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Abstract

A Study on Improving Smartphone Precise Positioning

through GPS Antenna Calibration

Jong-Heon Kim
School of Aerospace Engineering
The Graduate School

Seoul National University

As smartphones provide a GPS function, the vast majority of GPS devices have
become smartphones and become a service used by most people. In the past, only
m-level positioning using pseudorange measurements was possible, so users were
limited to receiving only their approximate location as a service. However, as
smartphone users' demand for precise navigation increases, smartphone
manufacturers are adding functions such as enabling duty-cycle control to use carrier
phase measurements. Additionally, in order to utilize the dual frequency, an L5
antenna is mounted not only L1 antenna.

However, since a GPS antenna mounted on a smartphone needs to be mounted in a
smaller space than a conventional GPS antenna, a small and inexpensive antenna is
used. Accordingly, it is difficult to properly receive the carrier phase measurement,
so the measurement quality of the L1 frequency is low, and the use of the L5
frequency is still limited. Therefore, single-frequency precise navigation using only
the L1 frequency is performed. It is necessary to use it after well compensating for
the cycle slip that occurs due to frequent tracking failure.

In addition, the GPS antenna has a difference in the signal receiving position
depending on the direction in which the signal is received. Since the smartphone
GPS antenna is ultra-low-priced, the difference is larger than that of the existing

expensive antenna, and it is necessary to estimate and compensate for precise
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navigation using the smartphone.
Therefore, in this study, the antenna calibration of the smartphone was directly
performed to model the signal receiving position according to the direction of the
signal received in the body frame of the smartphone. At this time, the cycle slip
compensation algorithm was used only as a preprocessing without antenna
calibration, but the cycle slip compensation accuracy was increased by using an
iteration technique, and thus the antenna calibration accuracy was also increased.
Antenna calibration for omni-direction was applied using the smartphone alone by
using the attitude information provided by the IMU of the smartphone. Using this, a
dynamic user can calibrate an antenna and perform navigation using compensated
measurement values.
When CDGPS is performed using the calibration results, the horizontal position error
is improved by 45% to 1.7cm, and the vertical position error is improved by 75% to
2.3cm. A smartphone user performed precise navigation through antenna calibration.
Keywords : smartphone, antenna calibration, cycle slip, precise positioning
Student Number : 2021-24470
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