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IoT Hardware Development Platforms



IoT hardware development platforms

- They are kits or development boards that combine 
microcontrollers and processors with wireless communi-
cation chips and other components in a ready-to-build and 
ready-to-program bundle. 

- Include a variety of peripherals for connecting sensors and 
interfacing with other hardware components or devices for 
designing and prototyping IoT devices. 



- IoT hardware development platforms are generally divided 
into two categories: 

1. Microcontroller-based boards 
(e.g., Arduino boards, Adafruit Feather Bluefruit) 

2. Single- Board Computers (SBCs) 
(e.g., Raspberry Pi, BeagleBone Black, and C.H.I.P). 





Arduino is an open-source electronics platform based on easy-to-use hardware 
and software.

Arduino boards are able to read inputs - light on a sensor, a finger on a button, or 
a Twitter message - and turn it into an output - activating a motor, turning on an 
LED, publishing something online. 

https://www.arduino.cc/en/Main/Products


6.2.1 Key Features of Arduino Hardware Development Platforms 

The Arduino (since 2007) is basically an open-source electronics 
prototyping platform that is made up of two essential parts: 

1.the hardware, which is the Arduino board
2.the software, the Integrated Development Environment (IDE). 



the Uno (released in 2010), 
the Mega 2560 (released in 2010), 
the Due (released in 2012), 
the Yún (released in 2013), 
the Arduino/Genuino 101 (release in 2015), 
the Arduino/Genuino MKR1000 (released in 
2016). 



6.2.1.1 Processing and Memory/Storage Capacity 



6.2.1.2 Power Consumption, Size, and Cost of Arduino Boards 



6.2.1.3 Operating Systems and Programming Languages for Arduino Boards 

Compared to standard computers, tablets, and smartphones, many IoT devices are resource constrained, especially in terms 
of memory footprint, and hence they cannot run High-Level Opera>ng System (HLOS) such as Windows and Linux. 

In addi>on, the diversity of MCU families and architectures (e.g., there are 8-bit, 16-bit, and 32-bit processors) is one of the 
greatest boMlenecks to the development of generic OSes for these devices. 

The abovemen>oned diversity is also aggrava>ng the restric>ons on providing a more generic OS support for IoT 
heterogeneous hardware (Hahm et al., 2016). 

In this sec>on, OSes and programming languages for Arduino hardware plaQorms are discussed. 

Owing to stringent resource restric>ons, par>cularly low RAM, the Yún is the only Arduino board under considera>on that 
supports an OS. The onboard Atheros AR9331 processor supports the OpenWrt Linux distribu>on. 
Processes/threads in the other models of Arduino are managed in the program. 

However, a number developers/people in the Arduino community have been exploring possibili>es for developing portable 
OSes for many of the Arduino boards. 



The Arduino programming language or Arduino Language (AL) is based on C/C++. 

AL is composed of a set of C/C++ functions that users can easily call from their code 
(also known as sketch). While virtually all support libraries are subset of C standard 
library and not C++ standard library, 

the Arduino IDE basically uses a simplified version of C++ language. 

The IDE, which can be downloaded from the Arduino website, is used for writing and 
uploading the programs to the Arduino board. 

Another alternative is to use the online IDE (Arduino Web Editor), which allows users to 
save their sketches in the Cloud. The sketch automatically generates function 
prototypes after which it is directly 





6.2.1.5 Onboard Sensors and Hardware Security Features of Arduino Boards 

6.2.1.4 Connectivity and Flexibility/Customizability of Peripherals of the Arduino Boards



Arduino Uno Rev3

Arduino Uno is a microcontroller board based on the 
ATmega328P (datasheet). It has 14 digital input/output 
pins (of which 6 can be used as PWM outputs), 6 analog 
inputs, a 16 MHz ceramic resonator (CSTCE16M0V53-
R0), a USB connection, a power jack, an ICSP header 
and a reset button. It contains everything needed to 
support the microcontroller; simply connect it to a 
computer with a USB cable or power it with a AC-to-DC 
adapter or battery to get started.. You can tinker with 
your Uno without worrying too much about doing 
something wrong, worst case scenario you can replace 
the chip for a few dollars and start over again.

€20,00

http://ww1.microchip.com/downloads/en/DeviceDoc/Atmel-7810-Automotive-Microcontrollers-ATmega328P_Datasheet.pdf


Arduino Mega 2560 Rev3

The Arduino Mega 2560 is a microcontroller board 
based on the ATmega2560. It has 54 digital 
input/output pins (of which 15 can be used as PWM 
outputs), 16 analog inputs, 4 UARTs (hardware serial 
ports), a 16 MHz crystal oscillator, a USB connection, a 
power jack, an ICSP header, and a reset button. It 
contains everything needed to support the 
microcontroller; simply connect it to a computer with a 
USB cable or power it with a AC-to-DC adapter or 
battery to get started. The Mega 2560 board is 
compatible with most shields designed for the Uno and 
the former boards Duemilanove or Diecimila.

€35,00

http://ww1.microchip.com/downloads/en/DeviceDoc/Atmel-2549-8-bit-AVR-Microcontroller-ATmega640-1280-1281-2560-2561_datasheet.pdf


Arduino Nano 33 IoT

€16,00

The Arduino Nano 33 IoT is the easiest and 
cheapest point of entry to enhance existing 
devices (and creating new ones) to be part of the 
IoT and designing pico-network applications. 

Whether you are looking at building a sensor 
network connected to your office or home router, 
or if you want to create a BLE device sending data 
to a cellphone, the Nano 33 IoT is your one-stop-
solution for many of the basic IoT application 
scenarios.



Arduino MKR WiFi 1010

The Arduino MKR WiFi 1010 is the easiest point of entry 
to basic IoT and pico-network application design.

The board's main processor is a low power Arm® Cortex®-M0 32-bit SAMD21, like in the other 
boards within the Arduino MKR family. 

The WiFi and Bluetooth® connectivity is performed with a module from u-blox, the NINA-W10, a low 
power chipset operating in the 2.4GHz range. 

On top of those, secure communication is ensured through the Microchip® ECC508 crypto chip. 
Besides that, you can find a battery charger, and a directionable RGB LED on-board.







is made for Makers who have just started using 
Arduino to explore the vast space of 
electronics and programming. This kit teaches 
how to connect and program basic Grove 
modules that includes both sensors and 
actuators along with the Arduino Uno.

All of the modules use a Grove connector, 
which connects each of the components to a 
Base Shield in just a few seconds. The Base 
Shield can then be mounted on to an Arduino 
UNO board and can be programmed using the 
Arduino IDE. Instructions for connecting and 
programming the different modules are also 
included in this kit.

The Arduino Sensor Kit 

https://www.seeedstudio.com/Grove-Universal-4-pin-connector.html


The Grove Female Header allows you to solder it into your exciting modules with 
a 4-pin connection and use the Grove cable along with the connector to connect 
your modules to various other development boards offered by Seeed.

Grove connector

https://www.seeedstudio.com/Grove-Universal-4-pin-connector.html


Ultimate Starter Kit with UNO R3 Breadboard 
1602LCD Servo Motor LED for Arduino

US $45.00





https://store.arduino.cc/collections/
kits/products/arduino-opla-iot-kit

Watch this video 

hMps://www.youtube.com/watch?v=livKtMZQMS8&t=12s

https://store.arduino.cc/collections/kits/products/arduino-opla-iot-kit
https://www.youtube.com/watch?v=livKtMZQMS8&t=12s


https://docs.arduino.cc/cloud/iot-cloud







https://www.youtube.com/watch?v=y2z1qsgHsAw









https://www.youtube.com/watch?v=fMaMerwXndI



- A series of small single-board computers (SBCs) 

- Developed in the United Kingdom by the Raspberry Pi 
Foundation in association with Broadcom.

- The Raspberry Pi project originally leaned towards the 
promotion of teaching basic computer science in schools 
and in developing countries.

- As of May 2021, more than forty million boards have been 
sold.[

Raspberry	Pi

https://en.wikipedia.org/wiki/Single-board_computer
https://en.wikipedia.org/wiki/United_Kingdom
https://en.wikipedia.org/wiki/Raspberry_Pi_Foundation
https://en.wikipedia.org/wiki/Broadcom_Inc.
https://en.wikipedia.org/wiki/Computer_science
https://en.wikipedia.org/wiki/Developing_countries
https://en.wikipedia.org/wiki/Raspberry_Pi










Raspberry Pi 3 is the third generation of Raspberry Pi and it 
packs quite a formidable punch in its credit card-sized package. 
Most notably, in addition to the standard features of the 
Raspberry Pi (such as four USB 2.0 ports and built-in Ethernet), 
it has:

• A 1.2GHz 64-bit quad-core ARMv8 CPU
• 802.11n Wireless LAN
• Bluetooth 4.1 Low Energy (BLE)

The powerful CPU coupled with Wireless LAN and 
Bluetooth 4.1 radio makes it an ideal candidate for IoT 
projects, because multiple sensors can be connected to it 
simultaneously. In addition, the Raspberry Pi has a 40-pin 
GPIO (General Purpose I/O) connector for interfacing with 
external sensors.

The Raspberry Pi 3



hMps://www.raspberrypi.com/products/



• Released in June 2019
• with a 1.5 GHz 64-bit quad core ARM Cortex-A72 processor, 

• On-board 802.11ac Wi-Fi, Bluetooth 5, full gigabit 
Ethernet (throughput not limited), 

• Two USB 2.0 ports, two USB 3.0 ports, 2-8 GB of  RAM, and 
dual-monitor support via a pair of  micro HDMI (HDMI Type D) 
ports for up to 4K resolution. 

•The Pi 4 is also powered via a USB-C port, enabling additional 
power to be provided to downstream peripherals, when used with 
an appropriate PSU. 

The Raspberry Pi 4 B, introduced 
in 2019

Raspberry Pi 4 Model B

https://en.wikipedia.org/wiki/ARM_Cortex-A72
https://en.wikipedia.org/wiki/Wi-Fi
https://en.wikipedia.org/wiki/Bluetooth_5
https://en.wikipedia.org/wiki/Gigabit_Ethernet
https://en.wikipedia.org/wiki/USB_2.0
https://en.wikipedia.org/wiki/USB_3.0
https://en.wikipedia.org/wiki/HDMI
https://en.wikipedia.org/wiki/4K_resolution
https://en.wikipedia.org/wiki/USB-C




was released in November 2020. 

It features a custom board that is derived from 
the existing Raspberry Pi 4, specifically 
remodelled with a keyboard attached. 

the Raspberry Pi 400's Broadcom BCM2711C0 
processor to be clocked at 1.8 GHz

The keyboard-computer features 4 GB of 
LPDDR4 RAM.

Your complete personal computer, built into a compact keyboard

Raspberry Pi 400





• Raspberry Pi Pico was released in January 2021 with a retail price of  $4.

• It was Raspberry Pi's first board based upon a single microcontroller chip; 

• The RP2040, which was designed by Raspberry Pi in the UK.

•The Pico has 264 KB of  RAM and 2 MB of flash memory. 

• It is programmable in MicroPython, CircuitPython, and C. 

• It has partnered with Vilros, Adafruit, Pimoroni, Arduino and SparkFun to build Accessories 
for Raspberry Pi Pico and variety of  other boards using RP2040 Silicon Platform.

• Rather than perform the role of  general purpose computer (like the others in the range) it is 
designed for physical computing, similar in concept to an Arduino.[42]

Raspberry Pi Pico

https://en.wikipedia.org/wiki/Microcontroller
https://en.wikipedia.org/wiki/Flash_memory
https://en.wikipedia.org/wiki/MicroPython
https://en.wikipedia.org/wiki/CircuitPython
https://en.wikipedia.org/wiki/C_(programming_language)
https://vilros.com/
https://en.wikipedia.org/wiki/Adafruit_Industries
https://en.wikipedia.org/wiki/Pimoroni
https://en.wikipedia.org/wiki/Arduino
https://en.wikipedia.org/wiki/SparkFun_Electronics
https://en.wikipedia.org/wiki/Physical_computing
https://en.wikipedia.org/wiki/Arduino
https://en.wikipedia.org/wiki/Raspberry_Pi




https://www.raspberrypi.com/documentation/microcontrollers/raspberry-pi-pico.html

https://www.raspberrypi.com/documentation/microcontrollers/raspberry-pi-pico.html


Raspberry Pi Pico Pinout 



Introductory 
price

•US$4.00 (Pi Pico)
•US$35.00 (Pi 4 2 GB)
•US$55.00 (Pi 4 4 GB)
•US$75.00 (Pi 4 8 GB)
•US$70.00 (Pi 400 4 GB)

https://www.raspberrypi.com/



6 https://www.raspberrypi.org/magpi-issues/Projects_Book_v1.pdf
7 https://www.raspberrypi.org/products/
8 https://www.raspberrypi.org/products/
9 https://www.raspberrypi.org/magpi/raspberry-pi-3-specs-benchmarks/
10 https://www.raspberrypi.org/blog/raspberry-pi-zero/
11 https://www.raspbian.org/
12 https://www.raspberrypi.org/downloads/raspbian/
13 https://www.sos.sk/productdata
14 https://www.raspberrypi.org/products/pi-zero-wireless/
15 https://www.raspberrypi.org/products/

The Raspberry Pi does not come with an OS. Hence, based on their projects, users can 
choose the type of OS that best suits their needs. 

The Raspbian OS is officially supported by the Raspberry Pi Foundation, the Raspberry Pi 
SBC is capable of supporting a wide variety of OSes. 

The Linux-based OSes supported by the Raspberry Pi include Ubuntu MATE, Snappy Ubuntu, 
Pidora, Linutop, SARPi, Arch Linux ARM, Gentoo Linux, FreeBSD, and Kali Linux. 

The Raspberry Pi 2 and 3 can also run Windows based OSes like Windows 10 IoT Core 

6.2.2.3 Operating Systems and Programming Languages for Raspberry Pi 

https://www.raspberrypi.org/magpi-issues/Projects_Book_v1.pdf
https://www.raspberrypi.org/products/
https://www.raspberrypi.org/products/
https://www.raspberrypi.org/magpi/raspberry-pi-3-specs-benchmarks/
https://www.raspberrypi.org/blog/raspberry-pi-zero/
https://www.raspbian.org/
https://www.raspberrypi.org/downloads/raspbian/
https://www.sos.sk/productdata
https://www.raspberrypi.org/products/pi-zero-wireless/
https://www.raspberrypi.org/products/


https://www.raspberrypi.com/software/

NEW Raspberry Pi OS update (May 2020)



https://www.raspberrypi.com/documentation/computers/os.html#gpio-and-the-40-pin-header

The Adafruit Pi 
T-Cobbler Plus 
Breakout + 
Cable for 
Raspberry Pi



Connecting to a Sensor to Detect Motion















The ESP32 and ESP8266 are cheap Wi-Fi modules perfectly suited for DIY 
projects in the Internet of Things (IoT) and Home Automation fields.

wireless networking included, which makes them apart from other microcontrollers like the Arduino.

https://makeradvisor.com/best-arduino-starter-kits/




https://randomnerdtutorials.com/getting-started-with-esp32/

https://randomnerdtutorials.com/getting-started-with-esp32/














https://www.youtube.com/watch?v=hMOwbNUpDQA

https://www.youtube.com/watch?v=hMOwbNUpDQA












Eclipse is an integrated development environment (IDE) used in computer programming.[6] It contains a 
base workspace and an extensible plug-in system for customizing the environment. Eclipse is written mostly
in Java and its primary use is for developing Java applications, but it may also be used to develop applications in 
other programming languages via plug-ins,
including Ada, ABAP, C, C++, C#, Clojure, COBOL, D, Erlang, Fortran, Groovy, Haskell, JavaScript, Julia,[7] Lasso, 
Lua, NATURAL, Perl, PHP, Prolog, Python, R, Ruby (including Ruby on Railsframework), Rust, Scala,
and Scheme. It can also be used to develop documents with LaTeX (via a TeXlipse plug-in) and packages for the
software Mathematica. Development environments include the Eclipse Java development tools (JDT) for Java and 
Scala, Eclipse CDT for C/C++, and Eclipse PDT for PHP, among others.





Fragmented and unconsolidated, the IoT platform market nonetheless has several 
major players enjoying the largest market share. The list of the top five, fully-
fledged solutions in alphabetical order is as follows:

•Amazon Web Service (AWS) IoT platform, (https://aws.amazon.com/iot/)

•Cisco IoT, (https://www.cisco.com/c/en/us/solutions/internet-of-
things/overview.html)

•Google Cloud IoT, (https://cloud.google.com/solutions/iot)

•IBM Watson IoT platform, (https://www.ibm.com/cloud/watson-iot-platform)

•Microsoft Azure IoT. (https://azure.microsoft.com) 

All five options have a core solution with basic functionality and a set of additional modules you can 
add when necessary. Below, we’ll explore building blocks of key platforms in more detail.

https://www.mordorintelligence.com/industry-reports/internet-of-things-platform-market
https://aws.amazon.com/iot/
https://www.cisco.com/c/en/us/solutions/internet-of-things/overview.html
https://cloud.google.com/solutions/iot
https://www.ibm.com/cloud/watson-iot-platform
https://www.ibm.com/cloud/watson-iot-platform
https://azure.microsoft.com/en-us/overview/iot/?irgwc=1&OCID=AID2000142_aff_7795_1246483&tduid=%28ir__orfjskcergkftmaokk0sohz3x32xnp1vc1k1qgfr00%29%287795%29%281246483%29%28%28495ffa2c4c0f1b1793c05eac8965f1fd%29%28278582%29%283058216%29%28v030400008037c60885577926474ab9d0baf147ebe4d9%29%28%29%29%28495ffa2c4c0f1b1793c05eac8965f1fd%29&irclickid=_orfjskcergkftmaokk0sohz3x32xnp1vc1k1qgfr00
https://azure.microsoft.com/


Explore Internet for Arduino / Raspberry Pi - IoT projects for the final 
course Project.

Your outcome needs to be submitted as a report / final project proposal 

Final Project Ideas (proposal needs to be turn it in after seminar 1, 
by the end of November (T Nov 30)

- Option 1 : Practical implementation 

- Option 2 : design idea / research survey paper (simulation of using 
exsiting IoT data sets for IoT analytics)  

Proposal 2 / Final project / report Task :



Grab your Raspberry Pi and  some sensors from our 
friends at Seeed Studio [1]

and get building. Without further ado, please meet
IoT For Beginners: A Curriculum! [2]

[1]  https://www.seeedstudio.com/IoT-for-beginners-with-Seeed-and-
Microsoft-Raspberry-Pi-Starter-Kit-p-5004.html

[2]  https://github.com/microsoft/IoT-For-Beginners

https://www.seeedstudio.com/IoT-for-beginners-with-Seeed-and-Microsoft-Raspberry-Pi-Starter-Kit-p-5004.html
https://github.com/microsoft/IoT-For-Beginners
https://www.seeedstudio.com/IoT-for-beginners-with-Seeed-and-Microsoft-Raspberry-Pi-Starter-Kit-p-5004.html
https://github.com/microsoft/IoT-For-Beginners


Examples/Ideas for IoT Projects

Learn the Internet of Things with “IoT for Beginners” and Raspberry Pi

https://www.raspberrypi.com/news/learn-the-internet-of-
things-with-iot-for-beginners-and-raspberry-pi/

Learn the basics of the Internet of Things with this free 12-week, 
24-lesson curriculum from the Microsoft Cloud Advocates. Build 
prototypes of real-world IoT projects with Raspberry Pi 4 and 
compatible modules as you learn all about IoT whilst following the 
journey of food from farm to table.

https://www.raspberrypi.com/news/learn-the-internet-of-things-with-iot-for-beginners-and-raspberry-pi/




https://create.arduino.cc/projecthub

https://create.arduino.cc/projecthub




IoT Application in Agriculture for Smart Farming

https://www.cropin.com/iot-internet-of-things-applications-agriculture/


https://www.link-labs.com/blog/complete-list-iot-network-protocols

http://www.link-labs.com/blog/complete-list-iot-network-protocols




















https://people.engr.ncsu.edu/hp/papers/Paridhika.pdf

http://www.openmobilealliance.org/documents/whitepapers/OMA-WP-Protocol_Comparison-V1_0-20200121-A.pdf

http://www.openmobilealliance.org/documents/whitepapers/OMA-WP-Protocol_Comparison-V1_0-20200121-A.pdf

