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ABSTRACT : Fast Analysis of diagnosdc signals of a tokamak discharge is demonstrated by 
using 4 fundamentally different techniques. A comparison between Function Parametrization 
(FP), Canonical Correlation Analysis (CCA) and a particular Neural Network (NN) 
configuration known as the Multi Layer Perception (MLP) is carried out, thereby taking a 
unique linear model based on a Singular Value Decomposition (SVD) as a reference. The 
various techniques provide all functional representations of characteristic plasma parameters in 
terms of the values of the measurements and are based on an analysis of a large, experimentally 
achieved database. A brief matematical description of the various techniques is given here, 
followed by two particular applications to TORE SUPRA diagnostic data. The first problem is 
concerned with the identification of the plasma boundary parameters using the poloidal field 
and differential poloidal flux measurements. A second application involves the interpretation of 
line integrated data from die multichannel interfero-polarimeter to obtain the central value of die 
safety factor. 

/. INTRODUCTION 

Successfull high performance long pulse operation of large tokamak devices 
has increased the need for 'on-line' interpretation of diagnostic signals. 
Especially during long pulse operation, feedback on characteristic plasma 
parameters has to provide efficient heating and current drive schemes, thereby 
continiously assuring safe operation of the machine. Presented here are four 
general methods for fast fitting of two multidimensional spaces. Once 
obtained, the mappings can be performed directly on new data and they are all 
sufficiently fast to serve in real time control loops. A further advantage of this 
approach of data interpretation is that it allows a fast analysis between 
successive dicharges allowing a fast setting of the next discharge parameters. 

/ / . MATHEMATICAL DESCRIPTION 

2.1 Creation of the Database 
Since all fast data analysis methods described here rely on an analysis of a 
large database, special attention should be given to its creation. The database 
contains a n dimensional input matrix X (usually measurements) and a m 
dimensional output matrix Y (usually containing the results of a slp>v 'off line 
data interpretation code). For a good statistical treatment the database should 
contain a large number (N) of datapoints. Further, it should cover a laijje 
variety of plasmas and, preferably, have a uniform distribution. It is the aim 
of a fast approximation to find that simple (fast) mapping F between X and Y 
which approximates best the complicated (slow) mapping F* between X and Y 
used to generate the database. Both precision and speed of the algontm 
performing the mapping F in real time are limited by the available computing 
capicity and so one should find a suitable agreement. . 
Two things should be noted in particular : 1) The input matrix X is nearly 
always Tjad conditioned' due to multicollineanty (i.e. near linear 
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dependencies) in the measurements and 2) The mapping F should Teduce the 
dimension m of the input matrix X to the dimension n of the output matrix Y 
thereby retaining all relevant information. A reduction of the 
multicoUinearity can already be obtained by normalising the data matrices to 
uint standard deviation ana zero mean, denoted as NJO.l). In general, a 
simple linear mapping (obtained using the Singular Value Decomposition, 
SVD) between X and Y is not expected to suffice, but can serve as a good 
reference. 

2.2 Function Parametri?atign 
A detailed description of FP can be; found elsewhere [1-3] The FP technique is 
based on the Principal Component Analysis (PCA), which consists of a 
projection of the matrices X and Y (both N(0,1)) on two sets of orthogonal 
axis (the eigenvectors of the dispersion or covariance matrices of X and Y). 
The dimension of the new matrix X*, containing the transformed 
measurements, can be reduced by an examination of the corresponding 
eigenvalues (the Principal Values). The dimesion reduction provides a matrb. 
Xy, which can now be fitted with a set of orthogonal polynomials to the 
matrix Y \ The physical interpretation of the transformation is that the PCA 
is taking those linear combinations of tine input signals which show the largest 
variance throughout the database. 

2.3 Canonical Correlation Analvis 
A dimension reduction based on variance is a rather crude one. Crucial 
information about the plasma parameters might be hidden in measurements 
that show little variation over the range of the database. Canonical Correlation 
Analaysis (CCA) [3] provides a much more appropriate technique for 
dimension reduction than a PCA since it considers bom input and output at the 
same time. With a CCA, two matrices AT and BT are obtained together each 
defining; a transformation of the data to an ormogpnal set of axis or dimension 
m : X*=AT*X and Y'=BT*Y. The matrices A and B are constructed in such a 
way that the transformed measurements X* and Y' have the largest possible 
correlation. Now the parameters of Y ' are those linear combinations of the 
output parameters that are best predicted by linear combinations of the 
measurements in matrix X. A dimension reduction can be obtained by 
neglecting two signals having a very low correlation. When the CCÀ 
technique is applied to the pseudo input matrix (X, X2 , X3) one obtains a full 
third order non linear mapping between X and Y. 

2.4 Multi Laver Perceptron 
A MLP-1 (one hidden" layer) neural network was trained on using the 'GAR 
error minimising algorithm, described in detail elsewhere (4J The MLP is 
capable of producing_a non-linear mapping between X and Y and has been 
implemented at the TORE SUPRA tokamak to produce an 'on line' (open 
loop) determination of plasma parameters using magnetic measurements. 

/ / / . RESULTS 

3.1 Magnetic Measurements 
Fast determination of the plasma boundary, the Shafranov parameter Bp+/i/2 
and the boundary safety factor, q(a), is carried out by using 30 magnetic 
measurements as input signals. Since the circular TORE SUPRA plasmas are 
limited by 3 displacable hmiters, the position of these limiters should be added 
to the measurement vector. As can be seen from figure 1 & 2, the neural net 
provides the best approximation to the code results and so the MLP was 
chosen to be hardwired in the poloidal field control system using a 
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INTEL80/386 33 MHz card. Preliminary results indicate a cycle speed of 65 
Hz for the 34:12:6 MLP. 

è.2 Interferometrv & Polarimetry 
nee an accurate plasma position has been obtained, the Faraday rotation 

angles and the line integrated density signals of die 5 cordai interfero-
poTarimetry diagnostic can serve as additional input to a second mapping 
>erforminé a fast approximation of the central value of the safety factor qO. A 
arge database (5000 datapoints) was created using the equilibrium code 
DENT D. Figure 3 shows the two best candidates for performing such a fast 

approximation : FP and a Neural Net. 

FIGURES INCLUDED: 
1. Comparison of 4 fast data interpretation methods for identifying the 

outermost point of the plasma (in meters). Code results are plotted against 
the result of the 4 fast approximation methods described here above. 

2. Fast Approximation of the safety on the plasma boundary, q(a), obtained by 
the NN t—) and the off line plasma boundary identification code 
'TEMPETE' (—). 

3. Fast Approximation of the Central value of the safety factor qO using the 
magnetic measurements, the interferometry and polarimetry.diagnostic The 
results of FP(—-) and the NN (—) approach are compared to the results 
obtained by IDENT D (—). 
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