Sareds)sts] =2 4167 A6s 2012 122 (JKONI 16(6): 927-934, Dec. 2012)

A% 7H GPS BE AN AAS BF A9 24 Ao
] e

Improvement of Relative Positioning Accuracy by Searching
GPS Common Satellite between the Vehicles
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Abstract

In this paper, we present relative positioning algorithm for moving land vehicle using GPS, MEMS IMU
and B-CDMA module. This algorithm does not calculate precise absolute position but calculates relative
position directly, so additional infrastructure and 12V communication device are not required. Proposed
algorithm has several steps. Firstly, unbiased relative position is calculated using pseudorange difference
between two vehicles. Simultaneously, the algorithm estimates position of each vehicle using GPS/INS
integration. Secondly, proposed algorithm performs filtering and finally estimates relative position and relative
velocity. Using proposed algorithm, we can obtain more precise relative position for moving land vehicles with
short time interval as IMU sensor has. The simulation is performed to evaluate this algorithm and the several
field tests are performed with real time program and miniature vehicles for verifying performance of proposed
algorithm.
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Fig. 1. Relative positioning algorithm configuration
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Fig. 3. IMU KF algorithm block diagram
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System equation
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V, : east direction velocity of vehicle
V, :north direction velocity of vehicle
a_ :body frame x-axis acceleration

b, : x-axis accelerometer bias

/.., +x-axis accelerometer output
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System equation
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Fig. 5. Miniature Vehicle

ol we w8 Akl YEA T4 2k
3 298 bl

1. 29 A A 24 MU

Table 1. Specification of miniature vehicle

Parts Model Specification
GPS Ublox
receiver | LEA-6T 2~2.5(m)
290
Accelero- ADXL
meter 345 ug I\ Hz
G G-3200 003 —
o ITG- deg/ sec/ \ Hz
Embedded | Kontron Windows XP
PC PC104 700MHz,
512MB
V2V | B.CDMA | 5Mbps ~ 500m
com.
module range
module
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Fig. 6. Experiment environment
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Table 2. Experimental scenario

Constant speed

Speed (about 3m/sec)
straight 90m,

Driving curve  140m
scenario straight  90m
curve  140m

True East 0 m,
relative position North 0 m
True East 0 m/sec

relative velocity | North 0 m/sec
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Fig. 8. Relative positioning distance error of
Stand-along GPS, RGPS and PIF algorithm
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Fig. 9. Relative positioning error of Stand-along
GPS, RGPS and PIF algorithm
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Table 3. Relative position, velocity result of proposed
algorithm

Applied Relative position error [m]
algorithm Local drms Error
X,y reduction

Position

difference 6.62, 3.82 | 7.78 -
RGPS 82.22
(1Hz) 1.04, 092 | 1.38 v

PIF(10Hz) | 1.15, 1.02 | 1.53 89%35
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