Wave Generation & Its Spectral Analysis

Using MS Developer Studio 97, Visual Fortran Professional Edition 5.0.A

Programmed by CHOI, Yong-Ho, at Feb. 19, 2001
Example I : Regular wave generation by composing several sinusoidal waves
● Given Information

Wave Amplitudes, Angular Frequencies and Phase Lags of several sinusoidal waves. (e.g. 2 waves )
● Purposes
1 generate Wave from given information, ② obtain Fourier Coefficient and Phase Lag by FFT
○ Input Data

1. The number of sequences & the number of input waves: N, number_waves → 256, 2

2. Period[sec]: T1 → 10.0[sec]

3. Starting Time & Ending Time[sec]: (tstart,tend) → 0.0, 10.0[sec]

4. Amplitude, Position(<=N/2-1), Phase in degree of Inputted Waves: 
(amplitude_in(i),omega_in(i),phase_in(i),i=1,number_waves)
1.0[cm], 2, 45.0[deg]  

(frequency at position 2nd is  1.257 )


0.3[cm], 50, 90.0[deg] 

(frequency at position 50th is 31.416 )
5. Output File Name: OutputFile → "t1.dat"
6. Output File Name for full Fourier Coefficients: OutputFile1 → "t1_1.dat"

7. Output File Name of Generated Time Series: OutputFile2 → "t1_2.dat"

○ Generated Time Series
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The Number of Points: 62

T01 = 1.305

T02 = 1.139

T24 = 0.823

H13 = 1.018

BWP = 0.691


· Obtained Phase Lag for full size
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· [image: image16.wmf]0.0
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Given

T01 = 3.311

T02 = 3.121

T24 = 2.351

H13 = 5.000

BWP = 0.658

Obtained Fourier Coefficients for full size
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Random Generated
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Random Generated,      Obtained
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Given

T01 = 3.311

T02 = 3.121

T24 = 2.351

H13 = 5.000

BWP = 0.658

Obtained

T01 = 3.293

T02 = 3.076

T24 = 2.268

H13 = 5.099

BWP = 0.676

Given

Obtained
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· Obtained Phase Lag for significant size
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T01 = 1.269

T02 = 1.264

T24 = 1.223

H13 = 5.202

BWP = 0.253
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· Obtained Fourier Coefficients for one-sided significant size
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T01 = 1.099

T02 = 1.043

T24 = 0.829

H13 = 0.954

BWP = 0.608
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The Number of Points: 62
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Example II : Observed Regular Wave
● Given Information

Observed Regular Wave at the Towing Tank: "REG007.dat"

● Purposes
obtain Energy Spectrum and Phase Lag by FFT
○ Input Data

1. Input File Name: InputFileName → "REG007.dat"

2. Starting Position & Ending Position for Reading: n1,n2 → 6, 1101

3. Block Size: BS → 512

4. Lag Size: LS → 128

5. Sampling Frequency: SF → 10[1/sec]

6. Cut off the Lower and Upper omega limit(character): Yes_No → "Yes"

7. Iteration Number for Hanning Windowing: iteration → 1

8. Output File Name: OutputFile → "t2.dat"

9. Upper Omega Limit for Graph of Spectrum and Phase: Upper_Limit → 15.0[rad]

○ Observed Regular Time Series
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Observed Regular Wave


○ Obtained Phase Lag & Energy Spectrum for Observed Regular Wave

Example III : Observed Irregular Wave
● Given Information

Observed Irregular Wave at the Towing Tank: "IRG007.dat"

● Purposes
obtain Energy Spectrum and Phase Lag by FFT
○ Input Data

1. Input File Name: InputFileName → "IRG007.dat"

2. Starting Position & Ending Position for Reading: n1,n2 → 2000, 6351

3. Block Size: BS → 512

4. Lag Size: LS → 256

5. Sampling Frequency: SF → 20[1/sec]
6. Cut off the Lower and Upper omega limit(character): Yes_No → "Yes"

7. Iteration Number for Hanning Windowing: iteration → 1

8. Output File Name: OutputFile → "t3.dat"

9. Upper Omega Limit for Graph of Spectrum and Phase: Upper_Limit → 15.0[rad]

○ Observed Irregular Time Series
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Observed Irregular Wave: Example III


○ Obtained Phase Lag & Energy Spectrum for Observed Irregular Wave

Example IV : Observed Irregular Wave having only once iteration time
● Given Information

Some Part (e.g. 512 sample size) of Observed Irregular Wave at the Towing Tank: "IRG007.dat"

● Purposes
1 obtain Energy Spectrum and Phase Lag by FFT, ② regenerate time series by using obtained results from a previous step, ③ compare a given time series to regenerated one
○ Input Data

1. Input File Name:InputFileName → "IRG007.dat"
2. Starting Position & Ending Position for Reading: n1,n2 → 3000, 3512

3. Block Size: BS → 512      4. Lag Size: LS → 256      5. Sampling Frequency: SF → 20[1/sec]
6. Cut off the Lower and Upper omega limit(character): Yes_No → "No"

7. Iteration Number for Hanning Windowing: iteration → 0    8. Output File Name: OutputFile → "t4.dat"

9. Output File Name of Generated Time Series: OutputFile1 → "t4_1.dat"

10. Upper Omega Limit for Graph of Spectrum and Phase: Upper_Limit → 15.0[rad]

11. Output File Name for Full Size: OutputFile2 → "t4_2.dat"

# Mean & Value at 0-omega by Calculation & in Spectrum:

Mean: μ = 0.0827[cm], Value at 0-omega(or first omega) by Calculation: 2×μ2/Δω= 0.0557[cm2sec]

Value at 0-omega in Spectrum: S(1)= 0.0557[cm2sec]

where, Δt=1/SF=0.05[sec], T(Period)=BS×Δt =BS/SF=25.6[sec], Δω=2π/T= 0.245[rad]

○ Some Part (e.g. 512 sample size) of Observed Irregular Time Series
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Observed Irregular Wave: Example IV

Observed


· Obtained Phase Lag for full size (512-Points)
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The Number of Points: 512


· Obtained Energy Spectrum for full size (512-Points)
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The Number of Points: 512


· Obtained Phase Lag & one-sided Energy Spectrum for significant size (62-Points)



· Comparing Observed Time Series to Regenerated One from Fig.① and Fig.②
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Observed & Regenerated Irregular Wave:

 Example IV

Observed

Regenerated


· The Equation of Wave Generation

1 Amplitude from two-sided Spectrum (e.g. Fig.① and Fig.②, previous page): 
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2 Amplitude from one-sided Spectrum (e.g. Fig.③ and Fig.④, next page): 
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3 Equation of Time Series: 
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Example V : Wave Generation by using Given Spectrum
● Given Information

Pierson-Moskowitz Sea Wave Energy Spectrum from ITTC/ISSC
● Purposes
1 generate random number (RND) by using a uniform random distribution over (0,1)

2 obtain Phase Lag over(-π,π) by equation 2π×RND－π

3 generate Time Series by using Given Spectrum and obtained Phase Lag 

4 obtain Energy Spectrum and Phase Lag by FFT from generated Time Series

5 compare a given Energy Spectrum to obtained one
○ Input Data

1. Select Spectrum; Pierson-Moskowitz[1], : nSpectrum → 1

2. Zero crossing period, input Significant Wave Height: Tz,H13_in → 3.0[sec], 5.0[m]

3. starting omega, ending omega: w_start,w_end → 0.01, 6.0[rad]

4. The number of omega in Spectrum: ns → 100

5. The size of Time Series: n → 9192

6. Block Size: BS → 512

7. Lag Size: LS → 128

8. Output File Name for spectrum: OutSpectrum → "t5.dat"

9. Output File Name of Generated Time Series: OutputFile1 → "t5_time.dat"

10. Output File Name of reobtained spectrum: reOutSpectrum → "t5_1.dat"

○ Given Pierson-Moskowitz Spectrum        ○ Random Generated Phase Lag over(-π,π)


○ Generated Irregular Time Series by using Pierson-Moskowitz Spectrum
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Generated Time Series by using 

Pierson-Moskowitz Spectrum: Example V


○ Comparison


In figure of spectrum (right hand side), since almost all points lie on a solid line of given spectrum, obtained spectrum (tetragonal points) showed a good agreement with given spectrum, except for a few discrepancies. But, in figure of phase lag (left hand side), obtained phase lag (tetragonal points) showed bad agreement with given phase lag (circled points). This large discrepancy is caused since phase lag is uniformly distributed over [-π,π] and the mean value is obtained by using the Block-size and Lag-size. It is well known that the mean value of uniformly distributed random value is nearly equal to zero.
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