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ABSTRACT

One aspect of the European research project
MONARCA is to investigate the long term monitoring of
Electrodermal activity (EDA) to support the diagnosis
and treatment of bipolar disorder patients. EDA is
known as an indicator of the emotional state and the
stress level of a person. To realize a long-term
monitoring of the EDA, the integration of the sensor
system in the shoe or sock is a promising approach.
This paper presents a first step towards such a sensor
system. In a feasibility study we investigate the
correlation between EDA measurements at the fingers,
which is the most established sensing site, with
measurements of the EDA at the feet. The results
indicate that 90% of the evoked skin conductance
responses (SCRs) occur at both sensing sites.
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INTRODUCTION

Mental disorders like depression affect around 25%he
human population during their life. These disordars
universal - affecting all countries and societiend
individuals at all ages. According to the World Hea
Organization, the negative direct and indirect intpan
economy and on the quality of life of individualsida
families is substantial [1].

Manic depression, also known as bipolar disorderai
common and severe form of mental disorder chaiaetkr

by repeated relapses of mania and depression. fibera

are interested in relevant physiological and bedavi
measures recorded during daily routines of theepati
These measures enable the therapist to assessvaaning
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signs and to predict the occurrence of manic apdedsive
episodes in an objective and timely way. Currenthg
therapist does not have any access to long-termctibg
measures of physiology and behavior from daily. life

The European research project MONARCA aims at
developing and validating mobile technologies foultin
parametric, long term monitoring of physiologicahda
behavioral information relevant to bipolar disorddthe
project will integrate those technologies into andvative
system for management, treatment, and self-treatmen
the disease. This approach is in line with the goaf
pervasive healthcare: making healthcare available
anywhere, anytime and to anyone [2].

The MONARCA system will consist of four sensing
components: a sensor enabled mobile phone, a woigt
activity monitor, a stationary EEG system for pdi
measurements and a novel “sock integrated” eleetrodl
activity (EDA) sensor. This paper presents a fakisi
study towards developing the EDA sensor sock.

EDA is known as a relevant indicator of the emadicstate
and the stress level of a person [4,10]. Since aeeho
ensure that users accept this kind of sensingiln life, all
sensors need to be comfortable, invisible and taapply.
Therefore, we integrated measurement electrodes int
normal socks. From a physiological point of viehe feet
are known to serve as a feasible measurement doctdi
measure EDA [3, 5]. In comparison to traditionahsiag
locations - such as the hand - sensor socks wifiptetely
hide the sensing unit while comfort and usage ndas to
normal socks.

In the following sections we first provide a short
description of the developed prototype. Afterwands
explain the experimental design, present the etialua
methods and discuss the results.

PHYSIOLOGICAL BACKGROUND

The EDA is recorded by measuring the conductivityhe

skin because the skin conductance is proportiomahé

sweat secretion [8]. The EDA is usually measuredhat
palmar sites of the hands or the feet where theitjeof

sweat glands is highest (>20008mThe slowly changing
part of the EDA signal is called the skin conductafevel

(SCL) and is a measure of psychophysiological atitiv



[7]. It can vary substantially between individuals.fast
change in the EDA signal (a “peak”) occurs in reacto a
single stimulus (e.g. a startle event) and is dalpecific)
skin conductance response (SCR). It appears betdigen

order, £ = 0.05 Hz) yields the phasic part of the EDA
signal. For further noise reduction, this signabiee more
low-pass filtered (2nd order;# 5 Hz), amplified and fed to
the A/D converter. A Bluetooth wireless link is ds&o

and 6.5 seconds after the stimulus. Features ueed ttransfer the EDA data at 22.4 Hz [9].

describe the characteristics of a SCR include thplitude
of the SCR, the latency (between stimulus and SG$et)
and the recovery time. They are shown in Fig. dntrast
to the specific SCRs,

NS.SCRs are considered as
psychophysiological activation [3].

measures
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Figure 1: Ideal Skin Conductance Response (SCR) it
typically computed features.

PROTOTYPE OF THE EDA SOCK

For the prototype of the EDA sock, we adapted the
[9].

Emotion-Board presented by Schumm et al.

; R1 R2
1 Low-

pass 1

High-
pass

Low-
pass 2

fce=5Hz fc = 0.05 Hz fe=5Hz

Tonic Part Phasic Part

A/D converter of uP

Figure 2: Analog part of the Emotion-Board with
amplifiers and filters.

The measurement principle is referred to as ancRratc
qguasi constant voltage method [11]. Hereby, a eonst
voltage (500mV) is applied to one electrode leadimga
current flowing through the skin to the other elede, see
Fig. 2. Measuring the voltage at the referencestasce
allows us to directly determine the skin resistante
eliminate high-frequency noise, a 2nd order lowspfiser
with a cut-off frequency ofcE5Hz is applied before A/D
conversion of the measured signal (referred toese!” in
the following). Applying an additional high-passtet (2"

the non-specific fluctuations
(NS.SCRs) occur “spontaneously” without any externa
stimulus. The frequency and the mean amplitude of
for

EXPERIMENT

The goal of the experiment is to investigate thesitaility
of measuring EDA at the foot using the Emotion-RBbaks
depicted in Fig. 3, we attached one Emotion-Boardhe
right foot of a subject and another one to the aam,a
reference measurement. The electrodes were attéchid
medial phalanxes of the left index and middle finged to
the foot (Fig. 3) as recommended in [6].

EDA-Measurement
at Finger:

Electroes

EDA- Measurement
at Foot:

Laptop for
Recording

Electrodes

Figure 3: Experimental setup and sensing sites.

To investigate different measurement conditionsg th
subject was first sitting outside in the sun (28f@) 20
minutes. Afterwards, he went inside and sat in dis
conditioned office for another 20 minutes. To prkeo
SCRs in the EDA signal, the subject took a deemthre
from time to time, held his breath for 3s and eglahgain.
The onsets of all 31 breathing events were labblethe
experiment leader.

EVALUATION METHODS

After correcting errors caused by the Bluetooth
communication (in total 11 occurrences), the signa¢re
smoothed to reduce noise and transformed to Slesalu
(uS). The level signals of both EDA measurements ar
shown in Fig. 4. Peaks in the high-pass filterephai were
detected by applying the empirically evaluated shodd of
1.5 times the Root Mean Square (RMS) of the phagals
Due to the non-linearity of the voltage divider tife
Emotion-Board (see &, and R in Fig. 2), the height of



the peaks is derived from the level signal. To fihd peak
maximum, the level signal at the peak times wasutaled.
For finding the start of the peak, the precedinepaof the
peak was searched until the gradient became negdthe
peak height thus resulted in the difference betwherevel
at the peak maximum and the level at the peak start

In the following, we compare the EDA

reference signal are assigned to the same pedieitfdot
signal”, we decreased the window size, if the dista
between two reference peaks was smaller than Zxdectn
this way, we could assign 67 of the 86 “hand pedksa
single corresponding “foot peak”. In one occasibnp
peaks were found in the 2-second window of the foot
signal, which was counted as wrong. This resultsafn

reference overall consensus of detected “hand peaks” andt“foo

measurement recorded at the hand with the measotemepeaks” of 78%.

recorded at the foot. In a first step, we investgal SCRs,

In a second step, we distinguished between peakséu

whereas in a second step we distinguish betweensSCRby breathing and all others (i.e. the NS.SCRs)ntyghe

induced by breathing and the NS.SCRs.
RESULTS

Figure 4 shows the recorded level of both EDA digna

during the outside and inside measurements. Ibeaseen,
that in the air-conditioned room the EDA signaloeted at
the finger decreases as the sweating stops. Orottier
hand, the EDA signal measured at the foot only shaw
slight decrease, because the socks decelerateratiapamf
the sweat. These results indicate that the coofetke user,
e.g. the outside temperature and clothing, neetie timken

into account when measuring and analyzing EDA wace

For studies in daily life, we suggest incorporativageline
recordings from time to time.
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Figure 4: Recorded EDA signals. The above signal wa
measured at the foot, whereas the signal depictectlow
was measured at the fingers. The linear correlation
coefficient between the signals is 0.766.

For all evaluations presented in the following, gignal
measured at the fingers was taken as referencal skgrst,
all peaks found by the peak detection algorithmewesed
for the evaluation, regardless of their origin (indd by
breathing, movement or spontaneous). 86 peaks faenel
in the signal measured at the hand and 83 in theaki
measured at the foot. Taking the “hand peaks” tesence,
we searched for following “foot peaks” in a 2-sedon
window. Since the “foot peaks” always occurred raftee
“hand peaks”, searching in forward direction wasirft
appropriate. In order to prevent, that two closakgen the

labels of the breathing onsets, we searched fdovioig
peaks in a 5-second window and found that 30 of3the
breathing events induced a peak in the EDA sighdahe
hand. Taking those 30 peaks as reference, we lofiked
corresponding peaks in the EDA foot signals in se@end
window and found 27 peaks. Following the same oo
and taking the unlabeled peaks of the hand sigsal a
reference, 40 peaks could be assigned to corresgpnd
“foot peaks”. In one occasion, two peaks were foumthe
2-second window of the foot signal. The consenatwéen
“hand peaks” and “foot peaks” thus amounts to 96%dtie
stimulated peaks and 71% for the NS.SCRs.

Table 1 shows a summary of the results. In addiiothe
number of found peaks, the mean and the standard
deviation of the peak heights are given. For btite,hand
and the foot, the stimulated SCRs were higher ttten
NS.SCRs and showed a smaller standard deviatioa. Th
behavior of the EDA is thus consistent for the hand the
foot. However, the measured SCRs were generalligehig
on the foot than on the hand. This implies that dlymals
should be adapted for different baseline valuespeifk
height values of the hand and the foot are to mepewed.
The mean time lag between the associated “foot™hadd
peaks” amounts to 0.42s for the 27 stimulated peakisto
0.56s for the 40 NS.SCRs.

Tablel 1 column: EDA peaks detected with the
measurement at the fingers. ¥ column: EDA peaks
detected with the measurement at the foot."8 column:
EDA peaks detected in both sensing sites. The rows
differentiate between all peaks, the peaks evokedylihe
deep inhalation and the NS.SCRs

Recording Recording Consensus

at Finger at Foot of  Finger
and Foot
Overall # peaks 86 83 67 (78%)
Height[nS] 8374434 8994515  -----meem-
Stimulated # peaks 30 27 27 (90%)
Height [nS] 1008+344 1078v+315-----------
NS.SC-Rs  # peaks 56 56 40 (71%)

Height [nS] 746+452 813571




DISCUSSION, CONCLUSION AND OUTLOOK

Even though SCR stimulation works slightly bettertoe
hand (30/31) than on the foot (27/31), the presergsults
indicate that the hardware architecture of the Honet
Board is capable of measuring significant EDA feasuat
the feet. The findings related to peak occurrenass

consistent with [12] where “evoked non-palmar, non- 5,

plantar activity was found to be present irregylablut was

always accompanied by evoked palmar responses”. The

level and peak height values at the hand and tsiehiave
shown a similar behavior but different absoluteueal
When comparing signals from hands and feet, tHerdifit
baselines should therefore be taken into account.

For our subject, the EDA peaks at the foot occurr@dbs
later than the EDA peaks at the hand. This is cbest
with the findings presented in [13] where the SGRshe
foot occurred 0.43s later than at the hand.

In future work we will analyze the EDA during phgal
activity and investigate additional subjects. Ptabi
activity may influence the hand and foot EDA signal
different ways. Therefore, a similar
experiment including physical activity will be nesztl
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