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 Abstract— Stress is a recognized as a predominant disease 
with growing costs of treatment. The approach presented here 
is aimed to detect stress using a light weighted, mobile, cheap 
 and easy to use system. The result sho ws that stress can be de-

tected even in case a person’s natural bio vital data is out of 
the main range. The system enables storage of measured data, 
while maintaining communication channels of online and post-
processing.
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I. INTRODUCTION

Stress is considered as negative sensation and organisa-
tions like the World Health Organisation (WHO) distinguish 
stress as a predominant disease [1] due to its continued pres-
ence in modern life. Some well-known consequences of 
high and perdurable stress are failure to give adequate 
respond to physical, mental and emotional demands ([2], 
[3], [4]). Stress also has consequences for a modern society: 
long-term high stress levels lead to many diseases like 
burnouts or cardiac infarcts ([5], [6]) The result of high 
levels of stress in mod-ern society is the fact that the amount 
of people that will face limitations is increasing and this 
leads to the growth of the treating and healing costs for 
people suffering from long-term stress. Assuming that many 
countries have an aging popula-tion, stress and the 
consequences of stress will have a nega-tive influence on the 
health of people while the total amount of budget spent on 
the consequences of stress will strongly in-crease. Stress 
may have positive effects, for example, it helps us to handle 
dangerous situations. Stress helps the body to concentrate 
forces, for example to be able to run away. Short time stress 
is a natural response of the body and it is a mech-anism that 
allows people and animals to react fast and ef-fectively in 
dangerous situations. Stress releases biological mechanisms, 
which reorganise body priorities and functions, and it 
enables us to reach the maximum performance when

Fig. 1 Symptoms and physical response of stress

there is imminent danger. This is called the ’fight or flight re-
sponse’ [7]. In contrast to that, nowadays stress is caused by 
constant exposure to high demands and pressure in daily life, 
that can be both mental and physical [8], e.g. constant deser-
tions demand or constant time pressure. Some of the symp-
toms of overabundance of stress are fatigue, sleep problems, 
etc. [9]. In order to prepare the experiments within this re-
search work, stress need to be provoked and it need to be 
sure that a person is under stress, There are special methods 
like Trier test [10] or the Strop test [11]. In Figure 1 some of 
the mechanism and symptoms of stress are shown.

In case of a threat, the body it prepared to flee or to con-
front the thread. The brain when releasing hormones like cor-
tisol and adrenaline is supporting this preparation process. 
As a consequence, the functionality of systems that are not 
necessary for imminent surviving is reduced, like genitouri-
nary system, digestion, hearing, peripheral view, etc. At the 
same time the functionality of systems that are essentials for 
a successful flight or fight are increased. E.g. the heart rate is 
increased what increases the flow of blood in the body and 
as consequence the muscles get more nutrients and oxygen 
what enables them to work better. In other words, when we 
realise that we are in dangerous the brain analyses the sit-
uation and decides if we flee or fight. After that the brain 
releases hormones like cortisol and adrenaline and different 
systems that are not relevant for fleeing or fighting are shout 
down and important systems are busted. Being ’under stress’ 
is often used as a colloquial term. It reflects more a person’s 
subjective perception of the current situation than an objec-
tive evaluation. This subjective interpretation of stress is very 
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it is not noticing it or there is even ’no time’ to think about
it. In contrast to that, a different person may feel to be ’under
stress’ in case there is no objective indicator but the individ-
ual perception. Some people show clear symptoms of stress
while others do not. Stress is very often underestimated and
it is complex to detect it in an objective way. This may ex-
plain why it is one main reason for underestimating the ob-
jective stress level and consequences [12]. A desirable case
would be only to detecting stress but trying to prevent it. This
would require a system to be in place monitoring individual
behaviour and evaluating in what moment a person runs the
risk to become stressed. In other words, the ultimate goal is
not to detect the existence of stress but to avoid the status
of being ’under stress’; always assuming the objective stress.
A person should receive a warning when being close to the
threshold and a person should be supported not passing this
threshold. The purpose of this work is to make a first step to
detecting emotion patterns with focus into stress. For this, a
model to detect a stress pattern has been developed. The ap-
proach applied in this work uses the electrical characteristics
of the heart (ECG). The system consists of a hardware and a
software platform both capable of hosting various algorithms
and sensors for bio vital parameter measurement. In order to
be flexible for future change, the system provides basic con-
nectivity to a body area network and telemetric support for
professional online analysis so that the user is continuously
informed about the current status.

II. STATE OF THE ART

A quite common setup is that the results of stress mea-
surement is not directly reported to a person but the analysis
is done offline and without any direct feedback to the person
under monitoring. Monitoring of the stress indicators is often
used only for capturing the physical characteristic of an in-
dicator but without correlating these parameters to bio vital
data tracing like for example the heart rate. Thanks to minia-
turization a shift is observed from professional and certified
systems into a grey zone of semi-/non-professional reporting
and recommendation systems that are not directly involved in
professional medical systems. Generally and independently
from the area of expertise, form and cost factors the methods
can be divided into three approach categories:

- Approaches that do not use additional sensors
- Approaches that require laboratory equipment and envi-
ronment

- Approaches that require external sensors

The first group covers approaches that do not require
sensors. These approaches analyse small differences in be-
haviour that occur between being stressed and not being
stressed. Examples for this are ([13], [14]) in which the ways
of typing while being stressed were examined and monitored.
The disadvantages are the complexity and difficulty in adapt-
ing this kind of approaches to different environments. This
kind of approaches are not human centred and mostly are
context based. The second group covers tests that were re-
alised in controlled laboratory environments. The stress de-
tection provided in these cases is very accurate and precise.
Usually hormones like cortisol and adrenaline that are re-
leased in saliva and blood are used for the determining of
stress [15]. These approaches are limited by the lack of mo-
bility and lack of real time detection. These approaches can
be considered as invasive methods, which are expensive due
to the necessary laboratory equipment. The third group is
characterized by the use of external sensors that are able to
capture biological data like in [16], where the stress is mea-
sured while driving. In this scenario, a driver is monitored
with an electrocardiogram (ECG) and an electromyogram
that records the electrical activity of muscles (EMG), a sensor
to measure skin conductivity (SC), a breathing sensor and a
video camera that observes the driver. The major drawback of
this approach is the limitation in the degree of movement and
in this case the missing online analysis of the data collected.
Furthermore, the driver does not receive immediate feedback.
The approach that we have developed uses a self-designed
low cost ECG that is compact, wearable, non-invasive and it
is also real time capable allowing usage in different contexts.
The analysed data can be represented directly to the user via a
simple user interface, while raw data is buffered and/or saved
locally or remotely for further processing by professionals.
The buffering capability feature is important, as mobile so-
lutions do not offer permanent connectivity (e.g. in metro).
This paper is also based on our previous studies and models
for stress measurement ([2], [4]).

III. SYSTEM ARCHITECTURE

According to the previous studies mentioned above, we
developed a light weighted and low cost system, which is
independent from the availability of a smartphone as com-
munication entity or dependent on smartphone sensors. This
approach focuses on the ECG signals because we would like
to examine how accurate stress can be detected when cap-
turing only one bio vital parameter. Of course it is clear that
with the help of more parameters, a more precise detection is
enabled but this is beyond the scope of this paper. However,
the system is open to capture more parameters and it is able

personalized and that means a person may be under stress but



Fig. 2 System architecture for collecting, pre-processing and visualizing of
biological data

to cooperate with other external sensors like smartphone sen-
sors. For this first prototype, we used the smartphone as the
communication platform providing connectivity because it is
not considered as a violation of the mentioned one-parameter
measurement; a mobile communication feature can be eas-
ily added at a later stage. The architecture for the system is
shown in Figure 2. Three parts form the system: the ECGwith
its sensors providing the capability of continues recording,
the microprocessor for processing the signal and the visual-
isation device providing feedback to the user (a smartphone
or similar device for providing connectivity).

The ECG module computes the obtained signal from the
electrodes. For this we use the traditional placement of three
electrodes. The ECG module generates the signal and outputs
it as an analogue voltage (∼0V to 4,9V). This analogue volt-
age is passed to the microcontroller that provides an analogue
to digital converter: The microcontroller not only digitalizes
the signal but it performs some pre-processing and filtering.
From the obtained data, the heart rate (HR) and the RR inter-
val are calculated. The RR interval is defined as the interval
between two R peaks as shown in Figure 3. The data that is
from in the RR interval and the heart rate is later used for
determining stress. A prototyping board whit a display or a
smartphone can be used for interacting whit the user. Using
the display (of smartphone or prototyping board) the user can
be informed about his current status. As used in previous pro-
totypes, a traffic light interface is shown to the user. This is
easy to understand and easy to check: red light indicates high
stress and green light low stress. This simple interface can be
part of an embedded board or part of an app for the smart-
phone. Besides the simple interface, all raw data obtained
from the sensors are sent to a local buffer for storing the data.
This should to be done in the prototyping board because a
constant connection to a smartphone cannot be guaranteed.

Fig. 3 Definition of an RR interval in a QRS segment

IV. METHODS

The used method to detect stress is based on ECG signal.
As mentioned before there is a variety of bio vital signals that
can be captured but in our case the ECG signal is the easiest to
capture and has the advantage that it is resistant against many
external influences and thus guaranteeing always-available
signal. Based on the system architecture, the prototype sup-
ports direct access and processing of sensor data in real time.
Usually the ECG signal is used for diagnostic purposes [17]
but it is also unique enough for identification of persons [18].
As shown in Figure 3, the RR interval equation 1 and the
heart rate is used to calculate the heart rate variability (HRV).
The HRV is later used for determining stress.

RRinterval = Ri−Ri−1 (1)

We calculate the HRV by examining the relations between
two heartbeats that is strongly correlated with the respiration
sinus. In [19] the influence of the breathing sinus on the heart
rate is described. We can assume that the HRV stays con-
stant when a person is not stressed (constant to the respira-
tion) and when a person is stressed the value changes stronger
and stops behaving regularly. The values in Figure 3 are nor-
malised in y-axis over a range between 0 to 350 mV equation
2 and the x-axis shows the time in ms equation 3.

0≤ Y ≥ 350 (2)

x≥ 0 (3)

For optimisation and reducing of the resources needed for
the calculation, the detection of the R peaks for the RR inter-
vals equation 4 a threshold of 250 mV was defined.

Rj > 250mV (4)

A second criterion to be fulfilled by the R value is that the
R has to be a maxima according to equation 5. Ri is a list of
RR maxima.

(Rj−1 < Rj)
∧

(Rj > Rj+1)−→ Ri = Rj (5)

If both conditions equations (4, 5) are fulfilled, we have
successfully detected the R-peak equation 5. Only if we have



Fig. 4 Correlation plot of RR intervals

detected two consecutive R peaks, we can calculate the RR
interval equation 1 by measuring the time difference between
two peaks. The next step is to correlate the RR and the HRV.
If we visualise the data obtained in a two-dimensional plot,
we obtain a correlation plot, e.g. Figure 4.

The x-axis and y-axis of the plot are defined following the
equations 6 and 7.

X = RRi,RRi+1, · · · ,RRn (6)

Y = RRi+1,RRi+2, · · · ,RRn+1 (7)

Figure 4 shows a high concentration in the centre of the
plot (800 msec). In case the values do not spread widely, it
indicates a lower stress level. If the values are widely spread,
it indicates that the person is under stress. The variability can
be expressed as a product of the derivations SD1 and SD2

defined in equation 8.

SD1,2 =
√
var(x1)→ x1 = (xn± xn+1)/

√
2 (8)

The current variance of the RR interval is calculated using
the standard derivation like formalized in equation 9.

σ = (1/n− 1
n

∑
i=0

((xi− x)2))1/2 (9)

According to the system architecture described in the pre-
vious section the prototype has been implemented according
to Figure 2. The system has been realised on the top of an
Arduino Uno R31 prototyping board with a self-made ECG
component stacked on the top of the board. The architecture
and design of the ECG module will be discussed in another
paper. The ECG electrodes are connected to the board and
an additional board has been added to provide a slot for a
micro SD memory card, for storing and buffering proposes.
The memory card may be integrated in future directly into the

1http://arduino.cc

Fig. 5 Left (yellow) with high HR and no stress, right (blue) with low HR
but stress

ECG board and that will be part of a redesign. For the mea-
surement experiment series, volunteer candidates have been
selected, which are students aged between 23 and 28 years.
None of them where smokers or alcoholics. We also assume
that none of the candidates suffered from cardiac problems or
mental anomalies nor used a pacemaker. For inducing stress,
the Trier Social Stress Test [10] method was used because
this method can be easily established in our laboratory envi-
ronment. As second method used for inducing stress was a
driving simulator. The Trier Social Stress Test was divided
in three segments: anticipation period, presentation period
and cool down period. Each had a duration of 5 minutes. As
an example, during the test a volunteer had to prepare and
make a small presentation on a random topic. With the help
of the driving simulator two mechanisms were used to induce
stress: A ’point system’ designed as a reward system in which
the candidate has to perform fast and complex driving ma-
noeuvres. The level of difficulty increases over time, so that
the volunteer has to drive faster and perform more complex
manoeuvres to order to receive more points. While the com-
plexity and speed increases, also the risk increase because in
case of a failure (e.g. accident) the driver will lose all earned
points. The data considered in this paper have been derived
from these two experiences. In the following, the results of
two volunteers with special characteristics are discussed. The
first one has per se a lower heart rate but is being under con-
stant stress. The second volunteer has higher heart rate but is
not under stress. Both volunteers where analysed for the same
duration of time. The data of both volunteers is visualised in
Figure 5.

The right dataset clearly shows that the values in blue are
wider spread than the values of the volunteer visualised in
yellow (left). The spreading of the blue values is caused by
the stress (see Figure 1). Stress influences the heart rate and
as a consequence, this results in a variation between two heart



 beats i.e. the RR interval becomes b igger. The mean values of 
the blue volunteer are between 0.7 and 0.9 sec for the RR in-
terval (heart rate interval is between 66.7 bpm and 85.7 bpm). 
The main values of the yellow volunteer are between 0.45 sec 
and 0.6 sec (130 bpm and 85 bpm). This means that the yel-
low volunteer has a higher heart rate but he is less stressed 
than the blue one.

V. DISCUSSION

Some of the weakness of the developed system is the en-
ergy sources sensibility that can induce interference and ar-
tifacts in the signal, also the sensibility of strong movements 
for example during sports can generate artifacts in the signal. 
These problems can possibly be solved by adding more filter-
ing (software and hardware filtering) or by replacing the ECG 
module for another sensor that does not have these weak-
nesses. An alternative sensor for the ECG approach like for 
example a pulse oximeter is currently under evaluation. A 
second point that is important to mention is that possibility 
to verify the results and identify false positives.

VI. CONCLUSIONS AND FUTURE WORKS

This work describes a system architecture and an algo-
rithm based on the HRV to recognize stress. The system is 
light weighted, mobile, cheap and easy to use. It can be in-
tegrated into a mobile embedded device (like sketched out in 
the prototype) or in a smartphone (app). Due to the embed-
ded storing capacity, the system can also work stand-alone. 
The current version of the prototype can be connected to 
systems like PC and smartphone. The implementation of all 
hardware and software components was developed under the 
premises to have a small footprint and support easy porting 
to different small platforms like e.g. an Intel Edison2. The  
results of the experiment show that stress can be detected 
even in cases when people have naturally low or high heart 
rate. Future challenges of the system have to take into ac-
count the influence on the signal caused by abrupt and strong 
movements like in the case of sport activities. Furthermore, 
the movement of the electrodes during the measurement can 
generate interferences and artifacts in the signal. A possible 
solution for this problem could be software filtering and re-
construction of the signal or exchanging the current measure-
ment technique of a sensor without generating interferences. 
Next steps planned for this work are to replace the micro con-
troller, to use a more powerful micro controller board in or-
der to shift the processing functionality to the place where

2https://software.intel.com/en-us/iot/hardware/edison

the data is captured, add more filtering fluxionality, and fi-
nally, to overcome lacks in sensor signals during sport activ-
ities. Also a redesign of the ECG module must be consid-
ered to tune it for low-power and being more compact to be
wearable. Another important task is the evaluation and col-
lection of data in a longer time interval. Currently the ex-
amination interval is 15 minutes long and should compare
between stress and no stress. This has to be expanded to 24
hours and detect the main spots of stress while the day. Al-
though in this paper a preliminary work has been presented, a
comparison with other devices is currently under evaluation.
Among other commercial wearables, our approach is being
faced with Emvio, Olive, Being and Embrace. Results of this
testing will be published as soon as the results are obtained.
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