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ABSTRACT

Accuracy of an integrated Global Positioning System (GPS) / Inertial Navigation System (INS) relies heavily on the visibility
of GPS satellites. Especially, its accuracy is dramatically degraded in urban canyon due to signal obstructions due to large

structures. In this paper, we propose a new integrated positioning system that effectively combines INS, GPS, ultrasonic sensor,
and barometer in GPS-denied environments. In the proposed system, the ultrasonic sensor provides velocity information
along the forward direction of moving vehicle. The barometer output provides height information compensated for the

pressure variation due to fast vehicle movements. To evaluate the performance of the proposed system, an experiment was

carried out by mounting the proposed system on a test car. By the experiment result, it was confirmed that the proposed

system bears good potential to maintain positioning accuracy in harsh urban environments.
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Fig. 2. Relationship between the propagation speed of ultrasonic waves
and ground of speed from GPS.
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Fig. 3. Velocity comparison of the proposed ultrasonic-speedometer and
RTK GPS.
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Fig. 5. Height before and after correcting environmental variables.
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Fig. 6. Flowchart of GPS/INS/ultrasonic-speedometer/Barometer.
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Fig. 7. Experiment area and artificially generated GPS-denied environment.
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Fig. 8. Adjusted visibility of GPS satellites.
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Fig. 9. Comparison of position at maximum error point in GPS-denied environment.

Table 1. Accuracy comparison of the conventional and proposed system in
10 seconds GPS- denied environment.

Tightly-coupled system
GPS/INS GPS/INS/Assistant-sensors
(Conventional) (Proposed)
Horizontal velocity [m/s] 0.24 0.21
Vertical velocity [m/s] 0.23 0.21
RMSE Horizontal position [m] 3.6 1.12
Height [m] 117 0.51
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