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a  b  s  t  r  a  c  t

The  electromagnetic  environment  around  the  Experimental  Advanced  Superconducting  Tokamak  (EAST)
device  is  very  complex  during  plasma  discharge  experiment.  In  order  to fully  monitor  the  changes  of
electric  field  around  the  EAST  device  during  plasma  discharge,  a transient  electric field  measurement
system  based  on  PCI  eXtensions  for Instrumentation  (PXI)  platform  has  been  designed.  A digitizer  is
used  for  high-speed  data  acquisition  of  raw  signals  from  electric  field  sensors,  and  a  Field  Programmable
Gate  Array  (FPGA)  module  is  used  for  realizing  an on-the-fly  fast  Fourier  transform  (FFT)  and  inverse
fast  Fourier  transform  (IFFT)  algorithm  including  a beforehand  identified  antenna  factor  (AF)  to  achieve
finally  a calibrated  and  filtered  electric  field  measurement,  then  these  signals  can  be displayed  and  easily
analyzed.  The  raw  signals  from  electric  field  sensors  are transferred  through  optical  fiber  by  optical
isolation  to reduce  electromagnetic  interference  (EMI).  The  high  speed  data  streaming  technology  is
used  for  data  storage.  A prototype  of this  system  has  been  realized  to measure  the  transient  electric
field  strength,  with  the  real-time  processing  and  continuous  acquisition  ability  of  one channel  of  14-bit
resolution  and up  to 50  MHz  sampling  rate,  and  6  KHz  FFT  frequency  resolution.

©  2016  Elsevier  B.V.  All  rights  reserved.

1. Introduction

The Experimental Advanced Superconducting Tokamak (EAST)
is a fully superconducting tokamak which comprises 16 D-shaped
toroidal field coils, 14 poloidal field coils and its central magnet
field is 3.5 T [1]. There are also some internal coils for fast control
and many heating systems, such as the lower hybrid current drive
system, ion cyclotron range of frequency system and neutral beam
injection system, and the total heating power can reach to 40 MW
[2]. These systems can generate high current or high voltage dur-
ing plasma discharge experiment and may  cause electromagnetic
interference. While the transient electric field of rich spectrum is
the most common interference and harmful to electric equipments,
so it is important to measure the transient electric field, analyze its
characteristics and make protection.

The research of transient electric field measurement always
focuses on transient electric field sensors, for the electric field
sensor is the key issue to transform the electric field signal into
electrical signals. The typical transient electric field sensors are
monopole sensors [3], asymptotic conical dipole sensors [4], and
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electro-optic crystal sensors [5,6]. The measurement system is
usually realized by some sensors and oscilloscopes or spectrum
analyzers, which can’t continuously record for measurement of
long period. EAST is aimed at high performance plasma for long
pulse up to 1000 s or longer [1,2], so it is useful to record all the tran-
sient electric field signals during plasma discharges. The frequency
characteristics of antenna factor AF of electric field sensor should
be considered, for the AF is not a fixed value at a certain frequency
band [7]. The development of the transient electric field measure-
ment system with continuous recording and signal processing is
quite important.

In this article, we  aim to realize real-time processing on PXI plat-
form for its numerous kinds of digitizer and FPGA modules and easy
implementation with LabVIEW [8]. An ADC  adapter and a FPGA
module have been used to realize the measurement system, and
the test and measurement analysis have been demonstrated.

2. Design

2.1. Architecture

The architecture diagram of the transient electric field measure-
ment system is shown in Fig. 1. The raw signals from electric field
sensors are transferred through optical fiber by optical isolation
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Fig. 1. Architecture of the measurement system.

Fig. 2. Monopole antenna (a) schematic (b) sample.

to reduce electromagnetic interference (EMI), and then the iso-
lated signals are sampled into digital processor by analog digital
converter (ADC), then the acquired signals are calibrated into cor-
responding electric field signals by fast Fourier transform (FFT) and
inverse fast Fourier transform (IFFT) algorithm. As we  focused on
real-time processing, the process is done on FPGA, and the cali-
brated data can be stored, displayed and easily analyzed.

The electric field sensor is developed in-house, whose band-
width is 10 KHz–20 MHz  and measurement range is 0.2–3000 V/m.

The fiber-optic isolation ISOBE5600 offers nine measurement
ranges from ±100 mV  to ±50 V and 20 MHz  bandwidth, which can
fully satisfy demands for safety, bandwidth and measurement accu-
racy [9].

For ADC and FPGA processing, we selected the NI 5751 digitizer
adapter module and NI PXIe-7966R FlexRIO FPGA Module. NI 5751
has 16 simultaneously sampled channels of 14-bit resolution and
50MS/s each channel and 2 V peak-to-peak input range [10], while
PXIe-7966R features a user-programmable Virtex-5 SX95T FPGA
chip and 512 MB  DDR2 DRAM for onboard processing [11]. These
modules with a 2.3 GHz quad-core PXI express controller NI PXIe-
8135 [12] can be installed in one 8-slot 3U NI PXIe-1082 chassis
[13].

NI HDD-8265 external hard-drive redundant array of inexpen-
sive disks (RAID) enclosures expands high-speed data streaming
solutions by offering higher data streaming rates and storage capac-
ities, which offers 24 TB storage capacity and 750 MB/s of sustained
data read and write rates in RAID 0 mode for 80% of the total storage
capacity, and can satisfy the requirements of this system [14].

2.2. Electric field sensor

A kind of electric field sensor called monopole antenna has been
designed. Fig. 2 (a) is the schematic of this monopole antenna [3],
in which a monopole element of length h, which is located in free
space at the center of an infinitely thin, circular ground plane of
diameter D. The maximum sampling rate of this system is 50 MHz,
so the bandwidth of measured signal is about 20 MHz  and the cor-
responding minimum wavelength is

�min = c

fmax
= 3 × 108

20 × 106
= 15m.

The actual length of h is 0.15 m,  which is much less than 3.75 m
(�min/4), so it can be considered as an electrically small antenna.

Fig. 3. The AF curve fitting.

Fig. 4. Algorithm of signal transforms.

The diameter D of ground plane is 0.06 m for size consideration.
Fig. 2(b) shows a sample of the actual monopole antenna.

The antenna factor AF can be found by spline fit to the calibrated
AF in discrete frequencies, as shown in Fig. 3.

2.3. Algorithm

The signal acquired by the monopole antenna is a kind of elec-
trical signal, so it should be changed into electric field signal. This
algorithm is used to calibrate the acquired signal into real electric
field signal. While the AF value of the monopole antenna is differ-
ent at different frequency, so FFT and IFFT are necessary for this
transformation.

The acquired signal is processed by FFT, then the spectrum result
is multiplied by the corresponding AF, and IFFT transforms the sig-
nal from frequency domain into time domain, as shown in Fig. 4.

The number of FFT and IFFT is 8192, so the FFT frequency reso-
lution is

f = Fs
N

= 50 MHz
8192

≈ 6 kHz.

The pipeline technique is adopted to increase the speed of sam-
pling and processing. The point-by-point FFT of 8192 samples costs
a delay of 20534 clock cycles on FPGA by LabVIEW [15], and so is
delay of IFFT. The clock cycle is 20 ns, so the inherent latency is
almost about

td = 2 × 20534 × 20ns ≈ 800us

2.4. Software structure

The program of this measurement system contains two parts, as
shown in Fig. 5:

(a) Program on Host, providing users interface and transferring
sampling settings and AF to FPGA, receiving data from FIFO and
writing data to high-speed storage.

(b) Program on FPGA, receiving parameters from host, processing
the sampling signal, including FFT and IFFT, and then writing
the processed data to FIFO.
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