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00 randn('state',0);
01 img=double(imread('lodoxmachine.bmp','bmp'));

02 img512=img(1:512,1:512);
03 sz=64;

04 tx=zeros(sz,sz);txv=tx;txn=tx;
05 dblfact=0.5;

06 bblfact=1.5;
07 dscale=max(max(abs(GetDerivative(img512,dblfact))))*1.2;

08 bscale=max(max(abs(GetBlur(img512,bblfact))))*1.2;
09 for nnoise=1:100

10 noisimg=img512+15*randn(512,512);
11 dimg=abs(GetDerivative(noisimg,dblfact))/dscale;

12 bimg=GetBlur(noisimg,bblfact);
13 beimg=((noisimg-bimg))/bscale+0.5;

14 eimg=noisimg-img512;
15 for iy=1:512

16 for ix=1:256
17 id=floor(dimg(iy,ix)*(sz-1))+1;

18 ib=floor(beimg(iy,ix)*(sz-1))+1;
19 if (id>=1&&id<=sz&&ib>=1&&ib<=sz)

20 tx(id,ib)=tx(id,ib)+eimg(iy,ix);
21 txv(id,ib)=txv(id,ib)+eimg(iy,ix).^2;

22 txn(id,ib)=txn(id,ib)+1;
23 end

24 end
25 end

26 end
27 for id=1:sz

28 for ib=1:sz
29 if(txn(id,ib)>0)

30 tx(id,ib)=tx(id,ib)/txn(id,ib);
31 txv(id,ib)=txv(id,ib)/txn(id,ib);

32 end
33 end

34 end
35 noisimg=img512+15*randn(512,512);

36 dimg=abs(GetDerivative(noisimg,dblfact))/dscale;
37 bimg=GetBlur(noisimg,bblfact);

38 beimg=((noisimg-bimg))/bscale+0.5;
39 nimg=noisimg;

40 for iy=1:512
41 for ix=1:512

42 id=floor(dimg(iy,ix)*(sz-1))+1;
43 ib=floor(beimg(iy,ix)*(sz-1))+1;

44 if (id>=1&&id<=sz&&ib>=1&&ib<=sz)
45 nimg(iy,ix)=noisimg(iy,ix) -tx(id,ib);

46 end
47 end

48 end
49 std(reshape(noisimg-img512,512*512,1))

50 std(reshape(nimg-img512,512*512,1))
51 std(reshape(medfilt2(noisimg,[3 3])-img512,512*512,1))

52 sqrt(mean(mean(txv-tx.*tx)))

%initialize random number generator
%load image

%crop image
%transformation map size

%initialize transformation map
%hyper parameter 1

%hyper parameter 2
%fixed scale for first feature dimension

%fixed scale for second feature dimension
%generate transformation map

%creates noisy source image example
%get first feature dimension

%get blurred image
%determine second feature dimension

%determine error image

%uses only left hand side of image
%index first feature dimension

%index second feature dimension
%populate transformation map, variance and counter

%normalize transformation map

%generate example to denoise

%get first feature dimension
%get blurred image

%get second feature dimension

%denoise image using transformation map

%display RMS error of noisy image

%display RMS error of transformation map
%display RMS error of median filter result

%display transformation map standard deviation

53 function nim=GetDerivative(img,var)

54 nx=size(img,1);
55 nx2=nx/2;

56 r2=zeros(nx,nx);
57 ang=r2;

58 for x=1:nx2
59 for y=1:nx2

60 r2(x,y)=((x-1).^2+(y-1).^2);
61 r2(nx-x+1,nx-y+1)=(x.^2+y.^2);

62 r2(x,nx-y+1)=((x-1).^2+y.^2);
63 r2(nx-x+1,y)=(x.^2+(y-1).^2);

64 ang(x,y)=atan2(y-1,x-1);
65 ang(nx-x+1,nx-y+1)=atan2(-y,-x);

66 ang(x,nx-y+1)=atan2(-y,x-1);
67 ang(nx-x+1,y)=atan2(y-1,-x);

68 end
69 end

70 derfilt=sqrt(r2).*exp(j.*ang);
71 nim=abs(ifft2(fft2(img).*derfilt.*exp( -0.5*r2/nx/pi.*(var.^2))));

72 function nim=GetBlur(img,var)

73 nx=size(img,1);
74 nx2=nx/2;

75 mask=zeros(nx,nx);
76 for x=1:nx2

77 for y=1:nx2
78 r2(x,y)=((x-1).^2+(y-1).^2);

79 r2(nx-x+1,nx-y+1)=(x.^2+y.^2);
80 r2(x,nx-y+1)=((x-1).^2+y.^2);

81 r2(nx-x+1,y)=(x.^2+(y-1).^2);
82 end

83 end
84 nim=real(ifft2(fft2(img).*exp( -0.5*r2/nx/pi.*(var.^2))));
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Build transformation map

Obtain full angle reconstruction target
Clear transformation map and map entry counters
Generate many limited angle source examples with noise, blurring and sharpening
Calculate feature dimensions for limited angle source
For each source voxel:

-   Index transformation map using feature dimension values
- Add difference between target and source to transformation map cell
-   Increment map entry counter at that cell index

Normalize transformation map by dividing each cell value by its counter

����
� �)� ���!� �� �.�+(��*  �� �����, ���� , !�

Data corrective step

Perform volume projection and find slice with biggest projection error
Find best filter parameter values for worst slice only, by iterating:
- Try different parameter settings using local search strategy
-   Filter (a copy of) projection error using this parameter setting
-   Back-project filtered projection error onto (a copy of) slice
-   Quantify projection error of this new slice

Filter all volume projection errors using determined filter parameter settings
Back-project filtered volume projection errors accumulatively onto current volume

Prior corrective step

Calculate feature dimensions for current volume
For each voxel of current volume:
-   Index transformation map using feature dimension values
- Add transformation map cell value to voxel value

����
� �)	� ���� ���� +�,���(  �*+� ��������.����� ���+��

%%#



0

500

��� ���� ��
�� ��	
�
�� ����
(����
���!

0

0

�"� '�� ��
�� ���� (�����

���!

500

0

�
� ���� ��
�� ��	����
�� ����
(����
���!

����
� �)		 ��+ �*�( ���"� �� �� �����, ���� , ! �� 
�*.�� ��%#�

��" ����� ��(�� ��� �����+.���� "��) � .��� � �+.����* 
����+�� ���) ) ���* �� �( �( (��� �����
�� % �� �)�� ���� ���� �)� �� �����, ���� , ! )�+(� �)�  ��� *� (�������� �� ��������� ���, �)�
��.��� 
 ����� �� �)� � �*�� 
������ ����� �
�*.��� ��'���  �( ��'� � ���!������+��  � �)� ��(���(
�� �.�� ����(�� ����

����� �#� ����� � �#� ����� ��!��	�� !�"


�*.�� ��%% �)�"� ��+����( �+���.! ���"� �� �)� ���.+� �� �# ��# ��# ��# �� �����, ���� , !
(��!+ ��(  �  ,��� *� �� 
�*.�� ��%#� �)� �, ++ �.��, *�� �� 
�*.�� ��%#  �� �+���� �� �)�
�2(120�(. � ���++1* �2(120�(. !+ ��� �)��� �.��, *��  �� ��(���( ���, +��� �� ��*)� �� ����� ���*
�&'�� -&+��&2(�� 1**1 )�*2�(�*1�  �(  �� ��(���( ���, ��! �� �����, �� ����� ���* �&'�� �1+(�'��
1**1 )�*2�(�*1� �� �� �+� � �) � �)� �� �����, ���� , ! �� ��� "�++ !�!.+ ��( �� �)� � �� ��
+ �*� +�� + ������ + �(*� , *���.(�  �( "�.+( �)������� ��� ) �� ,.�) ��  �� ���* ����� ���
�) � ���(������

�)� �++�(����( ���(����� �� + �*� +�� + ������ + �(*� , *���.(� �� �)�"� �� 
�*.�� ��%%� �� ��
�)�� ��*��� ,��� �� �)� �� �����, ���� , ! � +.��  ��  ����


�� +�" �(*� , *���.(��� 
�*.�� ��%%��� �)�"� �)� �� ���* ����� �� �)� , ! ��" �(� (�,�� ��
��������� +���+�� ��  � ��������� �� )�*)�� �) �  (�,�� �� +���+� �)� , ! ��(�� ��� �"��) ( �
��
!���+��  ��* ���� �� � � �
 (�"� ��" �(� ��� �� �)� ��������� �� +�"��� �� �� �� ��( ���(�� ��(
"��) ���*)��� !���+�� .! ��" �(� �)� �+����� (�,�� �� +���+�

%%�



Major axis: local horizontal edge magnitude [HU/mm]
(Minor axis: intensity)
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