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Abstract- Using a sonar system for diagnosis of an underwater structure may lead to image distortion because of shaking 
due to the environmental limitations of acquiring data from a boat. The quality degradation by shaking increases as the 
resolution, i.e. frequency, increases. We developed the distortion correction algorithm using a gyro sensor to solve the 
problem. The developed distortion correction algorithm can be part of the post-processing program to correct the data 
distorted by shaking of 3°/sec or higher. 
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I. INTRODUCTION 
 
As the bridges and underwater structures are 
increasingly becoming more vulnerable to natural 
disasters due to aging, more frequent rainfall due to 
abnormal climate and other factors, there have been 
continuing reports of ports and underwater structures 
being damaged by typhoons and torrential rain in 
Korea. Acceleration of damage and cracks by 
scouring, scaling/spalling of surfaces, and floating 
matter can lead to collapse due to conduction and 
breakage in severe cases. Therefore, in order to 
reduce such serious damage, preventive measures 
against damage of underwater structures are essential. 
 
Conventional methods such as submersible 
maneuvering and underwater surveying have been 
used for underwater inspection, but these methods 
have been influenced by the flow rate and turbidity, 
and there are restrictions on the inspection period. 
Although the underwater Side-scan Sonar system has 
been proposed as the alternative to solve such a 
problem, the method of scanning the bed surface 
using a towing boat often faces the difficulty with 
obtaining consistent data according to working 
environment such as boat rolling from waves and 
poor operation by boat driver when inspecting the 
underwater structures. Also, as the resolution 
increases, that is, as the frequency increases, the 
quality of the data deteriorates due to the influence of 
the shaking. The inconsistent data and poor data 
quality by shaking distort the image to cause analysis 
errors make it difficult to use the sonar system. 
Therefore, the development of a distortion correction 
algorithm that is built in the post-processing program 
to correct shaking of sonar images through filtering in 
the field is needed. 
 
II. THEORETICAL BACKGROUND OF 
DISTORTION CORRECTION 
 
The distortion correction technology consists of the 
technology to detect shaking and the technology to 

correct distortion. A gyro sensor is used to detect 
camera shaking and its angular velocity in the electric 
signals during movement. It uses the Coriolis force 
which is generated by the angular velocity applied to 
the rotating mass. The Coriolis force is a virtual force 
like the centrifugal force generated by a rotating 
object. As shown in <Fig 1>, the Coriolis force Fc 
generated by mass m is obtained by multiplication of 
velocity v and vector of angular velocity Ω as shown 
below. Fc=2mv×Ω 
 

 
Figure 1: Coriolis force 

 
III. DESIGN OF DISTORTION CORRECTION 
 
The collected data are corrected of distortion using 
the gyro sensor data as shown in Figure 2. The result 
shown in Figure 3 can be obtained after the post-
processing program is executed. 
 

 
Figure 2 : Algorithm of Distortion Correction  
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Raw image 

 
 

Processed image 

 
Figure 3 : Final Result 

 
The side-scan sonar is attached to a boat to obtain the 
2D image along the direction of boat movement. The 
rolling range is ‘+0∼+180’ to the right and ‘–0∼-
99.9, +100∼+180’ to the left as shown in Figure 4. 
The right side wall is scanned when the rolling range 
is ‘–80∼-99.9, +100∼+104’ to the left since the lower 
part faces the right side. 
 

 
Figure 5 : Range and Design of Distortion Correction 

according to Side-scan Sonar Roll Range 
 
Figure 5 depicts the range and design of distortion 
correction according to side-scan sonar rolling. For 
example, if shaking of –80° in rolling direction is 
generated while scanning a structure in the structural 
direction (–90°) in the depth of 1m, the corrected 
distance of roll by shaking is „±1m×tan(90-
80)°×100cm/m=±17.63cm . The resolution is 2.5 
cm, while the number of corrected samples is 
„±17.63cm†2.5cm≈7  and the pixels per sample, 
which is the value obtained by dividing the number of 
pixels on the image by the number of samples in the 
acquired range, is „1333†1916=0.69572026 . 
Therefore, the number of roll corrected pixels is 
„7×0.69572026 ≈4 , indicating that around 4 pixels 
are corrected. 

IV. SENSOR SPECIFICATION 
 
Among the specifications of the sensor, the 
acquisition rate of data is from 0.01Hz to 40Hz, and 
has an accuracy of 1° in an angle range of ± 30° or 
less. Therefore, it is possible to measure the change 
of the angle with an accuracy of 0.01°/sec. Table. 1 
shows the specifications of the applied sensor. 
 

Table 1. Sensor Specification 

 
 
V. DISTORTION CORRECTION PROGRAM 
 
The sonar images recorded with a side-scan sonar 
system can be visualized using the sonar image 
reading program. The distortion correction algorithm 
was developed based on numerical analysis, and the 
developed distortion correction algorithm was 
combined with the sonar image reading program in 
the post-processing program as shown inFigure 6. 
 

 
Figure 6 : Post-processing Program for Distortion Correction 

 
The images were corrected using the points of 
maximum angle change detected by the gyro sensor 
and the image distorted by shaking. Figure 7 shows 
the image before and after the distortion correction 
with the post-processing program. 
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Figure 7 : Comparison of Data Before and After Distortion 

Correction 
 
e pitch direction component and the yaw direction 
component of rotating angular velocity is detected 
with an angular velocity sensor, and the two 
components are combined to calculate the actual 
shaking direction and velocity. 
 
CONCLUSION 
 
This study developed the technique of correcting the 
image data distorted by poor working environment 
such as boat rolling by waves and poor operation by 
boat driver when inspecting the underwater structures 
using a side-scan sonar system. 
The gyro sensor can calibrate the angular velocity of 
distorted image, and the changed angular velocity can 
be corrected by integrating the data collected through 
the post-processing program. The algorithm 
developed by this study can correct the data that are 
distorted by shaking of 3°/sec or larger during an 

inspection of underwater structures using a side-scan 
sonar system. 
Finally, it is believed that these studies and efforts 
will enable safe diagnosis based on accurate 
underwater structure shooting techniques and the 
ensuing data, and will make a meaningful 
contribution toward the prevention of future coastal 
disasters. 
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