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Fast Matching Pursuits Using Multiple-Step Serach in Non-Low Signal En-
ergy Regions
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Kousuke Imamura†, Toshiyasu Nagami†† and Hideo Hashimoto†

Abstract A fast atom searching method for matching pursuits in a high-efficiency video coding system is de-

scribed in this paper. The immense amount of operations is needed for the atom searching in matching pursuits,

so speed-up in the searching algorithm is indispensable. We propose an atom searching algorithm that is based on

both a correlation between the high signal-energy regions and optimal matching points and the correlation between

the highly efficient approximated points, and to improve the computational complexity by reducing the searching

points.
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~α, ~β s ξ φ
0 2 0 0
1 3 0 0
2 4 0 0
3 5 0 0
4 6 0 0
5 8 0 0
6 10 0 0
7 11 0 0
8 1 1 π/2
9 5 1 π/2
10 11 2 π/2
11 10 3 0
12 8 2 0
13 4 2 0
14 4 2 π/4
15 6 4 π/4
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Basic Dictionary for Matching Pursuits (N=16).

2. Matchnig Pursuits

2. 1 Matching Pursuits �	��
���
Matching Pursuits

� q�¿����n�
overcomplete

er·WØ
Ù¹ÚyÛ0U

gγ(t)
j¨Þ�º �aá�â ÍDÎ\��ÕWÖ

D � `rÑ Ò `rÜÒnÝ  jfÞTÔ?q��a�a�a}�waßh�
f(t)

x ¼aàaáaâ ~T�Wm�`_�
�f�_�

Matching Pursuits
jlÞa� ¼Yà ß��

f̂(t)
� �

(1)
���

Í'Îû���

f̂(t) =
m
∑

k=1

pk · gγk
(t − τk) (1)

���¶�
τk

q
γk

q
pk

� Ï'Î��_Îh·hØhÙTÚTÛ U|`	Å���q0Ó��aq��
� õ)U¿x�� � q��]Î é `

3
Ó	�W`��! W[)õ6So`�¬

(τk, γk, pk)jlÞhº � ¢��Y~¿�RÑ Ò x6^ Û¶ü
(atom)

k#"%$a�
m
� ßa�

x á�â ~¿�6^ûÛÂü�`�&yx��Y~r�
��ªnq�ß6�

f(t)
xc�Y�R·�ØnÙ¨ÚyÛ U

gγ1(t− τ1)
a%')(

~¿�e�Wk�jlÞlÔ?ß��
f(t)

�
f(t) = p1 · gγ1(t − τ1) + Rf(t) (2)

p1 = < f(t), gγ1(t − τ1) > (3)

k*� ® �_�½�i�R�
p1

� ßa�Pk'·WØWÙ�ÚyÛ0Ul` �,+�- �|�Ô?q
Rf(t)

� ·WØYÙ¹Ú�Û0U
gγ1(t − τ1)

a.'�(�� ¯ £  `
±aÇ�ßa���|�|����� ¯ ·nØ�ÙyÚ¨Û?U

gγ(t)
`!/�Ufü��

1
j

0)1 �yÍ¶Î � pY�Ym�`¿kD~T�Yk�qo�
(2)
j6önp �

Rf(t)
k

gγ1(t− τ1)
��2 paj��3� �_� p|�e��k » é q È ¨n`i¼54a�� â.6 ~¿�c�

||f(t)||2 = p2
1 + ||Rf(t)||2 (4)

~Yenm87 �3+�- p
`�9|} - x_ø t kR~¨�#�8 y[_õfS�xc�ñ �i�|kRjlÞ¿Ô0q�¥�:T`3;iÆ�unjaö�p � ±6ÇWßa�¿`����_U

�|õ#<�=�w
∆e = ||f(t)||2 − ||Rf(t)||2

xoø t kR~¿�a^ Û
ü|x�¢��W~l�e�Wk'�W�y�6���
>�?Yj�±nÇ�ß6�

Rf(t)
x3@BAh~l�|k

Rf(t) = p2 · gγ2(t − τ2) + R2f(t) (5)

kRef�_�)C	DY` ì6í x5E³Ô�F � î ïs��kRjTÞTÔ:q
m G `�^

Û¶ünjTÞlÔH@�ATÍ¶Î ¯ ßn�
f(t)

�

f(t) =

m
∑

k=1

pk · gγk
(t − τk) + Rmf(t) (6)

koeT��� � ¯ � º � q
m G `n^\Û¶ünjlÞ¿Ô:ßn� f(t)

x ¼
à �cj�I ánâ ~¿�e�Wk'�W�y�6�c�

2. 2 Matching Pursuits �%J.K
Matching Pursuits

� � q �*+�L �aw¿`�Â%<lxTÀg�Wk �� qD�
(7)
j#M�~

Gabor
¼,&|`)� + jfÞlÔ�N â ÍÂÎ�� 2

ë
OP z)QnÕnÖ��YÐ�R �cjhÄYp é Î¹���

g~γ(n) = K~γg

(

n−N
2 +1

s

)

cos

(

2πξ(n−N
2 +1)

N
+φ

)

n ∈ {0, 1, · · · , N − 1} (7)

�i���Yq
K
� 0�1 �.4.&n�f�PÔ q

N
� ·�Ø ¼�&.Syx5MY~r�

� ¯ q
g(·)

�3TVU5W ^�© U §a©Yµ U x�MW~h�.X
1
j6q�¸n²

³��.Y�Ä�~¿���Z T[�õWS3[û´fÛ
~α
q

~β
k¶�

(7)
»\é N â Í

Î �RÕ�Ö�x5Mf~
2)
�

~α
q

~β
� ÏRÎ\�aÎ�ÕWÖ¿j6öehl�5]�^Wö

Þ`_�a�����ba`�·WØ�Ù¨Ú¹Û U�x	¢i�W~¿�5�c ¿[�õWS3[¹´¿Û
�f�f�_�

2. 3 Matching Pursuits d)ef�g	h8i*jk%l
Matching Pursuits

� � q�ø t ` ¼nàaänå �nú é Î���ß
� kDÕWÖ|Ñ Ò `h¬ W® x~� ñ � ìWí xn^PÛDücý|þPk�".$Y�
~m � `�ÕnÖ � Ñ Ò k�X�¦ � ~%m � `cXn���¨xn×5nûkD~¿�ßa�W±¨ù¿´rÚ_j6{�p � q �*+.o�p x�î|e ï~��kRjlÞ¿Ô0qhøq `�¬ n® �nú é Î��D�|q6Ï6`�ÿ��aw � s t elm�`fkReT�o�
Ïn` ¯hñ qrý�þ|jaö�p � � q änå Þ k o)p �lx�Â	<W~l�e�k)�aænd��¨x�î ï0ãWÊ6�YÐRº�R�|�T�_�¡� ¯ q6Ðrnýnþ¨x
î�º ¯ £�èfjh{Wp � � qhú é Î¹� o.p)- k�^¹Û'ü	�Z |[�õS6xl[*s ²'õhj%D.tW~¿�e�|kRjlÞ¿Ô0qfÏa`gÅ\�a`�ßn�¿`�u
¾ ��îYe�m6Î¹���o�)I o.p x�îYe ïB�h���fe�p ¯�ñ q�[*s²)õ3D.tT`_ãWÊ¹m  m ® � Ä|p é Î¹�_�����T`_æ�dW�6ã�Ê
x ë j�MY~r�
v
1 w n

X�� _�� ýnþ
�6�a�a}nwWXg¦x.y|jh{ap �

n
X�� _�� `~Å!���Wq ¼nà

änå x o.p ~l��ã�Ê��|�f��� ìaí � Ä�z���ÿ���wyx t � kÂ	<W~l�e�Wk'�n���n�D�fqrø t ä�å �nú é Î��sÅ\�Yx o.p� e�p PB{ �n�næ k q�§~� m t � k:ò�¨h~l�_� � ¯ q!| é
» jcý�þT`c�n�a�feWpfÞ¨ïÂe6±¿ùf´hÚYm o�p ~l� ¯añ q äå �|k �} ��eWpr�
v
2 w ø t �`�_U��Yõ_±yùl´cÚ	���nýnþ 1)�a���n}nw|XrZ¨x�±¨ù|´hÚcjczn{ � qnXhZl×��nßn�e���

U��|õ��nøûm)æfpc±yù|´hÚ6xe��ªn� ñ �c�|Ïa`_±yùT´rÚax
×�n¹k � ¯ Ð�����  � `��|x op }�w¹kD~T�Dýnþ6Ên�W�f�o�ßa���e��U��fõR��ø t koe¿��£�èT` ¼ �Tjcø�Ãaý�þi�6��~
�W~¿� P\{ �n�næTp��|koj	� À � ¯ ã�Ê��|�PÔ?qa±¿ù¿´rÚ
� ßa�`���_U��Yõ6`hÿ������¿õ5���\´hµ�koe¿�D�|qhýnþn�`nÂ	<|jlÞh��ÿ��nw¿`#<�=ûk*�)m � ¿nÀfj�Ç�Í�p ¯nñ q	x
y k �_� ÿ���w¿`�Â%<a� P!{ kRe¿���

2 ( 2 )
Ê.Ë�ÌBÍ·Î5Ï�Ð0ÑGÒ�Ó!Ô

Vol. 61, No. 8 (2007)



 0

 50

 100

 150

 200

 250

 300

 350

 400

 0  200  400  600  800  1000  1200  1400  1600

Rank of Signal Block Energy

Fr
eq

ue
nc

y 
of

 S
el

ec
tin

g 
as

 T
he

 P
os

iti
on

   
   

 f
or

 B
es

t A
pp

ro
xi

m
at

io
n 

[t
im

e]

�
2 � C��N?������ >�	�
��� E������0G:I�������� (car-

phone)

Correlation between signal block energy and optimal

searching points (carphone).
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2 PSNR {������n���	��
 (200 |R} ~ )

Comparison of PSNR and ratio of processing time (200

atoms). � ��� � �
PSNR [dB] ��������

akiyo 38.84 1.000� ��� mother 36.32 1.000
carphone 33.84 1.000
foreman 31.20 1.000

n
��� akiyo 36.60 0.080

������� mother 35.18 0.080

(n=4)
carphone 32.50 0.080
foreman 30.15 0.080���
akiyo 37.48 0.242��� �"!"#

mother 35.68 0.242$�%"&�'
carphone 32.65 0.242(�) ��� foreman 30.42 0.242

akiyo 38.67 0.122� ��*
mother 36.18 0.122+ �v��� carphone 33.66 0.122
foreman 31.11 0.122,.- akiyo 38.61 0.101��� �"!"# mother 36.15 0.101+ �v��� carphone 33.61 0.093
foreman 31.11 0.096
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