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Abstract

Applications of neural networks to data analysis and control of fusion plasmas are reviewed. First, a brief
introduction to the general features of a neural network is presented, where the neural network is considered
as a continuous mapping device, a classification device, a statistical processing device, and a time series predici-
tion device. Then, the applications of neural networks to the research field are explained where the problems
to be solved are classified as fitting function, shaping an experimentally obtained spectrum, analyzing equilib-
rium quantity, prediction, tomography, and control problems. Throughout the article, we restrict ourselves
to description of applications of multi-layer neural networks.
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Fig. 1 Schematic diagram of a three-layered neural network.
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data in DIII-D [26].
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Fig. 3 Comparison between the trial function fits and the neural network fits of the equilibrium quantities in DIII-D [29].
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Fig.4 The actual and predicted magnetic fluctuation signals of
a TEXT tokamak disruption [40].
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Fig. 5 Training principle for the disruption alarm neural network
of DIII-D [43].

Table 1 Comparison of performance of time series prediction of disruption. MS: Multi-step prediction, MTS: Multi-time scale prediction,
MP: Magnetic probe. #1: Number of time steps employed for the input data. #P: Number of time steps to the predicted timepoint.
Year Device Network Structure | Prediction Mode Time Step Measured Maximum Ref.
(#1) (#P) Width Signals Prediction Time
1996 TEXT 15-8-1(15) MS(23) 0.04 ms MP 112 ms [40]
MTS(25) 0.04 ms MP >1 ms
1999 TEXT 15-9-3-1(15) MS(63) 0.04 ms SX 253 ms [41]
MTS(78) 0.04 ms SX 312 ms
2000 ADITYA 60-16-16-1(10) MTS(200-400) 0.02 ms 4xMP,SX, He 8 ms [42]
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Fig. 6 Sample of neural network training results of the disruption alarm neural network of DIII-D [43].
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Fig. 7 Network prediction for a density limit disruption of ASDEX
Upgrade. The alarm conditions are reached at ¢ = 3.955
s, 65 ms before disruption [45].
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Fig. 8 The computational domain for 2-dimensional CT image
reconstruction [17].
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Fig. 9 Bird-eye view(a), contour plot(b), and correlation diagram
(c) of reconstructed image fun(x,y) (from an extremely
small amount of projection data produced from the origi-
nal double Gaussian peaks f(x,y))(two peaks are placed
onthe y=0line). The pivots ofthree fans of 10beams each
(30 beams in total) are located at angles of 0, 7/2, and ©
on a circumference outside of the computational domain.
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Fig. 10 Flowdiagram of the asymmetric Abel inversion by the re-
sidual minimization training of a neural network [18]. Af-
ter training is over the "feed-forward network" can, only
by itself, calculate the local density distribution, n{¢ 1),...
n(¢ m) from a set of the measured data, ¢ 1,...9 «.
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Fig. 11 (a) An example of reconstructed density profiles where

results by the neural network method (+,+,H,@) are
compared with the previous calculations (x,[1,0,4) for
t=0.5(+,x), 0.6 (+,[1),0.7 (M,0),and 0.8 (@,2). (b) Pa-
rameter beta(8) of an MHD equilibrium selected as the
density contours is shown by the symbol (+) with the ex-
perimentally obtained diamagnetic beta ().
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Fig. 12 Neural network-dynamical system configurationused for
the feedback stabilization of the thermonuclear reactor
model [55].
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