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The Choi-Williams distribution (CWD) technique is introduced as a time-frequency tool for processing data measured from the new developed homodyne and the fixed frequency reflectometry in
the HL-2A tokamak. The comparison between spectrogram and CWD for the simulated signal is
presented. It indicates that the CWD can greatly improve the representation of the time-frequency
content of the multi-components signal. Its effectiveness is demonstrated through two applications
in HL-2A, which are the extraction of beat frequencies from the frequency modulated-continuous
wave reflectometry (FM-CW) and the characterizing of the fluctuations. The density profile inversed
from the group delay of the FM-CW and the density fluctuations deduced from the fixed-frequency
reflectometry would be more reliable and accurate by using the CWD technique. © 2011 American
Institute of Physics. [doi:10.1063/1.3657157]
I. INTRODUCTION

The two major applications of time-frequency analysis
in microwave reflectometry data processing are the detection
of group delay from frequency modulated-continuous wave
(FM-CW) reflectometry needed for density profile inversion and to characterize the density fluctuations from fixedfrequency reflectometry. The reliability and accuracy of the
data process plays a key role in the evaluation of the inversed
density profile. To overcome the effect of the plasma turbulence on the automatic extraction of the group delay curves
in the FM-CW measurements, the fast or ultra-fast frequency
sweep reflectometry is one of the improved techniques. However, the short time duration and non-stationary signals, which
are always detected by the fix-frequency reflectometry measurements, give some challenges for time-frequency analysis.
The well-known spectrogram analysis is usually hindered by
its trade-off between time and frequency resolution. Other
time-frequency analyses, such as wavelet and Wigner-Ville
distribution (WVD) can improve the performance.1, 2 However, wavelets do not fully overcome the limitation of the
spectrogram, and WVD would introduce some cross terms
when applied it to multi-components signal.3, 4 Other methods have been developed to overcome these drawbacks for
the reflectometry signal.5–8 On HL-2A, we focus on the
Choi-Williams distribution (CWD) technique for the reflectometry data processing. It can reduce the artifacts which are
accompanied with the WVD and provide an optimized timefrequency resolution.5 The CWD is always used for timefrequency analysis of multiple-components non-stationary
signal.9, 10 In this paper, a comparison between spectrogram
and CWD is given by analyzing a synthetic signal. Then,
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two typical examples of the CWD application performed in
HL-2A are presented.

II. THE CHOI-WILLIAMS DISTRIBUTION
AND SIMULATION

The time-frequency spectrum of a discrete time signal
s(n) sampled at frequency fs can be usually obtained by the
square modulus of its short-time Fourier transform (STFT)
with the time window h(n). The spectrogram is expressed as
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where the sample number n and the normalized frequency θ
are related to the actual time t and frequency f variables by n
= tfs and θ = 2π f/fs . The time resolution is half the length
of the chosen time window t = (L − 1)/2fs , where L is
the length of the window h(n). Then the frequency resolution is f = fs /L. Obviously, a trade-off between time and
frequency resolution limits its application, especially for fast
non-stationary signals whose time-frequency representation
will be smeared in time and frequency domain.
Due to the shortcomings associated with the STFT, a
Cohen’s class time-frequency energy distribution with an exponential kernel function named as Choi-Williams distribution is introduced which can improve the time-frequency
resolution and suppress the cross-term interference or artifacts always appear in the WVD.3, 9, 10 In this work, the
CWD is used to process the FM-CW reflectometry data
to deduce the density profile and to obtain the spectrogram of the density fluctuation from fixed-frequency reflectometry. The CWD of the discrete time signal s(n) can be
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