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Abstract In this paper, a high precision outdoor positioning system is newly proposed using multiple
GPS receivers based on the Extended Kalman Filter (EKF). Typically, the GPS signal has the
instantaneous errors that degrade the positioning seriously. Using the multiple GPS receivers instead of
an expensive DGPS receiver, the positioning reliability and accuracy are improved in this research as a
low cost solution. To incorporate the small displacement, an INS data have been tightly coupled to the
GPS data, which has the inherit disadvantage of the cumulative error occurring over time. To achieve a
stabilized and accurate positioning system, the multiple GPS receiver data are fused with the INS data
through the EKF process. Through real navigation experiments of an outdoor mobile robot, the
performance of the proposed system has been verified to be accurate comparable to DGPS system with a

lower cost.
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Fig. 1. Total system block diagram

Fig. 2. The Configuration of the hardware
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Fig. 3. The Configuration of the GPS receiver
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Fig. 4. Average weighted of the GPS receiver
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Fig. 5. The position estimation about degree of GPS stability
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Table 1. The position error of the single GPS and multi-GPS

Sort Maximum Position Error(m) | Average Position Error(m)
GPS1 8.9036 52077
GPS2 62120 27370
GPS3 4.3995 2.1832
Multi-GPS 3.6497 0.6635
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Fig. 7. The block diagram of the GPS/INS fusion algorithm
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Fig. 9. The result of single GPS and multi-GPS

Table 2. The position error of the single GPS and Multi-GPS

Sort Average Position Error(m)
GPS1 6.4380
GPS2 29722
GPS3 3.1492
Multi-GPS 1.7418
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Table 3. The position error of the single GPS and multi-GPS
through the EKF convergence

Sort Average Position Error(m)
GPS 1+IMU 0.6097
GPS 2+IMU 1.4596
GPS 3+IMU 04961
Multi-GPS+IMU 0.3757
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