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594. FPGA-Accelerated Machine Learning Enables Real-Time Beam Emission Spectroscopy Diagnostics for Tokamak Plasma Control
What’s happened?
Researchers have built a machine-learning system that can analyse fusion plasma behaviour in real time, cutting response times to just a few millionths of a second. The aim is to spot and respond to signs of instability before they disrupt plasma performance, a key step toward stable, sustained fusion operation.
The team achieved this by running the software directly on a reconfigurable processor called a field-programmable gate array (FPGA), which processes diagnostic signals almost instantly. They integrated this into the real-time control system of the DIII-D tokamak. Next, they plan to link the data acquisition systems directly to the hardware to make the system even faster and more adaptive.
Read more
Why is it important?
Machine learning in fusion is both a software and a hardware problem: smart models only help if the electronics can keep up with microsecond physics. This work shows a practical way to embed those models in fast, updatable hardware, making meaningful, real-time control of plasma conditions more achievable. 
“This shows the value of real world experiments like DIII-D. There is still a place for these large, publicly-funded experiments to validate some of the technologies that companies will probably go on to use in their machines.” - John Cooper

