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Abstract: Simulation and identification of emotions have attracted much interest from fields like cognitive science, psychology, and,
recently, engineering. Even though a good quantity of investigation has been conducted on behavioral modalities, there are some underresearched aspects such as physiological signals. This research brings forth the ECG signal and introduces a complete study of its
psychological characteristics. The very institution of this signal as a biometric property justifies subject-reliant emotion identifiers that
record the immediate changeability of the signal from its homeostatic standard level. We are enhancing the implementation of the
Emotion Identification through the application of ECG signals in this work. We recommend Ensemble Pragmatic Mode Decomposition
or EPMD technique to diminish the operation duration and enhance the categorization rate.

Keywords: Electrocardiogram, emotion recognition, affective computing, arousal, valence, active stress, passive stress, bivariate empirical
mode decomposition, intrinsic mode function, instantaneous frequency, oscillation.

1. Introduction
People’s emotions are psychophysiological occurrences
that impact every facet of our day-to-day routine.
Emotions are intricate operations composed of many
elements, counting physical modifications, feelings,
cognitive responses, actions, and reflections. Different
models were recommended by taking into account the
manners that these elements interact to generate emotions,
though right now there is no unique method that is
unanimously recognized. Simulating emotions is a really
tough issue that has attracted a significant amount of
attention from the developing area of human-computer
interaction. The aim is to devise frameworks that may
spontaneously recognize emotional phases, and which can
modernize uses in the medical field, education,
entertainment, protection, and so on. The major issue in
devising such designs resides in our dependency on
perceptible demonstrations of emotions to create and
substantiate them as the dormant aspects that produce
emotions are imperceptible.
The primary phase in simulating any occurrence is
information acquisition. We have to devise trials and
introduce techniques that effectively incite emotions
within a laboratory environment wherein we may save and
acquire psychological information. When measuring
psychological activity, we are restricted to the analysis of
perceptible occurrences such as facial expressions, voice
characteristics, gestures, and so on. Such modalities are
common in HCI as they utilize similar prompts that people
depend on to sense and identify emotional states.
Furthermore, the majority of people show comparable
manifestations as a consequence to similar emotional
incitement, which permits for impartial emotion
elucidation.
One main disadvantage of utilizing behavioral modalities
to sense emotions is the doubt that comes up for people
who either are purposely controlling their emotional
manifestations or are inherently emotionally suppressive.
For example, even though facial expressions may be

studied to deduce emotions, this does not assure that a
person will manifest the equivalent prompting, regardless
of whether they are feeling a particular emotion. This has
grave impacts in some uses like observation.
Physiological signals or biosignals are an attractive
substitute to the utilization of behavioral modalities as
they comprise of crucial signs of a person’s body.
Instances in this classification count the electrocardiogram
or ECG, electroencephalogram or EEG, electromyogram
or EMG, galvanic skin response or GSR, heart rate (HR)
or heart rate variability (HRV), blood volume pressure or
BVP, respiration rate or RR, and temperature or T. Such
signals have customarily been utilized for medical
diagnostics, though there is consequent proof to imply that
they are responsive to and can transmit data concerning
emotional states [1-6]. Among the advantages of sensing
emotions by utilizing biosignals is that they are the body’s
reflexive responses, and hence are really tough to conceal.
Furthermore, for the length of time that the detectors are
connected to the body, such signals are saved constantly,
permitting numerous emotional evaluations. This is
contrary to voice characteristics, for instance, which may
be recorded just when the person is talking.
Though, there are numerous hypothetical and realistic
issues with respect to physiological signal founded
emotion sensing. Firstly, even though the proof implies
that biosignals are impacted by emotions, the actual
impacts on the waveform designs have yet to be observed.
For instance, the heart rate rises both when someone is
afraid and when excited, however, whether we may
separate the two is till now obscure. Secondly, there are
open queries concerning the subject-dependent aspect of
these impacts.
Aside from the open hypothetical queries, there are also
realistic challenges. The preliminary conventions are
much more intricate compared to behavioral emotion
investigation, where the acquisition is helped by notifying
subjects to show emotions. For physiological signals
founded trials, more advanced procedures are required to
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evoke honest emotions in a laboratory environment.
Moreover, naming biosignals is subjective and hence,
really uncertain owing to the hardship in instituting the
basic truth. One more realistic issue concerns the signal
recording. The acquisition operation is more intrusive in
contrast to that for behavioral modalities as the detectors
have to be connected to the subject’s body for the length
of an information acquisition session. It is for this cause
that it is essential to reduce to a minimum the quantity of
information needed for this work, that is, for sensing to
depend on the minimum possible signals.
Dissimilar biosignals come from various areas of a
person’s body and can explain disconnected functions. For
example, the electrocardiogram and blood volume
pressure signals come from cardiovascular source,
whereas the electromyogram concerns muscle electrical
potential. Exploring the actions of each signal is essential
so as to unambiguously institute its boundaries in
evaluating psychological activity. For example, we expect
that the just the trial settings can incite emotional response
for one physiological signal, though cannot incite some
others.

2. Related Research
There are many techniques in the base paper for
physiological signal founded emotion sensing, generally
categorized here into two classes depending on the
manner the emotional models are imagined and arranged.
The initial class counts the DEM or Discrete Emotional
Models, where the aim is to identify and name regular
emotional phases (for example happiness, moroseness, or
fear). Such techniques depend significantly on the basis
that a random emotional phase is distinct and fully
discernible from the rest.
Conversely, ADM or Affective Dimensional models
alleviate the requirements for discrete emotions and
consider any emotional phase as a mixing of two
boundaries, that is, arousal and valence. Arousal is a
gauge of emotional incitement (intensity) and it changes
between low and high. Valence is a gauge of congeniality
for the felt emotion, varying from really congenial
(positive) to really disagreeable (negative). A twodimensional area (the AV plane) is formed from these two
variables, and in ADM, designs categorization is
conducted among preset regions of the plane.
From the viewpoint of engineering, the two techniques
both have benefits and demerits. For example, DEM
designs may be effortlessly envisaged and suited to uses,
though, each emotion has to be completely characterized
and suitably aimed by the trial configuration, which can
be uncertain for surrounding emotions (for instance,
congeniality and serenity). The rest of this part gives a
short summary of some of these techniques; with the aim
of showing the manner that ECG has formerly been
arranged.

3. Signal Processing for Emotion Detection
There are two major issues that crop up with signal
processing of biosignals when aiming for the
categorization of emotion patterns. Firstly, emotionparticular patterns are not distinct for physiological
signals. Secondly, it is usually doubtful if emotions have
been shown at all. Most of the past researches on ECG
signals concur that emotion display is inherently
individual-specific,
notwithstanding
the
accounts
concerning cardiovascular response to emotion in which
there are questionable observations on the different
waveform patterns.
We dispute that general emotion sensors of ECG signals
carry the uncertainty of being incorrect for the two causes
below:
 ECG has been instituted as a biometric property [3031], which implies that automatically it holds
individual-specific data. The occurrence of a certain
heart beat relies on a quantity of reasons, like the
geometry and direction of the heart muscle, the
conductivity of different regions of the heart, the
activation stimuli [32], and the person’s habitus or sex
[33-35]. This bodily feature of ECG made a robust
foundation for the research and institution of its
biometric characteristics (that is, its utilization in
discerning people for identification purposes) [30-31].
 Various individuals feel emotions in dissimilar manners.
Even if we disregard the biometric feature of the ECG
signal, there is significant ANS innervations change in a
populace [17].
For these causes, emotional patterns are in this sensed as
changes from the usual look of a person’s ECG signal. We
execute characteristic retrieval in the time field for two
purposes—the time-field signals are noted to be capable in
terms of emotion particular characteristics [36], and it is
hazardous to compel stationarity and linearity constraints
which are required for Fourier transform on ECG [37].
Moreover, as we may not foresee the impacts of emotional
operations on the ECG signal, there is the danger of
overlooking the active variations caused by emotions if
we utilize schemes that depend on preset foundations. We
are more concerned with the manner that features of the
ECG signal change over numerous heart-beats when
someone feels various emotions. The neighboring features
of any specific pulse are of minor appeal. Concerning this,
the EMD or Empirical Mode Decomposition [37] is a
prevailing instrument as it is active, information
stimulated, and studies the signal holistically to emphasize
essential tendencies. With no suppositions beforehand
about the characteristics of the signal, EMD adjusts to the
integrated oscillatory activity and disintegrates ECG into a
quantity of basic modes. We believe that comprehending
the basic modes that are concealed in the cardiac
oscillatory activity is an important primary phase in any
trial to categorize psychological states.
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4. Proposed Methodology
Disjoining the buzz from the ECG signal aids in getting
the bare ECG signal and is effective in the case where the
ECG signal is not observed regularly by the particular
instruments. There are numerous techniques that give
sensible outcomes for disjoining buzz from the ECG
signal, though there are a few disadvantages such as
utilizing the multichannel ECG signal, greater signal to
noise ratio – being strong, and so on. In this scheme, we
surmount the disadvantage by utilizing solitary – channel
ECG as shown in Fig. 3 to get the information on higher
order statistics, the prominent aspect from traditional
schemes. To emphasize the restrictions of wavelet method
and to highlight the various performances, EPMD and
HHT methods are applied. Thus, to observe the ECG
signal, the EPMD calculation is ultimately important.
Wavelet transforms

retrieved from sample 1. Three dissimilar requirements for
recording, namely supine, standing, and light activity,
were studied. The SNR value computed from the
debuzzed ECG signal is superior to alternative traditional
techniques. The signal retrieval gives more data on the
sicknesses. D.
D. QRS Detection
Electrocardiogram (ECG) signal indicates the contractile
activity of the heart and this is the heart’s electrical
expression. The ECG signal is corrupted whilst recording
with artifacts and buzz which may be inside the concerned
band (0.5 – 100 Hz), where EMG, PLI or Power-Line
Interface, and baseline wander impacts are the artifacts
that are most frequently experienced. The interceptions
such as baseline-wander and PLI are rectified and
removed from ECG signal by utilizing EPMD method
correspondingly. The inherent mode function has
neighboring maxima and neighboring minima from which
the buzz is eliminated.

The ECG signal is disintegrated by utilizing wavelet
transform founded on the series of bases function. There
are a couple of boundaries that basis vector function relies
on: (a) the dilation coefficient, and (b) the translation step.
The initial signal is retrieved by condensing or expanding
and translating the wavelet function ψ (t).

Figure 1: Block Diagram of Proposed System
B. Ensemble Pragmatic Mode Decomposition
The time pattern is disintegrated into separate elements in
EPMD method since in wavelet method where structural
and neighboring chronological features are developed.
Debuzzing by utilizing EPMD is realized from the source
ECG signal from the total of estimations. In this case we
have studied the univariate time pattern for the method of
EPMD. In the EPMD method, the initial ECG signal is
estimated as the total of linear elements. EPMD method is
utilized to disintegrate the signal into inherent mode
function and remains. EPMD is initiated by approximating
the total of both the elevated frequency and the inferior
frequency elements locally like illustrated in Fig. 4 which
shows the flowchart of EPMD method. The elevated
frequency elements are inherent mode functions and
inferior frequency elements are remains. IMF and remains
are retrieved constantly. The IMF and remains are
summed when the disintegration ends. The debuzzed
signal with EPMD method is as depicted in Fig. 2.
C. ECG Signal Extraction
EPMD calculation is used to retrieve the ECG signal from
trial signal after the step of pre-processing. EPMD
demonstrates superior execution and the noted RS signal

Figure 2: Flow chart for signal extraction
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5. Results
In the Results Section, Three CASE-I, II & III are
showing the results comparison for the BEMD (Bivariate
Empirical Mode Decomposition) method and Proposed
EPMD (Ensemble Pragmatic Mode Decomposition)
method.
Case-1
Figure 6: EMPD based ECG signal
Table 1: Comparison Table
Classification Rate
(%)
34.9171
51.2404

Method
BEMD
EPMD

Figure 3: Input ECG signal
Figure 3 is showing the input ECG signal for the
classification and processing time.

Processing Time
(s)
37.6829
2.7059

Table 1 is showing the comparison table for BEMD
(Bivariate Empirical Mode Decomposition) method and
Proposed
EPMD
(Ensemble
Pragmatic
Mode
Decomposition) method. As Results are showing EPMD
classification Rate is high and Processing Time is low as
compare to BEMD.
Case-2

Figure 4: BEMD ECG signal

Figure 7: showing the Real ECG signal and Synthetic
ECG signal

Figure 4 is showing the BEMD ECG signal which receive
after complete the process of the BEMD Method.

Figure 8: Emotion Detection

Figure 5: Emotion Detection

Figure 8 is showing the Emotion Detection. In this Figure,
it is showing the Popup of the HAPPY Emotion
Detection.

Figure 5 is showing the Emotion Detection. In this Figure,
it is showing the Popup of the SAD Emotion Detection.
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Figure 9: EMPD based ECG signal

Figure 12: EMPD based ECG signal

Table 2: Comparison Table

Table 3: Comparison Table

Method
BEMD
EPMD

Classification Rate
(%)
34.0711
41.2699

Processing Time
(s)
58.5701
5.1495

Method
BEMD
EPMD

Classification Rate
(%)
15.2413
49.1338

Processing Time
(s)
56.8344
2.3451

Table 2 is showing the comparison table for BEMD
(Bivariate Empirical Mode Decomposition) method and
Proposed
EPMD
(Ensemble
Pragmatic
Mode
Decomposition) method. As Results are showing EPMD
classification Rate is high and Processing Time is low as
compare to BEMD.

Table 3 is showing the comparison table for BEMD
(Bivariate Empirical Mode Decomposition) method and
Proposed
EPMD
(Ensemble
Pragmatic
Mode
Decomposition) method. As Results are showing EPMD
classification Rate is high and Processing Time is low as
compare to BEMD.

Case-3

6. Conclusion
In this Research, improve the ECG Emotion Signal
Detection. It will Decrease the False Detection Ratio. As
results are showing the Classification Rate is increasing
for the EPMD method while processing time is decreasing
for the EPMD method as compare to BEMD.

References

Figure 10: showing the Real ECG signal and Synthetic
ECG Signal

Figure 11: Emotion Detection
Figure 11 is showing the Emotion Detection. In this
Figure, it is showing the Popup of the ANGRY Emotion
Detection.

[1] R.W. Picard, Affective Computing. MIT Press, July
2000.
[2] P. Ekman, R.W. Levenson, and W.V. Friesen,
―Autonomic Nervous System Activity Distinguishes
among Emotions,‖ Science, vol. 221, pp. 1208-1210,
Sept. 1983.
[3] F. Ho¨nig, A. Batliner, and E. No¨ th, ―Real-Time
Recognition of the Affective User State with
Physiological Signals,‖ Proc. Doctoral Consortium
Conf. Affective Computing and Intelligent Interaction,
pp. 1-8, 2007.
[4] J. Anttonen and V. Surakka, ―Emotions and Heart Rate
While Sitting on a Chair,‖ Proc. SIGCHI Conf. Human
Factors in Computing Systems, pp. 491-499. 2005,
[5] C.M. Jones and T. Troen, ―Biometric Valence and
Arousal Recognition,‖ Proc. 19th Australasian Conf.
Computer-Human Interaction, pp. 191-194, 2007.
[6] R.L. Mandryk, T.W. Inkpen, and K.M. Calvert, ―Using
Psychophysiological Techniques to Measure User
Experience
with
Entertainment
Technologies,‖
Behaviour and Information Technology, vol. 25, no. 2,
pp. 141-158, Mar.-Apr. 2006.
[7] R. Sinha, W.R. Lovallo, and O.A. Parsons,
―Cardiovascular
Differentiation
of
Emotions,‖
Psychosomatic Medicine, vol. 54, pp. 422-435, 1992.
[8] R.W. Picard, E. Vyzas, and J. Healey, ―Toward Machine
Emotional Intelligence: Analysis of Affective
Physiological State,‖ IEEE Trans. Pattern Analysis and

Volume 5 Issue 10, October 2017
www.ijser.in
Licensed Under Creative Commons Attribution CC BY
Paper ID: IJSER171934

62 of 63

International Journal of Scientific Engineering and Research (IJSER)
ISSN (Online): 2347-3878
Index Copernicus Value (2015): 62.86 | Impact Factor (2015): 3.791
Machine Intelligence, vol. 23, no. 10, pp. 1175-1191,
Oct. 2001.
[9] J. Kim and E. Andre´ , ―Emotion Recognition Based on
Physiological Changes in Music Listening,‖ IEEE Trans.
Pattern Analysis and Machine Intelligence, vol. 30, no.
12, pp. 2067-2083, Dec. 2008.
[10] F. Nasoz, K. Alvarez, C.L. Lisetti, and N. Finkelstein,
―Emotion Recognition from Physiological Signals Using
Wireless Sensors for Presence Technologies,‖ Int’l J.
Cognition, Technology, and Work, special issue on
presence, vol. 6, no. 1, pp. 4-14, Feb. 2004.
[11] K. Kim, S. Bang, and S. Kim, ―Emotion Recognition
System Using Short-Term Monitoring of Physiological
Signals,‖ Medical and Biological Eng. and Computing,
vol. 42, no. 3, pp. 419-427, May 2004.
[12] R.L. Mandryk and M.S. Atkins, ―A Fuzzy Physiological
Approach for Continuously Modeling Emotion during
Interaction with Play Technologies,‖ Int’l J. Human
Computer Studies, vol. 65, no. 4, pp. 329-347, 2007.
[13] P.J. Lang, M.M. Bradley, and B.N. Cuthbert, ―Int.
Affective Picture System (IAPS): Instruction Manual
and Affective Ratings,‖ Technical Report A-5, 2001.
[14] A. Haag, S. Goronzy, P. Schaich, and J. Williams,
―Emotion Recognition Using Bio-Sensors: First Steps
towards an Automatic System,‖ Affective Dialogue
Systems, vol. 3068, pp. 36-48, 2004.
[15] L. Sornmo and P. Laguna, Bioelectrical Signal
Processing in Cardiac and Neurological Applications.
Elsevier, 2005.
[16] J.T. Catalano, Guide to ECG Analysis. J.B. Lippincott,
1993.
[17] R. Shouldice, C. Heneghan, P. Nolan, and P.G. Nolan,
―PR and PP ECG Intervals as Indicators of Autonomic
Nervous Innervation of the Cardiac Sinoatrial and
Atrioventricular Nodes,‖ Proc. First IEEE Int’l Conf.
Neural Eng., pp. 261-264, Mar. 2003.
[18] R. Virtanen, A. Jula, J.K. Salminen, L.M. Voipio-Pulkki,
H. Helenius, T. Kuusela, and J. Airaksinen, ―Anxiety
and Hostility Are Associated with Reduced Baroreflex
Sensitivity and Increased Beat-to-Beat Blood Pressure
Variability,‖ Psychosomatic Medicine, vol. 65, pp. 751756, 2003.
[19] S. Booth-Kewley and H.S. Friedman, ―Psychological
Predictors of Heart Disease: A Quantitative Review,‖
Psychological Bull.,vol. 101, no. 3, pp. 343-362, 1987.
[20] G.H.E. Gendolla, M. Richter, and A. Friedrich, ―Task
Difficulty
Effects
on
Cardiac
Activity,‖
Psychophysiology, no. 45, pp. 869-875, 2008.
[21] J. Blascovich, M.D. Seery, C.A. Mugridge, R.K. Norris,
and M. Weisbuch, ―Predicting Athletic Performance
from Cardiovascular Indexes of Challenge and Threat,‖
J. Experimental Social Psychology, vol. 40, no. 5, pp.
683-688, 2004.
[22] H. Ue, I. Masuda, Y. Yoshitake, Y. Inazumi, and T.
Moritani, ―Assessment of Cardiac Autonomic Nervous
Activities by Means of ECG R-R Interval Power
Spectral Analysis and Cardiac DepolarizationRepolarization Process,‖ Annals of Noninvasive
Electrocardiology, vol. 5, no. 4, pp. 336-345, 2000.
[23] W.L. Wasmund, E.C. Westerholm, D.E. Watenpaugh,
S.L. Wasmund, and M.L. Smith, ―Interactive Effects of
Mental and Physical Stress on Cardiovascular Control,‖
J. Applied Physiology, vol. 92, pp. 1828-1834, 2002.
[24] R. Pramila, J. Sims, R. Brackin, and N. Sarkar, ―Online
Stress Detection Using Psychophysiological Signals for
Implicit Human- Robot Cooperation,‖ Robotica, vol. 20,
no. 6, pp. 673-685, 2002.

[25] M. Dambacher, W. Eichinger, K. Theisen, and A.W.
Frey, ―RT and Systolic Blood Pressure Variability after
Sympathetic Stimulation during Positive Tilt in Healthy
Volunteers,‖ Proc. Computers in Cardiology, pp. 573576, Sept. 1994.
[26] G. Andrassy, A. Szabo, G. Ferencz, Z. Trummer, E.
Simon, and A. Tahy, ―Mental Stress May Induce QTInterval Prolongation and T-Wave Notching,‖ Annals of
Noninvasive Electrocardiology, vol. 12, no. 3, pp. 251259, 2007.
[27] A.F. Folino, G. Buja, P. Turrini, L. Oselladore, and A.
Nava, ―The Effects of Sympathetic Stimulation Induced
by
Mental
Stress
on
Signal
Averages
Electrocardiogram,‖ Int’l J. Cardiology, vol. 48, pp. 279285, 1995.
[28] A. Szabo, ―The Combined Effects of Orthostatic and
Mental Stress on Heart Rate, T-Wave Amplitude, and
Pulse Transit Time,‖ European J. Applied Physiology,
vol. 67, no. 6, pp. 540-544, 1993.
[29] H. Scher, J.J. Furedy, and R.J. Heslegrave, ―Phasic T
Wave Amplitude and Heart Rate Changes as Indices of
Mental Effort and Task Incentive,‖ Psychophysiology,
vol. 21, no. 3, pp. 326-333, 1984.
[30] F. Agrafioti, F.M. Bui, and D. Hatzinakos, ―Medical
Biometrics: The Perils of Ignoring Time Dependency,‖
Proc. IEEE Third Int’l Conf. Biometrics: Theory,
Applications, and Systems, pp. 1-6, Sept. 2009.
[31] S.A. Israel, J.M. Irvine, A. Cheng, M.D. Wiederhold,
and B.K. Wiederhold, ―ECG to Identify Individuals,‖
Pattern Recognition, vol. 38, no. 1, pp. 133-142, 2005.
[32] R. Hoekema, G. Uijen, and A. van Oosterom,
―Geometrical Aspect of the Interindividual Variaility of
Multilead ECG Recordings,‖ IEEE Trans. Biomedical
Eng., vol. 48, no. 5, pp. 551-559, May 2001.
[33] L.S. Green, R.L. Lux, C.W. Hawsand, R. Williams, S.
Hunt, and M. Burgess, ―Effects of Age, Sex, and Body
Habitus on QRS and ST-T Potential Maps of 1100
Normal Subjects,‖ Circulation, vol. 85, pp. 244-253,
1985.
[34] G. Kozmann, R.L. Lux, and L.S. Green, ―Sources of
Variability in Normal Body Surface Potential Maps,‖
Circulation, vol. 17, pp. 1077-1083, 1989.
[35] B.P. Simon and C. Eswaran, ―An ECG Classifier
Designed Using Modified Decision Based Neural
Network,‖ Computers and Biomedical Research, vol. 30,
pp. 257-272, 1997.
[36] C. Zong and M. Chetouani, ―Hilbert-Huang Transform
Based Physiological Signals Analysis for Emotion
Recognition,‖ Proc. IEEE Int’l Symp. Signal Processing
and Information Technology, pp. 334-339, Dec. 2009.
[37] N.E. Huang, Z. Shen, R.R. Long, M.L. Wu, Q. Zheng,
N.C. Yen, and C.C. Tung, ―The Empirical Mode
Decomposition and Hilbert Spectrum for Nonlinear and
Nonstationary Time Series Analysis,‖ Proc. Royal Soc.
London, vol. 454, pp. 903-995, 1998.
[38] G. Rilling, P. Flandrin, P. Gonalves, and J.M. Lilly,
―Bivariate Empirical Mode Decomposition,‖ IEEE
Signal Processing Letters, vol. 14, no. 12, pp. 936-939,
Dec. 2007

Volume 5 Issue 10, October 2017
www.ijser.in
Licensed Under Creative Commons Attribution CC BY
Paper ID: IJSER171934

63 of 63

