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ABSTRACT

Introduction: An Electrocardiogram (ECG) is graphical tracing of electrical signals generated by heart
muscles. An Electroencephalogram (EEG) is the electrical activity of brain. Coherence is degree of
association between frequency spectra of two signals at a particular frequency. In this paper coherence
between ECG and EEG signals of twelve different subjects is analysed by estimating magnitude squared
coherence (MSC) between these two signals. ECG and EEG signals are taken simultaneously.

Aim: Aim of this paper is to find the brain region at which maximum mean of MSC is exhibit. And out of
four methods used which one is best suit for coherence estimation. Estimation of Coherence among
physiological signals is used as cost-effective non-invasive tool of diagnostic. Coherence among ECG and
EEG signals is used to determine the difference between normal and abnormal brain activity.

Methods: Four different methods of power spectrum estimation are used for the analysis of MSC. These
methods are Burg, Covariance, Modified Covariance and Welch method.

Result: Maximum estimated magnitude squared coherence between ECG and EEG is at Cerebellum. It
means that Cerebellum region of brain is maximum associated with heart. Out of four methods of power
spectrum estimation such as Burg, Covariance, Modified-covariance and Welch, Burg method gives
maximum MSC values.

Conclusion: Magnitude squared coherence values among ECG and EEG signals of twelve subjects at
four different brain regions are non-negative. It means that there is some association between heart and
brain. Cerebellum region of brain has maximum association with heart. Burg method of power spectrum
estimation is better than other methods used in this paper for the purpose of Coherence estimation.

Keywords- Electrocardiogram (ECG), Electroencephalogram (EEG), Power spectrum density(PSD),
Cross power spectrum density (CPSD), Welch, Burg, Covariance, Modified Covariance, Magnitude
squared coherence (MSC).

INTRODUCTION waves being generated during heartbeat.
An electrocardiogram or ECG is Specialized cells which produce electricity

today used worldwide as a relatively simple are called natural pacemaker cells. These
tool of diagnosis of conditions of heart. An Specialised cells produce electricity by
ECG is a recording of the small electric quickly changing their electrical charge
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from positive to negative and again from
negative to positive. The first electric wave
in a heartbeat is initiated at the top of the
heart. Heart muscle cells have ability to
spread its electric charge to adjacent heart
muscle cells and this initial wave will be
enough to start a chain reaction. An
electroencephalogram or EEG  Signal
reflects the electrical activity of human
brain. Neurons or nerve cells transmit
information throughout the body electrically
and they create electrical impulses by the
diffusion of sodium, calcium, and potassium
ions across the cell membranes. When a
person is sleeping, thinking, listening music,
watching television or reading, different
parts of the brain are stimulated. It creates
different electrical signals that can be
monitored by an EEG .There are five major
brain waves distinguished by their different
frequency ranges and different amplitudes of
mV range. These frequency bands from low
to high frequencies respectively are called
alpha (a), theta (0), beta (B), delta (d), and
gamma (y). These frequency bands are seen
in different states of mind. Coherence is the
degree of association of frequency spectra
between the ECG and EEG signals at a
particular frequency. The magnitude squared
coherence (MSC) estimate between two
signals x (ECG Signal) and y (EEG Signal)
is given below.

[P (D)1
C.ll= ———— (1
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Here C...(f) is magnitude squared coherence
estimate between two signals x (ECG signal)
and y (EEG signal).

If MSC between two signals is
positive its mean changing nature of that
two signals are same. If MSC of two signals
IS negative, it means changing nature of that
two signals is opposite. If magnitude of
MSC is zero, its mean that there is no
relationship between two signals. Coherence
phase is given as

6p) = tan™ {—IHI{P’“’(H}} (2)
: Re{P,.(f)]

Where P, (f) is the power spectral
estimation of x (ECG) signal and P (f) is
the power spectral estimation of y (EEG)
signals. P (f) is the cross power spectral
estimation of the ECG and EEG signals. !
Estimation of coherence among
Physiological signals is used as low cost and
accurate non-invasive tool of diagnosis of
brain.

ECG and EEG signals are taken
from12 different subjects. EEG signals are
acquire from four different regions of brain
such as cerebellum, frontal, parietal and
occipital. ECG and EEG signals are
acquired simultaneously. We want to
estimate the association so these signals
must be taken simultaneously. Duration of
signals is 5s.

MATERIALS AND METHODS

Four methods are used for the power
spectrum estimation. One out of four is
nonparametric method and three methods
are parametric method. Nonparametric
methods make no assumption about how the
data were generated and hence are called
nonparametric  methods.  Since  the
estimation is based on a finite record of data,
the frequency resolution of these methods is
at best. All the nonparametric estimation
technique decreases the frequency resolution
in order to reduce the variance in the
spectral estimation. "]
Various nonparametric methods are given
below:

e The Bartlett Method: Averaging
Periodograms
e The Welch Method: Modified

Averaging Periodograms.
The Bartlett methods divides data in K non
overlapping segments each of length M.
Bartlett (triangular) Window is used.
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Xi=X(n + i+ M)
fori=0:(K—1)&n=0:(M—1) (3)

PSD for each segment of the periodograms
is-

M-1

PO (4)

Finally we average the periodograms for K
segments to obtain the Bartlett power
spectrum.

P_.i. (f:' = %Z P.x:..r E.-F:I (5)

Welch method has some modification
in the Bartlett method.
First over lapping between segments is
done, second at place of Bartlett window
hamming window is used.

_ 1
M

X.(n)=X(n+iD) (6)
For n=0 :( M-1),
i=0:(L-1),

Data is divided into L segments each
of length M. and D is overlapping. iD is
starting point of i segment. Observed that
if D=M, the segment do not overlap and the
number L is identical to no K of Bartlett
method. If D=M/2 then 50% over lapping
and L=2K is obtained.

require the long data records in order to
obtain the necessary frequency resolution.
Furthermore these methods suffer from
spectral leakage effects due to windowing
that is inherent in finite length data record.
From one point of view basic limitations of
nonparametric method is the inherent
assumption that the auto correlation
estimates Ryx (m) is zero for m >N ( length
of data). This assumption limits the
frequency resolution.
Parametric methods extrapolate the values
of autocorrelation for lags m >N.
Extrapolation is possible if we have some a
priori information on how the data were
generated. In this case a model for the
signal generation can be constructed with a
no of parameters that can be estimated from
observed data. As these methods eliminate
the need of window function so spectral
leakage effect is avoided. These methods
properly work for short data record. ¥
Parametric methods are basically three
types:

e Auto-regressive Method

e Auto-regressive Moving Average

Method.

e Moving Average Method.

B(z) ¥ b Z7F

i 1= k

M- 2 Hiz)= = - - 10
0 1 |s . ) e (=) A(z) 1 —Eizi a,Z " (10)
PP =95 Z X (mW(me™™" | (7)  The above model is called Auto-regressive
. n=0 Moving Average Method (ARMA) of order
Where U is the normalized factor for power ®, q) %f 4=0 z?nd bo=1 thén its ou)tput X(n)
In ihe W',[TE?W function and is selected as is called autoregressive process of order p.
U = 1 Z W2 8 Third model is possible by selecting A(z)=1
M (n) (8) and this is called moving average model of
n=0 order g. ¥
On averaging the periodograms: d- . .
T1 Auto-Regressive methods are basically four
. 1 ~ (1) types.
B = - B 9
e () LZE x (f) ) e Burg method,
Above expression gives the PSD using * Covariance method
Welch method. e Modified Covariance Method
Nonparametric methods described in this e Yule-Walker Method
section are simple. However these methods
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Burg method does not apply window to
data. It minimizes the forward and backward
prediction errors in the least squares sense,
with the AR coefficients constrained to
satisfy the L-D recursion. It gives high
resolution for short data records. It may
suffer spectral line-splitting for sinusoids in
noise, or when order is very large.
Covariance method does not apply window
to data. It minimizes the forward prediction
errors in the least squares sense. It gives
better resolution than Yule-Walker for short
data records (more accurate estimates).
Modified Covariance does not apply
window to data. It minimizes the forward
and backward prediction errors in the least
squares sense, with the AR coefficients
constrained to satisfy the L-D recursion. It
gives high resolution for short data records.
Yule-Walker Method applies window to
data. It minimizes the forward prediction
errors in the least squares sense. Performs as
well as other methods for large data record.
57100 1 this research work ECG and EEG
signals are acquired from twelve different
patients. EEG signals are acquired from four
different region of brain. ECG and EEG
signals are acquired simultaneously for the 5
sec. sampling frequency is1000 sample per
sec. Analysis is done for the purpose to find
the brain region which has maximum
association with heart. Four methods are
utilised for this purpose. Out of four method
used which one is best for coherence
purpose is also analysed.

From the table.l1 it is clear that
maximum value of mean of MSC is at
cerebellum. Second maximum is at Frontal.
Mean of MSC is minimum at Occipital.
Mean of MSC estimated by burg method is
more than other three methods.

Table.2 Mean of MSC of Second Subject

Methods
Cerebellum | Frontal | Occipital | Parietal
rain
Region
Burg 0.2664 0.2598 | 0.2160 0.2440
Covariance 0.2651 0.2577 | 0.2143 0.2419
Modified 0.2648 0.2588 | 0.2146 0.2243
Covariance
Welch 0.1691 0.1367 | 0.1402 0.1578

From the table.2 it is clear that
maximum value of mean of MSC is at
cerebellum. Second maximum is at Frontal.
Mean of MSC is minimum at Occipital.
Mean of MSC estimated by Burg method is
more than other three methods.

Table.3 Mean of MSC of Third Subject.

Methods

Cerebellum | Frontal | Occipital Parietal

rain
Region

Burg 0.2216 0.2168 | 0.2099 0.2024
Covariance | 0.2209 0.2149 | 0.2143 0.2019
Modified 0.2187 0.2151 | 0.2085 0.2008
Covariance
Welch 0.1510 0.1433 0.1491 0.1542

From the table.3 it is clear that
maximum value of mean of MSC is at
cerebellum. Second maximum is at Frontal.
Mean of MSC is minimum at Parietal. Mean
of MSC estimated by Burg method is more
than other four methods.

RESULT AND ANALYSIS
Table.4 Mean of MSC of Fourth Subject.
- Methods
Table.1 Mean of MSC of Second Subject . .

Methods ’ Cerebellum | Frontal | Occipital | Parietal

Cerebellum | Frontal | Occipital | Parietal rain

Brain Region
Region Burg 0.2433 0.2425 | 0.2750 0.2337

Burg 0.3033 02609 | 02179 1879 Cove}rl_ance 0.2407 0.2472 | 0.2729 0.2415
Covariance | 0.3010 02626 | 0.2164 | 01862 Modified ) 0.2439 02429 | 02784 | 02456
Modified 0.3019 02584 | 02186 | 0.1862 Covariance
Covariance Welch 0.1351 0.1332 | 0.1413 0.1351
Welch 0.1501 0.1284 0.1484 0.1501
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From the table.4, it is clear that
maximum value of mean of MSC is at
Occipital.  Second maximum is at
cerebellum. Mean of MSC is minimum at
Parietal. Mean of MSC estimated by Burg
method is more than other four methods

Table.5 Mean of MSC of Fifth Subject.

Methods
Cerebellum | Frontal | Occipital | Parietal
rain
Region
Burg 0.4033 0.2909 | 0.2779 0.2379
Covariance 0.4010 0.3026 | 0.2564 0.2162
Modified 0.4019 0.3184 | 0.2686 0.2262
Covariance
Welch 0.1601 0.1584 | 0.1584 0.2001

From the table.5, it is clear that
maximum value of mean of MSC is at
cerebellum. Second maximum is at Frontal.
Mean of MSC is minimum at Parietal. Mean
of MSC estimated by Burg method is more
than other four methods.

Table.6 Mean of MSC of sixth Subject.

Methods
Cerebellum | Frontal Occipital | Parietal
rain
Region
Burg 0.3233 0.2601 0.2199 0.2479
Covariance | 0.3011 0.2499 0.2094 0.2262
Modified 0.3122 0.2584 0.2186 0.2362
Covariance
Welch 0.1700 0.1314 0.1484 0.1501

From the table.6, it is clear that
maximum value of mean of MSC is at
cerebellum. Second maximum is at Frontal.
Mean of MSC is minimum at Occipital.
Mean of MSC estimated by Burg method is
more than other four methods.

Table.7 Mean of MSC of seventh Subject.

From the table.7 it is clear that
maximum value of mean of MSC is at
cerebellum. Second maximum is at Frontal.
Mean of MSC is minimum at Occipital.
Mean of MSC estimated by Burg method is
more than other four methods.

Table.8 Mean of MSC of eighth Subject.

Methods
Cerebellum | Frontal | Occipital | Parietal
rain
Region
Burg 0.3535 0.2909 | 0.2179 0.2879
Covariance 0.3110 0.2726 | 0.2164 0.2612
Modified 0.3519 0.2884 | 0.2186 0.2712
Covariance
Welch 0.1701 0.1684 | 0.1484 0.1501

From the table.8, it is clear that maximum
value of mean of MSC is at cerebellum.
Second maximum is at Frontal. Mean of
MSC is minimum at Occipital. Mean of
MSC estimated by Burg method is more
than other four methods.

Table.9 Mean of MSC of ninth Subject.

Methods
Cerebellum | Frontal | Occipital | Parietal

rain

Region
Burg 0.3111 0.2600 0.2379 .2579
Covariance 0.2999 0.2501 0.2221 0.2412
Modified 0.3001 0.2564 | 0.2331 0.2542

Covariance
Welch 0.1600 0.1574 0.1504 0.1521
From the table.9 it is clear that

maximum value of mean of MSC is at
cerebellum. Second maximum is at Frontal.
Mean of MSC is minimum at Occipital.
Mean of MSC estimated by Burg method is
more than other four methods.

Table.10 Mean of MSC of tenth Subject.

Methods Methods
Cerebellum | Frontal | Occipital | Parietal Cerebellum | Frontal | Occipital | Parietal

rain ra_in

Region Region
Burg 0.3111 02619 | 02179 | .2579 Burg 0.3232 03009 | 0.2577 | 0.2908
Covariance 0.3010 0.2516 0.2164 0.2500 Covariance 0.3220 0.3001 0.2465 0.2706
?:”S’J’Jf.'igce 0.3021 0.2584 | 0.2186 | 0.2562 Modified 03229 03007 | 0.2556 | 0.2862

Covariance
Welch 0.1511 0.1484 | 0.1404 | 0.1441 Velch 1701 5166 | o505 01601
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From the table.10, it is clear that
maximum value of mean of MSC is at
cerebellum. Second maximum is at Frontal.
Mean of MSC is minimum at Occipital.
Mean of MSC estimated by Burg method is
more than other four methods.

Table.11 Mean of MSC of eleventh Subject.

Methods
Cerebellum | Frontal | Occipital | Parietal
rain
Region
Burg 0.3663 0.3011 | 0.2579 0.2991
Covariance 0.3600 0.3000 | 0.2501 0.2886
Modified 0.3651 0.3001 | 0.2529 0.2899
Covariance
Welch 0.1551 0.1504 | 0.1498 0.1532

From the table.11, it is clear that
maximum value of mean of MSC is at
cerebellum. Second maximum is at Frontal.
Mean of MSC is minimum at Occipital.
Mean of MSC estimated by Burg method is
more than other four methods.

Table.12 Mean of MSC of twelfth Subject.

Methods
Cerebellum | Frontal | Occipital | Parietal
rain
Region
Burg 0.3334 0.3509 | 0.2919 0.3109
Covariance 0.3300 0.3426 | 0.2884 0.3002
Modified 0.3329 0.3489 | 0.2901 0.3092
Covariance
Welch 0.1761 0.1788 0.1684 0.1709

From the table 12, it is clear that
maximum value of mean of MSC is at
Frontal. Second maximum is at Cerebellum.
Mean of MSC is minimum at Occipital.
Mean of MSC estimated by Burg method is
more than other four methods.

By analysing the above 12 Tables (1-
12), It is Concluded that mean of magnitude
squared coherence is Maximum at
Cerebellum for ten subjects. Second highest
mean of MSC is obtained at frontal. From
all the above 12 tables we find that
magnitude squared of coherence values for
all 12 subjects are non-zero at all brain
region, its mean that there is association
between ECG and EEG signals. If MSC

value for any two signals is zero then there

IS no association between two signals.

e Association of heart with brains
different region in decreasing order
is Cerebellum > Frontal> Parietal>
Occipital

e In case of only parametric methods
burg method is superior to
covariance and modified covariance.
Because mean of MSC values
estimated using burg method is
larger than that of other two method.

e In case of parametric and
nonparametric methods parametric
method is superior to nonparametric
method.

e Mean of MSC values estimated by
Welch method is smaller than other
three methods. So Welch method is
least suitable for the coherence
estimation.

CONCLUSIONS AND FUTURE SCOPE

Coherence is analysed by estimating
the magnitude squared coherence. Four
different methods are used for this purpose.
MSC values of ECG and EEG signals are
non-zero, its mean there is some association
between heart and brain. From this research
it is analysed that mean of MSC is
maximum among the signals acquired from
the Cerebellum of brain and heart. Its mean
cerebellum is maximally associated with
heart. Second maximum association is
estimated between frontal and heart.
Occipital has maximum coherence points
whose magnitude is greater than 0.5. Its
mean at some frequency there is maximum
association between Occipital and brain. For
this analysis four methods are used. Out of
four methods three are parametric methods
and one is non parametric method. From the
analysed results it is seen that MSC values
estimated by using parametric methods are
larger than that of nonparametric methods.
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Parametric methods has less spectral leakage
and suits for both small and large data
records whereas nonparametric methods
suffer from spectral leakage and works on
large data record. Because of so much
flexibility it is analysed that parametric
methods are better than non-parametric
method for the purpose of estimation of
coherence. It is seen that burg method gives
maximum mean of coherence so it is
superior to all other methods.The magnitude
squared coherence between the two
physiological signals provides the valuable
association between the corresponding
physiological organs. Any deviation in the
MSC values from standard MSC values is
estimated as defects in physiological organs.
With the help of MSC value, the cause of
defects can be analysed. Estimation of
Coherence among physiological signals
helps in the non-invasive diagnosis of
physiological organs. With the help of
coherence among ECG and EEG signals
difference between normal and abnormal
brain activity can be analysed. As in this
project four method of power spectral
estimation is used for the purpose of the
analysis of coherence and every method has
given different magnitude of coherence.
Best method is one which gives maximum
mean of MSC that is Burg method of power
spectrum  estimation.  Although  all
parametric methods like burg, covariance
and modified covariance gives
approximately same mean MSC values but
mean of MSC values obtained by burg
method is slightly larger than other
parametric methods. Mean of MSC obtained
using burg method is smaller than other
methods. So, in future Burg method can be
used for analysis of coherence.

REFERENCES
1. Abhishek Chaudhary, Bhavana
Chauhan, Gavendrasingh, Monika Jain,
“coherence among Electrocardiogram

and Electroencephalogram as a non-
invasive tool of diagnosis”, IJERGS
journal Vol-2, issue-5, September 2014.
Gavendra Singh, Dilbag Singh, Varun
Gupta, Coherence Analysis between
ECG signal and EEG signal,
International Journal of Electronics &
Communication Technology (IJECT)
Vol. 1, Issue 1, December 2010.
Gavendra Singh Jadun, SetuGarg,
Neeraj Kumar, Shikhar, Coherence
Analysis between ECG Signal and EEG
Signal, International  Journal  for
Research in Applied Science &
Engineering Technology (IJRASET)
Vol. 1, Issue I, April 2013.

David M. Simpson, Member, IEEE,
Daniel A. Botero Rosas, and Antonio
Fernando C. Infantosi, Estimation of
Coherence Between Blood Flow and
Spontaneous EEG Activity in Neonates,
IEEE Transactions On Biomedical
Engineering, vol. 52, no. 5, May 2005.
Sanging Hu, Senior Member, IEEE,
Matt Stead, Qionghai Dai, Senior
Member, IEEE, and Gregory A.
Worrell, On the Recording Reference
Contribution to EEG Correlation, Phase
Synchrony, and Coherence. IEEE
Transactions on Systems, Man, and
Cybernetics Part B: Cybernetics, Vol.
40, and No. 5, October 2010.

Alexander Klein, Tomas Sauer, Andreas
Jedynak, and Wolfgang Skrandies,
Conventional and Wavelet Coherence
Applied toSensory—Evoked Electrical
Brain Activity, IEEE Transactions On
Biomedical Engineering, Vol. 53, No. 2,
February 2006.

N Saiwaki, H. Tsujimoto, S.Nishida and
S. Inokuchi, Faculty of Engineering
Science, Oskar University, Direct
Coherence Analysis of EEG Recorded
during music listening, 18" Annual
International conference Of IEEE
engineering in Medicine & Biology
society, Amsterdam. IEEE

Richard C. Watt, Chris Sisemore,
AnselKanemoto, J. Scott Polson,
Bicoherence of EEG can be used to

International Journal of Health Sciences & Research (www.ijhsr.org) 300
Vol.4; Issue: 12; December 2014



Differentiate Anesthetic Levels, 18th of EEG Using Slepian Sequences and

Annual International Confeyence of the Hermite Functions, IEEE transactions

IEEE Engineering in Medicine and on biomedical engineering, vol. 46, no.

Biology Society, Amsterdam 7, July 1999.

1996,IEEE. 10. John G. Proakis, Dimitris G. Manolakis,
9. Yan Xu, Simon Haykin and Ronald J. “Digital Signal processing”, Fourth

Racine, Multiple Window Time- Edition 2007 Pearson Education,

Frequency Distribution and Coherence Chapter 14, Power spectrum estimation.

How to cite this article: Chaudhary A, Chauhan B, Singh G. Estimation of coherence among ECG and
EEG signals using various auto-regressive methods. Int J Health Sci Res. 2014;4(12):294-301.

kkhkhkhkhhkhkhkhkhkhiiiiiikx

International Journal of Health Sciences & Research (IJHSR)

Publish your work in this journal

The International Journal of Health Sciences & Research is a multidisciplinary indexed open access double-blind peer-
reviewed international journal that publishes original research articles from all areas of health sciences and allied branches.
This monthly journal is characterised by rapid publication of reviews, original research and case reports across all the fields
of health sciences. The details of journal are available on its official website (www.ijhsr.org).

Submit your manuscript by email: editor.ijhsr@gmail.com OR editor.ijhsr@yahoo.com

International Journal of Health Sciences & Research (www.ijhsr.org) 301
Vol.4; Issue: 12; December 2014


http://www.ijhsr.org/
mailto:editor.ijhsr@gmail.com
mailto:editor.ijhsr@yahoo.com

