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In previous work [1] we have demonstrated that NCSX (National Compact 
Stellaraator Experiment) will require active control of the helical and poloidal field coils in 
order to remain on a stable trajectory to high beta while retaining quasi-axisymmetry. We 
require a set of magnetic diagnostics that will be sensitive to changes in the equilibrium that 
represent departures from such a trajectory. That is, we will need to control features of the 
plasma boundary shape to a specification; that specification itself will vary with the current 
and pressure profiles. We need to determine a satisfactory set of magnetic sensors for this 
task 

To address this we have postulated a diagnostic set of 443 sensors that we believe is 
overly complete. A data base of ~2500 free-boundary equilibria is created with variation of 
coil currents, plasma pressure and toroidal current profiles, plasma size, total pressure and 
total current. The signals expected on this array of diagnostics are calculated using a response 
function formalism[2]. These are used in a linear regression to predict the magnetic field on a 
smallest vacuum surface that encompasses all the equilibria in the database. We have 
extended a standard  “variable selection” method of multivariate statistics to determine a 
complete ranking of the sensors. The ranking scheme is based on properties of the null space 
of the matrix of diagnostic signals for all equilibria in the database. 

Subsets are chosen according to this ranking and we judge adequacy by our ability to 
reconstruct the equilibrium with STELLOPT [3]. While the ability to reconstruct the 
equilibrium in free boundary does not yield information on optimal control algorithms, it 
does show whether a particular set of sensors contains the necessary information to allow 
control of the plasma. Results will be reported. It is yet to be determined just how much 
information about the profiles can be known from external measurements. We will present 
results of a study that addresses this issue.  
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