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 In this companion presentation to [1], we describe details of a Singular Value 
Decomposition (SVD) method for designing magnetic diagnostics (MD’s) in NCSX. A 
variety of external MD’s will be installed on NCSX and used for between-shot equilibrium 
reconstruction, and possibly used for real-time plasma shape control. Signals from a large 
database of candidate equilibria (~2500) are analyzed by candidate “supersets” of MD’s 
which include diamagnetic loops, Rogowski coils, saddle loops arrayed on the vacuum vessel 
(VV) structure, poloidal and toroidal flux loops on the VV, triple-axis magnetic probes, and 
flux loops co-wound on modular and poloidal field coil casings. SVD analysis of the matrix 
of signals formed by the ensemble of equilibria provides information (through the number of 
significant eigenvalues) on how much equilibrium information is accessible to the external  
MD’s. The SVD eigenfunctions determine which diagnostics are most important for 
recovering the equilibrium information.  
 
  Two recently developed recursive SVD algorithms for ranking the candidate 
diagnostics will be discussed. The algorithms improve the methods discussed in [2]. Starting 
with a superset of ~ 450 MD’s per half-period (including ~100 VV saddle loops and 3 x 100 
triple-axis B-probes), a least squares regression of the MD signals is performed on the 
magnetic field values from the plasma and coils at a mesh of points on the surface of a close-
fitting toroidal surface in the vacuum region surrounding all of the equilibria. The first 
algorithm is a “rejection” procedure where examination of the eigenfunction corresponding to 
the smallest SVD eigenvalue leads to the rejection of a single diagnostic from the superset. 
The rank of the signal matrix is then reduced by eliminating the row corresponding to the 
rejected diagnostic and an SVD of the reduced matrix is performed. The procedure is 
repeated, rejecting one diagnostic after each SVD until the Total Least Squares (TLS) 
regression fitting error exceeds a tolerable minimum, leaving a minimal set of acceptable 
diagnostics. The second method is a “retention” algorithm. A Truncated SVD regression 
analysis identifies the top few (4-8) “most important” diagnostics in the superset. These 
diagnostics are placed in a reserved pool and SVD regression is performed on the reduced 
matrix formed by eliminating columns of the diagnostics signal matrix corresponding to the 
reserved diagnostics. The procedure is repeated until the TLS regression fitting error exceeds 
the tolerable minimum. Results from applying the diagnostics ranking procedures will be 
discussed in the context of reserved port allocations.  
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