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Fig. 1. The physical model of camera imaging.
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Fig. 2. Stereo photography imaging model.
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Fig. 3. Geometrical relationship between camera co-

ordinate system and object coordinate.
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Fig. 4. Image pair used for calibration of intrinsic pa-
rameters: (a) Image taken by the left camera; (b) im-

age taken with the right camera.
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Table 1. Endpoint image coordinates (unit: pixel) and line length (unit: mm).

A A’ B B’ C c’ D D’ E E' F F' G G’
u —507 678 —489 489 —447 543 —493 583 —484 590 —441 355 167 425
v 1029 991 178 170 —-199 —-206 -—311 —-336 —705 —713 610 —489 569 —489
u'  —451 719 —450 526 —418 566 —465 606 —463 609 —404 —335 205 443
o 1031 1007 170 197 —212 —173 —328 —299 —T729 —671 608 —502 582 —459
S 700 700 800 890 100 100 100
%2 USRI R TR
Table 2. Initial value and adjustment value of 14 parameters.
ZH HIta1E FZEE 24 HIUa{E 2
g /rad —0.025 —0.028 zo/mm —0.352 —0.389
oy /rad —1.494 —1.526 yo/mm 0.782 0.705
Bz /rad —0.001 0.006 x(/mm —0.299 —0.349
By /rad 0.070 0.71 y6/mm 0.663 0.634
B /rad —0.043 —0.047 k1 /mm—2 0.0003 0.0002
f/mm 8.65 8.85 k} /mm—2 0.0003 0.0002
f'/mm 8.62 8.83 D/mm 183.4 180.99
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Fig. 5. (a) The difference between the ordinate of the same point and the ordinate of the corresponding
epipolar line; (b) the probability density of the difference distribution, the solid line is the actual probability

density distribution, and the dotted line is the normal distribution of the same standard deviation.
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Fig. 6. Experimental site and camera installation location.
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Fig. 7. Pair of sea images taken during the experi-

(a) 2 HBLII OB

ment: (a) Image taken by the left camera; (b) image

taken by the right camera.
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Table 3. Initial value and adjustment value of Relative

orientation parameters (unit: rad).
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Fig. 8. Distribution of object points on the sea surface

in left camera coordinate.

. 21°26'N 111°23'E
Hi: 20154F11 H11H13:00 I100

9 IEAR B R IR

Fig. 9. Elevation map of the sea fluctuation.
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Abstract

Unlike the traditional models, a new stereo photographic model requiring no sea control points that are difficult to lay
on a sea surface is developed in this paper. It is realized according to the order of camera intrinsic parameters calibration,
relative orientation and absolute orientation based on average sea surface, and we give the governing equations and its
algorithms. First of all, in the paper we present an imaging model that adopts non-measurement camera with considering
only the radial distortion coefficients, and then give the method that calculates the camera intrinsic parameters by
combining the co-planar equations and the distance equations to form a closed system of equations. For verifying
the convergence of the governing equations, we lay four parallel sand ridges on a level ground in laboratory, measure
seven lines of different heights and take a pair of the images by two cameras. The intrinsic parameters are successfully
calculated by using the method, and further analysis shows that the results are highly precise. When observing the ocean
waves in offshore sea, we need to recalculate the relative orientation parameters. At this time the governing equations
are the co-planar equations, but the accuracy of the image matching is seriously related to the accuracy of the relative
orientation parameters. However, as the mirror reflection of the sea surface, the matching accuracy of the sea image is
often low, so we select 407 optimal matching points from among 1600 conjugate points and calculate the parameters.
It needs a sequence of sea image pairs to obtain the absolute orientation parameters, 256 pairs in the paper. For each
pair, we select firstly 300 x 300 feature points on the left image approximately evenly, then find the conjugate points on
the right image by image matching, calculate the coordinates of the corresponding sea surface points in the left camera
coordinate system, and then fit the points into a plane; thus a plane sequence can be obtained. We establish a special
object coordinate system on the average sea surface that is obtained by summing the plane sequence, and calculate the
absolute orientation parameters by the geometric relationship between the two coordinate systems. And it is proved
that the methods of relative orientation and absolute orientation proposed in this paper are feasible by reconstructing
sea surface height field. The model greatly reduces the difficulty in calibrating the stereoscopic photography for ocean

wave measurement, which is beneficial to its popularization and application.

Keywords: stereoscopic photography, ocean wave, intrinsic parameters, control points
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