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ABSTRACT

Technology plays an important role in the healthcare system today, not for
measuring health parameters, but also for communication, monitoring and storage.
This system's main objective is to continually track patient health status and use the
internet connection to display information through the cloud. The research is using
NodeMCU board to gather information on patient’s health. It uses temperature and
pulse sensor to provide real-time monitoring for the doctor and family members. The
sensors will be attached with controller board that needs to be worn by the patient for
continuous monitoring. These data will be sent to the server using the internet
wirelessly. The information can be accessed by the physician via the web page from
the 10T system. If the system detects any abrupt changes in the temperature and pulse
of the patient, the diagnosis will be sent via notification to the doctor. At the end of
the project, analysis was conducted to test the performance of the system that covers

sensor data accuracy and wireless transmission strength.



ABSTRAK

Teknologi memainkan peranan penting dalam sistem penjagaan kesihatan hari ini,
bukan untuk: ‘mengukur parameter kesihatan, tetapi juga untuk komunikasi,
pemantauan dan penyimpanan. Objektif utama sistem ini adalah untuk terus
mengetahui status Kkesihatan pesakit dan menggunakan platform internet untuk
memaparkan maklumat melalui awan. Penyelidikan ini menggunakan papan
NodeMCU untuk mengumpulkan maklumat mengenai kesihatan pesakit. la
menggunakan sensor suhu dan nadi untuk memberikan pemantauan masa nyata untuk
doktor dan ahli keluarga. Sensor akan dipasang dengan papan kawalan yang perlu
dipakai oleh pesakit untuk pemantauan berterusan. Data ini akan dihantar ke pelayan
menggunakan internet tanpa wayar. Maklumat tersebut dapat diakses oleh doktor
melalui laman web dari sistem 10T. Sekiranya sistem mengesan adanya perubahan
suhu dan nadi pesakit secara tiba-tiba, diagnosis akan dihantar melalui pemberitahuan
kepada doktor. Pada akhir proyek, analisis dilakukan untuk menguji prestasi sistem

yang meliputi ketepatan data sensor dan kekuatan transmisi tanpa wayar
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CHAPTER 1

INTRODUCTION

11 Project Background

Nowadays, technology becomes an important part of the healthcare system that can
be used to monitor parameters of health. Continuous monitoring of the health of
patients is necessary in a hospital to achieve their health conditions [1]. In addition,
studies show that up to 90% of all hospital alarm systems for patients in a critical
situation cannot be used [2]. This is due to the beeping of medical devices that fade
into the background and sound of many alerts that may cause medical errors.
Technology uses can improve the medical system with sensory devices where data can

be stored in the cloud system and processed.

The Internet of Things (I0oT) has an extensive applicability in numerous areas,

including healthcare. 10T refers to the number of physical devices connected to the



Internet and is capable of sharing information with other entities. 10T healthcare
device able to get health parameters such as glucose level, blood pressure, heartbeat
rate, and body temperature using sensor devices [3]. These information can be stored
in the cloud and can be exchanged with an authorized person, family members or
physicians to allow them to track the collected health parameters with the aid of the

loT platform, regardless of place and time.

Recently, using wireless communication technology, the Internet has become a
major impact in healthcare and other industries. These technologies can be expanded
to include the hospital system properly [4]. For example, Wi-Fi network connectivity
ensure data collected from each patient with the proper database system stored in the
cloud system. In addition, the advanced sensors as well as wireless technologies are
available to enable effective wearable medical devices that collect and transmit data
to support remote patient monitoring. Hence, this wireless development therefore has
a big impact on the healthcare industry, as it can provide the latest evidence of

treatment.

1.2 Problem Statement

Healthcare resources in exposed areas are under extreme stress during a pandemic
like COVID-19. As a result, certain treatments need to be postponed for patients with
chronic conditions. This pandemic also cause restrictions and limitations for people
including their regular healthcare facility visits [5]. Thus, this will affect their regular

monitoring system.



1.3 Project Objective

The objectives of this project are:

I. To develop and design a system that can detect health data and transmit
data wirelessly integrated with Internet of Things implementation for
monitoring and notification system.

i. To analyze the performance of the system for sensors accuracy and

wireless transmission strength.

14 Scope of Work

The scope of this project is to develop a system that able to detect the health status
of the patients and enable the user to monitor the status through webpage. The project
is using NodeMCU board that integrates Wi-Fi connection to the Internet and
connected sensors to detect health biometric parameters. The project will use two
sensors, which are temperature sensor and pulse sensor. Development of each
hardware module connected with the controller board for input and output operation

will be created.

On software development, the project will cover C language coding to be uploaded
into NodeMCU using Arduino IDE. A database platform known as MySQL will be
created using PHP language to collect health data from the sensors and store the data
through the database system. For loT implementation, an Android application or
webpage will be created using Android Studio for monitoring system through
smartphone. Then, an integration of IFTTT platform with Gmail is created for push
notification system. Next, analysis will be made to test the efficiency of the hardware

system. A comparison for both sensors to check the percentage of error with real



measurement devices. Finally, another analysis will be conducted to test the wireless

signal strength by distance is measured.

15 Project Outline
Chapter 1 offers a brief explanation of the project and healthcare system
background. Each section contains explanation of concerns, project goals and scope

of research to complete the task.

Chapter 2 addresses the literature review in this section, where all the researchand
technical papers related to this project are included. Result analysis, circuit designs,

type of sensors and 10T platforms included in previous research.

Chapter 3 explains the full methods used in the implementation of the project. The
methodology chapter covered the programming language to communicate with the

controller board and the setup as well as measurement of the sensor.

Chapter 4 presents all analytical data and results. This chapter will analyze and
observe all the tests and conclusions. In this chapter, the results for evaluated system

performance using an acceptable diagram will be presented.

The suggestions and future work will be described in Chapter 5 based on the
completed project. This will summarize all the process conclusion that occurs during

the completion of this study document.



CHAPTER 2

BACKGROUND STUDY

2.1 Introduction

The literature review is one of the ways in which field research has been fully
understood. The first portion consists of a critical review of the previous researcher's
project. In addition, this part consisted of other sources to endorse research and
analysis claim. It needs the reader to return to this section if there is ambiguity about

some of the words used for the entire research process in another paragraph.

2.2 Motivation of previous work

The previous author identified the loT-based healthcare system. | find five articles
from many sources that linked to this scope of the project. It was therefore selected in
this section for a critical review and evaluation. The analysis includes all of the

researcher's part of the project.



2.2.1 Healthcare monitoring system by Utilizing BLE-Based Sensors and Real
Time Data Processing

From the study, the author suggests a personalized healthcare monitoring system

that uses a BLE-based sensor array, real-time data processing and machine-based

learning algorithms to help diabetic patients better manage their chronic condition [6].

BLEs were used to collect vital signs from sensor nodes to users' smartphones, while

data processing in real-time was used to manage the large volume of continuously

generated sensor data.

As a streaming network, Apache Kafka used the proposed real-time data storage,
and MongoDB to store the sensor data of the patient. The findings show that
commercial BLE-based sensor models and the proposed real-time data processing are
adequately efficient for monitoring the vital signs of the data from diabetic patients.
Additionally, classification methods based on machine learning were tested on a
diabetes dataset and showed that provided the user's sensor data as input, a multilayer

perceptron can provide prediction of early diabetes.

The results also show that Long Short-Term Memory can accurately predict the
future BG level, based on the current sensor data. Hence, the current definition of
diabetes and BG calculation should be paired with guidelines for tailor-made diet and
physical activity to improve patient health safety and prevent potential critical

conditions.

2.2.2  Wireless Patient Health Monitoring System
In this paper the researcher describes a wireless monitoring device that uses a
microcontroller to achieve heart rate and temperature. The machine uses the Zigbee

modem to wirelessly transfer all of the data to the computer system. It is mainly tobe



used at home, and it must be monitored continuously. The author used an operational

amplifier, an LED, a picture and other components to construct the heartbeat sensor

[7]1.

The development of the project was split into two parts that were transmitter and
receiver. The sensor stored safety parameters in the transmitter and translated them
into digital data for wireless transmission using ZigBee module It uses a
microcontroller for this device to act as a brain. In eagle code, each part and hardware
was built and undergoes the process of PCB creation. The author uses VB6 software
in the receiver section to collect and store data from the section of the transmitter.
Here, the USB-connected Zigbee module was used for data transmission to the PC.
The doctor can adjust the limits of health parameters from the software design that can

activate the alert system.

2.2.3 10T Based Health Monitoring System Using Blynk App

The researchers propose this project to develop a healthcare system which will give
body temperature, heart rate pulse using DS18b20 and pulse sensor as well. In
addition, the ESP32 Dev. board controller is connected to the sensors and wireless
transmission of information is handled through the Wi-Fi module using Arduino. The
ESP32 controller is used for wireless IOT data transmission using the Blynk android
app [8]. Digitizing the information visually on an Android app from Blynk and the
data record of the patient will be kept for a period of time. To monitor the computer

using the app, the information is stored using an Android app.



Controller ESP32 is developed and designed for functions such as wearable
electronics, mobile phones and the Internet of Things. This lists all the modern features
of low-consumption chips, including fine-grained clock gating, multiple power
modes, adaptive energy scaling, etc. For example, low duty cycle is used to reduce the
energy consumption dissipated by the chip. The power amplifier turn-out can also be
changed. It therefore offers an appropriate trade mark in the mid-range of information,
communication range and energy consumption. The ESP32 microcontroller is a
combination of an attached Bluetooth chip and a single 2.4 GHz Wi-Fi built with a 40
nm TSMC ultra-low consumption process. It is basically designed to achieve
improved power and RF output and performance robustness, power consumption,

reliability on a huge acquisition basis, power scenes and flexibility.

Blynk is an open source android app designed and developed to monitor the
hardware through the Internet of Things (1oT). It displays sensor data electronically,
it can capture and show data. Additionally, it can also do other parameters including
Blynk app which create amazing interfaces for a project using multiple widgets, Blynk
server which is responsible for communication between smartphone and hardware,
Blynk libraries that supports communication with the server and complete progression

of incoming and outgoing instructions.



224  loT-based Healthcare Monitoring System for War Soldiers using
Machine Learning

The author creates a health care monitoring system in this paper that soldiers can

use to obtain their health status, track location and presence of nearby explosive

compounds. Each soldier's device wear is integrated with the Zigbee module for 10

squadron leader wireless transmission. The leader system has a module from

LoRaWAN that uses long-range communication to send to the cloud [9].

The author uses K-Means Clustering data analytics methodology to forecast
different types of soldier situation by means of data collected from the web portal.
This uses the ThingSpeak database for the cloud system as it offers free processing
and analysis of data and can provide visualization and analysis of data from
MATLAB. To obtain health status of soldiers, it uses smart biomedical sensor attach on

soldier jacket that can provide communication to the base station and soldier mobility.

2.2.5 Secured Smart Healthcare Monitoring System Based on 10T

This uses a microcontroller as an intermediate in this project to link sensors with
the implementation of loT [10]. Since security was the main problem due to
unauthorized access to the system, the author encrypted a password-protected Wi-Fi
module that only allows doctors or caregivers to access the data. . In a critical situation,
the project also added GSM module to alert caretaker or doctor with SMS. Therefore,
due to its low power consumption, fast response time and easy set-up, the proposed

project will benefit more from medical service.

The author uses the ESP8266 Wi-Fi module for Wi-Fi protocol that allows doctors
to access data via internet browser by entering the IP address. In addition, to track the

patient and caregiver system. The healthcare variable was presented with an LCD
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display. On the human body there are two measurements that were body temperature
and heartbeat. A digital thermometer was used to measure up to 9-bit resolution and

0.5 ° C precision. As it monitors heart rate based on blood flow rate, it uses pulse
oximeter sensor for heartbeat. The research includes the C language for the

microcontroller in software configuration.

2.3 Health parameters

In accordance with their health factor, the health system is critical for everyone to
improve health. The health status, illness, and physical body structure will affect a
person's quality of life. To know the health status of the patient, a calculation can be
performed using the health parameter to test the symptoms and signs of the disease.
These parameters include body temperature, blood pressure, heart rate and air
frequency. Table 2.1 below demonstrate measurement of each health parameter with

analyze parameters and type of measured value [11].

Table 2.1 Basic health parameter measurement

Health parameters Analyze parameter Measured signal
Body temperature Temperature Numerical value
] ) ) Time function and

Blood pressure Systolic and diastolic _

numerical value

Mean numerical rate
Pulse rate Heartbeat rate _

(beat per minute)

] ] Numerical value (Breath

Respiratory rate Breathing rate ]

time)
Electrocardiogram (ECG) | Electrical heart rate Time function

However, most important parameters are heart rate and body temperature since

both can define a person health state.
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2.3.1 Body temperature

Body temperature is one of the key vital signs to be controlled in order to ensure
safe and effective treatment [12]. To ensure that temperature is measured accurately,
it is essential to use the most appropriate technique. Inaccurate results can influence
diagnosis and treatment, lead to failure to identify deterioration of the patient and
compromise the safety of the patient. The normal human body temperature range is
typically stated as 36.5-37.5 °C (97.7-99.5 °F). Because of their nervous system that
can control metabolism, their temperature can only switch about +0.4 ° C for a healthy
person. It may increase body temperature in extreme conditions such as changing
environmental parameters or doing physical activity. The surrounding condition, age,
activity level, and hormones are some intrinsic factors that can affect normal body
temperature. Body temperature may be unstable due to 2 symptomswhich is fever for
high temperature and hypothermia for low temperature. To measure body temperature,

there are several ways which are:

1. Orally. The temperature is measured by a person's mouth using a glass
thermometer to achieve a reading.

2. Rectally. This method appears to provide more accurate reading for core
temperature measurements, but the measurement through the rectum takes
longer.

3. Axillary. Use a glass thermometer to take the temperature under the arm
near to the wall of the chest.

4. Tympanic. It's a temperature measurement through the ear that can get the
temperature of the ear. Operation is faster and can get the core temperature

of the body directly.
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The temperature of the human body varies over time from deep visceral tissues and
the central nervous system to the outer body layer, as seen in Figure 2.1 [13]. The
core temperature contracts less in a cold place while the core temperature increases in
a warm place. Yellow areas in A, B, and C are "acral" regions that help regulate body

temperature by narrowing the blood flow as body temperature decreases.

36°C
-— 32°C

Shell

28°C

+—34°C
C

~—31°C >
34°C «&—/\

N
Cool ambient & \ézoc Warm ambient

temperatue temperatue
33°C

Figure 2.1 Core body temperature in cold and warm places
2.3.2  Heartbeat rate
Heartbeat speed, or so-called pulse rate, can be described as how many times a
person's heart beast takes in one minute. The heart rate depends on the person's age,
body size, heart condition, activity level, state of health and emotion. A normal pulse

rate for a reading human ranges from 60 to100 beats per minute.

Based on Figure 2.2, chart of pulse rate varies by age and gender which is different

and important for adults.
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WOMEN'S RESTING HEART RATE CHART

AGE | 18-25 | 26-35 | 36-45 | 46-55 | 56-65 | 65+
ATHLETE | 5460 | 5459 | 54-59 | 54-60 | 54-59 | 54-59
EXCELLENT | 61-65 | 6064 | 6064 | 6165 | 60-64 60-64

GOOD 6669 | 6568 | 6569 | 6669 | 6568 | 65-68
ABOVEAV | 7073 | 6972 | 70-73 | 70-73 | 6973 | 69-72
AVERAGE | 74-78 | 73-76 | 74-78 | 74-77 74-77 | 7376
BELOW AV 79-84 | 77-82 | 79-84 78-83 78-83 | 77-84

POOR 85+ 83+ 85+ 84+ B4+ 84+

MEN'S RESTING HEART RATE CHART

AGE | 18-25 | 26-35 | 36-45 | 46-55 | 56-65 | 65+
ATHLETE | 4955 | 4954 | 50-56 | 50-57 | 51-56 | 50-55
EXCELLENT | 5661 | 5561 | 5762 | 5863 | 57-61 | 56-61

GOOD | 6265 | 6265 | 63-66 | 64-67 | 62-67 | 62-65
ABOVEAV | 66-69 | 66-70 | 67-70 | 6871 | 6871 | 66-69
AVERAGE | 70-73 | 71-74 | 71-75 | 72-76 | 72-75 | 70-73
BELOWAV | 74-81 | 7581 | 7682 | 77-83 | 76-81 | 74-79

POOR | 82+ | 82+ | 83+ | 84+ | 82+ | 80+

Figure 2.2 Chart of pulse rates

The heart rate can be determined in multiple locations of the human body at ankles,
inside an elbow, chest hand, and foot edge. A person's pulse simply indicates the

opening and closing rhythm of the valve in the heart which causes blood to flow from

one position to another.

To monitor bpm, it can use two forms of ECG signal and optical measurement. For
the ECG method, it uses two electrodes placed on the chest to record electrical activity
on the heart. In the optical measurement, it measures variation of light scattered or
absorbed through blood flow. Based on Figure 2.3, it consists of the light emitting
diode (LED) and a photodiode as a detector used for measurement on a person's
fingertip. The LED transmits light to the skin's vascular tissue and light intensity

variability occurs due to the sensor measuring blood volume [14].
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Photo
Transistor

Reflected Mode

Figure 2.3 Heartbeat variation of light measurement
2.4 Microcontroller
The microcontroller is a standalone computer IC capable of programming and
interacting with hardware devices with a set of instructions. It is primarily used for
receiving input from sensors, storing and processing received information, and
sending processed data to output for additional control of operation. There is a central
processing unit (CPU) inside the microcontroller that is responsible for all input and

output operations [15].

Microcontroller development began in 1970 and 1971 when Texas Instruments '
Gary Boone developed a TMS-1802-NC microcontroller chip with all the necessary
circuits and capable of performing a specific task. In addition, Intel also launched its
significant 8048 and 8051 microcontroller. This chip was used by IBM in PC and was
still considered by usability to be the most long-lived microcontrollers. Figure 2.4
shows the evolution of microcontroller from 1970 until 2010 with uses of the transistor

on the IC increasing due to uses of higher storage and processing data.
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transistors
10,000,000,000
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Figure 2.4 Evolution of microcontroller
24.1  Type of microcontroller
The manufacturers is developing many types of microcontrollers to cater for
specific function. Therefore, most of these four microcontrollers have been used

commonly and will be covered.

1. 8051 microcontrollers

It is an Intel-developed 8-bit microcontroller and one of the world's most popular
microcontrollers used. The chip pin can be operated from Figure 2.5, for the cycle of

input-output, serial communication, timer input and control indicators.

Figure 2.5 Intel 8051 microcontroller
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2. PIC Microcontroller

To develop the programming language, programming in this microcontroller is fast
and easy. The architecture consists of two programming and information storage
memories. Some of the great features of the PIC microcontroller are timers, analog to
digital converters and modulation of the output pulse width mode. Figure 2.6 show
PIC microcontroller with better memory management capability to perform different

tasks.

Figure 2.6 Microchip PIC microcontroller

3. AVR microcontroller

Atmel Corporation has developed the microcontroller since 1996. It has special
features including 6-sleep mode, ADC and DAC, serial communication. For each
microcontroller, it uses C language to program with predefined IDE. The AVR
available inthree tinyAVR, MegaAVR and XmegaAVR categories as shown in Figure
2.7. The larger size of the controller with more integrated peripherals and circuits can

handle larger memory sizes.
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Figure 2.7 Three Categories of AVR microcontroller

4. ARM Processor

A 32-bit or 64-bit ARM processor is used to execute machine instruction at a faster
speed. It is primarily used in electronic devices such as smartphones, consoles and
tablets due to its advanced system. From Figure 2.8, the ARM processors are designed

with less size, less power and better speed performance.

Figure 2.8 ARM processor

It can be inferred that the object of each microcontroller is to perform a giventask.
From Table 2.2 based on its speed, memory size, architecture and cost, each
microcontroller is compared. Such microcontrollers are now much smaller and
cheaper to use with more efficient applications such as lighting, robotics,

communication and consumer applications.
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Table 2.2 Comparison of each type of microcontroller

8051 PIC AVR ARM
Bus width 8-bit 8/16/32-bit 8/32-bit 32-bit.64-bit
Speed 12 clock cycle 4 clock cycle | 1 clock cycle | 1 clock cycle
Memory ROM, SRAM, FL | SRAM, Flash, SRAM, | Flash,
ASH FLASH EEPROM SDRAM,
EEPROM
Memory VVon Neumann Harvard Modified Modified
Architecture | architecture architecture Harvard
architecture
Families 8051 variants PIC16, 17, Tiny, ARMvV4,5,6,
18, 24, 32 Atmega, 7 and series
Xmega,
Cost Very Low Average Average Low
Popular AT89C51, PIC18fXX8 | Atmega8, 16, | LPC2148,
Microcontro | P89v51, etc. PIC16f88X, | 32, Arduino. | ARM
llers PIC32MXX Cortex-MO
to M7,
2.5 Wireless communication system

Wireless communication is the exchange of data or energy between two or more

points that an electrical conductor does not link. With the rapid development of

wireless systems, most telephone and television communications have vanished using

wired network. This situation triggers ignoring wired infrastructure and replacing it

with a wireless system. An antenna with transmitter and receiver end will berequired
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to transmit data through the air. These antennas act in the form of electromagnetic
waves that propagate through space to convert electrical signals to radio signals.
Thanks to a broad range of frequencies, radio waves are mostly used for short or long
communication. Wireless communication uses include mobile phones, information
transmission, peripheral devices, wireless energy transfer and medical technology.
Wireless communication systems can be categorized into various types based on
distance range, data form and type devices that are radio frequency communication,

Wi-Fi communication, and mobile communication [16].

Wireless communication is a transfer of information over the air from one location
to another without the use of any physical medium. An antenna with transmitter and
receiver end is needed to transmit data through the air. Such antennas operate in the
form of electromagnetic waves that travel through space to transform electrical signals
to radio signals. Because of a wide range of frequencies, radio waves are mostly used
for short or long communication. Wireless communication uses include mobile
phones, data communications, linking peripheral devices, wireless energy transfer,
and medical technology. Wireless communication uses include mobile phones, data
communications, linking peripheral devices, wireless energy transfer, and medical

technology.

There are many benefits of cost-effective, mobile wireless communication, ease of
installation and reliability. The cost of installing wires can be reduced by using
wireless communication, thereby reducing the cost of a communication system. In
fact, it is quite easy to set up a wireless network. With the aid of code and manual, the

setup time using the wireless system is also much quicker. Ultimately, there is a secure
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wireless network as there are no physical cables that may malfunction due to

environmental factors. [17]

Free-space path loss (FSPL) in telecommunications is the reduction of signal
intensity of an electromagnetic wave that would result from a line-of-sight path

through free space, with no surrounding barriers to cause reflection or diffraction.

Path loss is also the decrease in power density which occurs when a radio wave
propagates over a distance. The primary factor in the loss of direction is the reduction
of signal intensity over the reach of the radio waves themselves. In free space, the sole
factor affecting range is the inverse square law. In the real world, however, other

factors will weaken the selection to [18]

« Obstacles such as walls, trees, and hills can cause significant signal loss.

» Water in the air (humidity) can absorb RF energy.

 Metal objects can reflect radio waves, creating new versions of the signal. These
multiple waves reach the receiver at different times and destructively interfere with

themselves. This is called a multipath.
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2.6 Internet of Things (1oT)

The Internet of Things (1oT) is a network of interrelated computer equipment,
mechanical and electronic devices, artifacts, animals or individuals with unique
identifiers and the freedom to transfer data across a network without human-to-human
or computer-to-human interference. In 1999, Kevin Ashton, co-founder of the Auto-
ID Center, introduced the term 10T for the first time. He wants to bring radio frequency
Identification to the attention of an organization with the name of the presentation as
the Internet of Things which enables computers to handle individual things. Each
machine's 10T type interacts with other objects without human interaction through a
network. It then evolves to the next stage that is embedded in a sensor network linking

the data exchange and collection process.

The 10T ecosystem consists of web-enabled smart devices that capture, send and
act on data they obtain from their environments using embedded processors, sensors
and communication hardware. Currently, 10T application getting bigger with more
than 8.4 billion 10T devices were used in 2017[21]. Furthermore, application that
mostly uses by consumer that contribute to 10T were smart Television and digital set-
top boxes. From Figure 2.9 it demonstrates how the 10T system works. The system is
a complete networking solution that integrates controllers, sensors and networking
devices capable of receiving, transmitting and processing data via the 10T platform.
The 10T devices collect data using sensor and antenna uses that share data with an 10T
gateway. Using networking tools, these data will be sent to the cloud for further

review.
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User interface
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10T device (e.q.,
microcontroller)

Figure 2.9 loT process

2.6.1  Architecture of an loT system

The sysfe'm‘ consists of 4 stages that are integrated and deliver actionable business
insights. From Figure 2.10, phase 1 consists primarily of analog signal reading sensors
and actuators. In phase 2, the data of the sensor are aggregated and transferred through
the ADC phase to digital form. Phase 3 includes edge IT, which processes the data
before sending it to the cloud. Lastly, in stage 4 the data is being store managed and
analyzed through the cloud system. Eventually, the data is stored and analyzed via the
cloud system in phase 4. The first two stages of technology are Process Engineering,

while the last two phases are Information Technology.
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The 4 Stage loT Solutions Architecture

@ g D o ﬁl L T i
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Stage 1 Stage 2 : Stage 3 Stage 4
Internet Gateways, §a
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environment, E I oy ) i
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Figure 2.10 10T architecture
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CHAPTER 3

METHODOLOGY

31 Overview

This section describes the approaches used to complete this task and achieve the
goal of the project. This part shows the project's flow from the start to the end of the
project. The plan will be divided into two parts, the design of hardware and software.
The first component consists of attaching sensors with integrated Wi-Fi development
in NodeMCU controller board.

For the software development part, it comprises the uses of Fritzing software for
circuit design and simulation, and Arduino IDE for programming language. Lastly, in
project development, it will cover database development using PHP and MySQL
language. Next, application-based is created using Android Studio for monitoring

systemand IFTTT platform for notification process.
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3.2 Project planning

There are 3 major parts that will be used to complete the preparation, execution and
evaluation of this project. Project planning is carried out at the project's earliest stage.
Project planning becomes the most vital part of this project in order to select the
hardware and software that meet the requirement. First of all, the planning includes
making a work schedule that needs to be done within a timeframe using the Gantt chart
to list tasks. Next, do some research from previous work from different sources to
obtain more information about this project. Then, finding proper hardware and
software to create a complete circuit that meets the requirements of the design. The
design will then be developed on the basis of the results and checked using code
designed using specific software. In addition, the completed circuit is calculated and
documented using an appropriate method to achieve the outcome of the design. Lastly.
After the work and completion of the project circuit, on the last section, a full
evaluation will be done to test its performance of system and wireless transmission

strength.

3.21 Research methodology flowchart

To complete the project, there are 3 part which are software development, hardware
development which is design plan as shown in Figure 3.1. The flowchart below is a
step by step overview of the project from start to finish. It can only be done for the
development of a project after completing the first two-part. It consists of three parts

consisting of software development, hardware development and project development.
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Figure 3.1 Flowchart of project methodology
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A detailed explanation for the project methodology are as following:

1. Software development

For this part, | will carry out some research from previous work and find the code
used to communicate with the controller board. Next, | will write the code program
using preferred software and verify the coding to avoid errors. Then, I will upload the

proper code program to be uploaded to the NodeMCU board.

2. Hardware development

.For this part, I will design the circuit and run some simulation for the simulation
program to prevent any hardware connection errors. Then, | will find each components
for the hardware that will be used in the project after the simulation results. The
controller board will be configured with two health parameter sensors with Wi-Fi
access point. Next, checking each hardware circuit and transmit data between
controller board and sensors. | will configure open source database platformto display

the data collected from sensors through 1oT implementations with internet connection.

3. Project development

For project development, | will do some test on the controller board to make sure
it can transmit data through the database platform with Wi-Fi connection. Then, for
loT-based monitoring system, | will create an android application to monitor with
smartphone. Next, notification system will be implemented using email. Then, I will
do the analysis on the performance of system whether the results stored is accurate
and can be compared with actual health devices. Finally, another analysis forwireless

transmission strength by distance will be conducted.
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3.22  Project schedule

To complete this project, it will take a schedule to indicate the time span for every
task that needs to be done. Project scheduling can be simpler and quicker with the use
of a Gantt chart, which can show what work to do on a specific day. For Figure 3.2
Show project preparation where project software and hardware development is to be
completed by the first semester. For semester two, | will build a hardware prototype
with integrated 10T as the project's final task. After that, 1 will start evaluating the

output performance of the project and obtain results.

SEM I SEM 11

Aktiviti Projek

Project Activities 1{2|3(4|5|6|7|8|9|1f1f1)21|1)21j21f2|21f1[1]|2]|3|4|5|6|7|(8|9|1|1]|1]|1

[N
[N

[N

PSM project title and proposal X[ X| X
preparation

Proposal submission X

Past studies research X| X[ X

Programming language research X[ X | X[ X|X

Hardware construction X| X| X X| X[ X

Software development: X| X| X X[ X[ X[ X

SEMINAR PSM 11

Hardware development X| X| X| X| X

Project prototype X[ X] X| X| X[ X

PSM report submission X

Figure 3.2 Project Gantt chart
3.23 Data collection
This is part of the phase which focuses on the collection of previous studies. At this
point | planned to collect project assets and information, context analyses, and
hardware and software specifications. Such tools are gathered across a variety of

media consisting of internet blogs, journals, academic papers and encyclopedia.
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During data collection, there are many ways to create a healthcare monitoring
system by using different type of sensors, controller board and wireless transmission
system. For example, there are particular type of temperature sensor used has its own
sensitivity and precision that can influence the measurement of body temperature.
Other than that, the uses of LoRa, Wi-Fi module, ESP8266 module, and Arduino Wi-

Fi Shield which used for sending data wirelessly in a reliability of data collected.

In the method, | review each part feature relevant to the projects, including the
comprehensive specification and its data sheets. In addition, the processing of data is

included in the context and limitation of the project.

3.3 Project Implementation
This section will cover the requirements for hardware and software and how to use

it on the project.

3.31 Hardware development

This section will cover hardware and software specifications and ways to apply
them to the project. The design part of the project will explain in detail about the
operation of the circuit, the project block diagram and its flow chart. Lastly, in the
development of projects, the monitoring and notification system used in this project

will be covered are:

1) Temperature sensor LM35

LM35 is an analog linear temperature sensor. Its output is proportional to the
temperature in degree Celsius. The operating temperature range is from -55°C to
150°C. It also have low self-heating at 0.08°C and output voltage varies by 10mV in

response to every rise or fall in temperature of 1 ° C. It can be operated from a 5V as
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well as 3.3 V supply and the stand by current is less than 60uA. Table 3.1 below
shows specification of the sensor that can obtain accuracy up to +0.5°C which are

suitable for body temperature measurement.

Table 3.1 Specification of LM35

Parameter Value

Supply voltage 4V to 30V
Accuracy +0.5°C
Temperature range -55°C to 150°C
Sensitivity 10mV/°C
Output maximum current 10mA

The sensor consists of p-n junction diode that employs CMOS technology that has
its output voltage vary with resistance in the LM35 IC as shown in Figure 3.3 can
provide changes to every degree rise. Using equation 3.1, the temperature measure can

be obtained.

Temperature =V OUt 10mV/°C 3.1)

+Vs
(4V 70 20V)

| OUTPUT
— 0 mV+10.0 mvV/°C

Vee
355V —

Basic Centigrade
Temperature Sensor

Analog Out GND ® i
haskg Ok (+2°C to +150°C)

Figure 3.3 LM35 pinout
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2) Pulse Rate Sensor

This sensor can easily interface with any controller using analog input pin. It also
includes an open-source monitoring app that graphs your pulse in real time. The sensor

front is the Heart shape logo covered. This is the side of the skin making contact.

For heartbeat measurement, the sensor takes reading through the tip of the finger
based on blood flow rate. The sensor circuit designed using principle of
photoplethysmography (PPG) that simply responds to the relative changes of light
intensity that reflected during each pulse. The LED lights up the fingertip or earlobe
or other capillary tissue, and the detector reads the amount of light bouncing back.
This is how the heart rate is calculated. If there is no light reflected, the output remains
constant while if the photodiode detects more amount of light reflected it will provide
output voltage. From Figure 3.4, the pulse sensor shown consists of PPG detector

circuit, amplification circuit, and noise cancellation circuitry.

Figure 3.4 pulse sensor circuitry and PPG detector
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3) NodeMCU ESP-12E WiFi ESP8266

NodeMCU is an open source development board and firmware based on the widely
used WiFi module ESP8266-12E. The name "NodeMCU" combines "node" and
"MCU" (micro-controller unit). The term "NodeMCU" applies specifically to the
firmware rather than the related development kits. It allows to program the ESP8266
WiFi module with the simple and powerful LUA programming language or Arduino
IDE. The firmware is based on the eLua project and is based on the Espressif Non-OS
SDK for ESP8266. It uses a number of open source projects, such as Lua-cjson and
SPIFFS. The design was initially based on the ESP-12 module of the ESP8266, a Wi-
Fi SoC integrated with the Tensilica Xtensa LX106 core, and makes it widely used in

0T applications.

With its USB-TTL, the NodeMCU Dev board help flashing directly from the USB
port as shown in Figure 3.5. Combines the functionality of the WIFI access point and
the station and microcontroller. These features make the NodeMCU extremely
powerful Wifi networking tool. It can be used as an access point and/or station, hosting

a web server, or connecting to the internet to collect or upload data.

HSCLK
HMISO

HMOSI
HCS

Figure 3.5 NodeMCU
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4) CD-4051 IC Multiplexer with 8 Channel

CD 4051 is essentially an analog multiplexer and a demultiplexer. It has very low
leakage current OFF and low ON impedance. The CD-4051 dissipates very low power
over full voltage ranges. The CD-4051 is an 8 channel multiplexer and has three
control inputs named A, B and C. These inputs bind only 1 out of 8 channels to the
output to obtain the desired output. Channel I / O terminals have become outputs and
common O / I input terminals when CD 4051 is used as a demultiplexer as Figure 3.6

shown.

CD-4051 has many impressive features, binary address encoding on a chip, split
before switching removes overlapping channels, wide range of analog signals as well
as digital signal rates. CD-4051 can be used for signal gating, analog to digital
conversion, digital to analog conversion, analog and digital multiplexing and
demultilplexing. Since NodeMCU has only one analog input, the multiplexer is used
in order to connect multiple analog sensors which are enough for both analog sensors

LM35 temperature sensor and pulse rate sensor.

PIN#1: /O 4 > § < PIN#16 :VDD
PIN#2: |JO6 > ® <LOPINE#1S : O 2
PIN # 3: O/l C> 3 8 <:| PIN#14:1JO 1
PIN#4: IO 7 > SN <PIN#13:1/O O
PINGS: IO5 > ¥ 8 b <o PIN#12: 10 3
PIN # 6: Inhibit > SEEIEN <o PIN# 11: |nput A
PIN# 7: VEE > ® ¥ < PIN# 10 :Input B
PIN# & VSS D> % P <o PN#9: InputC

Animation
CD4051

Figure 3.6 CD-4051 IC Multiplexer
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3.3.2 Software development

In this section, Fritzing software is used to design any circuit diagram that preferred
and run simulation to check pin connection. The Fritzing software is a free tool that
allows to design any electronic hardware. It support designers ready to move from
experimenting with a prototype to build a more permanent circuit. In this software, a
complete circuit was created which consist of sensors and each module before moving
on to real hardware connection. From Figure 3.7, circuit design with pin connection
to the board was created. To avoid any error, design rule checking was performed
through simulation process.

s0,51,52 to D3,01,02
respectively

zto AD

black —
wire to
GND

¥l y0

6SP 061225 3.3y
110mAh 3.7V I I

Figure 3.7 Circuit Design in Fritzing software

Next, Arduino Integrated Development Environment (IDE) is used to write code
program and upload into the controller board. Arduino IDE uses serial transmission

on the USB port to upload completed program sketch into the controller board.
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Besides, the software also has extra features call serial monitor as shown in Figure 3.8.
It allows displaying data from NodeMCU board into the serial monitor using
Serial.Printin command. The IDE software is used throughout the project to write code
and compile the code to display data result from sensors when connected to controller
board. | also used this software to write code for the project and compile the code to

check program code error and upload it into controller once it is done.

@ nodemcu_Xampp_new | Arduinc 1.8.8
File Edit Sketch Tools Help

nodemcu_xampp_new §

éWebServer.h>

#include <ESP8266HTTPClient.h>

#define LEDO D3
#define LED1 D2
#define LED2 D1
#define LEDx Do

f/fUse L0 a= input

const int AnalogIn = A0Q;
float temp = 0

int BEM = 0O;

int bpmx = 0;

int . x ==0y

float resp = 0;

const char* ssid = "mamaS464Gunifi"; S Your wifi pName

const char* password = "abdullahZ354"; ff Your wifi Passwerd

Sonst) €har |"host = _"182.168.0.069": ¥/¥our |pclor s€rver| (datebase) AP) example :

S/WiFiServer "server (80);

Figure 3.8 Arduino IDE sketch
The coding on NodeMCU uses Wi-Fi access point to send sensor’s data wirelessly.
Other than that, Analog to digital conversion occurs for temperature and pulse sensor
which convert its voltage output to 10 bit of binary digit that will be processed by
microcontroller through IC multiplexer. Next, the data obtained is sent to database
platform by using POST method and HTTP request before actual 10T platform is
implemented. In order to perform this request, a complete HTTP code needs to be

applied in Arduino IDE sketch as shown in Figure 3.9.
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@7 nedemcu_Xampp_new | Arduino 128
File Edit Sketch Tools Help

nodemeu_xampp_new §

String TempValueSend, BPMValueSend, postData:
TempValueSend = String(temp); //5tring to interger conversion
BEMValueSend = Stringiresp): //8tring to interger conversior

//post data
postData = "temp=" + TempValueSend + "&BEM=" + BPMValueSend;

http.begin("nttp://192.168.0.169/Nano_temppulse_dbrecord view/InsertDB.php"): //Specify request destination
http.addHeader ("Content-Type", "application/x-www-form-urlencoded"); //Specify content-type header

int httpCode = http.FOST (postData): //Send the request

String payload = http.getString(): //Get the response payload
1

////3erial.println ("LDR Value=" + ldrvalue);

Serial.printlin(httpCode): //Print HTTP return code

Serial.println(payload); J/Print request response payload

// Serial.println("MQ7= " + MQ7Post + " MQ4= " + MQ4Post + " MQ131= " + MQ131Post);
// Serial.println("LDR Value= " + LdrValueSend);

Serial.println("temp = " + TempValueSend + "BPM = " + BPMValueSend );

http.end(); //Close connection

delay(5000); //Here there is 4 seconds delay plus 1 second delay below, so Post Data at every 5 seconds

€

Figure 3.9 Coding function to send HTTP request
3.3.3  Project design
After finding all the hardware requirements and create a program code, project
build hardware is conducted. In order to take the next step, each component module
was purchased through an online shop and electronic shop. The faculty of university
also provides components needed for this final year project. For the first stage of
circuit development, jumper wires and protoboard is used to perform connection

between each hardware module as shown in Figure 3.10.
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Figure 3.10 Project with hardware development

Figure 3.11 shows the flow of diagram consists of input, data processing, and output
part. First, the temperature sensor and pulse sensor are mounted on each tip of the
finger from any patient to detect health parameters which are heartbeat rate and body
temperature. These data were sent to the NodeMCU controller through multiplexer for
ADC and DAC process. The received data were processed and send to database
platform using ESP8266Wi-Fi module in NodeMCU and configure with database
platform using MySQL. This application allows wearable monitoring system to be
achieved where the NodeMCU controller, sensors and power source are mounted on

wrist of the hand. Figure 3.14 shows the diagram of the proposed system project.
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Figure 3.11 Diagram of the proposed project
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Figure 3.12 also shows a flowchart of the project for monitoring and alert
notification. From the flowchart, it shows that when the temperature or heartbeat not
within a normal range, the system will send push notification to the doctor or family
member. If the parameters within an acceptable range, the data will be displayed
through database using Wi-Fi for monitoring system by doctors or any authorized

person.

Body temperature and pulse sensors detection

il

P
L

L 4

Webpage monitoring

YES : YES
' ¥

J// if heartbeat \\\\
" between 60bpm

to 100bpm

If temperature
between 34°C
to 35°C

NO

¥

Notification to doctor or
family member

Figure 3.12 Flowchart of the project for monitoring and alert process
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3.34  Project Development

This is the last stage of completing the project. It consists of design each hardware
module connection in a PCB blank board using soldering tools. Next, create a database
platform using PHP and MySQL programming language. Lastly, build an application
for Android smartphone using Android Studio that covers Java and Kotlin script for
0T implementation. Finally, a push notification will be made using IFTTT to trigger

Gmail to send message when results is not within the range.

3.3.4.1 Soldering Circuit Board Design

First, the hardware is constructed on breadboard in order to test each component
and get wanted results. In this experiment, jumper wires and temporary power source
are used to test the system’s functionality. Once each of the test completed with zero
error, the circuit is designed and soldered on blank printed circuit board (PCB). Each
hole of blank PCB breadboard is assign in any path and soldered properly based on
circuit diagram using soldering tools provided as shown in Figure 3.13. After
completing the soldering part, each connection was tested using Multimeter to avoid

short circuit by applying continuity test.

Figure 3.13 Soldering process back and front
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3.3.4.2 Database Platform

In order to achieve real-time monitoring system in this project, a database platform
is created using PHP language. The database is created through phpMyAdmin to
display temperature and pulse value in table form that shows time and date of each
received data. From Figure 3.14, the table consists of five columns which are created
using MySQL. Besides, the data display in table were fetched from the database using
MySQL command. Each time the database receives POST request from NodeMCU

controller, it will store the data from both sensors into the database system.

<« C @ localhost/phpmyadmin/tbi
3% Apps M Inbox (22) - zaang1 @ Control » R y Updat & 10 d Healtt
> 8] © % Q { .| Browse 4 Structure .} saL Search ¥t Insert =} Export « Import == Privileges Operations  2& Tri
& 8l H
e Favorites v =
Recent)| Cavgi i Table structure 2 Relation view
™
[ Naw # Name Type Collation Attributes Null Default Comments Extra Action
- afduino_temppulse O 1 No .® nt(10) No None AUTO_INCREMENT 2 Change @ Drop w More
—iid New - L .
L [] 2 Temperature yarchar(10) utfmb4_general_ci No. None & Change @ Drop + More
+-J healthcare_temppulse
-5 om [J 3 Pulse varchar(10) utfémb4_general_ci No None & Change @ Drop v More
-3
| information_schema (] 4 Date date No None & Change @ Drop v More
i i
-3 mysql | O 5 Time time. No None & Change @ Drop » More
#-J performance_schema |
+- 1 phpmyadmin - O [E] Browse g2 Change ) Drop > Primary 4l Unique £ Index 7| Fulltext
F- test :
&) Print A lumns 4 Norm
| kil
j #iAdd 1 ~| (o
| Indexes @
Action Keyname Type Unique Packed Column Cardinality Collation Null Comment
dit @ Drop PRIMARY BTREE Yes No No 334 A No
Creat columns Go

Figure 3.14 Database Platform for Monitoring System
Other than that, the database has “InsertDB.php” file which used to obtain data send
from esp8266 Wi-Fi inside NodeMCU board using POST method and store into

database.

Once each of PHP file finish created, the database platform is hosted online through
free hosting website with database server. The project uses 000webhost as the website
server to keep the monitoring system online in real time. From Figure 3.15 show list

of PHP file stored into the server file manager used in processing the database. From
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this process, the monitoring system use “https://healthdroid.000webhostapp.com” as

the main URL to monitor the data.

L . ! .
(c_d gegﬂﬁ%ggﬁsf& healthdroid * public_html

v o/ O Name ¥ Size Date Permissions
v ' public_html 0O B haccess 0.2kB 2020-06-09 14:27:00 W
> B tmp 0 W insertDB.php 1.0kB 2020-06-09 14:49:00 W
0 Ejquery34.1minjs 86.1kB 2020-06-09 14:49:00 W
O I read_db.php 1.3kB 2020-06-09 14:49:00 TW--T—
O I Viewhealthvalue.php 1.2kB 2020-06-09 14:49:00 TW--T—

Figure 3.15 Online web hosting file manager
3.3.4.3 Android application design
The 10T platform is a part of the project to be developed by creating an Android
application and displays database instantly from the website that has been created

through any smartphone.

For integration of a website provided in the application, the WebView tool is used
in Android Studio. WebView is an extension of the android layout view that allows
any webpage to be displayed as an activity in the application. The layout of the
application consists of two main activity which are Main Activity and WebView
Activity. From Figure 3.16, The Main Activity shall display information about the
project. Then, the button will be used to navigate to the next website interface to view

the data.
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Figure 3.16 Main Activity layout of the application
Lastly, WebView is designed on layout using tools in Android Studio. From Figure
3.17, the WebView loads the webpage using the 'loadUrl' command and displays the

contents inside the layout.
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Figure 3.17 WebView activity layout of the application
Once the Android application was designed using the Android Studio software, the

USB debugging setting was installed on the smartphone. From Figure 3.18, the
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application consists of two layout that allow monitoring through database platform at
a given time. Once ‘open website’ button is pressed, it will load up webpage created

and display the data in database form.

748 O @ il
My Application Test 3
By Syahmi Al-Zubair
P 91bFXYEDe /
v Jarf 1_HWBI
KJfB2VkDcl INK td
L NASN1fvOmAIm
Opon Website

Figure 3.18 Layout of Android application installed

Finally, a notification system which is also important for the monitoring system to
alert any user if any abrupt changes in database system occur. A push notification is
created using implementation of IFTTT. IFTTT is a web-based freeware service that
creates simple conditional statement chains, called applets. An applet is triggered by
changes occurring within other web services such as Gmail, Facebook, Telegram,
Google Sheet and other applications. For this project, Gmail is integrated with IFTTT
to send notification in form of email messages if else condition applied to the data.
When the value for temperature or pulse is not within a normal range for a patient, it
will send push notification to email through implementation of IFTTT as shown in

Figure 3.19.
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If Maker Event "E-
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zaang18@gmail.com

Edit title

by zaang1§

Event Name

E-Patient_info
The name of the event, like "button_pressed” or "front_door_opened
B Send me an email
This Action will send you an HTML based email. Images and
links are supported.
Subject

The event named " EventName " occurred
on the Maker Webhooks service
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Body (optional)

What: | EventName <br>
When:  OccurredAt <br>
Extra Data: Value1l , Value2 ,Patient
Health is in critical condition

Add ingredient

Figure 3.19 Notification system using integrated IFTTT’s Gmail

3.4 Project Analysis
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This is the final approach used to complete the project. This method is also intended

to achieve the second objective. The first analysis covers analysis for project

performance based on result accuracy from project sensors. To obtain accuracy ofthe

sensors from system used, medical devices used by medical center will be needed to

compare with measured values using sensors in this project. Then, samples of data

values from both devices recorded simultaneously are calculated with percentage of

error formula. Big amount of data samples obtained would be a great deal in order to

achieve accurate analysis. Despite the reference of each sensor’s datasheet, this

analysis should be carried out to ensure the system project measured correctly whether

the project can be used to test patient’s health status remotely from hospitals. An actual

pulse reading device which is Omron Automatic Blood Pressure Monitor in Figure



45

3.20 is used to compare with pulse rate sensor. The setup is important to ensure
accurate data received when comparing pulse reading values from both devices as

shown in Figure 3.21 and Figure 3.22.

Figure 3.22 Applying the arm cuff of blood pressure monitor properly
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As for the temperature reading comparison, a Digital Thermometer is used as
shown in Figure 3.23. For this case, the digital thermometer is measured by a person's
mouth to achieve a reading while strapping LM35 sensor to one of fingertips as shown

in Figure 3.24 and Figure 3.25.

Figure 3.24 Strap LM35 sensor with a fingertip properly

Figure 3.25 Use digital thermometer orally and under the tongue
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Next, another analysis carried out is on wireless transmission signal strength
measured by distance. The aim of this analysis is to find out how far the wearable
system can travelled while transmitting data through Wi-Fi connection. For this, a
measuring tape is used to measure distances on each data received from WIFI router
from home. The distances measured can be used for free-space path loss calculation.
The calculation can be proved to be theoretical for signal strength loss with different

frequencies.

35 Project cost

Most components and hardware received from faculty and bought through online
shop due to unavailability in normal shop as well as cause of pandemic season. The
component received from faculty of university are NodeMCU ESP-12E WiFi
ESP8266 and Lipo ion Battery 7.4V. Table 3.2 show cost of each hardware and

component bought which was around RM67.74.

Table 3.2 Total project cost

Component Quantities | Price Total

Pin header 1 RM2 RM2
CD-4051 IC Multiplexer 5 RM1.10 | RM5.50
LM35 temperature sensor 1 RM8 RM8
Jumping wires 3 RM7 RM21
Pulse sensor 1 RM11.24 | RM11.24
Li-ion Battery 7.4V 1 RM20 RM20

RM67.74
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3.6 Expected result

From the experiment, the project had been completed from 3 stages mentioned. By
using hardware and software created, the reading values can be displayed through the
webpage monitoring system with notification system implemented and connected by
Wi-Fi. Any doctor or family members are able to monitor the database platform of
patient’s health status through IoT-based application through smartphone. In order to
wear the controller board mounted with sensors on hand, a casing is created to keep

the project hardware intact as a prototype as shown in Figure 3.26.

Figure 3.26 Hardware Prototype
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Overview

This chapter will discuss results obtained from the constructed project. In this
chapter, each of the data collected from the experimental and simulation process will
be analyzed. Besides, the calculation used to obtain pulse sensor beat per minute will
be proven by the application of general formula. In analysis section, the system
performance is analyzed by comparing values of sensors with real medical devices
through data samples and calculation. Next, another analysis is conducted for wireless

transmission signal strength by measured distances.
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4.2 Results Obtained

The webpage displays the data from the project device in every 50 milliseconds
delay and update in the database platform connected to the server. The data obtained
from sensors are displayed in table form with date and time on each data received.
Figure 4.1 show result obtains from the webpage for pulse rate and temperature value.
The parameter values are within an acceptable range. Due to the limited functionality
of NodeMCU controller, the system can send readings from both sensors per time.
The pulse sensor using an interrupt and timer function in order to get beat interval up
to fifty seconds. Hence, this somewhat cause some inaccurate reading obtained from
temperature sensor due to the delay in getting the measurement. To solve this issue,
ensure the system collects pulse rate and temperature with correct connection as well

as the correct placement of fingers for each sensor.

C @ localhost/Nano_temppulse_dbrecord_view/ViewhealthValue.php ¥ @ ® P

M lInbox (22) - zaangt=! 1@ Controlling of Serv.. € (7)WhatsApp 3 Time to Decimal Ca.. | Ahealth monitorin.. P> Recently Updated A.. @ [OT Based HealthM... & IoT Based Patient M

Healthcare Database

Temperature (°C) Pulse Rate (BPM) Date Time

36.77 99.00 2020-06-05 14:55:22
35.48 100.00 2020-06-05 16:26:59
36.77 65.00 2020-06-05 16:27:47
34.19 93.00 2020-06-05 16:28:35
37.1e 93.00 2020-06-05 16:30:22
34.84 97.00 2020-06-05 16:31:45
36.77 91.00 2020-06-05 16:34:32
36.13 85.00 2020-06-05 16:36:08
39.68 99.00 2020-06-05 16:37:19
37.42 96.00 2020-06-05 16:39:42
37.42 98.00 2020-06-05 16:40:23
36.13 90.00 2020-06-05 16:40:59
35.81 100.00 2020-06-05 16:41:11
37.74 99.00 2020-06-05 16:41:35
67.74 90.00 2020-06-05 16:42:22
36.13 96.00 2020-06-05 16:43:10
40.00 91.00 2020-06-05 16:43:34
40.00 99.00 2020-06-05 16:44:27
39.68 100.00 2020-06-05 16:44:51
38.71 99.00 2020-06-05 16:45:02

Figure 4.1 Results obtain for temperature and pulse rate
From the result obtained in Figure 4.1, the monitoring system for the project is

achievable.



51

Next, for loT platform, the project uses Android application as monitoring
webpage through smartphone. The layout for webpage from Android application can
be done using Android Studio software tool as shown in Figure 4.2. Once the button
‘'open website' is pressed, the created webpage will be loaded and the data will be

displayed in database form. An loT-based monitoring system has achieved.

748 © O & A

My Application Test 3

By Syahmi Al-Zubair

r ¥ J b

PC:APAYTBFXYEOewWbKui
S0wJaJBArfpAP1_HWBIZThVE

JuPLIuTSpN4SN 1 fvOmAjmxZ

Figure 4.2 Layout of Android application installed

The project then demanded a push notification to be sent to the doctor's phone
when the parameter of the patient's health is in the critical range. Each individual has
different pulse rate and body temperature depending on size, age, sex and metabolism.
So, in normal condition only doctors or doctors know acceptable range for a person's
health parameter. However, in this experiment, the normal range for the temperature

is set between 34 to 39 and pulse rate between 60 to 100 bpm. Therefore, where the



52

health parameter is not within the threshold, the smartphone installed with the Android
application will be notified via 10T implementation. From Figure 4.3, the project
receives emails when the temperature and pulse rate of the patient reaches an

abnormal reading.

= M Gmail Q

I- Compose

] Inbox 44

*  Stated

® - sicoiid @ Webhooks via IFTTT «acticng

> -Sant What: E-Patient_info

§ oOnfs 2 When: May 4, 2020 at 10:54AM

Extra Data: 56.0, 93.6,
Patient Temperature is in Critical Condition

B Start a meeting

B Joinameeting If Maker Event "E-Patient_info", then
Chat
&
= M Gmail Q  sabeet
a o 8 2 © ¢ o e
+ Compase t
- What - stent san May & T 0 AN L s | ¥
0 mmbex e .
i @ Webhcoks via IFTTT <actong it come
Narec " .~

x
o What: E-Patient_info
& Sent When: May <, 2020 at 10:58AM
& ExtraData: 58,0, 104.4
Patient Pulse Rate is in Critical Condition

» St meeting If Maker Event "E-Patient_info”, then
@ oin aeeetng & nd me an 4 at
zaang18@gmail.com

Figure 4.3 Application of push notification through email from both sensors

4.3 Pulse and temperature sensor mechanism

The pulse sensor uses a light reflection and heart rate detection system based on
Figure 4.4. the LED emits green light to the skin of fingertip, and the APDS-9008
light sensor tests the amount of light reflected for each heartbeat depending on the

blood flow saturation. This input signal from the light
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sensor is transmitted via a low pass filter to clear undesirable high frequency signals.

The signal is then amplified to get a better output signal using the MCP-6001 Op-amp

circuit. Finally, the output voltage between 0.2V and 1.5V is transferred to the

NodeMCU controller board through IC multiplexer using the ADC converter.

oV +5V +5V
| | 47u 47u 10k
27 |APDS-9008| |——H AAN Output
—jz,zu 470 l 12k j;—4.7u +5V MCP-6001
100k

2.2u
||
I

51 00k

Figure 4.4 Circuit Diagram of pulse sensor

From Figure 4.5, the displayed output was in PPG signal form obtained from the

serial plotter of Arduino IDE. Each time a heartbeat rate is calculated, it requires the

interrupt function that measures the pulse signal interval (IBI). This approach

permitted the use of a timer to track each signal pulse inside the IBI. A threshold

value is set within the code program to 516 to get 50 percent of the amplitude of the

pulse to obtain IBI values.
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540.0 7
5250
516
£10.0
49E5_0
480.0 f t t T 1
10231 10331 10431 10531 10831 10731

Figure 4.5 PPG signal from Arduino serial plotter
The computer program uses the library PulseSensorPlayground which already
provides a set of pulse rate methods. From Figure 4.6, the IBI is obtained and stored
in sequence of 10 elements. The equations 4.1 and 4.2 are used to get Beat per
Minute (BPM). Then, equation 4.2 is used to calculate 60 seconds of average BPM

where the IBI collected is in millisecond.

IB(average) = 1311+131;+131i0+m+131m (4.1)
Rkl 60000
BPM = IBI(average) (42)

Inter-Beat Interval (1B1)

| |

A V_,-"ﬂ\_ﬂ J k__/“\_

Figure 4.6 1Bl measurement
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The LM35 temperature sensor used can measure temperature from 0 °C up to 100
°C. The code sketch use equation 4.3 and equation 4.4 to calculate the value of the
temperature in degree Celsius. The LM35 works at an input voltage of 4 to 20V and
has analog output voltage. With each degree Celsius means the sensitivity is 10mV,
for the output range 0.3V is equal to 30 ° C. The analog pin in NodeMCU converts the
analog voltage input from 0 to 1023 through the IC multiplexer to digital output range.
This value is converted to voltage output by splitting 1024 and multiplying by
reference voltage from equation 4.3. Lastly, by using equation 4.4, the output voltage

needs to be converted to temperature value by divide with the sensitivity of the LM35.

__ analogRead(tempPin)x5
Vout = 1024 4.3)
Vout
Temperature = (4.4)
0.01

4.4 Analysis on Project System
441 System performance through data comparison between two devices

1) Pulse Rate Sensor

The pulse sensor is being tested for its accuracy and reliability for checking the
patient’s heart beat. From Figure 4.7, BPM reading values of pulse rate sensor is
compared with actual pulse reading device which is Omron Automatic Blood
Pressure Monitor. The heartbeat detector in blood pressure monitor is achievable
when provide upper arm blood pressure measurements. This medical device proves
to be accurate with +5% of pulse reading. The BPM obtained from pulse sensor have

slightly difference between actual measurements. From Table4.1, the
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average BPM obtained using pulse senor is 64.92 BPM and actual sensor is 63.75
BPM. Therefore, from the measure and actual data obtained, the error of reading is

around 1.84 % and give accuracy of 98.16% for the pulse sensor

|Avg measured — Avg actual)|

0 = x 1009
foerror Avg actual %
Yerror = 25373y 100% = 1.84%
63.75

%accuracy = 100% — 1.84% = 98.16%
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Tme(min)] 03 6 ¢ 1215 18 2 24 27 30 3 3% ¥ & 4 48 51 5 5 0 6 66 6 72 75 8 8 & & 90 9B 9% 99 102 105
Measured | 73 88 73 70 65 1 72 5 60 67 65 66 64 65 53 57 62 58 53 66 % 68 65 60 62 5 66 72 %6 6 61 B 0 59 60 60
Actual W78 765 68 B 66 58 61 62 5% 56 62 60 57 58 63 64 54 o4 % 60 52 64 64 71 69 80 64 S 65 68 65 61 61 68
Table 4.1 Table of measured and actual BPM value
Pulse Rate Value Comparison
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__ 80
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0
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—@— Measured —@— Actual

Figure 4.7 Line graph of measured and actual BPM
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2) LM35 Temperature Sensor

The LM35 temperature sensor used in this project is a low-cost sensor capable
of providing a sensitivity of 0.5 ° C that is suitable for body temperature. The
temperature sensor had undergone several tests and compared with Digital
Thermometer device. From Figure 4.8, the measured temperature using LM35 has
varied value due to its accuracy as expected from datasheet. The average measured
temperature obtained is around 35.12 °C and compared with actual temperature
which is 36.34 °C, the percentage of error is 3.36%. Hence, the accuracy of the

sensor for this project is around 96.64%.

|Avg measured — Avg actual)

0 = x 1009
e Avg actual 7

135.12—36.34|
. X
36.34

%error = 100% = 3.36%

Y%accuracy = 100% — 3.36% = 96.64%
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Time

0 3 6 9 12

15 18 21 24 27 30 33 36 39 42 45 48 51

54 57 60 63 66 69

Measured
Actual

36.77 36.45 36.45 36.77
36.6 36.5 36.5 36.6

36.7 36.45 35.16 36.77
36.45 36.3

36.45 36.45 36.77 36.45 36.13 36.13 36.13 3645

355 366 365 361 365 366 36.2 362 362 366 362 36.2

36.13 36.13 36.13 36.13 36.45 36.45 36.43 36.45

363 36.2 363 363 363 364

37
36.8
36.6

O 364

36.2

36

358

35.6

35.4

35.2

35

Temperature

Table 4.2 Table of measured and actual temperature value

Temperature Value Comparison

0 10 20 30 40 50 60 70 80
Time (min)

—&— Measured —@&— Actual

Figure 4.8 Line graph of measured and actual temperature
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4.4.2 Wireless transmission through distance measurement

Theoretically, Free-space path loss (FSPL) is the loss of signal strength of an
electromagnetic wave resulting from a line-of-sight path through free space, with no
obstacles nearby causing reflection or diffraction. In a Wi-Fi environment, FSPL refers
to the amount of power a Wi-Fi signal losses as it travels away from the transmitter.
For this analysis, several samples of distance are recorded to find out the wireless
signal strength of each distance when wearable device is away from the WiFi router.
To record the distances, a measuring tape was used to measure each distance where

data can stored from sensors for monitoring system.

The maximum distance where the device received the last data stored to database
is around 78.75ft which equals to 24 m. Wifi router’s bandwidth is around 300Mbps
and household coverage around 1500sq.ft.

FSPL — (ﬁ)
In terms of Wavelength: A

y 2
FSPL — (J‘”ff )

In terms of Frequency:

e )\ : Wavelength of signal
e C: Speed of light = 3x10"8 ms-!

In decibels, this would be equivalent to
Free Space Path Loss (dB) = 20 log (d) + 20 log (f) — 27.55
Where: d= distance from the transmitter (m), f = signal frequency (MHz)

For my application | used the recommended constant -27.55, which treats
frequency in MHz and distance in meters (m).

Then, FSPL are calculated with 2.4GHz and 5GHz provided from Wi-Fi router as
shown in Table and graph shown in Figure 4.89.
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Distance (m) Loss signal strength(dB) for Loss signal strength(dB)
2432MHz for 5745MHz
3 49.71 57.18
6 55.73 63.20
9 59.25 66.72
12 61.75 69.22
15 63.69 71.16
18 65.27 72.74
21 66.61 74.08
24 67.77 75.24

Table 4.3 Table of both frequencies and distances measured

Loss Comparison of 2.4GHz and 5GHz
80
70
60 /'/,/v——-‘_‘“
50
40
30

20
10

FSPL (dB)

0 5 10 15 20 25 30

Distance (m)

—@— Loss signal strength(dB) for 2432MHz —@— Loss signal strength(dB) for 5745MHz

Figure 4.9 Line graph of loss comparison of 2.4GHz and 5GHz

Based on Table 4.3 below, -49.71dB is max signal strength while -67.77db is
reliable signal strength for 2.4GHz compare to 5GHz which have higher signal loss.

Hence, the wearable system can be monitored afar from WIFI source up to 24m.
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SIGNAL EXPECTED QUALITY REQUIRED FOR
STRENGTH
-30 dBm Maximum signal

strength, you are
probably standing right
next to the access point.

-50 dBm Anything down to
this level can be

considered excellent
signal strength.

-60 dBm Good, reliable signal
strength.
-67 dBm Reliable signal The minimum for any service
strength. depending on a reliable
connection and signal strength,
such as voice over Wi-Fi and
non-HD video streaming.
-70 dBm Not a strong signal. Light browsing and email.
-80 dBm Unreliable signal Connecting to the network.

strength, will not suffice
for most services.

-90 dBm The chances of even
connecting are very low
at this level.

Table 4.4 Signal Strength quality



63

CHAPTER S

CONCLUSION AND FUTURE WORKS

51 Conclusion

This project is a low-cost with efficient monitoring system which collects health
parameters using cheap sensors. Therefore, the result was not fully accurate due to the
difference between the measured and actual values collected. The main goal is to
design wearable healthcare monitoring system for the patients and to ensure that the
user can keep track of the status of the patient through the webpage even if they are
far from home. The fully integrated monitoring system with loT implementations
consist of monitoring webpage and push notification to smartphone of any user
including doctor. The healthcare system are also able to send data wirelessly through
cloud server and can be monitored anytime using integrated ESP8266 Wi-Fi
development in NodeMCU board. This will allow wearable system to be placed on

patient’s wrist with continuous database monitoring.

Owing to some technical difficulties the first objective was accomplished partially.

Around the same time, the uses of both pulse and temperature sensor triggered slightly
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inaccurate reading. This is because of limitation of analog inputs of NodeMCU board
that cause two analog sensors to connect IC multiplexer. This connection might cause
interruption on both sensors’ reading. To solve this, controller board with multiple
analog and digital inputs can be used to attach many sensors with one board. For
monitoring system, the data sent is displayed on webserver. By using Android
application, an 10T-based platformwill be created. A push notification also can be sent

to email with integration of IFTTT during abnormal condition.

Next, the second objective is achievable which consists of analyzing system
performance and its efficiency. Sensor reading is evaluated and determined based on
measured value and actual value. It is known that the LM35 temperature sensor can
produce accurate results while the pulse sensor has a slightly lower accuracy due to
the pulse sensor circuitry and NodeMCU controller response delay interrupt

configuration.

Moreover, this project has high commercial value because of total cost of project
is around RM67.74 which is cheaper than existing medical devices on the market.
Besides, the system is easy to use where patient can wear the device on the wrist
properly and the health status automatically displayed on database platform.
Furthermore, this system device are able read two readings compare to most medical
devices which can have one reading only. Lastly, the system uses rechargeable battery

and non-harmful substance which proves that it is environmentally friendly.
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5.2 Future work

For the future work, this project will focus more on the development of the
webpage, with some additional medication and lifestyle notification provided by the
webpage that will enable patient to be more cautious remotely through the website

more effectively.

Furthermore, this project could be designed by adding more sensors that detect
other health parameters. These sensors can be used by consumers by selecting which
parameter they need to use. Besides, the web Ul can be upgraded to perform many
activities such as displaying real-time graph, controlling sensors and observe

anomalies.

Nowadays, cyber criminals can hack data could cause data. Hence, the uses of
security system that encrypt the 10T system could solve this. This security algorithm
will help users avoid any type of security attack in their network and improve data

privacy.

Lastly, the project can be added with extra features such as linking it with
ambulance service that automatically called the ambulance if patient is in critical
condition. Next feature should add a GPS tracker in the system, so the doctor or
caretaker can know patient location at all time with the location display all the time on

the webpage.
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APPENDICES

Appendix A: LM35 datasheet

&National Semiconductor

LM35

November 2000

Precision Centigrade Temperature Sensors

General Description

The LM23E series ara precision integrated-circuit temperature
sensors, whose output valtage s linearly propoitional te the
Celsius {Centigrade) temperature. The LM35 thus has an
advantage over linear temperature sensors calibraied in
" Kelvin, as the user is not required to subtract a large
constant voliage frem its outout to obtain convenient Centi-
grade scaing The LM35 doss not reguire any external
calizration or timming to provide typical accuracies of +74°C
at room temgerature and £%:°C over a full -55 to +150°C
temperature range. Low cost is assured by fimming and
calizration at the wafer level. The LM35's low output imped-
ance, linear output, and precise inherent calibration make
interfacing to readout or contrl circuitry especiaily easy. it
can be used wilh single power suppiies, or with plus and
minus supplies. As it draws only 8G pA from its supply, it has
very low self-heating, less than 0.1°C in stdl air. The LM35 s
rated to operate over a —55° lo +150°C temperature range,
while the LM35C s rated for a -40° to +110°C range (187
with improved accuracy). The LM35 series is available pack-

aged in hermetic TO-4C ifransistor packages, while the
LM35C, LM35CA, and LM3BD are also avaiiable in the
plastic TO-92 transistor package. The LM35D is also avail-
able in an 8-lead surface motint smali cutline package and a
plastic TC-220 package.

Features

Calibrated directly in * Celsius (Centigrade)
Linear + 10.0 mV/°C scale factor

0.5°C accuracy guaianieeable fat +25°C)
Rated for full -55° 1o +150°C range
Suitable for remote anplications

Low cost due to wafer-level frimming
Operates from 4 to 30 volts

l.ess thar 80 pA current drain

Low self-heating, 0.06'C in still air
Nenlinearity only £4°C typical

Low impedance cutput, ¢.1 £ for 1 mA lcad
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Typical Applications

+Vs
(4 TO 20V)

LM35

L

 _ ouTRUT
0 Y +10.0 my/eC

DS005518-3

FIGURE 1. Basic Centigrade Temperature Sensor
(+2°C to +150°C)

+Vg

LM35 Your

T s~
—V¥s
DE00E516-4

Choose Ry = —Vg/50 pA

V guT=+1,500 mV at +150°C
= +250 mV at +25°C
=-550 mV at -55°C

FIGURE 2. Full-Range Centigrade Temperature Sensor



Connection Diagrams

TO-45 80-8
Metal Can Package™ Small Qutline Molded Package
Your —1 ~ 84V
H.C.—2 7=NC
N.C.—3 8 —MN.C.
GND — 4 5-H.C.
BOTTOM ViEW
DS005518-1 OS005516-21
*Case is connected to negative pin (GND} N.C. = No Connection
Order Number LM35H, LM35AH, LM35CH, LM35CAH or Top View
LM35DH Crder Number LM35DM
See NS Package Number HO3H See NS Package Number MOBA
TO-92 TO-220
Plastic Package Plastic Package™

b o O

v LM

3507

BOTTOM VIEW
DS00sE16-2
Order Number LM35CZ,
LM35CAZ or LM35DZ
See NS Package Number Z03A
+V,

s Vaut
GND
DS005516-24
“Tab is connected to the negative pin {(GND)
Note: The LM35DT pinaut is different than the discontinued LIM35DP.
Qrder Number LM35DT
See NS Package Number TAO3F



Absolute Maximum Ratings (ot 10)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Dfficef
Distributors for availability and specifications.

Supply vollage +35V 10 -0.2V
Output Voltage +EY 1o - 1.0V
Output Current 10 mA

TO-82 and TO-220 Package,

(Soldering, 10 seconds) 280°C

80 Package (Mote 12}
Vapor Phase (80 seconds) 218°C
Infrared (15 seconds) 220°C
ESD Susceptibility (Note 11) 25007

Specified Operating Temperature Range: Tyin o T wax
{Note 2)

Storage Temp.; L35, LM3SA ~55°C 1o +150°C
TO-46 Package, -60°C 1o +130°C LM3BC, LM3GCA -40°C to +110°C
TO-92 Package, ~-80°C o +150°C LMESD 0°C o +100°C
30-8 Package, -85°C fo +150°C
TO-220 Package, -B5°C to +150°C

Lead Temp.:

TO-48 Package,
(Soldering, 10 seconds) 300°C
Electrical Characteristics
{MNotes 1, §)
LB35A LM35CA
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.}
(Note 4) (MNote 5) (MNote 4 {Note §)
Accuracy T a=+25°C 0.2 35 02 0.5 ke
{Mote 7) T A=-10°C 0.3 0.3 1.0 G
T 2= Traax 0.4 +1.0 0.4 1.0 C
T 2= Taan 04 1.0 04 15 C
Nonlineartty T S ThE Tax o018 *0.35 *0.15 03 c
(MNote 8)
Sensor Gain T anET o Togax +10.9 +9.9, +10.0 +9.9, mviF G
(Average Slope) +10.1 +10.1
Load Regutation T a=+25°C 0.4 1.0 +0.4 1.0 mWmA
(Mote 3) 0<l, =1 mA T =T o< Taaax 0.5 %3.0 205 3.0 myimA
Line Regulation T a=+25°C 001 £0.05 £0.01 +0.05 VA
{Mote 2) AV 30V 0.02 0.1 +0.02 £0.1 mva/
Quigscent Current Vo= 48V, +25°0 56 &7 56 67 A
{Note @) Vo= 5 105 131 a1 114 uA
W oo=430V, +25°C 56.2 68 58.2 58 uA
V =430V 105.8 133 a5 118 UA
Change of AoV <30V, +26°C 0.2 1.0 0.2 1.0 uA
Quiescent Current 4V <30V 0.5 2.0 0.5 2.0 WA
{Mote 2)
Temperature +0.39 +0.5 +0.39 +(.5 WASC
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of +1.5 +2.0 +1.5 +2.0 C
for Rated Accuracy Figure 1,1,=0
Long Term Stability T 5 Tpax, fOr £0.08 +0.08 R
1000 hours
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Electrical Characteristics
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{Notes 1, 8)
LM3S LM35C, LM35D
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Lirnit {Max.)
(Mote 4) (Note 5) (Note 4) {Note &)
Accuracy, T a=+25"C +0.4 +1.0 +0.4 +1.0 °C
LM35, LM35C Tas-107C +05 +0.5 +1.5 °C
{MNote 73 T 4= Thiax +0.8 +1.5 +0.8 15 C
Ta= T *0.8 1.5 0.3 2.0 C
Accuracy, LM35D T 4=+257C +0.6 +1.5 °C
(Note 7} Ta=Toanx 09 £2.0 C
Ta=Than *0.9 20 he
Nonlinearity T =T A< Tanax 0.3 0.5 0.2 % °C
{Note 8)
Sensor Gain T ST a5 Tax +10.0 +9.8, +10.0 +9.8, myiG
(Average Slope) +10.2 +10.2
Load Regulation T a=+257C +0.4 +2.0 +0.4 +2.0 myimA
(Note 3) Ol <1 mA T ST a5 Thanx 205 £5.0 £0.5 250 mviimA
Line Regulation T A=+257C 0.01 01 +0.01 0.1 myviv
(Mote 3) 4y <30V $0.02 0.2 *0.02 0.2 mvAy
Quiescent Current Vo g=+0V, #2570 56 20 58 80 WA
{MNote 9) Voo =By 105 158 a1 138 WA
V=430V, +25°C 56.2 az 56.2 82 uA
Wy w 30V 195.5 161 1.5 141 us
Change of AVNV <30V, +25°C 0.2 2.0 0.2 20 uA
Quiescent Cument AL =30V 0.5 3.0 0.5 3.0 UA
(Mote 3)
Temperature +0.39 +0.7 +0.39 +0.7 HASC
Coefficient of
CQuiescent Curent
Minimum Temperature | In circuit of +1.6 +2.0 . ] +2.0 °C
for Rated Accuracy Figure 1, [ =0
Long Term Stability T = Tyay. for +0.08 +0.08 °C
1000 hours

Note 10 Unless olherwise noted, these specifications apply. —556°CaT j2+150°C for the LM2G and LMISA; ~40zT =+110°C for the LM3ST and LM3SCA; and
=T = H00°C for the LM3ISD. Vs =+8Vde and 1| nap=50 pA, in the circuit of Figure 2. These specifications also apply from +2°C o Tyav in the cireult of Figure 7.
Specifications in boldface apply over the full rated temperature rangs.

Mote 2: Thermal resistance of the TC-46 package IS 400°CAV, junction 1o ambisnt, and 24'CAN junction 1o case. Thenmal resistance of the T0-92 packags is
180°CAN junction to ambient. Thermal resistance of the small outline molded package is 220°CAN junction 1o ambiert. Thermal resistance of the TO-220 package
Is S0°CAY junction to ambient, For additional thermal resistance information see table in the Applications section.

Mofte 3: Regulation is measured al constant junciion temperaiure. using pulse tesling with a low duty cycle. Changes in outpui due to healing effecis can be
compited by muiliplying ihe internal dissipation by ihe thermal resisianee.

Note 4: Tested Limits are guaranteed and 100% tesled in production.

Note 5: Design Limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to
calculate cutgoing quality levels.

Note 8: Specifications in boldface apply over the full rated temperature range.

Mote 7: Accuracy is defined as the error betwesn the outpul vollage and 10mv/ C times the device's case lemperalure, at specified conditions of voltage, current,
ahd temperalite (expressed in "C),

Note 8: Nonlinearity is defined as the devialion of the outpul-voltage-versus-temperature curve from the besl-fit straight line. over the device's rated temperature
range.

Note 8: Quiescent current is defined in the circuit of Figire 1.

Mote 19: Absolute Maximum Ratings indicate limits beyond which damage to the device may cceur. DC and AC elecirical specifications do not apply when operating
the device beyend its rated operating condiions. Ses Note 1.

Note 11: Human body medel, 100 pF discharged through & 1.5 ki resistor.

MNote 12: See AN-450 “Strface Mounting Methods and Their £Fect on Product Reliabilly’ or the section Htled “Surface Mount” found in @ current National
Semiconductor Linear Data Book for oiher methods of soidating surface mount devices.
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Appendix B: AT command Wi-Fi and TCP/IP

D)
4

4. Wi-Fi AT Commands

Wi-Fi AT Commands

4.1. Overview

AT+CWMODE_CUR Sats the Wi-F mode (Station/AP/Station+AP); configuration not saved in the fiasn.
AT+CWMODE_DEF Sets the dsfault Wi-Fi mode (Station/AP/Station+AP); configuraton saved in the fiash.
AT+CWJAP_CUR Connects to an AP; configuration not saved in the fiasn.
AT+OWJAP_DEF Connects to an AP; configuration saved in the fiash.
AT+CWLAPOPT Sets the configuration of command AT+CRLAP.
AT+CWLAP Lists available APs.

Disconnects from an AP.

Sats the current configuration of the ESP8286 SoftAP; configuration not saved in the fiash.

Sets the configuration of the ESPS266 SORAP; configuration saved in the flach.

| St the IP range of the DHOP server; configuration not saved i the fash.

Sats the IP range of the DHCP sarver; configuration saved in the flash.

Connects o an AP automaticaly ct.wOww-'_w.

Sats the MAC address of the ESP8268'Station; configuration not Saved i the fiasn.

=

+Sets the MAC addrses of E5F8266 $taton; coniguration saved in 118 Aash.

= R0 i =Y )
AT+CIPAPMAC_CUR

1 1 1 - 1P - I L
Sets the MAC address of the ESP8288 SoftAP; configuration not saved in the flash.

AT+CIPAPMAC_DEF Sats the MAC addrecs of the ESP8286 SoftAP; configuration saved in the fiash.
AT+CIPSTA_CUR Sets the IP address of the ESP8266 Station; consguration not saved in the fash.
AT+CIPSTA_DEF Sats the IP address of the ESP8286 Station; consiguration saved in the fash.
AT+CIPAP_CUR Sets the IP address of ESPB268 SORAP; condguration not saved in the fash.

Espressif

10/62 2010.02
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5. TCP/IP-Related AT Commands

TCP/IP-Related AT Commands

5.1. Overview
o cemms  Dssdgten
AT+CIPSTATUS Gets the connection status
AT+CIPDOMAIN DNS function
AT+CIPSTART Estabiiches TCP connection, UDP transmission or SSL connection
AT-CIPSSLSIZE Sets the size of SSL bufier
AT+CIPSSLCONF Set configuration of ESP SSL client
AT+CIPSEND Senas gata
AT+CIPSENDEX Sends data when lengtn of data is <length>, or when \@ appears in the data
AT-CIPSENDBUF Writes data into TCP-send-dufier
AT+CIPBUFRESET Resats the segment ID count
AT+CIPBUFSTATUS Cnecks the status of TCP-send-Duffer
AT+CIPCHECKSEQ Cnecks if a specific segment is sent or not
 AT+CIPCLOSE Cioses TCP/UDP/SEL connection
ﬂ.""“nrsi Gets the local IP address
by s

" i TURTLCIUPBATE Upgrades the softwars through network
N l. ‘_’*‘i"’g“’ ki—&mﬁméﬁwbmmdm y e
< TR el B o et
o ATiCIREOMOBE  S;TCPRscoveMoss
UNIVERSH MK NI Gl A il it S E LAFA
AT-CIPRECVLEN Get TCP Data Length in Passive Recaive Mods
AT-CIPSNTPCFG Configures the time domain and SNTP server.
AT+CIPSNTPTIME Quaries the SNTP time.
Esprecsif 30/62 2010.02
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