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State of the art
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State of the art



The Arduino open-hardware “ecosystem”
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“Open source hardware”

A set of hardware components and tools to facilitate the 

development of embedded computing systems, 

consisting of:

- “boards” with a microprocessor

- “shields” to add specific functionality 

(sensors, storage, data transmission, …)

- An open source software development 

application (Arduino IDE)

- Software libraries

- Designs, tutorials, forums, and other web 

resources with information

https://www.arduino.cc/en/Guide/



A vast toolbox of “shields”, sensors, and other components
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The Arduino IDE
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Integration with open source logging systems

Arduino libraries:
• Xbee-Arduino: https://github.com/andrewrapp/xbee-arduino

• Xbee-Arduino (3G compatible): https://github.com/ICHydro/xbee-arduino

• LoRa: https://www.airspayce.com/mikem/arduino/RadioHead/

• Arduino BLE library: https://www.arduino.cc/en/Reference/ArduinoBLE

Other open libraries and toolboxes
• Particle.io: https://www.particle.io/

• Nordic nRF5 SDK: www.nordicsemi.com/Software-and-tools/Software/nRF5-SDK-for-Thread-and-Zigbee

https://github.com/andrewrapp/xbee-arduino
https://github.com/ICHydro/xbee-arduino
https://www.airspayce.com/mikem/arduino/RadioHead/
https://www.arduino.cc/en/Reference/ArduinoBLE
https://www.particle.io/
http://www.nordicsemi.com/Software-and-tools/Software/nRF5-SDK-for-Thread-and-Zigbee


Networking and telemetry

- Automatic data transmission

- Warning systems

- “Smart” sensor networks

- …



Network characteristics

Topology:     Local vs wide networks

Source: fierceelectronics.com



Data transmission

A variety of transmission protocols exist. Some networking technologies (e.g. LoRa) have their own 

transmission protocols (e.g. LoRaWAN), while others (e.g., cellular) can be used with several different 

protocols. Some of the most common transmission protocols include:

• LoRaWAN

• Thread / 6LoWPAN

• Zigbee

• BLE

• SMS

• Internet protocols:

• HTTP REST

• MQTT

• CoAP



Data management systems and solutions



Wireless networking technologies

Source: behrtech.com



Wireless networking technologies

1. LPWANs
• Licenced spectrum: LTE-M, NB-IoT, …

• Unlicenced spectrum: LoRa, Sigfox, …

• Mostly star-like networks

• Commonly used in IoT applications

• Deployment still ongoing

2. Cellular (3G, 4G, 5G)
• Readily available

• Star network

• High power consumption

• High data transmission capacity

3. Zigbee and other mesh protocols
• Zigbee, Z-Wave, Thread, …
• short-range, low power
• Self-organising network

4. Bluetooth and Bluetooth Low Energy (BLE)
• Consumer IoT
• Bluetooth Mesh specification (2017)
• Low power, short distance



Wireless networking technologies

Source: digi.com

Source: Adafruit.com Source: Arduino.cc
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