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Lampiran I Skrip Uji Solusi Eksak dan Numerik di Program Matlab 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%  Telah diselesaikan persamaan Helmholtz 

%  - Delta u - k^2 u = f in [L, R] x [B, T] 

%                   

% dengan mengaplikasikan PML dalam kordinat Kartesian 

% 

%  Zona PML yang dibuat didefenisikan sebagai W, maka untuk zona normal 

%  dapat didefenisikan sbb; 

%  [L+W, R-W] x [B+W, T-W] 

% 

% Dalam zona PML diselesaikan dengan persamaan di bawah 

% - alpha_x^2 u_xx - alpha_y^2 u_yy - k^2 u = f 

%                                         u = 0 on x=L, x=R, y=B, y=T 

% dimana digunakan syarat batas Dirichlet sebagai batas eksteriornya 

% 

% Parameter otpimal dari PML merujuk pada artikel   

% A. BermÃºdez, L. Hervella-Nieto, A. Prieto, R. RodrÃ­guez, 2006,  

% An optimal finite-element/pml method for the simulation of acoustic wave 

% propagation phenomena,  

% Variational Formulations in Mechanics: Theory and Applications 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

  

close all 

clear all 

tic 

f=1; 

omg = 2*pi*f; 

c = 1; 

k = omg/c; 

  

L = -3; 

R = 3; 

T = 3; 

B = -3; 

W = 1.; 

  

h = 0.01; 

  

[x, y] = meshgrid(L:h:R, B:h:T); 

m = size(x,1); 

n = size(x,2); 
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gammax = ones(m,n); dergammax = zeros(m,n); 

gammay = ones(m,n); dergammay = zeros(m,n); 

  

gammax(x<=L+W) = 1 + 1i/omg * c./(x(x<=L+W)-L); %(-1+0.2*1i); 

gammax(x>=R-W) = 1 + 1i/omg * c./(R-x(x>=R-W)); %(1-0.2*1i); 

gammay(y<=B+W) = 1 + 1i/omg * c./(y(y<=B+W)-B); %(-1+0.2*1i); 

 

dergammax(x<=L+W) = -1i*c/omg ./(x(x<=L+W)-L).^2;  

dergammax(x>=R-W) =  1i*c/omg ./(R-x(x>=R-W)).^2; 

dergammay(y<=B+W) = -1i*c/omg ./(y(y<=B+W)-B).^2; 

 

dergammax(abs(dergammax) == Inf) = 0; 

dergammay(abs(dergammay) == Inf) = 0; 

 

A  = sparse(m*n, m*n); 

P  = speye(m*n, m*n); 

PP = speye(m*n, m*n); 

f  = sparse(m*n,1); 

Uex = fh(x, y, k, T);  

  

for i=1:m 

    for j=1:n 

        A(n*(i-1)+j, n*(i-1)+j) = 2/gammax(i,j)^2 + 2/gammay(i,j)^2 - h^2*k^2; 

        try 

            A(n*(i-1)+j, n*(i-1)+j-1) = -1/gammax(i,j-1)^2 - h/2*dergammax(i,j-

1)/gammax(i,j-1)^3; %left, lower diag 

        end 

        try 

            A(n*(i-1)+j, n*(i-1)+j+1) = -1/gammax(i,j+1).^2 + 

h/2*dergammax(i,j+1)/gammax(i,j+1)^3; %right, upper diag 

        end 

        try 

            A(n*(i-1)+j, n*(i-2)+j) = -1/gammay(i-1,j).^2 - h/2*dergammay(i-

1,j)/gammay(i-1,j)^3; %top, lower2 diag 

            if i==m 

                A(n*(i-1)+j, n*(i-2)+j) = 2 * A(n*(i-1)+j, n*(i-2)+j); 

            end 

        end 

        try 

            A(n*(i-1)+j, n*i+j) = -1/gammay(i+1,j).^2 + 

h/2*dergammay(i+1,j)/gammay(i+1,j)^3; %bottom, upper2 diag 

        end 

         

        if i==1 || j==1 || j==n 

            A(n*(i-1)+j,:) = P(n*(i-1)+j,:); 

        end 
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    end 

end 

  

for i=(m+1)/2+2:-1:(m+1)/2-2 

    for j=(n+1)/2+2:-1:(n+1)/2-2 

        if i==(m+1)/2-2 || i == (m+1)/2+2 || j == (n+1)/2-2 || j == (n+1)/2+2 

            A(n*(i-1)+j, :) = P(n*(i-1)+j, :); 

            f(n*(i-1)+j)    = fh(x(1,i),y(j,1),k, T); 

        else 

            A(n*(i-1)+j, :)  = []; 

            A(:, n*(i-1)+j)  = []; 

            f(n*(i-1)+j)     = []; 

            P(n*(i-1)+j, :)  = []; 

            P(:, n*(i-1)+j)  = []; 

            PP(n*(i-1)+j, :) = []; 

            Uex(i,j) = 0;  

        end 

    end 

end 

toc 

  

tic 

U = A\f; 

toc 

  

lw = round(W/h,0)+1; 

rw = size(x,1) - round(W/h,0); 

bw = round(W/h,0)+1; 

tw = size(x,2) - round(W/h,0); 

  

UU  = reshape(PP'*U, size(x)).'; 

  

err = norm(UU(lw:rw, bw:tw) - Uex(lw:rw, bw:tw))/norm(Uex(lw:rw, bw:tw)) 

  

figure 

plot(x(1,:), real(UU(41,:)), x(1,:), real(Uex(41,:))) 

legend('U Numerik','U Eksak') 

xlabel ('x'), ylabel('Amplitude') 

title('Profil 1D Solusi Eksak dan Solusi Numerik Error=0.08') 

  

figure 

plot(y(1,:), real(UU(41,:)), y(1,:), real(Uex(41,:))) 

legend('U Numerik','U Eksak') 

xlabel ('y'), ylabel('Amplitude') 

title('Profil 1D Solusi Eksak dan Solusi Numerik Error=0.08') 
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figure 

imagesc(real(UU)) 

xlabel('x-Jarak (cm)'), ylabel('y-Kedalaman') 

title('Solusi Numerik Model Penjalaran pada Medium Berlapis') 

colorbar 

  

figure 

imagesc(real(Uex)) 

xlabel('x'), ylabel('y') 

title('Solusi Eksak Model Penjalaran') 

colorbar 

  

figure 

surf(x,y,real(UU)) 

xlabel('x'), ylabel('y') 

title('Solusi Numerik Model Penjalaran') 

  

figure 

surf(x,y,real(Uex)) 

xlabel('x'), ylabel('y') 

title('Solusi Eksak Model Penjalaran') 

 

Skrip fungsi (fh) 

function res = fh(x,y,k, T) 

xp = 0; 

yp = 0; 

  

res = 1i/4 * (besselh(0,k * sqrt((x-xp).^2 + (y-yp).^2)) + besselh(0,k * sqrt((x-

xp).^2 + (y-yp-2*T).^2))); 

  

end 
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Lampiran II Skrip Model Solusi Numerik di Program Matlab 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%  Telah diselesaikan persamaan Helmholtz 

%  - Delta u - k^2 u = f in [L, R] x [B, T] 

%                   

% dengan mengaplikasikan PML dalam kordinat Kartesian 

% 

%  Zona PML yang dibuat didefenisikan sebagai W, maka untuk zona normal 

%  dapat didefenisikan sbb; 

%  [L+W, R-W] x [B+W, T-W] 

% 

% Dalam zona PML diselesaikan dengan persamaan di bawah 

% - alpha_x^2 u_xx - alpha_y^2 u_yy - k^2 u = f 

%                                         u = 0 on x=L, x=R, y=B, y=T 

% dimana digunakan syarat batas Dirichlet sebagai batas eksteriornya 

% 

% Parameter otpimal dari PML merujuk pada artikel   

% A. BermÃºdez, L. Hervella-Nieto, A. Prieto, R. RodrÃ­guez, 2006,  

% An optimal finite-element/pml method for the simulation of acoustic wave 

% propagation phenomena,  

% Variational Formulations in Mechanics: Theory and Applications 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

  

close all 

clear all 

  

%seting pewarnaan Map 

set(groot,'DefaultFigureColormap',rdbuMap()) 

  

tic 

%kecepatan tiap lapisan 

c1=0.1; %layer 1 

c2=0.2; %layer 2 

c3=0.5; %layer 3 

  

% Geometri Omega R^2 (meter) 

L = -3; %domain kiri 

R = 3;  %domain kanan 

T = 3;  %domain atas 

B = -3; %domain bawah 

W = 1.;  %lebar domain PML 

  

h = 0.02; %lebar grid 
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[x, y] = meshgrid(L:h:R, B:h:T); 

m = size(x,1); 

n = size(x,2); 

  

  

%Parameter PML 

gammax = ones(m,n); dergammax = zeros(m,n); 

gammay = ones(m,n); dergammay = zeros(m,n); 

  

%parameter kecepatan 

c = ones(m,n); 

c(y >=0.11.*x+1.33)=c1; %2 

c(y <0.11.*x+1.33)=c2;  %2 

c(y <-0.16.*x-1.5)=c3;   %0 

  

%Frekuensi Source (Hz) 

f=1; 

omg =2*pi*f; 

  

%parameter bilangan gelombang 

k=omg./c; 

  

%parameter Slowness 

gammay(y<=B+W) = 1 + 1i./omg * c(y<=B+W)./(y(y<=B+W)-B);  

gammax(x<=L+W) = 1 + 1i./omg * c(x<=L+W)./(x(x<=L+W)-L);  

gammax(x>=R-W) = 1 + 1i./omg * c(x>=R-W)./(R-x(x>=R-W));  

  

  

dergammax(x<=L+W) = -1i*c(x<=L+W)./omg ./(x(x<=L+W)-L).^2;  

dergammax(x>=R-W) =  1i*c(x>=R-W)./omg ./(R-x(x>=R-W)).^2; 

dergammay(y<=B+W) = -1i*c(y<=B+W)./omg ./(y(y<=B+W)-B).^2; 

  

  

dergammax(abs(dergammax) == Inf) = 0; 

dergammay(abs(dergammay) == Inf) = 0; 

  

A  = sparse(m*n, m*n); 

P  = speye(m*n, m*n); 

PP = speye(m*n, m*n); 

f  = sparse(m*n,1); 

  

  

for i=1:m 

    for j=1:n 

        A(n*(i-1)+j, n*(i-1)+j) = 2/gammax(i,j)^2 + 2/gammay(i,j)^2 - h^2*k(i,j)^2; 
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        try 

            A(n*(i-1)+j, n*(i-1)+j-1) = -1/gammax(i,j-1)^2 - h/2*dergammax(i,j-

1)/gammax(i,j-1)^3; %left, lower diag 

        end 

        try 

            A(n*(i-1)+j, n*(i-1)+j+1) = -1/gammax(i,j+1).^2 + 

h/2*dergammax(i,j+1)/gammax(i,j+1)^3; %right, upper diag 

        end 

        try 

            A(n*(i-1)+j, n*(i-2)+j) = -1/gammay(i-1,j).^2 - h/2*dergammay(i-

1,j)/gammay(i-1,j)^3; %top, lower2 diag 

            if i==m 

                A(n*(i-1)+j, n*(i-2)+j) = 2 * A(n*(i-1)+j, n*(i-2)+j); 

            end 

        end 

        try 

            A(n*(i-1)+j, n*i+j) = -1/gammay(i+1,j).^2 + 

h/2*dergammay(i+1,j)/gammay(i+1,j)^3; %bottom, upper2 diag 

        end 

         

        if i==1 || j==1 || j==n 

            A(n*(i-1)+j,:) = P(n*(i-1)+j,:); %untuk batas dirichlet 

        end 

         

    end 

end 

  

S = (x).^2+(y).^2; 

r =1; 

S(S>r^2)=0; 

S(S>0)=1; 

f = h^2*reshape(S,[(n)^2,1]);    

toc 

  

tic 

U = A\f; 

toc 

  

lw = round(W/h,0)+1; 

rw = size(x,1) - round(W/h,0); 

bw = round(W/h,0)+1; 

tw = size(x,2) - round(W/h,0); 

  

UU  = reshape(PP'*U, size(x)).'; 

  

figure 
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imagesc(real(UU)) 

xlabel('x-Jarak (m)'), ylabel('y-Kedalaman (m)') 

title('Solusi Numerik Model Penjalaran pada Medium Berlapis') 

%colormap(flipud(gray(256))) 

colorbar 

  

figure 

imagesc(c) 

xlabel('x'), ylabel('y') 

title('Kecepatan tiap lapisan') 

%% 

%Plot gamma (x,y) dan dergamma (x,y) 

real_gammax =real(gammax); imag_gammax =imag(gammax); 

real_dergammax =real(dergammax); imag_dergammax =imag(dergammax); 

  

real_gammay =real(gammay); imag_gammay =imag(gammay); 

real_dergammay =real(dergammay); imag_dergammay =imag(dergammay); 

  

  

figure 

plot(x, real_gammax,'b-',x,imag_gammax,'g--') 

legend('bilangan Real','bilangan imajiner') 

xlabel ('jarak (m)'), ylabel('gammax') 

title('Parameter PML (Gamma x)') 

  

figure 

plot(y, real_gammay,y,imag_gammay) 

legend('bilangan Real','bilangan imajiner') 

xlabel ('jarak (m)'), ylabel('gammay') 

title('Parameter PML (Gamma y)') 
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Lampiran III Hasil Model Picking Muka Gelombang dan Gelombang 

Ortogonal 

1. Model 1 

Muka gelombang (wave fronts) 

 

Gelombang orthogonal 

 

Reflection 
wave 

Refraction 
wave 
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2. Model 2 

Muka gelombang (wave fronts) 

 

Skema orthogonal penjalaran gelombang seismik. 

 

 

 

Reflection 
wave 

Reflection 
wave 
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3. Model 3 

Medium sama dengan model 1 sumber gelombang berada di tengah  

 
4. Model 4 

Medium sama dengan model 2 sumber gelombang berada di tengah  

 
 


