ’flﬁﬁg 154/ A 50/

B8 1.8 k> (dry)
BB RERIE - $9 320kg
CSW)| #3 5.3 kw (EOL)

AUEF 491 9kW
REtHEH | 105

Radiation Cooled TW
TWSTFT Antenna

C-band TTC Antenna

Laser Reflector

"L1-SAIF Antenna

L-band
Helical Array
_ _ _ Antenna
Satellite Configuration on Orbit ”
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QZSSEFE

B =
L1-C/A BEDLLPOLAILEDCGPS BLEEEL
L1C 1575.42MHz ;_Eﬁ,&~E§E. F
EHEFIEIE, TrI77L>1v /LIS, 1
— 122lOMRZ | 5oz 255 DS
L5 IDGNSS BE DB IFEH (F/ILvF

1176.45MHz | &) - @ BEISERDE(E

L1-SAIF* | 1575.42MHz GPS-SBASEAICIEF A (250bps)

LEX 155 (2Kbps)
1278.75MHz Galileo E6 155 & A EH1E

* L1-SAIF: L1-Submeter-class Augmentation with Integrity Function
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- GPS+QZSHINL S A (QZSIN$460~80" )

GPSWﬁ7X77OO 2012/01/20 GPST :O~8#F

| --I- GPS olnly _.
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soa GPS (SAIF corr.) |8 &
GPS only: _ s EF'%
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HDOP1.0, VDOP1.6 = g
5o e
. z O iagw
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GDOP2.0:, PDOP1.7, 5
HDOP1.0, VDOP1.4 Z -1r
-2+
2.34§{m):GPSo§n]y,2drmsg =, " | | |
—3—-2.-05;{m) GPS+QZSS,2drm5l s e s
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QZS?MSIS-URE

Average -0.059 [m]
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Percentageof Time ( | URE | S2.6[m]) 99999 [%]
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5 ' v H . ' v . v : ' A
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#6m1CG (The International Committee—
. on Global Navigation Satellite sttems)

o ICG(FEMEEY AT A (GNSS)IZBH T B HEPR &%)
G:]:19994I30)%:|E|.11$ m%lﬁlﬂémﬂﬁﬁ é\a%%
20 5 B é?#ZOllfli%JSEl ~9 Eli'c %}R%‘%
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4DDWG

o WG-ATH A P B OSFE
(Interoperability and Compatibility)

« WG-B: GNSS ®H#:REDn]_I (Enhancement of
Performance of Global Navigation Satellite Systems
services)

¢ WG-C: [HHROYE RBIOHE
(Information Dissemination and Capacity Building)
o WG-D: BlHIE: A B O ERRE 7L — A7 — 27 D44 Hh
I - EIESBEBH D1 )

(Interaction with National and Regional Authorities)

hanf
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o ROEDFEIFREUE « FERBE ORI BRICS
. 1135,
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e ICG-TIZ20124E11H4H XY, JbxThafiE 7

¢ ICG-8IF20134ERNNA (727 B EEHS)
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[AHOZNIKOMHEDHD) ?

o GPSHEFEMTET. i,/ ILREE CHIAL v] B K
M LB,
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= ETBHESXTL LS

Asia Oceania Multi-GNSS Demonstration Campaign

—FIF AT =TS T GNSS AR ER —
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?)I/?GNSS i 5 ) R MGMAR N7 —72)

e PP Q7S

LI GNSS {5 2 %
(GPS,GLONASS,GALILEO, c&zss etc.)

" ZILFGNSS &
R TR 5= =S i ol
“-—_____‘__

;

B Q7SS
WIES] <oy

| Eﬂ\%ﬂﬂ?w&'ﬂ?%iﬂ&ﬁ — NTRIP Caster

BB/ TEL T | mmEs=E | ] HER
BRI =25 L AR, =B | L1-SAIFF %L
(f2iLHE) =
<L FGNssFEEHIE [ BESEEs AT 5 (MADOCA) RS FfEEE BURBINT o 2 7 L BRSE
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MADOCA : Multi-gnss Advanced Demonstration tool for Orbit and Clock Analysis
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7 GPS WUH/MRHERERS RO

IGS : # of Orbit RMS (cm) Clock (ns)
Ac | AnalysisSoftware | g "R A | C | 3D | STD | RMS
MADOCA 0.3.0 /7 089 110 1.12 181 0.109 0.131
ESA NAPEQOS 3.5 110 097 133 109 198 0.116 @ 0.183
CODE Bernese 5.1 231 | 1.01 136 1.14  2.04 0.07/75  0.089

NGS @ arc, orb, pages, gpscom | 199 | 0.95 146 141 224 - -
GFZ EPOS.P.V2 191 115 164 159 256 0.146 @ 0.169
MIT GAMIT 1!(5):1%2 sLOBK 263 | 1.37 212 | 1.39 288  0.277  0.316

NRCan| GIPSY/OASIS-I15.0 91 | 258 1.72  1.77 357  0.128 0.148

JRL GIPSY/OASIS-11 5.0 142 | 2.62 1.67 198  3.68 0.168 | 0.226

GAMIT 10.20, GLOBK
5.08

GRG GINS, DYNAMO 134 | 247 280 | 1.74 4,12 0.172 | 0.212
2011/1/1 - 12/31 (365 days), interval 900/300s, wrt IGS Final
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- A3|a Oceania Regional Workshop on GNSS
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vasuda@kaiyvodai.ac.jp
ETHBRWLET,
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400 Years of Sunspot Observations

| Modern |
M[aximum 250 E

Dalton

Minimum

Maunder
Minimum

1600 1650 1700 1750 1800 1850 1900 1950 2000

EAXRDAHIEE(1642—43)
TRDARHIEE (16971 —95)

Laboratory of Satellite Navigation Engineering



&Tokyo University of Marine Science and Technology

Cycle 24 Sunspot Number Prediction (May 2012)

Hathaway/NASA/MSFC

http://solarscience.msfc.nasa.gov/images/ssn_predict_I.gif
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