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Abstract
Power spectral analysis of the heart rate and blood pressure variations has commonly
used to provide indices of autonomic cardiovascular modulation, but the effect of changing
posture from lying to standing on these variations and the interpretation of their power
spectra is still largely in dispute. It was due to the reason that till now no study was made yet
that clearly outlines the variations in terms of RR-interval and blood pressure series from
lying to standing position. Thus the aim of this paper lies in the application of classifying the
subjects based on their RR-intervals, systolic and diastolic blood pressure series, prior to
spectral analysis, at two different physical activity related postures. In this paper K-Nearest
Neighbor algorithm has been proposed as a classifier for classifying the subjects based on
lying and standing postures. Here we also studied the classification accuracy achievable with
a KNN classifier using three different methods (i) Euclidean (ii) City block and (iii)
Correlation of calculating the nearest distance in order to propose the optimal one. Further
an attempt has been made to evaluate each of these methods for five different values of K=1,
3, 5, 7 and 9 in order to propose the best fit value of K for classifying the subjects. After
performing the comparative analysis between these three methods of distance metrics and for
different values of K, it is found that K=1 is the best choice out of 3, 5, 7 and 9 and
Correlation has been emerged as one of the optimal method for computing the nearest
distance with highest classification accuracy of 98.60 % with K=1 for lying and 99.95 % with
K=1 for standing postures.
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1. Introduction
In recent years growing number of reports has shown that the analysis of cardiovascular
variability is a valid non-invasive tool capable of providing adequate information on
autonomic modulation of the sinoatrial node in normal subjects and in patients with variety of
cardiac and non-cardiac diseases. The period of heart beat is not constant and changes over
the time. These variations in heart rates and respective periods are called heart rate variability
(HRV) and respective beat-to-beat fluctuations of blood pressure, is known as blood pressure
variability (BPV) [1].
The HRV, for most part, is the reflection of underlying BPV operating by the way of
baroreflex. If the causal BP variations are not taken into considerations, conclusion based on
HRV alone may be spurious. Therefore the BPV and its interaction with HRV have also been
taken into account for understanding cardiovascular modulation [2]. Further, although the
analysis of variability in heart rate (HR) and blood pressure (BP) was proven to be useful in
understanding the cardiovascular regulation, of the subjects rested in lying position, in a range
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of conditions including heart failure, hypertension, diabetes etc [3]. But the interpretation of
their power spectra when any subject is under some physical activity is still not totally
resolved [4].
It is generally believed that in the lying position the parasympathetic modulation is
dominant; and causes stronger high frequency fluctuations. In contrast, decreased
parasympathetic function occurs in standing position [4]. But this fact is not well established,
as many times contradictory results have left the clinical researchers skeptical about the
prognostic or diagnostic information provided by the low and high frequency fluctuations
with variable postures and there exists no clear consensus on how to estimate HRV and BPV
in daily physical activities [5]. A number of studies have been performed to investigate the
differential modulation of sympathetic and parasympathetic nervous system outflow during
postural change by estimating HRV using various methods [2, 5-8] but no clear cut
understanding has been made yet. This was due to the reason that it is not so far clear that
how the RR-interval series and blood pressure vary in response to the postures and whether
there is any significant change in terms of these variations with posture that has a direct
impact on the HRV and BPV characteristics. Thus without the thorough understanding of this
concept prior to spectral analysis it is not possible to completely decipher the hidden
dynamics of cardiovascular signal. In the earlier studies the researchers used the same
analysis technique whether linear or nonlinear to explore these changed dynamics for all the
subjects participated in the study. But it is not true that RR-intervals and BP series vary in the
same sense for all the subjects and reflects the changes in Power Spectral Analysis (PSA) in
the same way. Thus firstly the changes in terms of RR-intervals and BP series are classified
according to postures and then select as per the classification accuracy the analysis technique.
Thus an effort is made to speculate how fast the RR-interval series and BP series changes in
response to different postures by observing their changed dynamics using a KNN classifier.
The KNN classifier is a simple and popular classification algorithm that has so far not
received much attention in the domain of biomedical signals. The idea underlying the KNN
method is to assign new unclassified examples to the class to which the majority of its k
nearest neighbors belongs [9]. One advantage of the KNN method over many other
supervised learning methods like support vector machine, decision tree, neural network etc
[9] is that it can easily deal with problems in which the number of classes is bigger than two.
Furthermore, the KNN method allows adding examples to the training dataset without
retraining the classifier. Clearly, the ability to deal with multiple classes as well as the ability
to update classifiers online is important for biomedical applications. Moreover, in the KNN
based classification model, the good selection of K and the type of distance metrics used
computing nearest distance has a bigger effect on categorization results. Their choice
becomes more critical when KNN classifier is used in biomedical applications prior to signal
processing [10-11]. After an exhaustive literature survey on KNN based classification
problems it has been observed that there is an inconsistency in the selection of the value of k
and distance metric used for classification.. Unfortunately, an adequate justification about
which value of K and which method for computing the nearest distance is most suitable for
any KNN based application is usually lacking and most of the studies were silent on this
approach. Thus most importantly there is an urgent need to optimize the value of K and type
of distance metric used in KNN algorithm. In this paper, in order to find the optimal value of
K and distance metric a comparative analysis has been performed between K=1, 3, 5, 7, and 9
and between Euclidean (EU), City block (CB) and Correlation (CO) distance metrics. Such
comparative performance evaluation has not been yet made in the literature and no such
systematic experiments were published earlier which could infer that how and in what sense
the different values of K and distance metrics affects the classification accuracy of KNN
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classifier. In this work our main stress is on the application of KNN algorithm and on
exploring the optimal value of K and distance metric for the obtaining the highest accuracy in
classifying the subjects based upon their postures but not on selecting the analysis technique
as per its classification accuracy. Moreover, the study which we made here is to analyze the
combined effect of HR and BP fluctuations and hence allows a wider insight into the role of
varying postures in cardiovascular control, in classifying the subjects.

2. Methodology
The study was performed on ten sets of lying and ten sets of standing postures of RRinterval and BP obtained from standard Eurobavar database available on internet
(http://www.cbidongnocchi.it/glossary/eurobavar.html) (subject no. 1 to 10) and ECG data of
standard lead-II, recorded in our own laboratory, using BIOPAC MP100 system.
2.1 Overview of K-Nearest Neighbors Method
The KNN is one kind of prospective statistical classification algorithms (Supervised
Learning). It is a method for classifying objects based on closest training examples in the
feature space. KNN is a type of instance-based learning, or lazy learning where the function is
only approximated locally and all computation is deferred until classification [12].
The KNN algorithm consists of two phases: Training phase and Classification phase. The
training examples are vectors in a multidimensional feature space, each with a class label and
the training phase of the algorithm consists only of storing the feature vectors (library of
reference vectors) and class labels of the training samples. In the classification phase, K is a
user-defined constant, and an unlabelled vector (a query or test point) is classified by
assigning the label which is most frequent among the K training samples nearest to that query
point. In other words the KNN method compares the query point or an input feature vector
with a library of reference vectors and the query point is identified to be of the class of library
feature vector to which it has the closest distance. This way of categorizing query points
based on their distance to points in a training data set is a simple yet effective way of
classifying new points [13].
In addition, the accuracy of the KNN algorithm can be severely degraded by the presence
of noisy or irrelevant features, or if the feature scales are not consistent with their importance.
Thus for an efficient KNN based classification the prerequisites are (i) the input data should
be noise free and (ii) the selected feature space should be coherent. In this regard much
research effort has been put into, in selecting the ectopic free ECG records and in selecting or
scaling the most appropriate features to improve classification. In this paper we select three
features for classifying the subjects based upon their postures: RR-interval series, Systolic
blood pressure and diastolic blood pressure.
2.2 Selection of Parameter K and Distance Metric
The best choice of K depends upon the data; generally, larger values of K reduce the effect
of noise on the classification, but make boundaries between classes less distinct. The special
case where the class is predicted to be the class of the closest training sample (i.e. when K =
1) is called the nearest neighbor algorithm. In binary (two class) classification problems, it is
helpful to choose K to be an odd number as this avoids tied votes. Thus, the value of K is
defined in such a way that it produces the highest correct classification rate [14].
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Further the classification accuracy of KNN is also largely dependent upon the distance
metrics used for computing the nearest distance. Thus in this paper in order to find the
optimal distance metric variety of methods which has been used are: Euclidean distance, City
Block and correlation.
2.3 Distance Metrics
Given an mx-by-n data matrix X, which is treated as mx (1-by-n) row vectors x1, x2, ..., xmx,
and my-by-n data matrix Y, which is treated as my (1-by-n) row vectors y1, y2, ...,ymy, the
various distances between the vector xs and yt are defined as follows:
Euclidean (EU) distance metric: This is the most usual, “natural” and intuitive way of
computing a distance between two objects. It examines the root of square differences between
coordinates of a pair of objects and is defined using equation (1) [13, 14, 15]
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City Block (CB) distance metric: It is based on Taxicab geometry, first considered by
Hermann Minkowski in the 19th century, is a form of geometry in which the usual metric of
Euclidean geometry is replaced by a new metric in which the distance between two points is
the sum of the absolute differences of their coordinates defined using equation (2)
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The CB distance is also known as Manhattan distance, boxcar distance, absolute value
distance. It represents distance between points in a city road grid. While the EU corresponds
to the length of the shortest path between two points (i.e. “as the crow flies”), the CB distance
refers to the sum of distances along each dimension (i.e. “walking round the block”).
Correlation (CO) distance metric: It is one minus the sample correlation between points
(treated as sequences of values) and is defined using equation (3)
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3. Results and Discussion
The aim of the study which we performed here is two folds: firstly to visualize the effect of
varying postures on heart rate and blood pressure series using a KNN classifier and secondly
to propose the optimal value of K and type of distance metric for achieving the highest
possible classification accuracy. In this paper a comparative analysis has been performed
between different values of K and between different distance metrics by selecting (i) RR-
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interval (ii) Systolic blood pressure and (iii) Diastolic blood pressure records of 15 subjects
under lying and standing positions as features for the KNN classifier. Here we first trained the
KNN classier by presenting 10 lying and 10 standing data files of 10 subjects, each consisting
of three types of features with a feature vector space of 17000 samples each. In the
classification phase 5 testing data files of the subjects from I to V under lying and standing
postures, different from the training phase, were given to the KNN classifier in a random
manner. The results obtained in terms of percentage classification accuracy, for K=1, 3, 5, 7
and 9 using EU, CB, and CO methods of computing the nearest distance, for the subjects in
lying and standing postures are shown in Table 1 and 2 respectively. After verifying the
results shown in table 1 for lying posture, it is found that the averaged classification accuracy
obtained using CO distance metric for K=1 is found to be 98.60 % in comparison to EU
(94.71%) and CB (94.34%) methods. The superiority of CO method is established over the
other two distance metrics in terms of achieving the highest classification accuracy for all the
five subjects. Similarly the averaged classification rate obtained with CO method is highest
i.e. 98.02%, 97.40%, 97.84%, 97.84% for K=3, 5, 7 and 9 respectively than EU and CB
methods for lying posture. Further, the superiority of the CO method is demonstrated
graphically by plotting the averaged classification accuracy obtained using EU, CB and CO
distance metrics for K=1,3,5,7 and 9 in Figure 1. After the visual analysis it is found that the
averaged classification accuracy obtained using CO distance metric, shown by a line with
triangles on it in Figure 1, is better than other two metrics, showing by a line with circles on it
(obtained using EU distance metric) and by a line with squares on it (obtained using CB
distance metric) respectively.
Table 1. Comparative Analysis between k = 1, 3, 5, 7 and 9 and between EU, CB
and CO Distance Metrics for the Subjects under Lying Posture

Table 2. Comparative Analysis between k = 1, 3, 5, 7 and 9 and between EU, CB
and CO Distance Metrics for the Subjects under Standing Posture

Further the results showing the classification rate for the subjects under standing posture
are given in Table 2 for five values of K and three distance metrics. These results demonstrate
that the classification accuracy obtained for K=1 using CO as distance metrics is better than
that obtained for K=3, 5, 7 and 9 using EU and CB as distance metrics. In addition, this
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optimality of the value of K=1 and CO as distance metric is clearly outlined by observing a
line with triangles on it in Figure 2. Moreover, this study is also performed on the ECG
records obtained in our own laboratory settings from 10 healthy volunteers, and the same
trends in the observations are obtained.

Figure 1. Plot of Averaged Classification Accuracy Obtained using Euclidean
(EU), City Block (CB), Correlation (CO) Distance Metrics for 5 Different Values
of K for the Subjects under Lying Posture

Figure 2. Plot of Averaged Classification Accuracy Obtained using Euclidean
(EU), City Block (CB), Correlation (CO) Distance Metrics for 5 Different Values
of K for the Subjects under Standing Posture
The purpose of the study which we performed here is to present an accurate method for
classifying the subjects based upon their postures using RR-intervals, systolic blood pressure
and diastolic blood pressure as classification parameters, for obtaining better quantification of
autonomic nervous system. It is found that KNN algorithm for K=1 with CO as distance
metric has performed well in classifying fast autonomic nervous system adaptations in
changing postures in comparison to other variants of K and distance metrics.

4. Conclusion
The present paper lays considerable emphasis on (1) the algorithmic considerations of
KNN classifier for 5 different values of K and three different methods of calculating the

18

International Journal of Signal Processing, Image Processing and Pattern Recognition
Vol. 5, No. 1, March, 2012

nearest distance (2) their methodological aspects related to signal processing and (3) their
capabilities of classifying subjects based upon their using RR-intervals and blood pressure
series as features leading to the ability to precisely discriminate between pathologies and
efficient spectral analysis. Although there are several postures and physical activities in daily
life, but we have used only lying and standing postures as activity indicators for heart rate and
blood pressure series. In this paper KNN algorithm has been used for understanding the role
of RR-interval, systolic and diastolic blood pressure in lying and standing postures. Further,
for the accurate classification of the subjects based upon the postures by using KNN classifier
an optimal value of K=1 and correlation as a distance metric has been proposed in this paper.
The efficacy of the proposed value of K and distance metric has been demonstrated by
performing the comparative analysis between (i) K=1, 3, 5, 7 and 9 and between Euclidian,
City block and Correlation distance metrics. The proposed value of K and distance metric for
KNN based classification based upon postural changes prior to spectral analysis could be the
start for classification rate based analysis and also aimed at the prediction of several of
episodes of heart rate and blood pressure series. In future more rigorous investigations are
needed to study the role of postures in autonomic nervous system modulation.
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