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Design and Development Armband Vital Sign Monitor for Health-Care

Monitoring
Abstract Sugondo Hadiyoso,
Background: One of the vital organs that require regular check is heart. The representation of heart Rohmat Tu||oh,

health can be identified through electrocardiogram (ECG) signals, blood pressure (BP), heart rate, Yuyun Siti Rohmah,
and oxygen saturation (SpO2). Monitoring the heart condition needs to be regularly done to prevent Akh d Alfar

heart attack that can occur suddenly and very quickly particularly for someone who has had a heart ma uq
attack before. Nevertheless, it raises the problem of cost, time efficient, and flexibility. It takes a Diploma of Tezecomm”"icafio”
high cost and much time to perform this examination. A vital signal monitoring device is needed gec,hm)loiy’l kSChOLOJI of Apfhed
with low cost, wearable, accurate, and simple in use. Methods: This research designs and develops Bf;;;;;g ‘;n;::m;wem Y

a device and application for monitoring human vital signals including ECG, SpO2, BP, and heart '

rate. A multi-sensor system with a control unit was applied to the device which was then called the

Armband Vital Sign Monitor. This device can be used to measure vital parameters simultaneously

using multiplexing techniques programmed in the microcontroller. Armband vital sign monitor is also

equipped with Bluetooth module as a communication media for further data processing and display.

Results: Armband vital sign monitor produces >99% accuracy in body temperature measurements,

+2 deviation values in SpO2 measurements, and systolic and diastolic deviations at +3—8 mmHg.

For EGC signals, tests are performed by comparing signals visually in graphical form, and EGC

can be obtained properly as shown by the graph. Conclusion: In this study, an Armband vital sign

device has been developed that can measure the body’s vital parameters. The parameters which were

measured included temperature, heart rate, BP, SpO2, and ECG. This device has small dimensions

and can be put on the wrist. The device is also equipped with Bluetooth so monitoring can be

conducted wirelessly.
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Introduction saturation (SpO2). The observation of these

parameters for those with a history of

heart disease should be done continuously

not limited to the place and time meaning

that people not only should do the medical

check-up in health-care center but also

can observe the physical condition by

themselves. In developing countries with

large areas and populations with minimum

health facilities, it highly needs medical Address for correspondence:
device that is wearable, reliable, highly Sugondo Hadiyoso,

. . . . School of Applied Science,
mobile, highly accurate but low in price, Telkom University,

Wearable medical device that support
high mobility have been widely developed
recently. This issue has been described
by Sundaravadivel™ called smart health
care as an internet of things application.
This medical device is commonly used
for continuous monitoring of human
vital sign conditions through noninvasive
measures.”). One important parameter
of a person’s physical condition that
must be periodically examined is the

especially for heart health examination. "

heart to prevent heart attacks that can }F hy his devi : : B“”‘h_”’g 40257, Indonesia.
ddenlv.®  The hvsiological Through this device, people are able to E-mail: sugondo@
oceur - su Y Phys10l0g perform an early check of their heart telkomuniversity.ac.id
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ca catth can be identined throug are detected, an immediate prevention and — :
electrocardiogram  (ECG) examination,

further examination may be taken in the
heart rate, blood pressure (BP), and oxygen hospital. Website: www.jmssjournal.net
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Some researchers have made a device and
system application of vital sign monitor but

This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows
others to remix, tweak, and build upon the work non-commercially, - - . -
as long as appropriate credit is given and the new creations are How to cite this article: Hadiyoso S, Tulloh R,
licensed under the identical terms. Rohmah YS, Alfaruq A. Design and development
armband vital sign monitor for health-care monitoring.
J Med Sign Sens 2021;11:208-16.

For reprints contact: WKHLRPMedknow._reprints@wolterskluwer.com

208 © 2021 Journal of Medical Signals & Sensors | Published by Wolters Kluwer - Medknow



[Downloaded free from http://www.jmssjournal.net on Sunday, September 12, 2021, IP: 10.232.74.23]

Hadiyoso, et al.: Armband vital sign monitor

some only have been focused on ECG signal.**] In certain
conditions, to do a diagnosis on health of hearth, it also
requires the examination of other parameters. Another study
on the realization of vital sign for the hearth examination
with more than one parameter was conducted.”? In that
study, a modular vital sign monitoring was realized for
the examination of ECG, SpO2, and body temperature but
hardware was not placed in one board; as a consequence,
it became less flexible if used for the examination at
the same time. In a study,'” a Wearable Vital Signs
Monitor was made and installed on ears to monitor the
heart rate continually through the signal of ECG and
photoplethysmography (PPG) but it did not discuss about
the measurement of SpO2. A study by Shivakumar and
Sasikalal''! was to design a mini patient monitoring system
to measure the vital parameters such as ECG, Heart Rate,
and Respiration Rate without any BP meter and SpO2.

In developing countries with the large population rate
where the health facilities have not been entirely fulfilled
for each area, a device for the examination of the body
vital condition that can be used individually is deemed
important. In this paper, an embedded, wearable, and
mobile armband vital sign monitor that can be used
for measuring of ECG, BP, SpO2, heart rate, and body
temperature is designed and demonstrated. This device
consists of a sensor and a module integrated on one circuit
board with a microcontroller as its main unit. This vital sign
monitor was then packaged in a casing that is wearable on
wrist making it simple to be used. Sensor and transducer
can be installed modularly in accordance to the needs of
examination. The device uses an interface Bluetooth as
a communication media with personal computer (PC).
Through the application program, the signal data can be
represented through the graphic and number enabling a
further analysis to be done. For a further development in
future, this system can be a prototype or model that can be
applied in the health-care center or by individual.

Methods
Vital sign monitor

In general, vital sign monitor can be defined as a medical
device that is able to acquire a number of important health
parameters and then it is displayed in the graphic and
numerical form. Such medical device is also known as
multiparameter patient monitor. The signals displayed on
the multiparameter patient monitor include ECG signal,
respiratory, noninvasive BP, SpO2, pulse rate, and temperature
as shown in Figure 1 is an example of a vital sign monitor
application.'”? In this device, all signals have been displayed
simultaneously either in the graphic or in numerical forms for
the further analysis by the medical experts. In this research,
the health parameters measured included ECG, BP, SpO2,
heart rate, and body temperature. Taking this vital signal was
done simultaneously or by selecting certain parameters in
accordance with the needs of observation.

117/80

Figure 1: The example of vital sign monitor application

Electrocardiogram

ECG is a description of the electrical potential generated
by the electrical activities of hearth muscles. To take the
ECG signal can be done by installing the electrodes on
certain spots of body as a media of electrical conductor for
the further process. The important information about the
functional aspects of the heart and cardiovascular system
can be obtained through the ECG signal.'® The form of
normal ECG signal is shown in Figure 2.

ECG measurement could be done through two modes:
diagnosing mode and monitoring mode. Diagnosing mode
saw the ECG signal in the wide frequency range (0.05—
100) Hz to see the valuable information from the signal.
This mode commonly is used to diagnose any hearth
disorder." In monitoring mode, it is commonly to only see
the rhythm of hearth. This mode has a narrower frequency
of ribbon in the range of 0.05-40 Hz.I'Y The advantage of
this mode is that a large amount of high frequency noise
can be removed and the effects of body movements can
be reduced." In this study, the ECG device was designed
with the monitoring mode in the lead I configuration. The
spot of the electrode installation on the body of the chest is
shown in Figure 3 based on the Einthoven’s triangle.

Oxygen saturation

SpO2 refers to one of the important physiological
parameters showing the level or content of oxygen in
blood. This measurement is commonly called as SpO2
using a set of oximeter pulse. In a normal condition, the
value of the oxygen level is in the range of 95%—-100%. If
the oxygen level is less than the referred value, it indicates
that the blood contains the very low level of oxygen. If
the oxygen drops into a normal level (<92%), there is
a possibility that the body suffers from the hypoxemia
disease. The patient of hypoxemia usually suffers from
coughing, accelerated heart rate, delirious state of mind, or
sweating.!’®] The design of the hardware of pulse oximeter
is shown in Figure 4. The principle of its work is by
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emitting the light from one side of finger to the detector
on the other side through the tissue, venous blood, and
arterial blood. The light absorption on the detector is
varied based on the blood volume and the wavelength of
light source.

The SpO2 measurement is compared to the light absorption
in the photodetector of the two different wavelengths of

Qs

Figure 2: Normal electrocardiogram signal

Figure 3: Electrode placement

Infra-Red (940 nm) and Red Led (660 nm) as written in
the equation below:!'®!

R = (AC,,,/DC,. (AC,/DC,,) (1)

RED

The value of SpO2 can be calculated by inserting the R
value on the linear equation 2.0

SpO2 = 110-25 x R (2)
Blood pressure

Vital signal refers to the mechanical signal of hearth called
as the BP. BP is generated by blood pumping activity by
the heart.'® BP is the measure to what extent the strength
of the pressure which is generated by the heart when the
blood is pumped in the blood vessel.'”) The pressure can
be measured in the ventricle, aorta, arterial blood vessel,
or venal BP. However, in the BP measurement clinically,
the one commonly measured is the BP in the arterial blood
vessel.

BP contains the important information stating the level of
the hearth health and the blood vessel of an individual.
The values in the BP in addition to the systolic pressure or
diastolic pressure can be formulated as follows.[?%

Average = 0, 5 X (Syst+Dias) 3)
Mean arterial pressure = 1/3 x (Sys—Dias) + Dias 4)

The technique used in the measurement of BP in this
research was oscillometry. Oscillometry uses the pressure
sensor to detect the pressure generated by cuff, translated
by microprocessor, and then displayed in the numeric form
of systolic and diastolic pressure.

Implementation

The design of vital sign monitor hardware is based on the
functionality, excellence, mobility, and certainly able to
be wore on the wrist. The function that must be run by

®
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Figure 4: Design of hardware
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the device is that it can take the ECG signal, SpO2, BP,
and body temperature. The main power source is the low
capacity battery DC 3.7 Volt to ascertain the safety in case
there would be any errors in circuit. The design of the
device also considers the size to make it able to be used
on the wrist and to have high mobility. The design of the
hardware of armband vital sign monitor in this research is
shown in Figures 4 and 5.

Electrocardiogram design

Taking the signal of ECG was through the electrode
installed on the chest forming the configuration of
Einthoven’s triangle. With the installation of the
electrode on the chest, it is expected that the signal of
ECG obtained can have little noise as it is close to the
signal source that is hearth. The instrument of ECG
consists of the instrumental supports, filter of LPF and
HPF, operational supports, and a circuit of signal shifter.
Based on the recommendation of Anaesthesia UK, on
monitoring mode, the cutoff of low frequency is 0.05
Hz and the high one is 40 Hz. In this research design,
it was implemented with 0.05 Hz for a high-pass filter
and 40 Hz for a low-pass filter.

The circuit of the instrumental supports was used to
strengthen the signal from two spots of electrode sources.
With the instrumental support, the signal of information
would be strengthened maximally and the noise can be
minimized using the support with the large common-mode
rejection ratio. The additional electrodes as the driven right
leg (DRL) installed on the lower right chest was used as
the additional reference to minimize the noise. The circuit
of the instrumental supports and DRL is described as
follows.

The ECG signal was amplified by 15 times by adjusting
the values of RG in line with the following equation.

G=1+— (5)
RG

From the equation above, it could be obtained the value of

RG by 3, 8 KQ.

The circuit of high pass filter [Figure 6] on the system
proposed is the filter of passive order 1 (equation 6)
consisting of the capacitor and resistor.

— (6)
2xRC

The proposed system used ADC in the range of 0-5 Volt,

and to ensure that the signal has had the voltage at the

positive level; it then required the level shifter as shown in

Figure 7.

Oxygen saturation module

The measurement of SpO2 is performed using the SpO2
module. It is designed using IC max30100 which can
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Figure 6: High-pass filter 0.05 Hz circuit
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Figure 7: Level shifter circuit

measure the pulse rate and SpO2. However, in this study,
it only used to measure the SpO2. IC max30100 was built
in LED and IR as the light source and detector to make
the circuit design simpler. Max30100 still needed the
system of minimum supporting components on a board to
enable it working well. It also requires the pull-up resistor
and capacitor in the data communication pin and power in
accordance with the requirement on the datasheet. SpO2
data have a digital format output which can access using
the standard of 12C communication. Serial Data (SDA)
and Serial Clock (SCL) pin were connected directly to the
microcontroller pin to control the clock and data transmitting.
Sp02’s Hardware setup and the typical of the circuit of
max30100 are shown in Figures 8 and 9 as follows:

Algorithm for reading data of max30100:

Include library:

1. Arduino.h  //Use Arduino library for compiler
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Figure 8: Oxygen saturation’s hardware setup

2. Wire.h /n2C

3. math.h //math.operation

4. max30100.h //hardware description

I/O Setup:

5. Serial comm. Bd 115200

6. 12C (SDA, SCL, pin 27 and 28)

Main process:

7. If pulse detected//check whether the sensor detects the
pulses
//read AC, DC signal led and IR

8. Then (read AC component from led and IR)
(read DC component from led and IR)

9. Calculate ratio
R=(AC, /DC_,)(AC,/DC,)

10. Calculate SpO2 value.
SpO2 value = R * (110.0-25.0)

Output

11.12C read address (AF,)//address for read data
12. Wire.write (address)//sends address for request data
13. Serial print data SpO2.

Blood pressure meter

The measurement of BP in this research was conducted
using the commercial wrist digital BP meter from Sunrom.
This BP meter supported the serial data communication
to facilitate the development. An interface with controller
was through universal asynchronous receiver transmitter
(UART) at the speed rate of 9600 Bps (8 bits data, No
parity, and 1 stop bits). The parameters measured included:
systolic, diastolic, and pulse in the form of the data of
ASCII 15 bytes with the length of each byte at 0-255 in
decimal. The typical format data used in this research was:
» Systolic : Bytes (1-3)

» Diastolic : Bytes (6-7)

To easily representing the data and reading the numeric,
it then required the conversion from ASCII to the integer
using the following equation:

Dec = ((bytes[1]-‘0°) x 100) + (bytes[2]-‘0") x 10)
+ (bytes[3]-°0")

Digital temperature sensor

The design of the digital temperature on the armband
vital sign monitor was based on the module of DS18B20.

Typically, the range of measurement is from —55°C
to +125°C, and it is very good to be used for measuring the

PC4/SDA

PCS/SCL

ATMega 8

N.C.
5

PGND|  Max30100  ypp
Board

R_ORV R LED+ GND
NG N.C.

Figure 9: Oxygen saturation sensor schematic

body temperature. The DS18B20 communicates with the
controller unit through the interface 1-Wire/1-digital data
line. It also requires the pull-up resistor connected between
pin power and data purposely to be able to work properly.

Main controller unit

Main controller unit consist of ATMEGAS-16A chip
as main component. The main function is to read the
data (both of analog and digital) from all devices/
modules of signal acquisition that used in this study.
Microcontroller also has function to manage the format
of data to prevent any errors in representing the data in
the application side. In the ATMega-8 chip, an Arduino
firmware/bootloader system is planted, so programming
and uploading the algorithms can be performed through
the Arduino IDE. In reading the data, the controller board
has a function as the interface of all sensor modules
including ECG through analog to digital conversion
line (PCO), SpO2 (Max30100) using I12C lines (SDA
and SCL), BP meters using virtual serial (PD2) which
is generated using library serial Arduino IDE and
temperature sensors using digital interfaces (PD3).
Schematic and wiring of the main controller unit including
power distribution and I/O is shown in Figure 10. In the
data transfer stage through Bluetooth module (HC-06),
UART communication standard is used. When sending the
data, the microcontroller works like a digital multiplexer.
Data or signals that are read are then sent alternately with
the following protocol: SpO2 is sent/30 s, temperature is
sent/60 s, ECG sampling/10 milli s, and BP according to
the button activation on the device.

Results and Discussion

The implementation of hardware for the important body
signal acquisition as explained in the chapter above has
been conducted. Each module was integrated in a main
controller board designed compactly and precisely to make
it compatible with the casing of BP meter digital. A battery
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Figure 10: Main controller unit

type 16340; 3.7 Volt; 700 mAh was used as the main
power. In its use, this device is installed on wrist as shown
in Figure 11.

The testing was conducted to observe the performance
of the device by comparing with the standardized
device. The result of the comparison was in the form
of signal and numerical graphics. The representation
of body parameter measured was displayed in the
real-time PC application program through the Bluetooth
communication.

Initial validation

Data acquisition hardware has been successfully realized
and was able to acquire the parameter of body vital
referred. For the initial validation, the data of vital body
sent by the microcontroller was observed with the aid of
serial monitor application. The sample of the result of
measurement displayed in the serial monitor is shown in
Figure 12.

From the result of the acquisition of vital body as shown
in Figure 12 in the integer form, it can be concluded
that the device made is able to work well. The device
could read the data from the sensor and send the data
simultaneously for further processing. Each of data line
is the value of measurement parameter separated by
semicolon with the order of SpO2, Temp, ECG (label
A) and Sys, and Dias (label B). Then, the application
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Figure 11: Device installation

would represent the data format in the graphic and
numerical form.

Temperature measurement

The steps conducted were by doing the test on accuracy
that is by comparing the result of the temperature
measurement in which the device made using digital
thermometer. The measurement was done by 15 times
with the varied temperatures and then the error value
was measured in each measurement. The result of the
measurement is presented in Table 1 and Figure 13.
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From the result of the measurement comparison to
the value of temperature, it obtained the error value
of 0.7 or 0.428%. This error value was relatively
small and assumed still to fulfill the standard
requirement. Hence, the device can be claimed to be
proper for use.

Acquisition of electrocardiogram signal

The test on the ECG signal was conducted visually by
comparing the form of signal which is generated by the
device and EDAN PC ECG as standardized ECG device.
This test was to compare visually the graphic which is
generated by the device through the application program.
A direct test was done by placing the electrode on the ECG
simulator (Fluke PS400). The result of the test is shown in
Figure 14.

From Figure 14, the data of ECG signal lead 1 could be
displayed well. Those two application programs showed
the basic form of ECG signal was similar in which the
wave of PQRST could be seen clearly. Thus, the result
of the acquisition of ECG signal will be able to be used

<& Docklight V2.0 - o X
file Edit Run Joc Help  Stop Communication (F6)
FUHE| e FP AR Yo
Li——= Commmunication pot open ColorstFontsMode | COM12 9600, None. 8, 1
Send Sequences Comurication
Send Name Sequence ASCII | HEX | Decimal| Binary |
~
Receive Sequences
Actve  Name  Sequence Ansver
v

as a base for the medical practitioners to determine the
health condition of heart.

Accuracy of digital blood pressure meter

The measurement was done by 10 times with different
person using BP meter Omron 7120 for comparison with
the proposed device. The result of measurement is shown
in Table 2. The deviation value in the measurement of
systolic and diastolic pressure was £3—8 mmHg.

Accuracy of digital oxygen saturation

The steps conducted in the test on the accuracy of SpO2
were by comparing the result of the measurement of the
SpO2 by means of a device made with the pulse Oximeter
Contec CMS50M. The measurement was done by 10 times
and continued by measuring the deviation value in each
measurement. The measurement results are presented
in Figures 15 and 16 and Table 3. The deviation value
obtained was +2 in which this value commonly was in the

tolerance threshold of the SpO2 device.

Comparison Measurement of Temperature
39

37

35

O
:1- 33 ==o==Temp. (Vital Sign
QEJ Monitor)
=3 o
«=g-=Temp. (Digital
Thermometer)

29

27

25

123456 7 8 9101112131415

Measurement

Figure 12: Data samples on a serial monitor

Figure 13: Temperature measurement

Table 1: Results of temperature measurement

Measurement number Temperature (vital sign monitor) °C

Temperature (digital thermometer) °C Percentage error

35
35
35,13
35,25
35,19
35,19
35,25
35,25
3525
35,31
34,63
34,38
34,25
34,13
34,13

00 N NNk W N =

S S =
wm AW N = O

35,7 1.9
354 11
35 0,3
352 0.1
34,9 2
35,1 0.2
352 0.1
352 0.1
35,3 0.1
35,3 0.02
34,3 0.1
34,3 0.2
34,3 0.1
34,3 0.5
34,3 0.5
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Figure 14: (a) Electrocardiogram waveform from proposed device
(b) electrocardiogram waveform from EDAN electrocardiogram
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Figure 16: Comparison measurement of oxygen saturation

Testing of communication range

The proposed device uses a Bluetooth HC-06 as serial
module for data transmission to a display device. The
purpose of this test is to find out the maximum range where
the vital sign device can still transmit data to the receiver.
The test is conducted under line of sight condition. From
the test results shown in Table 4, the maximum range that
can be reached is 10 m, if more the connection is become
lost so that manual reconnecting is required for the data to
be received. This Bluetooth module makes the proposed
device can be used easily, with high mobility and flexibility
when used for self-monitoring or by clinicians.

Conclusions

This paper presents the implementation of medical device
for the acquisition of vital body signal (ECG, SpO2 pulse

Table 2: Blood pressure measurement

Patient Device Omron 7120
Sys mmHg Dias mmHg Sys mmHg Dias mmHg

1 138 87 130 96
2 143 90 140 100
3 144 90 140 87
4 114 75 117 78
5 99 67 100 70
6 118 85 122 92
7 117 86 120 90
8 125 93 130 96
9 101 67 101 70
10 96 67 99 70

Table 3: Accuracy of digital oxygen saturation
Subject SpO, (vital sign monitor) (%) SpO, (contec) (%) Error

1 97 97 0
2 97 97 0
3 97 96 0
4 96 95 1
5 97 97 0
6 97 96 1
7 94 96 2
8 97 97 0
9 97 97 0
10 97 96 1

SpO,: Oxygen saturation

Table 4: Bluetooth range performance
Status
received
received
received

Range (m)

received
received
received
received
received
received

O 00 1 O\ Lt AW N =

—_
=)

received
>10 not received

rate, tension meter and body temperature). The device has
a compact design on a board that is compatible with the
casing of BP meter digital. This device uses a battery as
the main power and Bluetooth module as its interface to
enable this device able to be used in mobile and installed
on the wrist. The body signal can be taken simultaneously
or partially in accordance with the needs of medical
measurement. From the test result, it obtained the error by
0.428% in the measurement of body temperature, deviation
value of £2 in the measurement of SpO2, and deviation in
the systolic and diastolic at £3—8 mmHg. For ECG signal,
the test was conducted by visually comparing the signal
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in the graphic form, and ECG could be acquired well as
shown by the graph. The future research that be conducted
is to design the configuration of the network of internet in
the form of gateway, server, client, and its application to be
able to support the online real-time application.
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