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1. Introduction

The eHealth Sensor Platforallowsto perform biometric anthedical
applications where body monitoring is needed by using 10 different sensors:
pulse, oxygen in blood (SPO2), airflow (breathing), body temperature,
electrocardiogram (ECG), glucometer, galvanic skin response {G&Rating),
blood pressure (sphygm@mometer), patient position (accelerometer) and
muscle/eletromyography sensor (EMG).

This information can be used to monitor in real time the state of a patient or to
get sensitive data in order to be subsequently analysed for medical diagnosis.
Biometricinformation gathered can be wirelessly sent using any of the 6
connectivity options available: Wi, 3G, GPRS, Bluetooth, 802.15.4 and
ZigBee depending on the application.

If real time image diagnosis is needed a camera can be attached to the 3G
module inorder to send photos and videos of the patient to a medical diagnosis
center.

Data can be sent to the Cloud in order to perform permanent storage or
visualized in real time by sending the data directly to a laptop or Smartphone.
iIPhone and Android applitans have been designed in order to easily see the
patient's information.

Figure 1.1Representation of Device



2. Features

The pack we i@ going to use in this projeistthe eHedh Sensor platformrhe
e-Health Sensor Shieid fully compatible with Arduino USB versions,
Duemilanove and Mega.

=A =4 =4 =4 -4 4 -4 -4 A4 -4 -4

8 noninvasive + 1 invasive medical sensors
Storage and use of glucose measurements.
Monitoring ECG signal.

Monitoring EMG signals.

Airflow control of patient.

Body temperature data.

Galvanic skin response measurements.
Body position detection.

Pulse and oxygen functions.

Blood pressure control device.

Multiple data visualization systems.
Compatible with all UART device.

2.1 Electrical features

The eHealth shield can be powered twe PC or by an external power supply.
Some of the USB ports on computers are not able to give all ttentthe
module needs to work.



3. The shield

e-Health PCB

Body position connector Digital 1/0 connectors

3\ pieITAL— ¥

Pulse oximeter connector
. - .
GLCD push-button
> Blood pressure connector
GSR connector
Airflow connector
—> Temperature connector
EMG connector : 7| Hitipees ® ik
o 1A bt POUERL  ANALOG 1M N EMG/ ECG Jumpers
o B ”l”‘. "E!ﬂ' Knruhnm s
te ‘: E '
General purpose pins
ECG connector Analog inputs connector
Figure 2.1E-Health PCB Connections
gseegee
% 2 Py 02 ' 2 "y )
. L) . » . »
3 .'-nuo'vqenvucaca
Glucometer “k ARG
connector ' ’
f:ookln

o vrr,aknur’ﬂ ' 3
»
1

Graphic LCD

Figure 2.2Glucometer and LCD Connections
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3.1 Schematics

e-Health shield over Arduino

Figure 3.1Arduino and EHealth PCB

Figure 3.2Connection of EHealth over Arduino



4. The library

The ehealth Sensor Platform counts with a C++ library that lets you read easily
all the sensors and send théormation by using any of the available radio
interfaces. This library offers an simgl@use open source system.

We use the ArduPi libraries which allows developers to use the same code.
Library Codes

/lInclude eHealth library (it includes arduPi)
#include "eHealth.h"

int main (){
setup();
while(1){
loop();
}
return (0);
}

Compilation of the program done in two ways:

1 g++-c arduPi.cppo arduPi.o
1 g++-c eHealth.cppo eHealth.o

1 g++-Ipthread-Irt usere-healthapp.cpp arduPi.o eHealth-o usere-
healthapp

1 Compiling everyhing in one step:

g++ -Ipthread-Irt usere-healthapp.cpp arduPi.cpp eHealth.cfgpusere-
healthapp



5. Sensor Platform
5.1 Pulse and Oxygen in BloogSPO?2)
SPO2 sensor features

Pulse oximetry a noninvasive methodrmdicating the arterial oxygen saturation

of functional hemoglobin.

Oxygen saturation is defined as the measurement of the amount of oxygen
dissolved in blood, based on the detection of Hemoglobin and
Deoxyhemoglobin. Two different light wavelengths aredutd measure the

actual difference in the absorption spectra of HbO2 and Hb. The bloodstream is
affected by the concentration of HbO2 and Hb, and their absorption coefficients
are measured using two wavelengths 660 nm (red light spectra) and 940 nm
(infrared light spectra). Deoxygenated and oxygenated hemoglobin absorb
different wavelengths.

Figure 5.1SPO2 Sensor

Deoxygenated hemoglobin (Hb) has a higher absorption at 660 nm and
oxygenated hemoglobin (HbO2) has a higher absorption at 940 nm . Then a
phao-detector perceives the nabsorbed light from the LEDs to calculate the
arterial oxygen saturation.

A pulse oximeter sens@ useful in any setting where a patient's oxygenation is
unstable, including intensive care, operating, recovery, emergentyapital
ward settings, pilots in unpressurized aircraft, for assessment of any patient's
oxygenation, and determining the effectiveness of or need for supplemental
oxygen.
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Acceptable normal ranges for patients are from 95 to 99 percent, those with a
hypaxic drive problem would expect values to be between 88 to 94 percent,
values of 100 percent can indicate carbon monoxide poisoning.

The sensor needs to be connected to the Arduino, and don't use external/internal
battery.

a

Figure 5.3SP0O2 Sensor Connected to a Patient
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Initializing
This sensor use interruptions and it is necessary to include a special library when
using it.

#include < PinChangelnt.h >

After this include, interruptions should bB#achedn thecode to get data from th
sensor. The sensor will interrupt the process to refresh the data stored in private
variables.

PCintPort::attachinterrupt(6, readPulsioximeter, RISING);
The digital pin 6 of Arduino is the pin where sensor sendntieeruption and the
function readpulsioximeter will be executed.

void readPulsioximeter(){
cont ++;
if (cont == 50) {//Get only one 50 measures to reduce the latency
eHealth.readPulsioximeter();
cont = 0;

}
Before start using the SP02 sen it must be initialized. Use the next function in

setup to configure some basic parameters and to start the communication between
the Arduino/RaspberryPi and sensor.

Reading the sensor
For reading the current value of the seng@ruse the function:

{
}

This function will store the values of the sensor in private variables.

eHealth.readPulsioximeter();

Getting data

To view data we can get the values of the sensor stored in private variable by
using the function:

int SPO2 =eHealth.getOxygenSaturation()
int BPM = eHealth.getBPM()

12



Full Code

#include <PinChangelnt.h>
#include <eHealth.h>

int cont =0;

void setup() {
Serial.begin{15200;
eHealth.initPulsioximeter();

/[Attach the inttruptions for using the pulsioximeter.
PCintPort::attachinterru@( readPulsioximeter, RISING);

}
void loop() {

Serial.print{(PRbpm : ;
Serial.print(eHealth.getBPM());

Serial.print{ %SPo2 :);
Serial.print(eHealth.getOxygenSaturation());

Serial.print{\n");
Serial. print|n(:::::::::::::::::::::::::::::)';
delay600);

/lInclude always this code when using the pulsioximeter sensor

void readPulsioximeter(){
cont ++;

if (cont ==50) { //Get only of one 50 measures to reduce the latency
eHealth.readPulsioximeter();
cont =0;
}
}

13



5.2 Electrocardiogram (ECG)
ECG sensor features

The electrocardiogram (ECG or EKG) is a diagnostic tool that is routinely used
to assess the electrical and muscular functions of the hear.

The Electocardiogram Sensor(ECGas grown to be one of the most commonly
used medical tests in modern medicine. Its utility in the diagnosis of a myriad of
cardiac pathologies ranging from myocardial ischemia and infarction to syncope
and palpitations has been invaluable to clinicimmsiecades.

The accuracy of the ECG depends on the condition being tested. A heart
problem may not always show up on the ECG. Some heart conditions never
produce any specific ECG changes. ECG leads are attached to the body while
the patient lies flat on laed or table.

What is measured or can be detected on the ECG (EKG)?

The orientation of the heart (how it is placed) in the chest cavity.
Evidence of increased thickness (hypertrophy) of the heart muscle.
Evidence of damage to the various parts of thetmeascle.

Evidence of acutely impaired blood flow to the heart muscle.

Patterns of abnormal electric activity that may predispose the patient to
abnormal cardiac rhythm disturbances.

The underlying rate and rhythm mechanism of the heart.

Schematic representation of normal EG5

Figure 5.4Schematic Representation of ECG
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Connecting the sensor

Figure 5.6ECG Sensor Connection teHealth

Figure 5.7ECG Sensor Connected to a Patient

15



Getting data

This ECG returns aanalogic value in volts (D 5) to represent the ECG wave
form.

{

float ECGvolt = eHealth.getECG();
}
Full Code

#include <eHealth.h>

/I The setup routine runs once when you press reset:
void setup() {
Serial.begin(115200);

}

/I The loop routinguns over and over again forever:
void loop() {

float ECG = eHealth.getECG();
Serial.print("ECG value : ");
Serial.print(ECG, 2);
Serial.print(" V");
Serial.printin(");

delay(1); /[ wait for a millisecond

16



5.3 Airflow: Breathing

Airflow sensor features

Anormal respiratory rates and changes in respiratory rate are a broad indicator of
major physiological instability, and in many cases, respiratory rate is one of the
earliest indicators of this instability. Therefore, it is critimamonitor

respiratory rate as an indicator of patient status. AirFlow sensor can provide an
early warning of hypoxemia and apnea.

The nasal/mouth airflow senssra device used to measure the breathing rate in

a patient in need of respiratory helpp&rson. This device consists of a flexible
thread which fits behind the ears, and a set of two prongs which are placed in the
nostrils. Breathing is measured by these prongs.

The specifically designed cannula/holder allows the thermocouple sensor to be
placed in the optimal position to accurately sense the oral/nasal thermal airflow
changes as well as the nasal temperature air. Comfortable adjustable and easy to

install.
_oP
T~
~—

Figure 5.8Airflow Sensor

Single channel oral or nasal reusable Airflow SerStayput prongs position
sensor precisely in airflow path.
A normal adult human has a respiratory rate éf308breaths per minute.

\ )
AN

Figure 5.9Airflow Sensor Connected to a Patient
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Connecting the sensor

e

Figure 5.10QAirflow Sensor Connectionitls

L LR R Ry

B OIG TAL QE_
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. .y
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e i il POUTOL  ANMOS N 1 ¢ 3
AL ”.“”‘: 'T'gi'rgwmbum h’ueuefz:_u’

e > AR

Figure 5.11Airflow Sensor Connection Points

p - }/?zfﬁ*\{
el

Figure 5.12Airflow Sensor Connection Points
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Getting data

The air flow sensor is connected to the Arduino/RasberryPi by an analog input
and returns a value fromt0 1024. With this functiohis valuecan be gathered
directly and print a wave form in the serial monitor.

{
int airFlow = eHealth.getAirFlow();
eHealth.airFlowWave(air);

}

Full Code

#include <eHealth.h>

/I The setup routine runs once when you presst:
void setup() {
Serial.begin(115200);

}

/l the loop routine runs over and over again forever:
void loop() {

int air = eHealth.getAirFlow();
eHealth.airFlowWave(air);

}

19



5.4 Body Temperature
Temperature sensor features
Body temperaturdepends upon the place in the body at which the measurement

Is made, and the time of day and level of activity of the person. Different parts
of the body have different temperatures.

)

Figure 5.138o0dy Temperature Sensor

The commonly accepted avgeacore body temperature (taken internally) is
37.0°C (98.6°F). In healthy adults, body temperature fluctuates about 0.5°C
(0.9°F) throughout the day, with lower temperatures in the morning and higher
temperatures in the late afternoon and evening, dsoiliys needs and activities
change.

It is of great medical importance to measure body temperature. The reason is
that a number of diseases are accompanied by characteristic changes in body
temperature. Likewise, the course of certain diseases can be radtuyo
measuring body temperature, and the efficiency of a treatment initiated can be
evaluated by the physician.

Hypothermia <35.0 °C (95.0 °F)
Normal 36.537.5 °C (97.Y99.5 °F)
Fever or Hyperthermia  >37.538.3 °C (99.5100.9 °F)
Hyperpyrexia >40.00141.5 °C (104106.7 °F)

Sensor Calibration

The precision of thBody Temperature Sensi@grenough in most applications.
But you can improve this precision by a calibration process.

20



When using temperature sensor, you are actually measuring a valtdge,

relating that to what the operating temperature of the sensor must be. If you can
avoid errors in the voltage measurements, and represent the relationship between
voltage and temperature more accurately, you can get better temperature
readings.

Connecing the sensor

Figure 5.14Body Temperature on a Patient
Geting data

The corporal temperature can be taken by a simple function. This function return
a float with the last value of temperatureasered by the Arduino

{
}

float temperature ®Health.getTemperature();

Full Code
#include <eHealth.h>

/l the setup routine runs once when you press reset:
void setup() {
Serial.begin(115200);

}

/I the loop routine runs over and over again forever:
void loop() {
float temperature = eHealth.getTemperature();

Serial.print("Temperature (°C): ");
Serial.print(temperature, 2);
Serial.printin(");

delay(1000); // wait for a second

21



5.5 Blood Pressure
Blood pressure sensor features

Blood pressurés the pressure of the blood in the arteries as it is pumped around
the body by the heart. When your heart beats, it contracts and pushes blood
through the arteries to the rest of your body. This force creates pressure on the
arteries. Blood pressure scorded as two numbérghe systolic pressure (as

the heart beats) over the diastolic pressure (as the heart relaxes between beats).

Figure 5.138lood Pressure Sensor

Monitoring blood pressure at home is important for many people, especially if
you havehigh blood pressure. Blood pressure does not stay the same all the

ti me. |l t changes to meet your bodyods
including body position, breathing or emotional state, exercise and sleep. It is
best to measure blood pressutgen you are relaxed and sitting or lying down.

Classification of blood pressure for adults (18 years and older)

Systolic (mm Hg Diastolic (mm Hg)

Hypotension <90 <60
Desired 90i 119 601 79
Prehypertension 120139 80i 89
Stage 1 Hypertensiol 140/ 159 90i 99
Stage 2 Hypertensiol160' 179 100/ 109
Hypertensive Crisis O 180 O 110

22



High blood pressure (hypertension) can lead to serious problems like heart
attack, stroke or kidney disease. High blood pressure usually does not have any
symptoms, so you need have your blood pressure checked regularly.

Special Features:

=A =4 =4 =4

Automatic measurement of systolic, diastolic and pulse with time & date

Large LCD screen with LED backlight
TOUCH PAD KEY
80 measurement results with time & date stored in the device

Key Spedications:

=A =4 =4 =4 -4 A4 -4 -4 -4 -4 -4 -4 -4

Measurement metho@scillometric system
Display type Digital LCD 97mm [L] x 87mm [W]
Measuring range: Pressure&800 mmHg

Pulse 30~200 p/min

Measuring accuracy: PressureONS3
Pul seO5%

Operating environment: Temperature 4@
Relativeh umi di t y O8 0 %

Power source: 4 x AA batteries

Dimension: 150mm [L] x 120mm [W] x 65mm [H]
Weight: About 370g

Cuff size: 520mm [L] x 135mm [W]

Cuff range: 220mm [L} 320mm [W]

23
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Connecting the sensor

Before start using the sphygmomanometer we needneasure at least in the
memory of the blood pressure sensor. After that we can get all the information

contained in the device.
Kodea ‘

Figure 5.16Blood Pressure Sensor Screen

Figure 5.17Blood Pressure Sensor Connected to a Patient
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Getting blood pressure data

Some parameters must be initialized to start using blood pressure sensor
(sphygmomanometer). The next function initializes some variables and reads the
sphygmomanometer data.

eHealth.readBloodPressureSensor();
Serial.begin(115200);

The amount bdata read is accessible wahother public function.

{
uint8_t numberOfData = eHealth.getBloodPressurelLength();
Serial.print(F("Number of measures : "));
Serial.printin(numberOfData, DEC);
delay(100);

}

The next functionseturn the values of systolic and diastolic pressure measured
by the sphygmomanometer and stored in private variables ofHlealéh class.

int systolic = eHealth.getSystolicPressure(1);
int diastolic =eHealth.getDiastolicPressure(1);

The number given to the function in the variable i is the number of the
measurement we want to obtain.

25



Full Code
#include <eHealth.h>

void setup() {

}

eHealth.readBloodPressureSensor();
Serial.begin(115200);
delay(100);

void loop() {

uint8_t numberOfData = eHealth.getBloodPressurelLength();
Serial.print(F("Number of measures : "));
Serial.printin(numberOfData, DEC);

delay(100);

for (int i = 0; iknumberOfData; i++) {

Serial. prinﬂn(F(":::::::::::::::::::::::::::::::::::::::"));

Serial.print(F("Measure number "));
Serial.printin(i + 1);

Serial.print(F("Date> "));
Serial.print(eHealth.bloodPressureDataVector[i].day);
Serial.print(F(" of "));

Serial.print(eHealth.numberToMonth(eHealth.bloodPressureDataVector[i].mont

h));

Serial.print(F(" of "));
Serial.print(2000 + eHealth.bloodPressureDataVector[i].year);
Serial.print(F(" at "));

if (eHealth.bloodPressureDataVector[gur < 10) {
Serial.print(0); // Only for best representation.

}

Serial.print(eHealth.bloodPressureDataVector[i].hour);
Serial.print(F(":"));
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}

if (eHealth.bloodPressureDataVector[i].minutes < 10) {
Serial.print(0);// Only for best representation.

}

Serial.printin(eHealth.bloodPressureDataVector[i].minutes);

Serial.print(F("Systolic value : "));
Serial.print(30+eHealth.bloodPressureDataVector]i].systolic);
Serial.printin(F{ mmHg"));

Serial.print(F("Diastolic value : "));
Serial.print(eHealth.bloodPressureDataVector[i].diastolic);
Serial.printin(F(" mmHg"));

Serial.print(F("Pulse value : "));
Serial.print(eHealth.bloodPressureDataVector][i].pulse);

Serial.printin(F(" bpm"));
}

delay(20000);
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5.6 Patient Position and Falls
Position sensor features

ThePatient Position Sensor(Accelerometagnitors five different patient
positions(standing/sitting, supine, prone, left and right.)

In many cases, it is necessary to monitor the body positions and movements
made because of their relationships to particular diseases (i.e., sleep apnea and
restless legs syndrome). Analyzing movementsdwsleep also helps in
determining sleep quality and irregular sleeping patterns. The body position
sensor could help also to detect fainting or falling of elderly people or persons
with disabilities.

Figure 5.18Patient Position and Falls Sensor

eHealth Body Position Sensor uses a triple axis accelerometer to obtain the
patient's position.

Features:

17 1.95V to 3.6 V supply voltage
1 1.6 Vto 3.6 V interface voltage
1 *2g/+49/+8g dynamically selectable fidtale

This accelerometer is packed with esdded functions with flexible user
programmable options, configurable to two interrupt pins.The accelerometer has
user selectable full scales of +2g/+4g/+8g with high pass filtered data as well as
non filtered data available ret@me.
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Body positions:

Fowler’s
Prone Left Lateral Recumbent
Supine Right Lateral Recumbent

Figure 5.1%atient Body Position

Connecting the sensor

Figure 5.20Patient Position and Falls Connection tbi&alth

Figure 5.21Patient Position and Falls Connection tbi&alth
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Initializing the sensor

Before start using the sensor, we have to initialize some paranwersse the
following function to configure the sensor.

eHealth.initPositionSensor();

Getting data

The next functions return the a value that represent the body position stored in
private variables of the-dealth class.

uint8_t position = eHealth.getBodyPosition();

The position of the pacient

1 == Supine position.

2 == Left lateral decubitus.
3 == Rigth lateral decubitus.
4 == Prone position.

5 == Stand or sit position.

Printing Data

For representing the data in aasy way in the Arduino serial monitorhealth
library, includes a printing function.

{
Serial.print("Current position : ");
uint8_t position = eHealth.getBodyPosition();
eHealth.printPosition(position);

}
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Full Code

#include <eHealth.h>
void setup() {

Serial.begin(115200);
eHealth.initPositionSensor();

}

void loop() {
Serial.print("Current position : ");
uint8_t position = eHealth.getBodyPosition();
eHealth.printPosition(position);

Serial.print(n");
delay(1000); Avait for a second.
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5.7 Galvanic Skin ResponséGSR)
GSR sensor features

Skin conductance, also known as galvanic skin response (GSR) is a method of
measuring the electricabnductance of the skin, which varies with its moisture
level. This is of interest because the sweat glands are controlled by the
sympathetic nervous system, so moments of strong emotion, change the
electrical resistance of the skin. Skin conductancedd as an indication of
psychological or physiological arousal, TBalvanic Skin Response Sensor
(GSR1 Sweating)measures the electrical conductance between 2 points, and is
essentially a type of ohmmeter.

Skin Conductance

Figure 5.22Galvanic Skin Response Sensor

In skin conductance response method, conductivity of skin is measured at

fingers of the palm. The principle or theory behind functioning of galvanic
response sensor is to measure electrical skin resistance based on sweat produced
by the body. When high levef sweating takes place, the electrical skin

resistance drops down. A dryer skin records much higher resistance. The skin
conductance response sensor measures the psycho galvanic reflex of the body.
Emotions such as excitement, stress, shock, etc. cdhirethe fluctuation of

skin conductivity. Skin conductance measurement is one component of

polygraph devices and is used in scientific research of emotional or

physiological arousal.
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Connecting the sensor

Figure 5.23Galvanic SkirResponse Sensor Connected to a Patient

The galvanic skin sensor has two contacts and it works like a ohmmeter
measuring the resistance of thetengls.

Figure 5.24Galvanic Skin Response Sensor Connected to a Patient
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Getting data

With this simplefunctions we can read the value of the sensor. The library returns
the value of the skin resistance and the skin conductance.

{

float conductance = eHealth.getSkinConductance();

float resistance = eHealth.getSkinResistance();

float conductanceVol Health.getSkinConductanceVoltage();
}
Full Code

#include <eHealth.h>

/l the setup routine runs once when you press reset:
void setup() {
Serial.begin(115200);

}

/l the loop routine runs over and over again forever:
void loop() {

float conductace = eHealth.getSkinConductance();
float resistance = eHealth.getSkinResistance();
float conductanceVol = eHealth.getSkinConductanceVoltage();

Serial.print("Conductance : ");
Serial.print(conductance, 2);
Serial.printin(");

Serial.print("Resistance : ");
Serial.print(resistance, 2);
Serial.printin("™);
Serial.print("Conductance Voltage : ");
Serial.print(conductanceVol, 4);
Serial.printin("");

Serial.print(tn");

/I wait for a second
delay(1000;
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5.8 Glucometer
Glucometer sensor features

Glucometer is a medical device for determining the approximate concentration
of glucose in the blood. A small drop of blood, obtained by pricking the skin
with a lancet, is placed ondisposable test strip that the meter reads and uses to
calculate the blood glucose level. The meter then displays the level in mg/dl or
mmol/l.

Figure 5.25Glucometer Sensor

Despite widely variable intervals between meals or the occasiongalimption

of meals with a substantial carbohydrate load, human blood glucose levels tend
to remain within the normal range. However, shortly after eating, the blood
glucose level may rise, in nahabetics, temporarily up to 7.8 mmol/L (140
mg/dL) or a lt more.

Glucometer configuration

For configuring the date time, open the batery compartment and press the black
button. It's simple to set the parameters of our glucometer.

Did you see a small button near the battery (backside)? You can set the time and
mg/dl by it. When glucometer is off, plz press once short time of the backside
button to open it, then you can see the screen of year month date and time, short
press the front button is to increase the data (long pressing will increase the data
fast), shaot pree the backside botton is to switch the year to month/date or time
or glucose units. To save the settings, plz short press the backside button several
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times until you see the big OFF on screen, then plz do nothing just wait it auto
off.

To change thglucose units, when you see the time screen, just keeping short
presses for several times untill you see only mmol/l is flashing, then press the
front big button in long time (about 3 secs), you will see the mmol/l becomes to
mg/dl. Now plz press the basknall button twice short times to save it. You can
see big OFF on screen, then plz do nothing just wait it auto off. Now you
finished the settings of mg/dl. Setting other parameters is similar.

Connecting the sensor

Figure 5.26Glucometer Sensor

Figure5.27Glucometer Sensor Application on a Patient
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Figure 5.28Glucometer Sensor Application on a Patient

Figure 5.29Glucometer Sensor Connection tdHealth
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Getting data

With a simple function we can read all the measures stored in the glucameter
show them in the terminal. The function must be used before the intilizazion of
the serial monitor.

eHealth.readGlucometer();
Serial.begin(115200);

The amount oflata read is accessible wihother public function.

uint8_t numberOfDataHealthClass.getGlucometerLength()

The maximum number of measures is 32. The vector where data is a public
variable of the dHealth class.

{
Serial.print(F("Glucose value : "));
Serial.print(eHealth.glucoseDataVector[i].glucose);
Serial.pmtIn(F(" mg/dL"));

}
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Full Code
#include <eHealth.h>

void setup() {

}

eHealth.readGlucometer();
Serial.begin(115200);
delay(100);

void loop() {

uint8_t numberOfData = eHealth.getGlucometerLength();
Serial.print(F("Number of measures : "));
Serial.printin(numberOfData, DEC);

delay(100);

for (int i = 0; iknumberOfData; i++) {

/I The protocol sends data in this order

Serial.print(F("Measure number "));
Serial.printin(i + 1);

Serial.print(F("Date>"));
Serial.print(eHealth.glucoseDataVector[i].day);

Serial.print(F(" of "));
Serial.print(eHealth.numberToMonth(eHealth.glucoseDataVektodnth));
Serial.print(F(" of "));

Serial.print(2000 + eHealth.glucoseDataVector]i].year);

Serial.print(F(" at "));

if (eHealth.glucoseDataVector[i].hour < 10) {
Serial.print(0); // Only for best representation.

}

Serial.print(eHealth.glucoseDataVector[i].hour);
Serial.print(F(":"));

if (eHealth.glucoseDataVector|[i].minutes < 10) {
Serial.print(0);// Only for best representation.
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}

Serial.print(eHealth.glucoseDataVector[i].minutes);

If (eHealth.glucoseDataVector[i].meridian == 0xBB)
Serial.printin(F(* pm™));

else if (eHealth.glucoseDataVector[i].meridian == 0xAA)
Serial.printin(F("* am"));

Serial.print(F("Glucose value : "));
Serial.print(eHealth.glucoseDataster[i].glucose);
Serial.printin(F(" mg/dL"));

}

delay(20000);
}
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5.9 Electromyogram (EMG)
EMG sensor features

An electromyography (EMGineasures the electrical activity of muscles at rest
and during contraction.

Electromyography (EMG) is &chnique for evaluating and recording the
electrical activity produced by skeletal muscles. EMG is performed using an
instrument called an electromyograph, to produce a record called an
electromyogram. An electromyograph detects the electrical poteatiatgted

by muscle cells when these cells are electrically or neurologically activated. The
signals can be analyzed to detect medical abnormalities, activation level,
recruitment order or to analyze the biomechanics of human or animal
movement.

EMG signalsare used in many clinical and biomedical applications. EMG is

used as a diagnostics tool for identifying neuromuscular diseases, assessing low
back pain, kinesiology, and disorders of motor control. EMG signals are also
used as a control signal for prostiec devices such as prosthetic hands, arms,

and lower limbs.

This sensor will measure the filtered and rectified electrical activity of a muscle,
depending the amount of activity in the selected muscle.

Features:
1 Adjustable gain

¢ Small Form Factor
1 Fullintegrated
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Figure 5.3CElectromyogram Sensor

Usesmuscles to control any type of actuator (motors, servos, lights ...). listeract
with the environment with muscles.

Connecting the sensor

Figure 5.3 EMG Sensor Connection tolealth
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Figure 5.2 EMG Sensor Connected to a Patient

Figure 5.3 Representation of EMG Sensor Connection
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