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ABSTRACT The reconstructed signal[n] can be written as

2r[

This paper presents the realization of a pseUdoshown in (1), wherav, = ¢ -

Quadrature  Mirror  Filter (QMF) cosine-
modulated filter bank with low amplitude M-1
distortion at the frequencies arouagtO or w=11 n] :iZt([n]* (x[n]wv“;"“) (1)
and high but controlled aliasing in specific bands. M £

We obtain the analysis and synthesis filters as

Spectral  Factorization Approach, but the The Z transform of the expression before is:
prototype is different because is a symmetric "
linear-phase filter. This filter bank is applied to :iz )
the decomposition and reconstruction of an ECG M

signal. We propose some parameters appropriate

to measure amplitude distortion and aliasing, andWwe can rewrite expression (2) in a more

the reconstruction error in the output signal. convenient form (expression (3)) in order to see
separately amplitude and phase distortions, and
1. M-CHANNEL PARALLEL FILTER aliasing [5].
BANK
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An M-channel maximally-decimated parallel filter
bank [1,2,3,4] (figure 1) consists of both analysis
and synthesis filters. The analysis bank The overall distortion transfer functiony(z) is
decompose an input signajn] into its subband

components in order to use them in many o _M_lF

applications as subband coding of audio and 0 _Z) k

images. The synthesis bank reconstructs Nhe

subband signals using filtef (z). whereas T,(z) 1</<(M-1) represents the
(M -1) aliasing transfer functions corresponding

(4)
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When the filter bank has the perfect
Figure 1. M-channel maximally decimated filter reconstruction (PR) property, it satisfies
bank. restrictive design conditions to cancel amplitude

and phase distortions, and aliasing. In pseudo-
QMF banks, the conditions are not so restrictive,



and it is only necessary that the overall distortion n ol = O[N] k even ®)
0
B

transfer functiorir,(z) must be linear-phase and [N-1-n] kodd

H-9, s|T0(ej“’} <1+9, © 0

N -1
T ) <5, 1<(<M-1 Bekem -1
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Wheredl, d,, and o, are very small numbers. If aliasing has been canceled, the filter bank will
be free from phase distortion provided that the

Furthermore, when the original signal localizes its synthesis filters are chosen according to

energy in a determined frequency region, the

amplitude distortion must be as low as possible in

this region but|T,4, (e"“} can increase its value in

fe[n]=h [N -1-n] 9)

O<ns<N-1
the rest of the frequencies. So, we can define a Epsks M -1

T, (ei‘“] where we find frequency
regions with very low a”asing and other bands If the Z transform is calculated, the anaIySiS

where aliasing is controlled. H, (z) and synthesis, (z) filters are
In this paper we propose an approach to pseudo- 5.(2) k even
QMF cosine-modulated filter banks with a low Hk(z)zgz'(’\"l)i(z) Kodd (10)
level of amplitude distortion in low or high
frequencies. Although this approach increases the (D)
aliasing in localized regions, it can be controlled. F(2)=2""H, (2) (11)
We apply this filter bank to decomposition and osks(M-1)
reconstruction of an ECG signal.
where §,(2)= 5. (z 7).
2. THE ANALYSIS AND SYNTHESIS
FILTERS 3. AMPLITUDE DISTORTION AND
ALIASING

In a pseudo-QMF bank we must design the
prototype filter P( ) using a weighted ObJeCt'Ve In order to evaluate the quality of the fllter bank

and the overall amplitude distortion [1,2,4]. o
this approach, the way of obtaining the analysisthe overall distortion transfer functlbn(e ] and

and synthesis filters is different. Let the aliasing in aliasing transfer functions.

N-1 -n P . . . .
P(z)= znzo pln]z™ be a symmetric linear-phase f the prototype filter is a symmetric linear-phase

prototype filter with real coefficients. As in the filter, pseudo-QMF designs show the overall
spectral factorization approach [6], we define the distortion function transfer as
following time domain relations:

sk[n]=2p[n160%ﬂ+%§ﬁn+n<% (7)

2M-1

Z)Pz Zv\ék+]/2) k+]/2)( 1),

Pz ) plawg? )2 eod G'\% N -1)+2¢, §+

The analysis filters hk[n] are obtained by L
alternating s, [n] and its ‘flipped’ versions plawdlt V2P (w2 )@EO%M -1+§§3&E(N _1)+2(PM—1E
sk[N -1- n] as given below (12)



Figures 2 and 3 show the magnitude response of
T,(z) for four-channel pseudo-QMF cosine-
modulated filter banks designed with two

q+1:i(2i+1)g—q O<ksM-2 (14)

different prototypes. The filter design technique is Wherei is an integer, we will ensure that all the
eigenfilter approach [7], but the orders are 120 Significant aliasing terms are canceled [6].

(Figure 2) and 122 (Figure 3). We have measure
the maximum peak to peak amplitude distortio
by the expression (13) in these functions. The

results are given in Table 1.
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Figure 2: magnitude response d't)(ejw) (N=120).
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Figure 3: magnitude response d't)(ejw) (N=122).

OIThe aliasing may increase if the prototype order is

not a multiple ofM, but it can be controlled in
amplitude and wide. It occurs in certain frequency
regions and it is not really important when the
energy of the input signal is negligible at these
frequencies.

In order to measure the total aliasing it is defined
the aliasing functionT, (ei‘") as shows (15),

which is a measure of every aliasing component
contribution [2][3].

(15)

The quantityg,, defined as the maximum value of
aliasing functionT,, (e“"), is useful to measure

aliasing because it is the worst possilpeak
aliasing distortion[2].

Figures 4 and 5 show the magnitude response of
the aliasing functionT, (z) for the four-channel

pseudo-QMF cosine-modulated filter banks given
before. In Figure 5 can be seen frequency regions
around w=0.25mr and «w=0.751T where there is a
high but controlled aliasing level. The highest
aliasing level is similar to the maximum peak to
peak amplitude distortion at these frequencies.
Moreover, the aliasing level is smaller than
-100dB outside the controlled band, similar to
stopband attenuation &¥(z).

In our examples we have chosen the angles as

0r/2 k even
@ =0

1
0 k odd (16)

4. THE OUTPUT SIGNAL AND THE
RECONSTRUCTION ERROR

Regarding aliasing, when the order of the The quality of the reconstructed signal can be

prototype filter is a multiple oM, if we choose
the anglegx as

measured employing the percent root-mean-
square difference (PRD) or the signal to noise



ratio (SNR) as given (17) and (18) respectively, Figures 6 and 7 show the original signal (before
where x|n] and %[n] are the original and filter bank) and the reconstructed signal (after
reconstructed signals. Reconstructing with low filter bank), and the results are given in Table 1.
PRD or high SNR does not necessarily mean

clinical acceptance, but they are accepted error A \
measures [1]. 08 H o \
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Figure 6: detail of original and reconstructed signals
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Figure 5: magnitude response dt, (ej“’) (N=122).



5. SUMMARY

Our work indicates that we can use a symmetric
linear-phase filter as prototype of pseudo-QMF
cosine-modulated filter bank in order to
decompose the ECG signal in subbands and
reconstruct it using these subbands, because the
filter bank shows an amplitude distortion lower
than other approaches. The resulting filter bank
has low amplitude distortion at the frequencies
around w=0, where the ECG signal localizes
almost all its energy, and therefore, the value of
PRD decreases. The aliasing increases if the
prototype order is not a multiple df, the number

of channels. It may occur in certain frequency
regions, but it can be controlled in amplitude and
wide.
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