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It is generally important to get a precise position information for autonomous unmanned
vehicle(AUV) fo run safely. For getting the position of AUV, the GPS has been using fo navigation
in a vehicle. Though it is useful to finding a position, it is difficult to precisely control a trajectory of
the AUV due to large measuring error which may reach over 10 meters. Therefore fo apply AUV it
needs fo compensate for the error. This paper proposes a method to more precisely localize
AUV using three low-cost differential global positioning systems (DGPS). The distance errors
between each DGPS are minimized as using the least square method (LSM) and the Kalman
filter to eliminate a Gaussian white noise. The selected DGPS is cheaper and easier to set up
than the RTK-GPS. It is also more precise than the general GPS. The proposed method can
compensate the relatively position error according to stationary and moving distance of the AUV.
For evaluating the algorithm by simulation, the DGPS signal with the Gaussian white noise to any
points is generated by the AR model and compared with the measurement signal. It is confirmed
that the proposed method can effectively compensate the position error as comparing with the
measurement signal. The compensated position signal can be used fo localize and control the
AUV in the road.

Key Words: Global Positioning System (GPS, 94 8 ER)), Autonomous Unmanned Vehicle (AUV, FoIXHEFE ALY,
Least Square Method (& 2 XF& %), Kalman Flﬁei’ (ot E@e)
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Fig. 1 The necessary of the position error compensation
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Table 1 GPS errors for the standard positioning system
Error(m)
With S/A Without S/A
S/A 24 0

Troposphere 0.2 0.2
lonosphere 7.0 7.0
Ephemeris and clock 2.3 2.3
Receiver noise 0.6 0.6
Multipath 1.5 1.5
Overall accuracy 356 11.6

Satellite

DGPS receiver
Reference Station .

Fig. 2 DGPS System
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Fig. 3 Measuring method of DGPS using LSM
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Table 2 EVK-5H DGPS Receiver specification

Parameter Specification

Receiver Type 50Channels
GPS L1 frequency,
C/A Code
GALILEO Open Service
Sensitivity Tracking & Navigation -160 dBm
Acquisition -160 dBm
Horizontal Autonomous <2.5m
Position Accuracy

Fig. 4 AR Model Order Decision

Table 3 AR Model Coefficient and Noise Variance

Latitude Longitude
Coefficient | Variance of | Coefficient | Variance of
(¢) Noise( g,) (d) Noise( &, )
0.986044 0.184273 0.9794161 0.18405

e Measuremnen
- AR Model

o N W s
P

Latitude(m)
A

T T T |
[ 100 200 300 400 500
Time(s)

Fig. 5 DGPS signal and AR model signal
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Fig. 6 DGPS Signal to AR model
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Fig. 7 Compensated DGPS signal to AR model

Table 4 Comparison between Pseudo DGPS signal values
and its compensated values in fixed position

Average Standard
position deviation
Latitude 0.73m 0.87m
Pseudo .
Longitude 0.56 m 0.62m
measurement
Distance 092 m 1.06m
Latitude 0.16 m 0.13m
Corrected R
Longitude 028 m 022m
value
Distance 032m 0.26 m

Table 5 Simulation condition for compensation of pseudo
DGPS signal in moving state

DGPS | Velocity | Time Goal Pos.
Distance v at Latitude | Longitude
0.5m 1 km/h | 250 ms 10m 10m
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Table 6 Comparison between Pseudo DGPS signal values
and its compensated values in moving state

Std. deviation
Latitude 0.89 m
Measurement | Longitude 041 m
Distance 0.98 m
Latitude 047m
Correction | Longitude 023 m
Distance 0.52m
10+ —— Measurement]
-——LSM
- LSM+Kaiman|
8 [ Base

Latitude{m}

Longitude(m)

Fig. 8 Compensation of Moving DGPS signal- to
Simulation
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Table 7 Position information of DGPS set in Busan 407
Latitude Longitude

DD'MM’SS | DD.BD | DD’MM’SS | DD.DD
35°11°37.86 | 35.193849 1129°04°38.02 | 129.077227

Fig. 9 Measurement of triangulation point in Busan 407
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Fig. 10 Measurement result in stationary state

054 W& DGPS X LIS A
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Aol d3) 78%= A LAt HAH R, d5g
94 J‘I.L% 357'(}'7)‘ 65%=. 7{:}’.&23}7“ %E}‘ Fig. 10 Oﬂ}\;l 35.23375 4
T Table 8 ¢ AAE #E3L (Measurement), LSM, N &
LSM + Kalman € 7|F % (Base)S 7|Fo=2 v|us} g
AT LSM o 93 BAgS AZH 83 7 5w,
Holl &7 3}3, Kalman Filter o 23} 7F-¢A1¢F 3} S
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£ 3528356
Table 8 Comparison between measured DGPS signal and 3523350
its compensated signal in fixed point 5520545
: 120.0826 129.‘0828 129.;}830 129.‘0832 129})834
Average Standard. Longitude (OD.DDDID0)
— Position deviation Fig. 11 Measurement result in moving state
Latitude 1.53m 2.17m
Measurement | Longitude| 1.58 m 148 m Table 9 Comparison between DGPS measurement value
Distance 2.20m 2.63m and corrected value in moving state
Latitude 043 m 035m Std. deviation
Correction {Longitude, 0.21m 0.86 m Measurement 0.80m
Distance 0.48 m l 093 m Correction 045m
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6. 2
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