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ABSTRACT: In surface image velocimetry, a wide area of a river is photographed at an angle to measure its velocity, inevitably
causing image distortion. Although a distorted image can be corrected into an orthogonal image by using 2D projective
coordinate transformation and considering reference points on the same plane as the water surface, this method is limited by
the uncertainty of changes in the water level in the event of a flood. Therefore, in this study, we developed a tilt image
correction technique that corrects distortions in oblique images without resetting the reference points while coping with
changes in the water level using the geometric relationship between the coordinates of the reference points set at a high
position the camera, and the vertical distance between the water surface and the camera. Furthermore, we developed a
distortion correction method to verify the corrected image, wherein we conducted a full-scale river experiment to verify the
reference point transformation equation and measure the surface velocity. Based on the verification results, the proposed tilt
image correction method was found to be over 97% accurate, whereas the experiment result of the surface velocity differed
by approximately 4% as compared to the results calculated using the proposed method, thereby indicating high accuracy.
Application of the proposed method to an image-based fixed automatic discharge measurement system can improve the
accuracy of discharge measurement in the event of a flood when the water level changes rapidly.

KEYWORDS: 2-D projective coordinate transformation, Correcting image distortion, Reference points, Surface Image Velocimetry,
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Fig. 1. Reference points on the water surface for image
transformation (Fujita et al., 1998).
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(b) Corrected image after transformation

Fig. 2. Distorted and corrected images of the river.
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Fig. 3. Reference point movement as per changes in the
water level.
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Fig. 4. Correction method for the reference point as per
changes in the water level.
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Fig. 5. Reference points considered in the experimental
channel.
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Table 1. Image & physical coordinates of the reference points and the camera

Image coordinate (pixel) Physical coordinate (m)
P (1157, 354 ) ( 16.36, 2.69, -0.02 )
P, (1899, 747 ) (1 8.37, 293, 0.07 )
Py (1926, 677 ) (8.33, -1.82, 0.06 )
. Py (1736, 297 ) (16.25, -2.03, 0)
Reference points
A, (832, 228) ( 16.40, 5.09, 1.23)
A, (329, 525) ( 850, 5.20, 1.25)
A, (2492, 370 ) (1829, -4.04, 1.25)
A, (2019, 129 ) ( 16.25, -4.19, 1.14 )
Camera - (0,0, 356)
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Table 2. Comparison of the physical coordinates of the reference points

Surveyed physical Calculated physical Difference
coordinate (m) coordinate (m) (m)
X y X y X y
P, 16.36 2.69 10.66 1.75 5.70 0.94
Conventional 2-D P, 8.37 2.93 5.45 1.90 2.89 1.03
projection coordinate
transformation P; 8.33 -1.82 5.42 -1.14 2.91 -0.68
P, 16.25 -2.03 10.83 -1.32 542 -0.71
A 16.36 2.69 16.17 241 0.19 0.28
Improved 2-D A, 8.37 2.93 8.31 2.55 0.06 0.38
projection coordinate
transformation A3 8.33 -1.82 8.44 -2.07 -0.11 0.25
A, 16.25 -2.03 16.43 -2.23 -0.18 0.20
Table 3. Comparison of the distance between each reference point
Calculated distance Surveyed distance Accuracy
(m) (m) (%)
P =P 5.18 7.99 64.83
Conventional 2-D P, —P, 3.04 475 64.01
projection coordinate
transformation PP, 5.41 7.92 68.32
P =P 3.07 4.72 65.12
P =P, 7.86 7.99 98.34
Improved 2-D P, — P, 4.62 4.75 97.30
projection coordinate
transformation F—F, 7.99 7.92 99.13
P —P 4.65 472 98.43
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H FAE Bt AR o FHRES S5k, Fig. 7. Velocity field of the experimental channel.
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202 A2 skt 5 Blals 53 EO:l 47t 374] A= = Elskoinh =3k =
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Zo| grom 248 §4-2 Table 40] FIATE o= Im/s o] 4H0] 0l A] 5% o] 9] po] & 1o] A
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7] 221 g Fhat BighH o7 S WAk & AEH R, poluct = YT HEHE 085
S5 AP - R o EAsh= 3= of G NS HAT A QA 3 BA Aifol ©
S ol8sto] Fda sl S AT AR S AT e BaqPgshs AdE Hol=
Bt 33% A= A A HS ERIskiTh o= Aoz Lepyith shA| Rk A 221 o 23k H ek
Table 4. Comparison of the surface velocity in each method
Conventional Improved Difference Difference Difference
2-D projection 2-D pro_jection LSPIV Flow with_ . with _ with
NO coordlnatt_e coordlnatg (ms) Tracker conventional improved improved and
transformation transformation (m/s) and LSPIV and LSPIV FlowTracker
(m/s) (m/s) (%) (%) (%)
1 0.854 1.251 1.299 1.302 34.26 3.70 3.91
2 0.739 1.100 1.099 1.087 32.76 0.09 1.24
3 0.775 1.142 1.156 1.191 32.96 1.21 4.09
4 0.856 1.260 1.257 1.292 31.90 0.24 2.47
5 1.021 1.498 1.477 1.436 30.87 1.42 4.31
6 0.884 1.295 1.297 1.272 31.84 0.15 1.82
7 0.929 1.359 1.358 1.356 31.59 0.07 0.24
8 0.930 1.364 1.368 1.314 32.02 0.29 3.82
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