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I. Introduction

The observation that changes in electrical activi-
ty of the skin can be produced by various physical
and emotional stimuli was reported in 1888 by
Charles Fere. Since then, EDA (Electrodermal ac-
tivity) measures have been applied to a wide vari-
ety of questions ranging from basic research exam-
ining attention, information processing, and emotion,
to more applied clinical research examining predic-
tors and/or correlates of normal and abnormal be-
havior. Currently, different types of devices exist for
EDA detection. They consist of PIC microcontrol-
ler or DSP, analog to digital converter, precision op-
erational amplifiers, etc. By using an Atmega168 mi-
crocontroller, we reduce the number of component
and propose a circuit easy and cheaper to implement.

II. Conditioning circuit
for EDA and Implementation

Figure 1 shows the conditioning circuit for
EDA. The circuit uses three Op amps: first of them
(U1A) together with R3 and skin resistance build
up a non-inverter assembly which maintains a
constant voltage of 500 mV applied to the subject;
The second (U1C) together with resistances R4
and R5 build up a differential amplifier which al-
lows to obtain an output voltage (VS2) directly
proportional to the skin conductance (1/skin resis-
tance). U1B is used as a follow assembly. R6 to-
gether with C1 build up an order 1 low-pass fil-
ter. The output of the filter gives the analog volt-
age (Vanalog) which will be sampled. R1 togeth-
er with R2 build up a voltage divider assembly
which produces 500 mV from a 5 V precision volt-
age generator.

The equations of VREF, VS1, VS2 and Vanalog are:
      1

Vanalog = ——————— VS2
         1 + Jω ⋅ R6C1

         R5      R3
VS2 = ——— ⋅ ——— ⋅ VREF

         R4     Rskin

    R3
VS1 = VREF ⋅ (1 + ————)

  Rskin

       R2
VREF = —————

  R1 + R2

Where VCC is a constant voltage equals to 5V,
Rskin is the skin resistance, R1, R2, R3, R4 and R5
are resistances.

In order to determine the range of the resistance
that the circuit can measure with a negligible er-
ror, Rskin is replaced by a test resistance whose
values are presented in Table 1.
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Fig. 1. Conditioning circuit
for EDA

Table 1
Measurements errors

VS1 VS1 VS2 VS2
Rskin calcu- mea- Err1 calcu- mea Err2
(kΩ) lated sured (%) lated sured (%)

(V) (V) (V) (V)

4.3 4.34 4.12 1.12 1.74 1.68 0.21
10 2.15 2.20 0.12 0.75 0.78 0.12
20 1.325 1.359 0.09 0.375 0.394 0.09
91 0.681 0.702 0.06 0.082 0.088 0.04

220 0.575 0.589 0.03 0.034 0.037 0.03
330 0.55 0.565 0.04 0.023 0.0256 0.03
560 0.529 0.544 0.04 0.013 0.016 0.07
1000 0.5165 0.531 0.04 0.0075 0.0099 0.08
2200 0.5075 0.522 0.04 0.0034 0.0061 0.21
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Where circuit in which it is
added the microcontroller and
the adaptation circuits. The mi-
crocontroller is an Atmega168
which consist of an integrated 10
bit ADC and an USART (Uni-
versal Synchronous and Asyn-
chronous serial Receiver and
Transmitter). The pin 28 of At-
mega168 receives the analog sig-
nal which is then sampled at
1500 Hz. After computing the
digital value, it is then sent to
the transmitter pin of the US-
ART (pin 3). By using an adap-
tation circuit (max232), it is easy
to convert TTL output of the
microcontroller to EIA-232 volt-
age levels used by serial ports.
Pin 3 of Atmega168 is connect-
ed to pin 11 of max232 and its
pin 14 is connected to the trans-
mitter pin (pin 2) of DB9 serial
connector.

Vcc (5V) is obtained by using
a 5 V precision regulator which
is itself supplied by a 9 V battery.

III. Results

Once the implementation is
completed, it was experimented
on five people during the first
minutes of their thesis defense.
There were chosen assuming that
there were under stress.
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Fig. 2. MV Circuit for EDA detection

By recalling equation (2), we can find the va-
lue of skin conductance (Yskin), knowing that con-
ductance is the inverse of resistance. So

        1        VS2 ⋅ R4
Yskin = ——— ⋅ ————————

      R4     VREF ⋅ R3 ⋅ R5

In this equation, R3, R4, R5 and VREF are
known. VS2 is the value measured by the ADC (be-
cause VS2 ≈ Vanalog). This value of Yskin is static.
However, skin conductance values vary as a func-
tion of the arousal level of the subject, electrode
size and contact with the skin, humidity, temper-
ature, and a number of other variables. These va-
riables vary with time. This allows us to model these
parameters by introducing the term θ (t) in formu-
la (6) which becomes:

        VS2 ⋅ R4
Yskin (t) = ———————— ⋅ θ (t)

             VREF ⋅ R3 ⋅ R5

Table 2 below summarizes the results of the
measures.

The average conductance is between 2 and
20 µSiemens. From an emotional context, the can-
didate CA3 appears to be the less emotional or less
stressed in the current context as Figure 3 (C) shows

little fluctuation (peak) around its average value
(2.51 мS). In fact, graph of the conductance is rel-
atively stable around the mean value. Similarly,
the candidate CA4 also presents a relatively flat
curve around its average value (2.55 мS). During
the first minutes of the recording time (up to 100
seconds or 120 seconds), the conductance is low
(2.8 мS to 3 мS) but after the one hundred twen-
tieth second (120th seconds) it decreases and re-
mains fairly stable, with little oscillations around
2.5 мS. However, the evolution of EDA for can-
didates CA1, CA2 and CA5 are less stable than
that of CA3. They appear to be more stressed

Table 2
Record of EDA observations

in the first 5 minutes of candidate defense

Candidate ID Age Yskin_moy

CA1 23 1.92E-06
CA2 27 4.18E-06
CA3 23 2.51E-06
CA4 26 2.55E-06
CA5 23 1.76E-06

Note. Yskin_moy = Conductance mean in Siemens (S).
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than CA3. However, despite the emotional state of
CA2, the graph of its conductance shows some sta-
bility over candidates CA1 and CA5.

Then a correlation study was performed and the
results are presented in Table 3, where p_values are
probabilities for correlation between skin conduc-
tance and a particular characteristic be significant.

The analysis of these results reveals a positive
correlation and significant at 10% between skin
conductance and age of candidates. In other words
electrodermal conductance increases while age in-
creases. Similarly, there is a positive and signifi-

cant correlation at 1% between electrodermal con-
ductance and body mass of candidates. Thus, the
conductance increases while age and/or body mass
of the candidate increase.

IV. Conclusion

This paper presented a circuit able to record
electrodermal activity and the results obtained af-
ter experiencing the device. The proposed circuit is
built around FERE’s model and conductance mea-
sures are ranging between 1 мS and 100 us. Elec-
trodermal activity is a good indicator of stress lev-
el. It is based on the variation of dermal conduc-
tivity, which is dependent on the emotional state
of the person and his age.
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Досягнення в електроніці, й особливо в інструмен-
тарії, зробили можливою модернізацію медичного об-
ладнання та появу нейровізуалізації. Однак незважаючи на
грунтовну роботу, яка проводилася Фере і Тархановим з
1888 р., у галузі психофізіології у подальшому спостері-
галося відставання. У цій статті ми описуємо нове облад-
нання, засноване на методі Фере, спроектоване і впрова-
джене для реєстрації та аналізу показників електродер-
мальної активності. Усі частини цього обладнання зроб-
лені на основі мікроконтролера АТmega168.
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Advances in electronics, and particularly in instrumen-
tation have made possible the modernization of medical
equipment and the emergence of neuroimaging. However de-
spite the groundwork laid by Fere and Tarchanoff since 1888,
a delay occurs in the field of psychophysiology. In this pa-
per we describe a new instrument based on FERE’s method,
designed and implemented for EDA’s record and analysis.
The hard and soft parts of the instrument are based on the
skills of microcontroller ATmega168. An amplitude analy-
sis achieves the diagnosis skills of the instrument.
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