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Design of circularly symmetric 2-D FIR filters using a novel technique
in calculating the coefficients of McClellan Transformation
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Abstract

In this paper, a novel analylic technique for the design of 2-2 zero phase FIR circularly-symmetric fillers is
presenied using the MceClellan transformation. By this technique, a direct computation ol (he coclTicients of
McClellan transformation is derived by mapping the 2-D cireular cutofT contour onto Lthe /-0 passband cut
off and defining some deviation function, which is then forced to be zero for that contour, Then by
comparing all the parameters in the resuiting deviation function, one can casily determine the coeflicients
ol McClellan transformation. This technique is formulaed o assure thal no scaling is needed. The
McClellan coelMicients are determined for different values of 2-0 passband cutolT radius. The formulas for
the cociTicients in the presented technique may be simplified while a good approximation of the circular
contour is maintained. The approximated version ol the coelficients formulas appears  to be (he best to
solve the problem of both accuracy and hardware implementation complexity. Using this approximation,
one can get cocflicients formulas which are suilable for real-time applications and can be casily
implemiented on a general-purpose signal processor.

The design procedure is verilied by several design examples and by comparison with previously
published results.
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Introduction

One of the most important classes
of 2-D digital filters is the circularly-
symmetric digital filters which are used
for smoothing, sharpening, enhancement,
and restoration of images and for radar
,sonar, and satellite data analysis [1], [2].

It was proved that McClellan
transformation is a very useful tool for the
design of circularly-symmetric filters with
low cutoff radius because it is simple, fast
and efficient implementations exist for the
rcsulting filters [3], [4]. The design, using
this transformation, is preferred via the
FIR approaches over the IIR counterparts
since the resulting 2-D zero-phase IIR
filtcrs arc unstable and need to be
factorized into (wo half-plane or four
quarter-plane filters which are stable [5].
On the other hand the resulting 2-D FIR
stable filters results in an exact linear-
phase and they do nol need any extra
phase compensation.

Several linear and nonlinear
optimization techniques [3], [4], and [6]
are generally used for the selection of
McClellan coefficients. Such techniques
require a large computational effort. The
simplest transformation for designing 2-D
approximately circularly symmetric FIR
digital filters was originally proposed by
McClellan himself. This transformation is
given by [7]

: I
cosw= f({w,w,)=——+—cosw, +

| l (12)
—COs @, +—COS W,Cosw,
2 2

which can be written in a general
form as

cosw=A+Bcosw, +C cosw, +

(1.b)

D cos wcosw,

where @ is the /-D frequency
variable and ( o,,@,) is the 2-D
frequency variables tuple, and A,B,C and
D are coefficients to be determined.

For this transformation, the
contours do not give a good
approximation for the cutoff circle
specially for higher cutoff frequencies. A
power series expansion method is used by
Fettweis [8] to choose the coefficients for
circular contour, but this method has two
disadvantages. First, the circular contour
is approximated only for values of w=nx
irrespective of the cutoff boundary of the
2-D filter. The second disadvantage is that
the entire region in the ( o,,w,) plane
outside the contour for w=m will not
map onto any point on the w-axis. This
makes the stopband response takes a
different shape other than of the /-D
transformed filter.

An analytic technique was
proposed by Hazard and Reddy [9]. It
involves coefficients formulas defined in

the form of sin?(x/2) and sin’(x/2+2).
Another analylic technique was presented

later by Kwan and Chan [10]. It involves
coefficients formulas defined in the form

of  jo(x),  §o(2x),  jo(W2ZXx),

o (5 %), jo (/8 x),and cos(x). So, to

implement coefficients, formulas of the
above two techniques in hardware, we
require either a ROM lookup table or a
numeric data processor. An extremely
simple approximate version of the
formulas in [9] was then presented by
Nagamuthu and Swamy ([ll]. Such
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approximaled formulas are suitable for
real-time application sincc they are given
directly in terms of the 2-D frequency
specifications. They arc very simple, but
they do not give good approximation for
higher values of cutoff frequencies. Some
other analytic techniques are also treated
in [11] but ail of them suffer from the bad
approximation of the cutoff circle.

In this papcr, a novel analytic
techniquc for the design of the 2-D zero-
phasc FIR circularly-symmetric filtcrs is
presented using the McClellan
transformation. By this technique, a direct
computation of the coefficicnts of
McClcllan transforimation is derived by
mapping the 2-D circular cutoff contour
onto the /-D passband cutoff [requency
and defining some dcviation function,
which is then forced to be zero for that
contour. Then by comparing  aill  the
parameters  in  the resulting  deviation
function, onc can casily determine the
cocfficicnts of McClellan transformation.
This technique is formulated to assure that
no scaling is needed, the McClellan
cocfficients are determined for different
values of 2-D passband cutoff radius. The
resulting errors are shown to be better
than those given in [7] and [11] and of the
same order of thosc given in [9] and
[10].The formulas for the coefficicents in
our technique may also be simplified
while a good approximation of the
circular contour is maintained which is
not the casc for those formulas given in
[9] when simpiified in [I1], the
approximated version of the cocfficients
formulas of this techniquc appcars to be
the best to solve the problem of both
accuracy and hardware implementation
complexity. Using this approximation,
one can get coefficients formulas which
arc suitable for rcal-time applications and

can be easily implemented on a general-
purposc signal processor.

Section 2 contains the proposed
techniquc. The design proccdure s
illustrated in Secction 3 by a typical
example. In Section 4, the design of 2-D
FIR band-pass circularly-symmetric filters
is invoked by an example. Section 5
shows a comparative study for different
known design techniques, and the
proposed technique.

2. The proposed technique

Since  McClellan transformation, used
here, 1s of quadrantal symmetry, the
analysis can Dbc limited to the first
quadrant, Let «, be the 2-D cut-off pass-

band cdge. For a circularly-symmetric
filter, the pass-band boundary is a circle
of radius R so that

R=w, (2)
For w, €0,7], diffcrent values of the

cocfficients can be selected in order to
producc circular filter with arbitrary cutoff
pass-band edge. Il w, is the cutoff

frequency of the /-D prototype zero-phase
LPF, then @ = @, should be mapped onto

the cutolT radius of R=w,.

If both /-D prototype and 2-D
circular filters arc chosen to be of LP type,
then the global maximum will be attained
at the point (0,0) and the global minimum
will be attained at the point (7,7). Thus,

onc can choose the point @ =0 to maps
onto (0,0) with £(0,0)=1, resulting in

I=A+B+C+D (3)

while the point @ =7 can be

chosen to map onto (x,7) with f{r, r)=



E. 4 Omar A. Al-Heyasat & Saod A. Al-Seyab.

-1, resulting in
-{=A-B-C+D 4)

From (3) and (4), the following relations
can be written in such away
First by adding Eq.(4) to Eq(3) resuits in

A=-D (5.a)
Second by subtracting Eq.(4) from Eq.(3)
results in

B=1-C (5.b)

Thus, the [I* order McClellan

transformation usually expressed as [7]:

cosw=f(w,w.)=A+Bcosw, + Ccosw, +

D cos w cosw, (6)

can be rcduced here to the following form:

flw,w,)=[-D+(1-C)cosw, ]+
[C+ Dcos w, Jeos w,

(N

and the design subproblem can now be
reduced to the determination of /-D filter
of cutoff frequency «,, and to the

evaluation of the C and D coefficients.

It should be noted that using the
above substitutions does not assure the
similarity of the frequency response of the
original /-D FIR filter with that of the 2-D
filter along the w,-axis (w, =0) and
{(@,=0). Such a
problem may be partially solved by
forcing the points (w,,0) and (0,w.)

from the (w,,w,) plane to map onto

along the w,-axis

W=, For the

w=w, & (w,w,)=(w,,0) mapping, we
have

cosw, =[-D+(1-C)cosw, |+
[C+ Dcosw,]
or

_ S0y, = COS®,

C-D (8)

l-cos w,

and for the w=w, & (w,,w,)=( 0,w,)
mapping, we have

cosw, =[-D+(1-C)]+[C+ D]cos w,
or

CiD= I-cosw, ©)
1-cosw,
Adding Eq.(8) and Eq. (9), results in
2C=1 orC=0.,5 (10)
then,
]~
pD=—_2% 45 (11)
l-cosw,

It should be noted, here, that this
value of C agrees with the C value of the
optimal method of Mersereau, m [12], and
also with the cocfficients values of the
analytic method of Hazra and Reddy in
[9]. If w,is chosen to be equal to w_ (i.e.,

@, is not one of the design parameters

which is the case for the original
McClellan transformation for circularly-
symmetric filters given in [7], then the D
coefficient can be easily determined from
Eq.(11) as

D=0.5 (12)

Since w;,, in our design technique,

1s not one of the specifications (it is one of
the parameters to be determined), the D
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coefficient can never take the constant
value given i ¢q.(12) for different values
of w,, thus other formulas for D and w,

arc needed.
Using Eq.(9), then Eq.(7) can be
rcduced to

. =0 cosy —2D |+ 13
(@, )=0. []+2Dcostq]005wz -

An obvious way o formulate the
design problem is to define deviation
{unction d(a),,wz,a))which is given by

(13),[14]

d(a),,a)z,w):f(a),,a)l)—cosa) (14)

As mentioned before w=w,

should be mapped onto the cutoff
passband radius of R=wa, ; i.c., onto the

cutlolT contour

or W + o =

L4

(’UZ:'Va')(""_a)l2 =g(w|’wﬁ') (]5).
Therefore, one can put
d(w,,wz,wﬂ)io (16)
This sign = stands for identical

cquaklization.

Substituting for @, from Eq.l5) into

Eq.(10), yiclds

d(a)l,g(wl,(l)‘,),(ﬂo)=0

* the negalive root is not of concern, herc, since
our analysis can be limited to the first quadrant
becoues of the quadrantal symmetry of the used
McClellan Transformation.

or
_[(w,,g(a),,a)(,))— cos @, =0
Substituting from (13)

[cosa, —2D]+
0.5¢[1+2Dcosw,| b—-cosa, =0 (17

cosla? ~a?

Eq. (17) can be simplified by using
the power scrics expansion of cos u ; i.e.,

“2 H4

cosi=1-—+— 18
' 28 4 (%)

and the following formula may be
obtained by equating the constant term in
(17) 1o zero.

@ 0
2 a4

D= — -0.5 (19)
e L

the same as
in a power

This equation is
Eq.(11), but it is wrillen
series form of eq.(18).

By ecquating the ! term in
Eq.(17) to zero, onc can get the following
formulas

D= 05 § (20)
I-§-cosmw,
where
o b3y
S= —1 m+l W, 21
E( ) (2 + 1) -

A good approximation for Eq.(21)
is obtained if it is written as

Af 2m

m+1 GJ‘,
s=3 (-1) G v 1) (22)

m=l
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where M=4
The only design parameter left to
be -determined is w,. It can be easily

calculated, now by using Eq.(9) as

w,=cos ' [l - p(1-cos w,)] (23)
where
P=C+D=05+D (24)
Examination of Eq.(20) implies
that
D<0.5 forall w_e(0,7) (25)

Therefore, from eq.(24)

P<l (26)

For P<l, eq.(23) yields that
w, <w, which is the same case for the

optimal technique of [4] and the analytic
tcchniques of [9] and [10]), while, for
P=1, then from ¢q.(23),w,=w_. This is
the case for the original McClellan
transformation for circularly-symmetric
filters of [7]. Another design technique
reported in [li}, uses P=0.5, and
That is called the

approximation solution.

Wy = scaled

(S

3. Design procedure and
example:

In this section we will first apply
the present technique to the design of
2-D  zero-phase FIR circularly-
syminetric filters. Then we will examine
this technique by taking an illustrative
example.

To design a 2- D zero-phase FIR
circularly-symmetric filter having a cut-

off edge w,, one must proceed according
to the following steps:

1) From the desired cutoff
cdge frequency w_and by
using Eq.(10), (20), and (5
a&b), onc can computc the
appropriatc values of the
coefficients of McClellan
transformation C, D, A4, and
B, respectively.

2) Using Eq.(24) and then
(23), one can define the
cutoff frequency w, of the

1-D prototype filter.

3) Using some powerful /-D
FIR filter design method,
one can design a zero-
phase low pass FIR filter
with cutoff frequency w,).

4) Using the fm
H[’E',’Z’]=;,(o)+zz:,(”)
n(f (@, @, )) (27)

One can cxpress the frequency
response of the 2-D filter with the
replacement  of Sf(@w,,@,) in the
frequency responsc by the McClellan
transformation of Eq.(6).

The above design procedure is
illustrated by the following cxample:

A 2-D zero-phase FIR circularly-
symmetric low pass filter is to be designed
with a passband cutoff edge of
w =025 7 rad.
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The resulting  McClellan transformation
coefficients arc

. A=—-D=-02579878 and B =/
—-c=10.15.

The McClenllan transformation can now
be written as
cos w= [ (w,,w,)=—0.2570678 +

0.5cos w, +0.5cosw, +
0.2579678cos w, cos w,

A 25-point /-D low pass FIR filter
is designed with a cutoff frequency
w, =0.2162362 7 rad., using the program
in [I5]. The resulting /-D
respoisc is given by

impulse

1(0) =2.582495 E-01
h(l) =2.301630 E—0f = h(-1)
h(2) =1.570708 E 01 = h(-2)
h(3) =6.720543 E-02=1(-3)
h(4) =-7.768675 E 03 = h(-4)
I(s) =-4.870018 E—02 = h(-5)
W8 =-4.670227 E 02 = h(-8)
I7) =-2.150187 E—02 = I(-7)
1(8) = 8.495199 E—03 = h(-8)
h(9) = 2.729922 E —02 = h(-9)
h(10) = 3.077441 E-02 = h(-10)
h(11) = 2.699446 E —02 = h(-11)
h(12) = -2.099424 E -02 = h{-12)

substituting for /i(n) in the 2-D
frequency response of Eq.(27), with M =
12, the frequency response of the 2-D
fiter can be expressed with the
replacement  of  f(w,,w,) Dby the
McClellan transformation of Eq.(6). The
magnitude of the frequency rcsponse of
the designed 2-D filter is shown in Fig.1
with its contours shown in Fig.2

4. 2-D BPL filter design:

Kwan and Chan [I0] have
presented a technique for the calculation
of the Ist order McClellan transformation.
This technique dcfines a general and
complete expression for the error E of
approximated circular contour with a
radius of the critical frequency w, as

E=F(w W+ DF, (0,)+D* F,(w,) (28)

where

F(w,)=0.25[j, Qw, )+ 1]+0.25[cosw, +1] +

0571, (\/5 a)()— [cos w, + l]jo (a)c)
(29)

F

[cos w, + l] Jo (\/5 w, )+ [cos w, + l]cos @,
(30)

and

F, (w,)=0.25 ljo (J§ W, )+ 2j,2m,)+ lJ+

cos’ w -2cosw, j, (ﬁ a)(,)

(31)

Ju(z) is the Besscl function of

the 1* kind, zero order in the value z. For
low-pass (LP) and high-pass (HP) fiiter
design, the optimal solution for D can be
obtained from Eq.(28) by sctting

Z- o9 (32)

(33)

For band-pass (BP), band-stop
(BS), and multi-band filtcrs, thcre may be

E.7

(@)= js V5 @, )+ jy (0, )-2c0s 0, jy(e,)-
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i=1,2,.,K ).

The corresponding error function E can
then be expressed as

Zm [F( )+Df‘ )+D2F3(a’(-f)]

(34)

K critical frequencies [

cr’

where each m is a positive

weighting factor for the corresponding
value of i=1,2,...,K The optimal solution
can then bc obtained from eq.(34) by
applying the condition in eq.(32) to yield

(w.)
A (@)

|
.M"
o

o
[

(35)

H

[aS]
.M;“
2

Example 2:

To design a 2-D zcro-phase FIR
band-pass  circularly-symmetric  filter
having the 2-D cutoff frequencies

=0257 rad.,0,=05m7 rad., the

following steps may be followed:

1) by mapping thc two /-D cutoff
frequencies «w,,, and w,, onto the

points {w,,,0) and (a)d,O) in the

2-D plane, respectively, it can be
eastly shown that

Wy =, and w,, =, (36. a&b)
Hence, for this example
Wy, =025 7 rad. and

Wy, =0.5 m rad.

2) D coefficient can be determined
from Eq.(35) using values of
@, ®,., . The weighting values m,

and m, in Eq.(34) are chosen to be
L.

From Eq.(10), the coefficient
C can be calculated, while 4 and B
coefficients can then be calculated
using Eq(5.a&b). in this example.

D=-A=-0.284063, C=1-8B=0.5

3) Using the design steps as in [15]
for /-D FIR filter, a zero-phase
band-pass FIR  with  cutoff
frequencies @, =025 & rad.

and  @,=0.5 7 rad.can De

designed . A 23-point /-D band-
pass FIR filtcr is designed and the
resulting /-0 impulse rcsponse
h(n) is given by

h(0) = 2891397 £-0f
(i) = 1472599 E£E-01 =h{-1)

h(2) =-1.137585 E—01 = h(-2)
h(3) =-2.141851 E£—01 =h(-3)
h(4) =-9.967208 E—02 = h(-4)
h(5) = 4.616572 E—02 = k(-5)
h(6) = 7.473487 E—02 = h(-6)
h(7) = 2301105 E—02 = h(-7)
0(8) =-7.541947 E—03 = h(-8)

h(9) = 2406392 E-03 =h(-9)
h(10) = 1.567426 £—-02 = h(-10)
hill)= -4.657915 E-03 = h(-11)

4) Substituting for h(n) in the 2-D
frcquency response of eq. (27),
with N=t1, the frequency
response of the 2-D filter can be
expressed with the replacement of
f{w,0,) by the McClellan

transformation of eq, (6). The
magnitude of the frequency
response of the designed 2-D filter
is shown in Fig.3 with its contours
shown in Fig.4
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5. A comparative study for
circular filter techniques:

In order to examine the present
technique quality, a large number of
contours for different values or R=w,

have been computed using the technique
proposed here and three other techniques,
namely, the original  McClellan
transformation in  [7], the scaled
approximated technique in eq.(!1), and
the technique proposed by Hazra and
Reddy in eq.(9), The following error
¢riteria  is  used to measure the

performance of all the compared
techniques
R -R
E=—— 37
2 (37)
where

R =y o’+o, (38)

The coefficients of Eq.(6), the
cutoff boundary w,, the maximum

absolute value of error £ and the root-

X

mean-square valuc of error F,., are

given in Table. | for the different
techniques under comparison. It can be
observed that, the present technique and
that of [9] (which has the same results as
the optimization procedure of [4]) give
nearly identical cocfficients values. E

max
and £, values arc of the samc order. It

can be also seen that the present technique
gives smaller errors than those given in
both techniques of [7] and [11].

From the above comparison, it is
obvious to choosc either the present or
those given in {9] and [10], However, a
drawback in the technique of Hazra and
Reddy of [9] cxists, where it invoives

parameter’s formulas defined in the form
of sin?(x/2) and sinz(xIZ\/E). So, to
implement thesc formulas in hardware, we
require either a ROM lookup tables or a
numeric data processor. An approximated
version of these formulas is given in [11]
with

o =(s/2)e,  (39.2)
—a=D=(1/4)1+(?/8)| 39.0)
and
B=1-C=05 (39.c)

The formulas (39.a,b and ¢) help
in reducing the real-time implementation
complexity, but they fail to give good
accuracy even for lower values of @, as

shown in Table 2. On the other hand, our
technique can give extremely simple
approximated formulas for coefficients
which arc also suitable for real-time
applications and give a better accuracy,
cven for high values or w, <09 7, as

compared with formulas (39.a,b and c).
Sec Table. 2 for the comparison. The
approximated formulas for our technique
are derived by putting M = 2 in Eq.(28).
In Eq.(20) we also put

2 q
COs @, =l——4 ="t (40)
2t 41

These formulas arc
~4=D=(8){1-[to/{w? -10)]} (41.)
B=1-C=0.5

and
W, = JF o,

(41.b)
(41.0)

From the above discussion, it can
be concluded that for M = 2, an
approximated formula can be met for

E.9



E. 10 Omar A. Al-Heyasat & Saod A. Al-Seyab.

lower complexity in implementation but
with morc crrors than that for M = 4
which gives higher complexity in
implementation. This arises again the
problem of choicc between complexity
and accuracy.

Conclusions

As a conclusion for this paper, a
novel analytic tlechnique has been
devcloped for the design of 2-D zcro
phasc FIR circularly-symmetric filter via
the McClellan transformation. A direct
computation ol the cocfficicnts has been
presentcd by mapping the cutoff
frequency of the prototype /-D zcro-phase
FIR filter onto the 2-D circular cutoff
contour. A suitable deviation function has
then been defined and forced to be zero
for that contour. Dclermination of the
McClellan coctficients has easily been
done by comparing all the parameters in
thc resulting deviation function. The
proposcd tcchnique has been formulated
to have no scaling. The accuracy of such
tcchnique is proved to be as thosc of [9]
and [10], and better than those of [7] and
[11]. However, the accuracy of the present
technique becomes better than that of the
technique in [9] when both techniques arc
approximated for rcal-time adaptive filter
implementations,

References:

I.  E. Dudgcon & R. M.
Mersreau,
Multidimensional
Digital Signal
Processing.  Englewood
Cliffs, NJ., Prentice-
Hall, 1984.

2. D. Goodman, “A design
tcchnique for Circularly
symmelric low-pass

ftlters,” IEEE Trans.
Acoust., spcech, signal
processing, Vol ASSP-
26, No. 4, pp. 290-304,
Apr.1978.

R. M. Merscreau, “The
design of 2-D zero-phasc
FIR filters using
transformation”, IEEE
Trans. Circuits  Syst.,
Vol. CAS-27, No.2 ,pp
[12-144, Feb.1980.

R. M. Mecrscreau, etal,
“McClcllan
transformations for two-
dimensional digital
filtering: I-design,”
IEEE  Trans. Circuits
Syst.,  Vol. CAS-23,
No.7, pp.405-414, lJuly
1976.

N. Nagamuthu & M. N,
S. Swamy,
“Transformation design
oft N-D recursive digital
filters using  spectral
factonization,” Proc. Int.
Conf. Computers, syst,
and signal processing.,
Bangalore, Indi,
pp.1632-1635, Dec.10-
12, 1984.

P.K. Rgjan & M. N.
Swamy. “ Design of
circularly symmctric 2-
D  FIR  filter by
employing

transformation with
variable parameters.”
IEEE Trans. Acoust.,
Specch, Signal
Processing, Vol. ASSP-



Mansoura Engineering Journal, (MEJ), Vol. 30, No. 4, December 2005.

(0.

1.

31, No.6, pp.637-942,
June 1983.

J. H. McClellan, “ the

Design of two-
dimensional digital
filters by

transformation,” in part
7" Ann, Princeton conf.
Inf.  Sci. and syst,
Mar.1973, pp 247-251.

A. Feltweis, “Symmetry
requircments for
multidimensional digital
filters,” Int. J. Circuit
Theory Appl, Vol, 5
pp.343-353, oct, 1977.

S. N. Hazra & M. S.
Reddy, “Analytical
methods for the design
of 2-D circularly
synunetric low-pass
two-dimensional FIR
digital  filters  using
transformation,” IEEE
Trans. Circuits, Syst.,
Vol. CAS-33, No. 10,
pp-1022-1026, Oct.19806.

H. K. Kwan &
C.L.Chan, *“Circularly
symmetric two-
dimensional

multiplierless FIR digital
filter design using an
enhanced McClellan
transformations,” IEEE
Proccedings, Vol. 130,
Pt.G, No.3,pp.129-134,
Junc 1989.

N. Nagamuthu and M.
N. S.  Swamy,
Analytical methods for

12.

13.

14.

the design  of 2-D
circularly symmetric
digital  filters  using
McClellan
transformation,” in
Proc.. IEEE Int. Symp.
Circuits, Syst., Portland,
Oregon, pp.1095-1098,
May 8-11, 1989.

P. K. Rajan, et al,
“Generation  of  2-D
digital functions without
nonessential singularities
of the seccond Kind”
IEEE Trans. Acoust.,
Speech, Signal
Processing, Vol. ASSP-
28, No.2, pp.216-223,
Apr.1980.

E. Z. Psarakis et al,
“Design of 2-D zcro-
phasc FIR filtcrs via the
McClellan  transform,”
IEEE Trans, Circuits,
Syst., Vol. CAS-37, No-
1, pp. 10-16, Jan 1990.

E. Z. Psarakis ct al,
“Design of 2-D zero-
phase FIR fan filters via
the generalized
McClellan  transform,”
IEEE Trans, Circuits,
Syst., Vol. CAS-38, No-
11, pp. 1355-1363, Nov.
1991.

L. R. Rabiner and B.
Gold. Theory  and
Applications of Digital
signal processing.
Englewood cliffs, NI,
prentice-Hall, [975.

E. 11



E. 12 Omar A. Al-Heyasat & Saod A. Al-Seyab.

16.

18.

19.

20.

21,

Chen, T., and Vaidyanathan, P.P, 1992, General Theory of time-
reversed inversion for perfect reconstruction filter banks, 26™ Annual
conference on Signals, Systems and Computers.

Phoong, S-M., and Vaidanathan, O.0., 1996, A polyphase approach to
time-varying filterbanks, Proc. 1EEE Int. Conf. Acous. Spcech, and
Signal Proc. Atlanta GA, USA.

P.P.Vaidayanathan, , 1998, Recent results and open problems in filter
banks and Subband coding filtering and signal processing, Victoria,
Canarla.

P. P. Vaidyanathan and Byung-Jun Yoon, "'Gene and exon prediction
using allpass-based filters", Workshop on Genomic Signal Processing
and Statistics (GENSIPS), Raleigh, NC, Oct. 2002,

Byung-Jun Yoon and P. P. Vaidyanathan, “‘Identification of CpG
islands using a bank of IIR lowpass filters”, Proc. I1th Digital Signal
Processing Workshop, Taos Ski Valley, NM, Aug 2004.

P. P. Vaidyanathan and Byung-Jun Yoon, "“'Discrcte Probability
Density Estimation Using Multirate DSP Models" Proc. IEEE Int. Conf.
on Acoust., Speech, and Signal Process., Hong Kong, Apr. 2003.



Mansoura Enginecring Journal, (MEJ), Vol. 30, No. 4, December 2005.

Table .1 Comparison of results given by various techniques.

ey TThe technique | D=-4 - Cc=1-8 w, l N

present | 0.257968 | 0.5 | 0.2162362 T | 2.696x10° | 1.469x10°

0.25 I of [9] 0.257893 0.5 | 0.2162251 11 | 7.535x107 | 4.156x10°
of [4] 0.25 0.5 025  © | 1.655x10" | 1.652x10"

. of [7] 0.5 0.5 | 025 0% | 6644x10” | 4.227x10”
present 0.285395 | 0.5 | 0.4311537 11 | 2.256x107 | 1.236x107 |
0.5 N of [9] 0.283967 | 0.5 | 0.4306883 11 | 5.670x10° | 3.507x10° |
of [4] 0.25 0.5 05 m % | 2.163x10" '__2.073x10"

of (7] | 05 05 | 05 0% | 2971x10° | 1.877x10?

- present 0347334 | 0.5 | 0.6473261 I | 4.637x10° | 2.551x10°
0.75 I of [9] 0337338 | 0.5 0.6412837 1 | 1.188x10° | 7.352x10™
of [4] 025 | 05 075 m © | 4580x10" | 3.508x10" |

of [7] 0.5 0.5 075 1 ® | 8495x107 | 5.269x107

present 0.497800 0.5 109700132901 | 2.220x10" | 1.230x10"

of [9] 0443128 ] 0.5 0.8467031 1 | 3.188x10™ | 2.083x10”

: of 4] | 025 05 | ne° 4.072x107 | 1.921x10"

L of [7] 0.5 0.5 nn ® 4.071x107 | 1.920x10"

® onc of the specification and not a design parameter.
Ref[10] is not included in the above comparison, since the crrors via the
technique in { 10] arc of the same orders of those in [9].

Table. 2 Comparison of results given by the present technique [approximated as
in (41)] and the technique of [9] [approximated as in (39)] .

The techniquc
@, approximation. D=~4 C=l-8 W, L £ s
n
0.25 (41) 0.258217 0.5 0.2176893 11 | 1.158x10° | 7.079x10"
(39) 0.269275 0.5 0.2165060 1 [ 6.521x10° | 6.314x107
05 1 40 0.290945 0.5 0.4448755 11| 1.098x10” [ 6.782x107
(39) 0327106 0.5 0.4330127 11 | 2.772x107% | 2.437x107%
0.75 “n | 0.406003 0.5 0.7138815 11 | 3.303x10% | 2.056x107
L (39) 0423489 | 05 [ 0.6495190 11 | 7.437x107 | 5.681x10°
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Fig.1 Magnitude response of the 2-D LP FIR circularly-synunetric filter
with @, =025 7 rad.which cotresponds to a 25 — point /-D LP

FIR filter with w;=0.2162362 7 rad.
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Fig.2 Contour map of the magnitude responsc in Fig.[.
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Respoonse

Magritvade

Fig.3 Magnitude response of the 2-D BP FIR circularly-symmetric filter
with @, =0.257 rad.,w,,=0.57 rad.which corresponds to a

23— point /-D BP FIR filter with @,, =w,, and @, =w©,_, .
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Fig.4 Contour map of the magnitude respousc in Fig.3



