Bachelor Thesis
Electrical Engineering
Thesis no

03 04 2021

Measurement of Core Body
Temperature with a Powered
Toothbrush

Vamsi Reddy Konduru
Satya Sai Naga Jaya Koushik Pilla

Dept. of Mathematics & Natural Sciences
Blekinge Institute of Technology
SE-371 79 Karlskrona, Sweden



This thesis is submitted to the Department of Mathematics and Natural Sciences at Blekinge
Institute of Technology in partially fulfilment of the Bachelor of Science in Electrical Engi-
neering. The thesis is equivalent to 10 weeks of full-time studies.

Contact Information:
Author(s):

Satya Sai Naga Jaya Koushik Pilla
E-mail: acroyy@student.bth.se
Vamsi Reddy Konduru

E-mail: vako20@student.bth.se

University advisor:
Prof. Wlodek J Kulesza
Dept. of Mathematics and Natural Sciences

Dept. Electrical Engineering Internet : www.bth.se/didd
Blekinge Institute of Technology Phone : 446 455 38 50 00
SE-371 79 Karlskrona, Sweden Fax : +46 455 38 50 57



Abstract

We need to employ modern-day technologies in our daily lives to make our life
easier. In this thesis, we analyze the user’s oral hygiene habits and core body
temperature to help people to track the state of their health. We designed a
system in which the data are directly extracted from the mouth, then stored and
presented in the application. By means of the system, the people can keep track of
their core temperature without any extra function apart from their daily chores.
The system can also help to keep track of the health of people with symptoms of
dementia and Alzheimer.

We used an LM35 temperature sensor to measure temperature. The sensor is
mounted on a powered toothbrush head. When the user starts to brush, the sensor
records the temperature data for seven times in two minutes of an average brush
time and sends it to the mobile application using WiFi. We used a NodeMCU
board, ThingSpeak server and MIT inventor app to transfer the data and design
the mobile application.

Keywords: Buzzer, Core temperature, NodeMCU, LM35 temperature sen-
sor, Powered toothbrush.
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Chapter 1

Introduction

In our day to day lives, the core body temperature is of paramount concern
for health monitoring. Measurement of core body temperature helps to detect
diseases and metabolic changes [4]. One area that has long been of interest is
the ability to predict female ovulation and thus find the fertile window to facil-
itate the possibility of pregnancy. The fertility apps available today require to
separate temperature measurement, the value of which is then manually entered
into the app. This procedure involves several risks for data gaps and incorrect
registrations. Diseases such as hypothyroidism and inflammatory conditions can
be controlled and diagnosed using regular core body temperature measurements.
In future, we could use it for health communication for elderly living in a home
environment without home care by professionalises [5]. We can make use of the
web application and IoT [6] to plot the graph of the obtained real-time temper-
ature values from the WiFi [7] module and thereby study the core temperature
dynamics [8] in the case taken using the obtained statistics.

The aim is to measure core body temperature with a temperature sensor inte-
grated into the brush head of a powered toothbrush [9]. The data are transferred
through the ThingSpeak to the app, and the graph are displayed in the app [10].
In order to get the core body temperature from the user, we place a temperature
sensor on the toothbrush. Using the current IoT microcontroller, we collect the
raw data from the user and store it in compatible electronic device and use it
for further analysis. The data collected daily, the information can be stored effi-
ciently on the ThingSpeak app server. The project benefits the user essentially,
as instead of occupying a user’s local hard disk space, the recorded information is
made available for user’s reach at the Internet using cloud technology / ThingS-
peak app server. So, it enables the user to get his data on any electronics device
he is wanted it to be. It is useful even for elderly, dementia suffering patients who
cannot keep track of their core body temperature values, but it is necessary for
them in order to diagnose their medical condition daily. This model can make it
happen without much effort from the user.



Chapter 1. Introduction 2

This report consists of seven chapters, where Chapter 1 consists of the in-
troduction, which is about the project problem and the motivation. Chapter 2
explains related work, which gives a brief explanation about the important terms
and some of the methods proposed by other researchers. Chapter 3 explains the
problem statement, objectives and main contributions of the project. Chapter 4
describes the modelling of the project, which consists of the project’s user-driven
data, which contains the data of all the tools, methods, apparatus, the partic-
ular constraints and web applications in a consolidated table, block diagram of
the model and flow chart. Chapter 5 presents the implementation of the project
and provides the information related to the electronic components used to build
the system. The limitations and rated values of the devices are mentioned in
this chapter. The software code that is required to execute the model as per
the desired conditions too mentioned in this chapter. Chapter 6 consists of the
testing and validation of the project results. Chapter 7 explains the conclusion
and developments of the project according to the team.



Chapter 2

Related Works

Core body temperature [11] plays a vital role in tracking the menstrual cycles in
women [12]. The core body temperature is the body’s lowest resting temperature,
which can be measured as soon as a person wakes up in the early morning.
There is a correlation between the core body temperature and the fertile window
of a female. Therefore by make use of the correlation between the core body
temperature and ovulation, we can simulate the response required to make the
correlation of core body temperature and ovulation with greater accuracy.

Core body temperature is bio mark of healthy ageing [13]. Scattered evidence
indicates that a lower basal body temperature may be associated with prolonged
health span, yet few studies have directly evaluated this relationship. They ex-
amined cross-sectional and longitudinal associations between early morning oral
temperature (36.1°C to 37.2°C) and usual gait speed, endurance walk perfor-
mance, fatigability, and grip strength in 762 non-frail men (52%) and women
aged 65-89 years participating in the Baltimore Longitudinal Study of Ageing.
Since excessive adiposity may alter temperature set points, associations were also
examined within adiposity strata.

Core body temperature measurement using a multi-sensor armband is a study
conducted exclusively on young Australian women as a part of observational
study [14]. The upward shift in core body temperature, which occurs shortly
after ovulation and continues until the next menses, is a potentially useful marker
of ovulation, which has been exploited in clinical and research settings. The
objective of this research is to investigate the utility of Body Media Sense Wear
(BMSW) in monitoring ovulation in young women by analyzing the correlation
and agreement of basal temperatures measured using BMSW and a digital oral
thermometer.

Luteal phase length can be measured using the quantitative basal body temper-
ature methods [15]. This research depicts the validation of the mid-cycle against
LH peak will give the useful data for documenting hormonal characteristics. The
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primary purpose of that project is to evaluate qualitative basal body temperature
methods for their accuracy and the reliability against mid cycle serum LH data.

Advances in information and communication technologies have led to the emer-
gence of the [oT [16]. In the modern health care environment, the IoT technologies
bring convenience to physicians and patients, since they are applied to various
medical areas such as real-time monitoring, patient information management, and
healthcare management. The body sensor network (BSN) technology is one of
the core technologies of IoT developments in the healthcare system, where a pa-
tient can be monitored using a collection of tiny-powered and lightweight wireless
sensor nodes. However, the development of this new technology in healthcare
applications without considering security makes patient privacy vulnerable. In
that paper, the authors highlight the critical security requirements in the BSN-
based modern healthcare system. Subsequently, they propose a secure IoT-based
healthcare system using BSN, called BSN-Care, which can efficiently accomplish
those requirements.

[oT based device for fertility monitoring facilitates healthcare practitioners to
be aware and associate with the patients proactively [17]. Fertility monitoring
devices are non-invasive devices that assist in predicting the probability of concep-
tion. The conventional methods for fertility monitoring are frequently unspecific
or cause discomfort as they mainly depend on body temperature alone. In this
paper, a wearable device for fertility monitoring [4] that tracks ovulation by using
abdominal thickness and basal body temperature is proposed.

Over the last few decades, life expectancy has increased significantly. However,
older adults who live on their own often need assistance due to mobility diffi-
culties, symptoms of dementia [18| or other health problems. In such cases, an
autonomous supporting system may be helpful. This paper proposes the Internet
of Things (IoT)-based information system for indoor and outdoor use [19], [20].
Since the conducted survey of related works indicated a lack of methodological
approaches to the design process, therefore a Design Methodology (DM), which
approaches the design target from the perspective of the stakeholders, contracting
authorities and potential users are introduced. The implemented solution applies
the three-axial accelerometer [21] and magnetometer, Pedestrian Dead Reckoning
(PDR), thresholding and the decision trees algorithm.

The number of patients requiring medical assistance increases each day while
the staff-patient ratio is not balanced, causing issues such as treatment delay and
often leading to patient dissatisfaction. Besides that, healthcare devices are get-
ting complex and challenging for them to be handled and interpreted personally
by the patient [22]. Lack of staff and challenges in operating the medical devices
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affect patients in the hospital and home care patients that require full attention
and constant monitoring. This urges for the development of new methods or
technology. At present, Wireless Sensor Network (WSN) [23] is gaining interest
as one of the major components in enabling the Internet of Things (IoT) since
it offers low cost, low power monitoring besides reducing devices dependency on
wires or cable [24].



Chapter 3

Problem Statement, Objectives and Main
Contribution

As Survey of Related Works shows, the people that suffer memory loss or memory
related health issues may forget to perform daily chores, for example brushing
teeth. They could even have a problem to to track their health state by e.g. mea-
sure the core body temperature. The problem that also need to be solved in a
simple way is to help a healthcare provider to remind a patients with memory im-
pairment to perform their dally tasks if they forget them. The information about
a basic health parameters such as core body temperature could be also useful for
the care service. The problem is to acquire needed info and make access to it for
the health provider.

The research question, that defines the objectives of our project is what are
the functionalities and the structure a system which can support a health provider
to help the people with memory issues to monitor their daily choirs. Meanwhile,
the system should even provide a basic information about possible health issues
of the patients without any additional feedback from them.

At this instant, we are interested in the generation of the core body temper-
ature values seven times in the average brush time, using a temperature sensor
placed at the rear end of the brush head, transmitting the obtained values with
the use of inbuilt WiFi connection [25] and after that, depicting a graph of the
temperature against the day and time of brushing. It also makes the user ac-
knowledge the time instant of the brush using the different frequency tones. One
thereby store these values and make a record of their teeth health.

By this project, we make the data digitally accessible to any number of health
monitoring [26] centres at any time by using Cloud Computing Algorithms|27],
as the system transmits every sample recorded by the sensor.

The main contribution of the thesis is the design, implementation and valida-
tion of an autonomous model for retrieving regular core body temperature data.
We develop an app using the MIT app Inventor [28] in which we see the curves
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of core temperature and the time of data reading taken several times during the
brush time.

We store the patient data in the cloud server, so that one access the patient
records from anywhere in the world. With the Internet of Things applications, we
access the core body temperature values at any desired electronic device available
nearby. With the installation of the ThingSpeak or MIT application on that
particular device, one get logged in and review their previously saved records in it.
The device helps users with special conditions, having difficulties in memorizing
things.
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Modelling

Figure 4.1: Flowchart of Proposed Design Methodology [1]

Problem Formulation part has three parts, they are Needs definition, Require-
ments formulation and Feasibility assessment as shown in Figure 4.1. The Needs
definition initializes the design process, where the supervisor introduces the con-
cept and the problem that needs to be dealt with. The designer team checks all
the requirements specified by the client in the Requirements formulation stage.
The main aim of the Requirements formulation is to check whether the given
functionalities can be implemented and constraints can be met. Feasibility as-
sessment is the stage where we analyze the every part of the system individually,
if we encounter any kind of problem in implementing the particular constrain
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Functionalities Particular Possible technologies
General Itemized constraints & algorithms
Sending data Mobile MIT app
Communication to internet Inventor,
MIT app ThingSpeak
Sending data
to —
ThingSpeak Wi-Fi NodeMCU
server
e Daily statistics
. I f .
Data analysis denti g and app ThingSpeak
abnormalities . .
functionality
5% uncertainty, LM35
. Core . )
Acquiring the sampling period Temperature
temperature
data about 1s sensor
" 3 n 3 3
brushing teeth Time Bruséhlrrlfntlme NodeMCU

Table 4.1: User Driven Design

raised by the client, we take this issue with client and come to a conclusion about
what to do to it.

Product Development stage is the other part of the design methodology where
there are main sub phases like Technologies and Algorithms Selection, Modeling
and Prototyping, Validation. While choosing the Algorithm and Technologies we
must not only look for the efficiency but also the cost must be within the client
budget. Modeling and Prototyping is the part where the models and prototypes
must be backed by the both the designers and future users, whether there is a
room for any improvements, bugs in the code, updating in the technology and
is going on unit the clients need it to be. The final phase is the validation
phase where the whole system is ready for deployment and then tested for system
acceptability in the market.

From the User-Driven Design, the functionalities like communication, data
analysis, core temperature measurement have been defined. To assure the com-
munication functionality, we have to establish a communication between the tem-
perature sensor placed at the toothbrush head and the mobile application or com-
puter. The constraint is to store the core body temperature readings. The tools
and algorithms used for communication purposes are NodeMCU [29] and C++
programming language [30]. Data analysis functionality requires a particular data
form to interpret them. The plot of the temperature values in a graph against the
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day of the reading can be done using the ThingSpeak application. Core temper-
ature measurement is the most rudimentary parameter of the experiment, with
an uncertainty of 5%, and the minimum brush time must be 2 minutes. The
temperature and time measurement are functionalities of importance.

The temperature sensor used is LM35, and the timer used is the built-in timer
of the microcontroller. According to the proposed UDD, the system must assure
communication between the temperature sensor, the microcontroller, and the
client-side server. It should measure core body temperature and transmit the
readings and be able to analyze the obtained temperature values and plot the
graph of the temperature obtained against the time. Through this, one can
quickly identify the curves to find out the abnormalities. We use an Internet-
based IoT analytic platform ThingSpeak to analyze the data. It also transmits
the temperature at 1 reading per second, with 5% uncertainty. The whole process
must go on for an average brush time of 2 minutes.

Figure 4.2 shows the sequence of steps performed during the brushing process
by the designed system. The timer starts when the program is uploaded and gets
executed in the microcontroller. The temperature sensor continuously records
the values seven times throughout the brush time. Based on the time, there
are different tones for the buzzer. When the time is more than 30 seconds and
less than 1 minute, it gives one kind of sound, and as the time is more than
1 minute and less than 2 minutes, it provides a different sound, and when the
time is more than 2 minutes, it gives another different sound. The ThingSpeak
server consolidates all the data. The WiFi enabling module which is inbuilt the
NodeMCU transmits the data to the destined server. The MIT app receives the
data, and the app displays the statistics.
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Yes
Osec<time<1 mi

. - UD'
Yes Yes

Figure 4.2: Flowchart of the Design

Figure 4.3 depicts the NodeMCU board, LM35 [31] temperature sensor, buzzer
and ThingSpeak server. We presented the inputs on the left side of the NodeMCU
block and the outputs to the right side of the NodeMCU block. The temperature
sensor records the values and sends to the NodeMCU board, then according to the
code, the buzzer makes different frequencies sounds at the different intervals of
time. The NodeMCU board sends the data to the ThingSpeak server [32], and the
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— Buzzer
Temperature N ESP8266 e
sensor o NodeMCU )
Thingspeak Dls_plgy qf
_ — o —»-| statistics in
app

Figure 4.3: Structure of the Tracking "Brushing Teeth" Activity System

data are transferred to the app, the app displays the graphs of the consolidated
values.
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Implementation

This chapter discusses the implementation of the system. Section 5.1 provides the
circuit diagram of the system and technical information about the components.
Section 5.2 provides the code for the entire system and set up of the ThingSpeak
server.

5.1 Hardware implementation

5.1.1 Circuit diagram

Now, we will assemble all the components as shown in Figure 5.1 The circuit
connections are as follows:

Pin 1 of the LM35 goes into +3V of the NodeMCU.

Pin 2 of the LM35 goes into analog pin A0 of the NodeMCU.

Pin 3 of the LM35 goes into the ground pin (GND) of the NodeMCU.

Buzzer one pin to the ground of NodeMCU.

Another pin of the buzzer is connected to pin D5 of NodeMCU.

We can use the transistors [33] and resistors also, but we can also build the
circuit without having them since we get the same results. We built the circuit
without using the transistors since they make the hardware expensive.

ESP8266 NodeMCU LM35 Temperature
Buzzer
sensor

=

Figure 5.1: Circuit diagram of the design

13
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5.1.2 Technical specifications of the components

NodeMCU: The development board equips the ESP-12E module containing
the ESP8266 chip having Tensilica Xtensa [34] 32-bit LX106 RISC microproces-
sor, which operates at 80 to 160 MHz adjustable clock frequency [35] and supports
RTOS. As the operating voltage range of ESP8266 is 3V to 3.6V, the board comes
with an LDO voltage regulator to keep the voltage steady at 3.3V. The ESP8266
NodeMCU features two buttons [36]. One marked as located on the top
left corner is the Reset button, used to reset the ESP8266 chip [37]. The other
button on the bottom left corner is download button used while up-
grading firmware. The ESP8266 NodeMCU has 30 pins that interface it to the
outside world.

The system’s validity depends on the microcontroller taken to generate the out-
put. We had taken a NodeMCU module to operate the whole system. NodeMCU
is an open-source [oT platform. It includes firmware that runs on the ESP8266
Wi-Fi SoC from Espressif Systems and hardware, based on the ESP-12 module
[38]. It is based on the eLua project and built on the Espressif Non-OS SDK for
ESP8266. It uses many open-source projects, such as Lua-cjson and spiffs [38].
So, the module can accurately transfer the readings because it can withstand
harsh conditions.

Input 3,3V Ground Ground 3.3Vinput

uuuuu

Input to
Ground USB Power Ground 3.3Vinput Ground VINregulator
or Output up to 20V Max

Figure 5.2: NodeMCU [2]

LM35 Temperature Sensor LM35 was used to measure temperature with
an electrical output comparative to the temperature in °C. LM35 shows higher
voltage values than thermocouples and may not need to amplify output voltage.
The output voltage of LM35 [39] is proportional to the temperature. The scale
factor is 0.01 V/°C.
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LM35 has three pins which are:
PIN 1: Vcc - +5 V input voltage.
PIN 2: the output signal.

PIN 3: the ground.

Vee / / /

355V

Analog Out GND
10mvV/°C

Figure 5.3: LM35 sensor [3|

A Buzzer is a small yet efficient component to add sound features to our
project/system. It is a tiny and compact 2-pin structure; hence can be easily
used on the BreadBoard, PerfBoard, and even on PCBs, making this a widely
used component in most electronic applications. For making beeps, alarms and
tones, we use piezo buzzers. We can use them in alarm systems [40], for keypad
feedback or some games.

The specification of the buzzer includes the following:
The frequency range - 3300 Hz.
Operating temperature range from —20°C to +60°C.
Operating voltage range from 3 V to 24 V DC.
The sound pressure level is 85 dBA.
The supply current below 15 mA.

Figure 5.4: Buzzer

The brush, we use is the Oral-B Genius 8000 electric toothbrush model.
The model comes with a rechargeable handle and charger. The brush operates on
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110 v - 120 V. We could mounted the LM35 temperature sensor on the backside of
the brush head by soldering. Since we do not have technology to mount it correctly
without damaging the sensor, we used the sensor directly without mounting it on
the brush head.

g [ o — el N S __Qﬁ (-}
&,

N
Uyt

Figure 5.5: Brush

5.2 Software implementation

Setting up ThingSpeak account for LM35 sensor:
First, we need to create a new channel by clicking the ’ NewChannel ‘ button.

We can name it according to our preference by giving names to both axes.

Now click on the | APIKeys| tab, which are the access keys to our channel
using which we can write and read values. We use only the Write API Key gen-
erated for our channel. Therefore, we created a channel on ThingSpeak.

Now, we upload the code into the Arduino IDE.
1) Go to Tools;

2) Board > NodeMCU 1.0 (ESP - 12E Module);
3) Port (Choose the right Port);

4) Select baud rate "115200".

Here, we will change the API Write Key and SSID and password according
to our connection, which we noted earlier. API Write Key is from the mentioned
ThingSpeak channel. Now we will click the upload button. Then we can see the
outputs in the serial monitor and the ThingSpeak server.

The code for the project is listed below:

l{#include <ESP8266WiFi.h>

2|String apiWritekey = "VJIB26XDLS5FBPVPAY";
3lconst char* ssid = "POCOF1";

4lconst charx password = "vamsi721" ;

5
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const charx server = "api.thingspeak.com";
int sensorPin = 0;

int buzzer = D5;

WiFiClient client;

const unsigned long event_1 = 30000;

const unsigned long event_2 = 60000;

const unsigned long event_3 = 120000;
void setup () {
Serial.begin(115200);
pinMode (buzzer, OUTPUT) ;
WiFi.disconnect () ;
delay (10);
WiFi.begin(ssid, password);

Serial.println();
Serial.println();
Serial.print ("Connecting_to_");

Serial.println(ssid);

WiFi.begin(ssid, password);

while (WiFi.status() != WL_CONNECTED) {
delay (500);
Serial.print (".");

}

Serial.println("");

Serial.print ("NodeMcu _connected_to _wifi..

Serial.println(ssid);

Serial.println();
}
void loop () {
int reading = analogRead (sensorPin);
float voltage = reading * 3.3;
voltage /= 1023.0;
// now print out the temperature
float temperatureC = (voltage - 0.5) % 100
if (client.connect (server,80)) {
String tsData = apiWritekey;

)

14

17
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}

tsData
tsData
tsData

client.
client.
client.
client.

’

client.

+="gfieldl=";
+= String(temperatureC);
+= "\r\n\r\n";

print ("POST_/update HTTP/1.1\n");

print ("Host: _api.thingspeak.com\n");

print ("Connection: _,close\n");

print ("X-THINGSPEAKAPIKEY: "+apiWritekey+"\n")

print ("Content-Type:application/x—www—form—

urlencoded\n") ;

client.
client.
client.
client.

Serial.
Serial.
Serial.

print ("Content-Length: ") ;
print (tsData.length());
print ("\n\n");

print (tsData);

print ("Temperature: ") ;
print (temperatureC) ;
println ("uploaded_to_Thingspeak server....");

client.stop();

Serial.println("Waiting_to_,upload next reading...");
Serial.println();

1f(

millis () > event_1) {

tone (buzzer,1000) ;

}

1if( millis () > event_ 2){
tone (buzzer,4000) ;

}

if( millis () > event_ 3){
tone (buzzer, 6000) ;

}
delay (1000);
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Validation

6.1 Testing the buzzer

We test the buzzer for three cases. The test cases are divided based on the
time instant of the test. From 30th second to 60th second, we enable an unique
tone of the buzzer to acknowledge the user about the brush time. After that,
we enable another kind of tone with a different frequency for the next 1 minute
of the brush time. It indicates the user the completion of the two minute brush
time. After 2nd minute, there is a different buzzer sound.

Test case 1 When the toothbrush is ON, the temperature sensor takes the
readings at the particular region inside the mouth. With the help of the inbuilt
WiFi of the NodeMCU module, we transmit the temperature recorded at the sen-
sor to the dedicated electronic device by the mobile application, which supports
WiFi communication [41]. We hear a unique tone for the time period from 30th
second to 60th second different from the other tone for the remaining time.

Test case 2 After 1 minute of the brush time, there is a change in the buzzer’s
frequency and tone, indicating that it has passed a threshold amount of brush
time. It will simultaneously receive and transmit the data between the sensor
and the system in which we are storing the data.

Test case 3 Once the brush time is more than two minutes, the buzzer changes
its frequency and tone, signaling the users that they can stop the brushing as the
time exceeds the average brush time prescribed by the dentists [42].

We uploaded the code for the buzzer into the Arduino IDE. The buzzer started
to generate a tone from 30th second, and then the buzzer generated a different
tone from 60th second. Then the buzzer started a different tone after completing
the 2 minutes.

19
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6.2 Verification of measurements

We recorded temperature using the LM35 temperature sensor. The range of the
LM35 temperature sensor is -55°C to +150°C. We checked the range from 0°C to
45°C by keeping the sensor in the refrigerator and near hot air. When we kept
the sensor near the refrigerator, we got the values from 0°C to 4°C and 40°C to
43°C when kept near hot air.

The output readings we get after uploading the code in the Arduino IDE in
serial monitor are shown in Figure 6.1.

© com9
| Send

Waiting to upload next reading...

Temperature: 32.26uploaded to Thingspeak server....
Waiting to upload next reading...

Temperature: 31.%4uploaded to Thingspeak server....
Waiting to upload next reading...

ﬁemperature: 32.26uploaded to Thingspeak server....
Waiting to upload next reading...

Temperature: 31.%4uploaded to Thingspeak server....
Waiting to upload next reading...

Temperature: 32.26uploaded to Thingspeak server....
Waiting to upload next reading...
\d

[+] Autoscroll [“] Show timestamp Hewline “ 115200 baud ~ | Clear output
1 ™

Figure 6.1: Output in Arduino IDE

We have verified the total design by comparing the obtained temperature values
with the typical human being values. Using the designed prototype, we recorded
the output of the temperature sensor, see Figure 6.2. We see that the recorded
temperature values are in a range of the "normal" oral temperature, which is

from 35.73°C-37.41°C [43], [44].

As shown in Table 6.1, seven temperature samples were taken from an indi-
vidual in 2 minutes of one brush time. To validate the design constrains, the
measurement uncertainty in terms of standard deviation is used.

The relative uncertainty is given in terms of relative standard deviation o,

denoted as:
oy = (o/u) * 100% (6.1)
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where the standard deviation o is defined as:

N
g = (.Tl—

=1

where:

1 - mean of the given samples
x; - 1-th sample value

N - a number of samples

n)?/N
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(6.2)

In Table 6.1 the example of measurement analyse is shown.

Table 6.1: Uncertainty calculation

Temperature Relative standard . Test
o Mean value p . Constrain
C deviation og result
36.3, 36.3,
37.2, 37.2, R Passed for
36.9, 37.4, 36.8°C L1% 5.0% 3o criterion
36.6

Output in ThingSpeak server:

After creating the channel, the ThingSpeak

page looks as shown in Figure 6.2. We can adjust the channel by going into the
channel settings. We can make the channel visible to only us by keeping it in
private view. We can make the channel visible to all people by keeping it in public

view. We can also add widgets by using the

AddWidgets

button. We can export

the data from this channel using the

DatalImport/Export

button. If we have

any data with us already, we can also import the data into the channel using the

Datalmport/Export

button. We can even change the title of the graph. We

can see the API key by clicking on the API keys button. The API key we used

in the code is from ThingSpeak website.
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m Things peak"‘ Channels ~ Apps v Devices~ Support~ Commercial Use How to Buy VK

Private View Public View Channel Settings Sharing API Keys Data Import / Export

Add Visualizations ] Add Widgets Export recent data MATLAB Analysis MATLAB Visualization
Channel Stats
Entries: 7
Last Temperature Value O & x Field 1 Chart Z 9O & x

Visualizing temperature

36.6

36.5

temperature in celsius

15:17:00 15:17:30 15:18:00 15:18:30 15:19:0

10 minutes ago Date
ThingSpeak.com

Figure 6.2: Output in ThingSpeak Server

Output in mobile app: Figure 6.3 shows the view of the mobile interface,
where we can see the temperature graph. The y-axis is about temperature values
ans the x-axis is about the time and date. By using the and E| buttons we
can even enlarge it if we have more differences in the temperature values. If we
press on a dot in the graph, we can read the temperature value, date, and time
of the reading. The below temperature value widget, there is the enlargement
of the reading. The temperature values are round off to the one decimal place.
The graph in Figure 6.3 shows an example of temperature measurements, which
represents the example of historical record, available in the designed application.
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Temperature Graph

temperature in celsius

Visualizing temperature

37

36.5

15:17:00 15:17:30 15:18:00 15:18:30 15:19:0
Date
ThingSpeak.com

Temperature Value

36.6

Figure 6.3: Output in Mobile App
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Chapter 7

Conclusions and Future Work

This project aimed to design a system that helps people keeping track of their
health by a means of their core body temperature. We successfully designed a
system for monitoring the core body temperature using the LM35 temperature
sensor. We determined that the the oral region is a body area where the core
temperature can be measured in user-friendly and easily accessible way. The core
body temperature read from the designed system can also be used in the health
monitoring systems [45].

A statistical line graph that depicts the core body temperature is presented at
a screen. By comparing the obtained temperature in the mobile application with
the temperature observed using a digital thermometer we validated the designed
system with respect to required constrains.

One of the important requirement mentioned in the User Driven Data table
is to measure the temperature with 5% uncertainty. By calculating the relative
error we proved that the uncertainty of the instrument is less than 5%.

The extensions of the thesis can be possible in many ways, such as enhancing
the traditional LM35 temperature sensor with integrating a live video camera
with the sensor. We can make use of other devices that can be aligned with the
LM35, which give us more information regarding the body conditions like pH
values, respiration, amount of oxygen levels. In the event of any undesirable,
unpredictable events, there can be swift, reliable source of communication being
established immediately, therefore alerting the nearby heath emergencies with the
required information about the victim.

A voice alert [46] or mail alert can be issued regarding any jagged peaks in-
side the user’s body. In cases of the patients with conditions of dementia [47]
or Alzheimer’s when the patients have trouble in memorizing the things around
them, they can have a track of their day-to-day life, life events, and the history
of their past healthy life [48].

24
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With the advancement of the engineering and medical technologies, especially
in electronics and computer engineering including artificial intelligence [49], ma-
chine learning [50] algorithms, neural networks [51], it will be possible to identify
the user present health conditions [52]| without the need of human monitoring [53]
or additional support from the user [54].
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