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 Cardiovascular diseases (CVD) are the major cause of mortality globally, as well as in 
India.  Most of the deaths caused by CVD are sudden and without giving any chance to provide 
any medical help. To avoid such impulsive accidental deaths precautions are always required. 
Due to this heart patients require continuous monitoring of certain vital body parameters such 
as heart rate, pulse rate and electrocardiogram (ECG) showing current health status clearly. In 
this paper we are presenting 3 - tier architecture of our prototype healthcare monitoring system 
using wireless sensor network (WSN) which is developed to continuously monitor certain body 
parameters of patient. Different biosensors available to measure heart rate, body oxygen level 
and temperature are attached to Arduino Nano board and recorded signals are sent to server 
using Node MCU ESP8266 wireless communication. Data is made available on remote servers 
for doctors and caregivers using ThingSpeak, an internet of things (IOT) application. In case 
of emergency caregivers can be notified using smart phone alerts. The system is useful for 
cardiac patients and can be used for infant or baby care and elderly care in home and hospitals. 
Accuracy of the system is found 95% with the response time of 10 seconds.
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 According to world health organization 
(WHO) analytics nearly 32% of adult deaths 
all over the world and also in India are due to 
cardiovascular diseases which are caused by 
disorders of the heart and blood vessels1-4. These 
include various heart related diseases including 
coronary heart disease (heart attacks), rheumatic 
heart disease, raised blood pressure (hypertension), 
cerebrovascular disease (stroke), peripheral artery 
disease, congenital heart disease and heart failure1. 
According to current estimates, India will soon 

have the highest number of heart disease cases in 
the world. These types of cardiovascular diseases 
need continuous monitoring of certain body 
parameters which need long hospital stays. In 
the hospitals patients are monitored continuously 
by hospital staff using various instruments like 
bedside monitors. These instruments are bulky and 
immobile and thus keep patients stick to the bed. 
Their wired connections are very uncomfortable to 
patients and medical staff also. Due to mounting 
hospital costs and shortage of qualified healthcare 
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professionals it is difficult to continuously monitor 
the essential body parameters of the patients 
suffering from CVD.  
 In this paper, we introduce a health 
monitoring system consisting of a wearable device 
that will continuously monitor the health of patient. 
This wearable device consists of different sensors 
such as temperature sensor and heart rate sensor. 
The device will collect the data in form of bio 
signals from sensors and send it to hospital server 
for further storage and processing using wireless 
communication. This data will be available to the 
doctors on server from any location using IOT 
application. 
 This paper aims ultimately to build a 
health monitoring system for cardiac patients to 
monitor his/her vital body parameters especially 
related to heart problems like ECG and heart rate.  
We have made a prototype of an automated health 
monitoring system based on 3 - tier architecture of 
Wireless Body Area Network (WBAN) comprising 
various sensors for monitoring cardiac patients 
in ICU of hospital. In tier I, Arduino Nano board 
based on the ATmega328P microcontroller is used 
to collect data from sensors and send to server using 
ESP8266 Wi-Fi wireless communication in tier II. 
In tier III existing internet is used to send data to 
remote servers for further use over IOT application 
ThingSpeak. 
 The remaining paper is as follows. 
Section II describes some of the existing systems 
and shortcomings of those systems. Section 
III describes proposed system details. Results 
and conclusion are given in section IV and V 
respectively.

Literature Survey
 
 In most of the hospitals health professionals 
use heart rate monitoring systems using manual 
methods to measure ECG by connecting lids to the 
chest of patient. The graph of ECG is monitored 
on the bedside monitor or special monitoring 
devices. These devices are wired and bulky and 
do not support long distance communication. The 
systems have many disadvantages like requirement 
of costly hospital stays which is not affordable for 
longer periods, needs expert monitoring and high 
cost maintenance. 
 Current advances lead to automation of 
heart rate and ECG measurement using different 

methods. Many authors have reviewed the state of 
art systems available for monitoring different vital 
body parameters like temperature, ECG, heart rate, 
pulse rate and galvanic skin response (GSR)5-7. 
Many researchers have contributed in automatic 
data collection of different signal from heart and 
detection of heart attack or emergencies related to 
other heart diseases using different methods. In8 
authors proposed heart attack detection system 
using ZigBee heart rate monitoring and alert 
system. Many researchers have done extensive 
studies on use of mobile phones in healthcare and 
medical practices. This study illuminates the use of 
inbuilt applications like location enabled services 
of smartphones like GPS which is used for location 
monitoring of old age patient with instabilities9-14. 
Apart from location tracking smart phones are used 
for health monitoring of cardiac patients15. Many 
researchers proposed their methods using smart 
phones capable of detection, storage and analysis 
of collected records.
 Much advancement can be done in these 
systems to make them more accurate, reliable, 
cost effective and wearable using biosensors. In 
hospitals and in homes cardiac patients can be 
monitored using healthcare monitoring system 
based on wireless sensor networks. The focus of 
our work is on continuous monitoring of cardiac 
patients in hospital especially in ICU and in homes 
using healthcare monitoring system based on 
wireless sensor networks. It achieves various goals 
like decrease in cost and long hospital stays; and 
continuous and remote monitoring without experts’ 
attendance is possible18

MateriaL and MethodS

 The proposed system is based on 
3-tier wireless body area network (WBAN) 
architecture16. 3- tier architecture of WBAN is 
used in healthcare monitoring system comprising 
of different communication networks shown in fig 
1. The detail explanation of components used in 
each tier of WABN is given in the block diagram 
of our proposed system Fig 2 which explains the 
construction of all the three tiers and the in between 
communications.  
Proposed system architecture
 The proposed system architecture consists 
of three tiers. Tier-1 consists of wireless sensor 
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table 1. Comparison of candidate wireless technologies 

 ZigBee Bluetooth WiFi

Maximum Range 100m 100m 100m
Maximum power output 1mW 100mW 500mW
Maximum Number of nodes 240 32767 250
Data transmission rate 250 Kbps 2.1 Mbps 450 Mbps
Channel bandwidth 5MHz 902MHz 160MHz

Fig. 1. Proposed 3-tier architecture of system [16] Fig. 2. Block diagram of proposed system

nodes attached to the patient’s body for sensing 
vital body parameters. The data acquired through 
the sensors is processed and transmitted through 
control unit. Tier-2 is the intermediate receiving 
unit which acquires the forwarded data. It is also 
responsible for storage, processing and displaying 
the data. Tier-3 is concerned with alert systems 
and data transmission to longer distances through 
appropriate internet services. Different wireless 
communications such as ZigBee, Wi-Fi and 
Bluetooth are available for tier I, tier II and tier 
III communication16. We are using existing Wi-Fi 
wireless communication in Tier I and II and internet 
in Tier III for long distance data transfer over IOT. 
The kind of communications taking place at each 
tier of the system is as shown in fig 1 and fig 2.
Proposed methodology
 We have designed and implemented a 
healthcare monitoring system for cardiac patients 
to monitor significant body parameters of patient 
inside hospital as well as in home. Different sensors 
are attached or induced to the patient’s body to 
collect vital body parameters like temperature, 
SPO2, heart rate, pulse rate etc. to be monitored. 
Heart rate and ECG sensor probes are also 

attached to patient’s body.  The sensor data is in 
the form of analog signals and to be converted 
into digital form using inbuilt circuits of Arduino 
board which collects and processes sensor data 
for further communication. For further use and 
storage it is then send to server using suitable 
wireless communication. Fig 1 shows the 3-tier 
architecture of proposed system. In our proposed 
system ESP 8266 is used to convey sensor data to 
server using wireless communication. Existing Wi-
Fi from home or hospitals is used for this purpose. 
After comparing different candidate wireless 
technologies16 we have chosen Wi-Fi for following 
main reasons:
1) Latest modules such as ESP 8266 are easy 
to connect and have built-in controller and Wi-Fi 
communication module. 
2) As the system is used in ICU room, the 
room size considered for  maximum of 8 beds in 
any hospital is nearly 2000 sq. meters22,23, for which 
Wi-Fi is better than Bluetooth (Not enough range) 
or ZigBee (Low power hence cannot transmit for 
longer range). 
3) Wi-Fi provides very high-speed access to 
internet compared to any other technology already 
established in the market. (Excluding Li-Fi which 
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Fig. 3. Flowchart of proposed system

Fig. 5. Sample result of Temperature on ThingSpeak 
channel

Fig. 6. Sample result of heart rate on ThingSpeak channel

Fig. 7. Initial sensor results on serial monitor

is not commercially available)
4) Data transmission rate of Wi-Fi is more 
i.e 1mbps compared to ZigBee which is 250 kbps.
 In tier III, data from server is made 
available to authorized users from outside world 
using internet. We are using IOT application API 
ThingSpeak for this purpose. Using ThingSpeak 

cannels data is made available to authorized users 
like experts, doctors and caregivers who can 
remotely monitor patient’s data over internet and 
can get alert messages in any emergency situation. 
Block diagram of proposed system is shown in Fig 
2.
implementation details 
 In this paper Arduino Nano is used to 
acquire readings from Max30100 heart rate sensor 
and send it over Wi-Fi using ESP8266. Inbuilt 
signal conditioning circuit is used for interfacing 
sensor with A to D converter of Arduino Nano. 
Signals are then send to cloud storage using 
ThingSpeak. ThingSpeak is an open source Internet 
of Things (IoT) application and API which is used 
to store and retrieve data from sensors and uses the 
HTTP protocol over the Internet or via a Local Area 
Network. Using Internet this medical data is made 
available to caregivers and doctors for reference. 
Existing Internet from home or hospital is used 
for this communication. An alert message is sent 
to caregivers and relatives when readings cross 
threshold values, considering an emergency. For 

increased complexity and accuracy ECG sensor 
AD 8232 is used which states the condition of heart 
correctly18. 

reSuLtS and diScuSSion

 Data collected from sensors is sent over 
ThingSpeak channels. Authorised users like 
caregivers and doctors with login and password can 
monitor this data. Fig 5 and Fig 6 shows the sample 
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Fig. 8. Sample ECG readings

Fig. 9. Packet loss in comparison of room size Fig. 10. Coverage of Wi-Fi communication range in ICU

Fig. 11. Data recording of patient for 24 hours

of results displayed on ThingSpeak channels and 
Fig 7 shows results on monitor.  Sample ECG 
signals are plotted in Fig.8. 
 Fig. 9 shows the packet loss recorded 
during transmission of data at different locations. 
Roughly 2% packet loss occurs in all transmissions 
regardless of of time and location. Fig 10 shows 
the histogram of communication range of Wi-
Fi with respect to size of ICU room during 3 
different experiments. Nearly equal sized ICU 
units at different locations and at different time are 
considered for above experimentations. 

 Feedback of the system on rating scale of 
0-100 is obtained from patients who voluntarily 
participated in the survey is shown in Fig 13. 0 
indicates total rejection and 100 indicate total 
acceptance. All responses below 50 rating are 
considered as rejected. The system is accepted 
by nearly 73% of subjects giving rating in the 
range of 70-100 with some suggestions regarding 
performance of the system.
 Fig. 11 shows 24 hour’s data recording 
(nearly after 10 hours) of a patient. When our 
readings are validated with other heart rate 
measuring instruments like FitBit19, 95% accuracy 
is found. The response time of our system is found 
10 seconds for ECG readings and 5 seconds for 
other body parameters.  

concLuSion

 In this paper healthcare monitoring system 
for cardiac patients is proposed which monitors 
body parameters of heart patient like Heart rate, 
Temperature and SPO2. It helps caregivers and 
hospital staff to monitor and store patient’s body 
parameters continuously. On any abnormality, 
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Fig. 12.  Result comparison of system results and FitBit results

Fig. 13. Acceptability of the system by subjects

it gives alert to caregivers. Using Internet, data 
can be made available for remote use and only to 
authorized users like remote specialist doctors for 
special advice. Thus designing parameters like 
availability, security, correctness and efficiency 
are achieved successfully. Nearly 95% correct 
results are achieved when compared to standard 

clinical methods and commercial instruments like 
FitBit. Thus the system can found helpful for the 
continuous monitoring of the cardiac patients in 
ICU of hospitals. The use of this system can be 
extended to care and monitor elderly people staying 
all alone at their homes and also for baby care.

 In future, the communication can be made 
collaborative by adding two way communication 
protocols for IOT so that doctors can monitor and 
advice patients online. Similarly, patients can ask 
there queries to remote doctors as well. Some more 
efforts are required to achieve 100% correctness in 
the system. 
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