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Abstract   In this paper design of low pass optimal 
block digital filter is compared with traditional 
low pass overlap-save block digital filter. 
Simulation results show that global error obtained 
by optimal method is lower than that obtained by 
traditional overlap-save method. 

   Index Terms     Block digital filters, optimum 
design, overlap-save method, frobenius norm, 
aliasing, time-varying system. 

 

1. INTRODUCTION 
 

In some real time signal processing applications 
concerned with signal monitoring and analysis, 
filtering of long duration signal is a familiar problem. 
Block digital filtering is a powerful tool to reduce the 
computational complexity of digital filtering system 
where, fast digital filtering of signal is required 
[1][2]. In block digital filtering long signals are 
broken into smaller segments for easier processing by 
blocks using FFT or other fast transform [3].  

 

Figure 1: Block digital filtering 

As shown in figure 1, the input signal is divided into 
overlapping blocks of M samples. The amount of 

overlapping is . Then each block is processed  

 

 

and provides L samples of the output signal ( 
). The concatenation of the L points kept in each 

filtered block is the filtered signal. Many approaches 
to block digital filters (BDFs) design exist. Overlap-
save and Overlap-add are two techniques which are 
widely used for block digital filtering [4]. In 
traditional OLS and OLA implementation, the system 
is generally compelled to be time invariant i.e. 
aliasing error is null. This ensures equality between 
the linear convolution (direct filtering) and the 
circular convolution (block filtering). Traditional 
synthesis methods, such as different window design, 
the least square method design or others are often 
used for designing the block filter. 

In some other approaches, no such constraint on the 
BDF is imposed so that the BDF can be time-variant . 
For that, a simple efficient matrix-oriented approach 
to optimize the BDF coefficients has been proposed 
in [5]. The criterion defined for the optimal BDF 
design consists in minimizing the global quadratic 
distortion between the desired filtering and the block 
filtering. Although the aliasing distortion is not zero, 
the global distortion error associated to this optimal 
approach is lower than that associated to the other 
traditional approaches. 

In this paper, based on the work cited above, optimal 
design method will be compared to the traditional 
overlap-save method. Here example of low pass 
filtering will be taken and comparison of time-
invariant, aliasing and global error obtained by 
optimal method and overlap-save method will be 
done. 

After brief introduction given in section I, overlap-
save scheme is given in section II.  In section III the 
optimal method for BDF parameters is given and 
results are provided in section IV. Conclusion is 
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drawn in section V followed by some of the 
references given in section VI. 

II. OVERLAP-SAVE SCHEME 

Block digital filtering using the OLS scheme is 
illustrated in Fig. 2. The input signal is divided into 
overlapping blocks  of M samples. The amount of 
overlapping is . Then, for each block, the 
following computations are performed.  

• The block  is transformed through an M-
point DFT. 

• The transformed block vector coefficients 
are multiplied term by term by an M-length 
vector . In traditional methods, this vector 

 corresponds to the M-point DFT of the 
filter impulse response  designed by one of 
the standard filter design methods (such as 
different window methods, the least square 
method design or others). 

 

Figure 2: Overlap-save diagram 

• An M-point inverse DFT (IDFT) is 
performed. 

• Only the L central points of the resulting 
block are kept. Then, each M length input 
block  provides an L–length output block 

 (  and  is even to preserve 
symmetry). 

• The concatenation of the output blocks 
forms   the filtered output signal. 
 

III. OPTIMAL BDF DESIGN 

From the fig. 1, the input signal   and the output   
are related as [5]: 

                                                                      (1)                         

Where A is the L  M matrix below (  stands for the 
conjugate transpose): 

                                                   (2) 

Where a matrix is corresponds to M point 
FFT,   is a selection matrix and is defined as: 

                          0    0                (3) 

Let us define K, the number of points we want to 
consider on the frequency response , such that K bL, 
where b is an integer. Due to the well known 
properties of the DFT, this allows considering 
periodical signals x of period K (indeed, with a K-
points frequency resolution, considering signals of 
period K or non-periodical signals provide the same 
result). The filtered signal is: 

                                                             (4)                

where x and y are K-dimensional vectors and H is a 
K K matrix containing b copies of matrix A, as 
shown on figure 3. 

 

Figure 3: structure of matrix H (for b=5) 

Let us note  and  the K point DFTs of   and , 
then: 
                                                                 (5) 

Where:  

International Journal of Electrical and Electronics Engineering (IJEEE), ISSN (PRINT): 2231 – 5284, Volume-I, Issue-1

58



 

Let us note
the desired
matrix, the
error  i
obtained fr

                

where 
the  algorit
can be ext
Simulation
given in ne

Simulation
and K

frequency 
low value
visualize. 

Fig. 4 s

frequency 
frequency 
lowpass fil
and 171 an

The optim
method de
overlap-sav
obtained. F
diagonal o

e  the K-d
d frequency re
e diagonal of w
is a good me
requency respo

     

 stands f
thm [5] has bee
tended to the 

n verification 
ext section. 

IV. R

n results are 
 K

resolution 
es but provide

shows the d
. Th

index (k r
)

lter. It is equal
nd 1 elsewhere

Figure 4: Desire

mal matrix G 
escribed above
ve using ha
Fig. 6 shows 
f G. 

Study

         

dimensional vec
esponse, and 
which is .
asure of the 

onse:  

        

for the Frob
en verified  on 
design of oth
of the algorith

RESULTS 

obtained for 
 is tak

. These 
e results that 

esired freque
e horizontal 
represents th
). The desire
l to zero betwe
. 

ed frequency respons

is obtained 
e. The matrix 
amming wind
the values ob

y of Optimal Desig

                (6)

ctor containing
 a diagonal

 The quadratic
quality of the

                (7) 

benius norm
lowpass and it

her filters also
hm  has been

ken to obtain a
are relatively
are easier to

ency response
axis is the

he normalized
ed filter is a
een indexes 21

se 

by using the
G obtained by
dow is also
btained on the

gn of Low Pass Bl

 

)   

g 
l 
c 
e 

   

. 
t 
. 
n 

a 
y 
o 

e 
e 
d 
a 
1 

 

e 
y 
o 
e 

Figure 
using h

From
Fig. 6

Figure 
window

Figure 
window

lock Digital Filter

5: Diagonal of matri
hamming window de

m matrix G, ma
6, 7 and 8 show

(a)            

6: Matrices A ((a
w) 

(a)            

7: Matrices H ((a
w) 

(a)            

ix G (top: optimal me
sign) 

atrix A, H and 
ws matrices A,

                                 

a): optimal, (b): ov

                                 

a): optimal, (b): ov

                                 

ethod, bottom: overla

 are also obta
, H and . 

     (b) 

verlap-save using h

     (b) 

verlap-save using h

     (b) 

 

 

ap-save 

ained. 

 

hamming 

 

hamming 

 

Inteernational Journal oof Electrical and EElectronics Engineeering (IJEEE), ISSSN (PRINT): 22311 – 5284, Volume--I, Issue-1

59



 

Figure 8: Mat
window) 

From mat
provides a
aliasing), w
diagonal on

The table 
aliasing er
frequency 
some of th
global erro
in the form

M
Hamm

Blackm

Hann

Gauss

Kais

Optim

 

We see fr
approach p
slight alias
the overall

         V. CO

In this pa
lowpass B
Global err
methods. 

trices A  ((a): opti

trix , we 
a diagonal m
while the optim
ne (hence, alia

1. below sho
rror (between
response) prov

he  traditional 
or (sum of time
m of bar-graph. 

TA

Method time
ming window 
design 
man window 
design 

ning window 
design 
sian window 
design 

ser window 
design 
mal method 

Figure 9

rom the abov
provides lowe
sing which pro
 quality of the 

ONCLUSION 

aper we have
BDF by optim
ror as compar
So we can s

Study

imal, (b): overlap-s

can say that
matrix (hence,
mal method pr

asing is present

ows the time
n the obtained
vided by optim

windows. Fig
e-invariant and

 

ABLE 1 

e-invariant A
8.8737 

8.6564 

8.8149 

8.8268 

9.5876 

0.8164 

9:Global error 

e table that o
er distortion b
ovides a consid

filter. 

e shown that 
mal method 
red to the oth
say that toler

y of Optimal Desig

ave using hamming

t overlap-save
, there is no
rovides a non-
t). 

-invariant and
d and desired

mal  and  using
g. 9 shows the
d aliasing error)

Aliasing 
0 

0 

0 

0 

0 

0.1708 

 

optimal design
by tolerating a
derable gain on

designing of
decreases the
her traditional

rating a small

gn of Low Pass Bl

 

g 

e 
o 
-

d 
d 
g 
e 
) 

n 
a    
n 

f 
e 
l 
l 

amou
obtai

[1] I
F
II
N

[2] C
P
F
S

[3] 
F
(1

[4] O
p

[5]  
an
in
Im

[6]  A
sa
c
V

[7] G
b
IE
1

lock Digital Filter

unt of aliasing
ined frequencie

V

I.S. Lin, S.K.M
Filtering”, IEEE
I:Analog and D

No. 8, August 1

C.M. LoefÀer, 
Periodically Tim
Filters”, IEEE 
Signal Processin

P.P. Vaidyan
Filters”, Prenti
1993). 

Oppenheim an
rocessing”, Pre

G. Burel, “
nalysis and op
n Proc. WSEA
mage Processin

Ali Daher, E.H
ave and overla
omparison”, IE

Vol.58, No. 6, J

G. Burel, “Op
lock digital fi
EEE Trans. S
964–1974, Jul

g yields a lar
es responses. 

 

 

I. REFERENC

Mitra, “Overla
E Trans. on Ci
Digital Signal 
1996. 

C.S. Burrus, 
me-Varying an
Trans. on Ac
ng, Vol.32,No

nathan, “Mult
ce Hall Signa

nd Shaffer, “D
entice-Hall, 19

“A matrix-orie
ptimisation of b

AS Int. Conf. on
ng (ICOSSIP 2

H. Baghious, G
ap-add filters: 
EEE Trans. On
June 2010.  

ptimal design 
filters using a 

ignal Proces., 
. 2004. 

rge improveme

CES 

apped Block D
ircuits and Sys
Processing, Vo

“Optimal Des
nd Multirate D

coustic, Speech
.5,October 198

tirate Systems
al Processing 

Discrete-time 
989. 

ented approac
block digital fi
n Signal, Speec
2002), Sep. 200

G. Burel, “Ov
optimal desig

n Signal Proce

of transform-
quadratic crite
vol. 52, no. 

ent of 

Digital 
tems - 
ol. 43, 

sign of 
Digital 
h, and 
84. 

s and 
series 

signal       

ch for 
filters,” 
ch and 
02. 

verlap-
gn and 
essing, 

-based 
erion,” 
7, pp. 

Inteernational Journal oof Electrical and EElectronics Engineeering (IJEEE), ISSSN (PRINT): 22311 – 5284, Volume--I, Issue-1

60


	Study of Optimal Design of Low Pass Block Digital Filter
	Recommended Citation

	Study of Optimal Design of Low Pass Block Digital Filter

