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Abstract — Paper describes the development of prototype that
enables monitoring of heart rate and inter beat interval for
several subjects. The prototype was realized using ESP8266
hardware modules, WebSocket library, nodejs and JavaScript.
System architecture is described where nodejs server acts as the
signal processing and GUI code provider for clients. Signal
processing algorithm was implemented in JavaScript.
Application GUI is presented which can be used on mobile
devices. Several important parts of the code are described which
illustrate the communication between ESP8266 modules, server
and clients. Developed prototype shows one of the possible
realizations of group monitoring of biomedical data.
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L INTRODUCTION

Monitoring of patients’ heart rate in the hospitals often
needs to be done remotely. This provides higher level of
control and enables more rational work. Detecting heart rate is
one of the main tasks that has been addressed historically [1] as
well as recently [2-5]. While the algorithms and analog
electronics solutions have been provided and are well
developed, the new technologies from the field of Internet of
Things (IoT) provides new possibilities to ensure the
connectivity to the web and the cloud. In our previous research,
we have analyzed several setups to provide data to the cloud
such as Bluetooth, Bluetooth LE (BLE) and ESP8266 [6]. It
has been demonstrated, that Bluetooth LE is best choice
regarding the energy consumption while the application of
ESP8266 module to stream the heart rate pulse data to the
cloud was technically most convenient to realize. This is of
prime importance if one needs to provide monitoring of, for
example, 10 patients remotely since the development of
software to provide control gets complex as the number of
monitored devices increases.

In the present paper, the prototype for monitoring several
patients heart rate on the web will be described. ESP8266
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module was used, not only due to the issues of simple
implementation but also due to the fact, that the module is
extremely affordable regarding the price. It is therefore
possible to upgrade the existing professional equipment with
affordable solution to stream the data to the cloud and provide
remote monitoring. The system should therefore provide the
following capabilities:

a) Capability of reading the signal from the low cost PPG
(photoplethysmographic) ear clip sensor

b) Provide the raw data over analog pin wirelessly over web
socket

¢) Provide real-time data processing computing of heart rate
and Inter Beat Interval (IBI)

d) Provide cloud infrastructure to serve the code with
algorithms and user interface to the clients which could be
different devices (PC, phone, Smart TV etc.)

e) Multiple devices could be connected to provide efficient
monitoring

f) Provide uniform GUI with interactive graphics of main
parameters.

II.  SYSTEM ARCHITECTURE

Fig. 1 shows the system architecture where several subjects
are equipped with ear clip PPG heart rate sensors. The sensor
output is amplified and filtered and then passed to the analog
ADCO pin of the ESP8266 NODEMCU module. With the
battery and analog amplifier and filter circuit, this is an entire
setup that is on the side of the subject for which we monitor
biomedical data. ESP8266 module has integrated WiFi which
provides connection to the WiFi router, gathering the signals
from the sensors. For monitoring, the device should be
connected to the IP of the code hosting server. There are two
possibilities to perform signal processing and provide GUI to
the user: a) the code could be run directly from the phone or
tablet, PC or other device. Here we only start an html page
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directly from the phone and in this case the server is not
needed. However it is much more convenient, that the signal
processing and GUI code is provided by the server. This is also
convenient for device detection and management. The MAC
addresses from the ESP8266 modules could be fixed in the
router in order to have better control over devices. There are
also other possibilities to identify the devices [7; 8].
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code could be run from the phone and the connection over
WebSocekt would instantly be established. One can observe,
that we have two connections, for two sensors that were used
at the development of prototype. Each of the sensors has it’s
own IP on which the pulse signal is streamed. The part for the
main code is executed on the receipt of new signal in the part

marked as: <... PPG Sensor processing code ...>.
var connectionl = new
WebSocket ('ws://192.168.1.112:81/', ['arduino']);
var connection2 = new
WebSocket ('ws://192.168.1.114:81/"', ['arduino']):;
connection2.onopen = function () {
setInterval (function () {
tempval2++
if (messageReceived?)
connection2.send('tempval: ' + tempval2);
messageReceived?2 false;
b, 40);
}i
connection2.onerror function (error) {
console.log ('WebSocket Error ', error);
}i
connection2.onmessage = function (e) {
<... PPG Sensor processing code ...>

}

Figure 2: Part of the client side code where two connections are established
over WebSocket for communication with two ESP8266 modules.

Fig 3. shows the part of the code, that is used on the side
of the server. Here nodejs server is used in order to serve the
signal processing and GUI code to the clients. This is also
useful for providing different user interfaces for example
admin/user interface. For this functionality the express library
was used.

Figure 1: System structure for gathering multiple biomedical data from several
subjects by ESP8266 modules and provision of processing with GUI

The ESP8266 board used was NodeMCU 1.0 (ESP-12E
Module) with CPU Frequency: 80MHz and Flash Size: 4M
(3M SPIFES).

III. SOFTWARE CONSIDERATIONS

The code consisted of three parts: a) Code on ESP8266
module b) Code for signal processing and GUI and c) server
code to provide the code to clients. Code on ESP8266 was
uploaded using serial protocol with upload speed 115200 over
port /dev/ttyUSBO in Linux Ubuntu 12 by the application of
Arduino IDE 1.6.8. The main part of the ¢ code on the
ESP8266 module is inclusion of h file with WebSocket Server
(#include "WebSocketsServer.h"). Code for signal
processing and GUI is shown in Fig. 2. This is JavaScript code
that is part of the .html file. As mentioned, this part of the

var http = require('http'),
express=require ('express'), fs = require('fs'),
app=express (), server;

var server = http.createServer (app).listen(8080);
var path = require("path");

app.use (express.static('public'));
app.get ('/"', function (reqg, res) {

res.sendFile (path.join( dirname+"/heart0l.html"));

Y

Figure 3: Part of code on server for serving html page with JavaScript code for
signal processing and GUI

On the nodejs server side the entire signal processing
could be performed. Weather the processing is done on the
client or on the server side depends on the complexity of
applied algorithms and wireless network connection speed. In
our case, there was no major difference if the processing code
was ran on the client or on the server side. Regarding the
redundancy in communication it is better, that the processing
is performed on the client side.

Important part of the software stack is ¢ code residing on
the ESP8266 module. In our case, where we stream pulse data
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in real time it is important, that WebSocket library provides
reliable data transmission. In our tests the ESP8266 proved to
be suitable for the task however, additional processing power
would contribute to better operation. All signal processing and
GUI was coded in JavaScript including the server side on
nodejs [10].

IV. HARDWARE REALIZATION WITH RESULTS IN
THE BROWSER

Fig. 4. shows the components of the heart rate real time
streaming system which consists of: 1) Pulse PPG sensor, 2)
3.5 Jack input to the analog heart rate amp board 3)
Operational amplifier LM324 circuit to provide the analog
data of the pulse to ESP8266, 4) Node MCU LUA ESP8266
module, 5) AA accumulator battery pack with ON/OFF
switch. This is one of the two boards that were used in
prototype setup to stream data of two different subjects to the
clients.

Figure 4: Components of the heart rate real time streaming system, here one of
two identical setups is shown

Fig. 5. Shows an example of monitoring two patients at the
same time. The data is gathered from two ESP826 modules
and feed to the client.

Figure 5: Output of the two sensors from two different patients
One can observe raw data, BPM and IBI on the mobile
phone. The monitoring could be expanded to more devices in
parallel and in different places. If needed, since the signal
processing and GUI is developed in html / JavaScript, the
mobile device native applications could easily be developed
[16].

Fig. 6. shows the monitoring of two patients in the web
browser. The monitoring could be performed on other smart
devices as for example Smart TV. The data is organized in
two columns one column for each subject. The interface could
be reached by entering the IP address and port of the nodejs
server into the web browser.
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Figure 6: Example of the patient monitoring in the web browser

Hardware realization was straight-forward. The ESP8266
module has one analog ADCO pin which was used for
transmitting raw data. Low cost PPG sensor proved to be
useful. Entire setup is mobile, which is important for other
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applications [11;
wheelchair.

12; 13; 14; 15], for example on the

V. CONCLUSION

Monitoring of the several subjects’ biomedical data has
been successfully implemented by the application of ESP8266
modules. Application of WebSockets IP protocol enables
simple realization. The hardest part of the implementation is
providing microcontroller ¢ code on the ESP8266 module
itself. When connected, all the development was done in
JavaScript which is convenient both on the client and server
side.

Since the algorithm to extract heart rate from raw data was
not too complex, it was convenient, that the processing was
done on the client side. By this, the server could be omitted,
which might be useful in some cases. JavaScript has been
successfully used for monitoring the hardware [16]. Provided
prototype shows one of the possible realizations of mass
monitoring of biomedical data which is of interest in the era of
Internet of Things and Cyber-physical systems. Further
development will go in the direction of merging analog
circuitry with ESP8266 modules and providing standard
interfaces to put the current data from professional hear rate
monitoring equipment to the cloud. This are great new
opportunities to improve biomedical data acquisition as well as
processing and monitoring.
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