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Abstract
This paper shows a method to achieve a sub-meter level navigation in urban areas. Before the proposed
method, the present RTK-GPS performance in urban areas is introduced. It is known that the carrier phase is
vulnerable to obstruction and low signal to noise ratio. In order to compensate of the weakness of the carrier
phase, the proposed method uses the velocity vector deduced from the Doppler frequency. In this paper, by using
both carrier phase and Doppler frequency with reliability check method of these observations, sub-meter level
navigation was demonstrated even in the medium urban areas. Furthermore, this paper shows the limitations of

GNSS side on other sensors.
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Fig. 1 RTK-GPS Performance with Number of
Visible Satellites (NVS)
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Table 1 Velocity Accumulated Horizontal
Position Error

Integral HA HS

Time (s) Receiver Receiver
30s 16.2cm 35.2cm
60 s 25.1cm 38.6 cm
90 s 27.2cm 46.5 cm
120 s 44.0 cm 75.1 cm
150 s 49.5 cm 93.0cm
180 s 57.1 cm 106.4 cm
240 s 63.4 cm 102.1 cm
300 s 83.0cm 118.6 cm
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Fig. 2 Horizontal Velocity Estimation (HA)
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Fig. 3 Horizontal Velocity Estimation (HS)
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Fig. 4 Flowchart of Our Position Processing
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Table 2 Characteristics of Observation Data

Pseudo Doppler Carrier
Range Frequency Phase
Minmium 15 dB-Hz 25 dB-Hz 30 dB-Hz
C/Ng
Accuracy 0.2-10m 2-10 cm/s 2-5mm
Effect of Very Large Small Small
Multipath
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Table 3 Comparisons of Test Result 1
RTK Velocity Other
-GPS Integration
(Max Integral
Time (s) / Ave
Integral Time (s))
Proposed 72.7% 271.3% 0.0%
(35.0/ 2.5)
Conventional | 64.3% 35.6 % 0.0 %
(35.0/3.1)
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Fig. 9 Temporal Number of Visible Satellites
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Fig. 10 Temporal Horizontal Errors (Proposed)
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Table 5 Additional Test Results 1
RTK Velocity Other
-GPS Integration
4 Tsukishima | 58.2 % 25.8% 16.0 %
Marunouchi | 27.6% 54% 67.0%
3
Table 6 Additional Test Results 2
RTK-GPS  FIX Correct | Horizontal Errors
FIX Fix Rate <1.0m
10 Tsukihima | 100.0 % 95.6 %
GPS Marunouchi | 98.6 % 97.5%
5 4
10 67
6
Table 4 Comparisons of Test Result 2 FIX
RTK Velocity Other 1m
-GPS Integration FIX 1m
(Max Integral
Time (s) / Ave
Integral Time (s))
Proposed 72.4% 15.9% 11.7%
(37.0/ 2.3)
Conventional | 70.0 % 19.1% 10.9%
(28.0/ 2.2) 6.
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