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Abstract

Recently, problems have arisen in small and medium-sized reservoirs used for agriculture, such as cave-in
incidents during local heavy rainfalls, owing to its deterioration and safety degradation. In this study, we
acquired stereo images using stereo closed—-circuit television (CCTV) and developed an automatic system
that can measure water level changes in order to efficiently manage small and medium-sized reservoirs
that are vulnerable to disasters. The system was developed using the unified modeling language (UML)
and implemented by testing the CCTV. Epipolar geometry was utilized after reading the key points and
conjugate points of the acquired images. The water level changes were then analyzed by producing a
disparity map through the image matching using a normalized cross—correlation algorithm. The stereo

CCTV-based automatic water level measurement system developed in this study exhibited a high accuracy

compared to the conventional system.
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Figure 1.

Epipolar geometry
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(epipolar geometry)2} SFTHAL Bovik, 2005).
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Figure 2. Image of study area
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Figure 3. Sequence diagram for camera information setting
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Figure 4. Sequence diagram for image control and transformation
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Table 1. Results of CCTV calibration

Left CCTV Right CCTV
focal fa f y fa fy
length | 7401742 | 7424456 | 7531911 | 7544098
principal Py Dy D, P,

distance 087.071 266,842 py— e
kl k2 kl k2

distortion |1 388%5 | 0336107 | LIS8SSS | 0336107
b1 P2 D1 D2

-0.009519 -0.007176 -0.009519 | -0.007176
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Figure 7. CCTV setting
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Figure 10. Results of image matching
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Table 2. Displacement of water level by levelling

Table 5. Comparative analysis of water level

date GH difference date GH difference
(m) (m) (m) (m)
5.11 208.117 0 5.24 206.876 -1.241

5.12 208.023 -0.094 5.26 206.672 -1.445

5.16 207.603 -0.514 6.01 206.163 -1.954

5.18 207.370 -0.747 6.05 205.938 -2.179

522 207.038 -1.079 6.08 205.819 -2.298

523 206.971 -1.146 6.10 205.670 -2.447

Table 3. Measurement data of pressure-type automatic water
level meter

date water difference date water difference
level(m) (m) level(m) (m)
5.11 207.88 0 5. 24 206.81 -1.07
5.12 207.80 -0.08 5. 26 206.66 -1.22
5.16 207.46 -0.42 6. 01 206.16 -1.72
5.18 207.19 -0.69 6. 05 206.02 -1.86
522 206.88 -1.00 6. 08 205.89 -1.99
5.23 206.88 -1.00 6. 10 205.79 -2.09

Table 4. Results of water level by system

left image 'right disparity | displaceme
date T pixel) | nt(m)
X y X
5. 12 857 468.5 729.3 127.8 -0.101
5. 16 924.8 585.8 792.6 132.2 -0.497
5. 18 | 922,67 621.5 792.7 130.00 -0.719
5. 22 863.8 757.8 725 138.8 -1.106
5.23 895.7 748.7 760.8 134.8 -1.166
5. 24 831.5 770.2 694.7 136.8 -1.230
5. 26 946.8 826.2 811.8 135 -1.479
6. 01 881.3 952.8 743.8 137.5 -1.979
6. 05 1089.7 951 969.6 129.1 -2.180
6. 08 982.6 1046 8534 138.2 -2.310
6. 10 1024.8 1026.8 900.8 133 -2.405

AollA Aoz o 88kt
108 4 A=A A
Tl A" ek
= 1 102 292 SAe, dUdM = Azt

& <Table 3>3 2t}

5 MA150f 9ok 4 A%

B AFEAZN 2D E 7 ES

. water level displacement(m) d?;?:;niz:)
levelling(a) 2?3;61?;; : CCTV(c) a-b a-c
5.12 -0.094 -0.08 -0.101 0.014 -0.007
5.16 -0.514 -0.42 -0.500 0.094 0.014
5.18 -0.747 -0.69 -0.719 0.057 0.012
522 -1.079 -1.00 -1.106 0.079 -0.027
523 -1.146 -1.00 -1.166 0.146 -0.020
524 -1.241 -1.07 -1.230 0.171 0.011
5.26 -1.445 -1.22 -1.479 0.225 -0.034
6.01 -1.954 -1.72 -1.978 0.234 -0.024
6.05 2179 -1.86 -2.180 0.319 -0.001
6.08 -2.298 -1.99 -2.310 0.308 -0.010
6.10 -2.447 -2.09 -2.404 0.357 0.047
mean 0.182 0.019

9208.117m)sI A ] 9] Wate 2= AJxEo
2, CCTVE o] §3}o] =

%O] Hlﬂ-—“i‘rﬁ‘é}‘}iv}.
AR A FHAE
o} 35.7cm, B 18.2em7} e, B Aol A 7
H2 Al 4.7cm, B 1.9eme] Aol YERY
S5 e B3 7|E oA B Al
g 9] ? W3l FAGES BT A3 <Figure 13>
2ol 4 2.0m AFoNA CCTV Al2HE 0.012m=Z
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