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Abstract

No simple methods are available yet for measuring the three-dimentional motion
of objects which rapidly move in space. The present paper proposes an easy method
called short range photogrammetry by using two 16 mm movie cameras.

Section 2 of this paper describes the frequency distribution of observed values of
calibration targets marked on the projected film image. This distribution is mainly
caused by the instability of film at the photographing stage and by the local dislocation
of film image at the developing stage. The range of this distribution is within about
+0.2 mm. This value limits the maximum accuracy of this photogrammetry.

The systematic distortion of film image caused by using 16 mm movic cameras is
discussed in Section 3.

In Section 5, the accuracy of outer orientation which uses the method of least
squarcs and the accuracy of short-range photogrammetry which uses the stereo photo-
graphing method in case of convergence are described.

It is found that the coordinates X, Y, Z of markers are measured within the errors
of £20 mm, +10 mm, +25 mm, respectively, under the condition that the base length
of two 16 mm movic cameras is about 2 m, the distance between these cameras and the

measuring markers being about 6 m.
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1 ) REEE ¢ (FE) (omm) () E | 5 ()
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+0.005mm |
(0.008) (0.1 L‘){‘F)‘ (—0.06)|  (0.023)(0.1 LIF) (0. 23)
|
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10,77 585.4 | —13.35 1.592 588.8 16.15
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(0. 25) 0.4) (—2.77) (0.592) (1.2) (5.99)
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ot Lo
BB oo | o | ow | 0w | e | o | o e e
() ax ax oY | 7 o (f-My) JH B ap I
X =600 x 10-2 x 1074 x10-2 x 102 x 1072 x 10-3 % ]0*'| x 102
Y =50 1 —9.16 —4.16 | 2.44 —9.57  —1.58 —3.31 6.37  —3.84
X =300 )10 %10 x10%  x102  x10%  x10% x10  x10-
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B — o | B L
X =—300 x107  x10¢  x107 %107 x10® x10 x10~ x10-?
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oo b |
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o ady oX oY Z 6(f-M,)  oH JB dw ol
(mm) | [
X =50 | X107 %1070 x10% x10-Y %100 x10-]  x10-% x10
Y =600 1 1.73 —0.89 7.78 |=12.40 | =507 —2.03 —-3.11 ‘ 2.05
e | L ——
X =50 x107%  x1071 x107Y  x107%  x107°  x107*  x107* % 10
Y =300 1 1.08 | —0.93 4,23 | —8.15 —5.07 | —=1.39 —1.51 —2.04
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X =50 x 103 x 101 x 1073 x 102 x 108 x 1073 x 1072 x 10
Y =600 1 -1.79  -—=1.07 iull.SU 7.45  —5.07 1.48 | —1.12 —2.04
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Table 3 Analyzed crrors of the analytical photogrammetry
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Fig. 9 Analyzed motion of the markers on the sedimentflow
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Table 4 Accuracy of computed positions
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