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ORIGINAL RESEARCH ARTICLE

It is highly desired to smooth the noise and motion artifacts form the
Electro-Encephalography (EEG) signals. The recorded scalp EEG data
suffers from the eye blink and muscular motion artifacts. The IIR filter has
been previously used for filtering the artifacts from EEG signals. But
pass-band-stop band IIR filters usually suffers from the large delay and
phase distortion. Thus in this paper it is proposed to design zero phase
(ZP) filter with reduced order and delay. The proposed filter is

g;?ilr?il;otlil(,)n combina}ion pf Forward-Backward (FB) filter designed for minimiz@ng
Techniques phase distortion and to improve performance. The proposed design
smooth motion artefacts using ZP-IIR filter along with Min-Max

optimization for reduced order design. The improvement in parametric

performance shows the effectiveness of proposed ZP reduced order IIR

filters. Three unique EEG scalp data is considering t for result evaluation.

Parametric performance is evaluated for Ratio of signal to noise (SNR),

(s Ao and mean square error (MSE). Results show that the proposed algorithm

* N. Jain provides good improvement in SNR over existing algorithm.

©2021, www.jusres.com
INTRODUCTION and mussel artifacts (EMG). Ocular artifacts

There are many techniques were designed
for removing the noise and artifacts from the
EEG signals [1-4]. The basic IIR digital filters
are designed using classical approaches [1, 2,
and 3]. IIR filters often offers non-linear phase
responses. That’s why may lead to time shifted
delayed signal. The unwanted artifacts are
usually present randomly and motion artifacts
are classified as eye-blink or EOG artifacts,

(EOG) may cause low frequency high peaks in
signal. Usually filtering EEG signal mostly
reduces the amplitude. Thus filter is usually
followed by the amplifiers. The DC gain plays
the significant role for filter deigns shown in
Figure 1. There must be balance between the
reduction in DC gain and the filtering quality.
Thus this paper also evaluated the DC gain of
the filter for performance betterment.
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Fig. 1 filter with gain amplification
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Reducing DC gain may ease the hardware
requirement for filter design. Another major
contribution of paper is to design the optimum
ZP reduced order Infinite Impulse Response
(IIR) filter using the optimization of transfer
function coefficients. The proposed ZP filter is
design using well defined Froward—Backward
filter structure. The filter is a two stage process
and with feedback involved.

The prime goal of the paper is to
demonstrate the application of the ZP filter for
the FFG artifact removal. The ZP filter is used

to design the two stage IIR filter then the filter
coefficients are optimizing to enhance the
performance. The EEG artifact removal
performance is compared with basic form-II
IIR filter and the ZP filter.

There are many applications of the zero
phases filter as shown in the Figure 2. Human
machine integration (HMI [5]), measuring
ultrasonic pressures [6], magnetic flux testing
[7], brain computer interface (BCI [8]),
compensating the physiological motions [9]
uses of EEG signals processing [10].

ZP filter [©]

[5] (8]

HMI BCI

!
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[9] Compensation

physiological motions

EEG signals

processing [10]

Figure 2 Application of the ZP filter design

The major application to focus here is the
EEG signal processing. In this paper the
concern is to design the ZP-1IR filter using the
pass band - stop band filter design approach.
Major contributions of the paper are;

1) TIR filter is designed as in our perilous
approach [2] using pass-sop band filter for
noisy EEG artifact signals filtering using
the proposed ZP filter.

2) The filter coefficient optimization using
Min-Max approach is proposed and then
reduced order filter is design for EEG
artifacts eradication.

3) Performance of form-II IIR filter is
commixed with the proposed ZP filter.

4) The DC gains of the different filter stage
are compared to demonstrate the
effectiveness of proposed approach.

In the rest of the paper first basic design of
the ZP filter is described in next section. Then

h(n} —

The equation (1) signifies that the filter

the reviews of the various relevant researches
for EEG filtering are presented in the section 3.
The design of the basic optimum IIR Filter is
presented n the section 4. The basic results of
IIR filtering are validated for EEG filtering.
Reduced order filter designs presented in the
section 5. Results of proposed methodology
with the ZP filter design are presented in
section 6. It can be observed as the ZP filter
minimizes the phase thus time delay in EEG
signal is reduced and therefore filter
performance is improved.

ZP FILTER DESIGN

The basic ZP filter is a concept of designing
the filter with the linear phase responses. The
basic concept is to design filter with the zero
slope phase response. The prime concern of
the ZP filter design is to satisfy the condition
of the even impulse response.

h(—n) (1)

has to be symmetric across the t=0 axis.
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Another important property of ZP filter is that signal for analysis and the disease detection
it is non-causal filter. Thus ZP filters can be and classification.
used for the offline processing of the EEG

Hi(s) F)| @)
Xﬁl}p Forward » Backward _‘;(n)
Filter Filter

Fig. 3 structure of the ZP filter design

Usually the ZP filter is a combination of two filtering phase response leads to zero phases.
back to back recursive filters designed as The ZP filter structure is shown in Figure 3.
forward and reverse filters respectively. Due to The time domain response of ZP filter design
cascade filtering structure the amplitude is given as multiplicative equation as

response becomes squared and due to reverse

1 () =h(—t
o WS TL™

Nt

x x(t
LS

Nt

@
The response equation in Fourier domain respective to the equation (2) is expressed as;
Y(w) = Hy(w) * Hy(—w) * x(w) (3)
The overall response of the ZP filter is represented by the G(«) is given as;
(+{w) = H,() * H,(—m) (4)
Where, H, (w)=H,(s) is response of the forward falter and the response H,(s) is reverse of H,(s). The *

sign represses the operation of Convolution. Let the x(n) would be input sequence then the then the
basic forward filter discrete time relation is given as

u(n) = x(n) = h,(n) (5)
Then the discrete time response for the reverse filter v(—n) is formulated by flipping the u(n) as;
v(n) = h,(n) Flip u(n) (6)
The ZP filtered output is determined by again flipping the response of the reverse filter wv(n) as
represented by;
y(n) =
h,,(n) Flip v(n) (7)
This paper is aimed to demonstrate the acquisition. The examples of common
effective uses of ZP filter for EEG signal kinds of artifact signals as muscular motion
artifact removal. Usually the captured EEG EMG, and eye blink EOG presented in EEG
signal suffers from motion artifacts doting data are presented in the Figure 4.
1000 T T T T T
1000 ' ' ' ' :
0 500 1000 1500 2000 2500 3000

a) EEG signal with artifacts
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Fig.4 Representation of EEG artifacts consider for the evaluation and filtering in the paper

The signal in Figure 4 a) represents the
recorded EEG signal of channel 9. The EMG
and EOG artifacts are marked with green and
Red box in the Figure. The EMG artifacts are
presets with dense higher amplitudes of
continuous 1000 to 1500 samples lengths.
While the EOG artifacts are present due to
sudden random motion of eye blink and of
high amplitude short duration pulses. For the
sake of celerity, the zoomed EMG and EOG
signals under the green and Red boxl are
presented in the Figure 4 b) and Figure 4 c)
respectively where the amplitude variation can
be clearly observed.

The problem of statement is eradication of
the artifacts from the captured EEG channels
by designing the efficient IIR filter. Our recent
research work is improvement over our own
previous work [2], where the Min-Ma
optimization based IIR filter was proposed to
eliminate the EOG artifacts from the EEG
signals. In this paper the ZP filter is proposed
along with same methodology as [2]. But in
recent research in this paper the EMG and
EOG both artifacts are expected the
simultaneous eradication.

Related Work

In this section the various relevant
related research works implemented for the
EEG signal artifact eradication. Usually EEG
data are degraded by the presence of the EMG
and EOG motion artifacts. This paper
sequentially reviewed the different EEG
filtering methods were designed for artifact

removal. The prime concern is on the IIR/FIR
filtering based contributions.

An FIR filter is containing an impulse
response of finite interval, and then the output
is going to 0 and produces identical delays in
any respected frequencies. Vivek Singh et al
[1] have compared the performance of the
EEG signal low frequency50 Hz line
interferences using the FIR and IIR filters.
Another filter is proposed based on the symlet
wavelet transform which performs bettered
over other two. Nitin Jain et al [2] we have
proposed to designs the optimum reduced
order IIR filter. They recently evaluated the
three different filters for EOG artifacts. But
IIR fitter may have leads to delay and distort
the true nature of the EEG filtered signal. Thus
in this paper it is proposed to improve the
performance and removing the limitation of
not maintaining the EEG nature.

Rayhan Habib [3] has proposed to
eliminate the 50 Hz power line interference
(PLI) from the EEG artifact signals. They have
proposed and designed the IIR filters for
detecting brain diseases. The designed filter
was Chebyschff type II based IIR EEG de
noising filter with improved SNR.

Deepak. Pancholi et al [8] have
proposed to design CCA bas—ed EEG artifact
removal brain computer interface application
in robotics. The approach was based on
EEMD-CCA. They also presented the reasons
of artifact in EEG signals. Arman Roonizi et al
[11] have proposed to design the non-causal
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zero phase IIR filter using the forward-reverse
recursive IR filters. Xiao Jiang et al [12], has
presented a good survey of the method to
review the EEG artifacts removal. Gustafsson
et al [14] have proposed the designing of the
ZP IIR filter using forward — reverse filter
design approach [13]. They stated that these
filters offer linear phase angle response.
Vandana Roy et al [15] have also
presented the modified GE-CCA based EEG
artifact removal method. They compared the

performance with basic wavelet based EEG
smoothening approaches as EEMD -CCA-
DWT. Ouyang et al [17] have presented the
EOG artifact removal approach for the
application in BCI. Paresh et al [19] designed
the IIR filter for video motion smoothening
application. Various other methods are
reported [20-25]. Thus in this work our main
concern is to design ZP filter for EEG filtering
as summarized in Table 2.

Table 1 Summary of the review work on Filter designing

Authors .Alﬁ;tfiilhm Description Optimization Parameters
Vivek Singh | TR, FIRand | Evaluating performance of the Filtering quality and nature
etal [1] Wavelet filters |  low frequency noise removal No of signal.. PSNR
methods for the EEG
ProposedNitin |  Designed a MinMax optimization for Order of filter
Tainetal[2] | reduced IIR reduced order EEG artifact MSE and PSNR
ours optimum filter | removal by filter designing using Yes
transfer functions coefficients
optimization
Rayhan Habib |  TIR Filtered | Has proposed to eliminate the 50 signal to noise ratio (SNR)
[3] EEGsignal | Hz power line interference (PLI) and CC of the EEG signals. .
from the EEG artifact signals, No
Chebycheff filter is proposed to
desong
Deepak EEMD-CCA | Presented the method for EEG Quality of signal filted,
Pancholietal |  based filter artifact removal for BCL. Also o entropy
8] design, various related work were
reviewed,
Aman Aleastsquare | Forward -backward filter for PSNR and delay
Roonizietal | optimized single signal filtering vsing Yes
[11] filtering optimization
VandanaRoy | Wavelet filter | artifact removal from EEG using DSNR, MSE, ROC
etal. [15] GE-CCA | EEMD-GE-CCA-SWT approach. Yo parameters
approach they compared DWT based
method performance
Paershetal | [IRmotion filter |  Have designed IR filter for N PSNR, ITF, motion vectors
[19] video motion smoothening. 0
Masaaki Min-Max | Optimization is proposed for FIR Filter order, and MSE
Nagahara optimized filters designing for signal de Yes
et al [23] design of FIR 10ising
filter
Proposed Optimum | MimMAX optimization based IIR RMSE, PSNR and the DC
reduced IR ZP | filter designing using the ZP Yes gain of Filter
filter filter for EEG artifacts removal,
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Fig.5 Proposed EEG eradication system diagram using ZP Filter Design

Anshul, Dipali et al. [11] have evaluated the
windowing based IIR and FIR filter
performance for EEG signal processing. Xiao
Jiang et al [12] presented a good survey of the
various artifacts removal methods for EEG
signal context. Ibraheem Kasim et al [13]
designed structure for IIR and FIR filters by
adapting the least mean square (LMS)
algorithm along with GA based optimization
concept.

Paresh et al [18] have designed new
method of GE-CCA for wavelet based filtering
of the EEG artifacts. They designed the multi
channel artifacts removal method.
Multichannel EEG de noising is presented in
[19, and 21]. GARIP et al [20] designed a FIR

]

filter using the GA optimization. Similar
approaches are given in [28, 29],

1. Optimum IIR Filter Design

The process of the proposed EEG artifact
removal is sequentially shown in the Figure 5.
Initially the captured EEG data is considered as
the input with artifact to remove. The method
proposed in this paper is similar to the
approach implemented n our previous paper
[2], but as a modification in proposed work the
ZP filter is considered for artifact eradication.
Initially noisy artifact signals are generated
using the mathematical modeling by adding
randomly generated Gaussian noisy signals as

EEC(n)yy =S | N (®)

Where
noise.

The two pass IIR filter is designed by
designing the transfer function for pass band
and stop band filters are designed as,Then as
clear from the Figure 5 that using the
coefficients of the transfer function the filtered
EEG data is produced. The conventional
Form-II filter was used in our previous work
[2] for filtering the signals. In this paper it is
proposed to use the ZP falter as a combination

C(n)  apmys +oeetoa

FFEG (n)is n' sampled value of EEG signal, S is original EEG and the N is additive Gaussian

of forward and reverse filter to smooth the
EEG data.

The filter design is based on the designing
the transfer function of the filter block.
Mathematical representation of the transfer
functions for the pass band and stop band
filters is Kz, and Hzas defined in the
Table 2. Table represents the transfer functions
for the IR filter design. The transfer function
of the IIR filter is mathematically defined as

H, (n) =

R(n) By 8™+ v veeeee + by

(%]

142 |Page



N. Jain & Rathore S.

The coefficients of numerator are an,
and denominators coefficients are bn. In this
paper the designed transfer function  i(n) is
of 16™ order as shown in the Table 2. But since

Table 2 Transfer functions rep

, Jour. Sci. Res. Allied Sci., 7(4), 138-151 | 2019

the standard Form-II IIR filter suffer from
delay response thus the filtered output does not
follow the true nature of the EEG signal as
shown in the Figure 6.

resentation for IIR filter design stages

Pass band 0.2066s% - 0.4131s? + 0.2066
st 40,5488 5% + 0453557 +0.1763s +0,1958
IIR Filter 0.06531s' +0.8693s" + 55855™ +22.035"
+6723s + 1401 s + 258551 + 357.257 +
307455+ 357257 42585 5% + 1401 5 + 6723 5
Hig +22.93s* $55855" +0.8693s + 0.06531
it + 00305 + 30,163 + 1085 +
215782 + 32725l 4 3022510 4+ 3787 5% +
20785 + 101257 4+ 008355 + 41963 +1301 %
4+35185"3 4 0640352+ 00755 + 0.004266
Reduced Order filter si+ 45+ 15
Hopl8) = —————
43
1000 T T
Moisy EEG Signal
800 | — IR Filtered EEG 7
600 —
400 —
:E
= 200 g —
L&)
=] 1] 1
=
= 200 -
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Fig. 6 IIR filtered EEG data with delayed from

The Figure 6 represents effect of delay
filtering response. Thus data lost the nature and
therefore it needs a great deal of improvement.
Thus in this paper it is proposed to replace the
Form-II IIR filter with the ZP -IIR filter
design. As it is expected that the ZP filter can

300

mitigate the delay effect till some extent, thus
may improve filtering performance.

Before this the sequential filtered signals are
represented in the Figure 7 for the IIR Filter
design using Form-II IIR filter and the ZP filter
designs.

200
100
o
-100

Amplitude in mV

-200
-300

d Pass Filtered

Bal 4
Band Pass Filter with ZP-IIR

—400 L
0 1000

1500
samples

2000 2500 3000

Amplitude in mV/

Filtered with IR
filtered with ZP-IIR

500 1000

2000 2500 3000

7590
samples

Fig. 7 Comparison of the sequential artifacts EEG signal of channel 9 Filtering with IIR filters
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Fig.8 Sequential comparison of an IIR filtering for the Channel 4 of EEG database

Thus it can be clearly observed from
the Figure 7 that the IIR filter signal is
sequentially generated using band pass and
band stop IIR filter. The cutoff frequencies
used for the filter design are set to 90-190 for
the pass band and 150-230 for the stop band
for filtering. It can be observed from the Figure
7 a) and Figure 7 b) that proposed ZP falter
design can improve the filter signal but still the
nature of the true EEG is point of concern and
has to process further. The respective pass
band and stop band spectrums were already
presented in our previous work as referred in
(2]

Similarly the comparison of the IIR
filtering is presented for the EEG channel 4
without artifacts in the signal. It can be
observed from the Figure 8 a) and Figure 8 b)
that proposed ZP falter design can improve the
filter signal

200

The input data base of the open source
PhysioNet is used for the 24 channel MIT data
with EEG motion artifacts. For the sake of
evaluation the Also the EOG data are taken
from MIT scalp data base open-source
interface [21] Foe testing the performance of
proposed ZP filter design, four EEG channels
out of 24 are identified to be considered for the
evaluation in this paper.

The basic criterion for channel selection
is based on the true EEG nature and the
simultaneous presence of the EMG and the
EOG artifact sin the channel. The four
respective input EEG channels are presented
in the Figure 9. These channels are Channel
[1, 4, 9, and 13 respectively. Out of these
channel [1, 9 and 13] contains the motion
artifacts

EEG Channel 4 of data

AL A

-200
0 500 1000

1000

EEG Channel 9 of data

1500 2000 2500 3000

o) o

-1000 L .
0 500 1000

2000

I I I
1500 2000 2500 3000

-2000
0

EEG Channel 13 of data

I I
500 1000

I I I
1500 2000 2500 3000

Fig.9 data base of the EEG and Edfm signals used for the study a-c) Raw EEG data d) Edfm based
EOG Artifact signal 13 with muscular and eye blink artifacts
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V. Reduced Order Min-Max Optimized
IIR Filter

In this paper it is proposed to improve the

performance of the IIR filter using the problem

of the filter coefficient optimization. It is

proposed to design the reduced order filter to

H,m'fs] =

Where the is the transfer function for
reduced order filter. The parameters used for
optimization used in this paper for reduced
order filter designing are shown in the Table 3.
It can be observed that the window W is
required to define initially and number of bits
representation.

The advantage of the reduced order filter
is the reduction in filter order which represses
the number of times previous information is
consider in other word the number of taps.

5.’

minimize the hardware complexity. Before
this the coefficients of designed IIR filter are
optimized using the Min-Max optimization is
proposed. Based on the option the reduced
order transfer function is design for filtering is
given in the equation (10) given as;

45 + 13

3 (10)

Therefore in turn minimizes the hardware
complexity and also requires less DC gain. In
the next section the DC gain evaluation of
different design stages are compared for
showing the effectiveness.

The sequential procedure for optimization
and the reduced order filter design are given in
the Flow chart of Figure 10. The presented
flow chart is restricted to the Min-Max
optimization procedure.

| Parameter coefficient mitialization |

Optimization

Set upper and lower bounds for filter
coefficients x=[h1.al]

zlb=-maxhinonss(l I*n)-1
hb=maxbin® ones(l, 2%n)

vlh=-zaros{1 3*n)

wub=maxhin®onas(l, 2

Set optmization as Mmhisx

Iterate

| Reduced order Filter design |

Fig. 10 Sequential Flow chart of optimized reduced order filter design

Table 3 Parameters used for the optimization

Parameters

Descriptionss

N =4

Filter order + 1

nbits =8

bits to realize filter

W=

frequency points utilization

X=[bl, al]

Filter coefficients to optimize

F=maxbin/m

Scaling factor

Bin=maxbin

Maximum value of bins

RESULTS AND DISCUSSION

This discussion demonstrates few
results and there quantitative evaluation for the
proposed ZP filleting approach. The paper
aimed to represent the effective application of
optimum reduced order ZP filter to eradicate

the motion artifacts from the EEG channels.
Experimentations were performed by adding
the synthetic noise to EEG data.

In order to demonstrate the
effectiveness of the proposed ZP filter
methodology the comparison of filtered signal
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is presented in the Figure 11. The comparison
is given for an IIR filtered using standard
Firm-II filter and the filtered signals with
proposed ZP filter design for the EEG channel
4. It is clear from the Figure that proposed ZP

filter design significantly performs over the
Form-II IIR filter. The ZP filter closely
maintains the true nature of the EEG signal. It
is because ZP filter is having no delay in the
filtered signal in time domain.
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Fig. 11(a) Filtering performance comparison the form —II Filter
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Fig.1(b) The proposed zero phase Filter for EEG channel 4
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Fig. 12 sequential results for the proposed ZP-IIR filter for EEG channel 13 with EOG artifacts
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Fig.13 Results of the ZP IIR filtering with Min- Max optimization for EEG channel 4

Similarly the sequential results comparisons of
the designing of IIR filtering with Min- Max
optimization for the EEG channel 9 are shown
in the Figure 12. For the performance
comparison band pass Butterworth filter, IIR
filter, optimum IIR filter and the reduced order
filters. the orange box compares the EMG
artifact removal and green and Red box in
Figure 12 represses the effectiveness of the
EOG artifact removal. It can be observed that
the EOG peak of the order of 1100 mV
reduces to order of < 100. And the nature of
the EEG is also preserved.

The reduced order optimum filter
performs significantly good to smoothen and
preserve the nature of the signal. The nature of
the filtered signal can be clear visible in the
results of the optimum ZP-IIR filter for the
EEG channel 4 as shown in the Figure 13.

To further demonstrate the efficiency of
the proposed ZP filtering method the results of
the artifact signs filtering are plotted in the
Figure 14 for the three variants of EEG
channels as [1, 9, and 10]
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Fig. 14 results of artifact removal for EEG channels
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6.1. Quantitative Performance Evaluation

The performance of the EEG artifact
eradication algorithms are evaluated to
identify effectiveness of filtering quality. This
section presents quantitative evaluation of the

order filter. Therefore, as in [2] in this paper
the evaluation of optimum filtered data is
proposed by scaled amplitude by a scaling
factor as the , relation is mathematically

performance. Since signal amplitude is given as;
reduced significantly with use of reduced
EEGZP—;'lTrPr{sJ =u+* EEEanna (11)

The quantitative evaluation of the data is
done on the three EEG channel of the MIT
scalp data base for motion artifacts. The
RMSE is calculated as:

Erms = (s(x.y) — ZPFp (x.y )2

parameters used for evaluation are Root Mean
Square Error (RMSE) and the Peak Signal to
Noise Ratios (PSNR).

Egmsz = iz{tl + Erﬂ;s]]"f: (12)
PSNR,,,:
PSNR o is calculated as:
| EEG.. "
PSNRzp fijrer = 10 log,, | — (13}

The quantitative performance of ZP filtered
EEG signal is evaluated by RMSE in the Table
4. It can be observed from Table that the
proposed ZP based optimum reduced order
filter minimizes the MSE significantly for
EEG artifact removal for motion artifacts.
Especially for the EEG channel 9 and the EEG
channel 13. It is to observe that the MSE is
relatively having higher values because of the

o [EEGgrz (n) — EEGge,(n)]?

difference in the amplitude of t the input and
filtered signals.

Similarly the PSNR is evaluated for the
same three channels in the Table 5. The
significance improvement in PSNR can be
observed from the Table by proposed ZP-
optimum filter. In addition it is also to observe
that, the PSNR of the IIR filter is less since
due to delay involved the nature of true EEG is
changed.

Table 4 Comparison of the MSE for filter

Data ZP IIR Notch Optimum
Filter Filter VAY
Filter
ECG_9 |144.3896 | 114.3383 | 72.13557
ECG_4 |50.44945 | 39.7737 | 24.58848
EEG_13 | 182.6687 | 141.6445 | 76.6395

Table 5 Comparison of the PSNR for filter

Data ZP IIR Notch Optimum
Filter Filter ZP Filter
ECG_9 | 0.4409 1.89267 | 6.49881
ECG_4 | 0.5546 1.82299 | 6.63229
EEG_13 | 0.6651 1.87840 | 8.02048
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Fig. 15 Result of Improvement in PSNR by proposed ZP-1IR

filter over basic Form-II IIR filter for EEG
smoothening.

The performance improvements in PSNR by
proposed ZP-IIR filter over basic Form-II-IIR

filters are represented in the Figure 15. The
improvement is shown for two EEG channels
having EMG and EOG artifacts as Channel 9
and 13 of MIT data base.

DC Gain Comparison

Optimum 2P IR Filter

Fig. 16 Reduction in the DC gain of the transfer function of proposed ZP filter

Another major contribution of the paper is to
demonstrate the DC gain improvement with
proposed method. The DC gain is evaluated
for the IIR filter, Notch filter and the proposed
ZP optimum filter designs in the Figure 16.
The proposed method just offers the 0.3288
because of reduced order filter design. This
signifies reduction in the hardware complexity
and amplifier gain.
CONCLUSIONS
The aim of paper is to design the
efficient ZP filter using the optimum reduced
order transfer function. Paper demonstrated
the significant improvement in the EEG
artifact removal over our previous approach of
using the Form-II IIR filter. It is due to the
uses o the forward — reverse ZP IIR filter. The
EMG and EOG artifacts are consider for
evaluating the performance.
It is concluded that ZP-IIR filter reduces
the required DC gain of filter transfer function
due to order reduction. It is proposed to design

optimum IIR filter using the Min-Max
optimization. The ZP filter offers the DC gain
of 0.3288.

The qualitative performance democrats
that proposed ZP based optimum reduced
order filter minimizes the MSE significantly
for EEG artifact removal for motion artifacts.
In addition the PSNR performance is nearly
improved by around more than 3 times over
Notch filter and more than of 10 times over the
basic IIR filter. It is because IR filter offers 16
order filter and offer the delay. But proposed
ZP-1IR filter maintain the true nature of the
EEG data.

Overall paper concludes that ZP filter
using the optimization performs better than the
IIR filter for EEG artifact removal.

FUTURE SCOPE

In future research the stability and
transient analysis of the designed filter
performance can be carried out and
performance can be tested over different kind
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of applications.
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