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ABSTRACT

What could we learn from monitoring our body processes with various portable sensors and an
unconstrained analysis platform? Physiological processes in the human body produce observable
biosignals. These signals contain a wealth of information about the condition of the body, and
its reaction to environmental factors. Our study harnesses 9 unique sensors, integrated by the
eHealthSensor platform for Arduino, to transmit data to an Android device. The Android device
contains a local PostgreSQL database, which synchronizes with the cloud. Using this platform,
researchers can monitor a subjects biosignals as they ride a roller coaster or participate in exercise
activities. Nurses can monitor the vitals of multiple patients remotely. Analytic, cloud based ser-
vices, managed by healthcare providers, could ultimately enable automated diagnosis of medical
conditions.

INTRODUCTION

The human body produces observable signals containing a wealth of information about a body’s
physical condition. These signals are classified as biosignals and encompass any measurable char-
acteristics in the human body. Electrical signals used to control heartbeat(ECG), temperature of
the body, blood glucose level, blood oxygen levels and volume of airflow through the nose are all
biosignals. However, many of these biosignals can only be observed utilizing medical equipment
which are both expensive and unportable due to their large size and high electricity requirements.
Many of these machines also require individual interfaces to display or transmit the measurements
collected. The few that are portable require laborious methods to send collected data directly to
health care professionals for analysis. An example of this can be illustrated with modern Cardiac
Event Recorders.

Cardiac Event Recorders(CER’s) are given to patients when a doctor wants to monitor heart rate
over an extended period of time. The goal is to measure the ECG signal when a very specific event,
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Figure 1: eHealth Sensor Platform with Various Sensors

such as fainting or irregular heartbeat, occurs. Some CER’s require the patient to push a button to
start recording ECG measurements to memory while other are triggered by specific events. The
data will be stored onto the CER’s memory and the patient will then contact the clinic to send data.
CER’s are typically programmed to measure 5 minutes of EMG data. The CER’s will then convert
the ECG signals into high frequency sound and play the sound. The patient will transmit the ECG
signal to the clinic by placing the mouthpiece of their land line telephone(note that cell phone does
not work for all CER’s) to the event recorders high frequency sound transmitter. A machine located
at the clinic will receive the sound signal and transform the data back into a traditional ECG signal
that a doctor can use to diagnose a patient or order further tests[1].

The use of the eHealth Sensor Platform for Raspberry Pi/ Arduino[2] allows us to bypass many
of the problems presented by modern medical devices such as the CER. The platform contains
different sensors which measure unique biosignals and was modified to add Android connectivity
with a cloud based SQL database. Android devices may take advantage of the JDBC plugin for
Java, or transfer plain text over a secured connection to be parsed and inserted into the database at
the cloud node. The database can be easily queried to retrieve data or to display data associated
with a particular set of measurements using a postgres plugin, such as psycopg2 for Python.

METHODOLOGY

Raspberry Pi/Arduino to Android

We use an integrated data collection system that includes an electronic health sensor connected
to a RaspberryPi or Arduino. The RaspberryPi/Arduino connects to an Android device, where a
custom app allows for data collection. When the user selects a synchronization option, the sensing
data is uploaded to remote compute node in the cloud. Data curation, analytics, and response codes
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Figure 2: Platform in use

are handled by the cloud.

Android to Cloud

In our prototype, we use a Debian server with PostgreSQL. The platform is connected to an An-
droid device and PHP is used to transmit data to a remote server in a standardized text format. The
remote server utilizes a sensor-specific format transformation script, written in Bash and AWK, to
produce a sanitized comma separated value format text file. A python script connects to a database
in the cloud allocated for raw sample data storage.

Figure 3: Dataflow from Sensor to Cloud
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RESULTS

To demonstrate the quality of the data that can be collected from this platform, we have displayed
an Electromyogram(EMG) result. The data sample was extracted from the cloud data base as a
comma sepearated value format(.csv) and processing was conducted. This data underwent a series
of known EMG processing procedures to extract desired features[3].An EMG sensor consists of
the E, M and Ground electrodes. The E and M electrodes leads monitor the aggregated electrical
activity of all the muscles underneath the electrodes and the ground provides a reference point.

Figure 4: Raw EMG signal at 1647 Hz

Figure 5: Processed Signal

The sample indicates clear peaks for when the muscle activity is at a maximum and when there is
an absence of any movement in the areas the EMG sensor is monitoring. Secondary characteristics,
such as valleys, are also clearly visible. This data is now ready to undergo feature extraction to look
for other characteristics which can offer us more insight to the human body’s current condition. An
irregular distance between the peak and valleys in the EMG signal pattern could indicate under-
lying muscle or nerve conditions[4]. As with any medical device, the placement of the electrodes
has a large impact on the type of waveform that is produced.
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CONCLUSIONS

The portable size of the eHealth Sensor Platform and its ability to integrate 9 unique sensors allows
us to monitor different biosignals outside of a laboratory setting. With the added functionality of
sending samples directly to a cloud database using an Android device, data collection and storage
becomes quicker. Biosignal data collected in scenarios with no Internet connectivity and large
sample sizes can be stored on the Android device’s hard drive. The data can then be sent to the
cloud database where it can accessed by researchers or doctors anywhere in the world. The porta-
bility of the platform and the larger hard drive memory provided by the Android device allows us
to monitor biosignals in non-traditional scenarios much more easily. With a stable internet connec-
tion, EMG signals can be collected for larger windows of time. Future extensions may implement
a local database on the Android device. The android database automatically updates the cloud
hosted database when new samples are obtained instead of the user sending data via the Android
App. The Android app itself could be further developed to trigger alarms when known Biosignal
patterns for dangerous medical events are detected. With more computing power available to a
cloud database, the types or analysis we perform on remotely collected Biosignal data can also be
improved.
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