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approach.
Heart rate variability (HRV) [2] is the change in the
time interval between heartbeats. It is controlled by the
Autonomic Nervous System (ANS), which also controls
many other vital functions within the body. The HRV is
an indicator of the dynamic interaction and balance
between the sympathetic and parasympathetic systems.
The HRV can be measured noninvasively. Therefore, it
becomes an attractive measure to use in the study of the
ANS response to different stimuli, e.g., [3], [4]. HRV
measures are usually divided into two basics categories
that are time domain analysis measures and frequency
domain analysis measures [2]. There are a number of
researchers had studied the effects of meditation on the
health based on HRV analysis, e.g., [5], [6], [7], [8], [9].
However, we still gained little knowledge about this.
This paper aims to investigate patterns of heart rate
variability during concentration meditation from various
HRV measures by a pattern recognition method to gain
more understanding of effects of concentration
meditation on autonomic nervous system.

Abstract
The main objective of this study is to investigate
patterns of heart rate variability during concentration
meditation to understand its effects on health. Our
method consisted of three major stages: Signal
acquisition, Feature extraction, and Classification. The
input signals are RR interval signals which were
collected from 105 subjects. By K-mean clustering
method, the signals could be classified into 3 clusters
corresponding to state of quiet mind (Samadhi state),
intermediate state, and normal state. The results indicate
that meditation and ordinary quiet sitting have
significantly different effects on Autonomic Nervous
System. In addition, it should be noted that meditation
has different effects on health depending on frequency of
the resonant peak that each meditator can achieve.

1.

Introduction

Meditation appeared more than five thousand years
ago. It was developed and practiced continuously. Up
until now there are many types of meditation techniques
that are available for practical uses for any people
regardless of their religions. Although there are various
types of meditation techniques, all of them can be
broadly classified into two basic groups: Concentration
meditation and Insight meditation [1]. Concentration
meditation is the technique that focuses the attention on
one thing, which mostly is the breath, in order to still the
mind. As the meditator focuses his/her awareness on the
breath, his/her mind becomes absorbed in the rhythm of
inhalation and exhalation which may lead to the state of
quiet mind called the Samadhi state. The Samadhi state is
the state of successful concentration meditation. On the
other hand, insight meditation involves opening the
attention to become aware of the continuously passing of
sensation and feeling without becoming involved in
thinking about them. In this work, we focus on
investigating the effects of meditation practices from the
techniques based on the concentration meditation
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2.

Methodology

Our method consists of three major stages: signal
acquisition, feature extraction and classification. Details
are elaborated below.

2.1.

Signal acquisition

RR interval signals were collected from 105 subjects
by using Polar 810/810i. During meditation practice, the
subjects sat in a cross-legged position and kept their eyes
closed as they were accustomed to doing during their
meditation practices. Subjects were first instructed to sit
quietly for 5 minutes. Pre-meditation measures were
taken during this time. After that, they were instructed to
perform meditation for at least 15 minutes. The subjects
were asked to meditate everyday for about 4 weeks.
During ordinary quiet sitting, the subjects were also
instructed to sit quietly for 10-20 minutes in a crosslegged position, which is the same posture as the subjects
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do during meditation practice.
After finishing meditation, they had to report if they
could achieve the Samadhi state or not, and report about
their feelings or states of mind (e.g., refresh, relax,
neutral, bore, worry, stress, etc.) during the meditation
practice. In the case that the Samadhi state was achieved,
the intervals during which each subject reported that
he/she concentrated on meditation (other thoughts did
not occur) were labeled as the segments of the Samadhi
state.

2.3.

2.2.

where X is the feature vector of an observed segment, m1
and m2 are the mean feature vectors of segments in
Category I and Category II respectively, Sp is the pooled
covariance matrix between two populations with n1 and
n2 observations respectively.
The discriminant function (y) is compared to a
midpoint (m) between the two populations. If y > m, the
observed segment X is classified as belonging to
Category I, otherwise classified to Category II.
We used the characteristics of RR intervals data
obtained from the initial classification experiment as
explained above to guide us in selecting features and
determining initial centers for clusters. All of data will be
classified into K groups by K-means clustering method.
After that, the data in each cluster are investigated to
summarize the characteristics of HRV measures in the
Samadhi state and compare the differences to the NonSamadhi state. K-means clustering algorithm was
introduced by McQueen [11]. The procedure of this
algorithm can be described as follows:

Classification

Firstly, we performed an initial experiment to classify
RR interval data into two categories of Samadhi state
(Category I) and Non-Samadhi state (Category II) by
using Fisher linear discriminant analysis [10]. The
discriminant function (y) is given as
y = [m1 – m2]T Sp-1 X

Feature extraction

The RR interval data were analyzed both in time
domain and frequency domain.
In time domain analysis, six HRV measures are
considered in our experiments. Most of them are the
basic HRV measures recommended by the Task Force of
the European Society of Cardiology and the North
American of Pacing and Electrophysiology [2]. They are
the followings:
(1) mRR: Mean of all inter-beat intervals
(2) mHR: Mean of heart rates
(3) sdNN: Standard deviation of all inter-beat
intervals
(4) sdHR: Standard deviation of heart rates
(5) AR: Autocorrelation of the RR interval signals
(6) RMSSD: Square root of the mean of the sum of
the squares of differences between adjacent interbeat intervals.

(1)

K-means Clustering algorithm:
(1) Select a number of clusters required (K).
(2) Allocate K points in feature space as cluster
centers.
(3) Calculate the distance between all of the data
points and each cluster center.
(4) Each item is assigned to a cluster based on the
minimum distance.
(5) Recalculate the cluster centers from the feature
vectors of the items assigned to each cluster.
(6) Repeat steps (3) to (5) for all the data, moving
items between clusters as necessary.
(7) Stop when there is no further movement between
the clusters.

In frequency domain analysis, four basic HRV
measures are investigated:
(1) VLF: Power spectrum in the very low frequency
range, 0.003 - 0.04 Hz.
(2) LF: Power spectrum in the low frequency range,
0.04 - 0.15 Hz.
(3) HF: Power spectrum in the high frequency range,
0.15 - 0.4 Hz.
(4) LF/HF: Ratio between the power spectrum in LF
range and the power spectrum in HF range.

The other measures that can be defined from these
basic measures from both time domain and frequency
domain are also investigated, for example, width of the
highest spectral peak (PeakW), frequency of the highest
spectral peak (PeakF), normalized VLF, normalized LF,
normalized HF, etc.

3.

Results

Experimental results are elaborated in this section
including initial classification result and clustering result.
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3.1.

the high narrow resonant peak in the LF range (LFresonant peak), while the spectra in the VLF and HF
ranges are very low.

Initial classification result

We had performed an initial experiment to classify
250 segments of RR interval data including 133
segments from the Samadhi state and 117 segments from
the Non-Samadhi state by Fisher discriminant function as
explained in Section 2.3. We obtained 94.8% correct
classification. The preliminary result indicated that the
salient features of RR interval time series for
discriminating the Samadhi state and the Non-Samadhi
state were the regularity of the RR interval time series,
the mean heart rate, and the spectral peaks in VLF, LF
and HF ranges.

3.2.

Table 1. HRV measures in Normal and Samadhi States.
HRV
Measure

mHR
AR
VLF (%)
LF (%)
HF (%)
PeakW
PeakF

Clustering result

The result from the initial classification experiment
led us to use the following seven features: mean heart
rate (mHR), autocorrelation coefficient (AR), normalized
VLF power spectrum, normalized LF power spectrum,
normalized HF power spectrum, width of the highest
spectral peak (PeakW), and frequency of the highest
spectral peak (PeakF) for grouping the RR interval data.
By using K-means clustering algorithm and investigating
data in each cluster against the labels of data segments
assigned during data collection stage from subjects’ selfreports, we found that there are 3 categories of data
corresponding to states of mind including Normal state,
Samadhi state, and Intermediate state (meditating but
cannot achieve the Samadhi state yet). The prominent
feature of the Samadhi state is the appearance of the
single narrow peak with high amplitude called the
resonant spectral peak. The resonant peak may appear in
the LF, or HF ranges. The results apparently show that
HRV measures in the Samadhi state and the NonSamadhi state are remarkably different (see Table 1). The
details are elaborated below:

4.

Normal
State

70.37
0.5271
55.21
29.89
14.89
5.13
0.0145

Samadhi State
LFresonant
peak
72.95
0.6714
15.09
71.60
13.31
7.21
0.0944

HFresonant
peak
69.33
0.6033
19.59
25.45
54.96
8.00
0.2067

Conclusions

In conclusion, our study revealed that patterns of heart
rate variability during concentration meditation and
ordinary quiet sitting (normal state) were remarkably
different. If the Samadhi state or the state of quiet mind
can be achieved, the regularity and the amplitude of
oscillation of RR interval data are apparently high. The
following features: mean heart rate, autocorrelation
coefficient, normalized VLF spectrum, normalized LF
spectrum, normalized HF spectrum, width of the highest
spectral peak, and frequency of the highest spectral peak
can be used as indicators for determining the Samadhi
state. The characteristic patterns of power spectrum in
the Samadhi state are as follows. Either LF or HF is very
high with a narrowed band having high amplitude peak
at a certain frequency, while the other bands are very
low. Conversely, during ordinarily quiet sitting, the
characteristics of the spectral bands are as follows. The
VLF is very high, the LF is relatively lower, the HF is
quite low, and there are many peaks spreading
throughout the VLF and LF bands. Based on the
physiological explanations of VLF, LF and HF bands,
the Samadhi state may have health benefits relating to
baroreflex sensitivity for the ones who can induce the
resonant peak in the LF band, and increasing
parasympathetic tone for the ones who can induce the
resonant peak in the HF band.

Ordinary quiet sitting
By investigating RR interval time series during
ordinary quiet sitting in the time domain, we found the
following prominent characteristics. The regularity and
the amplitude of signal oscillation are very low. There
are several spectral peaks spreading in the VLF and LF
ranges. Figure 1 shows a representative of the spectrum
of RR interval data during ordinary quiet sitting.
Samadhi State
In the Samadhi state, the regularity and the amplitude
of RR interval time series are remarkably high. The
spectrum is shifted toward a specific location of
frequency to form a single prominent peak called the
resonant peak. Figure 2 shows an example of the
spectrum of RR interval time series during the Samadhi
state. We can notice that there is only one single peak,
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Figure 1. Power spectrum of RR interval data
during ordinary quiet sitting (normal state).
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Figure 2. Power spectrum of RR interval data
during Samadhi state (the state of quiet mind).
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