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IRNSS(Indian Regional Navigational Satellite System)

- Satellite based navigation system offering an independent positioning and timing services over Indian

and neighboring regions.
- Satellite Height — 36000 km above earth ‘
» Coverage — 1500 Km

Satellites
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111.75°E

The IRNSS space segment
consists of 7 satellites (3 GEO
and 4 GSO). The 3 GEOs will
Uk ’ be located at 32.5° E, 83°E
Indian and 131° E and the 4 GSOs

Ocean have their longitude crossings

55° E and 111.75° E (two in
each plane)




STEC And VTEC
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Re -Radius of the Earth The ionosphere is represented as thin shell. The
variation of electron density shown in red color
and the peak value represent the F layer (shown
as yellow line) (Fedrizzi et al, 2002)
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* Data can be Extract in two formats
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CSV Files
Rinex Files

Datal

Initial Settings

Input Folder 165 Rx_Logs\[GS_Rx Log18\Raw Data Log Files @

Output Falder ‘ C:\IGS_Rx_Logs\GS Rx_Log~18\Raw Data Log FiI@H

V' Index FileName CrestionTime~ *
V' 1 RawData 013017 003020 11dog  02/01/17121428
V' 2 RawData ONIIT 111327 120eg 02017111327
V' '3 RewData 020317125450 13log  02/03/1712:5450
V' 4 RewData 0517143812 1400g  0205/17143812
—

i |+

‘ Initialize ‘
Time - Date (Start & End ) Information

StartTme  30/01/2007 04:00:37.00

EdTme 10022017 12:11:22.00

Config Time - Date Information

Start T ‘1;30}201? v ‘4:00:3?»4%‘

End e ‘zjmfzoﬂ - ‘12:11:22PM %‘

Data Extraction

Output Specific Settings
Output Type

CSV Files

[™ Open Message Count Fil
[™ Select Al Messages
B Satellte Info
[ GPSL1
[ IRL5
[ RS
[ 3BAS
2 PVT Info
[+ POSB
[ CLKB
[+ TIDB
[+ Dope
B Raw Bits Info (RNBB)
[~ GPSLT

Generate Quiputs

Current Status
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IRNSS1A IRNSS1B IRNSS1C IRNSS1D IRNSS1E IRNSS1F IRNSS1G
__ MAX523 _ MAX51.8 _ MAX527 ___ MAX50.8 _ MAX51.1 MAX 49.0 MAX 47.9
MIN 44 .8 MIN 45.3 MIN 49.7 MIN 43.7 MIN 43.8 MIN 45 4 MIN 28.2
AVG 49.3 AVG 49 1 AVG 51.3 AVG 48.2 AVG 48.2 AVG 47 4 AVG 46.0
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IRNSS1A IRNSS1B IRNSS1C IRNSS1D IRNSS1E IRNSS1F IRNSS1G
_ MAX46.7 _ MAX46.7 _ MAX47.2 _ MAX451 _ MAX 447 MAX 45.1 MAX 42.9
MIN 40.7 MIN 40.6 MIN 43.6 MIN 39.2 MIN 37.9 MIN 40.9 MIN 25.7
AVG 443 AVG 44 .2 AVG 455 AVG 42 1 AVG 41.8 AVG 43 4 AVG 39.9
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« E-W Error(m),N-S Error(m) - Radius Reference Point
Ref X 1623806.639 (m)
Ref Y 5886241.045 (m)
Ref Z 1838339.018 (m)
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lono Delay (in m)

75
70— a;m41m-u
65—
60—
55—
50—
45—
40—
35—
30—
25—
20—

Time (HH:MM)




— IRNSS1B IRNSS1C IRNSS1D IRNSS1E IRNSS1F IRNSS1G

— IRNSS1A

N

_
o
o~

10—
5

_
LD
L

{w u1) Aejaq ouo|

Time (HH:MM)




Absolute TEC derivation from IRNSS (code developed):

TECgroup = (P1-P2)* 4.4191
TECphase = (C1-C2) * 4.4191

where 4.4191 is estimated multiplication factor for IRNSS

Graph of Calibrated Slant TEC, Date:12/04/2017
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Graph of VTEC, Date:12/04/2017
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Figl: Result for Calibrated Slant TEC

Fig2: Result for VTEC(Biased)




Annual RESPOND Review 2017 at SAC,ISR(

» Detection and Correction of Cycle Slips:

]
Graph of Phase TEC before cycleslip correction, Date:12/04/2017, PRN= IRNSS-1E |
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Graph of Phase TEC after cycleslip correction, Date:12/04/2017, PRN=IRNSS-1E
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o4 IPP tracks of IRNSS and GPS satellites and nearest IPP points chosen in green color
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Fig. : Locations of IPPs for IRNSS (blue color) and GPS (red color), the closer GPS tracks
are identified by green color. The black and magenta astericks indicate the locations of Sangli
(IRNSS) and Kolhapur (GPS) receiver installations




Distance between IPPs ofJ{NSS and GPS in units of degrees (1 deg =110 km)
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Fig. : Top panel plot showing the distance between the closest IPP points (in degree on y-axis) with
respect to the time of the day, for days 11 to 14™" April 2017. And the second panel shows the
corresponding differences in TEC values for those closest IPP points between IRNSS and GPS
intercepting line of sight at ionospheric height of 350km.




TEC differences between IRNSS and GPS IPPs Vs distance between them
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Fig. : scatter plot for the distance between the IPPs of IRNSS and GPS, and the
corresponding differences in TEC values at that IPP.
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Fig : IRNSS derived TEC variation at Sangli station during equinox (4 days of April 2017)

GPS derived TEC at Kolhapur Station, Date: 11-04-2017 to 14-04-2017
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Fig : GPS derived TEC variation at Kolhapur station during equinox (4 days of April 2017)




50 Graph of IRNSS TEC at Sangli Station, Date: 23-06-2017 to 26-06-2017
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Fig : IRNSS derived TEC variation at Sangli station during summer (4 days of June 2017)

GPS derived TEC at Kolhapur Station, Date: 23-06-2017 to 26-06-2017
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Fig : GPS derived TEC variation at Kolhapur station during summer (4 days of June 2017)




Graph of IRNSS TEC at Sangli Station, Date: 17-11-2017 to 20-11-2017
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Fig : IRNSS derived TEC variation at Sangli station during winter (4 days of November 2017)

50 GPS derived TEC at Kolhapur Station, Date: 17-11-2017 to 20-11-2017
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Fig : GPS derived TEC variation at Kolhapur station during winter (4 days of November 2017)




Fig : Response of IRNSS TEC (panel b),
GPS TEC (panels ¢ & d) to the
September geomagnetic storm event as
shown In Dst variation in panel (a).
The panels b, c, d represent the TEC
variation of IRNSS at Sangli, GPS at
Kolhapur and Hyderabad
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lonospheric Variability in TEC and generate TEC map over Indian region
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Graphical Representation of Artificial
Neural Network used in developing the
Indian TEC Map using GAGAN data (Dr.

Gopi Seemala, IIG, Mumbai)
).




Conclusions

» TEC derived from IRNSS at Sangli (16.861 N, 74.577 E) was compared with the
GPS derived TEC from Kolhapur (16.677, 74.255 E; about 40 km from Sangli)
and also from GPS - TEC from Hyderabad (17.417 N, 78.550 E) during a
geomagnetic storm event. TEC derived from both systems IRNSS and GPS show
the similar diurnal pattern.

« The TEC derived from IRNSS can be relatively accurate than GPS once the bias
corrections are correctly applied.
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