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1. Background and Goal of the present work
This work aims to solve the problem inherent in the current ionizing radiation monitoring practices, which are unsafe, labour intensive, and lack valuable information to allow decision-making at the operational level. An unmanned radiation monitoring system via the internet of drones (IoD) is expected to automate the monitoring at these facilities, allowing rapid decision-making and reliable communication to avoid radioactive leakage, which may pose a risk of nationwide disaster.

This paper gives an overview of the IoD prototype conceptual workflow for ionizing radiation monitoring. This prototype is in collaboration with the Atomic Energy Licensing Board (AELB) Malaysia.
2. IoD Prototype Conceptual Design for Ionizing Radiation Monitoring
[image: image3.emf]
Conceptual Drawing of the Internet of Drone to Provide Safe and Reliable Radiation Monitoring on a Critical Nuclear Facility
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IoD Prototype for Ionizing Radiation Monitoring

3. Outline of the IoD Design Process
3.1 Establishment of the remote drone platform design:
1. Incorporate feedback from various sources, which include (i) industry/agency partners (AELB and Aerodyne), (ii) standardization & regulatory bodies, and (iii) literature review as the final technical requirements towards the design of drone platform.

2. In addition to the radiation sensor (Geiger Muller mounted on the drone), the early phase of the method involves consideration of various other sensors, such as ambiance, structural sensors and audible alarm that will be deployed on several fixed nodes location.

3. Finalize technical requirements and hardware design, proceed with purchase and hardware acquisition.

3.2 Development and integration of the GM sensor onto the drone:

1. The GM sensor was developed and extended to allow integration as the drone payload. This step involves retrofit and adjustment on the power input, communication port calibration of the GM data and reprograms and remapping the output from the GM sensor into the digital format from the microcontroller.

2. The developed GM sensor was integrated and mounted on the drone and the functionality was validated.  Radioactive source was provided by AELB for measurements.
3.3 Wireless charging pad for the drone

1. To implement a near-field magnetic resonant coupling circuit for the wireless charging operation on the drone landing pad. The charging pad is based on a circuit designed by the co investigator in previous studies.

2. The charging pad design will consider external factors that can influence the performance of the charging pad, which includes weather, humidity and temperature.

3. The wireless power transfer efficiency of the charging pad was measured and validated.

3.4 Energy-efficient wireless transmission techniques

1. The Sleep/Wake on Redundant Data (SWORD) technique invented and published by co investigator was adopted. 
2. The SWORD technique was implemented based on the current wireless IoT technology, known as LoRa (Long Range) that also recently featured ‘mesh’ network topology.

3. For this application, one LoRa gateway wias set up and mounted on the drone while several other LoRa transmitter was installed on the fixed sensor nodes location to validate the mesh topology performance.

4. Energy saving performance was validated and compared to past study.
5. The wireless coverage and the large-fading impact was varified, such as shadowing due to the presence of tall building/tower on the network performance.

3.5 Online dashboard visualization to quantify and analyze the radiation data for the facility operator

1. The radiation data together with various other from the fixed nodes was  retrieved by the drone and stored on the cloud.

2. This methodology  relies on the existing IoT software platforms, such as The Things Network (TTN), Ubidots, Digital Ocean and Cayenne to provide online visualization of the sensor data and monitoring for the facility operator.

4. Conclusions and Acknowledgements

This project is in collaboration with the Atomic Energy Licensing Board (AELB), an agency that will help with the licensing and the use of radioactive materials, thus responsible in coordinating nationwide nuclear security measures. The prototype is expected to revolutionize the radiation monitoring towards safe and reliable practices via the Internet of Drone technology.
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