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Fig.2 Estimation diagram of surface speed of river flow
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Tablel Comparison of measured results between current meter and video

T E

Measurement b LRI B 2 5 AL E SCHR[30] 2 &
S 2 Y Parameters of video measurement Value by method of this study Value by method of literature [30]
M E current meter
VS BERBEDKI
No.of s R SRR i
measurement  gpeed CVI/%  Focd length ky Distance to speed Speed CV/% RE/% Speed CVI% RE/%
I(m-sh) /mm water surface (g% sY I(m-sh) I(m-sh)
from lensm B
1 0.287 1.01 55 41534 2.35 500.17 0.283 104 1.39 0.282 1.96 174
2 0.362 117 55 4567.55 213 763.4 0.357 1.38 141 0.356 194 1.66
3 0.741 1.36 45 3585.84 2.28 1198.43 0.762 1.48 2.83 0.765 248 332
4 0.947 1.37 45 3413.02 24 1369.46 0.963 156 1.69 0.974 2.33 2.85
5 1.353 142 35 27135 2.33 1547.74 1.329 153 177 1.313 29 2.95
6 1.719 1.45 35 23113 275 1480.07 1.761 157 244 1777 317 3.37
7 2.18 151 24 1611.04 271 1336.4 2.248 1.63 312 2.265 3.2 3.89
8 2.376 1.42 24 1521.91 2.85 1242.62 2.327 145 2.06 2454 3.05 3.28
V35 Mean 134 1.46 2.09 2,63 2.88

T WUESCRE Y 10 min ASREFE: RE J9liTHE SISO E (AR 2 183l B i RGP T _E A T K8 shid R .
Note: Speed measured by current meter is average over 10 min; RE is relative error between estimator by this study and literature and that measured by current meter;

Motion speed is the mean by the image plane.
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Fig.6 Linear regression and Bland-Altman plots of surface speed by 2 kinds of methods
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Estimation of surface speed of river flow based on machinevision

Feng Quan’, Zhang Yanhong?, Zhao Xiaogang*
(1. School of Mechanical and Electrical Engineering, Gansu Agricultural University, Lanzhou 730070, China;
2. College of Water Conservancy and Hydropower Engineering, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: The wave represents the motion of river flow. The surface speed of river can be estimated through motion analysis
for the wave. In the paper, a method was proposed based on computer vision to estimate the surface speed of river directly. The
method tried to capture the motion of wave caused by flowing river from the video. However, even taken by HD camera, the
contrast between moving waves and even surface in an image is still not obvious since they are homogeneous and all moved as
awhole. In order to enlarge details of the motion of waves, the map of motion saliency was calculated by the way of frame
difference method. In the map, the key points were extracted and characterized by SURF features. These key points
represented the most salient positions of waves. Through the point matching algorithm, a key point in one map and its
counterparts in next map were searched. The correspondence between the 2 matched points indicated the motion of wave in the
video and the distance between them was computed. In principle, with this distance and the parameters of camera, we could
estimate the immediate speed of flow. However, the distance was noisy essentially. For robust and accurate estimation, we
estimated the average speed instead of immediate speed. So, we calculated the histogram of the distances during the period of
time. We found that most of these histograms appeared as uni-modal distribution. However, there existed some histograms
which appeared with 2 adjacent peaks, or appeared with a flat peak. This resulted in the difficulty for estimation of distance
accurately. To address the problem, we utilized the Gaussian curve to fit the histogram. The peak of the fitted curve could be
searched accurately and its corresponding distance was viewed as the optimal estimation of average distance. Finally, with the
speed formula derived from pinhole model, the optimal distance and the time between 2 maps, we could estimate the average
surface speed of the river flow. To validate the availability of the proposed method, we compared the speeds estimated by our
method with the baselines measured by the current meter. In our experimental setting, we selected gently surface for
measurement task, without whirlpool and reflection. We conducted 8 measurements, with the speeds being limited between
low and middle range. The experimental results showed that maximal relative error of speed between ours and the baseline was
3.12% while the min relative error only 1.39%, indicating good accuracy of our method. The min and max coefficient of
variation was 1.04% and 1.63% respectively, showing high reliability. The correlation coefficients of Pearson and Spearman
between our estimators and measured values were respectively 0.998 and 0.990. Bland-Altman regression P is 0.16, higher
than 0.05 and in Bland-Altman scatter plot, most of points fell into the limits of agreement. These results showed that the flow
speed estimated by our method had a good consistency with the baselines. In addition, our method was compared to the image
processing method by previous literatures, the results showed that the time consumption was shortened by our study, which
was only 4.4% of that of the literature, indicating that our method is faster than the previous method. In sum, this study
provides an effective method for the estimation of flow speed of rivers with complex background.

Keywords: rivers; speed; video; SURF feature; flow; frame difference



