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非奇异多通道滤波器组合及其优化设计

吴敏金,张良仪
(华东师范大学华贸学院,上海 200062 )

� � 摘 � 要: � 本文将系统地考察多通道滤波器组合,定义一大类非奇异多通道滤波器组合,导出正规型多通道

滤波器组合的分析、合成与传递方程;讨论其归一化、平滑度与对称性的优化约束;特别地提出基于零谱矩阶数的

优化方法以提高滤波器在通带与阻带的平滑度,即所谓零谱矩滤波器;给出对称多通道滤波器组合及其设计示

例,供信号处理各领域使用.
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NonsingularM ulti�ChannelF ilter Bank and Its Optim izing Design

WU M in�jin, ZHANG L iang�y i
(Hu am ao C ol lege, E ast Ch ina Norma lU n iversity, Shanghai 200062, C h ina )

Abstract: � M ulti�channel f ilter bank (M FB) is investigated sy stem atically. A k ind of non singu larm u lti�channel
filter bank s (NMFB ) is def ined. The analysis equations, synthesis equation s and tran sfer equations of NMFB are intro�
duced. And the op tim iz ing restriction s fo r norm aliz ing, sm oo th ing and symm etry of f ilters are discu ssed. Particularly, the

concept of zero spectrum m om ent f ilters to optim ize filters' character is propo sed. A t last the design p rocedure and exam�
p le of symm etric m ulti�channel f ilter bank are g iven.
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1� 引言

� � 双通道滤波器组合已成功地与小波变换结合,应用于

语音编码和图像压缩等诸多方面
[ 1~ 3]

. 然而双通道滤波器

组合仅可实现信号的 2幂次方分解.而对于非 2幂次方分

解则无能为力. 因此,多通道滤波器组合引起人们的关注

与重视,如文献 [ 4]设计了多通道 FIR滤波器组合;但是由

于系统的时延与相移而限制其应用范围.本文将系统地考

察多通道滤波器组合,定义一大类非奇异多通道滤波器组

合,导出正规型多通道滤波器组合的分析、合成与传递方

程;讨论其归一化、平滑度与对称性的优化约束,特别地提

出基于零谱矩阶数的优化方法以提高滤波器在通带与阻

带的平滑度,即所谓零谱矩滤波器;给出对称多通道滤波

器组合及其设计示例, 供信号处理各领域使用.而 3通道

滤波器组合在图像分解中的应用已在文献 [ 7]中阐述.

2� 非奇异多通道滤波器组合 (MFB)

� � M 通道滤波器组合 (M FB )如图 1所示,由分析部分
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表 1� SM FB滤波器 h (m )
n 和 f (m )

n 的系数 (m = 0, 1, 2 )

n h ( 0)
n h ( 1)

n h ( 2)
n

- 5 0. 011714940328 0. 036589533195 - 0. 011714940328

- 4 0. 037813282353 0. 000000000000 0. 037813282353

- 3 0. 049452079672 0. 179877438079 - 0. 049452079672

- 2 0. 126193847373 - 0. 000000000000 0. 126193847373

- 1 0. 371845681892 - 0. 722579980214 - 0. 371845681892

0 0. 538011144332 - 0. 000000000000 0. 538011144332

1 0. 371845681892 0. 722579980214 - 0. 371845681892

2 0. 126193847373 0. 000000000000 0. 126193847373

3 0. 049452079672 - 0. 179877438079 - 0. 049452079672

4 0. 037813282353 - 0. 000000000000 0. 037813282353

5 0. 011714940328 - 0. 036589533195 - 0. 011714940328

n f (0)n f( 1)n f ( 2)n

- 9 - 0. 00239641412 0. 001534528933 0. 002396414142

- 8 0. 00515847933 - 0. 000000000000 0. 000515847933

- 7 0. 011780987588 - 0. 006477681059 - 0. 011780987588

- 6 0. 038227472038 - 0. 000000000000 0. 038227472038

- 5 - 0. 005220140187 - 0. 00215537294 0. 005220140187

- 4 - 0. 177742588593 - 0. 000000000000 - 0. 177742588593

- 3 - 0. 213259868559 - 0. 10872831699 0. 213259868559

- 2 0. 047175666763 - 0. 000000000000 0. 047175666763

- 1 0. 700880857310 0. 664922621248 - 0. 700880857310

0 0. 932248252140 - 0. 000000000000 0. 932248252140

1 0. 700880857310 - 0. 664922621248 - 0. 700880857310

2 0. 047175666763 - 0. 000000000000 0. 047175666763

3 - 0. 213259868559 0. 108722831699 0. 213259868559

4 - 0. 177742588593 - 0. 000000000000 - 0. 177742588593

5 - 0. 005220140187 0. 000215537294 0. 005220140187

6 0. 038227472038 - 0. 000000000000 0. 038227472038

7 0. 011780987588 0. 006477681059 - 0. 011780987588

8 0. 000515847933 - 0. 000000000000 0. 000515847933

9 - 0. 002396414142 - 0. 001534528933 0. 002396414142
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