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ABSTRACT

Global Positioning System (GPS) satellites are used to
provide navigational services to the users in India. But now
for security reasons, Indian Space Research Organization
(ISRO) has developed its own navigation satellite system
called as Indian Regional Navigation Satellite System
(IRNSS). IRNSS is renamed as Navigation with Indian
Constellation (NavIC). NavIC is an emerging satellite based
navigation system offering an independent positioning and
timing service over India and neighboring regions. Position
accuracy of NavIC is 10m on land and 20m in Indian Ocean
within 1500km around Indian Boundary. Moreover, to
increase user position accuracy, the NavIC can be augmented
with other navigation systems. This paper focuses, initially,
on the analysis of satellite visibility of augmented NavIC with
GPS. Comparative analysis of NaviC and NavIC augmented
with GPS is also done in terms of Position Dilution of
Precision (PDOP). PDOP specifies the user position error
caused by the relative position of the satellites.
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1. INTRODUCTION

In May 2006, India decided to develop its own Navigation
satellite system called as Indian Regional Navigation Satellite
System (IRNSS) [1]. IRNSS is also known as Navigation with
Indian Constellation (NavIC). The requirement of such a
navigation system is driven by the fact that access to Global
Navigation Satellite Systems (GNSSs) like GPS is not
guaranteed in hostile situations. NavIC provides two services,
one is the Standard Positioning Service (SPS) open for civil
use and the other is Restricted Service (RS), encrypted one,
for authorized users (military). NavIC if augmented with
other navigation systems is expected to provide navigation
and guidance with good accuracy. This paper focuses on the
assessment of satellite visibility of NavIC-7 (NaivIiC with 7
satellits) augmented with GPS. Comparative analysis of the
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augmented system with standalone NavIC-7 is also done in
terms of PDOP.

2. OVERVIEW OF GPS AND NavIC

The GPS constellation consists of a minimum of 24

satellites positioned in six orbital planes. Each orbit consists
of 4 satellites. The orbital planes are inclined at an angle of
55° with respect to the equator. A minimum of 4 satellites are
visible from any point on the surface of the earth. The GPS
satellites are placed at a height of 20,200 km from the surface
of the earth[2].
The NaviC has three segments. They are: Space segment,
Ground segment and User segment. The NavIC space
segment has a constellation of 7 satellites, orbiting above the
earth at a height of 36000 km approximately. Out of 7
satellites, 3 satellites are placed in Geostationary Orbit (GEO)
and 4 satellites are placed in Geosynchronous Orbits (GSO).
NavIC satellites in Geosynchronous Orbits (GSO) are at a
height of 36000 km, and are inclined at an angle of +29° with
the equator [3]. Due to this inclination, satellites provide
coverage to the higher and lower latitudes near the poles. In
Geostationary Orbit (GEO) they remain above the equator.

3. ESTIMATION OF SATELLITE VISIBILITY OF
NAVIC-7 AUGMENTED WITH GPS

In case of NavIlC-7, three SVs (IRNSS-1C, 1F, 1G) are
GEO and four SVs (IRNSS-11, 1B, 1D, 1E) are GSO. There is
a possibility of the overlap of two GSO SVs (IRNSS-11,1D)
with the other two GSO SVs (IRNSS-1B,1E) respectively,
twice a day, deteriorating the geometry required for proper
positioning. Hence, the best as well as the worst cases of
satellite visibility are considered for NavIC-7. Augmentation
of NavIC with GPS is done according to their respective
timings i.e. the constellation of NaviC at 6:00 am is
augmented with the constellation of GPS at the same time and
so on [4]. Latitude and longitude range of satellite visibility
for all the four cases is shown in Table 1.



3.1 NavIC-7 Augmented with GPS at 6:00am (Case-1):

Satellite visibility of GPS augmented with NavIC-7 at 6:00am
(Case-1) over the Indian region is shown in Figure 1. It can be
observed that around 10°N-25°N and 77°E -93°E number of
SVsare maximum i.e., 12. A minimum of 6 satellites can also
be observed over a wide range of latitudes (45°N-0°) and
longitudes (60° E-100° E).
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Figure 1: Satellite visibility of NavIC-7 augmented with GPS at
6:00am (Case-1)

3.2 NavIC-7 Augmented with GPS at 6:00pm (Case-2):

Satellite visibility of NavIC-7 augmented with GPS at 6:00pm
(Case-2) over the Indian region is shown in Figure 2. It can be
observed that around 15°N to 7°N and around 75°E number of
SVsare maximum i.e., 14. A minimum of 7 satellites can also
be observed over a wide range of latitudes (0°-60° N) and
longitudes (60° E-100° E).

Batellite visibility of MavlC-7 augmented with GP3,
Date:19th Cct 2019, Time:d:00pm
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Figure 2: Satellite visibility of NavIC-7 augmented with GPS at
6:00pm (Case-2)
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3.3 NavIC-7 Augmented with GPS at 12:00am (Case-3):

Satellite visibility of NavIC-7 augmented with GPS at
12:00am (Case-3) over the Indian Region is shown in Figure
3. A maximum of 16 satellites are present in between 73°E to
87°E and 5°N to 19°N (approximately).13-16 SVs are found
over Indian region.

Satellite wisibility of MavIC-7 angmented with GPS,
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Figure 3: Satellite visibility of NavIC-7 augmented with GPS at
12:00am (Case-3)

3.4 NavIC-7 Augmented with GPS at 12:00pm (Case-4):

Satellite visibility of NavIC-7 augmented with GPS at
12:00pm (Case-4) over the Indian region is shown in Figure
4. A maximum of 13 satellites are found in between 60°E to
83°E longitudes and, 0° to 8°N (approximately). The results
are summarized in Table 1.

Satellite visthility of NavIC-7 augmented with GPS,
Date:19th Oct, 2018, Time: 12:00pm
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Figure 4: Satellite visibility of NavIC-7 augmented with GPS at
12:00pm (Case-4)



Table 1: Satellite visibility of NavIC-7 augmented with GPS

NavIC-7+GPS No. of Latitude Longitude
SVs range range
visible

Case-1 (6:00am) 12 10°N-25°N 77°E-93E°

Case-2 (6:00pm) 14 15°N-7°N | Around 75°E

Case-3 (12:00am) 16 5°N-19°N 73°E-87E°

Case-4 (12:00pm) 13 0°-8°N 60°E-83°E

4. ESTIMATION OF PDOP FOR NAVIC-7

AUGMENTED WITH GPS

PDOP values are computed and analyzed for the best and
worst cases of NavIC-7 augmented with GPS (6:00am,
6:00pm, 12:00am and 12:00pm) respectively [5]. For all the
results, Indian subcontinent with latitude range of 0° to 40° N
and longitude range of 60° E to 100° E is considered for better
focus and comparative analysis [6].

PDOP values for NavIC-7 augmented with GPS at 6:00am
(Case-1) are shown in Figure 5. The minimum DOP values are
observed over southern part of India. Minimum PDOP is
1.41. The maximum values of DOP are observed over the
north-west of India. The maximum PDOP is 19.89.

MawIC-7 augmented with GPS FDOP,
Dater19th Oct, 2018, Titne:6:00am
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Figure 5: PDOP of NavIC-7augmented with GPS at 6:00am
(Case-1)

204

Sudershan Reddy Kotla et al., International Journal of Advanced Trends in Computer Science and Engineering, 8(1.4), 2019, 202- 205

HavIC-7 augmented with GPS PDOF,
Date:19th Oct, 2018, Time:6:00pm
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Figure 6: PDOP of NavIC-7augmented with GPS at 6:00pm
(Case-2)

The PDOP values for NavIC-7 augmented with GPS at
6:00pm (Case-2) are shown in Figure 6 respectively. The
minimum DOP values are observed over the southern part of
India. Minimum PDOP is 1.39. The maximum values of DOP
are observed over the south and eastern coast of India. The
maximum PDOP is 14.45.

The PDOP values for NavIC-7 augmented with GPS at
12:00am (Case-3) are estimated and plotted as shown in
Figure 7 respectively. The minimum DOP values are observed
over southern part of India. Minimum PDOP is 1.38. The
maximum values of DOP are observed over the north-west
part of India. The maximum PDOP is 10.17.

The PDOP values for NavIC-7 augmented with GPS at
12:00pm (Case-4) are estimated and plotted as shown in
Figure 8. The minimum DOP values are observed over
southern part of India. Minimum PDOP is 1.42. The
maximum values of DOP are observed over the north-west
part of India. The maximum PDOP is 10.09.

MavlC-7 augmented with GPS PDOP,
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Figure 7: PDOP of NavIC-7augmented with GPS at 12:00am
(Case-3)




MawlC-7 augmented with GPS FDOPR,
Date:10th Oct 2018, Time:12:00pm
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Figure 8: PDOP of NavIC-7augmented with GPS at 12:00pm
(Case-4)

Minimum, Maximum and mean values of PDOP for
NavIC-7 augmented with GPS and standalone NavIC-7 are
shown in Table 2 and 3 respectively. Comparing the PDOP
values of standalone NavIC with NavIC-7 augmented with
GPS, it can be observed that for case-1 and case-2 minimum
PDOP of standalone NavIC is 3.02. For NavIC-7 augmented
with GPS (Case-1 and Case-2) minimum PDOP is 1.41 and
1.39 respectively. For case-3 and case-4 the PDOP for
standalone NavIC is infinity which is not applicable for any
navigation system. For NavIC-7 augmented with GPS
(Case-3 and Case-4) it is 1.38 and 1.42 respectively.

Table 2:  PDOP for NavIC-7 augmented with GPS

PDOP of NavIC-7 augmented with GPS

(Case-1, 6:00am) (Case-2, 6:00pm)
DOP Min Max | Mean | Min Max | Mean
PDOP 141 | 19.89 | 10.65 | 1.39 | 1445 | 7.92

(Case-3, 12:00am) (Case-4, 12:00pm)
PDOP | 1.38 [ 1017 | 577 | 1.42 [ 1009 | 5.74

Table 3:  PDOP for standalone NavIC-7
PDOP for standalone NavIiC
(Case-1 (6:00am)/Case-2 (6:00pm))
Min Max Mean
3.02 6.18 4.43
(Case-3 (12:00am)/Case-4 (12:00pm))
Min Max Mean
Infinity Infinity Infinity

5. CONCLUSION

Satellite visibility is an important parameter to be considered
while developing a navigation system. This paper presents the
satellite visibility of NaviC augmented with GPS. PDOP
values are also computed for NavIC augmented with GPS and
for standalone GPS. It can be observed that PDOP values
decreases as the number of satellites increases. For instance
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minimum PDOP value of standalone NavIC at 6:00 am and
6:00 pm is 3.02 where as for NavIC augmented with GPS it is
1.41 and 1.38. NavIC augmented with GPS show better
PDOP compared to standalone NaviC.
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