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1. Introduction

As hardware technology advances rapidly and integrated circuits become faster, cheaper and
more compact year by year, digital signal processing has made many sophisticated problems
solvable. It will play an increasingly important role in the multidimensional digital signal pro-
cesssing and nonlinear, shift-variant digital signal processing.

Two-dimensional (2-D) digital filtering is one of the most important and fundamental pro-
cessing techniques encountered in 2-D digital signal processing. To carry out 2-D digital filering,
it is necessary to design 2-D digital filters (2DDF’s) satisfying the processing requirements.
However, since stability test for 2DDF’s is extremely difficult and a latge amount of com-
putations are needed in 2DDF design,the problem of designing 2DDF’s is not easy to solve.

In this dissertation, the author proposed three techiques to decompose 2-D frequency domain
design specifications into one-dimensinal (1-D) ones, and then the problem of designing 2DDF’s '
is reduced to the problem of designing 1-D digital filters (1IDDF’s). Because the design techni-
ques for designing 1DDF’s have already been well developed and the stability test for 1DDF’s
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is much easier than that for 2DDF’s the original 2-D design problem can be significantly simp-

lifed.

2. Two-Dimensinal Signhals and Digiral Filters
In this chapter, the fundamental theory of 2-D digital filtering is summarized. In addition,

the importance of reducing 2-D design problem to 1-D one is strongly emphasized.

3. Filter Design Based on the Decomposition of Complex Design Specifications
In this chapter, 2-D magnitude specification Ms (@:, w:) and 2-D general phase specifica-
tion ¢+(w:, w:) are assumed to be given as frequency domain specifications.
From 2-D magnitude specification M. ( w:, @:) and phase specification ¢.,(wi, w:), we

can form the desired 2-D frequency response H.( @1, w:) as
Hi(w;:, w:)=M:(w,, wz)ejm(w" @) (1)

Then by using the sampled the complex specification Hs(w., w:), we can construct a com-

plex matrix

H.(0,0) Ho(0, 1) - Ha(O,N)
H.,(1,0) Ho(1, 1) - Hy(1,N)

: : : {2)
Hs(M,0) Hi (M, 1) - Hi(M,N)

where HEC M* D>V 1) Binally, the singular value decomposition (SVD) is applied to decom-

pose the matrix H

Hsz’Hg (3)
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Figure 1 : 2DDF structure designed in Chapter 3.
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where H,eC™* 7% i ,€C™™* 1) Consequently, matrix H, and matrix H can be regarded
as the 1I-D frequency response specification matrice of a 1-input./r-output 1DDF G(z:) and
r-input,/ 1-output 1IDDF F(z:) respectively. Therefore, to design a 2DDF H(z1, 2:), we only
need to design a pair of 1DDF’s, F(z:) and G(z;), and H(z\, z:), can be synthesized as

H(z\, z2) = F(z1) G(z2) @)
In particular, if the matrix H{is a Hermitian matrix, that is, H= H*, to design a 2DDF H.(Zl,
22), only one 1IDDF (F(z:1) or G(z:)) needs to be designed. Thus the design problem becomes
very easy to solve. Fig. 1 illustrates the structure of the designed 2DDF.

4 . Filter Design Based on the lterative Singilar Value Decomposition
In this chapter, 2-D magnitude specification M4 (@1, w:) and 2-D group delay specifications
Twu(wi, we), T.a (w1, w:) are given as design speclfications, but the group delay specifications

Twu(wi, w:)and T (w1, w:) are confined to be

Tu(wl, a)z) =f1 (wl)
Tzd(a)x,(l)z)zfz((l)z) (5)

where f1 (w1) and f» (@) are real analytical functions of @ and . respectively.
The main objective of this chapter is to propose a new technique for decomposing the 2-D

magnitude specification matrix A, which is constructed by using the sampled M. (@ 1m @24),

Ma(0,0) Me(0, 1) -» MaCO,N)

A= Md('l,O)Md(.l,l)-" Md(.l,N) ®)
MM, 0) MCME, 1)+ LGN
into the form
A Né S:F:G: M
where S;=1 or Si=— 1, and all the elements of F;, and G:are nonnegative so that they can

be reguarded as 1-D magnitude specifications directly.
In this chapter, the proposed new technique is called the Iterative Singular Value Decomposi-
tion (ISVD).
Based on the decomposition (7), matrices F and G
G:
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Figure 2 : 2DDF structure designed in Chapter 4 and Chapter 5.

can be obtained and reguarded as the magntude specification matrices of an r-input./ l-output
IDDF F(z:) and a l-input,/7-output 1DDF G(z:) rerespectively. To design a 2DDF H(zi, 22),
only a pair of 1DDF’s F(z:) and G(z:) need to be designed, and H(z1, z:) can be synthesized as

H(z1,2:) = F(z:) 8G(z:) ©
where 8§ is a diagonal matrix, $ = diag(S:, S:, =+, S.). The structure is graphically depicted as
Fig. 2. The magnitude response and group delay responses in the passband 6f a designed 2DDF
are shown in Fig. 3 and Fig. 4.
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Figure 3 : 2-D magnitude response. Figure 4 : 2-D group delay responses
ti(wy, w:) = t(w2 w1).

— 216 —



5. Filter Design Based on the Optimal Decomposition
By using the ISVD, 2-D magnitude specification matrix A can be decomposed into the form
A=z Z SF.G: 10
i=1
but the decomposition error £
E=||A_ZSLFJG1”2 {1
i=1
is not minimum.In the case that the error £ is not small enough, the Optimal Decomposition
(OD) to be proposed below in this chapter should be utilized.
If the decomposition (I} satisfies the conditions
(a) all the elements of vectors Fi and G; are nonnegative,
(b) Si =1 or Si =— 1, and the rms error E
E=l4— X S:F:G:ll : = minimum, 12
i=1
the decomposition () is defined as the Optimal Decomposition (OD).The strict constraints
(a), (b) imposed on the OD make the decomposition problem be nonlinear. In this chapter, the

following variable substitutions

Fo= [0 &l ... FM] {13

G = [¢7 &U - &M] 14

are performed first,and then the erroe E is minimized by nonlinear optimization technique. In
addition, the ISVD results are chosen as initial values, the optimal point can be easily reached.

The 1DDF design procedures are the same as those in the preceding chapter.

6. Conclusions and Suggestions
The decomposition-based design techniques proposed in this dissertation possess the follow-
ing advantages:
(1). the resulting 2DDF’s are always stable,
(2). design accuracy is very high,
(3). the structures of the designed 2DDF’s possess high parallelism, modularity and regula-
rity, ’
(4). significant reduction in computational complexty can be achieved.

Based on the research in this dessetation, several further study subjects are also suggested.
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