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Description

Field of the invention

[0001] The present invention relates to a computer-implemented method for the measurement of human emotion of
a subject and to a method for filtering an Electrodermal Activity (EDA) signal, preferably in online applications, i.e. in
real time. To achieve the object the present invention mainly relates to monitoring of EDA.

[0002] According to present invention, arousal is the intensity of the emotional activation of a subject or user, ranging
from excited to calm. Valence is orthogonal to the arousal and is the direction of the behavioral activation associated
with emotion, either toward (appetitive motivation, pleasant emotion) or away from (aversive motivation, unpleasant
emotion) a stimulus.

Background of the invention

[0003] Electrodermal activity (EDA) refers to the changes in conductivity in the skin, which is affected by the activity
of the sympathetic branch of the autonomous nervous system and is usually considered as a correlate of psychological
processes such as emotional arousal, stress, or cognitive effort. It is commonly measured by placing two electrodes in
palmar sites of the hand, although also other alternative locations, such as the wrist, have been also proposed.

[0004] Due to its low-cost and easy-to-collect nature, EDA measurement has been commonly used in research in
psychology and as a tool for the assessment of user’s experience in a variety of contexts such as recreational and
serious games, driving, visual discomfort with 3D media, internet browsing, or patient-robot interaction.

[0005] The availability of computing devices, e.g. wearable, able to measure online EDA provide the opportunity for
real world data collection in a comfortable manner in real-life scenarios outside the lab. This allows broadening the scope
of EDA analysis from simply gathering information on user’s psychological state to the online adaptation of the system
according to user’s cognitive and emotional states. The advantages of such online adaptation are especially remarkable
in the cases of users with acute problems to identify, report, and regulate their emotions, such as children or individuals
with intellectual developmental disabilities (IDD). In this sense, novel cognitive stimulation systems based on robots or
virtual reality may greatly benefit from an online input of the user emotional state from EDA signal.

[0006] However, compared to laboratory studies, the online collection and analysis of EDA signals in real-life context
involves new challenges related to signal processing. While in lab experiments the participants are usually asked to not
to move the hand to which the electrodes are attached, hand’s movement can be hardly controlled in real-life settings.
As a consequence of such movement, partial detachment of the electrodes or pressure over them may occur, leading
to the appearance of artifacts in the signal. If these artifacts remain in the signal when it is analyzed they can easily be
misinterpreted and skew the analysis; for example, they may be mistaken for a skin conductance response (SCR) (a
physiological reaction that may indicate increased stress), especially when the analysis is conducted automatically. Even
in a context in which not much movement should be expected, the presence of such motion artifacts can be critical in
the case of users whose ability to control the level of movement is limited (e.g. individuals with IDD).

[0007] Methods used in previous research to correct artifacts mainly consist of exponential smoothing [1] and low-
pass filtering [2]. Over the last two decades, wavelets have already proven their significant value in signal processing
and image. Wavelets have also been found suitable for EDA activity modeling, given its nonstationary behavior. Wavelet
based sophisticated de-noising of motion artifacts have been widely used in researches [3, 4, 5, 6] and has offered better
results due to the good localization property of the wavelet transforms [4]. On the other hand, other sophisticated methods,
notbasedin wavelets, have also been proposed. Recently, [7] proposed a deconvolution based approach (called cvxEDA)
using Maximum a Posteriori (MAP) estimation and convex optimization which provided a decomposition of the EDA that
is robust to noise.

[0008] However, the aforementioned techniques present several important limitations when used for online filtering
of the EDA signals, such as the following:

- Exponential smoothing [1] and low pass filtering based denoising [2] methods are not able to atone the unexpectedly
occurring artifacts which have higher values than EDA and undiscriminated filtering of the whole signal also distorts
the EDA signals without artifacts [6].

- Denoising with the traditional DWT wavelet transform [5] can exhibit visual artifacts due to lack of translation invar-
iance and "pseudo-Gibbs" oscillations are especially pronounced in the vicinity of discontinuities.

- Estimation of the noise level ¢ as proposed by [5] is based on the data collected during the rest period. This type
of noise level estimation is an offline and static measure and is an overhead cost on denoising. Moreover, as the
actual nature of noise in the noisy signal is dynamic, hence the noise level estimation needs to be done online.

- Gaussian mixture based modeling for the distribution of the wavelet coefficients [6] requires estimation of three
model parameters, the mixture parameter and the variances of the two Gaussians which demand employment of
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iterative algorithms such as Expectation Maximization (EM) algorithm. These algorithms have high computational
complexity.

[0009] Whereas in the offline analysis of EDA signals visual inspection allows identifying and remove the parts of the
recording containing artifacts, online adaptation of systems based on EDA signal requires automated methods for such
purpose. These methods not only need to be accurate enough to provide a good signal quality, but also need to be
computationally affordable enough to work online.

[0010] More solutions are therefore needed for filtering motion artifacts in EDA signals to provide actual emotional
state and engagement level of users while minimizing distortions and lowering computational costs and this invention
aims to provide a solution to this challenge.

Description of the Invention

[0011] Aspects of the present invention provide a computer-implemented method for the measurement of human
emotion of a subject.

[0012] In an embodiment of this invention an EDA signal is obtained in response to one or more stimulus presented
to a subject during a given period of time via a measuring device including a wearable or non-wearable device such as
Shimmer GSR+, Feel Wristband, Embrace Wristband, E4 Wristband, BIOPAC EDA100C-MRI, among others. The
method in a characteristic manner comprises filtering the obtained EDA signal via wavelet and further modelling detail
coefficients of said wavelet using a Laplace distribution, obtaining a denoised EDA signal; normalizing the denoised
EDA signal using baseline values of the subject’'s EDA signal; calculating a set of feature values from the normalized
EDA signal; and classifying a subject’s arousal and/or stress level as a component of a human emotion based on the
calculated set of feature values.

[0013] The proposed method is performed, preferably, online. So the component of human emotion can be directly
obtained during the interaction of the subject with information and communication applications, allowing a quick process-
ing and reaction from the side receiving the information

[0014] Inanembodiment, the waveletis a Stationary Wavelet Transform (SWT). In this case the level of decomposition
Jis setto (log,freq + 2), where freq is the frequency of the signal. Preferably, the haar wavelet is used as mother wavelet.
Alternatively, other wavelets could be used as mother wavelets, for instance the db3 and the coiflet3, among others.
[0015] In an embodiment, a data collection window and a sliding window, applied after the data collection window,
are used when filtering the EDA signal. Preferably, the data collection window is comprised in a range between [0.5 and
8] seconds and the sliding window duration is of at least 1 second.

[0016] Inanembodiment, the filtering is a low pass filtering. In this case, detail coefficients representing high frequency
(> 0.5 Hz) of the signal (i.e. noise) are set to zero. Moreover, detail coefficients representing lower frequency (< O 5Hz)
are modeled with Laplace distribution using the following equation: d ~ Laplace(0,b), and the scale parameter b of the

Laplace distribution is estimated for each level j from the wavelet coefflc:lents, using Maximume-likelihood estimation as

b= dl
per equation: 1 | | This modeling can be done before applying the low pass filtering or after applying the
low pass filtering. Preferable, it is done after the low pass filtering.
[0017] Besides, a wavelet transform shrinking on detail coefficients according to the following equation:
d"l — {dJl TlOW S d]l S Thigh,
! 0 otherwise can be also applied. Where the modelling and the wavelet transform shrinking are
repeated on the wavelet coefficients of all higher levels and then inverse SWT wavelet transform is applied to the
thresholded wavelet coefficients to obtain a fully denoised EDA signal.
[0018] In an embodiment, the calculated set of feature values may comprise event related features such as Skin
Conductance Response (SCR), amplitude, Skin Conductance Level (SCL), number of peaks, peak amplitude, average
rise time, etc.; statistical features such as mean, standard deviation, first/second order difference, kutosis, skewness,
etc.; and power features such as energy, power spectral density and spectral power in different frequency bands, among
others. Event related features are preferably analyzed according to previously established criteria, such as ones men-
tioned in [9, 10].
[0019] According to the proposed method, the classification of the subject’s arousal and/or stress level may be per-
formed either using a Support vector machine (SVM) classifier or using an Artificial Neural Network (ANN), or any other
classification method.
[0020] In an embodiment, the obtained arousal and/or stress level is combined with a valence level corresponding to
a behavior activation associated with emotion obtained from an EEG signal acquired from the subject.
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[0021] In yet another embodiment, the obtained arousal and/or stress level besides being combined with the valence
level is further combined with external information about the subject (e.g. eye tracking) acquired via an eye-tracking
device. In this manner a three dimensional cognitive state, comprise of level of attention and emotional state of the
subject is monitored and processed particularly on line.

[0022] Additional aspects described herein also relate to a method for filtering an EDA signal via wavelet and further
modelling detail coefficients of the wavelet using a Laplace distribution. Preferably, the EDA signal is obtained in response
to one or more stimulus presented to a subject during a given period of time using a measuring device.

[0023] Other aspects of the invention that are disclosed herein also include software programs to perform the method
embodiment steps and operations summarized above and disclosed in detail below. More particularly, a computer
program product is one embodiment that has a computer-readable medium including computer program instructions
encoded thereon that when executed on at least one processor in a computer system causes the processor to perform
the operations indicated herein as embodiments of the invention.

[0024] Therefore, present invention provides an efficient wavelet-based method for artifacts attenuation detection and
correction of EDA signals in online, i.e. real time filtering, with low computational cost. Present invention allows measuring
emotional state and engagement level (i.e. human emotion) of a subject in real time, being the capturing and processing
of the signal up to 863 times faster than equivalent steps of the state of the art method.

Brief Description of the Drawings

[0025] The previous and other advantages and features will be more fully understood from the following detailed
description of embodiments, with reference to the attached drawings, which must be considered in an illustrative and
non-limiting manner, in which:

Fig. 1 is a flow diagram schematically illustrating the steps of a method for the measurement of human emotion of
a subject, in accordance with an embodiment of the present invention.

Fig. 2 is a block diagram schematically illustrating the architecture used by the proposed method, in accordance
with an embodiment of the present invention.

Fig. 3 is a graph showing results of the original EDA signal and after having been filtered.

Fig. 4 is a block diagram schematically showing the architecture used by the proposed method, in accordance with
another embodiment of the present invention. As shown in figure, the present invention includes sensor units for
detecting one or more physiological and/or eye-tracking data and sensor control units for acquiring and analyzing

the physiological signals and/or eye-tracking data.

Fig. 5 is a graph showing waveform of the EDA segment used to detect Event -Related Features such as Peak
Amplitude, Number of Peaks, Average Rising Time, etc.

Detailed Description of the Invention and of Preferred Embodiments

[0026] The present invention provides, in an embodiment, as disclosed in Fig. 1, a method, implemented through at
least one software program running on at least one computing hardware device for online measurement of the arousal
and/or stress level of a subject using his/her Electro-dermal Activity (EDA) (also his/her Galvanic Skin Response (GSR)
could be used), comprising (step 101) filtering of the obtained EDA signal; normalization (step 102) of the denoised
signal using the baseline values of the subject's EDA signal, for instance by subtracting the baseline minimum and
dividing by the baseline range; calculation of the feature values (step 103) from the signal; and online classification of
the subject’s arousal and/or stress level (an index value) (step 104) using for instance a SVM or an ANN classifier on
extracted features. Fig. 1 shows a schematic illustration of the main steps of the method. All the different steps are
executed, preferably, online, i.e. in real time, this being possible just due to the particularities of the invention, in particular
speed of processing, as previously stated.

[0027] Fig. 2illustrates a possible architecture used for implementing the above described method. It should be noted
that the different steps of the method can be executed by a single processor or unit of the computing hardware device
or by independent processors or units, each one being responsible of one particular task or step.

[0028] In an example embodiment, a data collection window of 8 seconds is selected for processing of the EDA signal,
from now on only termed signal. After initial 8 seconds, a sliding window duration of 1 second is applied, so arousal
and/or stress index is available every 1 second after first 8 seconds. The data collection window and sliding window
duration are variable. The data collection window can vary from 0.5 to a value higher than 8 seconds. However, values
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higher than 8 seconds will be less useful.

[0029] A main source of artifacts is the power line noise resulting from the AC frequency input of 50 Hz (in Europe).

Since the typical frequency of the EDA signal is 0.0167-0.25 Hz this type of artifact can be treated as high frequency

noise and hence can be removed via filtering.

[0030] Inthe example embodiment, the filtering of the signal is performed by modeling the signal via Stationary Wavelet

Transform (SWT) using haar as mother wavelet and level of decomposition J is set to (log.freq + 2), where freq is the

frequency of the signal. The signal frequency is selected to be a power of 2, while collecting the signal. If required, the

signal can be up-sampled or down-sampled to obtain a frequency in power of 2. It should be noted that other wavelets

could be used as mother wavelets, for example db3 and Coiflet3. Detail coefficients representing high frequency (> 0.5

Hz) of the signal (i.e. noise) are set to zero, thereby low pass filtering the signal.

[0031] The low pass filtering distorts the signal at the beginning and at the end (Fig. 3). To get rid of the distortion, a

padding can be applied at the beginning and at the end of the signal before low pass filtering. After applying the extension,

the low pass filtering preserves the signal.

[0032] The most important source of physiologically based artifacts are motions (of the subject or of the part of the

body of the subject where the signal by means of electrodes is acquired), which include skin movements beneath the

electrodes acquiring the signal and muscular activity occurring in non-recording locations. To filter such artifacts, the

highest level wavelet detail coefficients of the low pass filtered signal in the example embodiment are modeled with

Laplace distribution (Equation 1) and the scale parameter b of the Laplace distribution is estimated for each level j from
i

the wavelet coefficients 7/ of the original signal d, using Maximum-likelihood estimation as per equation 2.

d;~Laplace(0, b) (Eq. 1)

~ 1 ;
b=1%l,1d] (Ec. 2

[0033] Likewise, the Tj,, and Ty, thresholds of wavelet shrinkage can be calculated using equations 3 and 4. The
proportion of motion artifacts in original signal can be determined by the approximation of the noise variance c2 in the
signal. Preferably, the proposed method applies 6= 0.10 but this may vary.

Tiow = —Thign (Ec. 3)

Thigh = b * log,(8) (Ec. 4)

[0034] Preferably, wavelet transform shrinking is applied on detail coefficients according to:

at ={d} Tiow < dj < Thign (g 5)
0 otherwise

[0035] The modelling and the wavelet transform shrinking are repeated on the wavelet coefficients of all higher levels
and then inverse SWT wavelet transform is applied to the thresholded wavelet coefficients to obtain a fully denoised
EDA signal.

[0036] In an embodiment, the baseline values are also denoised using the above described processes prior to nor-
malization.

[0037] Inanother embodiment, the obtained arousal and/or stress level is combined with a valence level corresponding
to a behavior activation associated with emotion. The valence level is preferably obtained from an EEG signal acquired
from the subject. Therefore, the emotional state in terms of human emotion can be represented using a two-dimensional
space. Moreover, the arousal and/or stress level and the valence level may be further combined with external information
of the subject, e.g. eye tracking, acquired via an eye-tracking device configured to perform such action. Therefore, the
emotional state in terms of human emotion will be represented using a comprehensive model comprising arousal, valence
and level of engagement. Fig. 4 illustrates this particular embodiment. The present invention accordingly can measure
and/or acquire EDA, EEG signals and eye-tracking movements in response to a stimulus in order to obtain the arousal
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level, valence and attention/engagement level of the user. To this end, the invention includes an EDA sensor unit 10 for
acquiring EDA signals, an EEG sensor unit 17 for acquiring EEG activity and an eye-tracking unit (or device) 20 to
capture the eye movements and related data. The acquired EDA signals 11 are then filtered via filtering unit 12 and
feature calculation thereof 13 is performed as detailed before. The acquired EEG activity 18 and the eye-tracked data
19 are pre-processed 21, 22, and features thereof also calculated 23, 24.

[0038] It is preferred that the EDA and EEG sensors 10, 17 are wireless wearable devices and the eye-tracking unit
20 is a screen eye-tracker.

[0039] For example, the invention can monitor, online, the global cognitive state comprised of level of attention and
emotional state of the user, as illustrated in Fig. 4, which can be understood as follows:

- Attention defines the mental ability to select stimuli, responses, memories, or thoughts that are behaviorally relevant,
among the many others that are behaviorally irrelevant. Attention can be better monitored via eye-tracking technology.
Eye tracking technology offers the possibility of capturing visual behavior in real time and monitoring locations of
fixations on the monitor. Eye-tracking data will be captured preferably via screen-based eye trackers such as Tobii
X60 eye tracker.

- Emotional state can be further reduced to two fundamental dimensions, Arousal and Valence:

* Valenceis the direction of the behavioral activation associated with emotion, either toward (appetitive motivation,
pleasant emotion) or away from (aversive motivation, unpleasant emotion) a stimulus. Emotional Valence (mo-
tivation, frustration, cognitive workload etc.) is better understood by Electroencephalography (EEG) analysis.
EEG is a well-established non-invasive technique for monitoring electrical activity generated by the brain with
high temporal resolution and relatively low cost. The EEG is recorded throughout the stimuli presentation,
preferably via wearable devices such as Emotiv Epoc.

e Arousal is orthogonal to the valence and is the intensity of the emotional activation, ranging from excited to
calm. EDA analysis as explained via description, offers online access to underlying changes in emotional arousal.

[0040] Therefore, a particular procedure for monitoring the global cognitive state can be:

1. The user is equipped with an EDA capturing device, or EDA sensor unit, 10 and an EEG headset, or EEG sensor
unit 17, and an eye-tracker unit 20 is placed directly below a monitor at a 30° viewing angle to acquire participant’s
eye position.

2. A calibration is done with the eye-tracker unit 20 to ensure accuracy of both eyes to meet preferably a minimum
of 0.5°.

3. The EDA signals acquisition unit 11, EEG signals acquisition unit 18 and the eye-tracker data acquisition unit 19
will run on the same computing hardware device such as a PC, thereby timestamps for all the data will use the same
system clock while reporting the values.

4. EDA signal analysis will be done for the consecutive window duration (preferably 8 seconds).

5. The data captured via eye-tracker unit 20 preferably includes, 3D eye position, screen gaze position and pupil
diameter and is analyzed as follows:

- From above eye-tracking data ocular eye-vergence is calculated over the next window duration (preferably 8
seconds), by transforming the X and Y coordinates of both the eyes in angular units through algorithms designed
to calculate 3-D components of both eye gaze vectors, for instance using the methodology described in [7]. The
transformation is performed taking into account the real distance of the screen to the observer and the actual
inter-pupil distance.

- All the above procedure for eye-capturing data is performed online and the level of attention is represented via
the ocular vergences for the whole window duration. Divergence often happens when our mind drifts away,
when losing focus or concentration.

- The eye-tracking analysis is not limited to ocular vergence metric analysis only and may also contain extraction
and analysis of other sophisticated eye-tracking metrics such as pupil size / dilation, distance to the screen etc.
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6. Simultaneously, the average band powers from all available electrodes of EEG sensor unit 17 is collected. If the
average band power is directly not available, raw EEG data is collected and average band power is calculated online
for all electrodes. Then the average band power EEG data from all electrodes is analyzed as follows:

- Total average band powers are calculated for theta (3-7 Hz), alpha (8-12 Hz) and beta (13-30 Hz) bands from
all available electrodes (14 in case of Emotiv Epoc). Engagement Index is calculated as [8]:

engagementIndex = (totalBeta/(total Alpha + total Theta)).

- Frontal Alpha Asymmetry can be calculated as per following equation:

frontal AlphaAssymetry = log(leftFrontal Alpha) — log(rightFrontal Alpha),

where leftFrontalAlpha and rightFrontalAlpha are frontal alpha band values, preferably using AF3 electrode for
leftFrontalAlpha and AF4 electrode for rightFrontalAlpha. Using frontalAlphaAssymetry value emotional state
can be classified as per following equation:

if(frontalAlphaAssymetry < threshold)
emotionalState = Positive’
else

emotional State = 'Negative'

- The threshold value can be preferably calculated from the baseline values of the alpha band power of frontal
electrodes (preferable AF3 and AF4) for the user.

Threshold = leftFrontal Alpha - rightFrontal Alpha

- Emotional Intensity is calculated as per following equations [8]:

frontal AlphaPower = log(rightFrontal Alpha) + log(leftFrontal Alpha)emotionalIntensity =
1/frontal AlphaPower

7. EDA, Eye-tracking and EEG derived metrics are used separately or can be combined using statistical methods
such as using mean, etc.

8. The EDA, EEG and the eye-tracking signals are recorded for the normal emotional state of the user, in prior to
commencing the recognition of the emotional state. From recorded data, relevant features are extracted and features
and/or raw signals are used in normalization of the data during the recognition.

9. The SVM or ANN classifier is used for training and classification of the emotional state of the user based upon
the normalized feature values of EDA. This training and classification can also be extended to EEG and Eye-tracking
feature values.

[0041] The presentinvention also provides a method for filtering an EDA signal acquired from a subject. The proposed
wavelet-based method for artifacts attenuation or removal of the EDA signal uses a SWT modeling of the wavelet detail
coefficients as a Laplace distribution.

[0042] The proposed invention can be implemented on EDA recordings, i.e. the EDA signal can be stored in a memory
or database previous being processed. For instance, in a particular embodiment the proposed methods were tested on
EDA recordings from publicly available driver dataset collected during real-world driving, and containing a high number
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of motion artifacts.

[0043] While various disclosed embodiments have been described above, it should be understood that they have
been presented by way of example only, and not limitation. Numerous changes to the subject matter disclosed herein
can be made in accordance with this disclosure without departing from the scope of this disclosure.

[0044] As will be appreciated by one skilled in the art, the subject matter disclosed herein may be embodied as a
system, method or computer program product. Accordingly, this disclosure can take the form of an entirely hardware
embodiment, an entirely software embodiment (including firmware, resident software, micro-code, etc.) or an embodiment
combining software and hardware aspects that may all generally be referred to herein as a "circuit," "module” or "system."
Furthermore, this disclosure may take the form of a computer program product embodied in any tangible medium of
expression having computer usable program code embodied in the medium.

[0045] Any combination of one or more computer usable or computer readable medium(s) may be utilized. The com-
puter-usable or computer-readable medium may be, for example, but not limited to, an electronic, magnetic, optical,
electromagnetic, infrared, or semiconductor system, apparatus, or device. More specific examples (a non-exhaustive
list) of the computer-readable medium would include non-transitory media including the following: an electrical connection
having one or more wires, a portable computer diskette, a hard disk, a random access memory (RAM), a read-only
memory (ROM), an erasable programmable read-only memory (EPROM or Flash memory), a portable compact disc
read-only memory (CDROM), an optical storage device, or a magnetic storage device.

[0046] The scope of the present invention is determined by the claims that follow.
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Claims

1. A computer-implemented method for the measurement of human emotion of a subject, wherein an Electrodermal
Activity, EDA, signal is obtained in response to one or more stimulus presented to a subject during a given period
of time, the method being characterized in that it comprises:
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a) filtering the obtained EDA signal via wavelet and further modelling detail coefficients of said wavelet using a
Laplace distribution, obtaining a denoised EDA signal;

b) normalizing said denoised EDA signal using baseline values of the subject’s EDA signal;

c) calculating a set of feature values from the normalized EDA signal; and

d) classifying a subject’s arousal and/or stress level as a component of a human emotion based on the calculated
set of feature values.

The method of claim 1, wherein said wavelet comprises a Stationary Wavelet Transform, SWT, and a level of
decomposition J is set to (log.freq + 2), where freq is the frequency of the signal.

The method of claim 2, comprising using at least a haar wavelet as mother wavelet.

The method of any of the previous claims, wherein a data collection window and a sliding window, applied after said
data collection window, are used when filtering in step a).

The method of claim 4, wherein the data collection window being comprised in a range between 0.5 and 8 seconds
and the sliding window duration being of at least 1 second.

The method of previous claims, wherein said filtering of step a) being a low pass filtering by setting to zero detail
coefficients representing high frequency > 0.5 Hz of the EDA signal.

The method of claim 6, wherein detail coefficients of the E~DA signal representing < 0.5 Hz frequenl\cy are modeled
with the Laplace distribution using the following equation: dj ~ Laplace(0, b), and a scale parameter b of the Laplace

distribution is estimated for each level j from the wavelet detail coefficients, using Maximum-likelihood estimation

~ 1 .
b=<% 1df]
as per equation: N

The method of claim 7, further comprising applying a wavelet transform shrinking on detail coefficients according
to the following equation:

C’il — {d]l TlOW < dJl < Thigh
H
J 0 otherwise

and wherein said modelling and said wavelet transform shrinking are repeated on the wavelet coefficients of all
higher levels and then inverse SWT wavelet transform is applied to the thresholded wavelet coefficients to obtain
a fully denoised EDA signal.
The method of claim 1, wherein the calculated set of feature values of step c) comprises:

- event related features including a Skin Conductance Response, SCR, amplitude, a Skin Conductance Level,

SCL, number of peaks, peak amplitude and average rise time;

- statistical features including mean, standard deviation, first/second order difference, kutosis and skewness; and

- power features including energy, power spectral density and spectral power in different frequency bands.

The method of any of the previous claims, wherein said classifying of step d) comprising using a classifier at least
including a Support Vector Machine, SVM, or an Artificial Neural Network.

The method of claim 1, wherein said EDA signal being acquired by a wearable or non-wearable device.

The method of claim 1, further comprising combining the obtained arousal and/or stress level with a valence level
corresponding to a behavior activation associated with emotion, wherein said valence level being obtained from an
EEG signal acquired from the subject.

The method of claim 1, further comprising combining the obtained arousal and/or stress level with:

a valence level corresponding to a behavior activation associated with emotion, and
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external information about the subject including eye tracking,

wherein said valence level being obtained from an EEG signal acquired from the subject and said external information
being acquired via an eye-tracking device.

The method of any of the previous claims, wherein steps a) to d) are performed online, so the component of human
emotion is directly obtained during the interaction of the subject with information and communication applications.

A computer-implemented method for filtering an electrodermal activity, EDA, signal, wherein said EDA signal being
obtained in response to one or more stimulus presented to a subject during a given period of time, using a measuring
device, characterized in that the method comprises performing said filtering via wavelet and further modelling
detail coefficients of said wavelet using a Laplace distribution.

10
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Filtering of an EDA signal obtained from a subject via
wavelet and further modelling detail coefficients of said
wavelet using a Laplace distribution
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