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ABSTRACT

Multistage multirate signal processing is a qualifying tetbgy that brings DSP techniques to the applications
changing the rate of a signal. The Multirate filterieghnique is widely used for meeting different samplingsréaiethe
system. This paper envisages the implementation of tagé&sproposed filter structures of polyphase decomposition
techniques with decimator and interpolator. This proposeegt fitructure is implemented using an analysis filter and
synthesis filter with polyphase branches which reducesdhgputational complexity and adopts parallelism. The results
analysis show in three different cases of proposed §tteicture with multistage and compare with wavelet 9/@rfilo

find the best removing noise elimination filter struetior ECG signal.
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INTRODUCTION

Wavelet transforms have been used in the field of signalraade processing. Recently, research on wavelet
construction called lifting schemehas been established by Wim Sweldens and Ingrid Daubediies
This is also referred to as wavelet 9/7 filter. This saheras developed on FIR-based discrete transform. Inhieisnput
signal is fed into a low pass filter and high pass fiteparately. The outputs of the two filters are then sub sampl
The original signal can be reconstructed by synthesissfitteand g which take the up-sampled Lowpass and high pass
inputs. This scheme is also used in the Laurent polyrdorejaresentation of the filter and Euclidean algorithm.

These schemes shows some limitations on sampling methods.

Frequency converters sampling methods and narrow bandnfjjitare known, allowing significant computational
efficiency [2, 3]. However, current design proceduresies¢ multistage and multilayer filters address theifsgetgon of
each phase individually, rather than simultaneously optimialh of the filter phases [4]. The authors [5] foratel an
algorithm that optimizes multi-stage adaptive coéffits and also provides sufficient conditions for multckrdilter
identification. A multilayer digital filter (MDF) is digital filter that changes the input sampling frequenoynfthe input
signal to another signal. There are many applicationsamaunication, image processing, digital audio and multimedia.
In [6], the modern DSP system uses MDF with three factBirst of all, MDF is used in two digital systemstwa
different sampling rate. Second, MDF is the best appréeadolving the complex filtering problem. Third, multilaye

filtering is used in the construction of the multilayeteiilbank.
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24 Fatema Tuj Johura & Sheikh Md. Rabiul Idam

Manually, constructing a multi-stage poly-phase filter.e.( decimation (reduced sampling rate),
filtered and polyphase interpolation (increased samplirguércy) is a time-consuming and high-risk process. which we
focus on in this paper is the third factor.We developedntlultistage multirate system support with multinatdyphase
filters. This elimination process is easy for spec#itd computing a multistage multirate design. The main condept o
proposed system, the input signal is decimated/interpolatdddacomposed with ¥ polyphase filter branch with
sampling rate conversion is called analysis filter mfilst stage. In the second stage, the input signaderdposed with
Decimator and then the polyphase multistage filter bgverting the sampling rate to the rational factor L/Mttha
represents the test filter of the system proposed. This ggasecontinued for another stage for getting more and more
smooth signal.

MATERIALS AND METHODS
Database

In this paper, we need to import ECG data for analysid, s used the MIT-BIH Atrial Fibrillation database [7].
This database includes different types of noise such as pioeeroise, baseline noise, EMG noise, abrupt shift noise and

electrosurgical noise.
Proposed MultistageMultirate Polyphase Filter

Figure 1 shows the general scheme of proposed multistaljieate system design. This system has been used the
fractional sampling rate by cascading a factor-of-keripblator with a factor-of-M decimator, where L and M positive
integer. We have used as H(z) decimation filter and @gzinterpolation filter. These two filters operate wstime or
different sampling rates, they can be replaced with a sfiltge designed to avoid aliasing. Thé' dtage and " stage
form an analysis filter and synthesis filter with pdigise branches. Configurations based on polyphase decompasition
convenient in applications whete and M are small numbers. Otherwise, filters of a very higeorare requested.

For proposed multistage Multirate filter system, desigmsiders three cases which are described below.
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Figure 1: Proposed diagram for Multistage Implementation ofSampling Rate Alteration System
Case 1

Consider the proposed design of low-pass FIR filter wiily-phase decomposition and decimation for ECG signal to
meet the following specifications:

Table 1
Parameters Parameters Values

Decimate factor (M) 5

Pass-band edge 0.08n

Stop-band edge i

M_F

Pass-band ripples 40 dE

Stopbands ripples 60 dB

Impact Factor (JCC): 4.9564 NAAS Rating 3.80
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Designing the filter transfer function H(z) by Nth ordeswpass FIR digital filter from the above specifications
and returns the filter coefficients in length as shawmable | and its frequency response in Figure 2 where we
take the sampling frequency. The transfer function iséat as

H(Z) =h[0] + h[1]z7 + h[2] z72 4+ h[2]z73 + h[4]z™* + h[5] z7> ~ h[6]z™6 + h[7]z"7 + h[8]z"8 + h[9]z™® (1)

Table 2 The Impulse Response (m) or Filter Coefficients of Frequency Sampling Filter(N=9)

hin] | N | hin]
-0.002z | 9 | -0.002Z
0.066¢ | 8 | 0.066¢
0.1097 | 7| 0.1097
0.1610 | 6| 0.1610
0.1928 | 5| 0.1928
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Figure 2: Frequency Response of Design Low Pass for FIR Filter

Then performed decomposition of the filter transfer function into 5 poly-phase components using the
equation (2).

H(z) = Eyz®) + z7'E, (&%) + z72E, (%) + 27 %E, (=%) + =22 E, (%) )

Where,

Ey(z) = thlu]l + b5l =27F

L, (z) = {h(1] + hle&l=—%)

F.(7) = (h[21+ w[7]="%)

E.(z) = {h[3] + hig]="%

Ey(z) = {£[4] + h[9]z—%)

So,
M-1
Bz = Z =-KE, (=)
= ®)
Where,
[v o4
E(2) = ) AlMn+Kz™0<k<M-1
n=>0 (4)
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We set up decimate-by-M=5 for the input signal x[n]. In #tep, the input {x[n]} is decomposed into the set of 5

subsequence:{xﬂ [m]}, {x;[m]}, {x; [m]} {x3 [m]} {xy [m]} Here, for the cause {x [n]} we have x [-1] =

X[-2] = x[-3] = x[-4] = 0. The 5 subsequences are filteiredhe poly-phase branches and added together to give the

decimated signaﬂ.‘}’der [m] } The realization analysis filter structure of proposedkesyss shown in Figure 3.

Figure 3: Proposed Multistage Multirate System for Case 1

We chose interpolation-by- L=5 into the multistage multisytstem structure using polyphase decomposion as
shown in Figure 3. In this step, sigriel*d L, [m]}is used as an input to the interpreter.The signal {x{:rw}':})'cer [m]} is
filtered in the parallel poly-phase branches and the setsifrials {90 [n1}. {91 [n]}{g2[n]}. {galn]}. {gs[n]}_, is
obtained as the equations (8)-(12). The matrix G is composedf 5 row
vectorst9o[nl}.  {g:11n]} tg2[n]} {gsn]}. {9401} The samples of the interpolated sighit:(mI}are stored column-

wise in matrix U. The interpolated signal is considered aynthesis filter is obtained simply by picking up theam

from matrix U.

g:(n) = (h[0]yzec (1) + h[5]ygec(n — 1)} (5)
g () = ([1]yger (1) + h[6]ygec(n — 1) (6)
g:(n) = {(h[2]yge (1) + h[7]ygec (n — 10} @)
g:(n) = {(h[3]yzec (1) + D8] ygec(n — 1)} 8)
g(n) = (hl4lys. (n) + B[]y (n — 1)} 9)
Taking inverse Z-transform of the equations (5) to (Mbiwined as

G,0=) = (hi0lv[=] + hisl=~tvl=11 (10)
G, (=} = {h[1]7[z] + hislz-*7l=]} 12
G,(z) = (hl2]Y[z] + k[7]1z"t¥l=]} (12)

Impact Factor (JCC): 4.9564 NAAS Rating 3.80



Novel multistage Multirate System for ECG Signal
G;(z) = {hl3]Y[z] + hI8lz~*¥lz]}

G,(z) = {h[4]Y[z] + h[9]z~*¥z]}

Case 2

27

(13

(14)

In case 2, we considered a"Norder low-pass digital FIR filter with poly-phase dewmmsition and

decimation/interpolation for biomedical signals to meetftilowing specifications:

Table 3

Parameters Parameters Values
Decimate factor (M) 5
Filter order, N 81
Cut-off frequenc: 1/M

Table 4: The Impulse Response (m) or Filter Coefficients of Frequency Sampling Filter(N=81)

n h[n] n h[n]

0 0.00019 | 81| 0.00019

1 | -0.00020| 80| -0.0002(

2 | -0.00057| 79| -0.00057

3 | -0.0007¢ | 78 | -0.0007¢

4 | -0.00072| 77| -0.00072

5 | -0.00032| 76| -0.0003Z

6 0.00037 | 75 | 0.0003i

7 0.00113 | 74| 0.00113

8 0.0016: | 73 | 0.0016:

9 0.00154 | 72| 0.00154
10 | 0.00068 | 71| 0.00068
11 | -0.0007¢ | 70 | -0.0007¢
12 | -0.00240| 69| -0.0024(
13 | -0.0034: | 68 | -0.0034:
14 | -0.00317| 67| -0.00317
15 | -0.00138| 66| -0.0013¢
16 | 0.00157 | 65 | 0.0015%
17 | 0.00467 | 64| 0.00467
18 | 0.0065Z | 63 | 0.0065:2
19 | 0.00594 | 62| 0.00594
20 | 0.00255| 61| 0.00255
21 | -0.0028¢t | 60 | -0.0028¢
22 | -0.00840| 59| -0.0084(
23 | -0.01161| 58| -0.01161
24 | -0.01050| 57| -0.0105(
25 | -0.00448| 56| -0.00444
26 | 0.0050z | 55 | 0.0050:2
27 | 0.01471| 54| 0.01471
28 | 0.02041| 53| 0.02041
29 | 0.0185¢ | 52 | 0.0185¢
30 | 0.00803| 51| 0.00803
31 | -0.0091: | 50 | -0.0091:
32 | -0.02742| 49| -0.02742
33 | -0.03929| 48| -0.03929
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Table 4 Contd.,

n h[n] n h[n]
34 | -0.03741| 47| -0.03741
35 | -0.01717 | 46 | -0.01711
36 | 0.02128 | 45| 0.02128
37 | 0.07245| 44| 0.07245
38 | 0.12641 43| 0.12641
39 | 0.1724C | 42 | 0.1714(C
40 | 0.19695| 41| 0.19695

From the above sections, we found the transfer functi@) by N" order Lowpass FIR digital filter and filter
coefficients h[n] in length N+1 as shown in Table 4. Itgjfiency response in Figure 4 where fs=500Hz. The transfer

function is formed as

H[z] = h[0] + h[1]z™! + h[2]z72 + --- + h[81]z 781 19

of low pass filter

Magintude [H(w)|
14 14 14
5 o @ -

o
N

0
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Normalized Frequency ( x« rad/sample)

Figure 4: Frequency Response of Design Low Pass for FIR Filter

Then performed decomposition of the filter transfer fiomcinto 2 poly-phase components using the equation
(15).

H(z) =E (=) + =7'E, (%) (16)
Where,

Ey, = h[0] + h[2]z72 + h[4]z~* + ... + h[R0]= 80

E,=h[1]z7! + h[3]z2 + h[5]z > + -~ + h[81]2z~®°

Eyo = h[0] + h[6]z7® + R[12]z712 + ...+ h[78]z "8

Epy = h[2]z7? + h[8]z~% + h[14]z7'* + --- + h[80]z~%°

Ey; = h[4]z7* + R[10]z71° + A[16]z 716 + --- + h[76]z775

Eyo = h[11z71 + h[71z77 + h[13]z73+.. . +k[79]z77°

E, = h[3lz7* + R[9]z7% + R[15]z""+... +RIB1]= %

E, = h[Blz7* + h11]lz"" + R[17]z7Y 4 -+ R[77]=2"7

Decimated-by-M=2. In this step, the inpi#[nllis broken down into the set of 2 subsequendé&zfm]},

{x1 [m]}. Here, for the causal {x[n]} we have x[-1] = x[-2] 0. The 2 subsequences are interpolated by 3 in the podgpha

branches and added together to give the decimated sﬂ@s’ﬂ' [m]}The actualization analysis filter structure of the

Impact Factor (JCC): 4.9564 NAAS Rating 3.80



Novel multistage Multirate System for ECG Signal 29

proposed system is shown in Figure 5.
For multistage purpose, further we have up-sampled & dsammpled the decimated sigri-e!i'dar {'-""f]}several
times, such as, M=40 & L=40, M=20 & L=20, M=20 & L=40, M=40 & L=20.
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Figure 5: Proposed Multistage Multirate System for Case 2
Case 3

.. [_T)
Consider the design specification of case 2, the decihsitmalt¥d=c LTediof case 2 is used as an input to the

interpolator and interpolated by L=2, then the 2 subsequeareedecimated by 3 in the poly-phase branches and added

together to give the interpolated sigii#h: [m]}. The fulfillment analysis filter structure of pposed system is shown in

Figure 6.

The signait*[n]} = {¥z.c [mllis filtered in the parallel poly-phase branches and the sessigfnals {ge [n]},
{91 [n)} and the subsequences of this two signdi>q [n]}, { (ot [n}, { {Gee [n]} { {820 [n]}, { 922 [n]} { 822 ]} is
obtained as the equations (28)-(32) and added together to giirgetpolated signd¥int [m]}.

{go[n]} = {g[0]. g[M], g[2M], ..}

{o:n]} = {g[-1],9[M —1],g[2M —1], ...}

{g2[n]} = {g[-2],9[M —2], g[2M - 2], ...}

l-in]} = {g[-M +1].g[1].g[M + 1]. g[2M +1]...} 17)

Where the equation can be represented based on the desigrtaectias,

g [n] = h[0lyzec[n] + R[2Dyge [n — 1] + Rl4]yze [n— 2] + - + R8Oy [n — 40] 19)
gi[n] = hllyzec[n] + R[3lyge [n — 11 + hISlyzec [n — 2] + - + RI81] vz, [n — 40] 19)
Go[n] = Al0lyae [n] + Rl6lyse. [n — 3] + R[22y, [n — 6] + - + R[78yz. [n — 39] 20)
o1 [n] = Al2lygec [n— 11 + Rl8lygec [n— 41 + R[14lyzec [n — 7] + - + A[80lyzec [n — 40] A1)
G2 [n] = hl4lyae. [ — 2] + R[10]yg.c[n — 51 + R[16)yae [n — 8] + - + h[76lyze [n — 38] 2
ginln] = h[1)ya. [nl + R[7]va.In — 3] + A[13]yu. [n — 6] 4 - 4+ R[79]y,..[n — 39] 29)
i [n] — Rl3lvpe [n — 11 + Rl01yge, [n— 4] 4+ RILS]vpe [n — 7] + o+ R[81]yy, [0 — 40] 2A)
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30 Fatema Tuj Johura & Sheikh Md. Rabiul Idam

g1z [n] = RlSlygecln — 21 + A1l ygecln — 51 +R[17]yge, [n — 8]+ - + RIT7]ygec[n — 38 25)

Taking inverse Z-transform of the equations (18) to (B5)btained as

G, [z] = hl01¥Lz] + nl2]z~t¥(z] + RI4lz72Y[] + - + R[30]z40¥[z] 06)
G, [z] = hl11¥lz] + h[3]z7*VIz] + R[51z72¥ (2] + - + RIB1]z40¥ (2] e7)
Gy [z] = H01¥ 2] + hl6]z727[z] + R[12]275¥ ] + - + H[78]z"*Yz] 28)
Gy [=] — Al21=7tVIe] + h[8le*¥ (=] + hl14]=7"V [2] + - + K[20]27*0¥ (=] 29(
Gy [2]] = k[4]lz *¥(z] + nll0lz 5¥(z] + mll6]z °¥iz] + - + R[75]z *°¥(z] 30§
Gip[z] = h[11¥ 2] + h[712727[2] + R[13]275V (] + - + R[79]z~FY 2] 31)
Gy [z] = h[31z7*¥[:] + R[91:7*¥ (2] + R[15]z7"¥ =] + -~ + A[81]z~*°¥[2] 3
Gz [z] = h[S1z7?YLz] + R[11]z75Y([z] + R[17]zB¥[z] + - + R[77]z-28Yz] 33

For multistage purpose, again the interpolated sighéthd [m]} is decimate-by-M=2 and 2 subsequences are

interpolated by 3 in the poly-phase branches as a synftiesiand added together to give the sighai: [m].

Figure 6: Proposed Multistage Multirate System for Case 3
RESULTS AND DISCUSSIONS
To measure the performance of different noise removal adsththe distortion between original signal and
reconstructed signal is measured by the mean square MB&)( signal-to-noise ratio (SNR) and correlation Goits

values. But in this paper, the performance parameters su@NBs(in dB), MSE, correlation which will prove the

robustness of these algorithms are not able to show insvéleeause of lacking of pair to pair signal as shown in

Impact Factor (JCC): 4.9564 NAAS Rating 3.80
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Figure 7. Due to the process, proposed system havalifsrént sampling rate for data conversion and filteringppses.

Figures 8 to 10 shows the result of a proposed multisthgérate system using ECG signals in case 1-3 as
considered in this paper. All case use multirate faegcification as shown in Table 2-4 on multistage multiragesy for
remove noisy ECG data. We have considered 1st stagealsia and %' stage synthesis filtering part is performed in
Multirate system. For multistage operation, we consitieepetition process. For case 1, proposed multistagerameilt
system is considered multirate poly-phase decompositiondsithmation and interpolation. The sampling rate conversion
factor is considered by down sampling factor M=5 andrfitteler N=9 for case |. Left side of column in Fig&d0 (a)
shows, output, smooth ECG signal with three different stafygsoposed multistage Multirate system for casel-3 and
compared with wavelet 9/7 [1],[8] and their perspectiregjfiency histogram. Figure 8 (a), shows better smootfalsign
where sampling rate is down by M=5 in first stage and®fistage increases the sampling rata by L=5 into the nauglti
polyphase filter. For better performance again, apfflystage as analyses filter and got smooth signal thstatje as
shown in Figure 8 (a). For comparison of the proposed systehhwavelet 9/7, we have used histogram analysis and
autocorrelation function. Right side column of Figure 8 ghpws the frequency distribution of noisy ECG signal,
smoothed signal by proposed system and wavelet 9/7. The progpgstechs have shown better frequency distribution
shape where positions are slight because of sampling rateseaeaecreases in the system as compared with wavelet
9/7.

3
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Figure 7: Multistage Filtering of Noisy ECG Signal (MIT BIH AF 08215m.mat) for Case 1

On the other sides in Figure 8 (b) shows a comparisoedbaris autocorrelations. For Case 2, the sampling rate
conversion factor is considered by down sampling factor lsi+@ filter order N=81. Figure 9 (a), sampling rate isnake
for rational sampling factor L/M=3/2 of ECG signatfsthe analysis filtering part, and show better signal ti@sy signal.

On the other side, the synthesis filter decreases the isgnmpte by M= 10, and get a better signal than analyzetlsig
(1* stage) as shown in the Figures 9 (a). For better perfornsayaie apply analyses filtering by L=10 on that synthesis
filtered signal and got a smooth signal thdfl 2age as shown in Figure 9 (a). For Case 3, in the amalfiigéring

(1 stage) part, sampling rate increased because of ratamapling factor L/IM=3/2. The performance between the
analysis filter and synthesis filter is also increasms sampling rate L/M=2/3 and gave better results tiastdge as
shown in the Figure 10 (a). For better performance ag@youtput of the ™ stage into the synthesis filtered’§3age)
where the sampling rate was L/M=3/2. The results showed &rsigptal than %'stage.

From the histogram of figure 8-10 (a) for case 1-3, il shown that stages 1-3 has a different frequency
density with respect to their frequency distribution ofias sampling rates and compared with wavelet 9/7.
The histogram of 1st stage t8 8tage rates is bell-shaped with one peak for a#i:akhere are no gaps or extreme values.

So, proposed systems give better results than wavelsy&#&ms for every case.
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Normalized auto-correlation (Case I)

—ECG

— st Stage
—2nd Stage
—3rd Stage
Wavelet9/7

1000 2000 3000 4000 5000
Lag (7)

@) (b)

Figure 8: (a) Multistage Filtering of ECG Signal & Frequency Responséb) NormalizedAutocorrelation for Case 1
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Normalized auto-correlation (Case 1)
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—2nd Stage
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Wavelet 9/7

2000 4000 6000 8000
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(@ by

Figure 9: (a) Multistage Filtering of ECG Signal & Frequency Responséb) NormalizedAutocorrelation for Case 2

Now briefly justify histogram for only case 15 $tage has a maximum value of 90 and a minimum value of -85
with one peak between -35 and -68f &age has a maximum value of 90 and a minimum value obréSpeak between
-35 and -60. 9 stage has a maximum value of 90 and a minimum valu&5fnith one peak between -35 and -60.
The wavelet 9/7 has skew left in the frequency distrilouwithere a maximum value of 140 and a minimum value d -11
with one peak between 18 and -12. Such as case 2 & @lse 8how better smooth ECG signal fdrta 3¢ stage than
wavelet 9/7.

Normalized auto-correlation (Case 11I)

—ECG
1st Stage
—2nd Stage
—3rd Stage
Wavelet 9/7

0 0.5 1 15 2 25
Lag (1) x10*

@ (b)
Figure 10(a): Multistage Filtering of Noisy ECG Signal (MIT BIH AF 08215m.mat) & Frequency Distribution by
Histogram (b) NormalizedAutocorrelation for Case 3
For comparison between the ECG signal and proposed systemayver@lso considered autocorrelation processes
for robustness of algorithms. Figure 8-10(b), the reprtesien of auto correlation values of ECG signal as redrcolo
15t ond g stage as green, blue black color and wavelet 9/7 as ©jan The results of cases 1-3 with three different

stages show high peaks and good correlated values withediffempling rate. Figure 8(b) for case 1 it also obsehzatd

Impact Factor (JCC): 4.9564 NAAS Rating 3.80



Novel multistage Multirate System for ECG Signal 33

the autocorrelation of*1and 3 stage overlap to each other because the output' sfatje is applied to the"tage.
Then the output of the 2nd stage is applied to thetage and finally the L/M is same fo¥& 3" stage that's why their

frequency distribution also same.

CONCLUSIONS

The novel multistage Multirate system has been proposecefooving noise,requiring low-cost and equal or
fractional sampling rates for ECG signal processing. $igtem has considered three cases for better justficet the
proposed system with sampling rate conversion. From the semadlysis, it can be concluded that all cases show bette
quality of ECG signal with the effect of reduce/incee#ise sample values of noisy ECG signals. These algorithnmisecan
more efficient for diagnosis purpose. In future, we will depenore multistage methodology for biomedical applications

to get more accurate performance.
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