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River surface flow field calibration method based on object-image scaling
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2 College of Computer and Information Engineering, Hohat University, Nanjing 211100, China)

Abstract: River surface imaging velocimetry is a non-intrusive flow measurement technology, in which the flow field calibration mainly
uses the Direct Linear Transform ( DLT) method. Since DLT is greatly limited by the quantity, distribution and accuracy of ground
control points (GCPs) set on the river banks, the current measurement systems cannot layout fast and safely under complex field
conditions. To handle this problem, a flow field calibration method based on Object-Image Scaling ( OIS) is proposed. An imaging
model of variable-height plane under oblique angle is built by introducing the tilt of camera and variation of water level. Then, a “points-
distance” transformation between image plane and river surface is derived. Finally, a measuring device assisted by a laser range finder is
designed and calibrated to obtain the model parameters. Experimental results show that the accuracy of OIS is close to the DLT, and no
control points are needed to be deployed or surveyed with a total station, which significantly improves the efficiency and security of the
field work. This study is expected to provide theoretical and technical support for the design of new integrated optical instrument for river
flow measurement.

Keywords : monocular vision; plane measurement; flow field calibration; ground control points ( GCP)-free; laser range finder-assisted
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Fig.2 Diagram of bank-based measurement system
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Fig.4 Laser range finder-supported measuring device
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Table 1 Calibration results of indoor experiment
OIS ¥ DLT ¥
Lk

AL /m A/ (mm - s7") TR/ % A BE/m A/ (mm - s7") BRE/%
1 0.456 58.997 0.383 0.474 59.304 0.905
2 0.505 59.147 0.638 0.525 58.820 0.082
3 0.553 58.769 0.005 0.574 59. 194 0.718
4 0.600 59.251 0.815 0.621 59.329 0.948
5 0. 645 58.630 0.242 0. 666 58.642 0.221
6 0.689 58.311 0.784 0.710 58.832 0.102
7 0.731 58.869 0. 165 0.753 59.058 0.487
8 0.772 58.879 0.182 0.79%4 58.149 1.060
9 0.812 58.911 0.237 0.834 58.717 0.094
10 0.851 58.372 0.681 0.872 58.731 0.070
11 0.889 58.740 0.054 0.910 58.772 0.000
12 0.926 59.139 0.624 0.946 58.838 0.112
13 0.962 58.949 0.301 0.982 58.012 1.293
14 0.996 59.087 0.536 1.016 58.425 0.590
15 1.030 58.617 0.264 1.050 58.248 0.892
16 1.063 58.789 0.029 1.082 58.720 0.088
17 1.095 58.984 0.361 1.114 58.585 0.318
18 1.127 58.876 0.177 1.145 58.469 0.516
19 1.157 58.459 0.533 1.175 58.048 1.232
20 1.187 58.056 1.218 1.205 58.290 0.820

0] B AR LB A D00 - 1T B R P2 H = 1 151 mm, 224
EAFEIRRINA « = 29.9° o i@ shREAG TR AT 25

S 23 G0 3 (FET-STIV) 20 e % vp i i i
BB T 20 AWML KL L = 155 12F:110.04 5
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Table 2 Calibration results of field experiment

OIS DLT 3 R
filze2
i 5/ m P/ (m - 57 i A/ m A/ (m - s7") R/ % T %

1 0.110 0.053 0.106 0.053 3.774 0

2 1.166 0.050 1.124 0.050 3.737 0

3 2.238 0.769 2.162 0.767 3.515 0.261
4 3.315 0.827 3.209 0.826 3.303 0.121
5 4.383 0.786 4.253 0.787 3.057 0.127
6 5.435 0.737 5.285 0.739 2.838 0.271
7 6.496 0.796 6.330 0.799 2.622 0.375
8 7.521 0.657 7.343 0. 660 2.424 0.455
9 8.586 0.623 8.399 0.627 2.226 0.638
10 9.617 0.636 9.425 0.641 2.037 0.780
11 10.651 0.563 10.457 0.568 1.855 0.880
12 11.688 0. 600 11.494 0. 605 1.688 0. 826
13 12.724 0.562 12.531 0.567 1.540 0.882
14 13.766 0.520 13.576 0.524 1.400 0.763
15 14.798 0.451 14.611 0.455 1.280 0.879
16 15.828 0.421 15.642 0.424 1.189 0.708
17 16.859 0.410 16.672 0.412 1.122 0.485
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