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Abstract

Objective. Electrodermal activity (EDA) is a marker of psychophysiological arousal and is usually a
measure of the skin conductance which is associated with sweat gland activity. Recent studies have
shown that it is possible to estimate the EDA using contactless video based methods. Approach.
Sensor EDA signals (SenEDA) and videos of the the palm were recorded simultaneously from over
30 participants under various stimuli (audio, video, cognitive and physiological). The luminance
information from the video data was used to track sweat gland activity on the skin surface and
extract the contactless signal luminance based EDA (LumEDA). Main results. Comparison of the
SenEDA and LumEDA signals showed a high positive correlation between the two as expected.
Significance. Under suitable illumination, simple spatial filters can be used to track sweat gland
activity which can then be used to estimate signals analogous to the EDA. Such video based
methods also facilitate spatio-temporal analysis of EDA correlates over larger areas of the body.

1. Introduction

Electrodermal activity (EDA) is a measure of the changes in the electrical properties of the skin due to
eccrine sweat gland activity regulated by the sympathetic nervous system (SNS). EDA is widely used as a
marker of emotional arousal and is therefore used in psychophysiological studies. Traditional measurement
of EDA requires sensors (usually consisting of two electrodes) that are in electrical contact with skin surface,
and this is commonly done at sites that have a higher concentration of eccrine sweat glands such as the palm
(Boucsein 2012).

EDA continues to be the most widely used biosignal in psychophysiological studies (Posada-Quintero
and Chon 2020). The emergence of low-cost consumer wearable devices with skin conductance measuring
capabilities has democratized the monitoring of EDA beyond laboratory or clinical applications. However, in
some situations, placing these contact-based sensors may not be possible, therefore a contactless approach
that estimates correlates of EDA would be the next best alternative. Sensor-based EDA measurements also
cover only a small area of the skin and therefore have a relatively low spatial resolution. A contactless
approach has the potential to offer much higher spatial resolution for EDA measurement as it can cover a
larger area of the skin at the same time and can therefore help in further understanding the electrodermal
system and the functioning of the SNS.

Camera-based contactless monitoring of physiological vital signs has become ubiquitous with the
widespread availability of low-cost camera systems and is ever increasing in popularity since the COVID-19
pandemic with the need for contactless alternatives to monitoring patients from a distance (Flotho et al
2021). Conceptually, these methods track changes in the appearance of the skin which occur due to
variations in the dermal blood volume corresponding to cardiovascular function (Wu et al 2000). These
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changes may be invisible to the naked eye, but with digital camera systems, they can be quantified using pixel
intensity variations over time. These contactless methods are based on multi-channel (colour) information
or single channel (greyscale) based depending on the underlying method used. A state-of-the-art overview of
camera based physiological monitoring can be found in (McDuff 2023).

EDA and the number of active sweat glands in a given area, known as the palmar sweat index (PSI), are
positively correlated (Sutarman and Thompson 1952, Turpin and Clements 1993, Freedman et al 1994). PSI
based methods require visual analysis of the surface of the skin, and older studies such as Kohler and
Schuschel (1994) use pigments, tapes, or other chemical substances to create impressions of sweating skin,
resulting in poor temporal resolution of the analyses. Recent advances in machine vision and computational
photography facilitate similar analyses at much higher temporal resolution without the use of any pigments
or chemicals. Contactless methods have been previously reported albeit using laboratory equipment such as
video-microscopy (Nishiyama et al 2001), optical coherence tomography (Nohara et al 2005) and thermal
imaging using high-end thermal cameras (Krzywicki et al 2014). However, all of these methods require
expensive equipment. The use of contactless, high spatial resolution EDA measures would be greatly
advanced by the availability of a technique that uses commonly available and inexpensive RGB cameras to
analyse EDA on the surface of the skin.

Bhamborae et al (2020) showed for the first time that under suitable illumination conditions, contactless,
video-based correlates of electrodermal responses can be estimated using simple image filters because sweat
droplets which appear on skin reflect light differently compared to the surrounding skin surface and
therefore appear as bright dots in the image. Following this, the findings of Braun et al (2023) showed that
sympathetic arousal can be measured using the remote photoplethysmography signal extracted from RGB
videos. However, these studies rely on using strong physiological stimuli such as deep breathing exercise in
Krzywicki et al (2014), Valsalva Manoeuvre in Bhamborae et al (2020) and self-pinching in Braun et al
(2023). With the primary goal of being able to determine if similar effects could be observed across a variety
of stimuli and a larger, more diverse population, the study reported here uses an improved method with
more natural position of the hand and a paradigm that employs auditory, visual, cognitive and physiological
stimuli to evoke electrodermal responses.

2. Materials and methods

2.1. Participants

The study included 41 healthy adult participants (21 females; mean age = 29.44 years, SD = 6.42 years,
range: 22-51 years). They were all asked to refrain from alcoholic or caffeinated beverages 24 h before the
measurement. The study was performed in accordance with the Declaration of Helsinki and was approved by
the Saarland State Medical Association, Arztekammer des Saarlandes (Approval:47/18). All participants
provided written informed consent to participate in this study.

2.2. Protocol

Following a 5 minute acclimation period to establish baseline measurements, the experimental protocol
consisted of four distinct components-visual, auditory, cognitive, and physiological stimulation-with
adequate rest periods between each phase to facilitate recovery.

Visual stimulation: ten grey value intensity normalized images from the International Affective Picture
System (IAPS) (Lang et al 2005) were shown for 7 s each on a computer screen as visual stimuli. To avoid
habituation, the inter-stimulus interval (ISI) alternated randomly between 40 and 60 s. The screen showed a
neutral, all-grey frame during these intervals.

Auditory stimulation: ten brief audio snippets from the International Affective Digitized Sounds (2nd
Edition; IADS-2) (Bradley and Lang 2007) were played for 7 s as part of the auditory stimulation. The ISI
varied randomly between 40 and 60 s. During the entire part, participants were asked to look at a fixation
cross on the screen. The audio system was calibrated to a sound pressure level 60 dB.

Cognitive Stimulation: consisted of two distinct parts-an imaginative exercise followed by an arithmetic
task. For the imaginative part, participants were asked to imagine a unpleasant (negative) situation, and then
a situation which made them happy (positive). Following this was a 300 s long descending subtraction task
where the participants had to count down in steps of 7 starting from 1001. Adequate breaks were provided
between each section for recovery.

Physiological stimulation: participants had to perform the Valsalva Manoeuvre five times for 10 s with a 15 s
preparation time before each trial. A recovery period of 60 s was provided between each trial.
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Figure 1. Overview of the experimental protocol. A variety of different stimuli were used to elicit electrodermal responses from
participants. Participants were free to rest as long as necessary between the different stages of the experiment. An entire session
lasted for about 60 min on average.

Measurements were conducted in a climate controlled room. Participants were seated on an ergonomic
cushioned office chair facing a 27 inch colour monitor placed 180 cm away. All instructions and countdowns
were displayed on the screen throughout the measurement, and participants had to provide verbal
confirmation to proceed after the breaks between each of the above mentioned phases of the experiment.
Figure 1 illustrates the entire timeline of the experimental protocol.

2.3. Data acquisition

Sources of the experimental data in this study consist of a contactless source and a contact-based source. The
contact-based data sensor EDA (SenEDA) serves as the ground truth (reference/control) against which the
data acquired from the video data luminance based EDA (LumEDA) are compared.

SenEDA

The ground truth SenEDA was recorded as a measurement of exosomatic skin conductance (with 400 mV
DC) using a sensor (g.GSR) and biosignal amplifier (3. USBAMP). A sampling rate of 356 Hz was used. The
sensors were placed in contact with the palmar side of the middle phalanges of the ring and the middle
fingers of the left hand. A multimodal trigger box (g. TRIGBOX) was used to enable synchronization between
the various equipment involved in the experiment. The sensor, biosignal amplifier, and trigger box were
manufactured by g.tec medical engineering GmbH, Austria.

Video data

The vision system consisted of a 12.4 Megapixel (4112 x 3008) machine vision camera (Ximea GmbH
MC124CG-SY) fitted with a 16 mm F1.8 lens (Kowa LM16FC24M) pointing upwards.The participants
placed their left palm pronated on a support frame mounted on a metal construction with cushioned
forearm support. [llumination was provided by three different light sources (Cameo Q-SPOT 15 RGBW)
arranged in an arc 50 cm from the palm rest. The lights were activated one at a time using DMX-512 signals,
synchronized with video frames, creating a time division multiplexed illumination sequence. This
construction was covered in blackout fabric to block off external light and to prevent it from interfering with
the participants. Camera data was recorded with full spatial resolution and saved in raw, colour filter array
8-bit data depth format along with timestamps and the light associated with each frame. Figure 2 shows the
setup used with the blackout cover removed. Light 1 was on the thenar (thumb) side of the palm, Light 2
pointed straight up and Light 3 was on the hypothenar side of the palm. Light 1 and Light 3 illuminate the
palm at an angle. Figure 3 contains samples frames of the palm illuminated by the three different lights.

Extracting LumEDA
Grazing incidence imaging in combination with computational photography is widely used in artistic and
scientific applications (Kajiya et al 2014, Xiao ef al 2019) as it offers better contrast and surface texture
sensitivity. Eccrine sweat glands, activated during psychological or physiological arousal, secrete sweat onto
the skin surface, creating textural changes that appear as bright dots due to specular reflection. These
droplets contrast sharply with the otherwise light-absorbing dry skin (see figure 4), making it feasible to
isolate them for further processing. Since surface sweat correlates positively with EDA, analysing these bright
spots provides a method for measuring EDA levels.

The frames from the three light sources were combined using a maximum intensity approach, wherein
each pixel in the resulting image was assigned the highest value found among the three sources (see
figure 3(d)). A manually selected region of interest (ROI) was then tracked automatically using the
Kernelized cross-correlation tracker (Henriques et al 2014).
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Figure 2. (a) Image of the setup with the camera, light and palm-rest arrangement with the blackout fabric removed. (b)
Schematic of the vision system and its position with respect to the palm.

@

Figure 3. Top: three consecutive frames from the recording. Each frame is associated with only one light source, (a), (b) and (c)
are associated with Light 1, Light 2 and Light 3 respectively. Bottom: (d) maximum intensity fusion and ROI Selection. (e)
Selected ROI. (f) Luminance image of selected ROL

The YCbCr color space is a non-linear colour space and represents the greyscale brightness (luminance,
Y) and the colour (chrominance: Cb and Cr) information. Since only the changes in brightness of the pixels
are of interest, the Y-channel of the YCbCr space was used to extract the luminance information from the
RGB frames. Sweat dots are then detected using the Laplacian filter, which is a spatial high-pass filter that
emphasizes rapid intensity changes while suppressing slowly varying features. A binary image containing just
the sweat dots was then obtained by using a thresholding operation. This binary image was then
morphologically dilated using a disk shaped structuring element to enhance the sweat dots (see figure 4(f)).
Finally, the total number of non-zero pixels in this binary image, normalized by the size of the ROI was used
as the sample intensity for the LumEDA signal. Figure 5 gives an overview of these steps. Sample video clips
from the study are available in the supplementary materials.

2.4. Data synchronization and epoch extraction

To compare the responses captured using the camera-based method (LumEDA) with the ground truth
sensor data (SenEDA), the sensor data was first converted to microsiemens and then resampled to 4 Hz (to
match the sampling frequency of the LumEDA signal). The signals were then Butterworth low-pass filtered
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Figure 4. Top (a) Sample frame (b) luminance (c) mask during low arousal. Bottom (d) Frame during high arousal. Surface sweat
can be seen as bright dots. (e) Luminance from which LumEDA is extracted. (f) Mask after enhancing the bright dots using
morphological dilation.
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Figure 5. Overview of the steps to compute the image luminance based EDA (LumEDA) signal.

(2nd order, cut-off 0.5 Hz). Alignment was then done using synchronization triggers exchanged between the
data acquisition programs.

For event based analysis around specific stimuli (visual and auditory), epochs of 30 s (10 s before the
event and 20 s after) were extracted. The mean of the 10 s before the event was taken as the baseline and then
subtracted, therefore no further decomposition (into phasic or tonic components) or detrending of the
signals was necessary. For analysing longer intervals (cognitive and physiological stimuli), the signals were
low-pass filtered with a cut-off frequency of 0.1 Hz to retain the tonic components.

2.5. Automated electrodermal response (EDR) detection

For the epochs created from the responses to the visual and auditory stimuli, automated peak detection using
the z-score (signals are rescaled to have a mean of 0 and a standard deviation of 1) of the mean response of
SenEDA and LumEDA of each participant was performed to enable a comparison of EDR parameters such as
latency and intensity (amplitude) variations. For a peak to be considered an EDR, a minimum peak
amplitude of 0.01 had to be reached (Boucsein 2012). Since electrodermal responses to events are slow, only
peak latencies in an interval between 1 s up to 5s are considered (Boucsein 2012). In the present case,
latencies from the stimulus onset up to 8 s after the stimulus are considered to account for any misalignment
between the signals. Due to the relatively strong fluctuations in the LumEDA, a Fourier function was fitted to
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Figure 6. An example of a non-responder. It can be seen here that this participant did not show the expected response to stimuli
in the ground truth (SenEDA) signal. Such participants were excluded from comparisons.

the data using MATLAB curve fitter. The Pearson correlation coefficient between latency and amplitude
values in both SenEDA and LumEDA signals were then computed.

3. Data analysis and results

Data collection from 2 participants was terminated due to technical issues, leaving with data from 39 (21
females) participants to be analysed. The data from each stage (visual, auditory, cognitive and physiological)
of the experiment were then analysed separately. non-responders were identified as those who did not show
an expected response in the SenEDA signal and such participants excluded from comparisons as the goal of
this study was to compare the LumEDA signals against the ground truth SenEDA signal. An example
non-responder can be seen in figure 6. A total of 10 non-responders were identified for the visual and
auditory sections resulting in a sample size of 31 participants (16 females, 15 males) for event based analysis.
For the cognitive and physiological stimulation, 38 participants (19 female, 19 male) were analysed as one
session had to be aborted after the auditory stimulation due to technical failure.

For the event based analysis, only the single responses, i.e. the 30 s epochs around the events were used.
To compare the two signals, a samplewise t-test was performed using the normalized grand average
responses and corrected using false discovery rate of 0.05 (Benjamini and Hochberg 1995, Benjamini and
Yekutieli 2001, 2005). Figures 7 and 8 show the responses to visual stimuli and auditory stimuli respectively.

Figure 9 shows a comparison of a participant’s LumEDA and SenEDA responses to cognitive and
physiological stimuli. For the cognitive and physiological stimuli, the entire signal was used since there were

no specific events. The average correlation across participants was calculated using the Fisher transformation
method.

3.1. Visual stimuli

On average, the participants showed a weak response to visual stimuli as seen in figure 9(a). Female
participants were only slightly more responsive to the visual stimuli than male participants. Plots for
comparison can be found in the supplementary material. A moderate positive Pearson correlation of r =0.53
with p < 0.01 was seen between the averaged LumEDA and SenEDA responses to visual stimuli. A
comparison of the correlation coefficient for male and female participants can be found in table 1.

3.2. Auditory stimuli

Figure 8 shows the responses of a participant to auditory stimuli. Participants exhibited stronger responses to
auditory stimuli compared to visual stimuli (compare figures 10(a) and (b)). These stronger responses also
meant higher intensities in the LumEDA signal. The LumEDA signal was also positively correlated with the
SenEDA signal (r=0.92 p < 0.01). Female and male participants responded similarly to auditory stimuli.

3.3. Cognitive stimuli

Both female and male participants showed similar responses to cognitive stimulation. On average, a high
positive (r=0.64 p < 0.01) correlation was seen between the SenEDA and LumEDA signals. Table 2 gives an
overview of this. Figure 11 provides an overview of the responses of all 38 participants.
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Figure 7. Responses to visual stimuli (Participant 18).

20

3.4. Physiological stimuli

On average, a high positive (r =0.70 p < 0.01) correlation was seen between the SenEDA and LumEDA
signals. Table 2 shows that there was not a significant difference between male and female participants.
Responses of all participants can be seen in figure 12.

3.5. Latency and amplitude comparisons

Figure 13 presents a scatter plot analysing the relationship between amplitude and latency in event-related
electrodermal responses (visual and auditory stimuli) from the SenEDA and LumEDA signals. Analysis of
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Figure 8. Responses to auditory stimuli (Participant 17).

620 responses (20 responses each from 31 participants) revealed a moderate positive correlation (r = 0.55)
for amplitude values, while latency measurements showed no significant correlation between the two
methods. EDR amplitudes are commonly analysed to evaluate arousal responses to stimuli and this case,
LumEDA signals do show good consistency with the SenEDA signals. The same cannot be said in the case of
EDR latencies for a variety of reasons. An important one being the nature of the camera based LumEDA
signal which is extracted from only visible changes on the skin surface whereas the sensor based signal which
can measure changes even under the surface. Another reason could be the difference in the location where the
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Figure 9. SenEDA vs. LumEDA for cognitive and physiological stimulation for an exemplary participant.

Table 1. Average Pearson correlation coefficients for visual and auditory stimuli calculated by averaging the single responses.

Female Male All
Sample size 15 16 31
Visual 0.36 0.29 0.53
Auditory 0.96 0.85 0.92
All 091 0.85 0.94

LumEDA and SenEDA signal originate from. LumEDA was extracted from the palm, whereas the SenEDA
from the fingers. Despite using manual assist the automatic peak detection, accurate peak identification
remains challenging due to small signal fluctuations in LumEDA and potential alignment inconsistencies
between the two signals. Furthermore, the extended time window used to accommodate these challenges
may have inadvertently included peaks outside the typical response window for stimulus-related activity.

4. Discussion

4.1. The Average LumEDA and SenEDA responses are positively correlated

A strong positive correlation is to be expected since the LumEDA signal, analogous to the PS], is based on
being able to capture sweat gland activity on the skin surface, which is known to be correlated with the EDA.
However, it is also important to mention that the algorithm used to extract the LumEDA depends on changes
to the texture of the skin surface due to the appearance and disappearance of sweat droplets caused by
evaporation and reabsorption of these sweat droplets (Baker 2019). This method does not respect skin colour
changes due to peripheral blood flow variations as in Braun et al (2023) and therefore has very little
contribution from changes that occur beneath the surface of the skin.

4.2. Large inter-subject variability

A closer look at the signals reveals a large inter-subject variability between participants, which is common to
studies involving EDA (Posada-Quintero et al 2016a). This is reflected in the LumEDA signals even more
strongly due to distortions caused by motion and participants inadvertently moving their hands, affecting
the validity of initial camera settings (e.g. camera focus and the illumination angles) in later computations.
Another reason for this is that LumEDA primarily tracks changes that occur on the skin surface but not all
participants may have had responses strong enough for sweat droplets to appear on the skin. In such cases, a
contact-based sensor would likely still have been able to measure changes in skin conductance. Due to the
nature of the optical setup used in this study, the variance in the palm size of participants also meant that the
palm rest was not optimal in all cases as their palms were not optimally placed for the duration of the
measurement, leading to inconsistencies of LumEDA signal extracted.

Another important aspect to consider is the difference in skin texture, hydration levels and the humidity
in the measurement room over the duration of the entire study. These factors are known to have an impact
on electrodermal recordings (Boucsein 2012). Since the camera based LumEDA signal depends on the
appearance and quick reabsorption and evaporation of the tiny sweat droplet on the surface of the of skin,
the hydration levels of the participant’s palmar skin, the ambient humidity and temperature during the

9
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Figure 10. Comparison of the mean responses to (a) visual stimuli, (b) auditory stimuli and the (c) grand average across visual
and auditory stimuli. (Sample size = 31).

Table 2. Average Pearson correlation coefficients for cognitive and physiological stimuli calculated by using the Fisher transformation

method.

Female Male All
Sample size 19 19 38
Cognitive 0.69 0.62 0.64
Physiological 0.71 0.70 0.70
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Figure 11. Overview of the SenEDA and LumEDA responses to cognitive stimuli (imagination task + descending subtraction
task).

measurement, and the duration of the ISI can all affect the LumEDA. Figure 14 exemplifies the variation in
skin texture and hydration as seen in the video data. The Laplacian, which is the sum of the second order
spatial derivates of an image is highly sensitive to noise and changes in surface texture. Since the LumEDA
involved the computation of the Laplacian and it was done with the same parameters for all participants, this
could result in suboptimal identification of the sweat dots in some cases. While false detection due to static

features such as fingerprints can be mitigated by removing the mean, additional motion can introduce
artefacts that can be hard to filter out.

4.3. Absence of tonic information in LumEDA

The EDA signals consist of two components, the fast-changing phasic component and a slow-changing tonic
component. The method used to extract the LumEDA depends explicitly on the appearance of tiny sweat
particles on the surface of the skin, which disappear again in a very short time scale, and is therefore not as
reliable for capturing tonic activity over time. However, methods that consider chromatic information and
also use a more realistic model of the skin, such as (Baranoski and Krishnaswamy 2010), may be able to
capture tonic electrodermal information using video data as they consider not just surface level
characteristics but also sub-surface interaction of light with skin. On the other hand, the phasic component
is most used for detecting event related arousal and it has been previously shown that this high frequency
phasic component provides better inter-subject comparability and that sympathetic arousal is better
captured in the phasic component (Posada-Quintero et al 2016a, 2016b).

4.4, LumEDA and motion

The complete measurement paradigm also included other tasks involving emotional, cognitive and
physiological stimuli. However, since several participants took out their hands during the break between the
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Figure 12. Overview of the SenEDA and LumEDA responses to physiological stimuli (Valsalva Manoeuvre).

(a) EDR Amplitude

(b) EDR Latency

Figure 13. Comparison of (a) EDR amplitudes (b) EDR latencies.
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different parts of the measurement, the original camera settings (focus and position) were no longer
applicable in later parts of the study. Therefore, only those parts of the measurement that were completed

before the hand was moved were included. Some participants also moved their hands slightly between the
visual and auditory sections of the measurement explaining the inconsistencies in the LumEDA, since the

relative position of the hand with respect to the lights and camera was not the same as it was in the
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Figure 14. Sample frames from the recordings and the variance in skin type and texture.

beginning. While small amounts of motion do not impact LumEDA significantly, large global motion can
potentially completely throw the LumEDA signal off, as seen in the data recorded here as the LumEDA signal
is sensitive to the direction of the light.

While a region tracker was used to track a fixed ROI, the nature of the skin texture resulted in the tracker
not being very reliable and failing to track a fixed ROI consistently and going off by several pixels and in cases
where the tracking fails completely, the ROI had to be reinitialized manually using a visual method, resulting
in inconsistencies in the ROI being tracked to synthesize the LumEDA signal.

For a case where the participant kept the hand relatively stable (Participant 21), the contactless signal
extracted after performing registration using motion compensation and then fusing frames from all three
light sources, did not show a significant difference to the LumEDA signal extracted using a single light source
(see figure 16). However, computing optical flow (OF) fields on the fly is computationally expensive
especially for high resolutions videos as the one used in the study. Most image fusion algorithms assume that
there is little to no motion between the source images but this assumption however, may not hold in real
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Figure 15. (a) Image registration and fusion. (b) Fused image from low activity period (c) fused image from high activity period
(d) fractional change (d) subcutaneous colour change.

world cases, especially when the image resolution is high. Cable based SenEDA is also sensitive to motion.
Additionally, motion in general has an impact on EDA. Although the left hand was held stable during the
measurement, movement of the right hand could affect the EDA signal measured, due to the symmetric
behaviour of EDA (Picard et al 2016). These changes, however, would also be apparent in the LumEDA.

4.5. Fractional change using motion compensation and image fusion

Not all participants remained equally still, necessitating some correction for motion. Functional optical
imaging in related areas quantifies intensity changes of 2D signals in terms of the fractional change (Af)
(Roome and Kuhn 2019). To this end, an OF based motion compensation method (Flotho et al 2022) with
RAFT OF back-end (Flotho et al 2023) was used. For the sake of computational efficiency, one initial OF field
on the downsampled image was computed, motion compensation applied to this, and the process was
repeated on the pre-defined ROI. This was done for all three lights, where separate references are kept for
each light and separately for each sequence around the events. After frame-wise motion compensation, a
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Figure 16. Comparison of SenEDA, LumEDA and fractional change (Af) (Participant 21 - Visual Stimuli).

fused image consisting of information from all three light sources was synthesized using a maximum intensity
heuristic, that is, the brightest pixel among the three is selected. Figure 15 illustrates this procedure along
with example frames computed from a low activity period, high activity period and the fractional change.

4.6. Contactless vs contact-based EDA: spatio-temporal aspects
One key aspect to consider in the comparison of SenEDA and LumEDA is the difference in the recording site.
While both were recorded from the palm, the location of the recordings was still different, resulting in
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potentially different sweat gland behaviour unique to every participant. While sensor-based EDA
measurement is well proven and easy to use, the spatial resolution of the sensor-based EDA is poor as
compared to image (video) based approaches.

Video based EDA correlates could potentially facilitate the analyses of the spatial distribution of EDA
over a larger area, which according to the Multiple Arousal Theory (Picard et al 2016) is of great interest in
EDA research. The theory states that different brain regions map their activation as different patterns of EDA
across the whole body and discusses the importance of creating an EDA map to see where to best measure a
specific arousal. Such spatio-temporal electrodermal recordings can also be used to further study conditions
such as hyperhidrosis (Wohlrab et al 2023).

Another advantage a contactless method provides is the overcoming of issues that occur due to
polarization of the electrodes (Boucsein 2012). While the LumEDA signal derived in the scope of this work
shows that correlates of EDA can be extracted from using just the greyscale information from the video, better
and more robust metrics, that take into account colour variations can be used to estimate EDA correlates.

5. Conclusion

While a proof of concept was already presented for using special illumination techniques for capturing sweat
gland activity on the surface of the skin (Bhamborae et al 2020), the setup used there was not conducive to
long duration measurements. With improvements to the setup and a paradigm that incorporated visual and
auditory stimuli, the present study showed that simple image processing approaches can be used to capture
sweat gland activity and to estimate psychophysiological and neurocognitive-affective states. The study
demonstrated that video-based methods can work effectively under varying experimental conditions. The
setup and algorithms used to extract the sweat gland activity in this study were intentionally simple. More
robust and accurate metrics can be derived from the video data by incorporating colour information, which
correlates with EDA and therefore psychophysiological arousal.

With current progress in augmented and virtual reality, stimuli that can evoke stronger autonomic
responses through enhanced immersion (Strauss et al 2024) could be used in future studies to further develop
contactless methods. The benefit of having spatially resolved EDA estimates from contactless, camera-based
sources can enhance research in multisensory experience design, especially when used in conjunction with
haptic stimuli (Obrist et al 2015, Gatti et al 2018). Methods described in this work and in Braun et al (2023)
and McDuff et al (2020) can be adapted for applications such as passenger monitoring (Schneider et al 2022).

While contactless correlates are unlikely to replace well-established contact-based measurements in
clinical settings, contactless video-based methods provide a non-intrusive alternative for research and
non-clinical applications. As camera-based methods provide spatial information, they can complement
sensor-based methods for studying sweat gland activity over larger surface areas, enabling spatio-temporal
analyses of EDA. This combination will greatly benefit research on the autonomic nervous system and its
interaction with the skin.
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