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Abstract-Whena navigation satellite transmits
signal to the receiver whichis onor above
theearth,thesignalisbeingaffectedbytheatmos
phericchangesanddisturbances,satelliteandre
ceiverbased errors including receiver
hardware bias. In this project we analyzed
the bias orresidual in NaviC Pseudo range
measurements on L5 (1176.45 MHz) band.
This analysis iscarried out by using Double
Difference  (DD) method with PR
measurements of different
baselengthsviz.zerobaselength,1meterbaselen
gth,3.56meterbaselength,5meterbaselength,
7meter base length and O9meter base
length. ThePRbiasresultswerepresentedforaG
eostationary(GEO)satellite(IRNSS-1G)and a
Geosynchronous (GSO) satellite (IRNSS-1D).
The satellite IRNSS-1C was consideredas a
reference in DD computation due to its
highest elevation angle. The results show that
thePR bias on L5 is in the range of + 0.606m
to + 7.169m for IRNSS-1D satellite and
forIRNSS-1G satellite is in the range of
+0.019m to +4.331m. Further it is observed
that the PRbias is increasing significantly for
both IRNSS-1D satellite and IRNSS-1G as
thebase lengthincreases.

I.INTRODUCTION

IRNSS System Overview (NavlC):The Indian
Regional Navigation Satellite System (IRNSS), with
an operational name of NavIiC (acronym for
Navigation with Indian Constellation), is an
autonomous regional satellite navigation system
that provides accurate real-time positioning and
timing services. It covers India and a region
extending 1,500km (930 mi) around it, with plans
for further extension. An extended service area
lies between the primary service area and a
rectangle area enclosed by the 30" parallel south
to the 50™ parallel north and the 30™ meridian
east to the 130" meridian east, 1,500-
6,000km(930-3730mi) beyond borders. The system
currently consists of a constellation of seven

satellites, with two additional satellites on ground
as stand-by.

IRNSS Architecture: ThelRNSS architecture
mainly consists of:

» Space Segment
» Ground Segment
» User Segment
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Fig:1 IRNSS Architecture

IRNSS Space Segment: Based on various
considerations the IRNSS constellation is worked
out to be a combination of GSO and IGSO
satellites.

The IRNSS space segment consists of 7 satellites (3
GEO and 4 GSO). The 3 GEOs will be located at
32.5°E, 83°E and 131° E and the 4 GSOs have their
longitude crossings 55°E and 111.75°E (two in
each plane). IRNSS-1A spacecraft was launched on
1 July 2013.

IRNSS Ground Segment: Ground Segment is
responsible for themaintenance and operation of
the IRNSS constellation. The Ground segment
comprises of:

> ISRO navigation center

> IRNSS Spacecraft control facility

> IRNSS Range and integrity monitoring
station

User Segment: The User segment mainly
consists of: Single frequency IRNSS receiver
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capable of receiving SPS signal at L5 or S band
frequency.

II.METHODS
Zero Baseline:

The zero baseline is the distance is zero between
the 2 receiving antennas of 2 receivers while we
collect data.

(OR)

If the distance between 2 receiving antennas is
zero while we collect data then it is called zero
baseline.

In practical even if we keep 2 antennas very close
there may be a slight gap between them and error
may occur. So we use single ante

nna and send that signal to 2 individual receivers
via signal splitting method.

Signal Cable
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Fig: 2 Zero Baseline experiment

Short Baseline:

It is defined as when 2 receiving antennas of 2
receivers are separated by a distance ‘D’ in order
of few centimeters to kilometers then that
distance is called Short Baseline.

It means each receiver station is separated by
distance ‘D’ from each other taking one as
reference.
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Fig:3 Short Baseline experiment
Single Difference Observation:

Single difference observations are constructed to
cancel common effect shared by signals travelling
from a satellite through different paths. A carrier
phase signal difference observation for two
antennas A and B with respect to satellite j is
formed subtracting two carrier phase observations
like (1). The single difference is

A, (6) = Bph,(£) — AAN}, — cAdTy,
—Ac. di]onBA +A. CdzropBA

+ e(ADp, 2)

whereA represents the difference between
receivers. In (2) the satellite clock error term
is cancelled after taking single differences
between receivers with respect to the same
satellite; the same happens to the initial
phase. The tropospheric and ionospheric
delay residuals are negligible when compared
to multi path error and receiver noise,
because they are very co-related due to the
short distance between antennas.

Satellite j

Antenna

Antenna f3

Fig:4 Single Differenced Observations
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Double-Difference Observation:
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Fig:5 Double Differenced Observations
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for satellite j and one for satellite .

Mathematically, a double difference is

VAR, = VApl, + AVANJ. + £(VA®)  (3)

III.RESULT

ZERO Baseline:

DD for CP of 104

0 L5 CP Measurement(m)

TG
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Fig:6 Residual in NavIC L5 Carrier Phase
Measurement for Ometer Zero Baseline

This results section describes residual bais of NavIC
carrier phase bias measured on L5 frequency band
for different baselengths such as zero baselength,
short baselength with baselength value 1mteter,
3.56 meter, 5meter, 7meter, 9meter.

The above figure 6 shows the variation of residual
in NavIC L5 carrier phase measurement for zero
baseline length of zero meter. On x-axis we have
taken the UTC time and on y-axis we have taken
the residual of carrier phase. This analysis is done
for 2 different satellite signals such as 104 and 107.
For 104 the maximum value of residual bias is
0.757 meters and the minimum value bias is -0.463
meters, the mean and standard bias values are -
0.005638 meters and 0.1253 meters respectively.

Likewise for 107 the maximum value of residual
bias 0.389 meters and the minimum value bias is -
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0.463 meters,the mean and standard bias values
are -0.02573 meters and 0.1166 meters
respectively.

The similar analysis was done for different base
lengths and the results are presented in the below
figures 7.

Short Baseline:
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Fig:7 Residual in NavIC L5 Carrier Phase
Measurement for 1meter Short Baseline

IV.CONCLUSION

The Residual noise in NavIC L5 signal is estimated
using zero base length and short base length. For
this we used single difference and double
difference techniques. The analysis of residual
noise is done by considering two satellites 104 and
107. The conclusions drawn from the result are.

Minimum, maximum, mean and standard bias
values are calculated for different base length
values of Ometer, 1meter, 3.56meter, 5meter,
7meter and 9meter.

In 104 satellite, when the base length increases the
residual value also increases. Similarly in 107
satellite, when the base length increases the
residual value also increases.
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