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Figure B.26: Horizontal position of the FPSO. Line 5 breaks in Simulation III.2.

Figure B.27: Position and rotation in time domain. Line 5 breaks in Simulation III.2.
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Figure B.28: Horizontal position of the FPSO. Line 6 breaks in Simulation III.2.

Figure B.29: Switching logic outputs. Line 6 breaks in Simulation III.2.
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Figure B.30: Position and rotation in time domain. Line 6 breaks in Simulation III.2.

Figure B.31: Position and rotation in time domain. Line 7 breaks in Simulation III.2.
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Figure B.32: Switching logic outputs. Line 8 breaks in Simulation III.2.

Figure B.33: Horizontal position of the FPSO. Line 8 breaks in Simulation III.2.
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Figure B.34: Position and rotation in time domain. Line 8 breaks in Simulation III.2.
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Appendix C

Simulation Results, Simulink Model, and

MATLAB Codes of Tension-based Position

Reference

Listing C.1: The MATLAB code for starting the Simulation.

1 clear all

2 % clf

3 clc

4

5 load('vessel.mat'); % vessel/hydrodynamic data structure

6 load('vesselABC.mat'); % fluid memory structure

7 load('MLP.mat'); % mooring line parameters

8 load('T_H_table.mat'); % mooring line force lookup table

9 load('p_m_TP2.mat'); % mooring line force polynomial (from ...

curve fitting)

10 load('p_m.mat'); % mooring line force polynomial (from ...

curve fitting)

11 %% Model Parameter

12 waveForce = 1; % wave motion On--1; Off--0

13 waveDriftForce = 1; % wave drift force On--1; Off--0

14 currentForce = 1; % c urrent On--1; Off--0

15

16 mooringLines = [1,1,1,1,1,1,1,1]; % Mooring ...

Lines On--1; Off--0

191
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17 mooringLines1 = [1,1,1,1,1,1,1,1]; % Mooring ...

Lines after breaking On--1; Off--0

18

19 mooringLinesMeasurement = [1,1,1,1]; % Mooring Lines ...

Measurement On--1; Off--0

20

21 measurementNoises_on_off = 1; % measurement noise ...

On--1; Off--0

22 TD_noises_on_off = 1; % Tension Measurement ...

Noise

23 noise_x = 0.005; % variance of measurement noise in x, DGPS

24 noise_y = 0.005; % variance of measurement noise in y, DGPS

25 noise_psi = 0.005/180*pi; % variance of measurement noise in ...

yaw, Compass, ...

http://www.shipmotion.se/files/SMC%20IMU%20User%20Guide%20v22.pdf

26 noise_TD = 0.0001;

27

28 MeasurementNoiseSampleTime = 0.2; % measurement noises sample ...

time

29 eta_0 = [22,-22,0,0,0,-135/180*pi];

30 nu_0 = [0.2,0.05,0.05,0,0,0];

31

32 MLP.r_0(:,5)=[1950/sqrt(2);1950/sqrt(2);-1000];

33 MLP.r_0(:,6)=[-1950/sqrt(2);1950/sqrt(2);-1000];

34 MLP.r_0(:,7)=[-1950/sqrt(2);-1950/sqrt(2);-1000];

35 MLP.r_0(:,8)=[1950/sqrt(2);-1950/sqrt(2);-1000];

36

37 %% Environmental Parameters

38 nu_wind = 8; % wind velocity

39 alpha_wind = pi/4; % wind direction

40

41 Hs_wave = 5.5; % significant wave height

42 beta_wave = 45*pi/180; % mean wave direction

43

44 nu_current = 0.1; % current velocity(m/s)

45 beta_current = 45; % current direction(deg)

46

47

48 % for i=1:length(T_H_table.X)
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49 % T_H_table.X(i)=1950+T_H_table.X(i);

50 % end

51

52 %%

53 M_RB = vessel.MRB([1,2,6],[1,2,6]);

54 M_A = vesselABC.MA([1,2,6],[1,2,6]);

55 M = M_RB+M_A;

56 invM = inv(M);

57

58 D_L = vessel.B([1,2,6],[1,2,6],34);

59 D_mo = 0.1*vessel.B(:,:,34);

60

61

62 % for j=1:m_moor

63 % for k=1:n_moor

64 % r{j,k}=r_0((j-1)* 3* (n_moor-1)+ 3*(k-1)+ 1:(j-1) ...

*3*(n_moor-1)+ 3*(k-1)+3);

65 % end

66 % end

67 %%

68 %% Thruster Allocation

69 y_1 = 7.5;

70 y_2 = -7.5;

71 x_3 = -75;

72

73 vessel.T_thr = [1 1 0;

74 0 0 1;

75 y_1 y_2 x_3];

76 vessel.T_w_thr = inv(T_thr);

77 % T_w = T'*inv(T*T'); %(Fossen 12.252)

78

79

80 %% %%%%%%%%%%%%%%%%% Part 1 Observer %%%%%%%%%%%%%%%%%%%

81 % ---------------- Passive Observer ----------------------

82 b_0_PassObs = [0;0;0];

83 nu_0_PassObs = [0;0;0];

84 eta_0_PassObs = eta_0([1,2,6]);

85 epsilon_0_PassObs = [0;0;0;0;0;0];

86 eta_w_0_PassObs = epsilon_0_PassObs(1:3);
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87 xi_w_0_PassObs = epsilon_0_PassObs(4:6);

88 D_L_PassObs=D_L+length(find(mooringLines==1))*D_mo([1,2,6],[1,2,6]);

89

90 invTb_PassObs = inv(diag([1000,1000,1000]));

91

92 zeta_ni = 1; % Fossen pp.317

93 lamda_i = 0.1; % Fossen pp.317 Relative damping ratio of ...

wave spectrum

94

95 lambda = diag([lamda_i,lamda_i,lamda_i]);

96

97

98 omega_oi = [2*pi/7,2*pi/7,2*pi/7];

99 omega_ci = [1.1,1.1,1.1];

100

101 K_11 = -2*(zeta_ni-lamda_i)*omega_ci(1)./omega_oi(1);

102 K_12 = -2*(zeta_ni-lamda_i)*omega_ci(2)./omega_oi(2);

103 K_16 = -2*(zeta_ni-lamda_i)*omega_ci(3)./omega_oi(3);

104

105 K_17 = 2*omega_oi(1)*(zeta_ni-lamda_i);

106 K_18 = 2*omega_oi(2)*(zeta_ni-lamda_i);

107 K_112 = 2*omega_oi(3)*(zeta_ni-lamda_i);

108

109 K_21 = omega_ci(1);

110 K_22 = omega_ci(2);

111 K_26 = omega_ci(3);

112

113 OMEGA = diag(omega_oi);

114 DELTA = diag([1,1,1]);

115

116 Aw = [zeros(3) eye(3);

117 -OMEGA*OMEGA -2*DELTA*OMEGA];

118 Cw = [diag([0,0,0]),diag([0.05,0.05,0.01])];

119 T_b_PassObs = diag([1000,1000,1000]);

120

121 K1_PassObs = [diag([K_11,K_12,K_16]);diag([K_17,K_18,K_112])];

122 K2_PassObs = diag([K_21,K_22,K_26]);

123

124 K4_PassObs = diag([0.3,0.3,0.01]);
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125 K3_PassObs = 0.1*K4_PassObs;

126

127 %% Supervisor Switch

128 k_e_switch = 1; % gain of class K function

129 lambda_switch = 0.1; % constant non-negative ...

forgetting factor

130 eta_0_SwitchSup = 15; % initial value of the switch ...

function

131 k_h_switch = 0.3; % positive hysteresis constant

132

133

134 %% %%%%%%%%%% Part 2 Controller %%%%%%%%%%%%%%%

135 % ----------- PID Controller ------------------

136 % 4 Mooring Lines

137 % mooringLines = [1,1,1,1];

138 Kp_PIDCtr_5 = diag([1e3 1e3 0]);

139 Kd_PIDCtr_5 = diag([0 0 0]);

140 Ki_PIDCtr_5 = diag([2e2 1e3 0]);

141

142 %% Low-Pass Filter

143 K1_LF=1;

144 T_LF=0.7;

145

146 %% Simulation

147 breakTime=250;

148 tend=500;

149

150 % sim testSupervisor

151 sim tensionPositioning

152

153 % plottensionPositioning_SimulationI

154

155 plottensionPositioning

156

157 startDraw=150;

158 EndDraw=200;

159 plottensionPositioning_part
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Listing C.2: The MATLAB code for plotting the figures.

1 clf('reset');

2

3 condition='No_Line';

4

5 %% sigma v.s. miu

6 time=TP_NED.time;

7

8 F2=figure(1);

9 subplot(2,1,1)

10 plot(time,TP_NED.signals(1).values(:,1),'g--','LineWidth',1)

11 hold on

12 plot(time,TP_NED.signals(1).values(:,3),'r-','LineWidth',1)

13 hold on

14 plot(time,TP_NED.signals(1).values(:,2),'k-','LineWidth',2)

15 % hold on

16 % plot(time,TP_NED_LP.signals(1).values(:,1),'c--','LineWidth',2)

17 % hold on

18 % plot(time,TP_NED_LP.signals(1).values(:,3),'r-','LineWidth',2)

19 ylabel('North(m)')

20 grid on;

21

22 subplot(2,1,2)

23 plot(time,TP_NED.signals(2).values(:,1),'g--','LineWidth',1)

24 hold on

25 plot(time,TP_NED.signals(2).values(:,3),'r-','LineWidth',1)

26 hold on

27 plot(time,TP_NED.signals(2).values(:,2),'k-','LineWidth',2)

28 % hold on

29 % plot(time,TP_NED_LP.signals(2).values(:,1),'c--','LineWidth',2)

30 % hold on

31 % plot(time,TP_NED_LP.signals(2).values(:,3),'r-','LineWidth',2)

32 title('East');

33 % h=legend('$y_{m}$','$\hat{y}_{m}$', 'y', '$\hat{y}_{moor,LF}$', ...

'$\hat{y}_{moor,LF and NPO}$');

34 h=legend('$y_{m}$','$\hat{y}_{m}$','$y$')

35 set(h,'Interpreter','latex','location','best')

36 xlabel('time(s)')

37 ylabel('East(m)')
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38 grid on;

39

40 print(F2,'-dpng',['.\image\position',condition,'.png'],'-r300')
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Appendix D

Simulation Results and MATLAB Codes of

Simultaneous Localization

Listing D.1: The MATLAB code for starting the Simulation.

1 clear all

2 clc

3

4 load('vessel.mat'); % vessel/hydrodynamic data structure

5 load('vesselABC.mat'); % fluid memory structure

6 load('T_H_table.mat');

7 load('curve_x.mat'); % Intepolate X

8 load('curve_T.mat'); % Intepolate T

9

10 % curve_x=T_H_table.X';

11 % curve_T=T_H_table.T(:,21);

12 % curve_H=T_H_table.H(:,21);

13

14 waveForce = 1; % wave motion On--1; Off--0

15 waveDriftForce = 1; % wave drift force On--1; Off--0

16 currentForce = 1; % c urrent On--1; Off--0

17 nu_wind = 8; % wind velocity

18 alpha_wind = pi/4; % wind direction

19

20

199
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21 mooringLines = ones(8,1); % Mooring Lines ...

On--1; Off--0

22 mooringLines1 = ones(8,1); % Mooring Lines after ...

breaking On--1; Off--0

23 breakTime=1e10; % Do not break.

24 mooringLinesMeasurement = ones(8,1); % Mooring Lines ...

Measurement On--1; Off--0

25 nu_0 = [0,0,0,0,0,0]';

26

27 measurementNoises_on_off = 1; % measurement noise ...

On--1; Off--0

28 TD_noises_on_off = 1; % Tension Measurement ...

Noise

29 noise_x = 0.005; % variance of measurement noise in x, DGPS

30 noise_y = 0.005; % variance of measurement noise in y, DGPS

31 noise_psi = 0.005/180*pi; % variance of measurement noise in ...

yaw, Compass, ...

http://www.shipmotion.se/files/SMC%20IMU%20User%20Guide%20v22.pdf

32 noise_TD = 0.0001;

33

34 M_RB = vessel.MRB([1,2,6],[1,2,6]);

35 M_A = vesselABC.MA([1,2,6],[1,2,6]);

36 M = M_RB+M_A;

37 invM = inv(M);

38

39 D_L = vessel.B([1,2,6],[1,2,6],34);

40 D_mo = 0.1*vessel.B(:,:,34);

41

42 % Thruster Allocation

43 y_1 = 7.5;

44 y_2 = -7.5;

45 x_3 = -75;

46

47 T_thr = [1 1 0;

48 0 0 1;

49 y_1 y_2 x_3];

50 T_w_thr = inv(T_thr);

51

52 b_0_PassObs = [0;0;0];
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53 nu_0_PassObs = [0;0;0];

54 epsilon_0_PassObs = [0;0;0;0;0;0];

55 eta_w_0_PassObs = epsilon_0_PassObs(1:3);

56 xi_w_0_PassObs = epsilon_0_PassObs(4:6);

57 D_L_PassObs=D_L+length(find(mooringLines==1))*D_mo([1,2,6],[1,2,6]);

58

59 invTb_PassObs = inv(diag([1000,1000,1000]));

60

61 zeta_ni = 1; % Fossen pp.317

62 lamda_i = 0.1; % Fossen pp.317 Relative damping ratio of ...

wave spectrum

63

64 lambda = diag([lamda_i,lamda_i,lamda_i]);

65

66 omega_oi = [2*pi/7,2*pi/7,2*pi/7];

67 omega_ci = [1.1,1.1,1.1];

68

69 K_11 = -2*(zeta_ni-lamda_i)*omega_ci(1)./omega_oi(1);

70 K_12 = -2*(zeta_ni-lamda_i)*omega_ci(2)./omega_oi(2);

71 K_16 = -2*(zeta_ni-lamda_i)*omega_ci(3)./omega_oi(3);

72

73 K_17 = 2*omega_oi(1)*(zeta_ni-lamda_i);

74 K_18 = 2*omega_oi(2)*(zeta_ni-lamda_i);

75 K_112 = 2*omega_oi(3)*(zeta_ni-lamda_i);

76

77 K_21 = omega_ci(1);

78 K_22 = omega_ci(2);

79 K_26 = omega_ci(3);

80

81 OMEGA = diag(omega_oi);

82 DELTA = diag([1,1,1]);

83

84 Aw = [zeros(3) eye(3);

85 -OMEGA*OMEGA -2*DELTA*OMEGA];

86 Cw = [diag([0,0,0]),diag([0.05,0.05,0.01])];

87 T_b_PassObs = diag([1000,1000,1000]);

88

89 K1_PassObs = [diag([K_11,K_12,K_16]);diag([K_17,K_18,K_112])];

90 K2_PassObs = diag([K_21,K_22,K_26]);
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91 K4_PassObs = diag([0.3,0.3,0.01]);

92 K3_PassObs = 0.1*K4_PassObs;

93

94

95 Kp_PIDCtr = diag([0 0 8e6]);

96 Kd_PIDCtr = diag([0 0 1e5]);

97 Ki_PIDCtr = diag([0 0 3e6]);

98

99 %%

100 m = 8; % the number of the mooring line

101 n = 10; % the number of the TP in different time

102

103 %% uncertain anchor positions generate

104 % load('MLP.mat'); % best estimation

105 % MLP.r_0=MLP.r_0;

106

107 moorRadius=1960;

108 for i=1:m

109 MLP.r_0(1:3,i)=[moorRadius*cos(2*pi/m*(i-1)); ...

moorRadius*sin(2*pi/m*(i-1)); -1000];

110 end

111 save('.\data\MLP.mat','MLP');

112 moorUncertainRadius=100; % moorUncertainRadius/2

113 for i=1:m

114 MLPUncertain.r_0(1:2,i)= MLP.r_0(1:2,i)+ moorUncertainRadius* ...

[rand-0.5;rand-0.5]; % the random position of the anchor is ...

in a 1.5m circle of the initial position

115 end

116 save('.\data\MLPUncertain.mat','MLPUncertain');

117

118 %% Sensor network data generation process

119 tend=5000; MeasurementNoiseSampleTime=0.1; tstable=4500;

120 acceptedRegion = 60; % the diameter of the accepted region of ...

the TP

121

122 Hs_wave1 = 6*rand(n,1); % significant wave height

123 beta_wave1 = pi*rand(n,1); % mean wave direction

124 nu_current1 = 0.3*rand(n,1); % current velocity(m/s)
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125 beta_current1 = beta_wave1/(2*pi)*360+90*(rand(n,1)-0.5); ...

% current direction(deg)

126

127 for j=1:n

128

129 j

130

131 Hs_wave = Hs_wave1(j); % significant wave height

132 beta_wave = beta_wave1(j); % mean wave direction

133 nu_current = nu_current1(j); % current velocity(m/s)

134 beta_current = beta_current1(j); % current direction(deg)

135

136

137 eta_0 = ...

[Hs_wave*8*sin(beta_wave);Hs_wave*3*cos(beta_wave); 0; 0; 0; ...

beta_wave];

138 eta_0_PassObs = eta_0([1,2,6]);

139 mean_GPS = zeros(3,1);

140 noise_GPS = [0.05;0.05;0.00005];

141 seed_GPS = 40*rand(2,1)+1;

142 mean_dist = zeros(m,1);

143 noise_dist = 1e6*ones(m,1);

144 seed_dist = 100*rand(m,1)+1;

145

146 sim tensionPositioning

147

148 for colll= 1: (length(GPS_real.signals.values)-tstable/ ...

MeasurementNoiseSampleTime)

149 real_position{j}(:, colll) = ...

GPS_real.signals.values(colll+ tstable / ...

MeasurementNoiseSampleTime, :)';

150 noisy_position{j}(:, colll) = ...

Obs.signals.values(colll+tstable/ ...

MeasurementNoiseSampleTime,:)';

151 real_tau_thr{j}(:, colll) = ...

tau_thr.signals.values(colll+ ...

tstable/MeasurementNoiseSampleTime, :)';

152 real_eta_w{j}(:, colll) = ...

eta_w.signals.values(colll+tstable/ ...
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MeasurementNoiseSampleTime,:)';

153 noisy_position_includeWF{j}(:,colll) = ...

noisy_position{j}(:,colll)+ real_eta_w{j}(:, colll);

154 noisy_Tension{j}(:, colll) = ...

tau_moor.signals.values(:,:,colll+tstable/ ...

MeasurementNoiseSampleTime);

155 for i=1:m

156 noisy_dist{j}(i,colll)= interp1(curve_T, curve_x, ...

noisy_Tension{j}(i,colll));

157 end

158 EKF_time(colll,1)=Obs.time(colll);

159 end

160

161 TP_position(1,j)=mean(noisy_position_includeWF{j} (1,:));

162 TP_position(2,j)=mean(noisy_position_includeWF{j} (2,:));

163 TP_position(3,j)=mean(noisy_position_includeWF{j} (3,:));

164

165 Environment_para{j}.Hs_wave = Hs_wave;

166 Environment_para{j}.beta_wave = beta_wave;

167 Environment_para{j}.nu_current = nu_current;

168 Environment_para{j}.beta_current= beta_current;

169

170 clear GPS_real Obs tau_thr tau_moor

171

172 figure,

173 subplot(3,1,1)

174 plot(noisy_position_includeWF{j}(1,:),'g'); hold on; ...

plot(real_position{j}(1,:),'r'); hold on; ...

plot(TP_position(1,j)* ones (length(noisy_position{j} (1,:)), ...

1), 'b');

175 title('X'); ylabel('m'); legend('LF+WF','real','mean');

176 subplot(3,1,2)

177 plot(noisy_position_includeWF{j}(2,:),'g'); hold on; ...

plot(real_position{j}(2,:),'r'); hold on; ...

plot(TP_position(2,j)* ones(length (noisy_position{j} ...

(2,:)),1),'b');

178 title('Y'); ylabel('m'); legend('real','NPO','mean');

179 subplot(3,1,3)
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180 plot(noisy_position_includeWF{j}(3,:)*360/(2*pi),'g'); hold on; ...

plot(real_position{j}(3,:)* 360/(2*pi),'r'); hold on; ...

plot(TP_position(3,j)* 360/(2*pi)* ...

ones(length(noisy_position{j} (3,:)),1), 'b');

181 title('phi'); ylabel('m'); legend('real', 'NPO', 'mean');

182 end

183

184 save('.\data\real_position.mat','real_position');

185 save('.\data\noisy_position.mat','noisy_position');

186 save('.\data\real_tau_thr.mat','real_tau_thr');

187 save('.\data\noisy_Tension.mat','noisy_Tension');

188 save('.\data\noisy_dist.mat','noisy_dist');

189 save('.\data\TP_position.mat','TP_position');

190 save('.\data\Environment_para.mat','Environment_para');

191 save('.\data\real_eta_w.mat','real_eta_w');

192 save('.\data\noisy_position_includeWF.mat','noisy_position_includeWF');

193 save('.\data\EKF_time.mat','EKF_time');

194

195

196 F1=figure(1)

197 plot(MLPUncertain.r_0(1,:),MLPUncertain.r_0(2,:),'b*'); hold on

198 plot(TP_position(1,:),TP_position(2,:),'rs');

199 legend('the real poisition of the anchor','TP ...

position','Location','best')

200 title('arrangment of the sensor network')

201 print(F1,'-dpng','.\image\arrangement.png','-r300')

Listing D.2: The MATLAB code of the EKF.

1 %%

2 m = 8; % the number of the mooring line

3 n = 10; % the number of the TP in different time

4

5 acceptedRegion = 10; % the diameter of the accepted region of ...

the TP

6

7 clf(figure(2)); clf(figure(3));

8



206APPENDIX D. SIMULATION RESULTS AND MATLAB CODES OF SIMULTANEOUS LOCALIZATION

9 h = MeasurementNoiseSampleTime; % time step

10 i = 1;

11

12 Phi = eye(2*(1+n));

13 Gamma = zeros(2*(1+n),2); Gamma(1,1)=1; Gamma(2,2)=1;

14

15

16 % initialize the EKF

17 Q = diag(10*[0.5;0.5]);

18 R = diag(1*ones(n,1));

19 x_bar = zeros(2*n+2,1);

20 x_bar(1:2,1) = MLP.r_0(1:2,i);

21

22 for j=1:n

23 x_bar(2*j+1:2*j+2) = TP_position(1:2,j);

24 end

25 P_bar = diag([[1;1];ones(2*n,1)]);

26

27 for step=1:2000 %length(noisy_position{1})

28 for j=1:n

29 y(j,step) = noisy_dist{j}(i,step);

30 y_hat(j,step) = sqrt((x_bar(1,step)- x_bar(2*j+1,step))^2+ ...

(x_bar(2,step)- x_bar(2*j+2,step))^2);

31 end

32 y_tilde(:,step)=y(:,step)-y_hat(:,step);

33

34 H = zeros(n,2*n+2);

35 for j=1:n

36 H(j,1:2)=[(x_bar(1,step)-x_bar(2*j+1,step))/ ...

sqrt((x_bar(1,step)- x_bar(2*j+1,step))^2+ ...

(x_bar(2,step)-x_bar(2*j+2,step))^2),(x_bar(2,step)- ...

x_bar(2*j+2,step)) ...

/sqrt((x_bar(1,step)-x_bar(2*j+1,step))^2+ ...

(x_bar(2,step)-x_bar(2*j+2,step))^2)];

37 end

38

39 K = P_bar*H'*inv(H*P_bar*H'+R);

40 x_hat(:,step) = x_bar(:,step)+K*y_tilde(:,step);

41 P_hat = (eye(2*n+2)-K*H)*P_bar*(eye(2*n+2)-K*H)'+K*R*K';
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42

43 x_bar(1:2,step+1) =x_hat(1:2,step);

44 for j=1:n

45 x_bar(2*j+1:2*j+2,step+1) = ...

noisy_position_includeWF{j}(1:2,step+1);% real_position

46 end

47

48 P_bar = Phi*P_hat*Phi'+Gamma*Q*Gamma';

49 end

50

51 clf('reset')

52 F2=figure(2)

53 subplot(2,1,1)

54 plot(x_hat(1,:),'g'); hold on;

55 plot(ones(1,length(x_hat(1,:)))*MLPUncertain.r_0(1,i),'r-'); hold on;

56 plot(ones(1,length(x_hat(1,:)))*MLP.r_0(1,i),'b--'); hold on;

57 subplot(2,1,2)

58 plot(x_hat(2,:),'g'); hold on

59 plot(ones(1,length(x_hat(2,:)))*MLPUncertain.r_0(2,i),'r-'); hold on;

60 plot(ones(1,length(x_hat(2,:)))*MLP.r_0(2,i),'b--'); hold on;

61 legend('EKF','real','initial estimation','Localcation','best')

62 print(F2,'-dpng','.\image\EKF_anchor.png','-r300')

63

64 F3=figure(3)

65 title('TP1')

66 subplot(2,1,1)

67 plot(real_position{1}(1,1:length(x_hat)),'r-'); hold on;

68 plot(noisy_position{1}(1,1:length(x_hat)),'b--'); hold on;

69 plot(x_hat(3,:),'g','LineWidth',2); hold on;

70

71

72 subplot(2,1,2)

73 plot(x_hat(4,:),'g-','LineWidth',2); hold on

74 plot(noisy_position{1}(2,1:length(x_hat)),'b--'); hold on;

75 plot(real_position{1}(2,1:length(x_hat)),'r-'); hold on;

76 legend('EKF','NPO','real','Localcation','best')

77 print(F3,'-dpng','.\image\EKF_GPS.png','-r300')

78

79 clear x_hat x_bar Q R P_bar
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Figure D.1: Anchor 4 position estimation with LF and WF.

D.1 Results of Simulation VI
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Figure D.2: Anchor 5 position estimation with LF and WF.

Figure D.3: Anchor 6 position estimation with LF and WF.
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Figure D.4: Anchor 7 position estimation with LF and WF.

Figure D.5: Anchor 8 position estimation with LF and WF.



Appendix E

Matlab Codes of Second Order Cone

Programming

Listing E.1: The MATLAB code for SCOP.

1 clear all

2 clc

3 clf('reset')

4 %%

5 load('curve_T.mat');

6 load('curve_x.mat');

7 load('T_H_table.mat');

8 load('MLP.mat'); % best estimation

9 % load('MLPUncertain.mat'); % actual value

10

11 MLP.r_0=MLP.r_0*0.02;

12

13 %%

14 tend=1100; TD_noises_on_off=1; noise_mean=zeros(8,1); ...

noise_TD=0.005*ones(8,1); MeasurementNoiseSampleTime=0.1;

15 noise_seed=[31;76;396;93;19;74;76;93];

16 noise_variance=1e6*[1;1.2;0.95;1.2;1.23;1.02;0.92;0.97];

17

18 % uncertain anchor positions

19 for anchor=1:length(MLP.r_0(1,:))

211



212 APPENDIX E. MATLAB CODES OF SECOND ORDER CONE PROGRAMMING

20 MLPUncertain.r_0(1:2,anchor)=MLP.r_0(1:2,anchor)+5*[rand-0.5;rand-0.5]; ...

%%%%%%%%%%%

21 end

22 save('.\uncertainAnchorWithNoise\MLPUncertain.mat','MLPUncertain');

23

24

25 noise_X_test=[-10,10,0,0,0,0];

26

27 %%

28 % sim uncertainAnchorWithNoise

29 tend=100; TD_noises_on_off=1; noise_mean=zeros(8,1); ...

noise_TD=0.01*ones(8,1); MeasurementNoiseSampleTime=0.1; ...

noise_seed=[31;76;396;93;19;74;76;93];noise_variance=ones(1,8); ...

%*[1;1.2;0.95;1.2;1.23;1.02;0.92;0.97];

30 Amp=100;

31 sim testtesttest

32

33 %%

34 pointStep=10;

35 N_line=8; % i

36 numberTP_once=30; % j

37 numberTP=1;

38

39 PHI=1e6*ones(N_line,1);

40 PHI_2=PHI.^(-1/2);

41

42 % figure(2)

43 for k=1:numberTP

44 for j=1:numberTP_once

45 for i=1:N_line

46 d_ij(i,j)=d.signals(1).values(i,1,(j-1)*pointStep+1);

47 g_ij(i,j)=1/1;

48 a(:,i)=GPS.signals.values(:,:,(i-1)*pointStep+1)';

49 end

50 end

51

52 cvx_begin

53 variable x_i(2,N_line)

54 variable x_j(2,numberTP_once)
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55

56 u=[];

57 variable s_i(1,N_line)

58 variable t_ij(N_line,numberTP_once)

59 for i=1:N_line

60 u =[u,t_ij(i,:)];

61 end

62 u=[u,s_i];

63

64 variable q_ij(N_line,numberTP_once)

65

66 variable v(1,1)

67

68 minimize(v) % object function

69

70 subject to

71 norm(u)≤v; % 1)

72 for j=1:numberTP_once

73 for i=1:N_line

74 g_ij(i,j)*abs(q_ij(i,j)-d_ij(i,j))≤t_ij(i,j); % 2)

75 norm(x_i(1:2,i)-x_j(1:2,j))≤q_ij(i,j); % 4)

76 end

77 end

78 for i=1:N_line

79 norm(PHI_2(i)*(a(1:2,i)-x_i(1:2,i)))≤s_i(i); % 3)

80 end

81 cvx_end

82 Anchor{k}=x_i;

83 Vessel{k}=x_j;

84 % for i=1:N_line

85 % plot(x_i(1,:),x_i(2,:),'g.'); hold on

86 % end

87 end

88

89 % Mean

90 for k=1:numberTP

91 for i=1:N_line

92 AnchorTot{i}(:,k)=Anchor{k}(:,i);

93 end
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94 end

95 for i=1:N_line

96 x_i_mean(1,i)=mean(AnchorTot{i}(1,:));

97 x_i_mean(2,i)=mean(AnchorTot{i}(2,:))

98 end

99

100 F1=figure(1)

101 plot(MLP.r_0(1,:),MLP.r_0(2,:),'r*'); hold on

102 plot(MLPUncertain.r_0(1,:),MLPUncertain.r_0(2,:),'go'); hold on

103 plot(x_i_mean(1,:),x_i_mean(2,:),'b+');

104 plot(a(1,:),a(2,:),'rs')

105 legend('best estimation','real anchor','SOCP anchor','TP', ...

'Location', 'best')

106 print(F1,'-dpng','.\SOCP_large\performance.png','-r300')
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MATLAB Codes of Comparison of

Analytical Solution for TTR

F.1 Simulation II.1

Listing F.1: The MATLAB code for calculate the deflection.

1 function [x,z,AngB,AngT] = ...

beamDeflection(uc,T_top,meshNo,l,Cd,rhow,rhos,Do,Di,E)

2 % This program is applied to calculate the deflection of a top ...

tensioned riser

3 % based on the mechanical structure. The loads is constant current ...

speed. The

4 % result is in 2D frame. Please transform it into 3D corordinate ...

after the

5 % calculation. At the bottom end,z=0. The position direction is upward.

6

7 % Author: Zhengru Ren

8 % Date: 15/06/2015, NTNU, Trondheim

9 % Inputs:

10 % uc: current velocity [m/s]

11 % T_top:top tension [N]

12 % meshNo:number of point in the curve

13 % l: length of the riser [m]

14 % Cd: drag non-dimesional coefficient

15 % rhow: water density [kg/s^3]
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16 % rhos: water density [kg/s^3]

17 % Do: riser outer diagmeter [m]

18 % Di: riser outer diagmeter [m]

19 % E: Young's moduls[Pa]

20

21 % Outputs:

22 % x: Displacement perpendicular to the riser [m]

23 % z: Displacement along the riser [m]

24 % AngB: Bottom end angle [deg]

25 % AngT: Top end angle [deg]

26

27 A = pi/4*(Do^2-Di^2);

28 I = pi/2*((Do/2)^4-(Di/2)^4);

29 g = 9.81; % gravity acceleration [m/s^2]

30 W = (rhos-rhow)*A*g;

31 T = T_top+W*l/2;

32 k = sqrt(T/(E*I));

33 u = k*l/2;

34 q = 0.5*rhow*Cd*Do*1*uc*uc; % current load [N]

35

36 z = 0:l/meshNo:l;

37

38 for ii=1:length(z)

39 x(ii) = q*l^4/(E*I*(2*u)^4)*(cosh(k*(z(ii)-l/2)) /cosh(u)-1 + ...

(u^2-k^2*(z(ii)-l/2)^2)/2);

40 end

41 a=2;

42 AngB=atand((x(a)-x(1))/(z(a)-z(1)));

43 AngT=atand((x(end)-x(end-a))/(z(end)-z(end-a)));

Listing F.2: The MATLAB code for test different current velocity.

1 % This program is to compare the FIFLEX calculation and the thretical

2 % deflection function. The vessel is fixed at (0,0,0), and the current

3 % direction is 0 deg. The current speed is 0.3,0.6,0.9,1.2,1.5 m/s.

4

5 % Author: Zhengru Ren

6 % Date: 08.06.2015
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7

8 clear

9

10 load('D:\GraduateThesisNTNU\reflixData\X0ChangeCurrent\X0V3D.mat')

11 load('D:\GraduateThesisNTNU\reflixData\X0ChangeCurrent\X0V3T.mat')

12 load('D:\GraduateThesisNTNU\reflixData\X0ChangeCurrent\X0V6D.mat')

13 load('D:\GraduateThesisNTNU\reflixData\X0ChangeCurrent\X0V6T.mat')

14 load('D:\GraduateThesisNTNU\reflixData\X0ChangeCurrent\X0V9D.mat')

15 load('D:\GraduateThesisNTNU\reflixData\X0ChangeCurrent\X0V9T.mat')

16 load('D:\GraduateThesisNTNU\reflixData\X0ChangeCurrent\X0V12D.mat')

17 load('D:\GraduateThesisNTNU\reflixData\X0ChangeCurrent\X0V12T.mat')

18 load('D:\GraduateThesisNTNU\reflixData\X0ChangeCurrent\X0V15D.mat')

19 load('D:\GraduateThesisNTNU\reflixData\X0ChangeCurrent\X0V15T.mat')

20

21 %%

22 clf('reset')

23 F1=figure(1)

24 plot(X0V3D(:,2),X0V3D(:,4),'b','LineWidth',2); hold on

25 plot(X0V6D(:,2),X0V6D(:,4),'b','LineWidth',2); hold on

26 plot(X0V9D(:,2),X0V9D(:,4),'b','LineWidth',2); hold on

27 plot(X0V12D(:,2),X0V12D(:,4),'b','LineWidth',2); hold on

28 plot(X0V15D(:,2),X0V15D(:,4),'b','LineWidth',2); hold on

29

30 rhow= 1025; % water density [kg/s^3]

31 rhos= 7850; % water density [kg/s^3]

32 l = 200; % length of the riser [m]

33 Cd = 1; % drag non-dimesional coefficient

34 Do = 0.3; % riser outer diagmeter [m]

35 Di = 0.15; % riser outer diagmeter [m]

36 E = 206e9;

37 g = 9.81;

38 T_top = 2045e3;

39 meshNo = 200;

40

41 a = 5;

42

43 T_top=X0V3T(1,2)*1e3;

44 uc(1) = 0.3;
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45 [x,z,AngB(1),AngT(1)] = ...

beamDeflection(uc(1),T_top,meshNo,l,Cd,rhow,rhos,Do,Di,E);

46 plot(x,z-l,'k--','LineWidth',1.5); hold on

47 AngB_riflex(1)=atand((X0V3D(a,2)-X0V3D(1,2))/(X0V3D(a,4)-X0V3D(1,4)));

48 AngT_riflex(1)=atand((X0V3D(end,2)- X0V3D(end-a,2))/ (X0V3D(end,4)- ...

X0V3D(end-a,4)));

49

50

51 T_top=X0V6T(1,2)*1e3;

52 uc(2) = 0.6;

53 [x,z,AngB(2),AngT(2)] = ...

beamDeflection(uc(2),T_top,meshNo,l,Cd,rhow,rhos,Do,Di,E);

54 plot(x,z-l,'k--','LineWidth',1.5); hold on

55 AngB_riflex(2)=atand((X0V6D(a,2)-X0V6D(1,2))/(X0V6D(a,4)-X0V6D(1,4)));

56 AngT_riflex(2)=atand((X0V6D(end,2)- X0V6D(end-a,2))/ (X0V6D(end,4)- ...

X0V6D(end-a,4)));

57

58 T_top=X0V9T(1,2)*1e3;

59 uc(3) = 0.9;

60 [x,z,AngB(3),AngT(3)] = ...

beamDeflection(uc(3),T_top,meshNo,l,Cd,rhow,rhos,Do,Di,E);

61 plot(x,z-l,'k--','LineWidth',1.5); hold on

62 AngB_riflex(3)=atand((X0V9D(a,2)-X0V9D(1,2))/(X0V9D(a,4)-X0V9D(1,4)));

63 AngT_riflex(3)=atand((X0V9D(end,2)-X0V9D(end-a,2)) /(X0V9D(end,4)- ...

X0V9D(end-a,4)));

64

65 T_top=X0V12T(1,2)*1e3;

66 uc(4) = 1.2;

67 [x,z,AngB(4),AngT(4)] = ...

beamDeflection(uc(4),T_top,meshNo,l,Cd,rhow,rhos,Do,Di,E);

68 plot(x,z-l,'k--','LineWidth',1.5); hold on

69 AngB_riflex(4)=atand((X0V12D(a,2)-X0V12D(1,2)) /(X0V12D(a,4)- ...

X0V12D(1,4)));

70 AngT_riflex(4)=atand((X0V12D(end,2)-X0V12D(end-a,2)) /(X0V12D(end,4)- ...

X0V12D(end-a,4)));

71

72 T_top=X0V15T(1,2)*1e3;

73 uc(5) = 1.5;
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74 [x,z,AngB(5),AngT(5)] = ...

beamDeflection(uc(5),T_top,meshNo,l,Cd,rhow,rhos,Do,Di,E);

75 plot(x,z-l,'k--','LineWidth',1.5); hold on

76 AngB_riflex(5)=atand((X0V15D(a,2)-X0V15D(1,2))/(X0V15D(a,4)-X0V15D(1,4)));

77 AngT_riflex(5)=atand((X0V15D(end,2)-X0V15D(end-a,2))/ (X0V15D(end,4)- ...

X0V15D(end-a,4)));

78

79 ylim([-l,0])

80 xlabel('Horizontal position (m)');

81 ylabel('Vertical position (m)');

82 grid on;

83 grid minor;

84 print(F1,'-dpng','.\X0ChangeCurrent\currentVelDisp.png','-r300')

85

86 F2=figure(2)

87 subplot(2,1,1)

88 plot(uc,AngB,'k--o','LineWidth',1.5); hold on;

89 plot(uc,AngB_riflex,'b-s','LineWidth',1.5); hold on;

90 legend('Analytical','RIFLEX','Location','Best')

91 xlabel('Current speed (m/s)');

92 ylabel('Bottom end angle (\deg)');

93 grid on;

94 grid minor;

95 subplot(2,1,2)

96 plot(uc,AngT,'k--o','LineWidth',1.5); hold on;

97 plot(uc,AngT_riflex,'b-s','LineWidth',1.5); hold on;

98 % legend('Analytical','RIFLEX','Location','Best')

99 xlabel('Current speed (m/s)');

100 ylabel('Top end angle (\deg)');

101 grid on;

102 grid minor;

103 print(F2,'-dpng','.\X0ChangeCurrent\CurrentVelAng.png','-r300')

F.2 Simulation II.2
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Listing F.3: The MATLAB code for test different top tension.

1 % This program is to compare the FIFLEX calculation and the thretical

2 % deflection function. The vessel is fixed at (0,0,0), the current

3 % speed is 1 m/s, and the current direction is 0 deg. The top ...

tension is

4 % changed due to the initial stress.

5

6 % Author: Zhengru Ren

7 % Date: 08.06.2015

8

9 clear

10

11 load('D:\GraduateThesisNTNU\reflixData\X0ChangeT\X0V1T1D.mat')

12 load('D:\GraduateThesisNTNU\reflixData\X0ChangeT\X0V1T1T.mat')

13 load('D:\GraduateThesisNTNU\reflixData\X0ChangeT\X0V1T2D.mat')

14 load('D:\GraduateThesisNTNU\reflixData\X0ChangeT\X0V1T2T.mat')

15 load('D:\GraduateThesisNTNU\reflixData\X0ChangeT\X0V1T3D.mat')

16 load('D:\GraduateThesisNTNU\reflixData\X0ChangeT\X0V1T3T.mat')

17 load('D:\GraduateThesisNTNU\reflixData\X0ChangeT\X0V1T4D.mat')

18 load('D:\GraduateThesisNTNU\reflixData\X0ChangeT\X0V1T4T.mat')

19 load('D:\GraduateThesisNTNU\reflixData\X0ChangeT\X0V1T5D.mat')

20 load('D:\GraduateThesisNTNU\reflixData\X0ChangeT\X0V1T5T.mat')

21 load('D:\GraduateThesisNTNU\reflixData\X0ChangeT\X0V1T6D.mat')

22 load('D:\GraduateThesisNTNU\reflixData\X0ChangeT\X0V1T6T.mat')

23 %%

24 clf('reset')

25 F1=figure(1)

26 plot(X0V1T1D(:,2),X0V1T1D(:,4),'b','LineWidth',2); hold on

27 plot(X0V1T2D(:,2),X0V1T2D(:,4),'b','LineWidth',2); hold on

28 plot(X0V1T3D(:,2),X0V1T3D(:,4),'b','LineWidth',2); hold on

29 plot(X0V1T4D(:,2),X0V1T4D(:,4),'b','LineWidth',2); hold on

30 plot(X0V1T5D(:,2),X0V1T5D(:,4),'b','LineWidth',2); hold on

31 plot(X0V1T6D(:,2),X0V1T6D(:,4),'b','LineWidth',2); hold on

32

33 uc = 1; % current velocity [m/s]

34 rhow= 1025; % water density [kg/s^3]

35 rhos= 7850; % water density [kg/s^3]

36 l = 200; % length of the riser [m]

37 Cd = 1; % drag non-dimesional coefficient
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38 Do = 0.3; % riser outer diagmeter [m]

39 Di = 0.15; % riser outer diagmeter [m]

40 E = 206e9;

41 g = 9.81;

42 T_top = 2045e3;

43 meshNo = 200;

44

45 a = 5;

46

47 T_top(1)=X0V1T1T(1,2)*1e3;

48 [x,z,AngB(1),AngT(1)] = ...

beamDeflection(uc,T_top(1),meshNo,l,Cd,rhow,rhos,Do,Di,E);

49 plot(x,z-l,'k--','LineWidth',1.5); hold on

50 AngB_riflex(1)=atand((X0V1T1D(a,2)- X0V1T1D(1,2))/(X0V1T1D(a,4)- ...

X0V1T1D(1,4)));

51 AngT_riflex(1)=atand((X0V1T1D(end,2)- ...

X0V1T1D(end-a,2))/(X0V1T1D(end,4)- X0V1T1D(end-a,4)));

52

53

54 T_top(2)=X0V1T2T(1,2)*1e3;

55 [x,z,AngB(2),AngT(2)] = ...

beamDeflection(uc,T_top(2),meshNo,l,Cd,rhow,rhos,Do,Di,E);

56 plot(x,z-l,'k--','LineWidth',1.5); hold on

57 AngB_riflex(2)=atand((X0V1T2D(a,2)- ...

X0V1T2D(1,2))/(X0V1T2D(a,4)-X0V1T2D(1,4)));

58 AngT_riflex(2)=atand((X0V1T2D(end,2)- X0V1T2D(end-a,2))/ ...

(X0V1T2D(end,4)-X0V1T2D(end-a,4)));

59

60 T_top(3)=X0V1T3T(1,2)*1e3;

61 [x,z,AngB(3),AngT(3)] = ...

beamDeflection(uc,T_top(3),meshNo,l,Cd,rhow,rhos,Do,Di,E);

62 plot(x,z-l,'k--','LineWidth',1.5); hold on

63 AngB_riflex(3)=atand((X0V1T3D(a,2)- X0V1T3D(1,2))/ ...

(X0V1T3D(a,4)-X0V1T3D(1,4)));

64 AngT_riflex(3)=atand((X0V1T3D(end,2)- ...

X0V1T3D(end-a,2))/(X0V1T3D(end,4) -X0V1T3D(end-a,4)));

65

66 T_top(4)=X0V1T4T(1,2)*1e3;
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67 [x,z,AngB(4),AngT(4)] = ...

beamDeflection(uc,T_top(4),meshNo,l,Cd,rhow,rhos,Do,Di,E);

68 plot(x,z-l,'k--','LineWidth',1.5); hold on

69 AngB_riflex(4)=atand((X0V1T4D(a,2)-X0V1T4D(1,2)) /(X0V1T4D(a,4) ...

-X0V1T4D(1,4)));

70 AngT_riflex(4)=atand((X0V1T4D(end,2)-X0V1T4D(end-a,2)) ...

/(X0V1T4D(end,4) -X0V1T4D(end-a,4)));

71

72 T_top(5)=X0V1T5T(1,2)*1e3;

73 [x,z,AngB(5),AngT(5)] = ...

beamDeflection(uc,T_top(5),meshNo,l,Cd,rhow,rhos,Do,Di,E);

74 plot(x,z-l,'k--','LineWidth',1.5); hold on

75 AngB_riflex(5)=atand((X0V1T5D(a,2)-X0V1T5D(1,2))/ (X0V1T5D(a,4)- ...

X0V1T5D(1,4)));

76 AngT_riflex(5)=atand((X0V1T5D(end,2)-X0V1T5D(end-a,2))/ ...

(X0V1T5D(end,4)- X0V1T5D(end-a,4)));

77

78 T_top(6)=X0V1T6T(1,2)*1e3;

79 [x,z,AngB(6),AngT(6)] = ...

beamDeflection(uc,T_top(6),meshNo,l,Cd,rhow,rhos,Do,Di,E);

80 plot(x,z-l,'k--','LineWidth',1.5); hold on

81 AngB_riflex(6)=atand((X0V1T6D(a,2)-X0V1T6D(1,2)) ...

/(X0V1T6D(a,4)-X0V1T6D(1,4)));

82 AngT_riflex(6)=atand((X0V1T6D(end,2)- X0V1T6D(end-a,2))/ ...

(X0V1T6D(end,4)-X0V1T6D(end-a,4)));

83

84 ylim([-l,0])

85 xlabel('Horizontal position (m)');

86 ylabel('Vertical position (m)');

87 grid on;

88 grid minor;

89 print(F1,'-dpng','.\X0ChangeT\TDisp.png','-r300')

90

91 F2=figure(2)

92 subplot(2,1,1)

93 plot(T_top/1000,AngB,'k--o','LineWidth',1.5); hold on;

94 plot(T_top/1000,AngB_riflex,'b-s','LineWidth',1.5); hold on;

95 legend('Analytical','RIFLEX','Location','Best')

96 xlabel('Top tension (kN)');
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97 ylabel('Bottom end Angle (\deg)');

98 grid on;

99 grid minor;

100 subplot(2,1,2)

101 plot(T_top/1000,AngT,'k--o','LineWidth',1.5); hold on;

102 plot(T_top/1000,AngT_riflex,'b-s','LineWidth',1.5); hold on;

103 % legend('Analytical','RIFLEX','Location','Best')

104 xlabel('Top tension (kN)');

105 ylabel('Top end angle (\deg)');

106 grid on;

107 grid minor;

108 print(F2,'-dpng','.\X0ChangeT\TAng.png','-r300')

F.3 Simulation II.3

Listing F.4: The MATLAB code for test different current direction.

1 % This program is to compare the FIFLEX calculation and the thretical

2 % deflection function. The vessel is fixed at (0,0,3), and the current

3 % speed is 1 m/s. The current direction is 0,30,60,90 deg.

4

5 % Author: Zhengru Ren

6 % Date: 08.06.2015

7

8 clear

9

10 load('D:\GraduateThesisNTNU\reflixData\X3ChangeDir\X3V10D.mat')

11 load('D:\GraduateThesisNTNU\reflixData\X3ChangeDir\X3V10T.mat')

12 load('D:\GraduateThesisNTNU\reflixData\X3ChangeDir\X3V130D.mat')

13 load('D:\GraduateThesisNTNU\reflixData\X3ChangeDir\X3V130T.mat')

14 load('D:\GraduateThesisNTNU\reflixData\X3ChangeDir\X3V160D.mat')

15 load('D:\GraduateThesisNTNU\reflixData\X3ChangeDir\X3V160T.mat')

16 load('D:\GraduateThesisNTNU\reflixData\X3ChangeDir\X3V190D.mat')

17 load('D:\GraduateThesisNTNU\reflixData\X3ChangeDir\X3V190T.mat')

18 %%

19 clf('reset')

20 F1=figure(1)
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21 subplot(1,2,1)

22 plot(X3V10D(:,2),X3V10D(:,4),'b','LineWidth',2); hold on

23 plot(X3V130D(:,2),X3V130D(:,4),'b','LineWidth',2); hold on

24 plot(X3V160D(:,2),X3V160D(:,4),'b','LineWidth',2); hold on

25 plot(X3V190D(:,2),X3V190D(:,4),'b','LineWidth',2); hold on

26 % plot(X0V15D(:,2),X0V15D(:,4),'b','LineWidth',2); hold on

27

28 subplot(1,2,2)

29 plot(X3V10D(:,3),X3V10D(:,4),'b','LineWidth',2); hold on

30 plot(X3V130D(:,3),X3V130D(:,4),'b','LineWidth',2); hold on

31 plot(X3V160D(:,3),X3V160D(:,4),'b','LineWidth',2); hold on

32 plot(X3V190D(:,3),X3V190D(:,4),'b','LineWidth',2); hold on

33

34 uc = 1; % current velocity [m/s]

35 rhow= 1025; % water density [kg/s^3]

36 rhos= 7850; % water density [kg/s^3]

37 l = 200; % length of the riser [m]

38 Cd = 1; % drag non-dimesional coefficient

39 Do = 0.3; % riser outer diagmeter [m]

40 Di = 0.15; % riser outer diagmeter [m]

41 E = 206e9;

42 g = 9.81;

43 T_top = 2045e3;

44 meshNo = 200;

45 X_top = 3;

46

47 a=3;

48

49 x1=0:X_top/meshNo:X_top;

50

51 CDir(1)=0;

52 T_top=X3V10T(1,2)*1e3;

53 [x,z] = beamDeflection1(uc,T_top,meshNo,l,Cd,rhow,rhos,Do,Di,E);

54 AngB(1)=atand (sqrt((x(a)*cosd(CDir(1))+x1(a) - ...

x(1)*cosd(CDir(1))-x1(1))^2 + (x(a)*sind(CDir(1)) - ...

x(1)*sind(CDir(1)))^2) / (z(a)-z(1)));

55 AngT(1)=atand (sqrt((x(end)*cosd(CDir(1))+x1(end) - ...

x(end-a)*cosd(CDir(1))-x1(end-a))^2 + (x(end)*sind(CDir(1)) - ...

x(end-a)*sind(CDir(1)))^2) / (z(end)-z(end-a)));
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56 subplot(1,2,1)

57 plot(x*cosd(CDir(1))+x1,z-l,'k--','LineWidth',1.5); hold on;

58 subplot(1,2,2)

59 plot(x*sind(CDir(1)),z-l,'k--','LineWidth',1.5); hold on;

60 AngB_riflex(1)=atand (sqrt((X3V10D(a,2)-X3V10D(1,2))^2+ (X3V10D(a,3)- ...

X3V10D(1,3))^2)/ (X3V10D(a,4)-X3V10D(1,4)));

61 AngT_riflex(1)=atand (sqrt((X3V10D(end,2)-X3V10D(end-a,2))^2+ ...

(X3V10D(end,3)-X3V10D(end-a,3))^2)/ (X3V10D(end,4)-X3V10D(end-a,4)));

62

63 CDir(2)=30;

64 T_top=X3V130T(1,2)*1e3;

65 [x,z] = beamDeflection1(uc,T_top,meshNo,l,Cd,rhow,rhos,Do,Di,E);

66 AngB(2)=atand (sqrt((x(a)*cosd(CDir(2))+x1(a) - ...

x(1)*cosd(CDir(2))-x1(1))^2 + (x(a)*sind(CDir(2)) - ...

x(1)*sind(CDir(2)))^2) / (z(a)-z(1)));

67 AngT(2)=atand (sqrt((x(end)*cosd(CDir(2))+x1(end) - ...

x(end-a)*cosd(CDir(2))-x1(end-a))^2 + (x(end)*sind(CDir(2)) - ...

x(end-a)*sind(CDir(2)))^2) / (z(end)-z(end-a)));

68 subplot(1,2,1)

69 plot(x*cosd(CDir(2))+x1,z-l,'k--','LineWidth',1.5); hold on

70 subplot(1,2,2)

71 plot(x*sind(CDir(2)),z-l,'k--','LineWidth',1.5); hold on

72 AngB_riflex(2)=atand (sqrt((X3V130D(a,2)-X3V130D(1,2))^2+ ...

(X3V130D(a,3)-X3V130D(1,3))^2)/(X3V130D(a,4)-X3V130D(1,4)));

73 AngT_riflex(2)=atand (sqrt((X3V130D(end,2)-X3V130D(end-a,2))^2+ ...

(X3V130D(end,3)-X3V130D(end-a,3))^2)/ ...

(X3V130D(end,4)-X3V130D(end-a,4)));

74

75 CDir(3)=60;

76 T_top=X3V160T(1,2)*1e3;

77 [x,z] = beamDeflection1(uc,T_top,meshNo,l,Cd,rhow,rhos,Do,Di,E);

78 AngB(3)=atand (sqrt((x(a)*cosd(CDir(3))+x1(a) - ...

x(1)*cosd(CDir(3))-x1(1))^2 + (x(a)*sind(CDir(3)) - ...

x(1)*sind(CDir(3)))^2) / (z(a)-z(1)));

79 AngT(3)=atand (sqrt((x(end)*cosd(CDir(3))+x1(end) - ...

x(end-a)*cosd(CDir(3))-x1(end-a))^2 + (x(end)*sind(CDir(3)) - ...

x(end-a)*sind(CDir(3)))^2) / (z(end)-z(end-a)));

80 subplot(1,2,1)

81 plot(x*cosd(CDir(3))+x1,z-l,'k--','LineWidth',1.5); hold on
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82 subplot(1,2,2)

83 plot(x*sind(CDir(3)),z-l,'k--','LineWidth',1.5); hold on

84 AngB_riflex(3)=atand (sqrt((X3V160D(a,2)-X3V160D(1,2))^2+ ...

(X3V160D(a,3)- X3V160D(1,3))^2)/(X3V160D(a,4)-X3V160D(1,4)));

85 AngT_riflex(3)=atand (sqrt((X3V160D(end,2)-X3V160D(end-a,2))^2+ ...

(X3V160D(end,3)-X3V160D(end-a,3))^2)/ ...

(X3V160D(end,4)-X3V160D(end-a,4)));

86

87 CDir(4)=90;

88 T_top=X3V190T(1,2)*1e3;

89 [x,z] = beamDeflection1(uc,T_top,meshNo,l,Cd,rhow,rhos,Do,Di,E);

90 AngB(4)=atand (sqrt((x(a)*cosd(CDir(4))+x1(a) - ...

x(1)*cosd(CDir(4))-x1(1))^2 + (x(a)*sind(CDir(4)) - ...

x(1)*sind(CDir(4)))^2) / (z(a)-z(1)));

91 AngT(4)=atand (sqrt((x(end)*cosd(CDir(4))+x1(end) - ...

x(end-a)*cosd(CDir(4))-x1(end-a))^2 + (x(end)*sind(CDir(4)) - ...

x(end-a)*sind(CDir(4)))^2) / (z(end)-z(end-a)));

92 subplot(1,2,1)

93 plot(x*cosd(CDir(4))+x1,z-l,'k--','LineWidth',1.5); hold on

94 subplot(1,2,2)

95 plot(x*sind(CDir(4)),z-l,'k--','LineWidth',1.5); hold on

96 AngB_riflex(4)=atand (sqrt((X3V190D(a,2)-X3V190D(1,2))^2+ ...

(X3V190D(a,3)- X3V190D(1,3))^2)/(X3V190D(a,4)-X3V190D(1,4)));

97 AngT_riflex(4)=atand (sqrt((X3V190D(end,2)-X3V190D(end-a,2))^2+ ...

(X3V190D(end,3)-X3V190D(end-a,3))^2)/ ...

(X3V190D(end,4)-X3V190D(end-a,4)));

98

99 subplot(1,2,1)

100 ylim([-l,0])

101 xlabel('Horizontal position in X (m)');

102 ylabel('Vertical position (m)');

103 grid on;

104 grid minor;

105 subplot(1,2,2)

106 ylim([-l,0])

107 xlabel('Horizontal position in Y (m)');

108 ylabel('Vertical position (m)');

109 grid on;

110 grid minor;
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111 print(F1,'-dpng','.\X3ChangeDir\currentDirDisp.png','-r300')

112

113 F2=figure(2)

114 subplot(2,1,1)

115 plot(CDir,AngB,'k--o','LineWidth',1.5); hold on;

116 plot(CDir,AngB_riflex,'b-s','LineWidth',1.5); hold on;

117 legend('Analytical','RIFLEX','Location','Best')

118 xlabel('Current direction (deg)');

119 ylabel('Bottom End Angle (\deg)');

120 grid on;

121 grid minor;

122 subplot(2,1,2)

123 plot(CDir,AngT,'k--o','LineWidth',1.5); hold on;

124 plot(CDir,AngT_riflex,'b-s','LineWidth',1.5); hold on;

125 % legend('Analytical','RIFLEX','Location','Best')

126 xlabel('Current direction (deg)');

127 ylabel('Top End Angle (\deg)');

128 grid on;

129 grid minor;

130 print(F2,'-dpng','.\X3ChangeDir\currentDirAng.png','-r300')


	
	
	
	
	
	
	
	
	
	

	

	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	
	
	

	
	
	

	
	
	


	
	
	
	
	

	
	
	
	

	
	
	

	
	
	
	
	

	
	
	

	
	
	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


	
	
	
	
	
	

	
	
	
	
	

	
	

	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	

	
	
	
	

	
	
	
	


	
	
	
	

	

	
	
	
	
	
	

	

	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	

	
	
	

	
	
	
	

	
	
	

	
	
	
	
	


