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A Study of Data Management Methods through Shake Correction of Underwater
Investigation Using High Resolution Side Scan SONAR

Jong-Hwa Yi'*, Young-Seok Kim?”, Chul Park’, Sang-Sik Choi*, Heung-Su Lee’

Abstract: In the case of the side scan sonar operated by the towing method, the underwater structure electric jig was developed because there is a difficulty
in the cross-sectional survey that the user wants when conducting the survey. However, in the case of the sound wave photographing method using
the electric jig, since the boat and the sonar behaves as one body , data distortion has occurred due to various problems according to working environment,
such as, the rolling phenomenon of the boat due to the wave and the fluctuation of the sonic image due to the inoperability of the boat driver. Therefore,
in order to solve the image blurring caused by the operation of the equipment for underwater survey of the existing side scan sonar, in this research,
the program was supplemented to enable the shake correction by attaching the shake correction sensor and developing the shake correction algorithm.
In order to verify the improvement of the sonar data resolution, the sonic images before and after the shake correction were collected through on-site
investigation and the analysis of the sonic image data acquired by a diver measuring the actual damage length and depth. This study is expected to
contribute to the development of sonar imaging technique of the underwater surface of the structure and bed surface of the sea or a river using the
side scan sonar in the future.
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Fig. 1 Underwater Investigation using Side Scan SONAR
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Fig. 2 Canera Shake correction(Premium Beat, 2014)
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Table 1 Resolution and shooting width of sonar equipment according

to frequency band
Frequence Resolution Detection width
400 KMz 5~7cm 100~1,200 m
1 MHz 3cm 25~105m
2 MHz lcm Within 10 m
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Table 2 Applicable sensor specifications
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Azimuth accuracy

< 0.5 degrees, 0.1 degrees resolution

Inclination accuracy

Typical 1° accuracy <£30° tilt

Inclination range

+80 degrees

Temperature range

Accuracy specified for 0°C to 50°C, -40°C to +85°C

Shock(Operating)

3,000 G, 0.5 ms, 10,000 G 0.1 ms

Data Refresh Rate

0.01 Hz to 40 Hz sentence output rate

-80.0
0 A /}

m-%@%%

+180

- Roll correction length =+1xtan 10°x 100=17.63 cm
- Resolution =2.5
- Roll correction samples = +17.63+2.5=7

<Roll Correction (Right)>

Altitude x tan(90+Roll)

For example, if the roll is -80 ° and the depth is 1m,

- Pixels per sample = 1333+1916=0.69572026
- Roll correction Pixels = 7x0.69572026 =4
- It can be expected that about 4 pixels are corrected.

2 <Before / After Correction (Right)>
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Fig. 3 Shake correction range and design according to roll range (Yi et al, 2016)
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| Reading raw data |

| Distortion corretions |<]|Moti0n sensor data

| Noise filtering

|Intensity enhancementl

| Final result |

Image correction algorithm Flow Chart

Changed ICON : Start Point  End Point Transformation Save

Fig. 4 Shake correction tool design(Park et al., 2012)
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Fig. 5 Distorted images(Park, 2015)
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Table 3 Comparison of sonar data and damage through shake sensor
Case Bridge location PostScan confirmation video Diver confirmation video Error factor
The whole
’ average
Bridge 2.75%
location |

~

Damage occurred #3. Difference length(L=2.1 m) #3. Difference length(L=2.0 m) 5%
(P7-a,b 90°) Depth of water :2.5 m Depth of water :2.5 m 0%
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Table 4 Error factor of field survey according to presence or absence of shake sensor

. Before correction  After correction Actual length Error factor
Case Damage location - -
(m) (m) (m) Before correction After correction
1 (P4-a 0°) 3.90 3.30 3.20 21.88% 3.12%
2 (P5-a0°) 1.20 1.10 1.10 9.09% 0.00%
3 (P6-a 0°) 4.90 4.63 4.40 11.36% 5.23%
4 (P7-a,b 270°) 5.70 5.20 5.00 14.00% 4.00%
5 (P7-b 90°) 4.10 3.80 3.70 10.81% 2.70%
46 (P11-a0°) 1.20 1.45 1.50 20.00% 3.33%
47 (P11-c 0°) 1.80 1.70 1.70 5.88% 0.00%
48 (P12-b 90°) 3.50 4.30 4.40 20.45% 2.27%
49 (P12-¢c 90°) 4.50 5.30 5.40 16.67% 1.85%
50 (P13-c 90°) 3.90 3.70 3.50 11.43% 5.71%
The whole average 12.92% 2.45%
40%
30%
20% ° o ® o ° ° °
L] ° LN J °
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Fig. 7 PostScan confirmation video and diver confirmation video distance scatter
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