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ABSTRACT

With an extremely busy life and the intricacies associated with it, cardiac ailments are on the rise in every age
group. Any cardiac disorder first reflects in an irregularity of the heartbeat rate, medically known as arrhythmia. So,
for an early detection of these ailments, monitoring this very basic parameter i.e. the heartbeat rate of an individual
is of utmost importance. Bradycardia and Tachycardia are the two major conditions of arrhythmia which are
indications of various serious medical conditions like sustained arrhythmia, atrial fibrillation and hormonal tumors
like pheochromocytoma. In this paper, the possibility of an early detection of these two types of arrhythmia and
presenting it in a user-friendly format has been proposed. The proposed model employs the concept of
photoplethysmography for detection. A sensor detects the heartbeat rate and communicates it wirelessly to a
RaspberryPi module which uploads the recorded heartbeat on the worldwide web. The data can be accessed and
downloaded on any basic computing system thus reaching the relatively lower strata of the society, with ease.
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1. INTRODUCTION

Heartbeat rate indicates the soundness of our heart and helps in identifying the condition of our cardiovascular
system [1]. In a clinical environment, controlled conditions like blood volume measurement, heart voice
measurement and electrocardiogram (ECG) affect the measurement of the heartbeat rate [2] but it can also
be measured in home environment [3]. Real-time ECG monitoring is accurate [4], but the equipment is
bulkier and inconvenient. In the proposed model, the heartbeat rate is detected by a photoplethysmographic
sensor, which works on the principle that the power transmitted by the LEDs is matched with the photo
sensor in such a way that the resistance will vary within the range of the photo sensor after attenuations
through the index finger [5]. The concept of photoplethysmography (PPG) combined with an Arduino
programming is used to detect arrhythmia to avoid redundant pulses [6]. Photoplethysmograph signals
contain rich blood pulsating signals which are very similar to the electrical activity of the heart [7]. The
data is transmitted using a Bluetooth module to Raspberry Pi (a credit card sized minicomputer) module
[8] for the comparison and uploading of the data. Warning messages for arrhythmia allows a great opportunity
for intervention of physicians [9]. Further this proposed method may be implemented on FPGA as other
digital circuits implemented for high performance and efficiency in [10-13].

Today, as high blood pressure has become a major medical condition, patients are advised medications
like beta blocker, calcium channel blockers etc. but as a side effect, these slow down the normal pace of the
heart. This is medically known as bradycardia, a type of arrhythmia. The other type is tachycardia where the
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heartbeat rate is higher than the normal pace. Continuous monitoring helps in keeping a check on these
cardiac conditions. Also, patients resuscitated from a cardiac arrest, myocardial infarction or the ones who
have just undergone a cardiac surgery need to be kept under continuous medical monitoring, especially
towards the end of their convalescence period which is normally at their residence, away from expert
medical attention; so this model can be of major use.

In this paper a model is proposed in which, the data is recorded using a sensor based on
photoplethysmography. It is wirelessly transmitted to a RaspberryPi module. This module uploads the data
on a website Thingspeak.com. The data can be viewed in graphical form and can be used to observe the
trend of the heartbeat rate of an individual over a period of time. It can be further downloaded in a tabular
form and the data can be used to identify the major types of cardiac conditions a person may be suffering
from. The pre-defined range of heartbeat rates under the two conditions is set in the Raspberry Pi module.
Whenever the heartbeat rates cross these limits, a warning message is sent to a pre-fed mobile number
which show the possibilities of the conditions, so that the concerned medical personnel can take necessary
action on urgent basis. The pattern also helps in identifying chronic ailments and taking required steps to
prevent further deterioration in health conditions.

The organization of this paper is as follows: Section II describes the proposed model. Section III shows
detectable cardiac conditions. Section IV describes the possible approaches to the proposed model. Further
section V shows the results and last section concludes the work.

2. PROPOSED MODEL

The proposed model is comprises two modules. First module works as a transmitter and second module
will act as a receiver. The first module senses and computes the heartbeat of an individual. The computed
value of heartbeat is then transmitted wirelessly to the second module. The heartbeat is sensed using TCRT
1000 reflective optical sensor which works on the principle of polyplethysmography (PPG). For further
computations, we use ATmega-328 microcontroller. It gets value from the sensor. The microcontroller is
also connected to LCD (16x2) where it displays the obtained value. It is connected to a Bluetooth module
which is set as transmitter and communicates with the second module.

The second module comprises of Bluetooth module which is set as receiver, connected to Raspberry Pi.
The Python scripts used in Pi contains 2 URLSs of websites, where first one is used for data is being uploaded
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Figure 1: Block diagram of the proposed model




Detection and Alerting of Common Cardiac Conditions Using a Real-time... 545

and another is online messaging service through which warning messages are generated. The USB port is
used to connect a Wi-Fi dongle to the Raspberry Pi module. This dongle helps us to connect to the Personal
Hotspot created by the Mobile Phone by giving a unique IP address to the RPi module. Each detected
heartbeat is uploaded on Thingspeak.com account and is represented graphically. As soon as the heartbeat
rate exceeds the certain defined limit, the RPi communicates with the online messaging service account
and a warning message is sent to specified mobile number. The Heartbeat values sent by RPi are updated
on this channel in every 30 seconds along with the time stamp. All the heartbeat values are represented
graphically with respect to time. These values are stored and can be exported to the system in the form of
tabular representation. Figure 1 shows the block diagram of the proposed model that is being used for the
detection and uploading the data.

Figure 2 shows the work flow of the proposed model and how the control and synchronisation between
the modules takes place. It describes the case where the heartbeat exceeds the range and includes how the
warning message is sent to specified mobile number (the doctor in this case) when the value is exceeded. It
further shows that the doctor can take necessary action based on the recorded data and pattern to help the
patient convalesce easily.

The modification of the proposed model shows the different cardiac conditions that are depicted in the
warning message when heartbeat range exceeds a certain range. The warning messages shows the possibilities
of the conditions that are shown in Fig. 3
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Figure 2: The flow of the working of the proposed model

3. DETECTABLE CARDIAC CONDITIONS

Arrhythmia is a cardiac condition where the heartbeat rate exceeds the normal range and can be an indication
of other serious cardiac ailments. Figure 4 shows the various types of arrhythmia found in individuals,
sinus bradycardia and tachycardia being the most common ones.

3.1. Sinus Bradycardia (less than 60 bpm)

The reduced heartbeat rate can be due to a congenital heart defect, heart tissue damage with age,
hypertension, hypothyroidism, a complication in cardiac surgery, imbalance in electrolytes etc. Early
detection of this condition can help in giving appropriate medication to the patient and helps in easy
recovery.
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Figure 3: Block Diagram of the modified proposed model
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Figure 4: The types of arrhythmia found in individuals
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3.2. Sinus Tachycardia (more than 100 bpm)

It is generally due to increased physical activities in a healthy adult. Increased catecholamines, adrenaline

can also be a reason for sinus tachycardia. It is also a condition found in individuals during instances of
high fever.

4. POSSIBLE APPROACHES TO THE PROPOSED MODEL

The modification in the proposed design is in the form of taking multiple individuals rather than only one.
This is done by using multiple sensors, one for each person. However, only one Raspberry module will be
used. The block diagram of this approach is shown in Fig. 5. This one module will handle computations
from multiple sensors.

Considering a case where one Raspberry module is handling 4 sensors and receive data from them, we
need ZigBee module for wireless data transfer between each sensor and Raspberry Pi module. Further we
need 4 Thingspeak accounts for recording the heartbeat trend of all the four individuals. The messaging
service will need four contact numbers for the different persons under medical monitoring.

The changes in programming will be at the Raspberry Pi module. It will accept data from four sensors.
It will identify the data which is received from four different sensors and then run instructions to send the
data and upload it to respective website channel. Similarly, it will send instructions to online messaging
service for warning message to respective pre-fed contact numbers

Figure 6 shows the flow chart of the first approach to the proposed model. As all the heartbeat sensors
are initialized, the recorded heartbeat rate is displayed simultaneously on the 4 LCDs. 4 different accounts
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Figure S: Block diagram of the first possibility
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Figure 6: Flow Chart of the first possibility

for the 4 users are created and the condition for the heartbeat rate being in range is checked at each account
as the recorded data is simultaneously uploaded and plotted against time. Since the cloud storage has
practically an unlimited space, this can be done easily. The number fed in the 4 accounts can be of the same
person as well as different ones.

Another possible approach is to use sensors which detect different parameters like blood pressure and
temperature along with heartbeat detection sensor. These sensors will be controlled using different
programming and 3 values will be sent to Raspberry Pi module as shown in Fig. 7. These values will be
sent at programmed intervals. The computations for sending these values at certain intervals will be handled
by the microcontroller.

For wireless transmission Bluetooth transmitter and receiver will be used. The Raspberry Pi module
will send the values of different parameters to the pre-fed mobile number. Along with this, it will upload
the value of these parameters on various fields of same channel.

As the initialization of the different sensors take place, an amount of delay is provided between them so
that the data computation is not interfered. With the same amount of delay, the values of different body
parameters are displayed on the LCD and it’s further uploaded and plotted against time on ThinkSpeak.com,
in different fields although being in the same account. The checking of the parameters being in range is
done by different loops and the message is sent, with the initial delay, to the emergency number fed as
shown in Fig. 8.
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The difference in approach to these two possibilities is that in first case, the same proposed model for
multiple individuals can be used. The computations become complex at the Raspberry Pi module. The
wireless transmission is done by using ZigBee module which creates a mesh network.

In the second approach, a similar model to detect various physiological parameters of an individual can
be used. These parameters are transmitted using the same Bluetooth module but at different time intervals.
The computations become complex at the microcontrollers reading these values.

Both the possibilities can be combined for the prototype to work for different individuals and have
different sensors to show the physiological parameters.

5. RESULTS

The results shows the possibilities of the major cardiac conditions that can be detected by the proposed
model. The setup of the proposed model is shown in Fig. 9. The detection is done based on the concept of
photoplethysmography and the uploading of data is done through a RaspberryPi module.

Figure 10 shows the warning message for the possibility of sinus bradycardia, which shows that the
heartbeat recorded is less than 60 beats per minute and an action needs to be taken to avoid further
deterioration in the health condition.

Figure 9: The setup of the proposed model
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Figure 10: Warning message for the possibility of sinus bradycardia using the proposed model
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The graph plotted between heartbeat and time, on a particular date shows the pattern of the condition of

sinus bradycardia, in Fig. 11.

Figure 12 shows the tabular form of the data recorded for the possibility of sinus bradycardia where
“created_at” defines the date and time of the creation of chaneel on ThinkSpeak.com, “entry id” depicts
the number of recordings and “field1” shows the data recorded in the particular field created.

Figure 13 shows the warning message for the possibility of sinus tachycardia, which shows that the
heartbeat recorded is more than 100 beats per minute and an action, needs to be taken to avoid further

deterioration in the health condition.
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Figure 12: Data depicting sinus bradycardia using the proposed model
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The graph plotted between heartbeat and time, on a particular date shows the pattern of the condition of
sinus tachycardia, in Fig. 14.

Figure 15 shows the tabular form of the data recorded for the possibility of sinus tachycardia where
“created_at” defines the date and time of the creation of chaneel on ThinkSpeak.com, “entry id” depicts
the number of recordings and “field1” shows the data recorded in the particular field created.

The above results were obtained by recording heartbeat rate of an old person in case of Bradycardia and
the heartbeat rate of a person just after exercise in case of Tachycardia. In this way these two conditions
were detected and the results were obtained.
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Figure 13: Warning message for the possibility
of sinus tachycardia using the proposed model
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Figure 14: Graph plotted shows the possibility
of sinus tachycardia against time using the proposed model
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6. CONCLUSION

On the basis of obtained results for cardiac conditions like Bradycardia and Tachycardia, the proposed model can
also be used to identify the various conditions of arrhythmia by the trend analysis of the data recorded. The real
time monitoring of these conditions is possible by uploading the data on the website. In addition to this, the
facility of an alert message system makes it possible to get immediate medical attention for the person under
monitoring. This allows the concerned medical personnel to take immediate actions in case of a critical condition.

The two approaches discussed will prove beneficial when monitoring cardiac conditions for multiple
individuals. This will further make the proposed model more cost effective since only small modifications
are required to apply it when monitoring multiple individuals. The proposed model is suitable for detection
and monitoring of cardiac conditions at an earlier stage so that we can stay alert and take actions to prevent
any serious medical conditions in future.
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