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a  b  s  t  r  a  c  t

Magnetic  diagnostics  is one  of basic  measurement  systems  for Tokamak  plasma  current  and  shape  con-
trol. The  accuracy  of  magnetic  data will  influence  the  plasma  shape  reconstruction.  In  this  paper,  the
calibration  of magnetic  diagnostics  is carried out on  the  EAST  Tokamak.  The  overall  uncertainties  of  mag-
netic  sensors  are  analyzed  from  the  calibration  and  vacuum  shots.  The  uncertainty  results  are  used as
fitting  weight  in  plasma  shape  reconstruction  code  (EFIT).  Based  on EFIT  simulation  and  experiment  data
fitting results,  the  sensitivity  of  the  magnetic  data  uncertainty  in the  plasma  shape  reconstruction  is
analyzed.

©  2016  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Magnetic diagnostics is one of basic measurement systems in
Tokamak device. On EAST superconducting Tokamak, the mag-
netic diagnostics includes plasma current rogowski coils, magnetic
pickup coils, mirnov probes, poloidal flux/saddle loops, diamag-
netic loops, Halo current monitors, and poloidal field coil current
sensors. The configuration of EAST magnetic diagnostics is showed
in Fig. 1 [1].

In magnetic diagnostics, sensors which are used for equilibrium
reconstruction contain: plasma current rogowski coil, 38 poloidal
pickup coils, 35 poloidal flux loops and 12 poloidal field coil cur-
rents.

The basic principle to reconstruct the plasma shape is to solve
the Grad-Shafranov equation [2], the plasma shape parameters are
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determined from magnetic sensors data by using the least squares
fitting:
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The total offset comes from green functions and measurement:
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)
× I�PF + G� × IPF + �d (3)

The offset contains the effects of all uncertainty sources. They can
be divided into two parts, the system uncertainties and the random
uncertainties. The system uncertainties include PF current, and
uncertainty of magnetic diagnostics �d. The uncertainty of mag-
netic diagnostics contains the error of diagnostics active areas, the
error of integrator-acquisition system, the signal attenuation of the
70 m twisted pair, and the imperfection of the diagnostics. They are
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Fig. 1. EAST magnetic diagnostic configuration.

belonged to system uncertainties because all of these parameters
can be calibrated accurately by different method. The mainly ran-
dom uncertainties are base on the positions of poloidal field(PF)
coils and magnetic sensors [3]. When the EAST machine is in oper-
ation, the relative positions between poloidal coils and magnetic
sensors will be changed. The main reason is that the poloidal field
coils will cool down to superconduction temperature and inner
structure inside vacuum vessel will be in high temperature. They
are belonged to random uncertainties, because these parameters
cannot be measured accurately.

In EAST magnetic diagnostics system, the system uncertainty
parameters which are needed to be calibrated are listed in follow-
ing: sensors effective area, integrator and amplifier, signal transfer
line. Different methods for calibration are introduced in detail in
this paper.
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where: � is the measurement result of the flux loop, and G is addi-
tional gain of the amplifier, and RC is the time constant of the
integrator, NS is the pickup coil’s effective areas, and Tdas is the
translation coefficient of the data acquisition system.

The random uncertainties are based on the PF coils and sensors
positions, and cannot be obtained by measured directly. For exam-
ple, when the superconducting coils are cooled down from room
temperature to 4.5 K, the coils positions will be changed because of
contraction. Also, the sensors positions will be changed when the
vacuum vessel baked or pumped. These changes will influence the
green functions. Because there is no exact plasma and eddy current
model, so a lot of vacuum shots will used to analyze and estimated
the error of plasma shape reconstruction.

2. Calibration of EAST magnetic diagnostics

In the whole magnetic measurements circuit, there are several
system uncertainties sources from the sensor to signal processing

Fig. 2. The parameters of solenoid and magnetic field profile inside.
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