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Foreword

I am extremely happy to write a foreword for the book “Python programming
recipes for IoT applications”. This book aims to provide a comprehensive guide on
how to use Python to develop applications for the Internet of Things (IoT). The IoT
has revolutionized the way we interact with the world around us, and Python is one
of the most popular programming languages used for developing IoT applications.
This book will teach how to use Python to develop solutions that can connect to and
interact with IoT devices.

This book is divided into six chapters, each focusing on a different aspect of
Python programming for IoT applications. The first chapter will introduce you to the
world of IoT and provide an overview of the Python programming language. The
subsequent chapters will delve into various topics, such as data handling, networking,
security, and machine learning. Each chapter will contain several recipes, which are
step-by-step guides that will teach one how to solve specific problems or accomplish
specific tasks. The recipes are designed to be easy to follow, and they provide practical
examples that one can use to build own IoT applications.

This book is designed for anyone who wants to learn how to use Python to develop
IoT applications. Whether you are a beginner or an experienced programmer, this
book will provide you with the knowledge and tools you need to build your own IoT
solutions. If you are interested in developing applications that can connect to and
interact with IoT devices, this book is for you.
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In conclusion, I would like to say that Python is an excellent language for devel-
oping IoT applications, and this book will provide one with the knowledge and
tools one need to get started. Whether you are building a simple sensor network or a
complex machine learning application, the recipes in this book will guide you through
the process. So, let’s dive in and start building some awesome IoT applications with
Python.

Taleigao, India Professor Harilal B. Menon
March 2023 Vice Chancellor
Goa University



Preface

We are pleased to present this book titled “Python Programming Recipes for
IoT Applications” to the readers. As we all know, Python is powerful, yet flex-
ible, easy to learn, and can be adapted to work with most of the microcontroller-
based environments. Simplicity serves as a great asset to Python, which allows it
to flourish on every platform. The coding flexibility and dynamic nature of Python
help developers to create intelligent Internet of Things (IoT) devices.

So, we thought this is the right time to bring such a book to the market which
explains the basic glimpses of Python followed by three different embedded platforms
and their configuration setup. Various IoT applications with FoG and cloud-based
computation on these platforms are explained in a very simple and understandable
manner so that the readers can start programming on any of the platforms of their
choice with ease.

The detailed chapter-wise flow is as follows:

Chapter 1 “Python Programming and IoT” discusses the basics of Python language
such as features of Python, Integrated Development Environment (IDE), data types,
and so on. It also discusses comparison of Python with C and C++ language. The
C/C++ programming languages dominates embedded systems programming. On the
other hand, Python has many strengths that make it a great programming language for
embedded systems. This chapter also gives the overview of IoT and its applications.

Chapter 2 provides detailed step-wise configuration setup of Raspberry Pi,
MicroPython Pyboard, and NVIDIA Jetson Nano This chapter also covers the details
of all above boards including block diagram, features available in these boards, and
functions of each block.

Chapter 3 gives the detailed implementation steps of simple IoT applications using
Raspberry Pi such as controlling LED blinking, OLED display interface, camera
interface, and motor control (DC motor, stepper motor, and servo motor).

Chapter 4 gives the detailed implementation steps of MicroPython Pyboard for
IoT applications such as home automation, smart e-waste bin, industrial environment
monitoring, green house monitoring, and aquaculture monitoring.

Chapter 5 focusses on FoG and cloud computing with NVIDIA Jetson Nano
board. It covers the introduction and the model architecture of both the FoG and
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cloud computing. Detailed stepwise implementation of patient monitoring with cloud
computing and home security (home surveillance, home safety lock, fire alert system)
with FoG computing.

Chapter 6 covers the implementation of Machine Learning (ML) applications
such as pattern recognition, object classification, and prediction using Jetson Nano.

Taleigao, India Jivan S. Parab
Madhusudan Ganuji Lanjewar

Marlon Darius Sequeira

Gourish Naik

Arman Yusuf Shaikh



Acknowledgement

The book is a result of practical implementation of various IoT applications using
Python programming on Raspberry Pi, MicroPython Pyboard, and NVIDIA Jetson
Board with a hands-on approach. Special thanks to Mrs. Kamiya Khatter, Associate
Editor and publishing team of Springer to bring this book in the market.

Authors are thankful to Prof. Harilal. B. Menon,Vice-Chancellor and
Prof. Vishnu Nadkarni, Registrar, Goa University for encouraging and providing
administrative and financial support. The main motivational force behind this book
is Professor, Dr. Rajanish Kamat (Vice-Chancellor of Dr. Homi baba State University,
Mumbai) who has co-authored several books with authors.

We are thankful to Prof. Kaustubh Priolkar, Dean of School of Physical and
Applied sciences (SPAS), Prof. Ramesh Pai, Vice-Dean (Academic), and Prof.
Rajendra Gad, Vice-Dean (Research) of SPAS.

Authors would like to acknowledge with gratitude, the support and love of family
members. They all kept us going and this book would not have been possible without
them. Our sincere gratitude goes to Mr. Saish S. Nayak Dalal and Mr. Sameer Patil
for helping us in editing the book.

Finally, authors wish to express their gratitude to God, whose presence has given
them strength to finish the book.

We will be failing in our duties, if we do not mention the support, encouragement
received from friends, supporting staff and colleagues.



Contents

1 PYTHON Programming and IoT ................................ 1
1.1 Introductionto Python .......... ... ... .. ... i, 1
1.2 Can Python Replace C/C++? ... .ottt 2
1.3 Overview of Python Programming ............................ 2
1.4 Python for Embedded System ............. ... ... 23
1.5 Introductionto IoT ......... . . i 23
1.6 ToT Applications .. ...........euuuuunniiiiiinaaaaanaannn. 25
References .. ... ... 26

2 Configuring Raspberry Pi, MicroPython Pyboard, and Jetson
Nano for Python .......... ... ... .. 27
2.1 Raspberry Pi Board Features ............. ... ..., 27
2.1.1 Configuration of Raspberry Pi ......................... 29
2.2 MicroPython Pyboard Features ............................... 33
2.2.1 Configuration of MicroPython Pyboard ................. 34
2.3 Jetson Nano Board Features ............. . ... .. ... it 40
2.3.1 Configuration of Jetson Nano Board .................... 41
References . ..........uuuuuunn 48
3 Simple Applications with Raspberry Pi ........................... 49
3.1 Blinkingof LED .. ... .. 49
3.2 OLED Display Interface ..............c.uiiiiiiiiiinnnn. 55
3.3 CameraInterfacing .............oouiiiiii 62
3.4 Motor Control (DC Motor, Stepper Motor, and Servo Motor) .. ... 69
3.5 Raspberry Pi and Mobile Interface Through Bluetooth ........... 83
References . ...........uu 87
4 MicroPython PyBoard for IoT ................................... 89
4.1 Home AUtomation . ................uuuuuunniiannnnnnnnnnnn. 90
4.2 Smarte-waste Bin ............ .. 96
4.3 Industrial Environmental Monitoring .......................... 105

xi



Xii

Contents
4.4  Greenhouse MONItOTING . ....ovvunnitiiii i 111
4.5 Aquaculture Monitoring .................oiiiiiiiiiiiii... 116
References ... .........uuuu 121
FoG and Cloud Computing with JetsonNano ..................... 123
5.1 Introduction to FOG Computing .............covviiiiineea... 123
5.2 Architecture Model of FOG ........ ... ... ... ... 126
5.3 Introduction to Cloud Computing .....................cuuun. 127
5.4 Cloud Computing Architecture .................ccoviiiuneeo... 129
5.5 Role of FoG and Cloud Computing inIoT ...................... 131
5.6 Examples of FoG and Cloud Computing ....................... 131
5.6.1 Patient Monitoring system with Cloud .................. 131
5.6.2 Home security withFoG .............................. 138
References ... .........uuu 165
Machine Learning (ML) in IoT with JetsonNano ................. 167
6.1 Whatis AI? ... 167
6.2 Concepts of Machine Learning (ML) and Deep Learning (DL) .... 168
6.3 Pattern Recognition Using ML with Cloud ..................... 171
6.4 Object Classification Using ML with FoG ...................... 178
6.5 Prediction of Unknown Glucose Concentration Using ML
atEDGE ... 186

References ..........co i 192



About the Authors

Jivan S. Parab is an Associate Professor & Programme Director of the School of
Physical and Applied Sciences, Goa University, India. He has completed his Ph.D.
from Goa University in 2011 with the title “Development of novel Embedded DSP
architecture for Non-Invasive Blood Glucose analysis”. He received his M.Sc. and
B.Sc. degrees in Electronics from Goa University, in 2005 and 2003, respectively. He
has co-authored four books and several papers in national and international journals
and conferences. He has been awarded the Visvesvaraya Young Faculty award of
Rs. 38 lakhs by MeiTy, the Government of India. He has completed two industry
consultancies and two major research projects. He also has three Indian patents to his
credit. His research interest is Embedded system design, Signal processing, Machine
Learning, Biomedical Instrumentation, and Agro-Instrumentation.

Madhusudan Ganuji Lanjewar is a Technical Officer at the University Science
Instrumentation Centre (USIC), School of Physical and Applied Sciences, Goa
University, India. He received his M.Sc. Electronics in 2003 and B.Sc. Electronics
degree in 2001 from RTM Nagpur University. His research interests include artificial
neural networks, image processing, and embedded system using the “C” language and
Python. He has published several papers in national and international level journals
and conferences. He has two patents to his credit.

Marlon Darius Sequeira is an Assistant Professor of Electronics at the School of
Physical and Applied Sciences, Goa University, India. He received his B.Sc. and
M.Sc. degrees from Goa University in 2012 and 2014 respectively. He obtained
his Ph.D. from Goa University in 2021. His research interests include biomedical
Instrumentation, machine learning, embedded systems, and FPGA designs. He has
published several papers in national and international journals and conferences. He
has two patents to his credit.

Gourish Naik Former Dean Faculty of Natural Science & Former Head Department

of Electronics obtained his Ph.D. from the Indian Institute of Science, Bangalore
(1987) and served the institute as a research associate in the areas of Optoelectronics

Xiii



Xiv About the Authors

and Communication until 1993. He was associated with the Goa University for
27 years. He is the founding head of the University Instrumentation Centre and
established fiber optic LAN and wireless communication networks at Goa University.
He was also the coordinator of DEITI (an educational broadcast studio supported by
Indian Space Research). His other commitments are regulating the digitization center
at Goa University to support the various digital repository projects like DIGITAP
(Digital Repository for Fighter Aircrafts Documentation) of the Indian Navy, the
Million Book project of the Ministry of Information Technology and Antarctica
Study Center (NCAOR). He has to his credit around 60 research papers published
in international journals and has presented research works at various national and
international forums. He has delivered several keynote addresses and has been invited
to talks at various institutes and also authored five books on embedded systems and
allied areas published by CRC Press, Springer, Lambert, etc. He was a member of
the Goa State Rural Development Authority and also an advisor for the Directorate
of Education. He was a governing body member of the engineering college of Goa
and also a member of the faculty board of Goa University.

Arman Yusuf Shaikh is currently associated with the industry-leading VLSI
company as an ASIC Design engineer, where he is responsible for taking a design
through RTL-GDS?2 flow involving steps like Synthesis, Floor planning, PNR, STA,
Et Cetera. He is a motivated professional holding an M.Sc. in Electronics degree from
Goa University (2021) and a B.Sc. in Electronics from Dnyanprassarak Mandal’s
College and Research Center (2019). As a Research Student at SPAS Electronics, Goa
University, Arman completed a couple of projects that exposed him to the domains of
Biomedical Instrumentation, ML, IOT, Signal Processing, and Embedded systems.
He has published papers in notable journals and conferences. He has two patents to
his credit.



	Foreword
	Preface
	Acknowledgement
	Contents
	About the Authors

