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Abstract : In recent years, a high-level driver safety system, such as an autonomous driving system, has been gradually
introduced to production vehicles, leading to increasing research on using GPS to control the motion of a vehicle. On
the other hand, GPS modules used in production vehicles have a long output period, unlike expensive GPS receivers.
Also, precision is relatively low due to the absence of separate devices for correcting errors. To solve these problems, an
estimation algorithm was proposed to reduce uncertainty in the location information from GPS, and to obtain a high
frequency data rate that would be suitable to control the vehicle. Unlike existing position estimation methods, the
proposed algorithm considered both the error in the in-vehicle sensor and the delay in the output signal of the GPS to
improve accuracy while still using a simple and effective tracking algorithm. This was verified through a real car
experiment with in-vehicle sensor signals and a low-cost GPS receiver.
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Nomenclature : latitude, deg

) ) . : process model
: jacobian matrix of process model
i i i : measurement model
: jacobian matrix of measurement model )
) ) : velocity, m/s
: covariance matrix .
: state variable vector

: noise of measurement model .
: measurement state variable

: noise of process model - .
p : coefficient of velocity error

: sampling time, sec : yaw rate, rad/s

: kalman gain : time constant, sec
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: longitude, deg : yaw, heading, rad
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GPS2t X HIAMo| 2%t2t X[

Subscripts
b :bias

gps
h  :heading/pose related states/matrices

: information from the GPS module

k  :current time step
12, 12 : left or right side of rear axle
p :position related states/matrices

yrs :information from yaw rate sensor

1. Introduction
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Table 1 Specifications of the GPS receiver'”

Table 2 List of signals included in each message

Parameter Specification Note Name of message Signals Notes
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Fig. 1 Experiment result for accuracy of heading from GPS
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Fig. 2 Comparison between the heading from GPS and from
yaw rate sensor
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