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Abstract The aim of this study is to suggest a detection method of water surface location and its evaluation
results of application for same vertical position in two successive images with time interval including both staff
gauge and water surface. A specific rectangular inspection area is defined from the top of watermark and then
the correlation coefficients for the inspection area of the same position of two images with short time interval
is calculated. Accordingly, it is possible to identify differences between changing area and fixed area of pixel
density by the water flow. The photographs taken in the laboratory were analyzed in order to validate the
proposed technique. As the result of the experiment, it is identified that characteristic of correlation coefficients
depends on the size of the inspection area. In the case that the inspection area is within the entire width of the
watermark, water surface characteristic according to correlation coefficients is clearly noticeable. Thus, it is
identified that the proposed technique can be utilized to search water surfaces. Besides, using corelation analysis
of two images with time interval, it is identified that error range between 10 and 42cm was reduced in the
level of 2.6cm or less in the contaminated photo of existing image stage gauge. Therefore, it is expected that
the suggested method can be utilized to enhance image stage gauge performance improving the previous water
surface detection method.
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[Fig. 1] Composition of image stage gauge system
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[Fig. 2] Concept of correlation analysis for two successive
watermark images
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[Fig. 3] Comparison of correlation characteristics between
watermark and water surface areas
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[Fig. 4]

Test photos in the
laboratory

Inspection samle
Condition area size interl\)/al
(WxH, px)
Case01 10x10 1
Case02 20%20 2
Case03 3030 3
watermark
Case04 width % 30 1,3

[Table 2] Horizontal pixel range in the inspection
area according to horizontal positions in

the experiment images(Unit : pixel)

Condition| Case04
Case01 Case02 | Case03 |(Watermark
(10x10) | (20x20) | (30x30) Width
x 30)
Position \ |Start| End |Start| End |Start| End |Start| End
01 21 |30 | 21 | 40 | 21 | 50 | 21 | 160
02 31 |40 | 31 | 50 | 31 | 60
03 41 | 50 | 41 | 60 | 41 | 70
04 51|60 |51 |70 |51 |80
05 61 | 70 | 61 | 80 | 61 | 90
06 71 | 80 | 71 | 90 | 71 | 100
07 81 | 90 | 81 | 100 | 81 | 110
08 91 |100| 91 | 110| 91 | 120
09 101 | 110 | 101 | 120 | 101 | 130
10 111 120| 111|130 | 111 | 140
11 121|130 | 121 | 140 | 121 | 150
12 131|140 | 131 | 150 | 131 | 160
13 141 | 150 | 141 | 160
14 151 | 160
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[Fig. 5] Vertical distribution of correlation according to the horizontal position
(a)Case01(Poor vertical distribution) (b)Case01(Good vertical distribution) (c)Case02(Poor vertical distribution)
(d)Case02(Good vertical distribution) (e)Case03(01,02,03-Poor, Good in rest) (f)Case04(1,3 spacing)
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[Fig. 6] Correlation characteristic by inspection area position
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[Fig. 7] Daytime image (Seoul-Incheon ARA-waterway)
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[Fig. 8] Nighttime image (Laboratory)
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[Table 3] Result of water level detection by existing
image stage gauge system

Indoor
experiment

Place

Image

Actual
water
level

Measured
water
level
Error

142cm 213cm 23cm

152cm 231cm 65cm 624cm

10cm 18cm 42cm 13cm

[Table 4] Result of water level detection by improved
algorithm

Actual
water
level

®x)

962 746 339

Measured
water
level

(129]

969 750 323 709 785

Error

(px/cm)

7/1.4 4/1.1 16/2.6 6/0.4 12/1.6
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