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With improvement in technology and miniaturization of sensors, there have been attempts to utilize the new technology in various
areas to improve the quality of human life. One main area of research that has seen adoption of the technology is the healthcare
sector. The people in need of healthcare services find it very expensive, this is particularly true in developing countries. With
improvement in technology previously expensive hospital equipment have been redesigned using current technology. Objective:
The main objective of the paper is to design a remote healthcare system. It is comprised of three main parts. Methodology: The
first part being detection of a fall, second being detection of electrocardiogram commonly referred to as ECG or EKG( heartbeat
detection) and the last part is providing the detected data for remote viewing. Results: The developments have seen a trend
known as remote healthcare or previously known as Telemedicine. As a result, this paper is an attempt to solve a healthcare
problem facing the society. Discussion: Remote health monitoring offers valuable physiological data within the household
setting. Conclusion: Remote viewing of the data enables a doctor or health specialist to monitor a patients health progress away
from hospital premises.
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Sobre el disefio de un sistema de sequimiento remoto de la salud

Con la mejora de la tecnologia y la miniaturizacién de los sensores, ha habido intentos de utilizar la nueva tecnologia en diversas areas
para mejorar la calidad de la vida humana. Un area principal de investigacion que ha visto la adopcién de la tecnologia es el sector de
la salud. Las personas que necesitan servicios sanitarios los encuentran muy caros, especialmente en los paises en desarrollo. Con la
mejora de la tecnologia, los equipos hospitalarios que antes eran costosos se han redisefiado utilizando la tecnologia actual. Objetivo:
El objetivo principal del articulo es disefiar un sistema de salud remoto. Se compone de tres partes principales. Metodologia: la primera
parte es la deteccion de una caida, la segunda es la deteccién de un electrocardiograma comunmente conocido como ECG o EKG
(deteccion de latidos del corazén) y la dltima parte proporciona los datos detectados para visualizaciéon remota. Resultados: Los
desarrollos han tenido una tendencia conocida como atencién médica remota o anteriormente conocida como Telemedicina. En
consecuencia, este articulo es un intento de resolver un problema de salud que enfrenta la sociedad. Discusién: El monitoreo remoto
de la salud ofrece datos fisiologicos valiosos dentro del entorno doméstico. Conclusién: La visualizacion remota de los datos permite
a un médico o especialista de la salud monitorear el progreso de la salud de un paciente fuera de las instalaciones del hospital.

Resumen

Palabras-clave: Monitoreo remoto de la salud; deteccion de caidas; ECG; visualizacién remota

Sobre o projeto de um sistema de monitoramento remoto da satide

Com o aprimoramento da tecnologia e a miniaturizagcdo dos sensores, ha havido tentativas de utilizar a nova tecnologia em
diversas areas para melhorar a qualidade de vida humana. Uma area principal de pesquisa que viu a adog¢édo da tecnologia é o
setor de saude. As pessoas que necessitam de servigos de saude consideram-nos muito caros, isto é particularmente nos
paises em desenvolvimento. Com a melhoria da tecnologia, equipamentos hospitalares anteriormente caros foram
redesenhados usando a tecnologia atual. Objetivo: O objetivo principal do artigo é projetar um sistema de satide remoto. E
composto por trés partes principais. Metodologia: A primeira parte é a deteccao de uma queda, a segunda é a detec¢do do
eletrocardiograma comumente referido como ECG ou EKG (detecgéo de batimentos cardiacos) e a ultima parte é fornecer os
dados detectados para visualizagdo remota. Resultados: Os desenvolvimentos registaram uma tendéncia conhecida como
cuidados de saude remotos ou anteriormente conhecida como Telemedicina. Como resultado, este artigo é uma tentativa de
resolver um problema de saude que a sociedade enfrenta. Discuss@o: A monitorizagdo remota da salide oferece dados
fisiolégicos valiosos no ambiente doméstico. Conclusdo: A visualizagdo remota dos dados permite que um médico ou
especialista em saude monitore o progresso da saude de um paciente fora das instalagbes do hospital.

Resumo

Palavras-chave: Monitoramento remoto de saude; deteccéo de quedas; ECG; visualizagdo remot
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INTRODUCTION

A remote health monitoring system is an extension of
a hospital medical system where a patient’s vital body
state can be monitored remotely. Traditionally, the
detection systems are only found in hospitals and are
characterized by huge and complex circuitry which
requires high power consumption. Continuous advances
in the semiconductor technology industry have led to
sensors and microcontrollers that are smaller in size,
faster in operation, low in power consumption and
affordable in cost'.

In recent time, several systems have come up to
address the issue of remote health monitoring. The
systems have a wireless detection system that sends the
sensor information wirelessly to a remote server. Some
have even adopted a service model that requires one to
pay a subscription fee. In developing countries, this is a
hindrance as some people cannot use them due to cost
issue involved. There is also the issue of internet
connectivity where some systems to operate good quality
internet for a real-time remote connection is required?.

Many of the systems introduce work best in the

developed countries where the infrastructure is working
perfectly. In most cases the systems are adapted to work
in developing countries. To reduce some of these
problems, there is need to approach the remote detection
from a ground up approach to suit the basic minimal
conditions presently available in developing countries.
A simple patient monitoring system design can be
approached by the number of parameters it can detect. In
some instances, by detecting one parameter, several
readings can be calculated. For simplicity considerations,
parameter detections include single parameter and multi-
parameter?.

Remote health monitoring can provide useful
physiological information in the home. This monitoring is
useful for elderly or chronically ill patients who would like
to avoid a long hospital stay. Wireless sensors are used
to collect and transmit signals of interest and a processor
is programmed to receive and automatically analyze the
sensor signals. In this paper, we are to choose
appropriate sensors according to what we would like to
detect and design algorithms to realize our detection.
Examples are detection of a fall, monitoring cardiac
signals, brain signal monitoring (EEG), and in-home
ultrasound?.

Using a single parameter monitoring system, an
approach to a remote health monitoring system is
designed that extends healthcare from the traditional
clinic or hospital setting to the patient's home. The system
is to collect a heartbeat detection system data and a fall
detection system data. The data from the two single
parameter monitoring systems is then availed for remote
detection.

METHOD

Design of fall detection system
The sensor chosen for fall detection is an
accelerometer. Two common types of accelerometers
available are the two-axis and three-axis. The sensitivity
of the accelerometer determines its cost with the most
sensitive being costly.

Fall detection description

In this paper, a simple tri-axis accelerometer is
chosen. The accelerometer could detect three values
along the X, Y and Z axes. With the aid of a microcontroller
and suitable algorithm, data from the accelerometer is
used to detect a fall. This is then transferred wirelessly for
data logging to be viewed remotely by a medical specialist
or person interested in the data.

With the accelerometer axis data, a threshold value
is set. Using the dot product or cross product of the axis
data and comparing it with the threshold, a fall detection
can be achieved. The microcontroller then transmits the
data wirelessly to a local database that can be accessed
remotely

A crucial factor to consider while using
accelerometers for fall detection is that the readings
achieved could give false fall detection. To prevent this,
placement of the fall sensor is very important. Using
various sample test data achieved during the design and
following up on past research on the subject study, optimal
sensor placement is at a central part of the body. The waist
section is found to be a considerable position for best
detection.

It is important to note that a modern smartphone has
an accelerometer within its circuit board. The
accelerometer can be accessed through the library and an
application made to detect and record a fall. During the
design consideration, a smartphone method is ruled out
since the phone would end up being damaged during a fall.
The method chosen is a low cost and noninvasive
alternative to the user. Since the device is being used by
a person prone to falls, the device is also expected to
survive several falls and knocks.

Implementation

Development is done with an
accelerometer(ADXL335), microcontroller(ATmega328),
and wireless transceiver(HC11 433 MHz) in transmission
mode only.

To detect fall along an axis, the acceleration
magnitude(AM) is considered. This is achieved by a
magnitude vector. Consider:

AM="(a2+ap+ ad)

(1) Where AM is acceleration magnitude.With the
accelerometer output data, the angle change can also
be calculated using the dot product. To achieve this,
the instantaneous vector and a reference vector are
introduced. Instantaneous vector is given by

a = (ax ay, az)
(2) Reference vector is generated when a user stands
up. Itis given by
b = (bx, by, bz)

(3) Using both the instantaneous vector and reference
vector in the following formula
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a. b =|a||b| cos 6
(4) Making the angle as

subjectb= cos"
'(a.bl|allbl)

(5) The flowchart for fall detection algorithm shown in Fig.1
indicates the microcontroller steps as follows:

1. Set a threshold value.

2. Detectif an acceleration exceeds the threshold.
3. Waits for acceleration to subside and return to
relatively normal acceleration.

4. Check user’s orientation.

5. [If useris parallel to the ground, a fall is detected.

Flowchart for fall detection algorithm

The accelerometer readings are converted to a digital
value using an analog to digital conversion(ADC) in the
microcontroller. The base voltage could either be 3.3 volts
or 5 volts. If the system is to be designed with emphasis
on energy saving, the 3.3 volts would fit best. Table 1
summarizes formula used for the X, Y and Z axes
calibration. Where ADCx«, ADCy, and ADC: for X, Y and Z
axes respectively are digital values after analog signal
from accelerometer has been passed into the ADC in the
microcontroller. From Eqg.1, AM value is then compared
for fall detection using AM > 1.8g.

Table 1 X, Y, and Z axes calibration

5 volt 3,3 volt
X (259 Ax
axis (ADCxx5) _ 164 (ADC_XM) 164
__ 1024 | =-—1024 '
- 05 0.33
Y .| Ay ay
axis Mx& (MX&) — 1 63
= 0.33
0.5
z a, Qax
axis ADC,x5 ADC_Zx3.3) ~ 165
= 05 0.33

Microcontroller (ATmega328)

The ATmega328 is a very popular board among
hobbyists and is the microcontroller board of choice when
building small model projects. Because of this, there are
extensive tutorials and open source examples available to
facilitate learning and familiarizing oneself with the board.
In addition to this, we choose this board because of the
following characteristics:

1. Operating voltage — The operating voltage of 5V with
a 3.3V option is appropriate because both our sensor
boards and Bluetooth module operate under 5 or 3.3V
power and output readings in the range of 0-5V.

2. Input voltage — The board has a built-in voltage
regulator that allows an input voltage range of 7-12V,
which is suitable because we plan to power the board with
a 9V battery.

3. Memory — The flash memory (32KB) is appropriate
because our algorithm programs can be fairly long and
require a decent amount of memory on the microcontroller
to store them. The Static Random Access Memory(SRAM)
(2KB) is a little on the low side, but the algorithms can work
around this by not storing too many variables, so as to not
exhaust the SRAM capacity.
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Specialty pins — The Arduino Uno comes with RX/TX pins,
which will be used for serial communication with our
Bluetooth module. The board also comes with 12C
compatible pins, which will be crucial to interface with our
digital accelerometer.

Sensor

For appropriate fall detection, we choose an
accelerometer. The model selected is the ADXL345 triple
axis digital accelerometer. It has a wide G-range (up to
+16g). The range is very wide considering some severe
falls are rated at 8 g’s. Since it is a digital sensor, the
resolution can be adjusted and there is less voltage noise,
and less calibration. The ADXL345 gives tri-axial data and
requires a minimum of 3.3V power, is 12C compatible and
thus our microcontroller board can interface with it
correctly.

For wireless communication, the wireless transceiver
model HC11 (433 MHz) is chosen. Its specifications
include transmission of data up to 1Kilometer, supports
RX/TX serial communication from 9600bps - 115200bps
(bits per second, baud rate), which makes it fully
compatible with our AtMega328 microcontroller. For
remote viewing purposes, data obtained in the fall
detection is referred as DATA1

Design of cardiac detection system

The detector is based on a method that is non-invasive
to the user. As a result, a method involving use of infrared
light is devised. It is based on the principle of
photoplethysmography (PPG). The blood volume variation
occurs in body tissues as the blood is pumped by the heart.
The variation is detected by a light source and a detector
and can be used to calculate the heartbeat. Thereare two
methods the PPG can be employed. They are:

Figure - 2 Circuit schematic for heartbeat detection

1. Transmittance method - the infrared light is
transmitted through a body tissue into an infrared receiver
on the opposite side. The resultant light is then used in
heartbeat detection. There is limited penetration depth of
the light through the organ tissue, as a result the
transmittance PPG is applicable to a restricted body part,
such as the finger or the ear lobe.

2. Reflectance method depends on reflected light into a
receiver. This is the method chosen in the paper.

Cardiac signal detection using reflectance method

The light is emitted into the finger tissue and the
reflected light is measured by the detector. The light does
not have to penetrate the body, the reflectance PPG can
be applied to any parts of human body. Tissue blood
volume is responsible for fluctuation of light absorbed.

The detected PPG signal has both AC and DC
components. The pulsating changes in arterial blood
volume cause the AC component. This is the component
that is synchronous with the heartbeat. It is therefore the
source of signal of interest. The DC component of the
detected PPG signal is as a result of the tissues and the
average blood volume. The AC component is
superimposed onto a large DC component. AC component
must be removed from the DC component to acquire an
AC waveform with a high signal-to-noise ratio. AC
amplification is thus done to acquire necessary signal of
interest with the heartbeat information.

Implementation using reflectance method

To acquire the heartbeat signal of interest, the output
from the infrared detector is fed through a comparator.
Output from detector is first filtered using a two stage High
Pass-Low Pass circuit. The signal is then digitized using
an analog to digital converter. The digitization is done
using a microcontroller. Using an algorithm, a digital value
of the heartbeat can be displayed on an liquid-crystal
display (LCD) as shown in Fig.2.

—{ii =}
&
¥
B e
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The comparator used is OPAMP(LM324). The detector
output is compared to a threshold voltage. For the first
stage, inverting terminals of the OPAMP is connected to
voltage divider which is set at threshold voltage.

The non-inverting terminal is connected to the detector
through 1-microfarad capacitor. When the body tissue is
illuminated, the intensity of light reduces. As detected light
intensity reduces, the resistance increases causing an
increase in the voltage drop.

The following two scenarios arise from Fig.2:

i) When high, a voltage drop across the detector that is input
into the non-inverting input exceeds that of inverting input.
A logic high is developed at comparator output. This is
useful for detecting the high peak in the heart beat (R in
Fig.3).

ii)Voltage drop across detector is less than that of inverting
input. Output is a series of pulses that can be input into the
microcontroller. This will assist in detecting any small peak
between the major peak in a heartbeat (P, T,U in Fig.3).

Figure - 3 Representation of a heartbeat
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In Fig.2, detector passes more current when it receives
more light which in turn causes a voltage drop to enter
amplifier circuit. Two consecutive operational amplifier
stages to filter out noise and emphasize the peaks. The
OPAMPS are contained in the same IC and operates at a
single power supply of five volts DC. The filtering is
necessary to block any higher frequency noises present in
the signal.

A 1-microfarad capacitor at the input of eachstage is
required to block the DC component in the signal. The
two stage amplifier/filter provides sufficient gain to
boost the weak signal coming from the photo sensor
unit and convert it into a pulse.

The frequencies of interest using Beats Per
Minute(BPM) (frequency = BPM/60 second) notation
are defined as:

i. Normal heart rhythm(Normal sinus rhythm) which
is between 60 BPM to 100 BPM.

ii. Fast heart rhythm(BPM>100 BPM). If the BPM is
in this region, it could indicate a heart condition
known as Tachycardia.

iii. Slow heart rhythm(less than 60 BPM). If the BPM
is in this region, it could indicate a heart condition
known as Bradycardia.

Design of the remote detection system

Data from the fall detector (DATA1) and heartbeat
detection system (DATAZ2) is transferred for remote
viewing. DATA1 is transferred through a wireless
transceiver from Atmega328 and received by another
Atmega328. Both DATA1 and DATA2 are transferred
serially to the Raspberry Pi as shown in Fig.4.

Raspberry Pi has a Broadcom chip. It has a
scaled down version of Linux OS ( Raspbian Jessie)
running on it. This provides an environment for access
of the General Purpose Input Output pins (GPIO) for
external circuit to be connected to it. For remote
viewing of the fall detection data (DATA1) and
heartbeat detection data (DATA2), the Raspberry Pi
acts as a server. With the Raspberry Pi, the main
objective of the our research “remote health detection
system” is achieved.
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Figure - 4 System block representation
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Table 2 - Accelerometer resting face up

X=331 Y=335 Z=406
X=335 Y=339 Z=409
X=331 Y=335 Z=406
X=335 Y=339 Z=410
X=331 Y=335 Z=406
X=332 Y=336 Z=406
X=332 Y=335 Z=406
X=332 Y=336 Z=406
X=331 Y=335 Z=406
X=331 Y=336 Z=406
X=335 Y=339 Z=408
377
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Table 3 shows the results when accelerometer at upside down on table axis tilt (X=0, Y=180, Z=180).

Table 3 - Accelerometer upside down

378

X=329 Y=327 Z=271
X=330 Y=327 Z=271
X=329 Y=327 Z=271
X=330 Y=326 Z=271
X=329 Y=326 Z=271
X=329 Y=326 Z=271
X=329 Y=326 Z=271
X=330 Y=326 Z=271
X=329 Y=326 Z=271

Table 4 shows the results when accelerometer at axis tilt sensor facing user (X=0, Y=+90, Z=+90 (or

180)).

Table 4 - Accelerometer facing user
X=263 Y=335 Z=338
X=263 Y=335 Z=337
X=264 Y=333 Z=336
X=263 Y=333 Z=336
X=263 Y=333 Z=335
X=264 Y=333 Z=337
X=263 Y=333 Z=337
X=264 Y=333 Z=337
X=264 Y=333 Z=338
X=263 Y=333 Z=339
X=264 Y=333 Z=337

Table 5 shows the results when accelerometer at axis tilt sensor facing comp (X=0, Y= -90, Z= -90(or

0)).

Table 5 - Accelerometer top facing away from user

X=266 Y=329 Z=341
X=264 Y=328 Z=341
X=264 Y=328 Z7=342
X=264 Y=329 Z=342
X=264 Y=328 Z=341
X=264 Y=334 Z=346
X=264 Y=331 Z=342
X=264 Y=332 Z=341
X=264 Y=332 Z=341
X=264 Y=332 Z7=342
X=264 Y=332 Z=341
X=263 Y=331 Z=340
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Table 6 shows the results when accelerometer at axis tilt sensor to the left sideways (X= +90, Y=0, Z=
-90(or 180)).

Table 6 - Accelerometer left tilt detection

X=398 Y=328 Z=339
X=400 Y=329 Z=340
X=398 Y=328 Z=340
X=399 Y=328 Z=340
X=399 Y=328 Z=339
X=399 Y=329 Z=340
X=398 Y=328 Z=340
X=399 Y=328 Z=340
X=399 Y=329 Z=341
X=399 Y=328 Z=341
X=400 Y=329 Z=341
X=399 Y=329 Z=341

Table 7 shows the results when accelerometer at axis tilt sensor to the right-sideways (X=-90, Y=0,
Z=90 (or 0)).

Table 7 - Accelerometer right tilt detection

X=333 Y=337 Z=410
X=264 Y=336 Z=358
X=266 Y=339 Z=336
X=266 Y=336 Z=338
X=264 Y=335 Z=335
X=264 Y=334 Z=333
X=265 Y=334 Z=334
X=265 Y=333 Z=334
X=266 Y=335 Z=338
X=265 Y=334 Z=335
X=265 Y=334 Z=334
X=265 Y=333 Z=334

3.2 Cardiac signal results
Fig.5 shows the result of first stage of OPAMP output.

Figure 5 First stage of OPAMP output
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Figure 6 shows the result of second stage of OPAMP output.

Figure 6 -Second stage of OPAMP output

34 .1911HH=

Fig.7 shows the result of second stage of OPAMP output with infrared sensor input.

Figure 7- Second stage of OPAMP output with infrared sensor input
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Fig.8 shows the result of comparison of input and output signals seen as a stream.

Figure 8 Comparison of input and output signal seen as a stream
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@ ~ 200 @ ~ 1mv : 166uV DC|
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Fig.9 shows output signal seen as a stream on an oscilloscope

Figure 9 Fig.9 output signal seen as a stream on an oscilloscope
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3.3 Raspberry Piresults

Fig.10 shows Linux terminal GPIO access screenshot.

Figure 10 Linux terminal GPIO access screenshot

piEraspberryp s —=fwiringPi-basdc=

| Bl Edit Tabs  Helip

cpbereypi

Fig.11 shows remote access Local Area Network(LAN) addressing.

Figure 11 Remote access LAN Addressing

¥ireless LAN adapter WiFi:

Connection-specific DNS Suffix

Link-local IPvO Address . . . . . : fe80::9def:d>2c:3688:96
IPv4 Address. . 19 /

Subnet Mask . . .

Default Gateway .

unnel adapter isatap.{E2DD59E4-D36

Media State . . . . . . ... .. : Media disconnected
Connection-specific DNS Suffix :

unnel adapter Teredo Tunneling Pseudo-Interface:

Med1ia . i ia ki i s .s 1 Media disconnected
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CONCLUSIONS

The main objective of the experiment was successfully
achieved. All the three individual modules namely heart beat
detection module, fall detection module and remote viewing
module gave out the intended results. The designed system
modules can further be optimized and produced to a final
single circuit. More important fact that came up during the
design is that all the circuit components used in the remote
health detection system are available locally. With
development in the integrated circuit industry, Micro Electro
Mechanical Systems (MEMs) and microcontrollers have
become affordable, have increased processing speeds,
miniaturized and power efficient. This has led to increased
development of embedded systems that the healthcare
specialists are adopting. These embedded systems have
also been adopted in the smartphone technology. With
increased internet penetration in most developing countries
through mobile phones, its uses such as Internet of things
(IoT) will become adopted at a faster rate. The remote
healthcare system utilizes these concepts to come up with a
system for better quality of life for people in society.
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