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Abstract Based on the principle of intersection measurement, a mathematical model is established to gauge the
location and the size of the sailing ships, and the formula of measurement error is deduced. The distribution of the
measurement error is simulated using Matlab software, and the main factors affecting the system measurement
accuracy are analyzed. The measurement model is validated through the tests. The results show that it is feasible to
use the intersection measuring principle to measure the location and the size of sailing ships. It also lays the
foundation for further project application.
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Fig. 1 System of intersection measurement

. A
K g B \
9/
v \“/,A \(
N4 s
B 7;‘,MI
| AN
- GB ‘
M(x, y, 2)

& 2 AL A
Fig. 2 Measurement model
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Fig. 3 Measurement error distribution. (a) Measurement error distribution on x axis; (b) measurement error
distribution on y axis (0, =—2.3"); (c¢) measurement error distribution on y axis (0, =—0.57");

(d) measurement error distribution on = axis
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Fig. 4 Simulation of measurement error of experimental system. (a) Measurement error distribution on x axis;

(b) measurement error distribution on y axis; (c¢) measurement error distribution on z axis
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Table 1 Intersection data of the instruments

Distance 12.5 m 9.2 m
a 78.7263° 78.7263°
B 81.0045° 74.9797°
0a —1.8991° —1.8991°
0y —2.0489° —2.1426°
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Table 2 Two-dimensional position of feature points

Distance Left camera Right camera
195 Top left /pixel — Top right /pixel Bottom left /pixel Top left /pixel — Top right /pixel Bottom left /pixel
.5 m
531.0,232.0 804.0,234.0 533.0,438.0 524.0,199.0 791.0,198.0 524.0,406.0
09 Top left /pixel — Top right /pixel Bottom left /pixel Top left /pixel  Top right /pixel Bottom left /pixel
9.2 m
690.0,322.0 1057.0,328.0 691.0,601.0 498.0,292.0 859.0,295.0 496.0,563.0
£ 3 IR YRR
Table 3 Three-dimensional coordinate of feature points m
Distance Top left Top right Bottom
12.5 2.2623,—0.4455,—12.5601 2.7165,—0.4439,—12.5236 2.3637,—0.1611,—12.553
9.2 1.887,—0.2364,—9.2127 2.2475,—0.2323,—9.2151 1.8868,0.0468,—9.2069
F4 HBRIERE RS B B
Table 4 Width. height and distance to baseline of target m
Length Height Distance
Far 0.356 0.2845 —12.5383
Near 0.3605 0.2833 —9.2110
True value 0.357 0.287 12.5/9.2
Maximum deviation 0.035 0.037 0.0383/0.011
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