Examples of R&D Projects addressing the Needs in DecommissioningAttachment


	
Theme Categories： Remote Operation and Control 

【Need in Decommissioning】
Regarding the operations in high-radiation environments, such as inside and around PCV/RPV, conventional remote control is reaching its limits of smooth operations, due to communication outages, poor visibility and confined and unstable environment, driving demand for integrated systems combining autonomous/collaborative control by AI trained on interactions in physical world, human-level precision robotics, and AI-equipped drones and robots capable of autonomous flight and locomotion.

〈Example of R&D〉
● Learning-based approaches and robotic control for efficient fuel debris retrieval operations (including haptics)

Overview： An autonomous control technology shall be developed in which AI is trained on skilled operators’ manipulation data and force-tactile (haptic) information, enabling the instantaneous assessment of the “fragility” and “degree of adhesion” of debris and the execution of grasping and cutting with optimally adjusted force.

●Development technologies for AI-equipped drones and robots capable of autonomous flight and walking

Overview: Technologies shall be developed for autonomous control of drones inside R/B, containment vessels, and other areas to reduce the risk of crashes, as well as for autonomous movement of robots conducting investigations in uneven terrain and confined environments.





	Theme Categories： Operator Support

【Need in Decommissioning】
Visualization of vital signs and cognitive load is required to prevent accidents and heatstroke when working in environments involving heavy equipment and high psychological stress.

〈Example of R&D〉
● Cognitive workload monitoring of remote operators using EEG and eye-tracking, and AI for the operational support

Overview： Real-time measurement of the decline in concentration (cognitive load) associated with prolonged remote operation, using EEG and eye tracking.　 
Development of a safety management system that, upon detecting signs of a potential incident, initiates operator-assist AI intervention or provides rest recommendations.





	Theme Categories： Measurement & Analysis
【Need in Decommissioning】
Accurate nuclide identification under high background radiation, and visualization of fuel debris and radioactive waste distributions are required. Moreover, given the limited number of available samples including specimens of fuel debris and radioactive waste, technologies are needed to grasp the overall situation.

〈Example of R&D‐1〉
● Development of methods for identifying fuel debris and radioactive waste in high-radiation environments using radiation spectrum analysis / gamma-ray imaging spectroscopy

Overview：　
・By utilizing innovative materials and methods for identifying nuclides through high-speed signal processing using AI and other technologies, radiation (gamma-ray) energy spectrum analysis technologies applicable to noisy environments such as high-dose-rate environments and high-count-rate conditions shall be applied on-site, and rapid nuclide analysis technology shall be established.
・Using gamma-ray imaging spectroscopy based on bijective imaging, practical applicability verification shall be carried out for highly accurate nuclide analysis, as well as for separating faint gamma-ray signals from fuel debris and radioactive waste behind shielding materials from noise, and visualizing and identifying their distributions.

〈Example of R&D‐2〉
● Informatics-driven analysis and estimation methods for characterizing fuel debris and radioactive waste

Overview： Microscopic chemical analysis data shall be combined with physical simulations and AI-based profiling to estimate the macroscopic overall characteristics. In addition, multivariate analysis and machine learning shall be applied to integrate chemical information, image data, and radiation measurement data, etc. to estimate the properties of fuel debris and radioactive waste.





	Theme Categories： Radiation Resistance & Materials
【Need in Decommissioning】
Innovations in power supply and communication are necessary to extend the operational life of robots and sensors, and to improve workability through measures such as going cable-free, etc. Improving the radiation resistance of robots and sensors is also essential.

〈Example of R&D‐1〉
● Wireless power transfer systems in high-radiation environments

Overview： A wireless communication circuit using radiation-tolerant wide-bandgap semiconductors (e.g., GaN, SiC, and diamond) shall be developed to establish a communication infrastructure capable of stable high-volume data transmission under severe conditions, such as behind shielding walls and inside the PCV.

〈Example of R&D‐2〉
● Construction of networks using wireless power transfer

Overview： Development of a technology that safely and stably supplies power, via wireless power transfer, to relay units (access points) installed several meters away within the PCV and other high-radiation areas, thereby maintaining a permanent wireless communication environment without the need for battery replacement.
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