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Figure 1. Some skull images used in the compression process proposed here.
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Figur 3. Wavelet transform coding scheme used.
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Figure 3. Discrete Wavelet transform
according with multiresolution analysis.
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Figure 4. One stage in a multiscale Wavelet decomposition.
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Figure 5.Wavelet decomposition. A indicates approximation,
H horizontal, V Vertical and D Diagonal. The top sequences on
each subband means a series of convolutions with the H (high

pass filter) and G (low pass filter).
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TABLE I. INFORMATION COST VALUES

Filter Threshold Concentration pl  
Haar 10303 578.029.267 

Daubechies 4 9295 578.029.267 
Daubechies 8 10220 578.029.267 

Symlet 2 9670 578.029.267 
Symlet 4 9078 578.029.267 

Coifman 2 8940 578.029.267 
Coifman 4 9087 578.029.267 

Biortogonal 1.1 10303 578.029.267 
Biortogonal 2.2 8660 622.117.975 
Biortogonal 3.1 9625 908.305.283 
Biortogonal 4.4 8178 565.978.409 
Biortogonal 5.5 8315 538.978.091 

Rev. Biortogonal 1.1 10303 578.029.267 
Rev. Biortogonal 2.2 12166 567.098.391 
Rev. Biortogonal 2.8 9961 555.109.103 
Rev. Biortogonal 3.3 14932 574.830.122 
Rev. Biortogonal 4.4 10312 595.201.911 

Minimum 8178 (Bior4.4) 538.978.091 (Bior5.5) 
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TABLE II.  AVERAGE VALUES
FOR PARAMETER µ - EXPONENTIAL DISTRIBUTION

Orientation Horizontal Diagonal Vertical 
Level µ p µ n µ p µ n µ p µ n 

1 2.003 2.529 0.691 0.693 2.499 2.855 

2 7.558 8.823 4.409 4.481 9.287 
10.02

0 

3 
19.34

8 
16.20

7 
12.06

9 
12.65
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23.18
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sub index p indicates positive branch, sub index n indicates negative branch

Figure 6. Left. Simulated PDF at scale m = 3 for horizontal orientation. Right. Real PDF,
Laplacian and Gaussian approximations at scale m = 3 for horizontal orientation.
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Distribution Laplacian Gaussian Uniform 
Population 50% 39% 11% 

Range [Z1, Z2] = [-100,100] 
[Z3, Z4 ] = 
[750,1000] 

[Z0, Z5] = [-55.28, 1758.44] 

Parameters µ p µ n µ  σ  -- 
Values 5.241 1.245 768.419 75.174 -- 

TABLE III.  PARAMETERS FOR APPROXIMATION SUBBAND

Figure 7. Left. Left. Original image histogram. Right. Approximation Subband histogram;
Z index values correspond to the range interval for each distribution.
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Subband Number of 
pixels 

bpp resultant bits 

A 32x32 8 8.192 
H3, V3, D3 32x32 5 15.360 

H2, V2 64x64 4 32.768 
D2 64x64 3 12.288 

H1, V1 128x128 3 88.204 
D1 128x128 2 32.768 

Compressed Data --- --- 199.680 
Original Image 256x256 8 524.288 

TABLE IV.  BIT ASSIGNMENT

0�� �����	��� 
��� �	
�� ������������ ��	����$� 
���
K����
��
���K�
�������	����
����$�����	�������
� 
��
��	���	�� ����������
�� �� � 
��� ����
� �����
���� �����
�#
	������ 	�#�
� �	
���� � E�IBIIFI$� �	���3��*�������!
"��
	��	������
��	������������
���� �
���
����������
���
������K���� 	�������� 	� B#��� �	
�� ���
�	�� �� � D#��$
�����	�����
����	
��������������
��E�IBIIFI$��	���?�
 �5�K���$���������"��
	��	������
��	������������
����

��� ����
� �����
���� ������K����	��������	�G#����	
�
���
�	���� �E�#��$������	�����
����	
��������������
�
E�HCPBFI$��	���-�

�+"����/.�����-	�0

0��� ������� �
	��� ��� 
��� �	�
� ���� 	
� 
���K����
������������ ���
����3�� ���
$� 
��� ������ 
	5��� 	�
�������
��	��������������
���%	�
�"���	�����������
�	��	#��� ����
��������	���
�
��@�K����$�K����	�

��� ���
� �������@���	�� ������ �	��� �	��
%	�
�"	
������������
��	�#�
��
��	�$�
���	��
���
��
�������	���	�������
������	��� /	���
��� � �������2
��
��	�#�
��
��	���0����������
��	���K����������	��
������	�� 	� ��	�
���	����#��� ���
�	���� � 	�� ��
����
��#��� �� � #�
�� ���� 	�� 
���@���	�� ������ �����
0��������$�
���	��
���
���������K	��������������
��
@���	��������

3�������
���������
�������	��
���
�����������	�
#����������MPN��0���	��
���
������������������
��	�
���
�����	���	��	���	����#�����
��
����	����MC$I2
	���
�����������#��
�K�
��
��������K����	�����
��F

I� )������ 
��� ��
���	�� MC$I2� ��
�� ������
�
�������������� 
�� 
���4� ���#���&� 
��� ������

�� ��	������#����	��	�����
��������
���	��
���
�
���#	#���
��

G� -������ 
��� ������
���� 
��� ����
� ���#��� ��� 
��
�
���������	���

A=Approximation, H=Horizontal, V=Vertical, D=Diagonal. Subindexes refer to
resolution level.
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Figure 9. Mean square error for different bit allocations.

Figure 10. Pixel-to-pixel error for different bit allocations.
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Figure 11. Pixel-to-pixel error distribution. Top-left distribution
represents case A. Top-right distribution represents case B.

Bottom distribution represents case C.
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TABLE V. ARITHMETIC CODING COMPRESSION RATE

Initial design Improved design 
Subband (No. of 

bits) bpp output bits bit rate bpp output bits 
bit 
rate 

A (12168) 8 8812 5.3 8 8304 5.5 
H3  (12168) 5 4456 2.9 5 4680 3.1 
V3  (12168) 5 4032 2.7 5 4312 2.8 
D3  (12168) 5 4120 2.7 5 3280 2.2 
H2  (39200) 4 10840 2 4 11680 2 
V2  (39200) 4 10248 2 4 11072 2 
D2  (39200) 4 8904 1.8 4 9376 1.9 
H1 (139392) 3 26136 1 2 18216 1 
V1 (139392) 3 31360 2 2 25704 1 
D1 (139392) 0 0 0 0 0 0 

Total bits -- 108208 -- -- 96624 -- 
Comp. Rate  4.85:1   5.43:1  
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