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Abstract: Based on wireless sensor networks, a physiological
signal acquisition system is proposed. The system is used in
classroom education in order to understand the physiological
changes in the students. In the system, the biological electrical
signal related to student attention and emotion states can be
measured by electrocardiography signals. The bioelectrical signal
is digitalized at a 200 Hz sampling rate and is transmitted by the
ZigBee protocol. Simultaneously, the Bluetooth technology is
also embedded in the nodes so as to meet the high sampling rate
and the high-bandwidth transmission. The system can implement
the monitoring tasks for 30 students, and the experimental results
of using the system in the classroom are proposed. Finally, the
applications of wireless sensor networks used in education is also
discussed.
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Ithough the attention state and emotional state of

students during the learning process belong to the psy-
chological domain, it can be indirectly measured by physio-
logical signals, such as electrocardiography signals and
pulse signals. Students and teachers’ mental states of atten-
tion and emotion in the classroom may be changing during
teaching progress, which can physiologically activate the
sympathetic and parasympathetic division of the autonomic
nervous system( ANS)"'™'. These measurable physiological
signals can be recorded for the analyses of psychological
arousal of social rewards and punishments, such as positive
feedback by the teacher’s praises or higher examination
grades, even the amount of a scholarship, although the
arousal of the autonomic nervous system reactions may be a
complex indirect relationship to emotion"" ™. Interactions
between states of the autonomic nervous system and cogni-
tive performance have a long tradition of being a topic of
psychological research. Classic concepts from motivational
psychology have suggested an inverted u-shaped association
between unspecific activation and mental functioning”™ .
According to this, the best functional conditions are expec-
ted at midrange arousal, and both over arousal and under
arousal are accompanied by declines in performance. Cardi-
ovascular psychophysiology has also contributed to this line
of research, the respective models relating changes in cardi-
ovascular activity to facilitation, inhibition of information
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processing'” or energetic mobilization of the organism when
faced with a situation requiring behavioral adjustment'.
However, although this certainly constitutes a beneficial ap-
proach, empirical work in this field remains relatively
sparse’”’. Both the sympathetic system and the parasympa-
thetic system contribute to cardiovascular regulation''”’.
Sympathetic influences are transmitted through efferent fi-
bres to the sinus node, the myocardium and the vascular
musculature, and their activation leads to an increase in
heart rate, cardiac contractility and vascular tone. Parasym-
pathetic influences are widely, but not completely, restrict-
ed to the modulation of heart rate through inhibiting sinus
node activity. In addition, the cardiac baroreflex is in-
volved. In this negative feedback loop, changes in the ac-
tivity of the arterial baroreceptors due to fluctuations in
blood pressure are responded with compensatory changes in
heart rate and contractility. A complex network of brain
stem units subserve cardiovascular autonomic control, e. g. ,
the nucleus of the solitary tract( NTS), the dorsal motor nu-
cleus( DMN), the nucleus ambiguous(NA) and the rostral
ventrolateral medulla(RVLM) """, Bilateral direct and indi-
rect connections exist between this network and cortical
areas, which form an important link between cardiovascular
regulation and cognition'” "', The present study aims at in-
vestigating relationships among features of sympathetic, par-
asympathetic and baroreflex cardiovascular control and at-
tentional performance.

To collect these physical and mental states data in real
time and objectively, a hybrid wireless sensor network is
designed as the subjects of a teacher and students are mo-
bile. For medical and home usage, license free ISM(indus-
try, science, medical)radio frequency(RF)of 2. 4 GHz Zig-
Bee wireless sensor node technology is useful "',

1 System Description

As a secondary aim, the study investigates inter individu-
al differences in task induced cardiovascular modulations.
Porges'” postulated an association between resting cardiac
vagal tone and the extent of cardiovascular reactivity. This
is consistent with studies that have revealed more pro-
nounced heart rate responses to various stimuli in children
and adults with higher baseline heart rate variability'”™>".
Cardiovascular reactivity to cognitive demands may also re-
late to task performance. Duschek'”” found a positive corre-
lation between systolic and diastolic blood pressure increases
during the execution of five attention tasks and the perform-
ance on each of them. In infants, greater decreases of RSA
during mental testing are related to higher functional lev-
els”". Inter individual differences in cardiovascular modula-
tion possibly reflect different degrees of autonomic adjust-
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ment as well as motivation on a task, both of which may
contribute to performance. However, inconsistent findings,
i. e., missing or even inverse associations between cardio-
vascular reactivity and mental performance, have also been
reported ™. Thus, the current state of research does not
allow definite conclusions. The hardware of the wireless
sensor networks( WSNs) consists of the data collecting and
transmitting parts which will be attached to students and
teachers. To respect these students and teachers’ willingness
to try this new device, the nodes can be connected by ECG
leads, but also can be rejected by the connection of leads.
The system is auto-configured in the classroom. The appli-
cation of WSNs for physiological signal acquisition in the
classroom is shown in Fig. 1.
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Fig. 1 The simple star configuration of wireless nodes in classroom

1.1 Data collecting and transmitting parts

This part is designed to collect and transmit physiological

data from the subjects'”. We collect two kinds of physio-

logical signals: electrocardio signals and pulse signals from
the subjects in this research. AD620 is chosen as the pre-
amplifier for the amplification of the weak bioelectrical sig-
nals of 10 to 20 mV. The ECG uses three standard limb
leads (left arm, right arm, right leg). The pulse sensor
uses PVDF piezoelectric film with a temperature compensa-
tion component and an integrated signal circuit.

After pre-amplification of about 100 times, the signal is
subjected to low pass and high pass filters (5 to 100 Hz).
To reduce the 50 Hz power line interference, the additional
notch filter is designed before the signal is promoted to a
positive DC level of 1.5 V. The hardware block diagram
and circuit are shown in Fig. 2 and Fig. 3. Fig. 4 shows the
picture of the sensor node.

The analog signals are digitalized using an Atmegal28
microcontroller’s on-chip ADC at a 200 Hz sampling rate because
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Fig. 2 Physiological signal acquisition hardware block diagram
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Fig. 3 Circuit principle block diagram of sensor input unit

Fig. 4 Picture of the sensor node

the frequency range of the physiological signal is from 5 to
100 Hz. Using a hardware SPI interface, the collected data
are transmitted by the wireless sensor network with the Zig-
Bee protocol by a CC2420 RF chip. As the gateway to a
personal computer (PC), the sink node communicates with
the PC through a RS-232 interface.

1.2 Software chart of data collecting and transmitting
parts

1.2.1 Topology configuration of the WSN

The WSN is expected to realize the dynamic management
of nodes, such as the joint and leave of the nodes, service
discovery, and device auto configuration. The topology
control can adaptively organize certain numbers of nodes to
a net by certain mechanisms. We establish a star network in
the intelligent classroom. The sink node initializes the net-
work, broadcasts its network address and scan channel, and
receives responses from the terminal nodes, while the ter-
minal nodes attempt to seek and join the net after initializa-
tion™' .
1.2.2 Task scheduling mechanism

In our system, we realize tasks such as data acquisition,
storage, processing and transmission, using the simple
FIFO( first-in-first-out) task scheduling. The data structure
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used in the FIFO is a circular queue; each element in it is a
function pointer, pointing to the head address of the rele-
vant task. Any task must enter the task queue by a task
submitting function and change the rear pointer, while it
can only run the task running function when the front point-
er points to its function pointer. The tasks in the queue will
be executed successively. A task can appear as one kind of
operation, which can only be interrupted by events such as
clock interruption, A/D interruptions and so on, but not by
any other tasks'""'.
1.2.3 Design of data packet

The space nodes in the classroom can collect various
physiological data of students and environmental data. In
our system, we use six A/D channels for the collection of
the signals of the ECG, 2-axis acceleration, pressure, tem-
perature and humidity, respectively. We assemble the gath-
ered data( Here it is the payload of the data packet) and
some other control information into a data packet'”"*'. The
frame control field with a 2-byte length defines the control
information or frame format. The data sequence number
identifies the data packets in an orderly fashion. The ad-
dress contains the PAN ID, destination node’s address and
source node’s address. The payload is the data of signals
we collect from the students and the environment of the
classroom. We put these data into an array, storing ECG,
x-axis acceleration, y-axis acceleration, z-axis acceleration
and pressure in sequence for 5 times of circular sampling,
with temperature and humidity data at the end of the array.

The software design of our proposed system is based on
the ZigBee protocol. However, our collected data has a
high data rate compared to the home control system™'. We
take package transmission methods to improve network per-
formance. Fig. 5 and Fig. 6 show the flowcharts of the ter-
minal node and the sink node, respectively.
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Fig. 5 Flowchart of the terminal node
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Fig. 6 Flowchart of the sink node

1.3 Graphical user interface design

The terminal display and the signal process are shown in
Fig. 7 and Fig. 8. A real-time monitoring software imple-
mented on the PC is created using the LabVIEW program.
On the PC, the terminal display and signal process can
show the data of electrocardio signals, pressure signals and
acceleration signals which are all measured by the body
sensors and transmitted by the wireless network system.

C
o

Fig. 8 The terminal display and the signal process

Interactions between states of the autonomic nervous sys-
tem and cognitive performance have long been a tradition as
a topic of psychological research. Classic concepts from
motivational psychology suggested an inverted u-shaped as-
sociation between unspecific activation and mental function-
ing”® . According to this, the best functional conditions
are expected at midrange arousal, and both over arousal
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and under arousal are accompanied by declines in perform-
ance. Cardiovascular psychophysiology has also contributed
to this line of research, the respective models relating chan-
ges in cardiovascular activity to facilitation or inhibition of
information processing'” or energetic mobilization of the
organism when faced with a situation requiring behavioral
adjustment'™ . However, although this certainly constitutes
a beneficial approach, empirical work in this field remains

relatively sparse'” .

2 Results and Discussion

The attentional capacity is assessed using a classic letter
cancellation test'™ . Tasks of this type address the cognitive
components of selective and sustained attention that are un-
doubtedly of vast importance in everyday life"™". In the
test, subjects have to select and mark as many target stimuli
as possible in a given amount of time, and, hence, it also
creates a certain load on the speed of information process-
ing. Autonomic parameters are recorded under resting con-
ditions during the execution of the task. One may assume
that features of autonomic control assessed during cognitive
processing show the closest link to performance. On the
other hand, on-task measures are influenced by factors such
as mental effort, emotional stress or subjectively experi-
enced task difficulty. In contrast, baseline measures are
free of these confounding variables. The following predic-
tions are made: 1) Taking an inverted u-shaped association
between unspecific sympathetic arousal and mental perform-
ance into account, and assuming an experimental situation
in which sympathetic over activity is unlikely to occur, an
inverse relationship between RPI and attentional perform-
ance may be expected; 2)On account of Porges’ model'"”,
we predict a positive correlation between the resting RSA
and performance; 3) Our findings on the baroreflex function
suggest that individuals with an increased BRS should ex-
hibit poorer performance'™; 4) Given the inverse associa-
tion between oscillations in the MF band and the mental ef-
fort load, and supposing better performance in the case of
higher effort, the MF power assessed during task execution
should correlate negatively with performance; 5) Consider-
ing Porges’” hypothesis'”’, we expect higher cardiovascular
reactivity in individuals with the higher resting RSA;
6) Even though the available database is somewhat contro-
versial, the likely association between mental effort and au-
tonomic reactivity suggests stronger reactivity to be related
to better performance.

3 Conclusion

In this paper, we develop a real-time, physiological data
acquisition system for education assessment, which com-
bines LabVIEW and wireless sensor networks, and we ful-
fill the function of collecting, transmitting, displaying and
processing physiological signals. In future work, we plan
to add more functions to the terminal display and signal
process such as the extraction of the special frequency spec-
trums, and further psychological researches on the physio-
logical signals from more subjects. Finally, our subsequent
consideration is to set up a more efficient method to obtain
physiological signals for assessing emotional states and

mental reactions during learning in the classroom.
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