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Section 10-13.3: 2-D Haar transform of Shepp-

Logan Phantom.

Purpose: To display the 2-D Haar transform

of the Shepp-Logan phantom.

Inputs: None.

Outputs: Image of piecewise constant Shepp-

Logan phantom, and image of 2-D Haar trans-

form. See Section 10-13.3 for details.

Program:

%Computation of 2-D Haar transform of

Shepp-Logan Phantom:

clear;load shepp256.mat;imagesc(X),colormap(gray)

ZLL0=X;%1st stage decomposition

ZLL1=ZLL0(1:2:256,1:2:256)+ZLL0(1:2:256,2:2:256);

ZLL1=ZLL1+ZLL0(2:2:256,1:2:256)+ZLL0(2:2:256,2:2:256);

ZLH1=ZLL0(1:2:256,2:2:256)-ZLL0(1:2:256,1:2:256);

ZLH1=ZLH1+ZLL0(2:2:256,2:2:256)-ZLL0(2:2:256,1:2:256);

ZHL1=ZLL0(2:2:256,2:2:256)-ZLL0(1:2:256,2:2:256);

ZHL1=ZHL1+ZLL0(2:2:256,1:2:256)-ZLL0(1:2:256,1:2:256);

ZHH1=ZLL0(2:2:256,2:2:256)-ZLL0(1:2:256,2:2:256);

ZHH1=ZHH1-ZLL0(2:2:256,1:2:256)+ZLL0(1:2:256,1:2:256);
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ZLL1=ZLL1/2;ZLH1=ZLH1/2;ZHL1=ZHL1/2;ZHH1=ZHH1/2;

%2nd stage decomposition

ZLL2=ZLL1(1:2:128,1:2:128)+ZLL1(1:2:128,2:2:128);

ZLL2=ZLL2+ZLL1(2:2:128,1:2:128)+ZLL1(2:2:128,2:2:12

ZLH2=ZLL1(1:2:128,2:2:128)-ZLL1(1:2:128,1:2:128);

ZLH2=ZLH2+ZLL1(2:2:128,2:2:128)-ZLL1(2:2:128,1:2:12

ZHL2=ZLL1(2:2:128,2:2:128)-ZLL1(1:2:128,2:2:128);

ZHL2=ZHL2+ZLL1(2:2:128,1:2:128)-ZLL1(1:2:128,1:2:12

ZHH2=ZLL1(2:2:128,2:2:128)-ZLL1(1:2:128,2:2:128);

ZHH2=ZHH2-ZLL1(2:2:128,1:2:128)+ZLL1(1:2:128,1:2:12

ZLL2=ZLL2/2;ZLH2=ZLH2/2;ZHL2=ZHL2/2;ZHH2=ZHH2/2;

%3rd stage decomposition

ZLL3=ZLL2(1:2:64,1:2:64)+ZLL2(1:2:64,2:2:64);

ZLL3=ZLL3+ZLL2(2:2:64,1:2:64)+ZLL2(2:2:64,2:2:64);

ZLH3=ZLL2(1:2:64,2:2:64)-ZLL2(1:2:64,1:2:64);

ZLH3=ZLH3+ZLL2(2:2:64,2:2:64)-ZLL2(2:2:64,1:2:64);

ZHL3=ZLL2(2:2:64,2:2:64)-ZLL2(1:2:64,2:2:64);

ZHL3=ZHL3+ZLL2(2:2:64,1:2:64)-ZLL2(1:2:64,1:2:64);

ZHH3=ZLL2(2:2:64,2:2:64)-ZLL2(1:2:64,2:2:64);

ZHH3=ZHH3-ZLL2(2:2:64,1:2:64)+ZLL2(1:2:64,1:2:64);

ZLL3=ZLL3/2;ZLH3=ZLH3/2;ZHL3=ZHL3/2;ZHH3=ZHH3/2;

%4th stage decomposition

ZLL4=ZLL3(1:2:32,1:2:32)+ZLL3(1:2:32,2:2:32);
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ZLL4=ZLL4+ZLL3(2:2:32,1:2:32)+ZLL3(2:2:32,2:2:32);

ZLH4=ZLL3(1:2:32,2:2:32)-ZLL3(1:2:32,1:2:32);

ZLH4=ZLH4+ZLL3(2:2:32,2:2:32)-ZLL3(2:2:32,1:2:32);

ZHL4=ZLL3(2:2:32,2:2:32)-ZLL3(1:2:32,2:2:32);

ZHL4=ZHL4+ZLL3(2:2:32,1:2:32)-ZLL3(1:2:32,1:2:32);

ZHH4=ZLL3(2:2:32,2:2:32)-ZLL3(1:2:32,2:2:32);

ZHH4=ZHH4-ZLL3(2:2:32,1:2:32)+ZLL3(1:2:32,1:2:32);

ZLL4=ZLL4/2;ZLH4=ZLH4/2;ZHL4=ZHL4/2;ZHH4=ZHH4/2;

ZZ=[ZLL4 ZLH4;ZHL4 ZHH4];%Display as

image:

ZZ=[ZZ ZLH3;ZHL3 ZHH3];

ZZ=[ZZ ZLH2;ZHL2 ZHH2];

ZZ=[ZZ ZLH1;ZHL1 ZHH1];

figure,imagesc(log(abs(ZZ)+0.0001)),colormap(gray)

%3764 nonzero XX;3713 nonzero ZZ.

%Inverse Haar (note double reversals,

FAST):

WLL2(2:2:64,2:2:64)=(ZLL3+ZLH3+ZHL3+ZHH3)/2;

WLL2(2:2:64,1:2:64)=(ZLL3-ZLH3+ZHL3-ZHH3)/2;

WLL2(1:2:64,2:2:64)=(ZLL3+ZLH3-ZHL3-ZHH3)/2;

WLL2(1:2:64,1:2:64)=(ZLL3-ZLH3-ZHL3+ZHH3)/2;

%2nd stage:

WLL1(2:2:128,2:2:128)=(WLL2+ZLH2+ZHL2+ZHH2)/2;

WLL1(2:2:128,1:2:128)=(WLL2-ZLH2+ZHL2-ZHH2)/2;

WLL1(1:2:128,2:2:128)=(WLL2+ZLH2-ZHL2-ZHH2)/2;

WLL1(1:2:128,1:2:128)=(WLL2-ZLH2-ZHL2+ZHH2)/2;

%1st stage:

W(2:2:256,2:2:256)=(WLL1+ZLH1+ZHL1+ZHH1)/2;

W(2:2:256,1:2:256)=(WLL1-ZLH1+ZHL1-ZHH1)/2;

W(1:2:256,2:2:256)=(WLL1+ZLH1-ZHL1-ZHH1)/2;

W(1:2:256,1:2:256)=(WLL1-ZLH1-ZHL1+ZHH1)/2;

figure,imagesc(W),colormap(gray)
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