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On the Measurement Error of the Angle of Inclination
by Kinematic GPS when a Ship Rolls

Kuniharu Okuda! T, Jyunji Kawasaki! and Masatoshi Sakaide!?

Abstract: The authors have analyzed the measurement accuracy of the angle of inclination using kinematic
GPS in order to measure pitch and roll of a small ship. These analyses are mostly of the standstill state,
and there are few that practically analyze the measurement accuracy of the angle of inclination in
pitching and rolling state, because it is unable to acquire the precise rolling value when a ship, means
an antenna, rolls. Therefore, we made an equipment with the motor which inclines the arm installed an
antenna periodically. And the angle of inclination was acquired by kinematic GPS using this equipment.
However, as the angle of inclination of the equipment itself was illegible, an approximate value to the
truth value was calculated from an angle of inclination acquired by GPS. An error of inclination when
an antenna rolled was the reduction of the approximate value from the angle of inclination acquired by
GPS. This technique enables to analyze more in detail the tendency of measurement error of an angle of
inclination. As a result, when rolling became fast, the errors of the angle of inclination increased,
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Fig. 1. Composition of the experiment.
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Fig. 2. The schematic view of the angle of inclination.

Table 1. The angle of inclination by the static measurement

Angle of inclination Error of angle of inclination

Measured
time Average Stapd?rd Average Staf‘d‘_"d
deviation deviation
41874 s 0.53° 0.07° 0.06° 0.04°
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Fig. 3. The angle of inclination by the time series.
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Fig. 7.  The error of the angle of inclination and the
speed of inclination.

Table 2. The relation between the error of angle of
inclination and the speed of inclination

Speed of

Error of angle of inclination

Period(sec) .~ . Standard
inclination  Average (deg.) deviation (deg.)
8.3 Static 0.05 0.036
<0.2m/s 0.19 0.148
>0.2m/s 0.21 0.149
54 Static 0.05 0.034
<0.3m/s 0.12 0.094
>0.3m/s 0.19 0.136
3.2 Static 0.05 0.038
<0.5m/s 0.21 0.139
>0.5m/s 0.30 0.199
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Table 3. The comparison of PDOP

, State of Standard
Period(sec) inclination Average deviation
8.3 Static 1.52 -
Rolling 1.93 0.366
54 Static 0.042
Rolling 0.160
3.2 Static 0.017
Rolling 0.126
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Table 4. A example of the error of the angle of inclination

due to change of PDOP
Error of
Time angle PDOP Numb.er of
inclination satellites
9/27 02:21:45.6 0.15 2.99 7
457 0.11 2.99 7
458 [ 094 | 172 8
459 0.28 1.58 9
46.0 0.21 1.57 9
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