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Abstract

Visible light communication (VLC) is a form of optical wireless
communication (OWC) that has arisen in recent years. Instead of using radio
spectrum to transmit data wirelessly, it employs the visible light spectrum via
illumination of light-emitting diode (LED) bulbs. However, even though VLC can
address some of the RF communication problems in certain situations, its

capabilities for Internet-of-Things (10T) applications are yet to be realized.

The many benefits of VLC have been taken in healthcare monitoring
systems, especially the elderly segment of hospitalized people. The thesis
examined two applications of VLC technology: the first is the smart healthcare
monitoring system using Li-Fi technology (which is a practical application of
VLC) based lIoT. The second is Indoor Positioning System (IPS) for monitoring
the patient's position using VLC technology.

In the first system, the temperature and heartbeat rate of the patient are
transmitted via Li-Fi technology, then to the central station. This data is uploaded
to the ThingSpeak platform cloud via python code so that the doctor could view it
anywhere. This system is also provided through sending email notifications in
abnormal cases. The system was designed and implemented with all steps,
including selecting components and operating programming. The used software
and platforms included Arduino Integrated Development Environment (IDE) to
get sensor data, Thingspeak 10T platform as graphical user interface for the doctor,
Python Language for uploading these data to Thingspeak, and If-this-then-that
(IFTTT) application for the alert purpose. The results were divided into two parts.
The first part was related to the Li-Fi technology. The system tested multiple

distances, different channel status, and ambient noise. The second part was the



results of the 10T, where the results were presented on the ThinkSpeak platform
and notification by email in critical cases. The system was successfully tested on
Imam Al-Sadig Hospital- Babylon city patients. The obtained results are approved

and satisfactory.

As for the second system, it depends on positioning the patient inside the
hospital using VLC technology. The designed system is based on a new hybrid
algorithm. It has different steps. Firstly, the combination method divides the entire
anchors into different groups. Secondly, a weighted least squares (WLS)
positioning approach is employed to compute the patient position by each group.
Then, anchor selection (AS) is used to select the group having the best positioning
accuracy using the derived mean square error (MSE) metric. Finally, the selected
group is chosen to relocate the patient using its estimated position as an initial
point for the maximum likelihood (ML) positioning approach. The simulation
results show that the proposed algorithm outperforms the WLS and conventional
ML approaches. It is also found that increasing the number of LEDs in the ceiling
leads to improve the accuracy of the system. Simulation is done with the help of
MATLAB 2019A.



Contents

Subject e
No.
Abstract I
Contents Il
List of Figures Vi
List of Tables IX
List of Abbreviations X
List of Symbols X1
Chapter One: Introduction
1.1 Introduction 1
1.2Smart Healthcare Monitoring using Li-Fi based loT 2
1.3Indoor Positioning System Using VLC 4
1.4Problem Statement 5
1.5Literature Survey 6
1.5.1 Smart Healthcare Monitoring Using Li-Fi based 10T
Review °
1.5.2 IPS using VLC Review 9
1.6 Thesis Objectives 11
1.7 Outline Of The Thesis 12

Chapter Two: Theoretical Part: Visible Light Communication (VLC), Indoor

Positioning System (IPS) and Internet of Things(loT)

2.1 VLC Communication

14
2.1.1 Light Sources 17
2.1.2 Light Detectors 20

2.1.3 Modulations Scheme

22




2.2 Light Propagation Model 24
2.2.1 LOS Mathematical Modelling 24
2.2.2 NLOS Mathematical Modelling 25

2.3 Noise Model 27

2.3.1 Dark Current Noise 27
2.3.2 Shot Noise 27
2.3.3 Thermal Noise 27

2.4 VLC Applications 28

2.4.1 Light Fidelity (Li-Fi) 28

2.4.2 Indoor Positioning System (IPS) using VLC 31

2.5 Trilateration in 3D using RSS 35

2.6 Separation Received Signals 37

2.6.1 Optical Orthogonal Code (OOC) 37
2.6.2 Code reuse strategy 39

2.7 Position Estimation 40

2.7.1 Weighed Least Square Estimator 40

2.7.2 Maximum Likelihood (ML) Estimator 42

2.8 Anchor selection 44

2.9 Internet of Things (loT) 46

2.9.1 10T Definitions 48
2.9.2 10T Architecture 49
2.9.3 Thingspeak Platform 51

Chapter Three: Proposal Designs for Healthcare Monitoring System

3.1 Proposed Smart Healthc_ar(_a Monitoring System using Li-Fi 53

technology based 10T Description

3.2 System Building and Implementation 70

3.3 Proposed Indoor Positioning System using VLC technology 89

Description




3.3.1 System Block Diagram 72
3.3.2 System Parameters 75
Chapter Four: Practical and Simulation Results with Discussion
4.1  Performance of smart healthcare monitoring system using 78
Li-Fi technology based loT
4.1.1 Li-Fi Result 96
4.1.2 10T Result 91
4.2 Performance of the Proposed IPS using VLC technology 95
4.3 Comparative Analysis of the Results 102
Chapter Five: Conclusions and the Future Work
5.1 Conclusions 105
5.2 Future Work 106
References 108
Appendix A: Hardware Specifications A-1
Appendix B: Creating IFTTT Notifications B-1




List of Figures

Vi

ID:S'U?Z Name Page
(1-1) | The electromagnetic spectrum’s visible light range 2
(1-2) | Statistics of 0T connected devices installed 3
(2-1) | Block Diagram of VLC System 15
(2-2) Link configurations (a) Direct-LOS (b) Non-direct LOS and (c) Non- | 17
LOS by the first reflection (d) Tracked
(2-3) | Forward bias condition operation in the LED 18
(2-4) | Human eye’s response based on the 1978 CIE data 19
(2-5) | PIN photodiode diagram 21
OOK signal OOK signal in which S1(t) stands for binary one and 24
(2-6) | SO(t) stands for binary zero. (a) NRZ scheme (b) RZ scheme (y =
0.5)
(2-7) | LOS link modelling 25
(2-8) | NLOS link modelling 26
(2-19) | Positioning techniques for VLC systems 32
(2-10) | ToA-Measurement 32
(2-11) | AoA-Measurement 33
(2-12) | IPS based VLC 35
(2-13) | Trilateration method 36
(2-14) | Example of RSS detection 39
(2-15) | The code reuse strategy 40
(2-16) | Position estimation using the MLE algorithm 44
(2-17) | A’s and C’s concept in [oT 47
(2-18) loT grchitecture A) Three Layer architecture. B) Five Layer 51
architecture.
(3-1) | Proposed System Block Diagram 54
(3-2) | Transmitter Section 56
(3-3) | MLX90614 IR Temperature Sensor 57
(3-) ILTterfacing between the MLX90614 temperature sensor and Arduino- | 58
no
(3-5) | DFRobot heart rate sensor 59
(3-6) | Interfacing between DFRobot heart rate sensor and Arduino-Uno 60
(3-7) | BC547 Transistor 60
(3-8) | Receiver Section 62
(3-9) | LM258 Op-Amplifier Pinout diagram 63
(3-10) | Flow chart of the Transmitter Code and Receiver Code. 65
(3-11) | Creating channel on ThingSpeak 66




Vil

(3-12) | Creating Fields. 67

(3-13) | ThingSpeak Channel 67

(3-14) | Generation of Channel ID and APl Key 68

(3-15) | Python Code 68

(3-16) | Steps for building the Patient Health Monitoring System. 70

(3-17) | Implemented Proposed System 71

(3-18) | Block diagram of the created system 74

(3-19) Experimental activities inside the room and corridor (a) Scenariol, 76
(b) Scenario?2

(4-1) Di_stance vs. Received power for direct LOS under low ambient| 79
noise

(4-2) | Received power vs. OSNR for direct LOS under low ambient noise 79

(4-3) | Received power vs. ESNR for direct LOS under low ambient noise 80

(4-2) Di_stance vs. Received power for direct LOS under high ambient| 80
noise

(4-5) | Received power vs. OSNR for direct LOS under high ambient noise | 81

(4-6) | Received power vs. ESNR for direct LOS under high noise 81

(4-7) An_gle vs. Received power for non- direct LOS under low ambient | 83
noise

(4-8) Re_ceived power vs. OSNR for non-direct LOS under low ambient | 83
noise

(4-9) Re_ceived power vs. OSNR for non-direct LOS under low ambient | 84
noise

(4-10) An_gle vs. Received power for non-direct LOS under high ambient | 84
noise

(4-11) Re_ceived power vs. OSNR for non-direct LOS under high ambient | 85
noise

(4-12) Re_ceived power vs. ESNR for non-direct LOS under high ambient | 85
noise

(4-13) | Received power vs. distance for NLOS under low ambient noise 87

(4-14) | Received power vs. OSNR for NLOS under low ambient noise 87

(4-15) | Received power vs. ESNR for NLOS under low ambient noise 88

(4-16) | Received power vs. distance for NLOS under high ambient noise 88

(4-17) | Received power vs. OSNR for NLOS under high ambient noise 89

(4-18) | Received power vs. ESNR for NLOS under high ambient noise 89

(4-19) | Intensive care of Al-Emam Al-Sadiq Hospital 91

(4-20) | Data Flow in Python 92

(4-21) | Channel view in ThingSpeak website 92

(4-22) | Channel view in ThingView Mobile Application 93

(4-23) | Alert Email with different cases (a) High Heartrate (b)Low Heartrate | 94




\i

(c) High Temperature (d) Low Temperature
(4-24) | Real and estimated paths in m for scenarios 1 and 2, respectively 100
(4-25) Emp_irical disrupted function of MSE for the Proposed, WLS, and 101
ML indoor positioning approaches for scenarios 1 and 2, respectively
(B-1) | IFTTT B-1
(B-2) |LoginIFTTT B-1
(B-3) | Creating Applet B-2
(B-4) | Applet Services B-2
(B-5) | Choosing Webhoks service as a trigger B-3
(B-6) | Inserting Event Name B-3
(B-7) | Finishing of creating the trigger B-4
(B-8) | Adding an action B-4
(B-9) | Choosing Email service as an action B-5
(B-10) | Completing an action Fields B-5
(B-11) | Adding Email and finishing the applet B-6
(B-12) | Pressing Connect B-7
(B-13) | Getting URL B-7
(B-14) | Configuration of ThingHttp B-8
(B-15) | Creating field for Threshold values B-8
(B-16) | Setting Threshold value for Body Temperature B-9




List of Tables

No. of page
Table Name
(2-1) Li-Fi and Wi-Fi comparison 30
(3-1) MLX90614 Pinout Configuration 58
(3-2) Simulation Parameters for proposed System 77
(4-1) Direct-LOS link measurements under low ambient noise 82
(4-2) Direct-LOS link measurements under high ambient noise 82
(4-3) Non-direct LOS link measurements under low ambient noise | 86
(4-4) Non-direct LOS link measurements under high ambient noise | 86
(4-5) NLOS link measurements under low ambient noise 90
(4-6) NLOS link measurements under high ambient noise 90
(4-7) Types of propagation channels for every group of LED 95

MSE for WLS method for different positions of the target in 96
(4-8) :

m2 (Scenariol)

MSE for WLS method for different positions of the target in 97
(4-9) :

m2 (Scenario2)

MSE for the proposed system compared to ML and WLS 98
(4-10) : . .

algorithms in m2(Scenariol)

MSE for the proposed system compared to ML and WLS 98
(4-11) : ) )

algorithms in m2 (Scenario2)
(4-12) | A comparison study related to Li-Fi’s previous works. 103
(4-13) | A comparison study related to IPS’s previous works. 104




List of Abbreviation

Abbreviation Definition
AES Advances Encryption Standard
APDs Avalanche Photodiodes
AOA Angle of Arrival
API Application Programming Interface

AWGN Additive White Gaussian Noise
C Capacitance
CPU Central Processing Unit
DMT Discrete Multi-tone
ESNR Electrical Signal to Noise Ratio
ECG Electrocardiography
EEG Electroencephalography
FOV Field of Vision
FSM Finite State Machine
3G Third Generation
4G Fourth Generation
5G Fifth Generation
Gbps Giga bit per second
GPS Global Positioning System
HTTP Hypertext Transfer Protocol
ID Identification
IFTTT IF This Then That
IP Internet Protocol
IPS Indoor Positioning System
IR Infrared
loT Internet of Things
IM/DD Intensity-Modulation with Direct Detection
LAN Local Area Network
LED Light Emitting Diode
Li-Fi Light Fidelity
LOS Line of Sight
L-PAM L-ary Pulse Position Modulation
LS Least Square
LTE Long Term Evolution
M2M Machine to Machine

Mbps

Mega bit per second




Xl

ML Maximum Likelihood
M-PAM M-ary Pulse Amplitude Modulation
MSE Mean Square Error
NRZ Non-Return to Zero
NLOS Non-line of Sight
OWC Optical Wireless Communication
OOK On/Off Keying
00C Optical Orthogonal Codes
OSNR Optical Signal to Noise Ratio
PAM Pulse Amplitude Modulation
PC Personal Computer
PD Photodiode
PHY Physical
PIC Peripheral Interface Controller
PIN PN Junction with Isolation Region
PPG Photo Platysma Graphy
PN Positive type with Negative type
PSD Power Spectral Density
QPSK Quadrature Phase Shift Keying
R Resistance
Rb Bit Rate
RF Radio Frequency
RFID Radio Frequency ldentification
RGD Red Green Blue
RSP Ray Surface Positioning
RSS Received Signal Strength
RZ Return-to-Zero
SDOs Standard Development Organizations
SNR Signal to Noise Ratio
TDOA Time Difference of Arrival
THz Terra Hertz
TOA Time of Arrival
VLC Visible Light Communication
WBSNSs Wireless Biomedical Sensor Networks
Wi-Fi Wireless-Fidelity
Wi-Max Worldwide Interoperability for Microwave Access
WLAN Wireless Local Area Network
WLS Weight Least Square




List of Symbols

X1l

Symbol Definition
Npower Power Efficiency
Drpyx Luminous Flux
V(A Normalization factor based on the eye response
Popticai(4) LED light’s power spectrum
um Luminous Efficiency
H(jw) Low pass transfer function
) Optical frequency
f. 3 dB frequency
L, Photocurrent
P, Incident optical power
q Electronic charge
ul Quantum efficiency
h Planck constant
hv Photon energy
Rpp Photodetector responsivity
A Light wavelength
Ry Reflectivity at diode entry
a Absorption Coefficient
Ng Bandwidth Efficiency
R, Bit rate
Y Duty Cycle
Mp Power Efficiency
Epuise Pulse energy
E, Energy per bit
T, Bit duration
Dook () OOK signal
Odhot Total variance of shot noise
I, Photocurrent from background radiation
L, I Noise Bandwidth factors
B, Equivalent noise bandwidth
R, Load Resistance
OFhermal Total variance of thermal noise
k Boltzmann’s constant
Cr Fixed capacitance of photodetector per unit area

Tk

Absolute temperature




X1l

Go Open loop gain
r FET channel noise factor
gm FET transconductance
I3 FET channel noise factor
g2 Total noise variance
P, _total Total received optical power
P, Transmitted power by LED
H;os LOS channel gain
Hy1os NLOS channel gain
R;0s(6;) Transmitter radiant intensity for the LOS scenario
0, Irradiance light angle
Y, Incident light angle
Arp Photodetector effective area
T, (Y) Optical gain of the concentrator
g Gain of an optical filter
d; Distance between i 'th transmitter and the receiver
m Lambertian emission
01,2 Semi-angle at half luminance of the LED
U Coefficient based on Fresnel reflection
Ruios(62:;;) | Transmitter radiant intensity for the NLOS scenario
i Transmitter i 'th index
p Reflectance factor
dAyan Reflective area of the small region
a Angle of incidence from multipath
p Radiance angle to a reflective point from multipath
0ot Total variance of shot noise
Iyg Photocurrent from background radiation
L, I Noise Bandwidth factors
B, Equivalent noise bandwidth
R, Load Resistance
OFhermal Total variance of thermal noise
k Boltzmann’s constant
Cr Fixed capacitance of photodetector per unit area
Ty Absolute temperature
Go Open loop gain
r FET channel noise factor
gm FET transconductance
I5 FET channel noise factor

d

Distance




X1V

C Speed of light
t Transmission time
tpiff Time difference
n Code length
K weight
Ag Autocorrelation constraints
Ac Cross-correlation constraints
Crax Maximum number of codewords
P Actual position
L; LEDs position
d; Estimated distance
T; Actual distance
e Distance Error
p Estimated position
w Weight Matrix
P(X|0) Joint probability density function
P(x,108) Conditional probability

MSE(T)

Derived MSE




Chapter One

General Introduction




Chapter One

General Introduction

1.1 Introduction

An Optical Wireless Communication (OWC) system has become increasingly
significant in recent years to meet the demands of information and wireless
communication technologies. One growing interest in OWC is Visible Light
Communication (VLC) that uses Light Emitting Diodes (LED) for both
illumination and data communication purposes. This interest is explained by the
increase popularity of solid-state lighting, longer lifetime of high-brightness LEDs
compared to other sources of artificial light, high bandwidth, data security, low
power consumption and fast switching[1]. VLC exploits the visible light spectrum,
represented in figure (1-1), considered as a solution for RF spectrum scarcity. The
visible light spectrum offers an unregulated/licence-free spectrum ranging from
380 to 800 THz, approximately 1300 times higher than the RF regulated spectrum
(20 kHz - 300 GHz) [2]. In addition, it does not interfere with the existing RF-
based systems and there are no health regulations to restrict the transmission
power. VLC provides higher security than RF communication systems since it is
harder to pick up the signal from outside the immediate surroundings, such as a
room[3] [4].

One of the realistic implementations of VLC that uses wireless transmission
is Light Fidelity (Li-Fi)[5]. Harald Haas coined the word in 2011[6]. This
technology uses Light Emit Diode (LED) lights to send data with a high speed as
compared to Wireless Fidelity (Wi-Fi). In addition to Li-Fi, VLC can offer highly

efficient indoor positioning with accuracy at a centimeter level.
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Figure(1-1): The electromagnetic spectrum’s visible light range[2].

Healthcare monitoring is an urgent social problem. With the increase of the
elderly population, the demand for elder healthcare has been increased. Statistics
show that between 2012 to 2050, the elders’ population will increase considerably
[7]. In this thesis, we will submit the system for remote monitoring of elderly
people who need continuous monitoring in the hospital. This system consists of
two parts. The first one presents a smart healthcare monitoring system using Li-Fi
technology-based Internet of Things (1oT). The second part relates to monitoring
the position of elderly people using VLC technology. In the following sections,

we demonstrate an introduction to the two aspects mentioned above.

1.2 Smart Healthcare Monitoring using Li-Fi based 10T

Embedding smartness to everyday objects and connecting them to the
internet, also termed as the Internet of Things (IoT) paradigm, is becoming a
reality. The overall number of connected objects has rapidly increased over the
last decade, and this tendency is predicted to continue in the future, as shown in
figure (1-2).
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Internet of Things (loT) connected devices installed base worldwide
from 2015 to 2025 (in billions)
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Figure (1-2): Statistics of 10T connected devices installed[8].

However, in addition to its advantages, this paradigm also poses
considerable obstacles, particularly in communication. More connections per unit
area, higher aggregate bandwidth, widespread coverage, renewable energy
supplies, and heightened security will be required for pervasive 10T. A powerful
loT communication option that can overcome these obstacles is Li-Fi. A
fundamental benefit of using the visible spectrum for IoT communications is that a
lighting infrastructure made up of LED luminaires is widely utilized and will offer
illumination to indoor locations where 10T communication is frequently required
[9]. The difficulty of high-density 10T nodes can be addressed by converting
densely distributed illumination points into I0oT access points, enabling short-range
connectivity with low energy usage for power-constrained nodes. In addition,
compared to other factors such as temperature difference, movement, or RF, light
IS a good source for energy harvesting. Its higher-efficiency energy harvesting

technology (solar cells) results in compact and less-expensive solutions [10].
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The usage of Li-Fi for 10T has been a recent study area. Most early studies,
for example, [11] and [12], focused on the energy-harvesting element of Li-Fi for
0T nodes or the hybrid operation of Li-Fi with RF. It will also provide us with
numerous options to make our lives easier, one of which is a critical opportunity
in the healthcare services that affect all of us, including the elderly. As a result, Li-
Fi-based I0T is a new reality that has drastically altered our daily lives. It’s also a

way to revolutionize modern health care entirely.

1.3 Indoor Positioning System (IPS) Using VLC technology

Newly, different favourable applications based on VLC have been developed,
and, in particular, indoor positioning services via VLC have been known as very
appealing applications[13]. Traditional techniques for indoor positioning rely on
radio frequency (RF) like Wi-Fi, infrared, and lasers. Among these techniques, it
is well known that RF-based systems have lower costs and are preferable in
coverage [14]. However, the accuracy of these systems is the main issue because
of the multipath fading effect. Moreover, an indoor positioning system (IPS) based
RF cannot be employed in areas sensitive to electromagnetic waves due to the
radiation risk for health and interference between these waves. VLC signals are
more resistant to multipath propagation losses than RF signals, thus making the

positioning systems-based VLC more reliable and predictable.

In the recent development towards IPSs, the VLC based IPS has always been
the dominant approach. Many researchers worldwide are working a lot in this
field, but many research problems have already been solved quickly. However,
many open issues are still significantly less investigated and need a profound test
[15]. One of them is that using the same frequency band by the adjacent light cell
will instigate the inter-cell interference problem. Additionally, the accuracy of the
IPS based VLC is highly dependent on the multipath reflection.



Chapter One General Introduction

Moreover, minimization of calculating time, the basic procedure to estimate
the scene of an object, requires specific general steps, which include data
collection, running positioning algorithms, and other ways to lower the positioning
error, which costs time. Other research challenges include energy efficiency,
receiver design, and mobility. The need to insert a new mathematical model of
VLC based IPS is notable and compulsive because of different open and realistic
Issues that need to be addressed. An important slice benefiting from the indoor
positioning system using VLC is elderly people who live in a hospital
environment. Thus, in this work, we assign the proposed approach to monitoring

the position of elderly people.

1.4 Problem Statement

1. The healthcare systems is developed for the preservation of human life.
The traditional designs are complex, expensive, and high power
consumption.

2. The concept of designing and implementing smart healthcare systems
that use Li-Fi based on 10T is a relatively new field that warrants further
investigation.

3. Doctors waste time to meet their patients. So, these systems must send
out alerts in the event that a patient’s vital signs change dramatically.

Also, the Indoor positioning systems using VLC have the following limitations:

1. A least square (LS) method to estimate the position was used in most
papers with a large error, and no alternative was suggested to improve
the accuracy.

2. Most researches based for analyzing LOS links only.

3. Using general Mean Square Error (MSE) to evaluate the accuracy which

require for an actual position.
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1.5 Literature Review

The literature review is divided into the following subsections:
1.5.1 Smart Healthcare Monitoring Using Li-Fi based IOT Review
H. Hass, in 2011, presented an illustration of Li-Fi at the TED Global conference
held in Edinburgh. He showed the implementation and benefit of Li-Fi over Wi-

Fi. This research led several researchers to work with this technology[6].

S. Kale et al. , in 2013, used Li-Fi technology to monitor the health of patients
and provide doctors with real-time information on their condition. Central
Processing Unit (CPU) simultaneously records data of the patient. This

information can be accessed via the internet while consulting with the patient[16].

D. R. Dhatchayeny et al., in 2015, proposed a novel scheme for transmission of
electroencephalography (EEG) biomedical signal using a VLC link. The data
transmission is performed in LOS condition at distance 50cm using on-off-keying
(OOK) modulation by utilizing all three components, red, green, and blue, of RGB
LED. The experimental results show excellent reliability and accuracy of the

proposed scheme[17].

S. Sudha et al., in 2016, using the Li-Fi concept, presented a patient monitoring
system. The sensors in this model, such as temperature, glucose, heartbeat, and
respiration, indicate its specific purposes. These sensors collect information from
the body and the outputs are fed into a PIC16F877A microcontroller, which
processes them. The microcontroller outcome is fed to the Li-Fi module which
transmits the data in the form of light and the receiver end collects this data and
then displays the graph for the different parameters using the Personal computers
(PC) [18].

J. Patel et al., in 2017, proposed the concept that makes the use of Li-Fi
technology, 10T, and sensor networks to make patient monitoring easier for

doctors. The system uses temperature, pressure, and heartbeat sensors to collect
6
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patients’ data and send the data to the controller unit. The controller receives the
data, processes it, and then sends it to 10T via a Li-Fi module. The doctor uses his

laptop to access a webpage and look up information about his patients [19].

L. I. Abraham. ,in 2018, proposed a Li-Fi-based IoT architecture. A key
component of this design is the use of Li-Fi to gather data from various
environments. The data generated by Li-Fi was analyzed and processed to make

intelligent decisions in order to improve services in numerous industries[20].

J. D. Bokefode et al., in 2018, shown the strategy which permits exchanging
gathered 10T information over the cloud safely utilizing Li-Fi innovation. loT
devices are deployed to sense the environment and to collect the various data, and
these are connected to the PIC16F877A .The data is then transmitted as light
through the Li-Fi module. The light is recognized on the recipient side of the PD.
After amplification, this data is transferred to secure system, then transferred on
the Microsoft Azure cloud[21].

B. Anitha et al., in 2019, designed smart health care monitoring using Li-Fi
technology and Wireless Biomedical Sensor Networks (WBSNs). The node of
each WBSN poised of health care sensors and patient’s health information are
transmitted and received using Li-Fi technology. The breathing rate, pulse rate,
body temperature, and other patients’ body parameters are monitored using

WBSNs and Li-Fi-based patient monitoring systems[22].

E. Ifada et all., in 2019, designed a Li-Fi Data Transmission system to send data
(text) with 9600bps bitrate from a PC to another PC using off-the-shelf electronic
components. The Data Transmission system constructed when tested showed
satisfactory performances. The Li-Fi data transmission system built was very
cheap, satisfying the project’s major aim — incorporating a Li-Fi medium using

off-the-shelf electronic components and devices[23].
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J. Pradhan et al., in 2020, designed and implemented a Li-Fi system under
ambient noise from different illumination sources (conventional fluorescent light,
incandescent lamps, and sunlight). Photo-detectors are exposed to these sources
degrading the overall performance of the link. Also, different modulation
techniques are implemented to evaluate the link in the presence of ambient noise.
Quadratic phase shift keying (QPSK) modulation is superior in performance to

other modulation techniques [24].

W. Hashmi et al., in 2021 analyzed and compared the use of photovoltaic cell
and PIN diode in the implemented Li-Fi system. The analysis can be deduced that
photovoltaic cells provide better NLOS reception of signals than PIN photodiodes.
PIN photodiodes have a better tolerance to inter-symbol interference than
photovoltaic cells. PIN photodiodes can also operate at a baud rate of 34.8 Kbps

compared to a baud rate of 2.4 Kbps provided by the photovoltaic cell[25].

Y. N. Mohammedtawfiq et al., in 2021, introduced a real-time patient
monitoring system using Li-Fi technology. This method offers a realistic approach
to using four different kinds of sensors installed on a single system. At present,
four vital signs are calculated to determine the early warning score: pulse, oxygen

in the blood, airflow, body temperature, and electrocardiography (ECG)[26].

V. M. Sangani et al., in 2022, proposed patients’ monitoring System based on the
Li-Fi technology with heart-rate and ECG sensors. System is designed on the low
power embedded boards. It is efficient enough in the emergency case, receiver
system can send the feedback to transmitter section. Transmitter system get the

notification about emergency in form of buzzer and LED[27].
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1.5.2 IPS using VLC Review

M. Aminikashani et al., in 2015, proposed a novel orthogonal frequency division
multiplexing (OFDM) VLC system that can be utilized for indoor positioning
based on received signal strength (RSS). The proposed system is compared with
those that used a single carrier modulation scheme, i.e., OOK modulation. For
OFDM modulation, the average root mean square error (RMSE) is 0.26m,
whereas for OOK is 1.01lm. They show that the OFDM positioning system
performs better than the conventional one[28].

W. Gu et al., in 2015, investigated multipath reflections in an indoor visible light
positioning system for a typical room. A transmitter and receiver’s distance can be
calculated using RSS data. There are positioning errors of 0.042m when multipath

Is ignored and 0.806 m when it is included in the calculations[29].

F. Mousa et al, in 2018 discussed a two-dimensional indoor positioning system
based on LED ceiling lamps using RSS. The trilateration method was used to
simulate the effects of the received optical power distortions from three
transmitters. Using this positioning algorithm and a LOS system, an average error
of 5 centimeters can be predicted for each user. In the LOS and NLOS link,

however, the error average is approximately 8 cm[30].

E. Lam et al., in 2019, built and demonstrated Ray Surface Positioning (RSP)
using low-cost commodity components in atestofa4m X 4m X 1 m volume.
The results offered position estimate errors of less than 30 ¢m for 95 % of the test
volume. The authors used the least square (LS) method to find a target position in
this work[31].

G. Shi et al., in 2019, derived the analytical expressions of distance measurement
error and the upper bound of a localization error using the LS method based on the
RSS technique. In addition, both LOS link and NLOS link are taken into account

in a noisy VLC channel. This method of calculating the received power results in
9
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an average localization error of 0.5 m throughout the room. Localization
performance is poor at the walls, while the best performance at the center is
obtained. This experiment, on the other hand, is carried out with extremely low
reflectivity ( p = 0.01) in order to achieve a high localization accuracy of
8mm[32].

S. Lietal, in 2019 , designed RSS-based positioning method for VLC in the
presence of orientation uncertainty. The received signal strength is expressed in
terms of this orientation uncertainty, which is modelled using the concept of Lie
algebra. A position is estimate using maximum likelihood estimation. The

positioning error is 0.5m with considering receiver orientation[33].

D. Mai et al., in 2020, proposed an entire design of VLC-based large-scale indoor
positioning systems, including physical (PHY) and link-layer solutions. The
authors used a triangulation method based on an RSS technique for user
positioning taking into account the impact of receiver orientation. Each LED’s
position was separated at the receiver by encoding a unique location identification
(ID) with Optical Orthogonal Codes (OOC). Simulation results show that the

location error did not exceed 0.5m[34].

M. S. Lima Junior et al., in 2020, proposed and implemented a real-time IPS
based on VLC using RSS. It is composed of nine LED-based VLC transmitters
installed in the ceiling of an indoor environment, each transmitting different 1D
codes detected by a photodiode-based mobile correlator receiver. The receiver can
measure the distance between itself and the transmitters and use this information
to estimate its position in the environment. The average errors in two-dimensional
(2D) and three-dimensional (3D) errors were below 25cm and 35cm, respectively,

at any point in the test room[35].

B. Pamukti. et al., in 2020, designed a VLC-based positioning system using the

RSS method in a closed room with a size of 5 x 5 x 3 m3and several numbers of
10
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LEDs. The first scenario uses 4 LEDs, the second scenario uses 6 LEDs and the
third scenario uses 8 LEDs. The simulation result shows that the increasing

number of LEDs reduces the positioning error and increases the accuracy[36].

A. Chaabna et al., in 2021, studied the impact of ambient light on position
accuracy for an IPS based on VLC using the trilateration technique. The study
explores both cases considering the effects of wall reflection, and cases neglecting
them. The achieved average positioning error is 2.8 cm [37].

X. Meng et al., in 2022, proposed a 3D IPS based on VLC system using an
improved whale optimization algorithm (IWOA) to reduce the error caused by the
PD rotation. Simulation results show that the average error of 3D positioning is
2.14 cm with no PD rotation. When PD was considered with a rotation angle, the
average error of 3D positioning was 27.14 cm when ignoring angle estimation
while it was 7.85 cm when the estimation of angle was considered. The
positioning error with the PD rotation angle is effectively reduced by the proposed
algorithm[38].

1.6 Thesis Objectives

The main objectives of this thesis are:

e To build a smart Healthcare System using Li-Fi technology-based
ThingSpeak 10T platform prototype that overcomes the problems in the
traditional healthcare system with features including: low-cost, low power
consumption, easy to use, and high accuracy.

e Evaluation and validation the performance of the proposed Li-Fi system
through different propagation links and ambient noise.

e Making notifications of abnormal cases through sending emails to doctors
using IF This Then That (IFTTT) application to add smartness to that

system.

11
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e To develop the positioning techniques for elderly people using the VLC
system through LOS, NLOS links, and noise.
e Evaluate the IPS using derived MSE, which does not require an actual

position.

1.7 Outline Of the Thesis

The thesis is organized in the following way:

Chapter one presents an introduction to the VLC technology. Then, a brief
introduction to some of its applications, including smart healthcare monitoring
systems using Li-Fi technology-based IoT and IPS using the VLC technology.
Also, this chapter includes the problem statement of the thesis, related literature

survey, aims, and thesis organization.

Chapter two describes the theoretical principles for the VLC system including:
block diagram and propagation links configuration with its components. The
mathematical model of the VLC channel (LOS and NLOS) and noise is given.
After that, a VLC applications is shown. IPS using VLC is given, including
separation  received signals using OCC, trilateration using RSS, position
estimation (WLS and ML), anchor selection, and derived MSE. Finally, this
chapter presents the loT concept, definitions, architecture, and ThingSpeak

platform.

Chapter three presents the description of the proposed healthcare monitoring
system using Li-Fi technology-based loT design and its implementation. In
addition, the description of IPS design using VLC will be given.

Chapter four presents lab results of the proposed smart healthcare system using

Li-Fi technology based IoT performance analysis under various circumstances.

12
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Then 10T part results with IFTTT notifications are given. Also, the performance of

the proposed IPS, including results and discussion, is presented.

Chapter five presents the conclusion of the lab and simulation experiments
results and suggestions for future work that can improve the performance of the

whole systems.

13
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Chapter Two

Theoretical Part: Visible Light Communication
(VLC), Indoor Positioning System (IPS) and
Internet of Things(loT)

2.1 VLC Communication

In 2004, Toshihiko Komine proposed VLC as a newly emerging area in
OWC using white LEDs[39]. The VLC technology serves two purposes: indoor
lighting and wireless data connectivity [40]. It’s suitable for both indoor and
short-range networks. As a result, optical wireless technology could
complement or possibly replace current wireless communication networks like
Wi-Fi and Wi-Max. Despite the method’s ability to get an extremely a lot of
data rates, the narrow modulation bandwidth of white LEDs is a restricting
factor. Intensity modulation with direct detection (IM/DD) is a promising
communication approach for developing low-cost VLC systems. Figure (2-1)

shows a block schematic of a typical VLC system[41].

The transmitter component of VLC uses a light source, whereas the
reception section uses a light detector. The transmitter is an electro-optical
device for transforming the electrical signal into optical one. When an optical
signal is received, the photodiode converts it to an electrical signal. The Li-Fi
channel transmits the transmitter’s light intensity-modulated beam. In the
receiver section, an optical receiver collects the incoming light signal, which is

subsequently processed to obtain the originally provided data[41].

14
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Figure (2-1): Block Diagram of Li-Fi System[41].

The optical path is affected by some factors, including the size of the
room, ceiling, walls, and objects’ reflectivity. Furthermore, the optical path is
influenced by the transmitter and receiver’s position and direction, making it
more challenging to estimate and compute this loss. As a consequence, an
optical link can be configured in several different ways. As shown in figure (2-

2), link configurations are commonly classified into four categories.

. Firstly, the directed Line-of-Sight (LOS) link is often used in point-to-
point communication links. The links feature a small field of vision (FOV) and
slight optical path loss. As a result, it has the highest SNR and in the least
transmit power, resulting in the greatest data rates. In addition, this structure
has no multipath-induced ISI. Because of its tiny coverage area, its utility for
indoor applications may be limited. The directed LOS link requires transmitter-
to-receiver alignment; this link topology cannot be employed in mobile
applications, as shown in figure (2-2) (a)[42].

. Secondly, the Non-directed LOS is typically used for indoor
applications. This link configuration is considered the most flexible

15
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configuration. A broad beam of light transmitter and a large FOV receiver are
used together. Surface-scattered signals can be employed to expand the
coverage area. Because of its resistance to shadowing and blocking, this
connection architecture is ideal for point-to-multipoint broadcast applications.
To communicate, the transmitter does not have to be perfectly aligned with the
receiver[42].

However, when dealing with significant data rates, this kind of link might
suffer from multi - path distortion and high path loss, which severely impacts
the system’s performance. Furthermore, because of the broad light beam of the
transmitters, inter-cell interference occurs when several sources are grouped in
a limited region, as illustrated in figure (2-2)(b)[42].

. Thirdly, Non-Line-of-Sight (NLOS) has numerous sub-configurations
depending on the number of reflecting sites. It is known as a directed NLOS or
first reflection, if it has one, as illustrated in figure (2-2)(c). It's also referred as
a diffuse system, and it's utilized to solve issues like blocking and
shadowing[42].

. The final arrangement is the tracked link which happens when both the
transmitter and receiver are equipped with mechanically steerable optics, as
depicted in figure (2-2)(d). This link, however, is both costly and
complicated[42]. All link type except the tracked link will be studied in this

thesis.
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(c) (d)

Figure(2-2): Link configurations (a) Direct-LOS (b) Non-direct LOS and (c) Non-LOS by the
first reflection (d) Tracked[42].

2.1.1 Light Sources

The most frequent used lighting components in VLC system are lighting
emitting diodes (LED). LEDs are solid-state devices emit incoherent light when
they are subject to an electronic excitation [43]. This excitation is performed by
introducing a forward bias voltage across the p-n junction as shown in figure(2-
3). LEDs lights may be made to emit light in a variety of wavelengths (colors)
ranging from the visible to the infrared (IR) region of the electromagnetic
spectrum[1]. The LED’s peak wavelength (color) depends mostly on the band-

gap energy of the semiconductor material (E;) used in the p-n junction.
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Figure (2-3): Forward bias condition operation in the LED[1].

White LEDs are currently made by using two different techniques (i)
combining GaN (Gallium Nitride) LED and YAG (Yittrium Aluminum Garnet)
phosphor in the blue range (i.e.; 450nm-470nm) to glare white (ii) combining

three types of LEDs (red, green and blue )to realise a white colour.

There are three main characteristics that must be considered when
selecting the light source. There are: Power efficiency, luminous efficiency and
light bandwidth. The power efficiency of a LED light is the ratio between the
optical power output and the electrical power input. This is expressed as

follows:

_ Optical Power O/ P from LED -
a Electrical I/P Power (2.1)

Npower

The luminous efficiency (n,)is used to express the LED characteristics
inside the visible spectrum. This parameters normalize the power efficiency
Npower DY @ factor related to the radiation pattern within human eye sensitivity

as shown in figure(2-4)[44].
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Figure (2-4): Human eye’s response based on the 1978 CIE data[44].

The luminous flux (lumens) can be defined as the total emitted flux
scaled to reflect the human eye’s sensitivity to different light wavelengths. The

luminous flux is described by:

780

Prie = 683 f VD) Poyicar(D)dA 2.2)
375

where V(1) is the normalization factor based on the eye response and
Popticar(A) is the LED light's radiated power spectrum. The luminous
efficiency of the LED is given by

780
_ 683 f V(/D Poptical (’Dd/l

- 375
fu Electrical 1/P Power

(2.3)

Finally, the light bandwidth will determine the modulation bandwidth
and, consequently, the maximum data rate the system can achieve. In general,

LEDs have a low pass transfer function that is modelled as:
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1
1+jwRC

H(jjw) =

This is an equivalent first-order jRC low-pass filter. R and C are the resistance

(2.4)

and junction capacitance of the LED. Hence, the 3 dB modulation bandwidth of

the LED is given by

1
" 27RC

fe (2.5)

In general, the LED angular distribution of the radiation intensity pattern is
represented using a generalized Lambertian radiant intensity distribution
pattern[42].

2.1.2 Light Detectors

On the receiver side of a VLC system, a photodetector (PD) is utilized to
convert the modulating light intensity into electric signals. The photoelectric
effect in the depletion region creates an electrical current when intense light is
incident on its surface. Photon absorption results in the formation of electron-
hole pairs, with electrons traveling to the N side and holes traveling to the P
side of the junction, as shown in figure (2-5). There is a proportional square
relationship between the received optical power and the photodetectors' output
over a much wider dynamic range. There are the two kinds of photodetectors
available: photodiodes and phototransistors. Semiconductor PN junctions, PIN
photodiodes, and Avalanche PDs (APDs) are all examples of photodiodes. The
size and gain of the depletion layer change between these types. APDs, for
instance, have gained while PINs have not, and each has a different bandwidth.
Compared to photodiodes, phototransistors have an additional n-type area and a

slower response time.

In the essential steady-state operation, the following expression can be

used to represent the average photocurrent I, [1]:
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L, = qn; o (2.6)
hv

where q is the electronic charge, n; is the quantum efficiency of the device in

electrons per photon, hv is the photon energy, h is the Planck constant (eVs),

and v is the photon frequency (m/s). The photocurrent-to-received-optical-

power ratio, which represents the photodetector responsivity (Rpp) in Alwatt,

can be calculated as follows[1]:

R __ No. of electron—hole pairs generated/sec _ I _ qn;
PD — - 5. T

(2.7)

No.of incident Photons/sec P; hv

The responsivity may be recast using the relationship between the power and

the length x of the semiconductor (i.e. exp(—ax)) as shown equation below[1]:

Rpp = %(1 — Ry )(exp(—ax;) — exp(—ax,)) (2.8)

where 4 is the light wavelength, R is the reflectivity at the photodiode

entry, and « is the absorption coefficient. When a photon hits the photodiode's
active area, the quantum efficiency measures how likely it is that an electron-
hole pair will form. This value typically falls between 0.7 and 0.9. This means
that APD's responsivity can be greater than unity because the gain can reach up
to 300[1].

1hil
|ilz o
Bias voltage R; § Load
resistor
Photodiode Output
p i n Il’l
Hole Electron o
@) ==
Ihv
Photon

Figure (2-5): PIN photodiode diagram[1].
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2.1.3 Modulations Scheme

Previous research has proposed several modulation approaches and

thoroughly examined the imposed limits[45]. VLC systems rely on the IM/DD

scheme which is used by the vast majority of practical ones. The carrier

signal’s amplitude, frequency, and phase are modulated by an information

signal in RF systems. These are LED-based and appropriate for VLC

systems[46]. The following are the primary criteria for choosing a modulation

scheme:

Bandwidth efficiency: Theoretically, there is no limit to the amount of
bandwidth available. Multipath propagation, on the other hand, restricts
the channel bandwidth, whereas the photodetector area does not restrict
the receiver bandwidth. Modulation techniques have an impact on inter-
symbol interference (IS1). The ratio of the achievable bit rate (Rb) to the
IR transceiver's bandwidth B is known as the bandwidth efficiency nB[1]:

_Rb
UB—B

The power efficiency is the second parameter. Bandwidth efficiency and

(2.9)

average duty cycle y over a given time period are defined as the

relationship between the two [1]:

np = ’773 (2.10)

Transmission reliability: Reliability necessitates a certain level of error
tolerance. The phase jitter due to fluctuations in signal power, pulse
extensions, and pulse deformation must be overcome by modulation
methods.

Power efficiency: The average optical power transmitted for each
modulation scheme is constrained by regulatory standards and
illumination design considerations. The term power efficiency is defined
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as the relationship between the pulse energy E,,,;s. and the average energy
per bit E:

Epulse
Ep

It is necessary to take these characteristics into account when selecting

np = (2.11)

a modulation scheme based on bandwidth and power needs. The simplest
modulation approach is OOK, which is the lowest order of M-PAM, has the
lowest bandwidth efficiency, and is the easiest to apply. The optical output's
intensity is directly proportional to the electrical current's amplitude in this
technology. There are two levels in OOK, where pulse energy is used to
transmit binary one, while a lack of energy is used to represent bit zero as

shown in the following relationship:
P(b) ={P0 fo<st<T,

2.12
0 elsewhere ( )
where P, = 2P,

vgr Pavg 1S Over the symbol interval and T, is the bit
duration. Two sub-techniques of the OOK technique namely return-to-zero
(RZ) and non-return-to-zero as shown in figure(2-6). The OOK signal can

be represented by [1]:

1 t
QOOK(t) = \/_T T'ect( T) (2 13)
where
(1 0<t<T
rect (t) = {0 otherwise (2.14)
The basis function can represent the time-varying optical intensity as:
x(t) = X% _ o 2PVT A[k]® ook (t — kT) (2.15)

Where A[k] € [0, 1], and it must be uniform.
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Figure(2-6): OOK signal OOK signal in which S1(t) stands for binary one and SO(t) stands for
binary zero. (a) NRZ scheme (b) RZ scheme (y = 0.5)[41].

As the name implies, the data is communicated in OOK modulation
by switching the LED on and off alternately. Lights that are in the "on"
condition indicate a digital '1," whereas lights that are off represent a digital
'0." The advantage of employing OOK modulation is that it is
straightforward to generate and decode; as a result, throughout the actual

experiment, this thesis employs the OOK-NRZ modulation method.

2.2 Light Propagation Model

In general, the total received electrical power at the receiver is expressed as

in equation (2.16):
Pr_totar = RppPe(Hyos + Hypos) + 07 (2.16)

where P,_;otair Rpp, P sHips and Hy;os 1S the total received power by the
user, the responsivity of the photodetector, the transmitted power by LED
source and the channel gain part of line-of-sight (LOS) link, the non-line-of-
sight (NLOS), respectively. Finally, the o2 is the channel noise modelled as
additive white Gaussian noise (AWGN) and discussed in section 2.3[42].

2.2.1 LOS Mathematical Modelling

When a direct path links the transmitter and receiver, as shown in figure (2-
7), a LOS model is available. In the LOS scenario, the VLC channel’s impulse

response is given by [47].
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riZRLos(91)APD cos(P)Ts(P1)g(¥1)6 (t B E)

Hyps(0) = 0<y, <FOV (2.17)
0 otherwise
With
(m+1)
Rips(01) = T cos™(6,) (2.18)

where R;,s(0,) is the transmitter radiant intensity for the LOS scenario, 6, is
the angle of irradiance, ¥, is the angle of incidence, T, () is the optical filter
gain, g(y)is the optical concentrator gain, App is the detector effective area,
r = d(T,, R,) is the distance between transmitter and the receiver, FOV is the

field of view of the receiver, and m is the Lambertian emission, which is given

as
—In(2)
= 2.1
m In(cos(6;/2) (219)
with 6, ,, being the semi angle at half luminance of the LED.
LED Ceiling
A
- 0 \ PD's FOV
1/2
h
\ 4

PD

Figure (2-7) LOS link modelling[47] .

2.2.2 NLOS Mathematical Modelling

The NLOS model is depicted in figure (2-8) by a ray incident from the
transmitter on a wall and subsequently from the reflective element to the
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receiver. The VLC channel’s impulse response in the NLOS situation is

described as.

Hy10s(0)
1

(m Ry1os(02)App cos(W2) Ts () g(2) ué (t - w)

= i 1772 (2.20)
0y, <FOV
0 otherwise
With
(m+1)
Ryios(02) = cos™(65) (2.21)
U= pdAwau cos(a) cos(f) (2.22)

Here u is the coefficient based on Fresnel reflection, where u is the first
reflection factor, Ry, 0s(6,) is the transmitter radiant intensity for the scenario
of NLOS, p is the factor of reflectance, dA,,,;; is the small region reflective
area, a is the reflective point angle of irradiance, and g is the angle of

multipath of irradiance to the receiver [41].

LED Ceiling

Reflecting
Wall

PD
Figure (2-8) NLOS link modelling[47].
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2.3 Noise Model

Noise is inherently present in all communication channels. The received
signal has the least amount of power on the receiver side, while the amount of
noise on the transmitter side is the most near the end of propagation. When it
comes to most noise sources (outside of APD), there are three main ways that it

can be produced.
2.3.1 Dark Current Noise

When no light is incident on the photodetector surface, the dark current
noise is induced by the dark current generated in the circuit. Due to the reverse
bias operation, a slight reverse saturation current flow through the device. A
small amount of reverse saturation current flows through the device as a result
of the reverse bias operation. For Si PIN photodiode and Si APD, the amplitude
of the dark current is typically 100 pA and 10 pA, respectively.

2.3.2 Shot Noise

The shot noise is the noise due to the environment factor for example sun
or sky luminosity. It found in all-optical receivers and is the primarily caused of
noise in photodetectors and also known as background noise. The shot noise

variance is given by.
Uszhot = qubglan + 2qRppPr_totaiBn (2.23)

q is the electric charge, I, is the background current, I, and I; denotes the

noise bandwidth factor B,, is the bandwidth, Rp, denotes the photodetector

responsivity[48].
2.3.3 Thermal Noise

For all electronic devices (active or passive), the load resistance (RL) is
an important factor. A random motion of electrons generates thermal energy,

even when no optical power or voltage is applied to a photodetector. The
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Johnson is another name for it. Besides that, it is white noise, and its
distribution is Gaussian with zero means, and the variance can be calculated as
shown[48].

16m2kITy,
agm

2 __ 8mkTgAppl,Bj n
OThermal = Go

CFAzpl; By, (2.24)

where k stands for the Boltzmann Constant, C; is the fixed capacitance per unit
area, T is the absolute temperature, App, is the PD effective area, Go is the
open-loop gain, I is the FET channel noise factor, and gm is the FET

transconductance and I5is the FET channel noise factor[48].

The dark current noise is minimal and can be neglected. So, the total noise

variance (o2) can be characterized by the following equation[42]:

— ~2 2
g% = Oshot + OThermai (2-25)

The VLC system is being evaluated by the computed optical and

electrical SNR value, which can be expressed as given below [49].

P, —total
OSNR = TU;’ - (2.26)
and

(R PT‘— ota )2
ESNR = ”DG—;” (2.27)

2.4 VLC Applications

VLC technology has numerous applications in which it could fit in.
Hereafter, some of the most relevant applications for healthcare monitoring
system based on VLC are discussed. This applications include light-fidelity

technology and Indoor positoning system.
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2.4.1 Light-Fidelity

For data sharing, social activities and education, interaction,
communication, and knowledge updates, different people connect through a
network. Wireless Fidelity (Wi-Fi) offers, around offices, schools, homes and
even in public places, wireless internet access. But, as different technologies
have restrictions , Wi-Fi faces several challenges and impacts in availability,
capacity, security and efficiency, since incremental demand for wireless [50].
Since Wi-Fi is able to cover a whole place, its bandwidth is limited to several
hundred of Mbps. The Wi-Fi speed is not enough for transmitting and receiving
huge files such as video games, HD movies, and music gathering. Based on
media servers or cloud for storing files, more data rate and bandwidth are
required[51].

One of the most important applications envisioned for VLC is providing
Li-Fi or optical Wi-Fi as an alternate or solution to Wi-Fi limitations. Basically,
it is data transmission via the illumination using LEDs and a photo detector to
detect signals. Li-Fi is a low cost technique, highly impressive and could be
considered as a healthy environment compare to the Wi-Fi. Li-Fi uses light
spectrum from infrared (IR) to ultraviolet (UV) consisting the visible light (VL)
as an alternate of radio waves for data replacing [52]. Harald Haas is the head
of mobile communication at the Edinburgh University who has been mentioned
as the of Li-Fi inventor. He presented a manifestation of a Li-Fi model at the
TED Global conference in Edinburgh in 2011. This technique is implemented
as a part of the electromagnetic such as telecommunication algorithms and
different networks then presents a short-distance wireless communication [6].
The principle of Li-Fi is a communication of data on the high light frequencies
that is not observed by human eye. However, it is concentrated on a photo
diode which converts the on-off state into digital data. If the LED is on state , a
binary 1 is transmitted, and when it is off , a 0 binary is transmitted, then they

are able to be switched on and off fast, which provides a kindly convenient
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moment for transmitting data[53]. Up to 10 Gbps obtained as a high data rate

transmission through Li-Fi which offers more security and privacy, since it

covers a short range and not penetrates the walls, and it has higher frequency

than radio and does not interfere in sensitive electronics, putting it in an

efficient mean for implementations in different environments such as hospitals

and aircraft[50].

Table (2-1): Li-Fi and Wi-Fi comparison.
Property Li-Fi Wi-Fi
Transmission and | IR or UV or VL Radio waves
reception medium
Maximum bit rate > 10 Gbps 6 Gbps utilizing IEEE

802.11 ad

Infrastructure Cost | Low Very High
Interference level Low High
Distance Short Short to long
Security High Low
Standards 802.15.7 802.11b
Services Lightening when using | Communicating

visible light &

Communicating

Noise sources Light from the sun and | All  electrical/electronic
other ambient sources devices

Power consumption | Low High

Movement Limited Unlimited

Coverage 10m Up to 100m

Health risk No health risks involved | Harmful when high power

in VLC

Is used for transmission
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2.4.2 Indoor Positioning System using VLC technology

For many years, radio-band satellite-based positioning technologies (such as
Global Positioning System (GPS)) have been widely used, primarily for
outdoor purposes. Due to severe signal degradation by walls and enclosed
objects (homes, factories, offices, tunnels, etc.)[54]. Furthermore, for interior
applications requiring greater precision, commercial GPS systems with position
errors of a few meters are unsuitable. RF wireless technologies such as wireless
local area networks (WLAN), Wi-Fi, and Bluetooth can be used to locate

people indoors, with varying precision, coverage, and costs[55], [56].

RF-based positioning systems perform position estimation by exchanging
signals between nodes with defined positions (called anchor nodes) and nodes
whose locations need to be estimated (called target nodes). Likewise, in a VLC
system, LED transmitters, which have established positions and are often
affixed to the ceiling of a room in indoor environment, also serve as anchor
nodes. On the other hand, VLC receivers with PD attempt to establish their
location using LED signals detected by PD [57].

For location estimation in a VLC system, several ways can be used,
divided into two categories: direct positioning and two-step positioning (see
figure(2-9)). The direct positioning approach utilizes all of the available
information from received signals to estimate the receiver’s position without
first considering position-related factors. Instead of relying on additional
parameter estimation steps, this approach directly addresses the issue of

localization[58].

On the other hand, the two-step method accomplishes position estimation
in two stages. Position-related parameters are extracted in the first stage. Then
algorithms and methodologies for estimating receiver position are employed in
the second stage depending on those parameters. The two-step positioning

method is less complex than the direct positioning method (which necessitates
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a large amount of data storage and transmission capacity), resulting in a poor

solution. It does not immediately utilize the received signals[58].

Parameter

Measurements TDOA

Two Step
Positioning

1P
based VLC ey

Direct
Positioning

RSS

Position Proximity
Estimation
\ Fingerprinting

Trilateration/
Triangulation

Figure (2-9): Positioning techniques for VLC systems[58].

The research in the literature investigates many position-related

parameters in the context of two-step positioning, such as:

a. Time of Arrival (TOA), The propagation speed of an electromagnetic signal is
constant. If the signal propagation time between an LED and a target can be
determined, ToA can determine the distance between the LED and the target, as
shown in figure(2-10). As a result, the distance ( d) is obtained as shown:
d=C.t (2.28)
Where C is the speed of light (i.e., 300,000km/s) and t is transmission time of
the signal, respectively. Using the measurements of ToA has limitations. It
requires a high degree of synchronization and precise time measurements,

making these metrics relatively expensive in practical applications[59].

d () LED
A

Tarnet

Figure (2-10): ToA-Measurement[59].
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b. Time Difference of Arrival (TDoA), It is similar to the ToA but has an
advantage over it in that it does not needs an absolute time reference, is
capable of using low-cost antennas, and is impervious to mistimed timing
signals. Time difference between two signals with different propagation
speeds (C1 and C2) is all that TDoA takes into account when determining

distance. The time difference tp; ¢ and distance d is given by the following

expression:
toiry =t —t; = 2 — 2 (2.29)
This means that only the receiver needs to be synchronized with the system,
rather than the entire system[59].
c. Angle of Arrival (AOA) the angle at which the transmitted signal impinges
on the receiver is estimated using antennae arrays on the receiver side, as

shown in figure(2-11) [59][60].

Figure (2-11): AoA-Measurement [59].

However, AOA requires highly directional antennas or antenna arrays. It is
a promising metric for VLC systems and can be used effectively in the
localization process. Based on the received signal direction, AOA based
systems can benefit from LOS connections between the LED transmitters and
the VLC receiver and are able to perform localization adequately.
d. Received Signal Strength (RSS), In VLC systems, RSS is a widely used
method. This method uses the received power (the received signal strength)
levels determined at the receiver to estimate the transmitters’ distances. The

RSS parameter, unlike time-based parameters such as TOA and TDOA,
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does not necessitate synchronization. Furthermore, the RSS parameter used
in VLC systems is significantly more accurate than that in RF systems[57].
Multipath effects in RF-based systems are the primary cause of this issue.
Specifically, RF-based systems are plagued by multipath interference and
typically lack a LOS path between the transmitter and receiver. As opposed
to RF-based system, multipath effects are not as critical in VLC systems
since VLC systems commonly have LOS paths between LED transmitters
and VLC receivers. Diffuse components resulting from multipath scattering
are significantly weaker than the LOS component.

Even though both VLC and RF-based localization systems use the same

types of position-related parameters, the information they carry can differ

greatly.

After obtaining position-related parameters in the first stage of the two-

step positioning strategy, a VLC system can use various algorithms and

approaches to complete the localization process in the second step. The

following are the algorithms and tactics used to achieve this goal:

Proximity algorithm: accomplish localization for a fixed node and a
mobile node depending on transmission range. If the power level is low, the

mobile node may be out of transmission range in this situation[41].

Ii. Trilateration/triangulation algorithm uses the geometrical dependencies

between the user and transmitters. In contrast, the trilateration method uses
distances, and the triangulation method uses the angles between the mobile
node and transmitters [61].

Fingerprinting methods, the user’s position is calculated in two stages:
The predicted signal’s channel parameters, SNR, and probability
distribution are determined in the first stage, which is an offline learning or
training stage. Second, the VLC receiver’s online measurements are
compared to the offline dataset, and the receiver’s position in the system is

determined using a matching algorithm[62] .
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Alternative approaches to improving the localization performance of
VLC systems can be used in addition to the algorithms and techniques utilized
in the second step of the two-step positioning scheme. Cooperation among the
entities in a VLC system can improve localization accuracy[63], just as it can in

RF-based positioning systems.
2.5 Trilateration in 3D using RSS

Figure (2-12)shows our respected IPS-based VLC. A large-scale building
[ hospital in our work] is observed, and fixed position transmitters are placed
in a grid layout, which is a conventional layout for recessed lighting fixtures, to
measure their positions. Prior to the event taking place, a mobile target is
expected to get the database including all LED position coordinates and store

them on his or her device.
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Figure (2-12): IPS based VLC [34].
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It’s assumed that the lighting infrastructure has been installed so that the
target device can always receive signals from at least four LEDs. The
trilateration method can be used to locate the user based on these signals. The
method’s central idea is to estimate the distances between the user and the four

LED transmitters, as shown in figures (2-13).

Let P= (x,y,z) denotes the position of the target in Cartesian
coordinates. Additionally, L; = (Lx;, Ly;, Lz;) presents the positions of the
LEDs. i = 1,....n, where i expresses the LED index. In general, the actual
distances between ith LED and the target is presented in the following

equation.

2 = (Lx; — x)? + (Ly; — v)? + (Lz; — 2)? (2.30)

Figure(2-13): Trilateration method[34].

At a transmitter side, assume that the average transmitted optical power

P, is known and constant. Given the received electrical signal at the receiver
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(Pr_totq) @S IN equation (2.16), The estimated distance d; from the target to the
ith LED is given by:

(2.31)

1
d. = (m + 1)Apph™**Pecos™(6,) cos(1) Ts (Y1) g (1))?
C ZnPr—totali

2.6 Separation Received Signal

It should be noted that previous works examined positioning methods for
typical room sizes (e.g, a few meters each dimension) with the assumption of
using time division multiplexing (TDM), for signal separation at the receiver
[[28],[29] and [33]. In practice, it is quite obvious that indoor positioning
would be more useful in large areas, such as supermarkets, hospitals, stations or
airports. Thus, IPSs are expected to be predominantly deployed in a large-scale
fashion. Moreover, the use of TDM poses several drawbacks for practical
implementation. Firstly, it requires a perfect synchronization between the
transmission times of LEDs. An additional transmission procedure is therefore
necessary to ensure the constant illumination provided by the LEDs. Secondly,
since the signals are transmitted in different time slots, the receiver may need to
spend a long time obtaining signals from at least four LEDs, which renders
real-time navigation more challenging. Authors in [34],used Optical orthogonal
codes (OCCs) as a multiplexing techniques for signal separation with a unique
location identification (ID). Hence, received signals at the receiver can be
simultaneously distinguished. For the large-scale design, a code re-use strategy
was employed to efficiently use the OCC resource. The OOC concept and code

reuse strategy will be explained below.

2.6.1 Optical Orthogonal Code (OOC).

Generally, two serious problems when using RSS, namely, signal
isolation and power estimation to determine the distance from the patient to the

LED transmitter. In the beginning, the OOCs are used as to classify several
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signals received at the receiver. An OOC, denoted by (n,k,1,,4.), IS a series
of unipolar sequences (0,1). 0 and 1 are called chips. n and k are the code
length and weight, which refer to the total number of chips and the number of
chips “1”, respectively. A, and A, denote the autocorrelation and cross-

correlation constraints, which are given below[64]:

11:1=_01 XtXt+T = Aa (2.32)
n-—1
D XeVeer < 2 (2.33)
t=0

Forany x,y € C and any integer t,(0 <t <n). Inthe case that 1, =1, =1,

the maximum number of codewords |C,,,4.| 1S expressed as:

n-1
k(k-1)

|Comaxl =< | (2.34)

While OOCs are used, the separated signals cause an unpredictable
amount of interference. This requires the force of the target signal to be
determined, not directly. However, we will note that the target signal’s power is
less than the interruption (mixture of more than two signals with same power as
the desired one). A chip-level detection is used to determine the minimum level
of chip power required to solve the problem. This method can be highly
complicated in significant data rates that are typically not required for IPSs.
Because of the low OOC cross-correlation (the number of cross-correlations
between two codes is at most one, while the overall number of signals received
IS not too high, we can measure the signal strengths received separately, as seen
in figure (2-14). We can assure that the RSS will not be affected by interference
by selecting the lowest power chip. Only the limited cardinality (i.e., the
maximum number of OOC codewords |[C max |) remains a challenge. For
example, the number of codes in C (341,5,1,1) is only 16, which is significantly
less than the expected number of LEDs for a large-scale network. To increase
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the code cardinality, a longer code length is needed, which increases the chip
rate and decreases the amount of chip power. In order to solve this problem, a

code reuse approach is used.

TX1(0OC1) U U U
L] L t
Tx2(00C2) | | H | H
t

TX3(00C3) D [ [ D
t
TX4(00C4) O[] ] H
t
P
Received ™ ||| | X3 Tx4
Power (’:D @ ﬂ @ t
0 \/ \V/} \J \V/}

Figure (2-14): Example of RSS detection[34].

2.6.2 Code reuse strategy

In this method, for any network size, we need just six codewords to
allocate. They are arranged so that the receiver will not interpret two signals of
the same codeword simultaneously. Code reuse is depicted in figure (2-15)
using the 6x6 LED grid as an example. One set of six codewords includes: (C1,
C2, C3) and (C4, C5, C6). The first, third, and fifth column LEDs are assigned
to (C1, C2, C3), while the second, fourth, and sixth column LEDs are assigned
to (C4, C5, C6) in the following mode. For LEDs divided into two LEDs using
different codewords, the same codeword is assigned to each column.
Additionally, separate codewords are allocated to six LEDs in each row. The
lighting field of two LEDs with the same codeword will not interfere with each
other[34].
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Figure (2-15): The code reuse strategy [34].

2.7 Position Estimation

Once the distances to various anchor nodes have been calculated, a
positioning algorithm must be applied to calculate the mobile node’s position.
This thesis uses weight least square (WLS), maximum likelihood estimator
(MLE), and modified MLE to find the target’s position, explained in the

following subsections.
2.7.1 Weighed Least Square Estimator

As previously stated, the actual distance is r, and the estimated distance
is d, so the error will present and the four circles in figure(3-5) will not

intersect at one point. This error can be calculated as shown below:
i

e = ZTL' — di (235)

i=0
Multiple solutions appear in the system described by Eq. 2.16 because of
the noisy range measurements. In this scenario, as discussed in[65][66], the
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least square solution provides a standard approach to an approximate solution

of the positioning system.
rf =1 = (La-0? + Lyn-y)

+ (Lzy - 2)%- ((Lx; — x) 2 + (Lyi- ¥)* + (Lz; - 2)*) (2.36)
where i = 2.......... n. By adjusting equation (2.36) and computing

estimated position in terms of estimated distance. Then, describing the system

in the matrix form as

AP =B (2.37)

Where

L

P=|y (2.38)
12

[Lx, —Lx; Ly, —Ly, Lz, — Lz

A — Lx3 _: AX1 Ly3 T Lyl LZ3 - LZl (239)
[ Lx, — Lx; Ly,—Ly, Lz,—Lz
And the measurement vector as shown in
szz + LyZz + LZZZ + d% — d%
B — 05 LX32 + LyZz + LZZZ + d% — d% (240)

Lx32 + Lyzz + LZZZ + d% - d%

The least squares solution to the system is given by

P=(ATA)*A"B (2.41)
To enhance the positioning accuracy, the equation (2.41) could be

modified using the variance of the measured distance and the new algorithm is

named the weighted least squares (WLS) method [67]. The weights used in the

WLS algorithm are changed by taking into consideration the inverse of the

variance of the relevant distance measurements, as indicated in the weight

matrix (W) below.
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"var(d?) + var(d3) var(d?) ... wvar(d?)]
var(d?) var(d?) + var(d?) ... wvar(d?)

W= : (2.42)
| var(d?) var(d?) var(d?) + var(d?) |

where var(d?) is the variance of a square estimated distance between
the reference LED and P and var(d?) is the variance of a square estimated
distance between all remaining LEDs and the P. Then, in the WLS’s final

equation, use the inverse of W.

= (ATW~4)" 1 AW~1 B (2.43)

I
P=1ly
Z

2.7.2 Maximum Likelihood Estimator

The target position is computed using the WLS estimator by reducing the
squared error of distance estimation from known anchor nodes (i.e. LEDs).
However, in the minimization issue, the probability distribution of the
measurement error is ignored. The measurement error of various signal
properties can have a different probability distribution. Furthermore, in a
complicated signal transmission environment, the measurement error variance
can be considerable. Consequently, lowering the mean square error of distance
measurement without taking into account the error probability model will not

lead to optimal estimation of the target position[68].

Maximum Likelihood Estimation (MLE) maximizes the joint probability
of obtaining a collection of independent and identically distributed observed
data to estimate unknown parameters in a statistical model. Let X is denoting
the observed data samples (x;, x5, - -, x;;) and 0 denoting the statistical model
parameter set to be estimated. Therefore, if we have n observations, we can
represent the joint probability density function as[68]:

P(X|8) =P(%,16). P(%,|8) ... P(x,|6) (2.44)
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where P(x,|0) is the conditional probability of having the observed data
sample x,, when the parameter vector is 8. In practice, equation(2.44) is

typically converted to log-likelihood function as:
L(X16) = Xizq In(P(x,16)) (2.45)

Then the unknown parameters in the statistical model can be estimated
through minimizing the log-likelihood function in (2.45) with respect to 0. In
wireless location estimation, the observed data samples correspond to those

measured position dependent parameters from the anchor nodes.

The unknown parameter vector 6 corresponds to the unknown target
position (X,7,2). Let D = (dy,d,, -+, d,) denote the measured position-
dependent parameters from n different anchor nodes, equation (2.45)

becomes[68]:
L(DI%,9,2) = Xi~1 In(p(d;|%, 9, 2)) (2.46)

As previously stated, e; = ¥'!_,r; — d;. Hence equation (2.46) becomes

L(D

n
2,9,8) = 2 E;(%,9,2) (2.47)
i=1

Where E;(X,9,2) = In(p(r; — d;). Therefore, the target position can be

estimated as
P=(%792= argmin,L(DI|X,9,2)) (2.48)

Figure (2-16) depicts an example of the MLE algorithm’s localization
process. Signal characteristics between LEDs and target are captured and
transmitted to the data center. The target’s position is determined using MLE,

which is based on a statistical model of signal measurement error[68].
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Figure (2-16): Position estimation using the MLE algorithm[68].

Position estimation will be more accurate than trilateration-based
positioning thanks to the use of ML. The probability distribution of
measurement errors between the target and reference nodes is used to minimize

the mean square error.

In the conventional ML, the initial point is fixed and randomly selected. But,
in this work, the initial point is carefully selected based on the MSE for all

estimated positions of the target computed by each LEDs group using WLS.

2.8 Anchor selection

After installing N LEDs in the ceiling for a generic scenario of IP with
VLC system, N’ LEDs are selected from the total number of LEDs (N) where
N’ < N (we chose N'=6). After that, the combination method is used, a
clustering method to create different groups of LEDs. So,

The total number of groups = (IX’) + (1\5,’) + - (I\é,) (2.49)

Where
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(N') _ (N"+6—-1)! (2.50)

6/ 6! (N'—1)!
Based on [69], the authors have shown that the positioning accuracy is

not increased dramatically when increasing anchor nodes and typically from
four to six anchor nodes is enough. Then, the target position of each group is
estimated using WLS. The positioning accuracy of each group is checked using
the MSE evaluation metric and select the group Having minimum MSE among

other groups as given [69]:

MSE = min{MSE (i)} (2.51)
The conventional MSE, which needs actual and estimated target values,

could be written generically as:
mse =E{|lp-P|’} (2.52)
where P and P denote the actual and estimated positions of the target.
However, in this work, we need to make an MSE flexible in working with live
statues to check the positioning accuracy of each anchor node group based only
on the measured distances. The MSE used in this work, modified by[70], does
not need an actual value and could be used to find the positioning accuracy of a
positioning system online based only on the measured distances, as shown
below:

n-1 n
Efe.
MSE(T,) = [z el ((ku D =)
i=1

=2
2

(k2 ) =y = (kis ) 7 - zl))] (2:53)
i=2

=2

Additionally, MSEs for y and z coordinates, equation (2.54) and equation
(2.55), are similar to x-coordinates and only will have the change to the index
of k in equation (2.53)
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MSE( l {g}<( k1zz — X1)

=2
+ (k22 Z Vi —y1) — (ka3 Z Zi — Z1))] (2.54)
i—2 i=2
MSE [ {gl}< N
(1) = (s ) xi =)
n ) n 2
— (k23 2 Vi —¥1) + (k33 z zZ — Z1)>] (2.55)

Where ¢ is computed in Appendix 1, subsection B for every coordinate
in the reference[70]. Where i = 2 ...n denotes the index of the anchor node,
and n indicates the total number of anchor nodes. Finally, the compact
Equation of the derived MSE is expressed as:
MSE(T,) + MSE(T,) + MSE(T,)

MSE(T) = 3

(2.56)

2.9 Internet of Things (1oT)

The Internet of Things (IoT) is a paradigm in which a continuous network of
uniquely addressable things communicates globally to construct dynamic
networks [71]. The 10T is a network of uniquely identified connected devices
with computer services, such as objects, sensors, and everyday household
items. The idea of connecting computers and networks to monitor and manage
items has existed for decades, but the phrase “Internet of Things” is new. By
the late 1970s, for example, remote monitoring of electrical grid meters over
telephone lines had become commonplace. Advanced wireless technology has
enabled machine-to-machine enterprise and industrial solutions for equipment
monitoring and operation, using closed purpose-built networks or proprietary

industry-specific standards instead of Internet Protocol (IP) and Internet
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standards. Since the early 2000s, when IP was first used to connect devices, a
thriving field of research and development into smart object networking has
created the 10T’s basis. The phrase “internet of things” (IoT) is now widely
used to describe scenarios in which internet connectivity and computing power
are extended to a variety of objects[72]. As indicated in the figure(2-17), the
loT concept could also be expressed. The A’s stand for technology’s
globalization (anytime, anywhere, any device, any network, etc. ), while the
C’s stand for loT qualities like collections, convergence, connection,
computation, and so on. On the other hand, Today’s IoT has already exceeded

the range of A’s and C’s.

Any device

Any sensor

Computing

Any body
o | | Any service Any device >
< ; Convergence =
2 Collections g >
> i =
& | | Any business Any time S

Any network

Connectivity

Any where

Any time

Figure(2-17) : A’s and C’s concept in IoT [10].
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2.9.1 10T Definitions

The 10T is difficult to define accurately. It describes a world in which
everything is interconnected and can communicate intelligently. To better
understand the 10T terminology, various standard development organizations

(SDOs) have developed definitions of 10T, which are listed below.

e International Organization for Standardization (ISO) and the
International Electrotechnical Commission (IEC) Definition [73]: “It is
an infrastructure of interconnected objects, people, systems and information
resources together with intelligent services to allow them to process
information of the physical and the virtual world and react.”

e International Telecommunication Union (ITU-T Y.2060) Definition[74]:
“A global infrastructure for the information society, enabling advanced
services by interconnecting (physical and virtual) things based on existing
and evolving interoperable information and communication technologies.”

Note 1 — The loT makes full use of things to give services to all types of

applications while ensuring that security and privacy requirements are met by

utilizing identification, data collecting, processing, and communication

capabilities.

Note 2 — The IoT can be perceived as a vision with technological and societal
implications in a broad perspective. “Things: Concerning the Internet of things,
these are an object of the physical world (physical devices) or the information
world (virtual things), which are capable of being identified and integrated into

communication networks.”

Institute of Electrical and Electronic Engineering (IEEE) Definition [75]:
“The Internet of Things (IoT) is a framework in which all things have a
representation and a presence on the internet. More specifically, the Internet of
Things aims at offering new applications and services bridging the physical and
virtual worlds, in which Machine-to-Machine (M2M) communications
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represents the baseline communication that enables the interactions between

Things and applications in the Cloud.”

2.9.2 10T Architecture

There is no widely accepted architecture for the Internet of Things at the
present time. Various researchers have recommended a variety of different
architectural designs. Many academics working in the subject of Internet of
Things (loT) employ the concept of networking layers to design loT
architecture. Each layer is distinguished by the function it performs as well as
the devices that it makes use of. As illustrated in figure(2-11), the most
fundamental architecture of the Internet of Things is a three-tier architectural
framework in terms of the devices and technologies that comprise each layer.

The following are the fundamental functions of each layer[76][77] :

(i)  The perception layer is the physical layer, which involves the sensing
and acquisition of information about the surrounding environment. It can
detect certain physical characteristics in the environment and recognize
other smart objects in the environment. It takes data from the
environment and communicates it to the network layer with the use of
sensors and actuators, which are embedded in the system.

(i)  The network layer is capable of connecting to other intelligent things,
network devices, and servers. Its capabilities are also put to use in the
transmission and processing of sensor information. The network layer of
0T serves the function of data routing and transmission to different 10T
hubs and devices over the internet. At this layer, cloud computing
platforms, Internet gateways, switching, routing devices, etc., operate
utilizing the newest technologies. The network gateways act as a
mediator between multiple Internet of Things nodes, gathering, filtering,

and transferring data to and from various sensors on the network.
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(ili)  The application layer is responsible for delivering application-specific
services to the user. The Internet of Things can be used for a variety of
purposes, including smart homes, smart cities, and smart hospitals,
among other things. Data integrity, authenticity, and privacy are the
responsibility of the application layer. At this layer, the 10T or the
creation of a smart environment is achieved.

The three-layer architecture provides an overview of the Internet of
Things for the audience. In spite of this, many Internet of Things researchers
believe it is insufficient because research is frequently focused on more
attractive features of the Internet of Things. Thus, a new five-layered
architecture, which includes the processing and business layers, has been
defined. The five layers are perception, transport, processing, application, and
business layers as depicted in figure (2-18). The perception and application
layers play the same role as the three-layered architecture in terms of function.

The functions of the remaining three layers are discussed as following[78]:

(i) The transport layer transfers the sensor data from the perception layer to
the processing layer and vice versa through networks such as Wi-Fi, 3G,
LAN, Bluetooth, and RFID (Li-Fi in our work).

(i) The processing The middleware layer is another name for this layer.
From the transport layer, it collects, analyzes, and processes massive
amounts of data. A variety of services can be provided to the lower layers
by this layer. It utilizes a wide range of technologies, including databases,
cloud computing, and data processing modules.

(ili) The business layer manages the overall 10T system, including the
applications, business and profit models, and users’ privacy. Based on the
data received from the application layer, it creates various business
models, graphs, and flowcharts. This layer will aid in the formulation of

future plans and strategies by analyzing the data gathered.
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Application Layer Business Layer

Application Layer

Network Layer Processing Layer

Transport Layer

Perception Layer Perception Layer

@

Figure (2-18): 10T architecture A) Three Layer architecture. B) Five Layer

architecture[77].

2.9.3 ThingSpeak IoT Platform

ThingSpeak is an open-source software written in Ruby which allows
users to communicate with internet enabled devices. It facilitates data access,
retrieval and logging of data by providing an Application Programming
Interface (API) to both the devices and social network websites. ThingSpeak
eliminates the need to set up servers for cloud storage and analysis.
ThingSpeak allows users to build applications around data collected from IoT
devices such as temperature sensors, heartbeat sensors, and various
microcontrollers. It is a Matlab-supported loT platform for analyzing and
visualizing data. Processed data could also be used to send tweets and other

alerts to users.

There are so-called channels for storing data, and each channel can hold
up to 8 fields with a total of 255 alphanumeric characters. Other fields include:
Description, Latitude, Longitude, and Elevation for location information. Time

and date stamps are added to each piece of data that arrives, and each piece of
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data is assigned a unique ID number. Using the ThingSpeak API, a unique

alphanumeric string known as a "write key" can be used to publish data from a

newly created channel. Thus, a "read key" is used to access channel data if it is

set to keep its data private (the default setting). To make a channel accessible

by anyone without a read key, simply set the channel to "public”[79].

Thingspeak has a wide range of capabilities, among which are the

following:

Simple configuration: Thingspeak can be configured to receive data from
any loT-enabled device using standard loT protocols.

Visualization: sensor data can be visualized in real-time using this feature.
Aggregation: on the request of third parties, data can be aggregated data.
Analyze: run the 10T analytics automatically based on the events or
timetables.

Prototyping: build and prototype 10T systems without the need for servers or
web software.

Automation: Third-party services such as Twitter® and Twilio® can be

used to automate data manipulation and communication.
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System

3.1 Proposed Smart Healthcare Monitoring System using Li-Fi
technology-based 10T Description

With the help of the block diagram in figure(3-1), one can develop a
prototype for a remote health monitoring system using Li-Fi technology-based
I0T. The proposed system monitors vital parameters like temperature and heart
rate using temperature and heart rate sensors. The sensors data is passed
through the Li-Fi transmitter section near the patient. Then the data is
transmitted through a Li-Fi channel, which is LED light. This light passed to
optical receivers which is assumed to be created in the room’s ceiling. The
received signal is traveled through different propagation links (direct LOS,
non-direct LOS, and diffuser) and ambient noise( may be sunlight or

Fluorescent lamps).

This data is presented in a PC called the central nurse station and
uploaded to the ThingSpeak IoT cloud platform using python code. The
internet is connected to the computer via an Ethernet cable, so the use of Wi-Fi
technology will be dispensed. This data is constantly being added to the
database. Data is retrieved from the database and displayed by the ThingSpeak
platform. The doctor can stay up to date on the patient’s condition in real-time.
An automated notification will appear in the doctor’s laptop or android mobile
application if a patient’s parameter exceeds a predetermined threshold value.
The System design is divided into two parts: Used Hardware and Used
software with the platforms, the description for each part is explained in the

following sub-sections.
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Figure(3-1): Proposed System Block Diagram.

3.1.1 Used Hardware:
The used hardware included two sections for the proposed prototype: the

transmitter section and the receiver section.
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A. Transmitter Section

The transmitter section is shown in figure(3-2) with the following hardware:

I. Battery.

Il. Arduino-Uno [Appendix A].

1. MLX90614 IR Temperature Sensor.

iv. DFRobot heart rate sensor.

v. BC547 NPN Transistor.

vi. LED.

Each of the sensors is connected to Arduino-Uno and converted into digital
form. A linear relationship between current and light intensity made LED an
excellent choice. The intensity of the LEDs can be changed in various ways.
The simplest way to represent data is through on-off keying (OOK). To indicate
the extremes, the logical values are used 1 and 0. Thus, the LED is turned off to
transmit a zero (i.e., no light is sent), while the LED is turned on to send the bit
number (i.e., a bright light is emitted). There isn’t enough current flowing
through the Arduino ports to produce bright, fast light. Using a BC547 NPN
Transistor instead of the Arduino Board’s built-in switch, we could switch a
higher current more quickly while still enabling us to turn on and off the LED
at will. The Arduino’s pin is used to control this transistor. In addition, it is
possible to vary the distance between the transmitter and receiver for testing
purposes. To prevent data loss, variable resistance is used to adjust the LED

brightness.
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Figure (3-2): Transmitter Section.

The description of each component is given below:

Battery: Each circuit needs an electric source to operate. This circuit is
equipped with a battery of 12V. This battery is small in size and
rechargeable. Need this battery to operate the LED and Arduino-Uno board.

MLX90614 IR Temperature Sensor: The MLX90614 is a Contactless
Infrared (IR) Temperature Sensor that can be used in a wide temperature
range: from —40°C to 125°C. The MLX90614’s most important
characteristic is a high level of precision and contactless IR temperature
sensor. As a result of its extreme precision, it is also widely utilized in
various business and healthcare applications, including monitoring of room
and body temperatures.

The Stefan-Boltzmann principle asserts that all objects and living beings
emit IR energy. The intensity of this emitted IR energy is precisely

proportional to the temperature of that object or living being. The
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MLX90614sensor works on this concept. So the MLX90614sensor
measures the amount of IR energy emitted by an item to determine its
temperature.

A company by the name of Melexis produces the
MLX90614Temperature sensor. To speed up development, the sensor is
pre-calibrated and can be used as a plug-and-play sensor module. The
MLX90614 combines the functions of two separate devices. The sensor’s
sensing unit is contained in a processing unit, both of which are integrated
into one sensor [see figure(3-3)]. The sensing part is a Thermo detector
operating using Infrared to sense the temperature. The processing one is a
Single adjustment ASSP to convert the sensor’s signal into digital form and
transfers using the 12C protocol. Low noise amplifier, “17 — bit ADC”, and
robust DSP helps the MLX90614 sensor achieve high resolution and

accuracy.

(b)

SDA

/Vcc

4 p-Projection

Ground

Figure (3-3): MLX90614 IR Temperature Sensor.

To demonstrate how to connect the MLX90614 IR Temperature sensor
to an Arduino-UNO. Any Arduino board with an 12C port will work because
the MLX90614 sensor provides temperature output on the 12C bus. The pinout
configuration of the MLX90614 sensor will be shown in table (3-1).
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Table (3-1)MLX90614 Pinout Configuration.

Pin No. | Pin Name Description

1 Vdd(Power Supply) |Vdd can be used to power the sensor,
typically using 5V.

2 Ground The metal can also act as ground

3 SDA-Serial Data Serial Data pin used for 12C communication

4 SCL-Serial Clock Serial Clock pin used for 12C communication

First, connect the temperature sensor’s power supply pin (Vin) to the 5V
pin on Arduino and the MLX90614's GND pin to the Arduino UNO’s GND
pin. Then, to transport data serially, connect the SDA and SCL pins of the

sensor to the Arduino-UNO’s A4 and A5 pins. The interfacing between the

ML X90614temperature sensor and Arduino is shown in figure (3-4).

Figure (3-4): Interfacing between the MLX90614 temperature sensor and Arduino-

Uno.
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Iii. DFRobot heartrate sensor: The DFRobot heartrate sensor is a heart rate
monitor designed with the size of the thumb. It allows for simple plug-and-
play connectivity thanks to the Gravity interface. Photo Plethysmo Graphy
(PPG) techniques are the basis of this sensor’s development. These
techniques are optical, inexpensive, and easy to use to detect blood volume
changes in tissues’ microvascular beds. According to this theory, the
pulsatile element of the cardiac cycle is usually easy to identify. Belt
attachment is made possible by two holes drilled into the sensor. So, the
fingers and wrists and any other skin-contact areas can be wrapped in it, as

shown in figure(3-5).

1.GND
2.VCC
3.Signal

www.DFRobot.com

Figure(3-5): DFRobot heart rate sensor.

The interfacing of the DFRobot heart rate sensor with the Arduino-Uno
board is shown in figure (3-6). It has three pins. If the front side is toward you,
the left pin is the GND, and the center one is the input voltage, which will be
linked to the Arduino’s 5 volts. The final one will be used for electrical output

and connected to the Arduino’s analog bins.
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PulseSensor.com

fritzing

Figure (3-6): Interfacing between DFRobot heart rate sensor and Arduino-Uno.

iv. BC547 NPN Transistor: BC547 is an NPN Bipolar Junction Transistor
with three pins: emitter, collector, and base. This transistor comes in a TO-
92 package. The maximum throughput current of it is 100 mA. The low
noise and high DC current gain of the BC547 make it an excellent choice
for signal amplification applications. The standard saturation voltage of
90mv should be considered a favorable sign to utilize it for switching

purposes.

@ B

www.eTechnophiles.com

IeE

1. Collector
2. Base
3. Emitter

Figure(3-7): BC547 Transistor.
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v. LED: The central part of this operation is the LED source which is used
as a data transmission light. The principle of the working of the LED
depends on the spectrum of the visible light, which ranges from 375nm to
780nm for visible light transmission. The LED used in this system was a
commercial type with a power of 1W for dual used, lighting and data
transfer. This LED operates at a voltage of 12V which consider very cheap

and available in the market.

vi. Convex lens: A convex lens is used after the LED for focusing the light.

The focal length for this lens was 25cm.

B. Receiver Section
The receiver section is shown in figure(3-8) with the following hardware:
I. PIN Photodiode.

Ii. Arduino-Uno.

Ii. LM358 Operational Amplifier.

Iv. Variable resistance (100Kohm).
v. Red LED with series Resistance.
vi. Green LED with series Resistance.

The receiver task is to convert the light into current using a PIN
Photodiode. Arduino cannot accept a high voltage for a digital signal. So, the
electrical signals must be processed before by a circuit between an Arduino and
a photodiode to read them accurately. Electrical current needs to be
transformed into voltage for comparison and amplification purposes for
receiver electronics. This is done using LM358 Operational Amplifier. The
distance between the transmitter and receiver can be changed; however, a
variable resistor is necessary to avoid too small or too high a signal. This
component amplifies or decreases the input voltage depending on the desired

output voltage.
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Figure(3-8): Receiver Section.

The description of each component is given below:

Photodiode: Light can be converted into electrical current by using a
photodiode, a semiconductor device. The photodiode has three main
requirements: a fast response time, high sensitivity to visible wavelengths,
and a sizeable radiation-sensitive area. The used photodiode is SFH2030
which is an inexpensive general-purpose PIN diode. The spectral bandwidth
Is from 400 nm to 1100 nm and is ideal for the intended purpose. The light
intensity to current ratio is linear, and the radiant sensitive area is 1 mm2.

Switching times are short, which is typically 5 ns.

LM258 Operational Amplifier: The trans-impedance amplifier used here
is used to convert the photodiode’s output current into the voltage. LM358
operational amplifier is used for this purpose which consists of two
independent, high gain, internally frequency compensated operational
amplifiers. It’s made to work with a single power supply and a wide range

of voltages, ranging from 3 to 32 volts. For this reason, it is widely used in a
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variety of applications because it does not necessitate a negative power

supply like most operational amplifiers. LM358 Pinout diagram shown

below:
ouT1 (1 8 1Veo
INT(-) 2 —. — 7 OUT2
< | .
INT(+)| 3 — 6 ) IN2(-)
GND | 4 5 IN2(+)

Figure(3-9): LM258 Op-Amplifier Pinout diagram.

Additionally, they can operate from dual power supplies ranging in voltage
from 1.5V to 16V, depending on the application’s needs. The outputs can
generate a good amount of power, which can supply up to 30mA per channel
and sink 20mA. These operational amplifiers are frequently used to buffer or
amplify signals. They can be used in various circuits, including voltage
comparators and voltage-controlled oscillators. They can handle frequencies up
to 700KHz with a gain of up to 100 times.

iii. Red LED with series Resistance: indicates that the circuit is powered up.

The series 3300 resistance is a current limiting resistor.

iv. Green LED with series Resistance: indicates the photodetector is received

data. The series 1k( resistance is a current limiting resistor.
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3.1.2 Used Software and Platforms

The used Software and Platforms include:

Arduino IDE.

Ii. ThingSpeaks Platform.

Ii. Python Language.
Iv. Making Emergency Alert with IFTTT.

The description for each part is given below:

Arduino IDE: Programming and uploading code to the Arduino board is
made simple by the open-source Arduino Software (IDE). Linux,
Windows, and OS X are all supported it. The environment is built using
Java, based on Processing and open-source software. Any Arduino
board can be used with this software[the used version is 1.8.13].

In this project, Arduino programming language was chosen.
Arduino works with sensors, gets the values, and compiles it using the
specific libraries that belong to the developer of the sensor. This
microcontroller converts the analog sensor input to digital form then
gives these data to Li-Fi Tx. For the reception, another code is used to
convert the received digital data to analog one for retrieving the sensors’
data as shown in figure(3-10). The Arduino programming language is

more straightforward than most programming languages.
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Figure(3-10): Flow Chart of Transmitter and Receiver Codes.

ii.  ThingSpeak platform procedure :

Step 1: Start creating the channel

e Log in to ThingSpeak, using MathWorks or ThingSpeak account, or
creating a new one.

e Press Channels and choose MyChannels.
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Figure (3-11): Creating channel on ThingSpeak.

e Press New Channel.

e After that, enter these setting values:
» Name: Healthcare Monitoring System
« Field 1: Temperature
» Field 2: Heart-Rate

[ Channels - ThingSpeak IsT x  + o - X
< C @ thingspeak.com/channels/new r @ » ° (" Update 1)
D ThlngSpeak“‘ Channels ~  Apps~  Devices~  Support~ CommercialUse ~ HowtoBuy MR
Name Healthcare Monitoring System Channels store all the data that a ThingSpeak application collects. Each channel includes
sight fields that can hold any type of data, plus three fields for location data and one for
status data. Once you collect data in a channel, you can use ThingSpeak apps to analyze and
Description visualize it
7
Channel Settings
Field 1 Body Temperature
* Percentage complete: Calculated based on data entered into the various fields of a
channel, Enter the name, description, location, URL, video, and tags to complete your
Field 2 Heart Rate channel.
« Channel Name: Enter a unique name for the ThingSpeak channel.
Field 3 [m]
« Description: Enter a description of the ThingSpeak channel.
Field 4 ] » Field#: Check the box to enable the field, and enter a field name. Each ThingSpeak
channelcan have up to 8 fields,
Fields O » Metadata: Enter information about channel data, including JSON, XML, or CSV data.
« Tags: Enter keywords that identify the channel. Separate tags with commas.
Field 6 o « Link to External Site: If you have a website that contains information about your
ThingSpeak channel, specify the URL.
Field 7 u « Show Channel Location:
. o o Latitude: Specify the latitude position in decimal degrees. For example, the
Field 8 latitude of the city of London is 51.5072.
PP y ioni : -

Figure(3-12): Creating Fields.
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Figure(3-13): ThingSpeak Channel.

o After finishing, press Save Channel below the settings.

These tabs are now visible:

. Private View: This tab includes data about the channel that we can see.

. Public View: This tab is chosen to open up the channel for the general
public.

. Channel Settings: This tab shows all the options you choose when

creating a channel. Also, this tab allows us to edit or delete the channel.

. API Keys: The API keys for the channel can be found here. Using the
keys, we can read and post to our channel.

. Data Import/Export: This tab makes importing and exporting channel
data possible.

This channel can be accessed by pressing Channels and choosing My
Channels.

Step 2: Find channel ID and API key

Just below the name of the channel (Healthcare Monitoring system in our
project), we’ll find channel ID and API Keys.
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Figure (3-14): Generation of Channel ID and API Key.

This channel is also seen in the smartphone using the ThingView mobile
application. This is done after inserting the channel ID and API key.
ii.  Python code for uploading data to the ThingSpeak
After creating the channel, get Channel ID and API Key in ThingSpeak. The
next step is to upload data to ThingSpeak cloud. For this purpose, python

code is used as shown below in figure(4-15)

>Q File Edit Selection View Go Run Terminal Help « final code - Copy.py - Visual Studio Code — X
) Restricted Mode is intended for safe code browsing. Trust this window to enable all features. Manage Leam More X
bv @ -
1
2
3 import serial #used to read data from serial port.
4 fmport #used to send https request.
5 dmport time #used to get time.
6 [{mport requests
8  ApiWriteKeyl = "TeVIHDSO7MMIWWGG" #repalce this with your write api key here. thingspeak
a9
18
11 #port name:"COM9", baud rate:1928@, timeout:1
12 pdart=serial.Serial("COM6", 19280, timeout = 1) #And don't forget to change port name :D
13
14 currentTime=time.time() #get time from the begining of uni xsystem.
15 prevTime = @
16  waitTime = 16 #
17
18 while 1 :
19
20 msgl = uart.readline().decode( ascii') #read data coming from RX arduino.
21 print("Heart : " + msgl)
22 msg2 = uart.readline().decode( ascii') #read data coming from RX arduino.
23 print("Temp : " + msg2) #
24
25 currentTime = time.time()
26
27 if (prevTime + waitTime) <= currentTime : #check if 16 seconds has passed cause thingspeak.com accepts data with a time gap of 15 seconds
28 prevTime = currentTime
29 print("sennding to Thingspeak.com : " + msgl)
3@ print("sennding to Thingspeak.com : " + msg2) |
1§
Ao G0 o 0 ] 30, il

Figure(3-15): Python Code.
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Iv.  Making Emergency Alert with IFTTT

It is impossible to have a health care observer on-call around the clock for
every patient. In traditional methods, doctors must be notified in person if there
Is any abnormality. In the worst cases, even first-aid can’t be provided;
Imperative that a responsible person responds to emergency calls on time.
Therefore, an effective healthcare monitoring system should provide doctors or
medical technicians with an extra efficient, high-speed, and timely alarm. The
proposed system makes this possible using IFTTT.

For short, IFTTT stands for If This Then That. It initiates a cascade of
changes to the website’s behavior, all aimed at “making the internet working
for our”. People can use IFTTT to connect various websites and applications to
complete a task by taking advantage of APIs provided by various websites
with no need to write any code. IFTTT enables us to receive or focus on the
most important information by connecting all kinds of information via process
and afterwards centrally presenting it. According to IFTTT, “this” represents
behavior on a specific website as a “Trigger,” while “that” represents another
behavior “action” induced by the series of reactions. Those triggers and actions
are all based on a specific website, which is referred to “channel” in IFTTT.
The whole “if this then that™ action is defined to be “Task”. For instance, once
the data is uploaded to Thingspeak, when it reaches a certain threshold, the
trigger will be activated so that the designated action can be taken: an email
will be sent to doctor or medical technicians portable devices (all the steps that
explained this is in Appendix B). The threshold values used here are shown in
table (3-2).

Table(3-2): Threshold values.

Component Normal Range
Temperature 36.5—-37.5C°
Heartbeat rate 60 — 100 beats/min
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3.2 System Building and Implementation

To build the proposed system, the required connections are made. Then
program file is uploaded to the Arduino-Uno. Finally, the health monitoring
system is ready to measure heart rate and body temperature using Li-Fi
technology as shown in figure(3-16).

For the 10T part, run python code for data uploading to ThingSpeak.
Then open ThingSpeak website. After that, Search channel ID. It is easy to see
the related channel, and it is enough to click on it to see the graphical visuals
and gauges of numerical values coming from the sensors. Besides this, the
ThingView application can be used to see these results. Also, IFTTT is used to

make notifications at abnormal cases.

Smart Healthcare Monitoring System

Using Li-Fi based loT
J
Li-Fi Part loT Part
v
Making the ‘ Run Python
connections Code

o ¥

i Open
Upld the Transmitter o
Cod Receiver Code to gttp-//ﬁhlnqsﬁeak-(ltolrg
the Arduino-Uno garching channe
Put Sensorson Open Thingview App
patient From mobile phone
- Searching channel ID

" IFTTT to send
Email

Figure(3-16): Steps for building the Patient Health Monitoring System.
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Finally, with the help of diagrams that depict all the components and
code, the hardware-implemented as described precisely in this thesis. A
diagram of the proposed system’s electronic circuitry is shown below in figure
(3-17). The Lab experiment has been performed within the dimensions of
length, width, and height (7 m x 4 m x3m). Also, a light power meter has been

used to measure the received power and ambient noise at various links and for

different distances.

Figure (3-17):Implemented Proposed System.
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3.3 Proposed IPS using VLC technology Description

This section presents a description of the Proposed Indoor Positioning
System. The description of this system is done with two main parts: System
Block diagram and System parameters. Each part is presented in the following
subsections.

3.3.1 System Block Diagram
In this subsection, we present the algorithm and block diagram of the
entire model of the created system, as shown in figure(3-18).

Algorithm 1 Positioning algorithm

1. Procedure Anchor nodes installation
Install n LEDs in the ceiling as anchor nodes. — In this experiment n = 6.
End procedure
2. Procedure Create the transmission algorithm.
Every LED sends information about its location (ID) to the detector.
End procedure
3. Procedure Channel impulse response
a. Calculate actual distances(using equation(2.30))
b. LOS Case (using equation(2.17))
c. NLOS Case (using equation(2.20))
d. Total impulse Response
End procedure
4. After Photodiode, Measure power for each LED with noise (using
equation(2.16))
5. Select 4 to 6 LEDs that having highest received power
6. Separate received signals —Optical Orthogonal Codes (OOC)
7. Procedure Clustering nodes (P) — combination method (using
equation(2.49))
End procedure

8. Procedure Compute distances (using equation(2.31))
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End procedure
9. Procedure Target (patient) location — WLS (using equation(2.43))

End procedure

10.Procedure Compute derived MSE for each group. — based on the
measured distance (using equation(2.56))
End procedure

11.Procedure Anchor selection —Select the group Having minimum MSE
among other groups. (using equation(2.51))
End procedure

12.Procedure Patient Relocation— Using modified ML algorithm—
Dynamic initial point (done with fminsearch function in matlab) (using
equation(2.48))

End procedure

End algorithm
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Figure (3-18): Block diagram of the proposed system.
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3.3.2 System Parameters
This thesis presents a new indoor positioning system using a hybrid
technique of different indoor positioning algorithms to get a reliable system
with convenient accuracy, less complexity, and time conception. The created
system is implemented using MatLab simulation. In this work, we presume a
patient was walking through a room size 5 x5 x3 m and a corridor of 20 m. The
lighting system consists of two scenarios, as shown:
a. Scenario 1:The first scenario uses 6 LEDs in the room and 18 LEDs for
the corridor. The LEDs positions in the room at coordinates of (0.5, 0.5,
3), (2.5,0.5, 3), (4.5, 0.5, 3), (0.5, 2.5, 3), (0.5, 4.5, 3), and (4.5, 4.5, 3), .
In the corridor, the positions at (0.5, 0.5, 3), (2.5, -0.5, 3), (4.5, 0.5, 3),
(4.5, 0.5, 3), (4.5, 0.5, 3), and so on as shown in figure(3-19a).
b. Scenario 2: The second scenario uses 9 LEDs in the room and 24 LEDs
for the corridor. The LEDs positions in the room at coordinates of (0.5,
0.5, 3), (2.5, 0.5, 3), (4.5, 0.5, 3), (0.5, 2.5, 3), (2.5, 2.5, 3), (2.5, 4.5, 3),
(0.5, 4.5, 3), (2.5, 4.5, 3), and (4.5, 4.5, 3) . In the corridor, the positions
at (6, 1.5, 3), (6, 3.5, 3), (8, 1.5, 3), (8, 3.5, 3), (10, 1.5, 3), (10, 3.5, 3),

and so on as shown in figure(3-19b).

The patient wears PD in his hand and could receive the location code if
optical light is incident within its FOV. Based on the proposed scenarios, the
receiver at least will receive 4 signals inside the room or the corridor based on
the highest power. We assumed that the hand’s orientation would not affect the
bracelet reception since the receiver always has 4 up to 6 signals coming
through different propagation channels (LOS and NLOS). Besides, the OCC is
used to separate the received signals as an assumption. Table (3-3) presents

the simulation parameters considered for this work.
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Figure(3-19): Experimental activities inside the room and corridor (a) Scenariol, (b)

Scenario2.
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Table (3-3) Simulation Parameters for proposed system

Transmitter Parameters

Parameter Value

Room size 5X5 X 3m3
Corridor length 20 X 3 x 3m?3
Wall Reflectivity p 0.25
Reflecting element area dA,, 4 1cm?
Lambertian mode m 1

LED transmitter Power P, 4w
Response Rate of PDs R 0.4 A/W
Optical filter gain T 1
Concentrator gain g 1

Receiver Parameters

Surface Area of the PD 4p) 1cm?

Receiver Plane h 0.85m

FOV of the receiver 80 deg
Noise Parameters[47]

Current of daylight I, 5100 x 107 A4

Noise Bandwidth factor I, 0.562 A

I 0.0868 4

Open-loop voltage gain G, 10

Noise Bandwidth B,, 108 pulses/s

Absolute temperature Ty 298K

FET transconductance g, 30mS

FET Channel noise factor T 1.5

Fix capacitance C; 112pF /cm?
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4.1 Performance of Smart Healthcare Monitoring system using
Li-Fi technology-based 10T

This chapter begins with the performance of the proposed smart healthcare
monitoring system using Li-Fi technology-based 1oT. The system results are
described in two sub-section. Firstly, the performance of the Li-Fi system is

given, then the results of ThingSpeak platform and mobile application.

4.1.1 Li-Fi System Result

After the Arduino program writing, the written program is compiled and
uploaded using Arduino IDE. Then the smart healthcare monitoring system
using Li-Fi technology is powered. Sensors are connected to the patient’s body.
The serial Monitor of Arduino IDE at the receiver is opened to see heart rate

and body temperature values.

The proposed system is tested over various propagation links ( direct
LOS, non-direct LOS, and NLOS) and ambient noise. Evaluation and
validation of the system in this experiment are performed using a variety of
measurements. These measurements include the transmitted power, received
power, OSNR, ESNR, the transmitted half-angle, and the distance from the

transmitter to the receiver.

Firstly, the performance evaluations’ findings for the LOS link under low
and high ambient noise (sunlight and fluorescent lamps) are presented in
figure(4-1),to (4-6) tables (4-1) and (4-2).
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Figure (4-1): Distance vs. Received power for direct LOS under low ambient noise.
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Figure (4-2): Received power vs. OSNR for direct LOS under low ambient noise.
79



Chapter Four Practical and Simulation Results with Discussion

22

|—*— Received power vs. ESNR under low noise |

21

20

ESNR(dB)
©

17

16 | | | 1 I
0.07 0.075 0.08 0.085 0.09 0.095

Received Power(mW)

Figure (4-3): Received power vs. ESNR for direct LOS under low ambient noise.

0.125 1

Distance vs. Received power under high noise

0.12

—~ 0.115

011

0.105

Received Power(mW

01

0.095

009 1 | 1 | | | | 1 | I
1 1.2 1.4 1.6 1.8 2 2.2 24 2.6 2.8 3

Distance(m)

Figure (4-4): Distance vs. Received power for direct LOS under high ambient noise.
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Figure (4-5): Received power vs. OSNR for direct LOS under high ambient noise.
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Figure (4-6): Received power vs. ESNR for direct LOS under high ambient noise.
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Table (4-1): Direct-LOS link measurements under low ambient noise.

Distance | Transmitted Received OSNR ESNR
(m) Power(mW) | Power(mW) (dB) (dB)

1 0.15 0. 094 49.92 21.07

2 0.4 0. 086 49.14 19.53

3 0.7 0. 081 48.62 18.49

4 1.1 0.078 48.29 17.83

5 1.5 0.072 47.60 16.44

Table (4-2): Direct-LOS link measurements under high ambient noise.

Distance | Transmitted Received OSNR ESNR
(m) Power(mw) | Power(mWw) (dB) (dB)
1 0.3 0.121 41.65 15.00
1.5 0.6 0.112 40.98 13.66
2 0.9 0.109 40.74 13.19
2.5 1.2 0.101 40.08 11.86
3 1.5 0.092 39.27 10.24

As shown in table(4-1) and table(4-2), OSNR is varied from 47.60 dB to
49.92dB and ESNR from 16.44 dB to 21.07dB for a distance of up to 5 meters
in the direct-LOS link under low ambient noise. On the other hand, the OSNR
is changed from 39.27dB to 41.65 dB and ESNR from 10.24dB to 15.00 dB for
a distance of up to 3 meters in the same link under high ambient noise (sunlight
and fluorescent lamp). It is observed that ambient sources profoundly impact
the receivers of Li-Fi communication. The distance is restricted to 3m under

ambient light sources while 5m under dim lighting.

The outcomes of the non-direct LOS link at a distance of 2 m with
varied half-transmitted angles (5°-20°) under the two cases of ambient noise is
presented in the figures from (4-7) to (4-12), table (4-3) and (4-4).
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Figure (4-7): Angle vs. Received power for non- direct LOS under low ambient noise.
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Figure (4-8): Received power vs. OSNR for non-direct LOS under low ambient noise.
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Figure (4-9): Received power vs. OSNR for non-direct LOS under low ambient noise.
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Figure (4-10): Angle vs. Received power for non-direct LOS under high ambient noise.
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Figure (4-11): Received power vs. OSNR for non-direct LOS under high ambient noise.
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Figure (4-12): Received power vs. ESNR for non-direct LOS under high ambient noise.
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Table(4-3): Non-direct LOS link measurements under low ambient noise.

Angle Received OSNR ESNR
Power(mW) (dB) (dB)
0 (Direct-LOS) 0. 086 49.14 19.53
5 0.084 48.94 19.12
10 0.081 48.62 18.49
15 0.077 48.18 17.61
20 0.073 47.72 16.68
25 - - -

Table(4-4): Non-direct LOS link measurements under high ambient noise.

Angle Received OSNR ESNR
Power(mW) (dB) (dB)
0 (Direct-LOS) 0.109 40.74 13.19
5 0.104 40.3 12.37
10 0.098 39.82 11.34
15 0.092 39.27 10.24
20 0.085 38.58 8.87
25 - - -

For the non-direct LOS link, the obtained OSNR is variable from 47.72
t049.14dB, and ESNR from 16.68 to 19.53dB, which is still acceptable. For
other cases of noise, the obtained OSNR is variable from 38.58 t040.74dB, and
ESNR from 8.87to 13.19dB. At angle 25¢, the green led in the experiment is

off, and the data is lost.

Finally, figures from (4-13) to (4-18), tables (4-5), and (4-6) show the
results of the proposed system at various distances for the NLOS links for two

statuses of the ambient noise.
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Figure (4-16): Distance vs. Received power for NLOS under high ambient noise.
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Figure (4-17): Received power vs. OSNR for NLOS under high ambient noise.
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Figure (4-18): Received power vs. ESNR for NLOS under high ambient noise.
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Table(4-5): NLOS link measurements under low ambient noise.

Distance Transmitted Received OSNR ESNR
(m) Power Power (dB) (dB)
(mW) (mW)
0.25 0.25 0.101 50.54 22.32
0.5 0.4 0.095 50.01 21.26
0.75 0.55 0.09 49.54 20.32
1 0.7 0.084 48.94 19.12
1.25 0.95 0.077 48.18 17.61
15 1.1 0.071 47.48 16.20
1.75 1.25 0.064 46.58 14.40
2 1.5 0.051 44.60 10.45

Table(4-6): NLOS link measurements under high ambient noise.

Distance Transmitted | Received OSNR ESNR
(m) Power Power (dB) (dB)
(mw) (mw)
0.25 0.4 0.127 42.07 15.84
0.5 0.65 0.101 40.08 11.86
0.75 0.9 0.095 39.55 10.80
1 1.1 0.089 38.98 9.67
1.25 1.3 0.082 38.27 8.24
1.5 1.5 0.073 37.26 6.22

Tables (4-5) and (4-6) show that the OSNR is varied from 44.60
t050.54dB and ESNR from 10.45to 22.32dB for the first case, whereas OSNR
Is varied from 37.26 t042.07dB and ESNR from 6.22to 15.84dB for the second
case which obtained in the experiment. In this link type, it is noted that all the

parameters worsen considerably.
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In general, OSNR and ESNR are affected by the following factors: link
type, distance, ambient noise, and transmitted half-angle. Hence, the received
power reaching the receiver is concerned, which requires increasing the

transmitting power to obtain acceptable values.

4.1.2 10T Part Results

In the last step, the loT part comes in. The proposed smart healthcare
system is shown and utilized in intensive care of Al-Emam Al-Sadiq Hospital
(figure(4-19)). Python code is running to send the measured heart rate and body
temperature values to the ThingSpeak platform. The doctor or medical
technician can monitor these values from related channels using laptops, Ipad,

or mobile phones.

~. Patient room Nurse Central Station ~ Medical Technigians
- B

Figure (4-19): Intensive care of Al-Emam Al-Sadiq Hospital.

Data flow is checked as shown in figure(4-20). After that, searching the
channel ID on the ThingSpeak website or ThingView mobile app, it is easy to
access this channel, as shown in figure(4-21) and (4-22). Field1l and Field2

show the heart rate and temperature monitoring records, respectively. Graphs
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depicting changes in heart rate or temperature over time are displayed every 16

seconds.
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Figure (4-20): Data Flow in Python.
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Figure (4-21): Channel view on ThingSpeak website.
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Figure (4-22): Channel view in ThingView Mobile Application.

The IFFFT notifications was tested by varying the value around the
sensor artificially. In this status the heart rate and body temperature values are
out of the predefined values. So an email message is sent to the authorized

devices with different cases as shown in figure(4-23).
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Figure (4-23): Alert Email with different cases (a) High Heart rate, (b)Low Heartrate,
(c) High Temperature, and (d) Low Temperature.

Finally, this prototype is distinguished by low power consumption , low
cost, and using light for illumination and data transfer. The cost of the
implemented Li-Fi system was around 10$. Regarding the Internet of Things,
ThingSpeak’s cloud platform and IFTTT are all free. Except sensors are
selected with a high-quality to obtain a high degree of accurate readings. Also,
the experimental result shows a 100 % accuracy of the received data under all
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test experiments circumstances. In addition, due to its design and loT

technology, it also makes measurements and monitoring simple and smart.

4.2 Performance of the Proposed IPS using VLC technology:

First, the steps in algorithml are applied to obtain the system’s
performance. The system is investigated when noise is taken into account. The
residual noise is added to the received signal using the AWGN function from
MATLAB® over the ESNR calculated based on Eq. (2-21). Based on our
algorithm, as shown in table (4-7), only six LEDs is selected with more power.
Then, the combination method was implemented to group the selected LEDs to
create different groups when each group had 4 LEDs up to six. Each selected
group is affected by different propagation channels (LOS and NLOS). The total
number of groups is very large, so six groups are chosen randomly to present
the result of the proposed algorithm. Then, the WLS method is used by each

group to compute the target position.
Table (4-7): Types of propagation channels for every group of LEDs.

Group Number of | LOS NLOS
name LEDs channel | channel
Gl 4 2 LED 2 LED
G2 4 1LED 3 LED
G3 5 2 LED 3LED
G4 5 1LED 4 LED
G5 6 2 LED 4 LED
G6 6 1LED 5LED

For the evaluation stage, the target position is estimated by taking ten
different points corresponding to his path inside the room and along the
corridor. Then, the derived MSE is used to evaluate the estimated position for

each group, as shown in tables (4-8) and (4-9). The highlighted red numbers are
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the lowest value of MSE of each group of anchor nodes. The positioning
accuracy will gradually improve when the target moves directly below the
LEDs. This is because the NLOS power in the room center is lower than the
corners. So, the best values of the MSE for the WLS approach are at (x =
2.5,y = 2.5,z = 0.75) and for scenarios 1 and 2. Also, it can be seen in table
(4-8) and (4-9) that increasing the number of LEDs from 6 to 9 in room and
from 18 to 24 in corridor will increase the accuracy of the system . For
example, for G1 the average MSE is 0.83m? with 6 LEDs and 0.57m? with 9
LEDs. In general, the more LED lights that are installed on the ceiling, the
higher the accuracy value.
Table (4-8): MSE for WLS method for different positions of the target in m?

(Scenariol).

Point | Target position MSE (WLS)
Gl| G2| G3| G4 G5 G6
1 (0.25,2,0.85) 0.28 {0.370.45(0.66 | 0.59 | 0.74
2 (1.5,2.5,0.85) 0.29 | 0.35|0.25|0.38 | 0.31 | 0.45
3 (4,0.25,0.75) 0.37 1053|029 | 0.37 | 0.23 | 0.34
4 (2.5,2.5,0.75) 0.31/0.42(0.33|0.46 | 0.16 | 0.24
5 (4.75,4.75,0.8) 0.57 | 0.61|0.73 | 0.89 | 0.67 | 0.79
6 (5.25,2,0.8) 131145116128 125|146
7 (9,2,0.7) 1.65(193|197|216 123|141
8 (17,3.5,0.7) 117 | 129112 (134|127 |144
9 (21,1.5,0.65) 0.56 | 0.67 | 0.73 | 0.81 | 0.59 | 0.78
10 (25,3.75,0.65) 1.7312.051.84|214 193|233
Mean | 0.83|0.96 | 0.88 |1.04 | 0.81|0.99
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Table(4-9): MSE for WLS method for different positions of the target in m?

(Scenario2)

Point | Target position MSE (WLS)
Gl G2 G3| G4| G5| G6
1 (0.25,2,0.85) 0.23 | 0.29|0.35(0.48 | 0.23 | 0.42
2 (1.5,2.5,0.85) 0.210.29|0.19 | 0.28 | 0.24 | 0.32
g (4,0.25,0.75) 0.211033|0.31|0.37|0.25(0.34
4 (2.5,2.5,0.75) 0.16 | 0.23/0.18 | 0.27 | 0.12 | 0.21
5 (4.75,4.75,0.8) 0.44 1051|046 |0.59 045 0.57
6 (5.25,2,0.8) 131145093 |128|1.25|135
7 (9,2,0.7) 0.7410.91/0.81|0.98|0.77 | 1.02
8 (17,3.5,0.7) 0.87 |1.15/082|1.10|091|1.24
9 (21,1.5,0.65) 0.34|0.47|0.43|0.61|0.33|0.48
10 (25,3.75,0.65) 118 (132124 | 143|1.03|1.27
Mean | 0.57 | 0.69 | 0.57 | 0.74 | 0.55| 0.72

Then, for each scenario, the group having the least MSE value was
selected with its estimated position to be used as the initial point for the
modified ML approach to calculate the final position of the target. The last step
in this work is to evaluate and compare the proposed system with two related
approaches, WLS conventional ML. In the conventional ML, a random fixed
point was used as the initial point for iteration purpose [we chose (x = 10,y =
5,z = 0.85) for scenario 1 and 2], but, in the proposed algorithm, the initial
point is made as a dynamic point that could be changed based on the best
position obtained by AS approach as shown in tables(4-10) and (4-11). Also, it
should be mentioned when the target position closes from the guess (initial)
point of the conventional ML, the positioning accuracy of the ML will be
enhanced and vice versa, as mentioned in points 6, 7, 8 in the tables. Then, the
obtained points using the proposed approach and two different related

approaches are evaluated using MSE MatLab function, as shown in the table.
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Table (4-10) MSE for the proposed system compared to ML and WLS algorithms in

m? (Scenariol)

Point (target WLS ML Proposed
position) algorithm
1 (0.25,2,0.85) 0.59 0.29 0.17
2 (1.5,2.5,0.85) 0.31 0.19 0.18
3 (4,0.25,0.75) 0.23 0.29 0.19
4 (2.5,2.5,0.75) 0.16 0.14 0.10
5 (4.75,4.75,0.8) 0.67 0.23 0.24
6 (5.25,2,0.8) 1.25 0.10 0.11
7 (9,2,0.7) 123 o011 0.12
8 (17,3.5,0.7) 1.27 0.13 0.15
9 (21,1.5,0.65) 0.59 0.77 0.12
10 (25,3.75,0.65) 1.93 1.11 0.19
Mean 0.81 0.33 0.15

Table (4-11) MSE for the proposed system compared to ML and WLS algorithms in

m? (Scenario?2)

Point (target WLS ML Proposed
position) algorithm
1 (0.25,2,0.85) 0.23 0.25 0.15
2 (1.5,2.5,0.85) 0.24 0.17 0.14
3 (4,0.25,0.75) 025| 0.24 0.18
4 (2.5,2.5,0.75) 0.12 0.12 0.08
5 (4.75,4.75,0.8) 045| 021 0.21
6 (5.25,2,0.8) 125 011 0.10
7 (9,2,0.7) 0.77 0.10 0.11
8 (17,3.5,0.7) 091 0.12 0.13
9 (21,1.5, 0.65) 0.33 0.69 0.11
10 (25,3.75,0.65) 1.03 0.93 0.17
Mean 0.55 0.29 0.13
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It can be seen in both tables that the MSE of the proposed algorithm has
an average of 0.15m? for scenario 1 and 0.13 m? for scenario 2 in LOS and
NLOS channels, compared with WLS and conventional ML that have an MSE
for scenariol about 0.81 m? ,0.33 m? and scenario 2 has 0.55 m? , 0.29
m? respectively. This indicates that the performance of the created system

highly outperforms the other positioning approaches for the same environment.

The actual and estimated paths, including the proposed algorithm with
two related approaches, WLS, and conventional ML, are shown in figure (4-24)
for scenarios 1 and 2. As shown, the proposed system’s position iS more

confined to actual position than other approaches.

Actual Position
WLS

—¥%— ML

—¥— Proposed

X

0 5 10 15 20 25
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Actual Position
WLS

—¥— ML

—¥— Proposed

A

20 25

Figure (4-24): Real and estimated paths in m for scenarios 1 and 2, respectively.

Finally, the empirical cumulative distribution function (ECDF) of the

MSE for every positioning algorithm is computed as shown in figure (4-25) for

scenarios 1 and 2.
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Figure (4-25): Empirical disrupted function of MSE for the proposed, WLS and ML

indoor positioning approaches for scenarios 1 and 2, respectively.
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4.3 Comparative Analysis of the Results

This chapter presents the first investigation of the performance of smart
healthcare monitoring systems using the Li-Fi technology-based ThingSpeak
loT platform. The proposed system has been evaluated, validated, and
compared, as shown in the table (4-12). The proposed system outperforms the

other comparative systems.

When testing the proposed positioning system, which uses the RSS
technique, it is necessary to compare the results to other positioning systems.
Table (4-13) shows the characteristics of each previous piece of work. We are
confident that the proposed algorithm has far more features than any other

system that has been previously described.
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Table (4-12): A comparison study related to Li-Fi’s previous works.

parameter [21] [23] [4] [26] Proposed
System
Data rate(bps) - 9600 4800 38400 38400
ESNR (dB) - - 6to 12 - 6 to 22
LED power(W) - - 3 - 1
Distance (m) - - 1.5 - 5
Environment - - - - 7x5x3m  under
low and high
ambient noise
Data Sensors | Text Text, Pulse, oxygen in | Body temperature
Data Image, the blood, and Heart rate
Video airflow, body
temperature, and
ECG
Wavelength (nm) - - 375-780 375-780 375-780
Modulation - OOK OOK OOK OOK
Microcontroller | PIC16F87 | Arduino | TTL Arduino-Uno
TA -Uno
Propagation - LOS- LOS(Dire - LOS(Direct Non-
link Direct ct Non- direct) NLOS
direct)
Upload Data to | Microsoft - - - ThingSpeak
Cloud Azure Cloud
Cloud
Making - - - - IFTTT to send
Notifications Email
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Table (4-13): A comparison study related to IPS’s previous works.

parameter |[29] [28] [30] [33] Proposed
System
Room size 6X6x35m3 | 6xX6x35m3| 5x5%x3m3 | 8x6x3m3 | 5%x5x3m3
& 20 x 3 X
3m3
Number of 4 4 4 4 6and 9
LED
LED Power(w) - - 10 - 4
Positioning 3D 3D 3D 3D 3D
Type
Link LOS+NLOS LOS+NLOS LOS+NLOS LOS LOS+NLOS
Noise Noiseless Noiseless Noisy Noiseless Noisy
Separation TDM TDM - TDM ocCcC
Received Signal
Positioning LS LS LS ML WLS,ML and
Method modified ML
Evaluation RMSE Positioning Positioning RMSE Modified MSE
Performance Error Error
Accuracy 0.806m 0.26m for 0.5m with 0.5m 0.15m? and
OFDM p = 0.01 0.13m? for
1.01m for Scenariol &2
OOK
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Chapter Five

Conclusions and the Future Work

5.1 Conclusions

Firstly, an indoor healthcare monitoring system based on Li-Fi technology is
designed and implemented to transmit multiple medical data in a real-time.
From the present work, the following conclusions can be drawn as follows:

1. This system allows the doctors to monitor the patient's health apart from
the duty hours using 10T, where the patient's health is monitored
remotely.

2. The system implementation uses very cheap components and license-free
software, so it has the potential to be an incredibly cost-effective
solution.

3. The proposed system has the following advantages: high accuracy and
low power consumption. The lab result offers a 100 % accuracy of the
received data under all test experiments circumstances with a LED of
power 1w.

4. The system performance is affected by distance, link type transmitted
half angle, and noise. For example, the OSNR is varied from 47.60 dB to
49.92dB for a distance of up to 5m under low ambient noise in the direct-
LOS link and from 44.60 t050.54dB for a distance of up to 3m under low
ambient noise. On the other hand, OSNR is changed from 44.60
t050.54dB for a distance of up to 2m under low noise, whereas OSNR is
changed from 37.26 t0o42.07dB for a distance of up to 1.5m under high
noise for the same link.

5. The noise and link type significantly affect the system, which requires
increasing the transmitted power every time the above parameters are

changed.
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Secondly, a new algorithm for IPS based on VLC technology is designed
and simulated using RSS —based trilateration method with the following

conclusions:

1. Increasing the number of LEDs in the room from 6 to9 and corridor
from 18 to 24 will boost the system accuracy; for example, for G1 the
average MSE is 0.83m? with 6 LEDs and 0.57m? with 9 LEDs. In
general, the more LED lights that are installed on the ceiling, the higher
the accuracy value.

2. Simulation shows that the proposed algorithm has better performance in
terms of MSE, which is about 0.15 m? for scenarios 1 and 0.13 m? for
scenario 2, while WLS and conventional ML that have an MSE for
scenariol about 0.81 m? ,0.33 m? respectively and scenario 2 has 0.55
m? ,0.29m? respectively.

3. The positioning accuracy will gradually improve when the target moves
directly below the LEDs. This is because the NLOS power in the room
center is lower than in the corners. So, the best values of the MSE for the
WLS approach are at (x = 2.5,y = 2.5,z = 0.75) for scenarios 1 and 2.

4. When the given random initial position of the conventional ML closes
from the actual position, the positioning accuracy of the ML will be

enhanced and vice versa.

5.2 Future Work
The work in this thesis can be extended in the future to address the
following Issues:
1. For the implemented Li-Fi system, employ some modulation format
other than the OOK like the M-PPM, M-QAM, and OFDM and compare

the performance of the new systems.
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2. In IPS using VLC, new hybrid techniques such as RSS with AOA are
introduced to increase distance measurement accuracy, thus increasing
the accuracy of the overall system.

3. Studying the effect of receiver orientation on IPS performance.

4. Investigating the feasibility of implementing the IPS using VLC

practically and employment it for loT.
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Appendix A

Hardware Spesifications

A.1 Arduino-Uno

Overview

The Arduino Uno is a microcontroller board based on the ATmega328 (datasheet). It has 14 digital
input/output pins (of which & can be used as PWM outputs), & analog inputs, a 16 MHz ceramic
resonator, a USE connection, a power jack, an ICSP header, and a reset button. It contains everything
needed to support the microcontroller; simply connect it to a computer with a USE cable or power it
with a AC-to-DC adapter or battery to get started.

The Uno differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip.
Instead, it features the Atmegalel2 (Atmega8UZ up to version R2) programmed as a USB-to-serial
converter.

Revision 2 of the Uno board has a resistor pulling the 8U2 HWE line to ground, making it easier to put
into DFU mode.

Revision 3 of the board has the following new features:

* 1.0 pinout: added SDA and SCL pins that are near to the AREF pin and two other new pins
placed near to the RESET pin, the IOREF that allow the shields to adapt to the voltage provided
from the board. In future, shields will be compatible both with the board that use the AVR,
which operate with 5V and with the Arduine Due that operate with 3.3V, The second one is a
not connected pin, that is reserved for future purposes.

*  Stronger RESET circuit.

« Atmega 16UZ replace the 8UZ,

"Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0, The Uno and
version 1.0 will be the reference versions of Arduino, moving forward. The Uno is the latest in a series
of USE Arduino boards, and the reference model for the Arduing platform; for a comparison with

previous versions, see the index of Arduino boards.

Summary
Microcontroller ATmega3ls
Operating Voltage 5

Input Voltage (recommended) 7-12V
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Input Voltage (limits) 6-20W

Digital L/O Pins 14 (of which & provide PWM output)

Analog Input Pins 6

DC Current per I/O Pin 40 mA

DC Current for 2.2V Pin S0 mA

Flash Memary 32 KB (ATmega328) of which 0.5 KB used by bootloader
SRAM 2 KB (ATmega32s)

EEPROM 1 KB [ATmegal2a)

Clock Speed 16 MHz

Schematic & Reference Design

EAGLE files: grdying-yno-Rev3-refarence-design.zip (NMOTE: works with Eagle 6.0 and newsr)
Schematic: grduine-yne-Rey3-cchematic pdf

MNote: The Arduing reference design can use an Atmega8, 1638, or 328, Current models use an
ATmega328, but an Atmega® is shown in the schematic for reference. The pin configuration is identical
on all three processors.

Power

The Arduine Uno can be powered via the USE connection or with an external power supply. The power
source is selected automatically.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The
adapter can be connectad by plugging a 2.1mm center-positive plug into the board's power jack. Leads
from a battery can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can oparate on an external supply of & to 20 volts, If supplied with less than 7V, howeaver,
the 5V pin may supply less than five volts and the board may be unstable. If using more than 12v, the
voltage regulator may overheat and damage the board. The recommended range is 7 to 12 volts.

The power pins are as follows:

# WIN. The input voltage to the Arduing board when it's using an external power source (as
opposad to 5 volts from the USE connection or other regulated power source). You can supply
voltage through this pin, or, if supplying vaoltage via the power jack, access it through this pin.

+ 5W.This pin outputs a regulated 5V from the requlator on the board. The board can be supplied
with power either from the DC power jack (7 - 12V), the USE connector (5V), or the VIN pin of
the board {7-12V). Supplying voltage via the 5V or 3.3V pins bypasses the regulator, and can
damage yvour board, We don't advise it.

# 3IW3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.

+ GND. Ground pins.

Memory

The ATmega32s has 32 KB (with 0.5 KB used for the bootloader). It alse has 2 KB of SRAM and 1 KB
of EEPROM (which can be read and written with the EEPROM librare).

Input and Output

Each of the 14 digital pins on the Une can be used as an input or output, using pinMode( ],

digitalWrite(}, and digitzlRead(l functions. They operate at 5 volts. Each pin can provide or receive a
maximum of 40 mA and has an internal pull-up resistor {disconnected by default) of 20-50 kOhms. In

addition, some pins have specialized functions:

¢« Serial: 0 (RX) and 1 {TX). Used to receive (RX) and transmit {(TX)} TTL serial data. Thess pins
are connected to the comresponding pins of the ATmega8U2 USB-to-TTL Serial chip.

+ External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low
value, a rising or falling edge, or a change in value. See the attachInterrupt(] function for
details.

« PWM: 3,5, 6, 9 10, and 11. Provide 8-bit PWM output with the gnalogWrite{] function.

A-2
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+ SPI: 10 (SS), 11 (MOSI), 12 (MIS0), 13 (SCK). These pins support SPI communication

using the SPI library.
*+ LED: 13. There is a built-in LED connected te digital pin 13. When the pin is HIGH value, the
LED is on, when the pin is LOW, it's off.

The Uno has & analog inputs, labelad AD through AS, each of which provide 10 bits of resclution {i.e.
1024 different values). By default they measure from ground to 5 velts, though is it possible te change
the upper end of their range using the AREF pin and the analogReference() function. Additionally, seme
pins have specialized functionality:

+ TWI: A4 or SDA pin and AS or SCL pin. Support TWI communication using the Wire library.
There are a couple of other pins on the board:

* AREF. Reference voltage for the analog inputs. Used with gpalogRefarenca(].
¢+ Reset. Bring this line LOW to resst the microcontroller. Typically used to add a reset button to
shields which black the one on the board.

See also the mapping between Arduing pins and ATmega328 ports. The mapping for the Atmegal,
168, and 328 is identical.

Communication

The Arduine Uno has a number of facilities for communicating with a computer, another Arduino, or
other microcentrellers. The ATmega328 provides UART TTL (5V) serial communication, which is
available on digital pins 0 (RX) and 1 (TX). An ATmegalel2 on the board channels this serial
communication over USBE and appears as a virtual com port to software on the computer. The '16U2
Frr'nwale uses the standard USE COM drivers, and no external driver is needed. However, on Windows.
; . The Arduino software includes a serial monitor which allows simple textual data to
be sent to and from I:he Arduino board. The RX and TX LEDs an the board will flash when data is being
transmitted via the USB-to-serial chip and USE connection to the computer (but not for serial
communication on pins 0 and 1}.
A SoftwareSerial library allows for serial communication on any of the Uno's digital pins.
The ATmega328 alse supports 12C (TWI) and SPI communication. The Arduing software incudes a
Wire library to simplify use of the I12C bus; ses the docymentation for details. For SPT communication,

use the SPI library.

A-3
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A.2 PIN Photodiode

Silizium-PIN-Fotodicde mit sehr kurzer Schaltzeit
Silicon PIN Photodiode with Very Short Switching Time

SFH 203
SFH 203 FA
EFH 0% BFH 2015 Fi
‘Wiasantliche Markmals Faatures
Spaziell geelgnet fir Arwendungen im Bereich + Especially suitalble for appiications from
won 200 nm bis 1100 nm (SFH 203) und bel 400 nm o 1100 nm (EFH 203) and of 830 nm
SED nm (SFH 203 FA) [SFH 203 FA)
- Kuwrze Schaltzelt (typ. 5 ns) - Short switching ime (typ. 5 ns)
+ 5 mm-Plastikbaworm Im LED-Eehduse « E mm LED plasic package
v Auch gegurtet leferbar + AlsD avallabis on fape and resl
Anwandungen Applieations
+  Industriegiekironik + Indusina electronics
¢ MessaniSteuemifegen® « For control and drive circulis
«  Schnelle Lichischranken far Gilch- und «  Phobointemupters
Waechsallizhipatrisb » Flber optic transmilsslon sysiems
LWL
Typ Bestslinummar
Type Ordering Code
SFH 203 QEZTO2-PESS
SFH 203 FA QB2 T02-PES6

A-4
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SFH 203, SFH 203 FA

Granzwers
Maximum Ratings

Bazalchnung
Paramaler

Symbol
Symbol

Werl
Value

Unit

Elnhalt

Sefriebs- und Lagerti=mperatur
Operating and storage temperatme rangs

T T

=

-4

-+ 1040

G

Lattemperatur [Lotsiele 2 mm vom Gehduse
entfemt bel L&tzealt t = 3 5)

Soldering temperature In 2 mm dstance from case
nottom f < 3 B)

230

C

SpETEpannung
Revarss voitage

S0

Werlusiielsiung
Todal power dissipation

104

miW

Kennwerts (T, = 25 )
Characterizstics

Bazalchnung
Paramater

Symbol
Symbol

Wert
Valus

5FH 203

5FH 203 F&

Elnhelt
Uinit

Foinstrom

Photoowment

Fie = & W, Homnllchi/standand light &,
T = 2856 K, E, = 1000 x

Fig =5V, =550 nm, E_ = 1 mWicm?

Bl = 50)

50 (= 30

‘Wellenlange der max. Fotoempindlichkelt
‘Wawelengin of max. sensiivity

B0

00

Spekiraler Berelch der Fotoemplindichkelt
5= 10% von 5,

Spectral range of sensitivity

S=10%of 5

400 ... 1100

o0 ... 1100

Sestrahungsempdindliche Flache
fadlant senslive area

mm

Abmessung der bestrahlungsempiindlichen Fldche
imenslons of radlant sensitive area

mm = mm

Abstand Chipoberfldche zu Gehdaussobamdche
Distance chip front bo case surface

mm

Halbowin ke
Half angle

Grad
deg.

1=z
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SFH 203, 5FH 203 FA

Hannwerts (T, = 25 )
Characterisiics (cont'd)

Bazslchnung Symibez] Wert Elnheit

Parametsr Symibe Valua Unit
5FH 203 3FH 2035 Fa

Dunkelstrom, Fig = 20V Iy 1= 5} 1{=5) &

Dark cumant

Spekirak FotoempfindlichkeR, & = 850 nm 5 062 0.59 AW

Speciral sensiivity

Quantenawsb=ute, & = 350 nm I D649 0.36 Elecirons

Quantum yleid Phaotan

Lesraufspannung

Open-circult voltage

L, = 1000 1%, Mormlichtstandard light A, Fa 420 ¢ 350) |- m

T=285K

E_=0.5 mWicm®, & = 950 nm [ - 370 (= 200) (mv

Kurzschlulksimom
Shom-cinzwt current

L, = 1000 1%, Mormlichitstandard light A, | i - A
T=285K

E, = 0.5 mWiem?, i = 950 nm | - 25 A
Anstiegs- und Abfallzelt des Folostromes L ¢ 5 5 n&

Rlsa and fall time of the photosurnant
R =50:; Fy=20V; i =BS5S0 nm; I - 800 uA

Durchlakspannung, [, = B0 mA, E = 0 F, 13 1.3 v
Forward voltage

Kapazital, =0V, f=1MHz, E=0 s 11 11 pF
Capacitance

Temperatwkostizient von I, c, —-2E -25 K

Temperaiure coefMclent of Fy

Temperaiukoetizient von 1‘5_
Temperaiure coefMclent of _il':{

Homllcht'standard light & Ic 0.14 - K

4 = G50 nm - 0.2

Rauschaguivalenie Stranlurgskelsimng NEFP 29107 (2910 | 1w

Maolse equivaiant power Hz

F,=20V, » = 850 nm !

Machwelsgrenze, Fy, = 20V, & = ES0 nm " 35 0% [35.100% | .o 67

Detection Bmii —_—
W

20010222 3
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A.3 BC547 Transistor

BC546B, BC547A, B, C,
BC548B, C

Amplifier Transistors

HPHN Silicon .
ON Semiconductor
Faaturss hétpiioncaml.oom
* Ph—Tres Packages am Arailable®
COULECTOR
i
MAKIUM RATINGS 5 /;L\
Raling Gymbed | Vs Unit E&IE '-,(_::5;
Cinbesriod - ENier vl age Yep Wi
BLGE B85 El
BCAET ah
ECE48 20 = "hin =3
Coobincton - Barbes Volinge e e
BCGEE Bd
BCET 50
BCGE 30
To-82
Eimitier - Barse Volage Weno 8.4 i CASE 20
Cobetor Cument - Corfinuois Iy e ey ET¥LE 17
Total Devics Dissipation @) Ty, = 250 Fr B35 oy
Dirate aitave 25°C 50 rer s i !
Total Derdon Cissiparon @ Tp = 2570 Pp 15 W ATRMGHTLEAD
Dhérarte abaee 250 iz s BLILK FACK
Ol v Ehorage Junetian ToTeg |-S5M0+160 | O
Temperaiong Fangs
THERMAL CHARACTERIETICE EARFING DIAGRAM
ot it s the Symbead Man Unit
Thesrmal Rasislance, Jundtiemier-tonbsent Rl 200 AW
Thermal Rasslasm, Jondo—to G R k] W i B:-H
Bt encwiniy Wanimom Ratigs may damage the deice Madmem By
Fealinegz afe alreda rabngs ik Funcd oral operation abows e Recormimeidd RO =
Chpesfatineg Coivlond 1 feol imoded. Extindid epodrs bo Sl Wt i .
Feecrrrineeied Opseradng Condlons may afes devios neabiiy qq{l
¥ =8 7 ar8
A = Asemibly Lovakon
¥ =i
WA = Wk Wk
a = PhFrim Pk

[hate Micredal ray bt in eiher location)

DRDERING INFORMATION
S by i odening el shippry infcrmeon ic e peccags
Fror sk ional rlomaon on ow PorFres simatey and sohiering detal, phearse irmanmion ssdion on pegs b 2! this caby shes
cowrical Te ON Eeveonduder Soiedng and Moundng Teshniouss
Rkerenes Manal, SOLDERRMD

A-7



Appendix A Hardware Spesifications

BCS546B, BC54TA, B, C, BC548B, C

ELECTRICAL CHARACTERIETICE [Ta = 25T unieia ofwaieise nolad)

Chaiacuia e | Byl | Hin | Tig | Max | Unit |
OFF CHARACTERETICE
Ciobeior - Emimer Biea khown 'Soilige Yingor W
[ = 10 mA, Iy =) acses | £s - -
BCEAT 45 - -
30T 3 - -
Coledior - Base Breakdosn \Valage VinR R W
[ = B0 wAdG| 354 &l - -
BT 50 - -
30T 3 - -
Ermimer - Sabe Breakdown olags L W
g = 10k g =0} BCSEE, a0 = =
= He T a0 = =
SOt 50 - -
Cisbeter Qi Cument leps
(W = TO W, Wz = 0} BCSEE, = 0z 15 L]
W = 50W W = 0 ST = 0.z 1E
Wi = 36 %, Vg = 0} e = 0z 15
[V = 30 W Ty = 138°C} ST AR - - 410 il
0N CHARACTERISTICE
D Cument Gain hex -
[ = 10pA, Vi = 50 EC5ATA, - 00 -
B TAERATRGLZE = 150 =
BOSART = PR
g =20 M, Wep = 50V BCSEE, 1] = a5
SCEAT Tl - B
SOt b, 1] - B
BLGATA, 1] 18D X
B TAERATRGLZE a0 Pl a5
BOEATCIBLERC £20 LF.E B0
[ig = P00 l, Wpp = 5.0V SCTATAGLZA, = T =
BLEAERSTRGLER - 180 -
BLEARC - 300 -
Ciobeder - Emiter Saluration Wolage [T - W
(i = 70 md, Ip = 0.5 mi) - [ulli s 035
(K = 00 sk, Iy =/5.0 may - T [T
e = 70 md, I = Bai Mobs 1) - 0.3 0E:
Basé - Emiler SEiraien Walage ririma - 7 - W
[hg = 90 mli, Ig = 0.5 k]
Ealie - Emilar On Yolade VBiEian) W
g =20 mil, Wop = 50V 0565 = oy
i = 0 Mk, Vi = 50 W] - - 077
EMALL-SHEHAL CHARACTERISTICE
Cunmant — Giain — Bardhwbcth Produa i Mz
[ig =90 md, Vieg = B0 W 1= 100 WH) SO 150 300 -
= e 150 R
e 150 300
Outpul Capaciiancs Casa - 17 45 pF
Ve =10% lp=01=10MHz)
Il Capuacilaniog Cpa = ] = i
[Win =05V ko =0, 1= 1.0 MHz)
Ernall - Eigmal Curment Sain Ivs -
(e =20 Ml Wep = 5.0% 7= 1.0 kHZ) BCSEE. 125 = 500
BCGATIESS 125 = 80
BLGATA 125 X .
BLESERSTRGLER 240 330 50
= Het R &50 R 80
Mot Figure (o = 0.2 ml, Vop =50V Rg = 283, 7= 1.0 bz, A7 = 200 Hej WF = o]
BCSEE, = 20 10
= He T = 20 10
STELE - 20 10

1. I b walug for which o = 11 ml @ Vieg = 10%
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A.4 LM358 Operational Amplifier

LM358

LINEAR INTEGRATED CIRCLIT

DUAL OPERATIONAL
AMPLIFIER

B DESCRIPTIOMN

The UTC LESEE consisis of teo iIndep=ndent high gain, rkemaly
frequency oompensabed operational amplfer. B can be operaied
Trom & singie poser suppdy and alzo split power supplies

B FEATURES

"Int=maly freguency compersated for unity gain.
"iide powesr SUpEDy range 36 - 33

"Impul cormrmon-mode woitsge: ange ncude grousd.
"Large DS voltage gdn

S s

e

L hﬁﬁ“i"ﬂ
> r
DIF-sE

SO

e

TASOPE

o

SIFE B I20E
B ORDERING INFORMATIOMN
Odering Mumber
Li=ad Frmes Halogen-Fres i Facxing

LRSS D08-T LI SEESG-T05-T DIF-E Tubs

LBEEBL-LIE-T LM ZEBG-005-T 2E-2 Tubs

LA SS8 PSR LM3SBGF08-R TSEOE-5 Tape Reel

LA 358 -5 LMISBG-508-R 3098 Tape Rise|

LMZSE -1/ LM3SS5-EM1-R WS TP-8 Tape Ree]
L35S =0 E8-2000-R L3 550-K08-2020-R OFNZIE0-2 Tape Ree|

(15 T Tukss, R Tapsr Raal

LMOSEG- POET
| I”F‘.i’”l'lj Tvps 2 D& OHF &, G0 BIP-E, 308 BEOPE,
N T FE: TRAARE, BM: MEABE,
~Aga Ty HIDE-Z020 DFHEN20E
(2) Groan Packags () 0 Halogee Fros and Ligd Fros, L Lo Frea
B MARKIMNG
Di=-5 o e e ] TESoP-8
, * UTE: o
-
Curte Cader e Daie Codis Em_‘_ it Codes
L: Laad Fees L: Leasd Fres LM 35 N . L' Lead Frea
= HalogenFres e = Halogen Free & Halogan Fras
Lo Clncts OO, Lot Code L=k 2
ElP-a DFNEIIT-S
Baln Sodo
L: L] Faes
= Hkois i Fress WEEC
Liod Condee IE-F Cui: 1 i

WA unlcorlg. som. by
Copyright © 202 Uniconis Teshnologless Co., Lbd

1ofT

- HT SR Y
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L M358 LINEAR INTEGRATED CIRCUIT
B ABSOLUTE MAXIMUM RATINGS
EARAMETER EVRBOL RLATIMIGSE LUKIT
Suppiy Y'oibage W +46 or 32 W
Differeniial Inpett oitape= VT 232 j
npul Vokage s 03~ 433
ot St by Ground (Catin uous
EIP-3 70
=== ]
] £50
Fower Dizsipabion reaoP-a P 350 miw
CP-8 300
e iy ] B30
Junciion Temps=rahure T. +{ 50 "c
Ciperaing Temperahare (Hoie 3 T: =4 ~ +125 "C
Simrage Temperatune Ty 5 ~ +150 "C

Files: 1. Absoub maxdimus ratings are those values beyord which the desvios could be permanenty damaged,
Abrsoiabs st mur ralings are stress ratngs only and funcional devics: operation s mot Fpled
2 It b5 guaranbes by design, mot 100% be tesied

B ELECTRICAL CHARACTERISTICS (V. =S0V, Veo=OHD, T,=25"C, uniEss oinEnsise specified

FARAMETER EYMBOL TEET COMDITIONE i | TvF | max | uNm
] B} T - i
et Ot niage W Vit 2 Rl 20 =0 i
Inpet Common Mode Vokage (. VI il w15 W
Ci%erential Input Vokage Ve Wiy W
. Virm 3, FLmH 25 W
Crpant Vodage Swing e Vi3, R, = R a7 Fo) W
LTS L T |1 ] = i) m
V] O, R, 5 2H00
Lawge Shgnal Vokage Sain 3y '.'-" o Y 25 00 Wim
FLmaz, Wom30Y 0= | zo ma,
Poawer SUpply Curment I =
Ly - FLew, Full Temperabae Raroe 2z | 12 | mA
IRt Crset Cument (FF| 5 0 n,
It Bias Current [ 45 =0 ns,
Short Clrout Curent o Ground Iy 40 70 A,
R R T LT -
- 10 0 A
WOREE (PN, Wingam i
- Vb e, W =m -
Cutpit Carent . Vieem 15V, Vignml mepnE A
i = " . "
L R U L -
Vieem 5V, Vysgpem 200 L A
Coemrmion Biode Relection Fafo CMRR 65 =0 [= =]
Poawer Supply Rekacton Satis =E=5m 55 100 o]
Charrel Separaton cs Hu B HZ ~ 2I%HT 1Z0 a2
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Creating IFTTT Notifications

Stepl: First, create an IFTTT account. Then log in IFTTT.

Wl @e|@p|@vw|@a|@e|@r|Gn|EH|EH Qa|lcir@A|BF@21|@«c @« @w|cin| e @Mx + v =

Get started with IFTTT

Or use your email to sign up or log in

) 2csv ~ B 1 n.esv ~ €@ 6615ijcses0s.pdf ~ @ Antonio_Vian_630..pdf  ~ Show all

B feed (1)csv ~
H £ Type here to search

Figure(B-1): IFTTT.

x

r C @ iftttcom/join z % @ 8@ :

IFTTT — Explore Plans Developers v Login

NP |ECc|l@¢|@r|@w|@2|@¢|@r|ch|Er|gr|Qa|ci @A DT Sc|@c|@¢|Gif|Me Bx WAl + Vo=

Start connecting your world.

: = = ) o 112 0
n A Type here to search Hi - ™ N ~ GRSz N O

Figure(B-2): Log in IFTTT.

B-1

X

¢ > C & iftttcom/home 2 % @%@ :

FTTT G ®

&
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Step2: Create an applet

BB @e|@p|@w| @ |@e|@r|n|pr|gEr D M Br@T|@c|@d|@v|c | He Ex BEa| + v - x
&« C @ iftttcom/create E % @8 @ H

Create your own (7]

Upgrade for more, faster, better Applets with advanced features. Upgrade

You're using 0 of 5 Applets

B feed (Nesv A B 2w A B ey ~ | @ &615icses0spdf ~ €@ antonio Vian 830..pdf A Showall | X
ij P
£ Type here to search J S ~ G B @ 7 d) ENG 11:13 o =]
i < 2 i) RTATT YE

Figure(B -3):Creating Applet.
Step3: Create a Trigger

e Press “If This” to Choose a trigger. Then, Enter Webhooks in the search
field.

Wl @4 @p|@vw|@2 @4 @r|on ks D |cif | MlA|Bi@7|@c|@c|@¢|ci| e Mx B + v - X
&« C @ iftttcom/create E % @8 o H

Choose a service o

Q|

&H

AC Cloud Control

B feed (1).csv ~ B 2csv ~ B 1 1csv ~ €@ 6615ijcsess pdf ~ €@ Antonio_vian_630...pdf A Show all X

N P 3 - T
H A Type here to search H @ S 3 G AU

Figure(B-4):Applet Services .

B-2
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Ne|Hc|@4|@p|@vw|@a @4 |@r|ch|r|arDe|ci | lr|Br|@7|@c|@c|@t|ci|Me B>x Wl + v - x
< C @ iftttcom/create ®Z f* @8 o H

Choose a service ()

Q  webhooks|

&S

Webhooks

E feed (v - E 20 - B ey - € 6615{jcsesos pdf - € Antonio_vian_630...pdf A Showall = X
f 9 . > == — 1115,
ﬂ £ Type here to search i H @ ! / B ~ o &E@ &) e r-nmr;‘- =]

Figure(B-5): Choosing Webhoks service as a trigger.

e Press the Receive a web request box to continue. Then, Enter an event

name ( Health Monitoring in our project). Finally, Create trigger.

B[S|ev e e xe eceore e o eeeeeeremEr x Leeee L cle 4 + Voo ES
&« - C @ iftttcom/create ® & N 0 H

Receive a web request

This trigger fires every time the Maker service receives a web request to notify it of an event. For information on triggering events, go to your
Maker service settings and then the listed URL (web) or tap your username (mobile)

Event Name

The name of the event, like "button_pressed” or
“front_door_opened”. Use only letters, numbers, and
underscores

€ 1813-7074-1-P8 (pdf A € BPIVOl_11_No3_.pdf  ~ [ scholar (78).1is [ scholar (77).1is ~ [l scholar (78).ris

P Type here to search

Figure(B-6):Inserting Event Name.
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Vv = x

e % » @ :

yEe[y a2« ¥ 2R(c[ee| 222 VN2 RRRIe N R ERE T 2RIRIReI2 22 /8 c B BIRRRZRIEIE R ERRRR x J2RRRIE +

< C @ iftttcom/create

( concel ) Create your own

Upgrade for more, faster, better Applets with advanced features. Upgrade

You're using 4 of 5 Applets

I f &Y Receive aweb request

~ [0 scholar 76).ris ~ ] MergeResult 202..docx A €  RoutledgeHandbo...pdf

L] scholar (78).ris ~ L] scholar 77).ris ~ Showall X

n £ Type here to search

Figure(B-7): Finishing of creating the trigger.

Step4: Create an action
Now the trigger is created, for resulting action, click That.

Sr|Ec|@s/@r|Ovw|[@a|@¢/@r(cn|Br[Er|Ur|cr@a|BrPT|eded@d|cr|@e B> @] + v.oo= B X
<« C @ iftttcom/create ®Z * @ N ° H
((Conet ) Create your own :
Upgrade for more, faster, better Applets with advanced features. Upgrade
You're using 0 of 5 Applets
If & Receive a web request
B feed (1)asv ~ B 2csv ~ B 1 mesy ~ € 6615ijcses0s paf ~ € Antonio_Vian_630..pdf A~ Showall X

Figure(B-8): Adding an action.

e Enter “email” in search field, Then, complete the action fields.

e Press Continue

e Insert Email of the doctor (mayasah882016@gmail.com)
B-4



Appendix B Creating IFTTT Notifications

e Your applet should be created after you press the Finish.

B NP | en [@c o Bo: 2w Bvoa Bx Ba/lr|css|@c|™sr|OQmn | BsE|I e 0]l pe|ebH| + v - X
& > C @ iftttcom/craate & % = o H

Choose a service (2]

Q email

Email Digest

ﬂ £ Type here to search

Figure(B-9): Choosing Emai service as an action.

Els|je[np|ooesxoecaowe oo r dmEr x DeeeeE c|e# 4 + Yoo x
€ > C @ ifttcom/ereate 2« @ :

This Action will send you an HTML based email. Images and links are supported.

Subject

Add ingredient

Body

Room:3
Patient:1
Temperature is Llow

Add ingredient

€ 1813-7074-1-PB (1)pdf A € BPivol 11 No3_.pdf A [ scholar (78).ris [ scholar (77).ris ~ [ scholar (76).ris

L Type here to search

Figure(B-10): Completing an action Fields.




Appendix B Creating IFTTT Notifications

kizle|v o elees selec|eoreoee v dedeedr e x Deeee ks et + Yoo x

& > C @ ifittcom/create

Review and finish

&S

Applet Title

If Maker Event "Temperature-Low", then Send me
an email at mayasah882016@gmail.com

by mayasah882016 82/140

€ 1s13-7074-1-PE (pdf A~ | @ BRLVOL11_No_3_.pdf [ scholar 78).ris

ﬂ £ Type here to search

Figure(B-11): Adding Email and finishing the applet.
Step4: Get URL
e Click on Webhooks icon.
e After that click on Documentation.
e Below the heading Make a POST or GET web request, we shall
find a URL. You would be able to remove the {event}-denoted part
of this URL. Fill in the name of the case you just made

(Temperature-Low). Copy this URL.
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kls|onr|ele|os s elelcle/ewoeeo v deoeeer omEr x Ueeeeb e« + voo- x
€< > C @ iftttcom/applets/gUSrZgtn-if-mak nt-temperature-low-thy d- il-at 016-gmail-com = T N o H

% Settings

&S M
If Maker Event

"Temperature-Low",
then Send me an email

at
mayasah882016@gmail.com

Edit title

by mayasah882016

€ 1213-7074-1-PE (pdf A € Brivol11 Ne3_.pdf A [l scholar 78).ris ~ [ scholar (77).ris ~ [ scholar (78).ris ~ Shewall = X

I © Type here to search

Figure(B-12):Pressing Connect.

E[Se%neeesseecloo - eee oo oErE x leeeer e %« + v o= X

& > C @ makeriftttcom/use/mt32DGelG16Wv72VhZa2VOSG49cKgTe15ZUsIZTNDIF e % 2@ :

Your key is: mt32DGclG16Wv7zVhZa2V0SG49cKg7¢c15ZUs9ZTNDIf

Back to service

To trigger an Event with an arbitrary JSON payload
Make a POST or GET web request to:

https://maker.ifttt.com/trigger/ | {Temperature-Low} |/json/with/key/mt32DGCIG16WV72VhZa2VeSGAOCKg7c15ZUSOZTHDIF

* Note the extra /json path element in this trigger.

With any JSON body. For example:
{ "this™ : [ { "is": { "some": [ "test", "data" 1} } 1}
You can also try it with curl from a command line.

curl -X POST -H "Content-Type: application/json” -d '{"this":[{"is":{"some":["test","data"]}}]}" https://maker.ifttt.com/trigger/{Temperature-
Low}/json/with/key/mt32DGCIG16WY7ZVhZa2VeSG49cKg7c15ZUSOZTHDIF

Please read our FAQ on usina Webhooks for more: info.

€ 1813-7074-1-P2 ()pdf A | @ BPLVOL11No3.pdf A [ scholar (72).1is ~ [ scholar (77).1is ~ [ scholar (78).is ~ Showall X

n £ Type here to search I 4 R § = @ 0c ~ O Wz

Figure(B-13):Getting URL.

Step5: To Configure ThingSpeak
Now configure a ThingHttp - action on thingspeak.com. We can find
ThingHttp in the by pressing APPs in thingspeak Website.

e Give Name: Health Monitoring

B-7
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e In URL, paste the URL you copied from the IFTTT Webhooks
Documentation page.url

e method: POST

e HTTP Version: 1.1

e Then, Save ThingHittp.

“E|o|elelea|@|c|ws x cEE Ao mEB|Oe|e|elc|w | H oAl + v x

&« c @ thingspeak.com/apps/thinghttp/169106/edit

Example

Body

[€] Im3sg-pinout-im3..jpg  ~ @ LM358 (1).pdf ~ B feed (1).csv ~ B 2esv ~ B 1 esv

n £ Type here to search

Figure (B-14): Configuration of ThingHttp.
Step6: To configure the Threshold values
Go to Thingspeak.com, press APPs press the REACT, open it and configure

v = x

a®w v @ »@ :

RNE oSO8 |c|He x c|HEY SIS Sc HEES S S S S| w|EaBAS| +
<« C @ thingspeak.com/apps/reacts
[JThingSpeak™ channels-  Apps -

[8] Im3sg-pinout-im3..jpg A~ €@ LM358 (1).pdf

i I s e B i 026
£ Type here to search i = ™ . : GEW zD NG o E

Figure (B-15): Creating React for Threshold values.
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€< - C @ thingspeak.com/apps/reacts/93271/edit = T N 0 H

|:| ThlngSpe ak™ channels~ Apps~-  Devices~  Support~ Commercial Use  How to Buy

Condition  If channel « Action: Select ThingTweet, ThingHTTP, or MATLAB Analysis to run when the

Healthcare Monitor (1561950) ~ condition is met.
= Options: Select when the React runs.

field Learn More
2 (Temp) v
is less than v
365
Action ThingHTTP v

then perform ThingHTTP

temp low v

Options O Run action only the first time the condition is met

@ Run action each time condition is met

€ 1813-7074-1-PB (pdf A € B8P Vol 11 No3_.pdf A [ scholar (78).ris ~ [ scholar (77).ris ~

scholar (76).ris - Shew all x

il
(W G 7 ) e e =]

TaIT/+F /I

n £ Type here to search

Figure (B-16):Setting Threshold value for Low Body Temperature.

All the above steps are repeated to get notifications for high
temperature, low and high heart rate cases.

body
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