
































































































































































































































































































































end 
% Estimation of Correlation Functions 
for J=l:SOO 
crosshh(Jl=heave(l+{J-1) :22500) '*heave(l:22500-(J-l}l/(22500-(J-1)); 
crosshp(J)=pitch(l+{J-1) :22500) '*heave(l:22500-(J-l))/(22500-(J-l)); 
crosshb(Jl=bend(1+(J-1) :22500) '*heave(1:22500-(J-l))/(22500-(J-l)); 
end 
�~�~�=�m�a�x�(�c�r�o�s�s�h�h�)�;� 

crosshh=crosshh/MX; 
crosshp=crosshp/MX; 
crosshb=crosshb/MX; 
% Calculation of Velocity & Acceleration 
for K=l:480 

I=K+lO; 
dhh(K)=crosshh(I); 
vhh(K)=(crosshh(I+10)-crosshh(I-10)l/C2*0.2); 
�a�h�h�(�K�l�=�(�c�r�o�s�s�h�h�(�I�+�1�0�)�-�2�*�c�r�o�s�s�h�h�(�I�)�+�c�r�o�s�s�h�h�(�I�-�1�0�)�)�/�(�0�.�2�)�~�2�;� 

dhp(K)=crosshp(I); 
vhp(K)=(crosshp(I+10}-crosshp(I-10}l/(2*0.2}; 
�a�h�p�(�K�}�=�(�c�r�o�s�s�h�p�(�I�+�1�0�}�-�2�*�c�r�o�s�s�h�p�(�I�)�+�c�r�o�s�s�h�p�(�I�-�1�0�)�)�/�(�0�.�2�}�~�2�;� 

dhb(K)=crosshb(I); 
end 
T=[l:480]/50; 
result=[dhh' vhh' ahh' dhp' vhp' ahp' dhb'J; 



fngu.m 

% Frequency Analysis of Regular Test (Following Wave Stationary Test) 
heave=-0.0013967•data(:,l)+88.866; 
pitch=-(-0.00090696*data(:,2)+30.743); 
wave=0.00103865•data(:,4)-34.1906 ; 
bend=0.007051SB•data(:,3)-249.699; 
heave=heave(3001:6000)-mean(heave(l:l00)); 
pitch=pitch(3001:6000)-mean(pitch(l:lOO)); 
wave=wave(3001:6000)-mean(wave(l:l00)); 
bend=bend(3001:6000)-mean(bend(l:l00)); 
t=[0:2999] ' /50 ; 
f 
Icw=wave••cos(2*pi*f*t)/3000; 
Isw=wave••sin(2*pi•f•t)/3000; 
Ich=heave'•cos(2•pi*f*t)/3000; 
Ish=heave••sin(2*pi*f•t)/3000; 
Icp=pitch'•cos(2•pi*f*t)/3000; 
Isp=pitch'*sin(2*pi*f*t)/3000; 
Icb=bend'*cos(2*pi•f*t)/3000; 
!sb=bend ' •sin(2*pi*f*t)/3000; 
W=2•sqrt(Icw~2+Isw~2); 

H=2*sqrt(Ich~2+IshA2) : 

P=2*sqrt(Icp~2+IspA2) ; 

B=2*sqrt(Icb~2+IsbA2); 

if IcW>=O 
phasew=(-atan(Isw/Icw))*l80/pi ; 

else 
phasew=(pi-atan(Isw/Icw))•lSO/pi; 

end 
if Ich>=O 

phaseh=(-atan(Ish/Ich))• l SO/pi; 
else 

phaseh=(pi-atan(Ish/Ich))*l80/pi; 
end 
i f Icp>=O 

phasep=(-atan(Isp/Icp))*l80/pi; 
else 

phasep=(pi-atan(Isp/Icp))*lBO/pi; 
end 
if Icb>=O 

phaseb= ( - atan(Isb/Icb))*l80/pi; 
else 

phaseb= (pi- atan(Isb/Icb))*lBO/pi; 
end 
result= [f,W,H, phaseh-phasew, P,phasep- phasew,B,phaseb-phasew] 
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fspec.m 

% Spectral Analysis of Random Test (Following Wave Stationary Tests) 
heave=-0.0013967*data(:,1)+88.866; 
pitch=-(-0.00090696*data(:,2)+30.743l; 
wave=0.00103865*data(:,4)-34.1906; 
bend=0.00705158*data(:,3}-249.699; 
heave=heave(2501:25000}-mean(heave(1:100)); 
pitch=pitch(2501:25000}-mean(pitch(l:l00)); 
wave=wave(2501:25000}-mean(wave(1:100)); 
bend=bend(2501:25000}-mean(bend{1:100)} ; 
% Spectrum Estimation 
fwave=fft(wave); 
swave=fwave.*conj(fwave)/1125000; 
fheave=fft(heave); 
sheave=fheave.*conj(fheave}/1125000; 
fpitch=fft(pitch}; 
spitch=fpitch.*conj(fpitch}/1125000; 
fbend=fft(bend}; 
sbend=fbend.*conj(fbend)/1125000; 
f=[0:22499)' /450; 
swave=swaveC1:11250)*2; 
sbend=sbend(1:11250)*2; 
sheave=sheave(1:11250)*2; 
spitch=spitch(1:11250)*2; 
f=£(1:11250); 
raoh=sqrt(sheave./swave); 
raop=sqrt(spitch./swave); 
raob=sqrt(sbend./swave}; 
%Regular Wave Test Results 
F=[0.295,0.393,0.491,0.590,0.689,0.787,0.886,0.983,1.081) I; 
RAOB=[0.834,1.198,1.781,2.678,3.652,4.027,4.778,6.723,3 . 595] '; 
RAOH= [0.920,0.884,0 . 812,0.589,0.456,0.212,0.176,1.261,0.172) '; 
RAO p = [ 0 . 2 54 , 0 . 2 0 3 , 0 . 3 4 7 , 0 . 6 2 0 • 0 • 7 6 0 , 0 . 6 7 6 , 0 . 57 6 , 0 . 57 6 . 0 . 2 4 6 ] I ; 

%Plotting 
figure 
subplot(2,1,1) 
plot(f(l00:600),swave(100:600), 'r') 
title ('Wave Spectrum ' ); ylabel ('S(f) ') 
subplot(2,1,2) 
plot(f(l00:600) ,raob(l00:600), •-r',F,RAOB, 'ob') 
legend('Random Test', 'Regular Test ' ) 
title ('BM RAOs'); ylabel {'RAO') 
figure 
subplot(2,1,1) 
plot(f(l00:600) ,raoh(100:600), •-r',F,RAOH, 'ob') 
title ('Heave RAOs'); ylabel ( 'RAO') 
subplot ( 2, 1. 2) 
plot(f(l00:600),raop{l00:600), •-r',F,RAOP, 'ob') 
title ('Pitch RAOs') 
ylabel ('RAO'l; xlabel ('f(Hzl ') 
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jneural.m 

% Estimation of Correlation Functions for Training (Following Wave 
Stationary Test) 
heave=-0.0013967*data(:,l)+88.866; 
pitch=-(-0.00090696*data(:,2)+30.743); 
wave=0.00103865*data(:,4)-34.1906; 
bend=0.00705158*data(:,3)-249.699; 
heave=heave(2501:25000)-mean(heave(l:l00)); 
pitch=pitch(2501:25000)-mean(pitch(1:100)); 
wave=wave(2501:25000)-mean(wave(l:l00)); 
bend=bend(2501:25000)-mean(bend(l:l00)); 
% Estimation of Correlation Functions 
for J=l:SOO 
crosshh(JJ=heave(l+(J-1) :22500) '*heave(1:22500-(J-1)); 
crosshh(J)=crosshh(J)/{22500-(J-1)); 
crosshp(J)=pitch(l+{J-1) :22500) '*heave(1:22500-{J-1)); 
crosshp(J)=crosshp(J)/{22500-(J-1)); 
crosshb(J)=bend(1+(J-1) :22500) '*heave(l:22500-(J-l)); 
crosshb(J)=crosshb(J)/(22500-(J-1)); 
end 
MX=rnax(crosshh); 
crosshh=crosshh/MX; 
crosshp=crosshp/MX; 
crosshb=crosshb/MX; 
% Calculation of Velocity & Acceleration 
for K=l:480 

I=K+10; 
dhh(K)=crosshh(I); 
vhh(K)=(crosshh(I+lOJ-crosshh(I-10))/(2*0.2); 
ahh(K)=(crosshh(I+l0)-2*crosshh(I)+crosshh(I-10))/(0.2)A2; 
dhp(K)=crosshp(I); 
vhp(K)=(crosshp(I+10)-crosshp(I-10))/(2*0.2); 
ahp(K)=(crosshp{I+l0)-2*crosshp(I)+crosshp(I-10))/(0.2)A2 ; 
dhb(K)=crosshb(I); 

end 
t=[l:480)/50; 
result=[dhh' vhh' ahh' dhp' vhp' ahp' dhb']; 
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ftestl.m 

% An M-file for Regular Test Verification (Head wave Stationary Tests) 
heave=-0.00140*data(:,l)+87.5966; 
pitch=-0.00232*data(:,2)+70.5666; 
speed=0.00015*data(:,3)-5.0490; 
wave=0.00050*data(:,4)-17.3866; 
bend=O.OOSSO*data(:,Sl-212.5687; 
heave=heave(3001:6001)-mean(heave(1:100)); 
pitch=pitch(3001:6001)-mean(pitch(l:100)); 
wave=wave(3001:6001J-mean(wave(1:100)); 
bend=bend(3001:6001)-mean(bend(l:l00)); 
% Resampling Data 
for J=1:50 
crosshh(J)=heave(1+(J-1)*10:3001) '*heave(l:3001-(J-1)*10)/(3001-(J-
1) *10); 
crosshp(J)=pitch(l+(J-1)*10:3001) '*heave{1:3001-(J-1)*10)/(3001-{J-
1l *10) i 

crosshb(J)=bend(l+(J-1)*10:3001) '*heave{l:3001-(J-1)*10)/(3001-(J-
1) *10) i 

end 
MX=max(crosshh); 
crosshh=crosshh/MX; 
crosshp=crosshp/MX; 
crosshb=crosshb/MX; 
% Calculation of Velocity & Acceleration 
for K=l:48 

I=K+l; 
dhh(K)=crosshh(I); 
vhh(KJ=(crosshh(I+1J-crosshh(I-lll/(2*0 . 2); 
ahh(K)=(crosshh(I+l)-2*crosshh(I)+crosshh(I-l))/(0.2)A2; 
dhp(K)=crosshp(I); 
vhp(K)=(crosshp(I+l)-crosshp(I-1))/(2*0.2); 
ahp(K)=(crosshp(I+ll-2*crosshp(I)+crosshp{I-1))/(0.2JA2; 
dhb(K)=crosshb(I); 
vhb(K)=(crosshb(I+l)-crosshb(I-1))/{2*0.2); 
ahb(KJ=(crosshb(I+l)-2*cross~~(I)+crosshb{I-lll/(0.2)A2; 

end 
t=[l:48)/5; 
result=[dhh' vhh' ahh' dhp' vhp' ahp' dhb'J; 
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jt~st~m 

% An M-file for Random Data Verification (Following Wave Stationary 
Test) 
heave=-0.0013967*data(:,l)+88.866; 
pitch=-(-0.00090696*data(:,2)+30.743); 
wave=0.00103865*data(:,4)-34.1906; 
bend=0.00705158*data(:,3)-249.699; 
heave=heave(2501:25000)-mean(heave(l:l00)); 
pitch=pitch(2501:25000)-mean(pitch(l:l00)); 
wave=wave(2501:25000)-mean(wave(l:l00)i; 
bend=bend(2501:25000)-meanCbend(l:l00)); 
% Resampling 
N 
crosshh=heave(N+l:N+500); 
crosshp=pitch(N+l:N+500); 
crosshb=bend(N+l:N+500); 
MX=max(crosshh); 
crosshh=crosshh/MX; 
crosshp=crosshp/MX; 
crosshb=crosshb/MX; 
% Calculation of Velocity & Acceleration 
for K=l:480 

I=K+lO; 
dhh(K)=crosshh(I); 
vhh(K)=(crosshh(I~lO)-crosshh(I-10))/(2*0.2); 

ahh(K)=(crosshh(I+10)-2*crosshh(I)+crosshh(I-10))/(0.2)h2; 
dhp(K)=crosshp(I); 
vhp(K)=(crosshp(I+lO)-crosshp(I-10))/(2*0.2); 
ahp{K)=(crosshp(I+l0)-2*crosshp(I)+crosshp{I-10))/{0.2)h2; 
dhb{Kl=crosshb{I); 

end 
t=[l:480]/50; 
%Frequency-domain Filter Implementation 
fbend=fft{bend); 
nfbend=zeros(size{fbend)); 
nfbend{l:l000)=fbend{l:l000); 
nfbend(21502:22500J=fbend(21502:22500); 
nbend=ifft(nfbend); 
nbend=real(nbend); 
fheave=fft{heave); 
nfheave=zeros{size{fheave)); 
nfheave(l:lOOOJ=fheave(l:lOOO); 
nfheave(21502:22500)=fheave{21502:22500); 
nheave=ifft(nfheave); 
nheave=real(nheave); 
fpitch=fft(pitch); 
nfpitch=zeros{size(fpitch)); 
nfpitch{l:l000)=fpitch(l:l000); 
nfpitch{21502:22500)=fpitch{21502:22500); 
npitch=ifft(nfpitch); 
npitch=real(npitch); 
% Calculation for Filtered Values 
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for J=l:SOO 
ncrosshh{J)=nheave(1+N+(J-l}}; 
ncrosshp(J}=npitch(l+N+(J-1}); 
ncrosshb(J)=n.bend(l+N+(J-1} ); 

end 
ncrosshh=ncrosshh/MX; 
ncrosshp=ncrosshp/MX; 
ncrosshb=ncrosshb/MX; 
% Calculation of Filtered Velocity & Acceleration 
for K=l:480 

end 

I=K+lO; 
ndhh(Kl=ncrosshh(I}; 
nvhh<K>=<ncrosshh(I+10l-ncrosshh(I-10)l/(2*0.2l; 
nahh(K)=(ncrosshh(I+l0)-2*ncrasshh(I)+ncrosshh(I-10))/(0.2)A2; 
ndhp(K}=ncrosshp(I); 
nvhp(K}=(ncrasshp(I+lO)-ncrosshp(I-10)}/{2*0.2); 
nahp(Kl=Cncrosshp(I+l0)-2*ncrosshp(I)+ncrasshp(I-10))/(0.2)A2; 
ndhb(Kl=ncrosshb(I); 

result=(ndhh' nvhh' nahh' ndhp' nvhp' nahp' ndhb'); 
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ftilllu.m 

%SLmulation of Ship Motions and Bending Moment (Following Wave 
Stationary Test) 
%JONSWAP Wave Spectrum 
f1=0.4:0.01:0.6; 
s1=0.21*7.5~2*0.6~4./fl.~5.*exp(-1.25*0.6~4./f1.~4).*3.3.~exp(-(f1-

0.6) ."2/2/(0.07*0.6)~2); 
f2=0.61:0.01:0.9; 
s2=0.21*7.5"2*0.6"4./f2."5.*exp(-1.2S•0.6"4./f2."4) .*3.3."exp(-(f2-
0.6) ."212/(0.09*0.6)"2); 
f=(fl.f2]'; 
s=[sl.s2]'; 
%Wave Simulation 
phasew=rand(size(f)J*2*pi; 
arnpliw=sqrt(2*s*0.01); 
%Tested Frequency Transfer Functions 
F=[0.4:0.1:0.9] '; 
Magh=[0.884,0.812,0.589,0.456,0.212,0.176J •; 
Angleh=[2.51,3.3,-2.01,2.066,-0.412,72.74J 1

; 

Magr~=[0.203,0.347,0.62,0.76,0.676,0.576] ' ; 
Anglep=[279.3,271.6,271 . 2,277.7,285.4,287.1J '; 
Magb= [ 1.198, 1. 781,2. 678,3. 652,4. 027,4. 778 J I ; 

Angleb=[149.42,159,163.2,176.5,190.3,218.4] •; 
%Heave Simulation 
raoh=interp1(F,Magh,fl; 
phaseh=interp1(F,Angleh,fl*pi/180; 
t:= [ 0. 02: 0. 02:450] I ; 

heave=zeros(size(t)); 
for k=1:size(f) 

heave=heave+ampliw(k)*raoh(k)*cos(2*pi*f(k)*t+phasew{k)+phaseh(kll; 
end 
%Pitch Simulation 
raop=int:erp1(F,Magp,f); 
phasep=interp1(F,Anglep,f)*pi/180; 
pit:cb=zeros(size(t)); 
for k=l:sizeCfl 

pit:ch=pit:ch+ampliw(k)*raop(k)*cos(2*pi*f(k)*t+phasew(k)+phasep(k)); 
end 
%Bending Moment: Simulation 
raob=int:erp1(F,Magb,fl; 
phaseb=interp1(F,Angleb,f)*pi/180; 
bend=zeros(size(t)); 
for k=1:sizeCfl 

bend=bend+ampliw(k)*raob(k)*cos(2*pi*f(k)*t+phasew(k)+phaseb(k)); 
end 
% Estimation of Correlation Functions 
for J=l:500 
crosshh(J)=heave(1+(J-1):22500) 1 *heave(l:22500-(J-lll/(22500-(J-l)); 
crosshp(J)=pitch(1+(J-1) :22500) 1 *heave(l:22500-(J-lll/(22500-(J-l)); 
crosshb(J)=bend(1+(J-1):22500l '*heaveC1:22500-(J-1))/(22500-(J-1)); 
end 
MX=max(crosshhl; 
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crosshh=crosshh/MX; 
crosshp=crosshp/MX; 
crosshb=crosshb/MX; 
% Calculation of Velocity & Acceleration 
for K=1:480 

I=K+lO; 
dhh(K)=crosshh(I); 
vhh(Kl=(crosshh(I+lO)-crossbh(I-10))/(2*0.2); 
ahh(Kl=<crosshh(I+10)-2•crosshh(I)+crosshh(I-10ll/(0.2lA2; 
dhp(Kl=crosshp(I); 
vhp(Kl=<crosshp(I+lO)-crosshp(I-10))/{2*0 . 2); 
ahp(K)=(crosshp(I+10)-2•crosshp(I)+crosshp(I-10))/(0.2)A2; 
dhb(K)=crosshb(I); 

end 
T=[1:480]/50; 
result=[dhh' vhh' ahh' dhp' vhp' ahp' dhb']; 
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s5ngu.m 

%Frequency Analysis of Regular Wave Towing Test(O.Sm/sec) 
cheave=-0.00140*calm(:,l)+87.5966; 
cpitch=-0.00232•calm(:,2)+70.5666; 
cspeed;Q.00015*calm(:_,3)-5.0490; 
cwave=0.00050*calm(:,4)-17.3866; 
cbend=0.00580*calm(:,5)-212.5687; 
cheave;cheave-mean(cheave(l:lOO)); 
cpitch=cpitch-mean(cpitch(l:lOO)): 
cspeed=cspeed-mean(cspeed(l:l00) ); 
cwave=cwave-mean(cwave(l:lOO)); 
cbend=cbend-mean(cbend(l:100)); 
sheave=-0.00140*data(:,l)+87.5966; 
spitch=-0 . 00232*data(:,2)+70.5666; 
sspeed=0.00015*data(:,3)-5.0490; 
swave=0.00050*data(:,4)-17.3866; 
sbend=O.OOSBO*data(:,S)-212.5687; 
sheave=sheave-mean(sheave(l:l00)); 
spitch=spitch-mean(spitch(l:l00)); 
sspeed=sspeed-mean(sspeed(l:l00)); 
swave=swave-mean(swave(l:lOO)): 
sbend=sbend-mean(sbend(l:100)); 
% Find the Speed Segment for Analysis 
[mxi,I]=max(cspeed); 
cheave=cheave(I+l50:I+2649); 
cpitch=cpitch(I+150:I+2649); 
cspeed=cspeed(I+l50:I+2649); 
cwave=cwave(I+l50:I+2649); 
cbend=cbend(I+l50:I+2649); 
[mxj,J]=max(sspeed); 
sheave=sheave(J+l50:J+2649); 
spitch=spitch(J+l50:J+2649); 
sspeed=sspeed(J+150:J+2649); 
swave=swave(J+l50:J+2649); 
sbend=sbend(J+l50:J+2649); 
t=[0:2499] I /50; 
% Find the Wave-induced Response 
heave=sheave-mean(cheave); 
pitch=spitch- mean(cpitch); 
wave=swave-mean(cwave); 
bend=sbend-mean(cbend); 
speed=sspeed; 
% Correlation Analysis for Amplitudes and Phase 
f 
Icw=wave••cos(2*pi*f*t)/2500; 
Isw=wave'*sin(2*pi*f*t)/2500; 
Ich=heave••cos(2*pi*f*t)/2500; 
Ish=heave'*sin(2*pi*f*t)/2500; 
Icp=pitch'*cos(2*pi*f*t)/2500; 
Isp=pitch'*sin(2*pi*f*t)/2500; 
Icb=bend'*cos(2*pi*f*t)/2500; 
Isb=bend'*sin(2*pi*f*t)/2500; 
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Aw=2*sqrt(Icw"'2+Isw"'2); 
Ah=2*sqrt(IchA2+Ish"'2); 
Ap=2•sqrt(Icp"'2+Isp"'2); 
Ab=2*sqrt(Icb"'2+Isb"'2); 
if Iew>=O 

phasew=(-atan(Isw/Icw))*l80/pi; 
else 

phasew=(pi-atan(Isw/Icw))*lBO/pi; 
end 
if Ich>=O 

phaseh=(-atan{Ish/Ich))*lBO/pi; 
else 

phaseh=(pi-atan(Ish/Ich))*lBO/pi; 
end 
if Icp>=O 

phasep=(-atan(Isp/Icp))*lBO/pi; 
else 

phasep={pi-atan(Isp/Icp))*lBO/pi; 
end 
if Icb>=O 

phaseb=(-atan(Isb/Icb))*l80/pi; 
else 

phaseb=(pi-atan(Isb/Icb))*lBO/pi; 
end 
result=(f,Aw,Ah,phaseh-phasew,Ap,phasep-phasew,Ab,phaseb-phasew] 
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s5sample.m 

% An M-file for Data Preparation of Towing Tests (O.Sm/sec) 
cheave=-0.00140*calm(:,l)+87.5966; 
cpitch~-0.00232*calm{:,2)+70.5666; 

cspeed=0.00015*calm(:,3)-5.0490; 
cwave=0.00050*calm(:,4)-l7.3866; 
cbend=0.00580*calm(:,5)-212.5687; 
cheave=cheave-mean(cheave(l:l00)); 
cpitch~cpitch-mean(cpitch(l:100)); 

cspeed=cspeed-mean(cspeed(l:l00)); 
cwave=cwave-mean(cwave(l:lOO)); 
cbend=cbend-mean(cbend(l:100)); 
sheave=-0.00140*data(:,l)+87.5966; 
spitch=-0.00232*data(:,2)+70.5666; 
sspeed=0.00015*data(:,3)-5.0490; 
swave=0.00050*data(:,4)-l7.3866; 
sbend=O.OOSBO*data(:,S)-212.5687; 
sheave=sheave-mean(sheave(l:l00)); 
spitch=spitch-mean(spitch(l:100)); 
sspeed=sspeed-mean(sspeed(l:lOO)); 
swave=swave-mean(swave(l:l00)); 
sbend=sbend-mean(sbend(l:lOOI); 
% Find the Speed Segment for Analysis 
[mxi,Il=max(cspeed);cheave=cheave(I+l50:I+2649); 
cpitch=cpitch(I+l50:I+2649); 
cspeed=cspeed(I+l50:I+2649); 
cwave=cwave(I+l50:I+2649); 
cbend=cbend(I+l50:I+2649); 
[mxj,J]=max(sspeed);sheave=sheave(J+l50:J+2649); 
spitch=spitch(J+l50:J+2649); 
sspeed=sspeed(J+l50:J+2649l; 
swave=swave(J+l50:J+2649); 
sbend=sbend(J+l50:J+2649); 
% Find the Wave-induced Response 
heave=sheave-mean(cheave); 
pitch=spitch-mean(cpitchl; 
wave=swave-mean(cwave); 
bend=sbend-mean(cbend); 
speed=sspeed; 
sample=[wave heave pitch bend]; 
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s5s~c.m 

% Spectral Analysis of Random Test (Head Wave Towing Test O.Sm/sec) 
series=[]; 
calrn=c05c; 
data=s5j7rl; 
sSsample 
series=[series;sample]; 
data==s5j7r2; 
sSsample 
series=[series;sample]; 
data=s5j7r3; 
sSsample 
series=[series;sample]; 
data=s5j7r4; 
s5sample 
series=[series;sample]; 
calm=c05d; 
data=s5j7r5; 
sSsample 
series=[series;sample]; 
data=s5j7r6; 
sSsample 
series=[series ; sample]; 
data==s5j7r7; 
s5sarnple 
series=[series;sample]; 
%Read Data from Joined Time Series 
wave=series(:,ll; 
heave=series{ : ,2); 
pitch=series(:,3); 
bend=series(:,4) ; 
%Spectrum Estimation from Joined Time Series 
f wave==fft(wave); 
specw=fwave . •conj(fwave}/(17500*50); 
fheave=fft(heavel; 
spech=fheave.•conj(fheave)/{17500*50); 
fpitch=fft(pitchl; 
specp=fpitch . •conj(fpitch)/(17500*50); 
fbend=fft:(bend) ; 
specb=fbend.•conj(fbendl/{17500*50); 
specw=2*specw(l:8750); 
spech=2*spech(l:8750); 
specp=2*specp(l:8750); 
specb=2*specb(l:8750); 
f = [0 : 8749] ' /350; 
raoh=sqrt(spech./specw); 
raop=sqrt:(specp./specw); 
raob=sqrt:(specb./specw); 
%Regular wave Test Results 
F=[0.333,0 . 450,0.573,0 . 702,0.840,0.841,0 . 987 , 1.135 , 1.292,1.454] ' ; 
AW=[2.82,2.23,2.61,3.02,2.95,2.57,1.37,2 . 90,3.23,3 . 12] '; 
AH=[2.90,2.24,2 . 53,2 . 41,1.99,1.68,1 . 31,0.34.0.43,0 . 25] '; 

158 



AP=[0.81,0.96,1.64,2.22,3.26,2.77,3.20,1.98,0.26,0.19] '; 
AB=[2.30,3.12,5.84,9.71,12.39,11.73,13.09,4.86,7.65,4.65} '; 
RAOH=AH. /AW; 
RAOP=AP. /AW; 
RAOB=AB. I AW; 
%Plotting 
figure 
subplot (2, 1, 1) 
plot(f(l00:600) ,specw(100:600), 'r') 
title ('Wave Spectrum') 
ylabel ( 'S(f) ') 
subplot(2,1,2) 
plot(f(l00:600),raob(l00:600), ·-r',F,RAOB. 'ob') 
legend('Random Test', 'Regular Test') 
title ( 'BM· RAOs') 
ylabel ( • RAO • ) 
figure 
subplot(2,1.1) 
plot(f(l00:600),raoh(l00:600), •-r• ,F,RAOH, 'ob') 
title ('Heave RAOs') 
ylabel ( 'RAO' ) 
subplot(2,1,2) 
plot(f(l00:600) ,raop(l00:600), •-r• ,F.RAOP, 'ob') 
title ('Pitch RAOs') 
ylabel ( 'RAO' l 
xlabel ( 1 f (Hz) 1

) 
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sSneural.m 

% Estimation of Correlation Functions for Training (Towing Test O.Sm/s} 
series=[]; 
calm=cOSc; data=s5j7r1; 
sSsample 
series=[series;sample]; 
data=s5j7r2; 
sSsample 
series=[series;sample]; 
data=s5j7r3; 
sSsample 
series=[series;sample]; 
data=s5j7r4; 
sSsarnple 
series=[series;sample]; 
calm=c05d; data=s5j7r5; 
sSsample 
series=[series;sample]; 
data=s5j7r6; 
s5sample 
series=[series;sample]; 
data=s5j7r7; 
sSsample 
series=[series;sample]; 
%Read Data from Joined Time Series 
wave=series ( : , 1) ; · 
heave=series(:,2); 
pitch=series(:,3); 
bend=series(:,4); 
% Estimation of Correlation Functions 
for J=1:500 
crosshh(J)=heave(1+(J-1) :17500) '*heave(l:17500-(J- 1))/(17500-(J-1)); 
crosshp(J)=pitch{1+(J-1) :17500) '*heave(1:17500-{J-l))/(17500-(J-1)); 
crosshb(J)=bend(l+(J-1) :17500) '*heave(1:17500-(J- 1))/{17500-CJ-l)); 
end 
MX=max{crosshh); 
crosshh=crosshh/MX; 
crosshp=crosshp/MX; 
crosshb=crosshb/MX; 
% Calculation of Velocity & Acceleration 
for K=1:480 

I=K+10; 
dhh(K)=crosshh<I>; 
vhh(K)=(crosshh(I+10)-crosshh(I-10))/(2*0.2); 
ahh{K)=(crosshh{I+l0)-2*crosshh{I)+crosshh(I-10))/(0.2)~2; 

dhp(K)=crosshp(I); 
vhp(K)=(crosshp(I+10)-crosshp(I-10})/(2*0.2); 
ahp(K) = (crosshp(I+10)-2*crosshp(I)+crosshp(I-10))/(0.2)A2; 
dhb(K)=crosshb(I); 

end 
t=[1:480]/50; 
result=[dhh' vhh' ahh' dhp' vhp' ahp' dhb'l; 
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s5testl.m 

% An M-file of Regular Test Verification (Towing Tests O.Sm/sec) 
sSsample 
% Resampling Data 
for J=1 : 50 
crosshh(J)=heave{l+(J-1J"10:2500) '"heave(l:2500-(J-ll*10)/(2500-(J
l) "10); 
crosshp(J) =pitch(1+(J- 1J"10:2500) '"heave(l:2500-(J- 1)"10)/(2500-(J-
1J*10); 
crosshb(JJ=bend(1+{J-1)*10:2500) '*heave(1:2500-{J-1)*10)/(2500-(J-
1)*10); 
end 
MX=max(crosshhl; 
crosshh=crosshh/MX; 
crosshp=crosshp/MX; 
crosshb=crosshb/MX; 
% Calculation of Velocity & Acceleration 
for K=l:48 

I=K+1; 
dhh(K)=crosshh(Il; 
vhh(K)=(crosshh(IT1) - crosshh(I- l))/(2*0.2); 
ahh(KJ=(crosshh(I+1)-2"crosshh(I)+cross~~{I-l)J/(0.2)A2; 
dhp(K)=crosshp(IJ ; 
vhp(K)=(crosshp(I+l)-crosshp(I-1) )/(2"0 . 2); 
ahp{K)=(crosshp(I+l)-2*crosshp(I)+crosshp{I-1))/(0 . 2)A2; 
dhb(K)=crosshb(I); 
vhb(KJ=(crosshb(I+l)-crosshb(I-1))/(2"0.2); 
ahb(K)=(crosshb(I+l)-2*crosshb<IJ+crosshb(I-1J)/(0.2JA2 ; 

end 
t = [1:48]/S; 
result= [dhh' vhh ' ahh' dhp' vhp' ahp' dhb']; 
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s5t~st3.m 

%An M-file for Random Test Verification (Towing Test O.Sm/sec) 
series= [ 1; 
calm=c05c; 
dat:a=s5j7rl; 
s5sample 
series=[series;sample]; 
data=s5j7r2; 
s5sample 
series=[series;sample]; 
data=s5j7r3; 
s5sample 
series=[series;sample]; 
data=s5j7r4; 
sSsample 
series=[series;sample]; 
cal m=c05d; 
data=s5j7r5; 
s5sample 
series=[seri es;sample]; 
data=s5j7r6; 
s5sample 
series=[series;sample]; 
data=s5j7r7; 
s5sample 
series=[series ; sample]; 
%Read Data from Joined Time Series 
wave=series(:,l); 
heave=series(:,2); 
p it:ch=series(:,3); 
bend=seri es(:,4); 
% Resampling 
N 
crosshh=heave(N+l:N+SOO); 
crosshp=pitch(N+l : N+SOO); 
crosshb=bend(N+l:N+SOO); 
MX=max ( crosshh) ; 
crosshh=crosshh/MX; 
crosshp=crosshp/MX; 
crosshb=crosshb/MX; 
% Calculation of Velocity & Acceleration 
for K=l : 480 

I =K+lO; 
dhh(Kl=crosshh(Il; 
vhh(K) = (crosshh(I+lO)-crosshh(I-10))/(2*0.2); 
ahh(K) = (crosshh(I+l0)-2*crosshh(I)+crosshh(I-10))/(0.2)A2; 
dhp(Kl=crosshp(I); 
vhp(K)=(crosshpCI+lO)-crosshp(I-10))/(2*0.2); 
ahp(K)=(crosshp(I+l0) - 2*crosshp(I)+crosshp(I-10))/(0.2lA2; 
dhb(Kl=crosshb(Il; 

end 
t:= [l : 480]/50; 
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%Frequency-domain Filter Implementation 
fbend=fft(bend); 
nfbend=zeros(size(fbend)); 
nfbend(1:1000)=fbend(l:1000); 
nfbend(16502:17500)=fbend(16502:17500); 
nbend=ifft(nfbend); 
nbend=real(nbend); 
fheave=fft(heave); 
nfheave=zeros(size(fheave)); 
nfheave(1:1000)=fheave(l:l000); 
nfheave(l6502:17500)=fheave(16502:17500); 
nheave=ifft{nfheave); 
~~eave=real(nheave); 

fpitch=fft(pitch); 
nfpitch=zeros(size(fpitch)l; 
nfpitch(l:1000)=fpitch(1:1000); 
nfpitch(16502:17500)=fpitch(l6502:17500); 
npitch=ifft{nfpitch); 
npitch=real(npitch); 
% Calculation for Filtered Values 
for J=1:500 

end 

ncrosshh(J)=nheave(l+N+(J-1)); 
ncrosshp(J)=npitch{l+N+(J-1)); 
ncrosshb(Jl=nbend(l+N+(J- 1)); 

ncrosshh=ncrosshh/MX; 
ncrosshp=ncrosshp/MX; 
ncrosshb=ncrosshb/MX; 
% Calculation of Filtered Velocity & Acceleration 
for K=l:480 

end 

I=K+10; 
ndhh(Kl=ncrosshh(I); 
nvhh(K)=(ncrosshh(I+lO)-ncrosshh(I-10))/(2*0.2); 
nahh(K)=(ncrosshh(I+l0)-2*ncrosshh(I)+ncrosshh(I-10)) / (0.2)~2; 

ndhp(K)=ncrosshp(I); 
nvhp(K)=(ncrosshp(I+lO)-ncrosshp(I-10))/(2*0 . 2); 
nahp(Kl=(ncrosshp(I+l0)-2*ncrosshp(I)+ncrosshp(I-10) )/(0.2)~2; 
ndhb(K)=ncrosshb(I); 

result=[ndhh' nvhh' nahh' ndhp' nvhp' nahp' ndhb']; 
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s5simu.m 

%Simulation of Ship Motions and Bending Moment (Towing Test O.Sm/sec) 
%JONSWAP Wave Spectrum 
f1=0 . 5:0.01:0.7; 
sl=0.21*7.5~2*0.7~4./fl.~s.•exp(-1.25*0.7~4./f1.~4l .*3.3.~exp(-{f1-

0.7l .~2/2/(0.07*0.7)~2); 
f2=0.71:0.01:1.0; 
s2=0 _ 21*7. 5 ~2 *0. 7~4 ./ f2. ~s. *exp < -L 25 *0. 7~4 . / f2. ~4 l . *3. 3. "exp (- < f2-
o. 7) . "2/2/ (0 .09*0. 7) "2); 
f0=[fl.f2]'; 
f:f0+2*pi*f0."2/9.8*0.5; 
s=[sl,s2]'; 
%Wave Simulation 
phasew=rand(size(f)}*2*pi; 
ampliw=sqrt(2*s*0.01); 
%Experimental Frequency Transfer Functions 
F=(0.573,0.702,0.84,0.987,1.135,1.292,1.454] '; 
Magh= ( 0. 97, 0. 8, 0. 67, 0. 96, 0 .12, 0 .13, 0. 08] ' ; 
Angleh= [10.56,7.56,8.43,-53.1,-3.7,76.95,108.3 ] '; 
Magp=(0.63,0.74,1 . 11,2.34,0.68 , 0.08 , 0.06] ' ; 
Anglep= (98 . 7,99.2,103,24.3,23.6,64.7,159.2] '; 
Magb=[2.24 , 3 . 22,4.2,9.55 , 1 . 68,2.37,1 . 49] '; 
Ang leb= ( 2 0 7 . 8 , 19 0 , 16 7 . 6 , 7 9 . 7 , -4 . 6 , -10 8 . 1, -113 . 2 J ' ; 
%Heave Simulation 
raoh=interpl(F,Magh,f); 
phaseh=interp1{F,Angleh,f)•pi/180; 
t;:;:[0.02:0.02:450] I i 

heave=zeros{size(t)); 
for k;:;:l:size(f) 

heave=heave+ampliw(k)*raoh(k)•cos(2*pi*f(kl*t+phasew(k)+phaseh(k)); 
end 
%Pitch Simulation 
raop= interp1(F,Magp,f); 
phasep=interp1(F,Anglep,fl*pi/180; 
pitch=zeros(size{t)); 
for k;:;:l:size(fl 

pitch=pitch+ampliw(k}*raop(k)•cos(2*pi*f(k)*t+phasew(k)+phasep(k)); 
end 
%Ben ding Moment Simulation 
raob=interp1(F,Magb,f); 
phaseb=interp1(F,Angleb,f)*pi/180; 
bend=zeros(size(t)); 
for k=1:size(fl 

bend=bend+ampliw(kl*raob(k)*cos(2*pi*f(kl*t+phasew(k)+phaseb(k)) ; 
end 
% Estimation of Correlation Functions 
for J=LSOO 
crosshh(J)=heave(1+{J-1) :22500) '*heave(1:22500- (J- 1)}/(22500-(J-lll; 
crosshp(J)=pitch(l+(J-1) :22500) '*heave(1:22500-(J-l})/(22500-(J-lll; 
crosshb(J)=bend(l+(J-1):22500) '*heave(l:22500-(J-l)l/(22500-(J-l)l ; 
end 
MX=max(crosshh); 
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crosshh=crosshh/MX; 
crosshp=crosshp/MX; 
crosshb=crosshb/MX; 
% Calculation of Velocity & Acceleration 
for K=l:480 

I=K+lO; 
dhh(K)=crosshh(I); 
vhh(K)=(crosshh(I+lO)-crosshh(I-10) )/(2*0.2); 
ahh(K)=Ccrosshh(I+10)-2•crosshh(I)+crosshh(I-10))/(0.2) h2; 
dhp(K)=crosshp(I); 
vhp(K)=(crosshpCI+10)-crosshpCI-10))/(2*0.2); 
ahp{K)=(crosshp(I+10)-2*crosshp(I)+crosshpCI-10))/(0.2)h2; 
dhb(K)=crosshb(I); 

end 
T=[l:480]/50; 
result=[dhh' vhh' ahh' dhp' vhp' ahp' dhb']; 



Appendix ill Data Analysis Results 
The RAOs results obtained from both the regular wave tests and the random wave tests 

are presented in this Appendix. 

In the following figures, the circle points represent the RAOs values from the regular 

wave tests. 
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