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Optimal Design of 2-D Separable Denominator
Digital Filters in Spatial Domain
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ABSTRACT

The spatial domain design of 2-dimensional separable denominator digital filters(SDDF) based on
the reduced dimensional decomposition can be realized when the given 2-D impulse response
specifications are decomposed into a pair of 1-D specifications via singular value decompositions
(SVD). Because of use of the balaned approximation and equivalent transform as 1-D design algor-
ithm, 2-D design algorithm retains the advantage that is numerically stable and can minimize
quantization errors.

In this paper, in order to analyze and reduce these errors, minimum coefficient quantization
realization is directly derived from impulse responese specification. And using the equivalent trans-
form relation between minimum coefficient quantization error and minimum roundoff error
realizations, we optimally realize a SDDF. This algorithm is analyzed by the simulation, which
shows that it is superior to direct or balanced realization in quantization errors.
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Fig. 5. Impulse responce of a designed filter
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Table 2. Sensitivity and noise gain as realized meth-

od,
Classification Hq # Huy ‘ Ho
Sensitivity | 393.97884 | ”m&&ﬁi&;éég;?‘
Noise gain | 3LG3063 | 6.63519 | 629525

Aoz A 41y 0, 4k 12 ERBLEE HYsto
2] (8) =k 4] (9)oll 2184 2DDF o] &¥ Qa4 &
Roundoff £ aHE4kel t, & E[AW(k)]/ElAx”
(k)18 73138 B 334 3ok

H 3. SDDF 9] ¥#3le)] 71elgt 28 o3t ¢ 2hes 9%
4kl H(dB).
Table 3. Output error to roundoff error variance ratios
due to the guantization of the SDDF(dB).
Classification | 8bit | 16bit 32bit

g 21.049 -69.213 -165.543

-24.623 -72.788 -169.118

Direct form [

Optimal form

A s @2 @ truncation ©xM9] AS 2.k
SDDFol A Hankel ¥ & #RESHSI -3 %
HES r==318 ($1=(.99853)s2==0.001202) 2. &
truncationdt 59l &= 2] (28)d &AM 0.
0030022 A o] ¥-Alsted e B YE )

a
H E Sn(UnXVn) "Hd”
nes}

€q™

:[ < ;HZ "I;] (28)

TESH Support Snofl )& A A AE el HEM
& 9lete] 18 37bxj o] MseskigS ALREte] 13
i:AbS) @ &= 3 49} (o

l;z_\f w(m,n) {ha{m,n) —h{m,n) |2 ”2]

E.ﬁ~m,n)ESh

: [ Y w{m,n) ha{mn)? 172
(m,n) € Sn ]

max {w(m,n) lha(m,n) —h(m,n) |}
_mnjesp
max {w(m,n) }ha(m,n) {}
{(m,n) & Sn

Ex

¥ ol Ae el A Kkt is o8 2
K7t SDDF 9] B it darel 58 Adatan Aks
R FAsk eatel wated mAsrATh Folxl 2:K50
PP AN MRS SVD gt g e

395



HRAERER L '92—4 Vol.17 No.¢

I 4. AAF Hel o] REM
Table 4. Error analysis of a designed filter.
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