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Abstract 
 

We explored the damage detection method for a floating structure by utilizing the natural ocean waves for the floating body. And we 

utilized the discrete Fourier transform as well as the learning and judgment functions of the support vector machines. It showed a possi-

bility that it can perform the health diagnosis for the floating structure even using the strain response vibrations by inputting the natural 

waves with different cycles and wave heights. 
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1. Introduction 

At present, there are a lot of problems to solve, such as the sub-

merged land problem arising from the sea level rise due to climate 

change, land issue due to population growth, and energy problem 

having become prominent after the Great East Japan Earthquake. 

There are various efforts to solve such problems, and as one of 

them, the usage of marine space by using a large floating structure 

is expected [1], [2], [3]. However, in order to realize a very large 

floating structure, there are a number of issues such as cost re-

quired in the operation/management [4] and ensuring the safety at 

the time of maintenance [5], [6], [7]. To solve these problems, a 

low-cost, safe and automated operation/management method 

without relying on humans is sought. Therefore, in this study, we 

explored the damage detection method for a floating structure by 

utilizing the natural ocean waves for the floating body installed 

offshore and receiving the waves at all times with an aim to build 

a full-time maintenance system capable of operating it in safe and 

at low-cost. Moreover, in the ocean waves utilized for the excita-

tion of the floating structure, there is some variation in the cycle or 

wave height. So in order to perform accurately the damage detec-

tion, we utilized the discrete Fourier transform as well as the 

learning and judgement functions of the support vector machines. 

2. Measurement of the strain response vibra-

tion of a floating body 

In the damage detection experiment of this study, a flat water tank 

for ocean experiment (27 m × 7 m) installed in the Techno Place 

of Funabashi school building of the College of Science and Tech-

nology, Nihon University was used. By creating different states 

when no damage is present (normal) and when a damage is pro-

gressing (abnormal) with a floating body model floated on the 

water surface of the water tank, waves generated by wave-

producing equipment were input for the respective states. The 

vibrational responses of the mega-float for the waves with a varia-

tion in the cycle and wave height were measured by the piezo film 

sensor to perform a frequency analysis. 

2.1. Experimental floating body model 

Since the large floating structure can be regarded as a very flat 

structure, for the rectangular plate made of material SPHC, a poly-

styrene foam is attached to the bottom surface as a float to moor it 

via a linear spring at 4 corners, having constructed a 1/1000 scale 

model of the actual equipment. Table 1 shows the main dimen-

sions and the like. 

 

  
Fig. 1: A Floating Body Model and Sensor Setting Positions. 
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Table 1: Dimensions of the Floating Body 

Material Length [mm] Width [mm] Thickness [mm] Mass [kg] 

SPHC 2420 1200 12 20 

2.2. Piezo film sensor 

The piezo film sensor is a polymer film made from PVDF (poly-

vinylidene fluoride) having a piezoelectric effect, good in worka-

bility, a piezoelectric element easy to make a large area and thin-

ning, and a sensor to measure the load or strain applied to the pie-

zoelectric film by changing it into an electric signal. Because it is 

a power generation element, there is no need to supply power to 

the sensor itself. Moreover, it has excellent flexibility and impact 

resistance, high voltage resistance, water resistance and chemical 

stability. The greatest features of the piezoelectric film are fre-

quency property capable of capturing a wide range of frequency 

bands and difficult to have a specific natural frequency because it 

is light and soft, having both features of impact resistance and 

robustness. While it is possible to capture small response, there is 

a problem to pick up noise, making it difficult to analyze the phe-

nomenon. 

 

 
Fig. 2: Piezo Film Sensor. 

2.3. Experimental method 

Experiments were conducted by setting the water depth h to 80 

mm and the height of the wave to 10 mm, setting the regular wave 

cycles to 0.9 s, 1.1 s, 1.3 s to make 3 patterns, and also giving a 

cut from both sides by 0 mm, 200 mm, 400 mm, respectively to 

make 9 patterns in total. As an example, we entered 1.1 s for the 

regular wave cycle. 

2.4. Measurement conditions and the frequency analysis 

method 

We assumed that there occurs a difference in the strain response 

vibration between the normal time when no damage is present and 

the abnormal time when a damage is given, utilized piezoelectric 

film for the measuring apparatus, and set the sampling frequency 

to 100 Hz.And then, we performed the signal processing for the 

measured time series signals of the strain response vibration by 

using a discrete Fourier transform. 

3. Application of the support vector machines 

The support vector machines is originally a linear discriminator, 

and the discriminant function can be expressed by Eq. (1) by let-

ting the input vector be xi and the output be yi. 

 

Ty w x bi i                                                                                   (1) 

 

Where w is a weight vector and b is a bias term, and i represents 

the data number and T represents the transpose of matrix. 

The support vector machines has a feature in the learning method: 

when there is a population of sample data xi belonging to 2 clas-

ses, the nearest data in each other class are selected, and a margin 

like a band as shown by a broken line in Fig. 3 is set so that the 

distance between the data becomes maximum to set the hyper-

plane to become the boundary of the 2 classes at its center. 

 

 
Fig. 3: Discriminant Hyperplane of the Support Vector Machines. 

 

Where, the minimum distance between the learning data xi and the 

discriminant hyperplane can be expressed by Eq. (2). 

 

Tw x bi
min

wi 1 l




                                                                            (2) 

 

Because this distance should be maximized, the learning of the 

support vector machines for seeking the discriminant hyperplane 

can be realized by solving the optimization problem of the follow-

ing equation to obtain a weight vector w. 

 

 

2
minimize   w

Tsubject to   y w x b 1i i  
                                                             (3) 

 

This method is said to be a method capable of most accurately 

estimating the discriminant boundary of the population belonging 

to 2 classes from the sample data based on the statistical learning 

theory [8]. 

Because the support vector machines is originally a linear discrim-

inator, only one-lower dimensional discriminant plane than the 

dimension number of the data can be obtained. Therefore, the 

distance between each other learning data is also used for learning 

to realize a non-linear discrimination. This extension to the non-

linear discrimination [9, 10] is to replace the data vector using a 

kernel function as expressed by Eq. (4) and to perform the learn-

ing and judgement using the replaced data vector. 

 

  TK x , x x xj i j i                                                                            (4) 

 

Where xj is the vector containing all the sample data, and the non-

linear function expressed by Eq. (4) is called as polynomial kernel. 

By using such a non-linear discriminant function having been 

learned based on the sample data, we detected the degree of dam-

age from the frequency analysis result of the measured strain re-

sponse vibration. 

4. Features of the measurement signal 

Figures 4, 5 and 6 show the measurement signals by the sensors 

#1, #2 and #3 (Fig. 1) attached to the left, center and right sides 

for the incident wave direction from the floating body side for the 

regularly input wave of cycle 1.1, by converting them using the 

discrete Fourier transform. Changes in the response of low fre-

quency components of 2 Hz or less were remarkable. 
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Fig. 4: Discrete Fourier Transform Result of the Measurement Signal of Sensor #1. 

 
Table 2: Second Peak Value of Sensor #1 Signal 

Frequency Without Crack 200 Mm Crack 400 Mm Crack 

1.1 Hz 0.103 V 0.0452 V 0.0308 V 

 

 
Fig. 5: Discrete Fourier Transform Result of the Measurement Signal of Sensor #2. 

 
Table 3: Second Peak Value of Sensor #2 Signal 

Frequency Without Crack 200 mm Crack 400 mm Crack 

0.55 Hz 0.268 V 0.259 V 0.283 V 

 

 
Fig. 6: Discrete Fourier Transform Result of the Measurement Signal of Sensor #3. 

 
Table 4: Second Peak Value of Sensor #3 Signal 

Frequency Without Crack 200 mm Crack 400 mm Crack 

0.55 Hz 0.604 V 0.335V 0.0248 V 

 

From Fig. 4, a tendency was observed that the signal intensity of 

sensor #1 decreased around 1.1 Hz depending on the depth of the 

crack. This is considered to be caused by a fact that the floating 

body becomes a state such as that each part of it moves inde-

pendently in the vicinity of the crack portion by enlarging the 

damage, resulting in decreasing the strain at the targeted sensor 

installation position. 

Because variation occurs in the signal intensity by the frequency 

in the damages of 0 mm and 200 mm from Fig. 5, it is considered 

to be difficult to find the difference. However, a tendency to in-

crease in 400 mm was observed in all the results. In the closest 

part from the crack portion, in the case of small crack from 0 mm 

to 200 mm, the effect due to the cyclical change of the waves is 

larger and the signal strength changes depending on the cycle, 

making it hard to distinguish the difference unless the size of the 

crack expands as large as 400 mm. 

From Fig. 6, also for sensor #3, similar to case of sensor #1, it is to 

be caused by a fact that the floating body becomes a state such as 

that each part of it moves independently in the vicinity of the 

crack portion at which the signal intensity is observed to decrease 

around 1.1 Hz, resulting in decreasing the strain at the targeted 

sensor installation position. 

In the symmetrically located right and left sensors, the same ten-

dency was observed at the time of the second peak. 

5. Damage detection by the support vector 

machines 

For the strain response vibration measured using a piezo film sen-

sor, crack detection experiment by the nonlinear support vector 

machines was carried out using the frequency-signal strength peak 

value by the result of the discrete Fourier transform. We used the 

sensor signals that were simultaneously measured using the piezo 

film sensors attached at 3 positions to perform the learning and 

estimation of the position causing the crack and its size. The re-

sults are shown in Table 5. 
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Table 5: Clack Estimation Result 

Estimation item Without crack 200mm crack 400mm crack 

Crack position － 483mm 512mm 

Crack size 0 193mm 387mm 

 

The crack positions in Table 5 show the distance from the left end 

of the floating body model of Fig. 1. In addition, this crack estima-

tion result was the estimated mean value by the 9-times experi-

mental data obtained by the input of waves by changing the cycle 

and height in the large water tank. 

Both the position of crack and its size can be estimated with suffi-

cient accuracy. Moreover, the data used in this experiment is ob-

tained by applying the discrete Fourier transform to the strain 

response vibration measured at 30 seconds after inputting the 

waves for the floating body model in the water tank. Therefore, 

the strain response vibration is learned initially when the floating 

body is moored on the sea, thereafter the measurement is contin-

ued, and by inputting the signal to the discriminator of the support 

vector machines to make it judge the crack, it is believed that the 

support vector machines can help to conserve the floating body by 

early detecting the damage occurred on it. 

6. Conclusion 

Frequency analysis by the discrete Fourier transform was carried 

out for the measurement signals of the piezo film sensors attached 

to the floating body to diagnose the location and size of the dam-

age by applying the non-linear support vector machines to that 

data. 

As a result, it showed a possibility that it can perform the health 

diagnosis for the floating structure even using the strain response 

vibrations by inputting the natural waves with different cycles and 

wave heights. This is useful for the introduction of structural 

health diagnosis utilizing the renewable energy. 
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