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Abstract.  The report presents the results of searching the optimal system of magnetic 

diagnostics for the currently under construction in Russia T-15 tokamak. 

Introduction.  A detailed study of electromagnetic diagnostic system is required due to the 
modernization of T-15 tokamak [1-3]. Plant design elements, such as a vacuum chamber, are in 
the process of manufacturing at the moment. Therefore, the contours where probes will be placed 
are already clearly defined. However, the number of probes and their location on the circuit can 
still be changed. The magnetic diagnostics system optimization is carried out in this paper on 
condition that the error in determining the boundary of plasma should not exceed a 
predetermined value. The formulation of the problem suggests that the flows and margins in the 
sensors and loops are measured with a random error. Errors are defined as uniformly distributed 
random variables. Their amplitude varies in a range from 0 to 2%, and essentially is the main 
parameter in the calculations carried out. The analysis of error influence on the accuracy of 
determination of the plasma boundary is based on one of the possible discharge scenarios in the 
T-15, calculated using numerical modules TOKSCEN [4] and a DINA [5]. The current stage of 
recovery is analyzed, as well as stationary discharge stage (total current of 1.4 to 2 mA. 
Recovery of the plasma boundary is performed using the RPB (Reconstruction of Plasma 
Boundary) code [6] on condition that the probes and loops are located on the first wall of the 
chamber. 

We considered the following objectives: 1) Finding the dependence of accuracy of 
determining the boundary of the plasma from the size of the measurement error, 2) Finding the 
minimum number of sensors that provide reasonably accurate determination of the plasma 
boundary for a given value of measurement error. 

The T-15 electromagnetic measurement system. Two sets of 39 two-component sensors of 
magnetic outer surface shape (in different meridional sections) are arranged inside the vacuum 
chamber. The second set is used to improve the reliability of the entire system. Sensors are 
located in the poloidal cross section of VC almost uniformly to bypass (Fig.1). Each sensor 
consists of 2 orthogonal coils (in order to measure two magnetic field components - normal and 
tangential components relative to the contour of the chamber). There are also available 
Rogowski belt kits for measuring the current in the plasma, in the coils of passive stabilization, 
the "halo" currents closed between the elements of the divertor design. There is also a set of 21 
sector-loop for measuring the distribution of the poloidal magnetic flux. The location accuracy of 
the sensors and loops on the surface of VC is 5 mm. The sensors provide measurements of 
magnetic fields within 1-2% accuracy with frequencies up to 10 kHz. 
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 Besides, there are thin-walled tubes with two-component magnetic sensors, the number of 
which can be changed, assembled in the VC in six meridional cross sections. They also arranged 
evenly along the length of the entire VC. 

Formulation of the problem.  The availability of information on the flow of the magnetic field 
and the values of the field components in the sensors allows you to put the problem of the 
restoration of the magnetic field as the Cauchy problem. The method of integral equations is 
used in order to solve the problem. The flow of the magnetic field in the vacuum region is 
searched as the sum of two simple layer potential with carriers on the 1 2l l  circuits  (one inside 
the plasma, one out of VC). The system of two Fredholm integral equations of the first kind is 
issued in the measurement of two components of the field. Tikhonov regularization method is 
applied in solving this incorrect problem. Regularization parameter is selected based on the 
quasioptimal method. Therefore the residual functional of the following type is minimized  
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In order to assess the quality of the reconstruction of the boundary Γ, the following 
characteristics were used: 
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Where θ – poloidal angle, j i,M M  - accurate and restored borders j( ,M M - points 

on them), i,X X  - accurate and restored separatrix points, �,n n
GG

 - accurate and restored vector of 

external normal to the boundary, i,t tB B  - accurate and restored tangential magnetic field on the 
border. The dependence of these parameters on the number of sensors at a predetermined 
measurement error δ=0, 1 и 2% is shown in Fig.2-6. Only the data about fields obtained from the 
sensors was used in these calculations. The greatest divergence to the normal occurs to the part 
of the boundary which is closest to the X point (in the region of greatest curvature of the line). 
Figure 1 shows a double null equilibrium configuration in a T-15 at the stationary stage, Figure 
2-6 shows the results of analysis of the structure of the magnetic system diagnostics in this case. 

The calculation results. We note that all the above characteristics , X , n  and tB , were 
calculated as a result of averaging different random samples, through which field measurement 
error in the probes were modeled. The calculation practice has shown that in order to achieve the 
third significant figure the number of samples has to be about 60. We studied the variation of 
these characteristics depending on the number of samples. Fibonacci-kongruentny combined 
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generator with a period of order 
1910  and low serial correlation was used as the generator of a 

uniformly-distributed pseudo-random numbers that ensures the statistical reliability of the results 
[7]. 

The calculations have shown that, although the required accuracy is achieved with 40 
sensors, but nevertheless the optimum number of sensors is approximately 70. The further 
increase of the number of sensors does not increase the accuracy of restoring border. Apparently 
the achieved error level corresponds to an error of the model. 

 

Fig. 1 VC and system of magnetic measurements T-15. Double-null equilibrium configuration in the T-15 at the 
stationary stage t = 2500 ms, the lower X-point shifted to the right. Sensors of the outer surface form (■), diaphragm 
(——). The divertor plates and elements of passive stabilization are shown inside the chamber. The blue color 
highlights plasma boundary in the chamber. 

Fig. 2 The accuracy of determining the border  depending upon the number of sensors M with different error 
level (δ=0%(dotted line), 1%(solid line) 2%(dash-dot)). 

 

Fig.3-4 The accuracy of determining lower and upper X-point separatrix X  depending on the number of sensors 
M (δ=0% (dotted line), 1%(solid line) 2%(dash-dot)). 
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Fig.5-6 The accuracy of determining the outer normal to the boundary of the plasma n    and the tangential 

component of the poloidal field at the plasma boundary tB  depending on the number of sensors M (δ=0%(dotted 

line), 1%(solid line) 2%(dash-dot)). 

Conclusions.  The single layer model that is applied in the method of restoring the border allows 
you to find the boundary of the plasma in the T-15 with a precision of the order: а) 0.5 cm 
without error, b) 1.5 cm at a 1% error in the case of using information about the two field 
components obtained from sensors c) the transition from the sensors measurement error from 1% 
to 2% is critical, because the requirement on the accuracy of restoring the border is no longer 
met. Although the required accuracy of determining the boundary is achieved by around 40 
sensors, but nevertheless the optimum number of sensors is approximately 70. This is the 
number of sensors when the accuracy of determining the border reaches its maximum. 
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