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Abstract—Electrodermal Activity (EDA) is a well know
biosignal used in the field of psychophysiology, popularised
through polygraph machines. EDA measures the variations
that occur on the skin electrical properties, where the major
contributor is the sweat glands activity, partially controlled
by the sympathetic nervous system activity. It has already
proven to be an essential tool in important research fields
such epilepsy or autism. With the integration of EDA sensors
in wearable technologies, there is a constant directional flow
to give these sensors mobility, unobtrusive, seamless and
symbiotic properties like those already provided for biosignals
such Electrocardiography (ECG) present in wearables such
smartwatches or fitness trackers. However, this transition is
not straightforward since EDA has specificities that impose
constraints on their design and application. The classical
recordings sites obstruct users in their routine life, since
they are located on the hand palms or feet soles. The second
limitation comes from the measurement range of these devices;
the EDA signal is constituted of two components, namely,
Electrodermal Level (EDL) and Electrodermal Response (EDR).
Their behaviour differ from another, where the first is consider
as the EDA baseline, with almost constant behaviour while being
able to present values from 0 to 80µS, while the EDR present
a higher frequency signal, but a much lower range around 0
to 5µS. Additionally, the diversity of skin types and behaviours
encountered in the general population increase the complexity
that these devices have to deal with. The third constraint, and
still related to the hardware, is the type of electrodes that are
currently available and that are known to be able to gather
EDA signal correctly. To counteract these negative aspects,
the relatively low frequency signal and the quality data that
it carries, makes EDA an excellent candidate to integrate in
wearables devices. This work presents a new sensor design,
intended to solve some of the existing limitations, by introducing
dynamic adaptive gain capabilities. Therefore, it can adapt to
the skin resistance and levels of EDA activity, by adjusting its
gain while still preserving the two components, EDL and EDR,
that compose the EDA. Our sensor design was tested in 16
participants and compared to a commercially-available sensor.
This work also explores different types of materials that are
prone to contribute to the overall wearable integration. The
new sensor exhibits comparable results when benchmarked
against the reference sensor, with a Pearson correlation value of
0.967 and a Root Mean Square error of 0.238, but it excelled
in times where saturation occurred on the old sensor. Despite
the good results, there is room for improvement, especially in
the calibration procedure used to convert the raw signals to
the correct physical units. Regarding the electrodes materials,
the MEDTEX P130 conductive lycra showed comparable
performance to the gold standard, dry electrode from Though
Technology, presenting a Pearson correlation value of 0.995 in
laboratory settings and 0.789 in a real subject. Overall this
study contributes to providing new tools and research evidence
to help advance the use of EDA in wearable technology.

Index Terms—Electrodermal Activity (EDA), Conductive Ly-

cra, Conductive PLA, Conductive Leather, EDA forehead, BITal-
ino, Integumentary System.

I. INTRODUCTION

DEVELOPMENTS in the area of wearables, low-cost
embedded systems, Internet of Things (IoT) and data

analyses (e.g. Artificial Intelligent) are enabling the prolif-
eration of wearable technology for biomedical applications,
solving problems in unprecedented ways due to their increased
periodicity and diversity of data collected from the patients.

Electrodermal Activity (EDA) is a well established biosig-
nal, containing information about the variations of the electri-
cal properties of the skin that are controlled by the Sympathetic
Nervous System (SNS). Therefore, it has been used to study
the emotional state of humans, stress levels, and all sort of
psychophysiological conditions, such as Epilepsy or Autism.
Implementing EDA sensors into wearable devices, enables the
continuous assessment of the user emotional state, which can
deliver useful insights about everyday tasks in order to increase
quality of life. As an additional example, it can be used to
substitute the usual diary that epilepsy patients use to report
their seizures, and therefore improve physicians diagnostics
and monitoring.

However, to progress in the field, several challenges need to
be surpassed. One of the challenges is related to the inherent
properties of this signal. It is made by two components, namely
the phasic and the tonic component. The tonic component, also
known as the Electrodermal Level (EDL), presents a very low
frequency between 0 to 0.05Hz, reason why it is commonly
named the baseline of the signal. However, it can display a
vast range of values, ranging from 0 to 80µS [1].

On the other hand, the phasic component, also known as the
Electrodermal Response (EDR), presents a higher frequency
around 0.05 to 1Hz, but the nominal values that it can present
range from 0.01µS and 5µS [2], a much lower one compared
to the EDL. These characteristic impacts negatively in the
hardware of the sensor because they need to balance between
wearability, cost, and being able to detect both components.
Additionally, the skin properties can greatly vary from person
to person or from population to population due to their
age, gender, ethnic group or physiological conditions such as
depression, hypo/hyper-hidrosis, among others. This translates
to the occurrence of saturation phenomena or the nonexistence
of signal, compromising patient recordings. Another existing
limitation concerns to the electrodes used to obtain this signal.
Pre-gelled disposable electrodes represent an extra cost, can
cause skin irritation due the adhesives used, and in long-term
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recordings the electrolyte gel will be overtime absorbed by
the skin or through evaporation to the external environment,
causing corrupt readings on the sensor.

Dry electrodes that use electrolyte media also suffer from
the previous phenomenon. Therefore, in order not to disturb
the skin, the use of Dry Ag/AgCl electrodes are preferred, but
in some commercialised devices they can be protruding, caus-
ing once again discomfort. EDA sensors also are incredibly
sensitive to variations of the external environment meaning
that they are prone to artefacts, either electrical or mechanical
such as the normal movement of the user.

One last phenomena limitations relate to the currently
recommended recording locations, palms or feet, which ob-
struct the user and impose a barrier in recordings outside the
laboratory environment.

From this work, it was possible to positively contribute
to the scientific community around the electrodermal activity
field in the following manner: Developing of an EDA sensor
with adaptive gain; A data collection from 16 participants
in a standardised test environment; Abstract accepted and
presented at the 1st International Conference of the Por-
tuguese Physiology Society (Physioma 2019); A submitted
article to the IEEE Potentials Magazine ”Medical Technology
Breakthroughs, March 2020” (Approval pending); And several
experiences with non-conventional electrode materials.

The remainder of this work is organised as follow: in
Section II we present an overview of the integumentary sys-
tem, which then enables the correct visualisations of possible
representations of the electrical aspect model of the skin; in
Section III we present an overview currently available devices,
their application, and the principles and methodologies that
they use; In section IV we reformulate an existent EDA sensor
form BITalino as well as studying non-conventional electrodes
materials; In section V we present the results of this new
design that solves most of current limitations as well as the
results of the non-conventional electrode material that offers
flexible, breathable, and reusable; Finally, Section VI presents
the final remarks of this work.

II. BACKGROUND

A. Integumentary system

The biggest organ in the human body is the skin, and
it serves several purposes such protecting from external au-
thorities or providing a mean to thermoregulation purposes
and hydration. The different layers offer the conductivity and
capacitive properties of the skin, but the major contributor
to the electrodermal activity, are the sweat glands, which
regarding the level of sweat on the duct will cause fluctuation
on the EDA signal. The human body houses between 1.6 to
4 million exocrine sweat glands, being of two different types,
namely, eccrine or apocrine. Table I present the density of
sweat glands, and since the EDA is directly attached to the
density number of sweat glands, we realise that the best areas
are the palms, soles and forehead.

The eccrine glands are primarily composed by the duct,
the secretory segment, and the surface pore, Figure 1, and
are elicited by the SNS, through cholinergic fibres whose

TABLE I
SWEAT GLAND DENSITY (#/cm2)[3].

Region Wilke et
al. [4]

Hwang &
Baik [5] Szabó [6]

Palms 644 248± 92 -

Sole - 262± 98 620± 120

Forehead - 200± 80 360± 50

Forearm 134 112± 53 225± 25

Abdomen 127 81± 30 190± 5

Upper
Arm 90 99± 42 150± 20

Axilla 68 90± 38 130± 25

Thigh 57 125± 41 120± 10

Face 59 84± 59 320± 60

Back - 112± 32 160± 30

Fig. 1. Anatomy of the human skin.

discharge is altered by changes in core body temperature.

The skin, from an electrical standpoint of view, is built by a
network of resistors and capacitors. The ionic concentrations,
blood fluctuations, ducts sweat filling and interstitial fluid
give the skin it is resistive properties. The cellular boundaries
with their selective permeability give the skin it is capacitors
properties. Depending on physiological and environmental
factors, the skin resistance may vary between 1kΩ and 20MΩ,
and the behave of EDR will also vary [1].

B. EDA and SNS Connection

The sympathetic nervous system is as the skin, a highly
organised structure as depicted in Figure 2. Different areas of
the skin, called dermatomes, through all the body are enervated
by different spinal nerves, which reaches the skin by many
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Fig. 2. Dermatomes areas: C - Cervical; T - Thoracic; L - Lumbar; and S -
Sacral segments.

efferent vegetative fibres. One of the most impactful fibres in
the variations of the electrical properties of the skin is the
nonmyelinated class C fibres that supply the sweat glands,
which are thought to be controlled by the hypothalamus.
The sweating activity is thought to have different faces to
serve different purposes, being ultimately classified into six
categories, namely:

• Emotional sweating: Seen at high psychological or
emotional stats, being pronounced at the palms, soles and
forehead.

• Thermoregulatory sweating: Sweat related to the home-
ostatic process of thermoregulation by the Autonomic
Nervous System (ANS).

• Gustatory sweating: Appears with strong season food,
and through chewing or olfactory stimulation, more pro-
nounced at the face, forehead and upper lip

• Ubiquitous sweating: Observed on palmar and plantar
sites, is thought to be an expression of resting tonus.

• Reflex sweating: Is related to sweat gland activity in
location innervated by the spinal cord distal to paralysed
zones.

• Pharmacological-induced sweating: Appears with some
pharmacological drugs.

One of the most exciting things with the sweating activity
is that studies show that sweat glands at the palms and soles
seem to behave differently to the rest of the body [7].

C. Model of the Electrodermal System

Knowing that the skin has resistive and capacitive prop-
erties, one can formulate a model to represent the human

Fig. 3. Possible electrical model of the skin[8].

skin from an electrical point of view, depicted in Figure 3.
E1 represents a ductal wall lumen negative potential at the
dermis, which is determined by the lumen sodium concen-
tration. R4 and R3 represent the variable resistance of the
dermal ductal wall, while the variable resistance R2 and R1
represent the dermal section of the duct dependent on the
filling level. E2 also represents a negative lumen potential
but at the epidermal duct all, at the stratum germinativum
level, fluctuating accordingly to the lumen ion concentration
of sodium and chloride. Since the membrane in this part of the
duct is less selective, E2 is likely to be smaller than E1 during
sweat gland activity. E3 represents the localised membrane
potential, originated at the bottom part of the stratum corneum,
which varies according to the ionic potassium concentration
in the interstitial fluid and the applied conductive paste. As
long as the external potassium ionic concentration is higher
in comparison to that of the interstitial fluid, the membrane
potential remains surface negative, and the values of R5 (upper
layers of the corneum and keratinised layer zone) will vary
according to the hydration.

III. STATE OF ART

The methods used to acquire EDA signals fall into two
categories, the endosomatic recordings and the exosomatic
recordings. They differ from the fact that the first one does not
use external current, unlike the exosomatic. The first is based
on the skin electrical potentials, and special attention should be
given to the dermatomes since they present different potentials,
and therefore, recordings should restraint the acquisition to one
dermatome. Additionally, the electrolyte media, if used, should
mimic as much the sweat composition to not add an offset to
the readings.

In Exosomatic recordings, a Direct Current (DC) or Alter-
nate Current (AC) is applied to the skin through the electrodes.
They then can be based on a constant current or constant
voltage method.
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(a) Hand (b) Feet

Fig. 4. Recommended EDA measurement locations; the electrodes are placed
between pairs A&B or C&D.

Table II, summarises conventional acquisition methods and
features that can be extracted from the EDA signal, as well as
the typical nomenclature used in the literature.

A. Recording Locations

In case of endosomatic recordings, it usually uses one active
site, which can be any of the above mentions, and an inactive
site, generally above the ankle or in the forearm near the elbow
zone since these areas exhibit the smallest potential difference
between the skin surface and the body core.

Figure 4 presents the recommend and most used active
locations to apply electrodes. For an optimal recording, the
experimenter should follow a few guidelines, namely: apply
electrodes in locations with functional size area; locations with
less scarring tissue; the non-dominant hand is preferred, which
usually is less callous; electrodes should be kept on the same
side to avoid artefacts from other biosignal sources; and direct
contact between the two electrodes must be avoided. There
is an interesting phenomenon reported especially in epilepsy
studies, that indicates an EDA asymmetry, meaning that the
EDA activity gathered in one hand will not necessarily match
the other [10].

Several studies, like [11], explore the possibility of other
locations in the body that contain a comparable amount of
information to the recommended sites.

The electrode materials and electrolytes used are typically
made of Silver/Silver Chloride (Ag/AgCl) since they are
considered to minimise polarisation effects that can be present
in recordings. As for the electrolytes, the usual electrode gels
used in Electroencephalography (EEG), Electrocardiography
(ECG) or Electromyography (EMG) are not advised in EDA
recordings, since their conductivity is higher than the one at
the epidermis level. As such, the conductive gel should mimic
as closely as possible the sweat composition, meaning that a
NaCl or a KCl solution is advised [12].

Artefacts are inherent to recordings, especially outside a lab-
oratory environment. They can be caused by the equipment it-
self, by external conditions or induced by the user, is generally
classified as electrical or mechanical artefacts. Electrical arte-
facts are for the example: power line interference; electrodes
bias potentials; and electrodes polarisation. The power line
interference is a very common artefact that can be mitigated

with simple filtration of the specific frequency. The other two
artefacts are originated in the materials and fabrication process
of the electrodes. When choosing electrodes, one should adopt
the models that present the lowest bias, since this will imply a
smaller drift over time. The electrodes polarisation, in turn,
is eliminated when using AC over DC, being one of the
main advantages of recurring to AC measurement approaches.
Mechanical artefacts are mainly caused by skin movements
(e.g. applying pressure or stretching the skin, and reducing
contact area).

B. Devices and Applications

The use of EDA devices in conjunction with other biometric
signals (e.g. heart rate, temperature) are increasingly popular
in the field of epilepsy, especially by the way seizures counting
is performed. As an example, the commercial device Empatica
Embrace helps patients alert their caregivers to occurring
seizures. It is reported to be able to detect seizures with a
sensitivity of 92-100% while the false alarm rate is 0.48 to
2.02 per day [13]. One report shows that the EDA signal is
strongly correlated with more prolonged post-ictal generalised
EEG suppression in 100% of Sudden Unexpected Death in
Epilepsy (SUDEP) [14].

People that have Autism Spectrum Disorder (ASD) also
benefit from the proliferation of EDA devices. They give feed-
back to the patient and their caregiver to the current emotional
state of the patient, enabling the possibility to increase patients
comfort while reducing over-stimulated situations. One study
compiled all the available devices suitable to ASD including
the ones with EDA [15].

Another application is in the neuromarketing field. A study
with the Shimmer 3 device, managed to detect the influence
that music may have in advertising, reporting that EDA was
higher in the commercial with music than without it, exhibiting
that the EDA signal behaviour was correlated with extracted
biometric data customarily used in this field [16].

EDA devices can also be used to study stress. Work-related
stress can provoke burnout syndrome, which can be related
to lack of sleep. According to a study using the EDA sensor
from edaMove, the electrodermal activity can be a suitable
parameter to classify sleep quality [17]. In another study [18],
the BITalino was used to study stress levels in students during
exams and correctly predict emotional state with an accuracy
between 86-91%.

Several other conditions can be studied (e.g. Parkinson’s
disease, drug trials, bipolar disorder, etc), and few other worth
mention devices exist, like the Empatica research-oriented E4,
the BITalino, the Moodmetric ring, aimed at the consumer, or
even The Pip device [19], [20], [21], [22].

In general, most of the available devices present some
limitation, either related to their form factor, wearability ca-
pabilities, proneness to artefacts or resolution capabilities. As
an example, the BITalino acquisition platform does not present
any restriction regarding the locations of where it can be used,
but it presents limitations concerning the low resolution when
used in body locations with higher skin impedance. In contrast,
the E4 has better resolution, but in comparison, it can not be
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TABLE II
FEATURES EXTRACTED FROM ELECTRODERMAL ACTIVITY AND RELATED SIGNALS [9].

Source Endosomatic Exosomatic
Method Voltage Diff. DC AC

Measurement Description Potential Resistance Conductance Impedance Admittance
Tonic Baseline level behavior SPL SRL SCL SZL SYL
Phasic Signal response behavior SPR SRR SCR SZR SYR
Non-specific Response Responses without matching stimulus NSSPR NSSRR NSSCR NSSZR NSSYR
Frequency Phasic response rate SPR freq. SRR freq. SCR freq. SZR freq. SYR freq.
Amplitude Onset-Peak amplitude difference SPR amp. SRR amp. SCR amp. SZR amp. SYR amp.
Latency Time between stimulus and onset SPR lat. SRR lat. SCR lat. SZR lat. SYR lat.
Rise Time Onset-Peak time difference SPR rise t SRR rise t SCR rise t SZR rise t SYR rise t
Half Rise Time Time between onset and 50% amplitude SPR ris. t/2 SRR ris. t/2 SCR ris. t/2 SZR ris. t/2 SYR ris. t/2
63% Recovery Time Time between peak and 63% amplitude SPR rec. t SRR rec. t SCR rec. t SZR rec. t SYR rec. t
50% Recovery Time Time between peak and 50% amplitude SPR rec. t/2 SRR rec. t/2 SCR rec. t/2 SZR rec. t/2 SYR rec. t/2

used in other locations than the wrist area. There is still a
need for an all-around device that does not present bottlenecks
caused by limitations.

IV. METHODOLOGY

In this work, we propose a new EDA sensor design with
adaptive gain to solve resolution limitations and contributions
in non-conventional electrode materials.

The new sensor has as base the EDA BITalino [23], [24],
Figure 5, which is an excellent tool to the scientific community
that face at times resolution limitations. The base sensor is
composed of two stages, a transconductance amplifier and a
low-pass filter section, with it, is transfer function, Equation
1, where its output varies in a linear fashion with the skin
resistance. The main bottlenecks are that it is only sensitive to
skin resistances below 1MΩ with a resolution of 1.03mS/bit
and the gain does not adapt to the user, therefore is prone to
saturation phenomena. Another problem is that it is usually
connected to an external 10 bit ADC, and since we want to
maintain the same number of bits, we need to adopt a different
strategy when we improve the input allowed skin resistance
to higher dynamic ranges.

Fig. 5. BITalino EDA sensor.

Vout = (−Rskin

R23
× Vcc +

R23 +Rskin

R23
× Vref )× (1 +

R25

R26
) (1)

A. Adaptive Gain Control

In the proposed design, a N-MOSFET is used in the triode
region, Figure 7 behaving like a voltage-controlled resistor, on

the place of the resistor identified in Figure 5 as R23. This way
it gives the adaptable properties that it lacked before, adapting
to different types of skin.

Controlling the gate voltage of the MOSFET changes the
equivalent resistance value that this has. A microprocessor
from BITalino acquisition board is used to control the gate
voltage, through the use of a filtered PWM signal, according
to the output coming from the sensor at a given time. If the
sensor is either near saturation or near being not able to acquire
a signal, the microprocessor will adjust the voltage provided
to the gate in order to change his dynamic range.

Since the N-MOSFET equivalent resistance can take mul-
tiple values, the transfer function turns dynamical. Therefore,
it is vital to monitor the tension being fed to the gate. The
new design implements a calibration procedure that maps, with
the help of two discrete resistances, the gate voltage tension
at a given time to a resistance value. Figure 6 present two
calibration curves acquired with 100kΩ and 1MΩ for skin
resistances below 1MΩ and above, respectively. The raw ADC
values can then be converted to resistance units using Equation
2, and therefore, the transfer function, Equation 1, can be
correctly used to convert units.

Fig. 6. Calibration Procedure

R23 =
Rskin − Vref

Vout×Vcc

(2ADCbits−1)×Gain
− Vref

(2)
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Fig. 7. N-MOSFET modification.

B. EDL and EDR Separation

This new design presents a limitation when we try to acquire
EDA on skin resistances higher than approximately 3MΩ.
Since the dynamical range of the sensor increases so much and
the ADC remains the same, the new design turns insensitive
to EDRs since the resolution decreases. Therefore, to remain
sensitive to the EDRs and be compatible with 10 bit ADC,
the circuit has a new stage, that isolates through frequency
the faster changing EDRs from the slower EDL, resorting to a
second-order high-pass filter with a cutoff frequency of 10mHz
and a gain of 34 dB, Figure 8. The new sensor schematic is
presented in Figure 9, and the frequency response of an EDA
acquired at the output is expected to be similar to Figure 10.

Fig. 8. High-pass frequency response.

Fig. 9. Overall circuit modifications with the N-MOSFET and Highpass filter.

Fig. 10. EDA Frequency response.

C. Non-Conventional Electrode Materials

In an effort to explore materials that better adjust to the
irregular shape of the skin, and that enables a seamless contact
between skin and electrode, this work explored different non-
conventional electrode materials. In a first stage, three dif-
ferent materials, namely, conductive lycra (MEDTEX P130),
conductive leather (GMLC), and 3D printed electrodes (PLA),
were put to the test with known discrete resistances that
simulates the behaviour of the skin. The chosen metric to
compare the performance of the materials was the relative error
concerning the used discrete resistance. The second part of this
experiment took into account the results obtained and test the
behaviour of these materials in a real-life subject, doing both
Valsalva manoeuvre and a cognitive test. To compare to a gold
standard material, dry Ag/AgCl Tough Technology electrodes,
the Pearson correlation coefficient (p-coeff) and the Root mean
square Error was extracted (RMSE).

Fig. 11. Non-Conventional Electrode materials.

D. Performance Validation

To validate the need for and the performance of the new sen-
sor design, several experiments were conducted. Additionally,
we experiment with the possibility of using non-conventional
conductive materials.

In a first experiment, we analysed a database with 99 partic-
ipants provided by the BrainAnswer company. The experiment
consisted of a cognitive task with the base BITalino EDA
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sensor. In a second experiment, the EDA was extracted from
4 participants divided into two groups, adults and teenagers,
where a non-conventional location was explored, the wrist
area, and compared with a gold standard location on the palms.
The primary purpose of these two experiments was to highlight
the main limitations on the base sensor.

According to [25], there are several possibilities to stimulate
the SNS, namely through the elicitation of cardiovascular
reflexes induced by tasks such isometric exercises, mental
arithmetic, cold pressor test, Valsalva manoeuvre, and/or oth-
ers. In this experiment, the chosen task was the isometric
handgrip exercise, meaning that the participant had to apply
one-third of the strength of the maximum contraction during 3
to 5 minute, causing an increase in the diastolic blood pressure
that originates from the heart rate acceleration. To test the new
design, a third experiment was conducted in 16 participants,
based on the realisation of an isometric handgrip test, testing
the new sensor as well as the base sensor on the palm area with
gold standard electrodes. Separation between both acquisition
platforms was assured through optical synchronisation, resort-
ing to a LED connected to a platform and a lux meter to the
other. The data was then analysed and the Pearson correlation
coefficients were extracted to compare the performance of the
new sensor.

V. RESULTS & DISCUSSION

A. Non-Conventional Electrode Materials

In a first assessment, the conductive Lycra showed the best
performance, scoring a mean resistivity of 4,2Ω/square, while
the conductive leather and 3D printed electrodes present a
resistivity value around 3.4kΩ/square. Figure 12 presents the
relative error of the non-conventional conductive materials to
a gold standard. The Lycra material (MedTex P130) scored the
best with a relative error below the 1% mark. The 3D printed
electrodes come second, with an excellent performance until
the resistance is 500kΩ and below. The Leather material ex-
perience the same outcome as the 3D but with an increasingly
worsen performance.

Fig. 12. Relative error of non-conventional electrodes compared to the
Ag/AgCl dry Though Technology electrodes (gold standard).

Table III presents the results obtained with the different
materials in a living subject. Analysing the table reveals that
the conductive lycra is the best performer, outperforming the
other three materials. The Though Technology dry electrodes

TABLE III
ELECTRODE MATERIALS RESULTS IN A LIVE SUBJECT.

Material P-Coeff RMSE

Conductive Lycra 0.798±0.097 0.909±0.124

Ag/AgCl dry electrodes 0.665±0.303 4.074±0.212

Conductive Leather 0.465±0.130 5.001±0.533

3D Printed PLA – –

came second, followed by the conductive leather. As for the
3D printed electrodes, it was not able to detect EDA.

B. BrainAnswer Data Analyse

Six out of the ninety-nine signals present full-scale satu-
ration while one presented a lack of response. From those
six saturated signals, four present saturation over 80% of
the acquired signal, while the signal that presented lack of
response, does not present change throughout the session. The
second experiment also presents saturation artefacts in three
out of eight recordings, being all originated on the wrist volar
side recording. In summary, the phenomena of saturation are
present in the base sensor recordings, which unlike other types
of artefacts cannot be reliable mitigate by post-processing.
Therefore, it indicates that this sensor has bottlenecks that need
to be addressed through the elaboration of a new version of
the sensor.

C. New Sensor Design Results

In the third experiment, the new sensor had comparable
performance, Figure 13, but it exhaled when the base sensor
saturated in two subjects, Figures 14 and 15. Excluding the
saturated signals, the new sensor presented a mean Pearson
coefficient of 0.967±0.027 with a mean root mean square error
of 0.238±0.096. In one of the saturated cases, the extracted
EDA did not present EDRs, but at the output of the third
stage, the circuit was able to detect variations, Figure 16.
Since the third stage provides the EDRs isolated and since
the second stage present only EDL in these conditions, due to
low discretisation, we can in post-processing rebuild the EDA
signal.

VI. CONCLUSIONS

The conducted worked presented a detailed review of what
underlines the EDA phenomena, non-conventional electrode
material analyses, and a new sensor design that addresses the
main resolution limitations.

The non-conventional electrodes materials experiment
showed that it is viable to acquire EDA with a conductive
lycra material outperforming even the Though Technology dry
electrodes. Further work should further test non-conventional
materials, increasing the number of participants and having a
more standardised fabrication process of the non-conventional
electrodes.

The BrainAnswer data analyse showed that current EDA
devices have some limitations regarding the dynamical range
that can measure and there is a need for a better design.
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Fig. 13. Normal raw EDA output of both sensors.

Fig. 14. Subject 1 raw output signal from both sensors.

Fig. 15. Subject 2 raw output signal from both sensors.

The proposed design showed comparable results to the gold

Fig. 16. Subject 2 raw EDR output.

standard but also shown to excel in cases where saturation
occurred on the gold standard, while increased the dynamical
range and solved the resolution problem in cases of high skin
impedance. The addition of a third stage to separate the two
components of the EDA has proved to be able to fulfil its task,
although it currently may suffer from a few limitations that
come from being a static gain stage. Nevertheless it provides
researchers with a new tool to detect and examine onsets
more carefully as well as solving those cases where the skin
resistance is too high for the ADC sensibility.

Further experiments should focus on improving the current
calibration procedure on the new sensor design, explore new
locations to acquire EDA, where the creation of a detailed
map of the sweat gland density could be a first step, and the
implementation in a more consumer-oriented product of the
conductive lycra if validated with further testing.
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