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Coordinate Transform Method of Surface Image Velocimetry
with a Calibrated Camera

RAF/HE N 2o
Yu, Kwonkyu / Jung, Beomseok / Yoon, Byungman

Abstract

Surface Image Velocimetry (SIV) is an instrument to measure water surface velocity by using
image processing techniques. It gives us one of the easiest ways to measure water velocity. However,
since it requires a set of plane survey data to estimate the velocity, it may give us some kind of
misconcept that its usage would be difficult or cumbersome in spite of its handiness. If it has a
feature that can estimate the plane survey data easily, it may be treated as like one of the
conventional propeller velocimetries and its applicability would be improved so high. The present study
is to propose a method to estimate the plane geometry of the physical coordinate with a calibrated
camera. With the feature we can half-automatize the estimating procedure for the whole water
velocity field. Photogrammetric technique to calculate the plane coordinates of the reference points
with a calibrated camera was studied, which has originally studied for long time in the field of
computer vision. By applying this technique to SIV, it is possible to estimate the location of reference
coordinates for projective transform without plane survey. With this procedure the cumbersome plane
survey for the reference points is omitted. One example application of the developed method showed
fairly good results with insignificant errors.

keywords : image correction, image processing, Surface Image Velocimetry, velocity measurement
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Table 1. Calibration of Camera Model with Indoor Image

Image coord. Physical coordinate (m)

No. (pixel) Surveyed Computed Relative Error (%)

) 269, 393 0.00, 3.60, -1.50 -0.017, 3.598, -1.500 w3k —(.1, 0.0
@) 495, 412 0.90, 3.60, -1.50 0.918, 3.596, -1.500 2.0, 0.1, 0.0
® 593, 317 1.76, 5.00, -1.50 1.673, 4.883, -1.500 -4.9, -2.3, 0.0
@ 611, 186 1.70, 5.00, -0.78 1.720, 4.943, -0.800 1.2, -1.1. 26
® 434, 276 0.90, 540, -1.50 0.905, 5.383, -1.500 0.6, 0.3, 0.0
® 278, 263 0.00, 5.40, -1.50 0.002, 5.402, -1.500 ek (0.0, 0.0
@ 147, 210 -0.90, 6.30, -1.50 -0.895, 6.362, -1.500 -0.6, 1.0, 0.0
131, 127 -1.15, 6.80, -1.06 -1.201, 6.732, -1.000 44, -1.0, -5.7

Note: Error = (compute - surveyed) x 100 / surveyed, if surveyed coordinate value is not equal to zero.

In case of zero, the error was expressed as .
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Table 2. Verification of Camera Model with Indoor Image

Image coord. Physical coordinate (m)

No. (pixel) Surveyed Computed Relative Error (%)

460, 333 0.90, 4.50, -1.50 0.914, 4.486, -1.500 1.6, -0.3, 0.0
39, 368 -0.90, 3.60, -1.50 -1.004, 3.657, -1.500 11.6, 1.6, 0.0
405, 206 0.90, 7.20, -1.50 0.911, 7.007, -1.500 1.2, -2.7, 0.0
285, 196 0.00, 7.20, -1.50 0.037, 7.043, -1.500 sk =22, 0.0
63, 182 -1.15, 4.80, -1.00 -1.323, 4.922, -1.000 15.0, 2.5, 0.0
(6] 224, 122 -0.70, 10.23, -1.50 -0.588, 9.952, -1.500 16.0, -2.7. 0.0
467, 122 1.53, 8.46, -1.00 1.450, 8.123, -1.000 -5.2, -4.0, 0.0
962, 78 2.10, 7.70, -0.47 2.013, 7.365, -0.470 -4.1, -44, 0.0

Note: Error = (compute —

Zrobxd Aol ezt =LA vekd Ao, A
ag AX 2 &4% &k dE £ Zﬂ
oA Ao akE 160 %= FHdlolu, Aoy

surveyed) x 100 / surveyed. (if surveyed = 0)
Error = (compute - surveyed) x 100 / computed. (if surveyed = 0)

0.112 moJt}. ©] Xd/] y W A7 1023 m Y He

©¢] 91x]%= Table 37} 2t} Table 3014 A4kd
el (x A Fheke]l $1AE (0.0,
000, 0.00) 0.2 A4ai AxE T e}, 3 =a
o] % HEE Fig 49 F2H O 7o = 44

G

) FHAEE BT

Oy

AL AHSIH, o] A= G| F dFs = A At =, Fig4dl =3 O (z,y) #3x7F (0.00, 0.00)
£ ohd Aoz nelt olum, Am wasls) sleted, A HE D 94
30 &z M2 or Hy olFAZl F, O @5 A4z Mo] =
o] H&=% 31:-AIZl Bolth Table 3914 & & %ol
B HetE 2o 483t tkFig. 4). o] o Hu Zx AL A giFEE 010 m WYY 22E
Zholels 3EHelA 550 m ol YAIskh wet Holn Ao eAab= ®Fe 712 FAA 036 me
A, Eas. (0~@)91A FRE 2 = 550 me AT 2A7h wag Zolth A o AEe] 9k el
T Atk WY S Ao A5S 8 i A dd A gk 7 stkae] Al s, AAl G A
S W SPeslth WY S ATlople] Set W10 Aol ¥ TS vHA] 2 Awe] xbolth uf
#3715 o]-&3skith oAl A SIVE] 8o ds FE7t fle AR 2
I A7 342 990 m $oH, Fig. 59 #x=4d O~ 2}o]t},
Table 3. Application of the Method to a Site
o Image coord. Physical coordinate (m)
(pixel) Surveyed Computed Relative Error (%)
) 214, 459 0.00, 0.00, -5.50 0.00, 0.00, -5.50 0.0, 0.0, 0.0
@ 329, 420 1.66, 0.22, -5.50 1.60, 0.18, -5.50 -3.6, -182, 0.0
©) 559, 372 5.20, 0.00, -5.50 5.31, 0.00, -5.50 2.1, 0.0, 0.0
@ 404, 169 11.80, 9.90, -5.50 11.78, 10.18, -5.50 -0.2, 2.8, 0.0
® 23, 203 2.00, 9.90, -5.50 2.02, 10.21, -5.50 1.0, 3.1, 0.0
® 126, 193 4.10, 9.90, -5.50 4.28, 10.26, -5.50 4.4, 36, 0.0
@ 251, 233 5.00, 6.60, -5.50 5.10, 6.88, -5.50 2.0, 4.2, 0.0
Note 1) The computed physical coordinates of all the points were translated and rotated to compare the
surveyed ones.
Note 2) Error = (compute — surveyed) x 100 / surveyed. (if surveyed # 0)
Error = (compute - surveyed) x 100 / computed. (if surveyed = 0)
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Table 4. Velocity and Discharge Measured with
Propeller Velocimeter and Surface Image

Velocimetry
Velocity (m/s)
No. . LDt i85 propeller
right bank (m) . SIV
velocimeter
1 0.5 0.000 0.023
2 1.0 - 0.165
3 15 0.393 0.123
4 2.0 - 0.378
5 2.5 0.534 0.511
6 3.0 - 0.423
7 35 0477 0.434
8 4.0 - 0.525
9 45 0.599 0.575
10 5.0 - 0.451
11 55 0.244 0.250
12 6.0 - 0.085
Discharge (m’/s) 0.202 0.209
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