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A Study on the Applications of GPS/Pseudolite Navigation System
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Abstract : In recent days, navigation technology becomes more important as location based service (LBS) such as E911 and
telematics are considered as attractive business fields. Commercial LBS requires that navigation system should be inexpensive and
available anytime and anywhere — indoors and outdoors. If we consider these requirements, it is out of question that GPS is the most
favorite system in the world. However, GPS has a serious problem. The one is that GPS does not operate indoors well. This is
because GPS satellites are about 20,000km above the ground so that indoor signals are too weak to be tracked in GPS receiver. And
the other is that vertical accuracy is less than horizontal accuracy, because of GPS satellites” geometry. To solve these problems,
many researches have been done around the world since 1990s. This paper is also one of them and we will introduce an excellent
solution by use of pseudolite. Pseudolite is a kind of signal generator, which transmits GPS-like signal. So it is same as GPS satellite
in ground. In this paper, we will propose the integrated navigation system of GPS and pseudolite and show the flight test results using
RC airplane to proof our navigation system. As a result, we could improve the vertical accuracy of airplane into the horizontal

accuracy.
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Fig. 1. GPS signal blocking and utilization of pseudolite.
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Table 1. Pseudolite signal structure.
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d . Geometric distance (meter)

# . Pseudorange (PR) (meter)

2 Integrated Carrier-phase (ICP) (meter)
g, Integrated Carrier-phase (ICP) (meter)
R 3-dimension Position vector

¢ Unitline of sight (LOS) vector

B, . Receiver clock bias included in PR (m)
B4 Receiver clock bias included in ICP (m)
b Pseudolite clock bias (m)

t:  Tropospheric delay (m)

I+ Tonospheric delay (m)

. Cycle Ambiguity of ICP

e PR multipath error (m)

" . ICP multipath error (m)

&

#: PR measurement noise (m)

4. ICP measurement noise (i)
A1 GPS L1 wavelength (=~ 0.19m)

i’th pseudolite related term
Jj'th pseudolite related term
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u:  Userrelated term
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Fig. 5. Signal modeling of GPS/pseudolite.
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Table 3. GPS measurements vs pseudolite measurements.
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Fig. 16. Horizontal trajectory in dynamic test.
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Table 5. Dynamic test results.
HDOP VDOP | Horizontal Vertical
Error(2drms) | Error(2drms)

DGPS only 1.719 2442 0477 m 4,169 m

DGPS withPL| 1.662 1.196 0.289m 2.520m
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