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ABSTRACT  

 

A method splitting harmonic wave into incident and reflected waves using a single 

movable wave gage is introduced. After measuring water surface elevation at different 

locations and times, the reflection and transmission coefficients are calculated by using fast 

Fourier transformation and least square method. The present method is validated by testing 

under regular wave condition. 
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1. INTRODUCTION 

 

The prediction of wave transformation such as a wave reflection is very important to 

design and prevent the coastal structure from oceanic wave attack. In laboratory experiments 

for the analysis of wave reflection, several methods are already established to determine the 

incident and reflected waves (Goda and Suzuki, 1976; Mansard and Funke, 1980; Suh et al., 

2001; Lin and Huang, 2004). These methods utilize anywhere from two to four wave gage.  

When considering the decomposition of waves due to complex geometries (for 

instance, a combination of a submerged structure and sloping breakwater or a submerged 

structure and a sloping beach), it is reported that at least two pairs of wave gage are required, 

one upwave region and downwave region of the submerged structure. However, the 

installation of multiple wave gages can be problematic. First of all, the cost of a wave gage is 

not a negligible expense. Secondly, the presence of multiple wave gages can cause serious 

signal noise problem, affecting the reliability of the results. 

In this study, a simple method which decomposes the incident and reflected waves 

from regular or irregular harmonic waves is developed using one moving wave gauge. This 

method extended the Lin and Huang’s method (2004) to consider different measuring time. 

By moving one wave gauge, time series of water surface elevation was obtained from 

different locations and times. Then, the incident and reflected wave amplitudes can be 

calculated from that data using fast Fourier transform and the least square method. If two 

different locations and times are selected, the singular condition for distance is identical to 

that of Goda and Suzuki (1976). Applying to numerical model shows the validation of model. 

 

 

2. THEORETICAL BACKGROUND 

 



 The water surface elevation at any location and time )  ,( mm tx  can be expressed as 

follows: 
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where iη  and rη  are the incident and reflected waves, respectively; iH  and iδ  are the 
incident wave height and phase angle; rH  and rδ  are the reflected wave height and phase 
angle; mε  is error caused by signal; ω  is the angular frequency; and k  is the wavenumber 
calculated by linear dispersion relationship: 
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where g  is the gravitational acceleration and h  is the water depth. The individual wave 
component can be extracted by applying the water surface elevation to fast Fourier 
transformation as follows: 
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 Measuring at two different locations 

 

First, water surface elevations at ),( 00 tx  and ),( 11 tx  are measured by moving a 

wave gage as shown in Fig. 1. 
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Figure 1 Definition sketch of wave flume using one moving wave gauge. 

 

 

Each water surface elevation can be express as follows: 
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 Substituting Eq. 4 and 5 into 3 gives 
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where 0E  and 1E  are the fast Fourier transform of errors, and 
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where 011 xxx −=∆  and 011 ttt −=∆  

 

To minimize the errors, 0E  and 1E , in the Eq. 6 and 7, least square method is used. 
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 This procedure gives an algebraic linear matrix equation: 
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 After solving the matrix equation, the unknown incident and reflected wave heights 

can be obtained from 
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The singularity for solving Eq. 14 occurs when the determinant of matrix diverges. 
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This equation can be simplified as follows 
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 The condition satisfying Eq. 23 is given by 
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 It should be noted that the singularity for solving Eq. 14 is equivalent to the limitation 

of the two-point method suggested by Goad and Suzuki (1976). For the three measuring 

points, same procedure from Eq. 4 to Eq. 24 can be applied and also same result of Mansard 

and Funke (1980) is obtained. 

 

 

3. VERIFICATION 

 

A numerical simulation was carried out for cases of regular waves to verify the results 

of the present method. Since it has been previously shown that the use of two wave gages 

gives rise to large errors at 2//1 nLx =∆  )  ,2  ,1  ,0( L=n , the numerical test was performed 

with data measured at three different points. 

The numerical were conducted using the following conditions: mH i 1.0= , 

mH r 05.0= , and mh 0.1= . First, letting hx =∆ 1 , 12 2 xx ∆=∆ , Tt 0.21 =∆ , and  

12 2 tt ∆=∆  with a sampling rate of 256 Hz, the incident and reflected wave heights were 

calculated. The incident wave period was varied so as to consider a broad range of relative 

water depth. Thus, the relative water depth varied from a shallow water limit )314.0( =kh  to 

a deep water limit )14.3( =kh . Fig. 2 shows a comparison between the target and predicted 

incident and reflected wave heights. The results are in good agreement for all relative water 

depths. 
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Figure 2 Comparison of wave heights between target and estimated values of incident and 

reflected waves for different relative water depth. 

 

 Fig. 3 shows the incident and reflected wave heights calculated by changing 1x∆  fro 

m hx 0.11 =∆  to hx 0.51 =∆ . The other condition remained the same as those in Fig. 2. As 

shown in Fig. 3, the decomposition of the fundamental harmonic waves is successfully 

achieved regardless of the location of the second and third measurements. 
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Figure 3 Comparison of wave heights between target and estimated values of incident and 

reflected waves for different location gap. 

 

 

4. CONCLUSION 

 

A simple method separating the incident and reflected waves from a harmonic wave 

was developed. The newly developed method may reduce the cost and increase the reliability 

of performing wave characteristic measurements. The number of wave height measured in 

this method is flexible, and the measurement can be performed exactly as in Goda and Suzuki 

(1976) and Mansard and Funke (1980) depending on the number of measuring point. 



Verification of this method was performed using a numerical model simulating regular 

wave condition. The amplitude and incident and reflected waves of targeted and estimated 

values were compared at various relative wave depth and location. It was shown that the 

estimated values are identical to the target ones irrespective of the values of relative water 

depth and location. 

Since the measurement of the wave heights is time-dependent, the method presented in 

this study may not work well when re-reflection caused by a laboratory wave generator is 

significant. However, recently developed wave generators are equipped with a wave gage at 

their nose to minimize the effects of re-reflection during laboratory experiments. Under such 

conditions, this method can be worked effectively. 
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