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Introduction

Investigating the heat transport in and around neo-classical tearing
modes (NTMs), and how this contributes to their stability.

Currently extending the work done by J. Snape on MAST to the
KSTAR tokamak in South Korea.



Introduction

Investigating the heat transport in and around neo-classical tearing
modes (NTMs), and how this contributes to their stability.

Currently extending the work done by J. Snape on MAST to the
KSTAR tokamak in South Korea.

In particular, we wish to measure the critical width using the
KSTAR ECEI system.
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Noise in ECEI time-series

Ability to resolve small-scale structures fundamentally limited by
the level of noise in the signal.

Need to minimise the effects of the noise as much as possible so a
reliable measurement of the critical width can be made.



Noise in ECEI time-series

Signal Processing required!

Ability to resolve small-scale structures fundamentally limited by
the level of noise in the signal.

Need to minimise the effects of the noise as much as possible so a
reliable measurement of the critical width can be made.



Signal processing: Fourier space filtering 

Usual approach is to filter out areas of frequency space which do
not contain information about the signal of interest.

However the values inside the ‘pass band’ are usually untouched.

Pass
band

Noise 
floor



Signal processing: Fourier space filtering 

Objective is to derive a theoretically-motivated approach to 
dealing noise which cannot be filtered out. 
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Signal processing: Noise in the frequency domain

The Discrete Fourier transform is given by:

The data can be represented as the sum of the ‘true’ signal and a
stochastic variable which represents the noise:

True signal Noise
(random variable)



Signal processing: Noise in the frequency domain

The Discrete Fourier transform is given by:

The data can be represented as the sum of the ‘true’ signal and a
stochastic variable which represents the noise:

It follows that:

Also random variables!



Signal processing: Noise in the frequency domain

The Discrete Fourier transform is given by:

The data can be represented as the sum of the ‘true’ signal and a
stochastic variable which represents the noise:

It follows that:

The central limit theorem ensures that any random time-domain
noise becomes normally distributed in the frequency domain for
sufficiently high N.



The Rice distribution

Now consider the magnitude of a frequency component :

This is also a random variable, whose probability density function
is given by the Rice distribution:



Where is the true signal magnitude:

The Rice distribution

Now consider the magnitude of a frequency component :

This is also a random variable, whose probability density function
is given by the Rice distribution:



Correction factor distribution

To correct the value of the DFT coefficients we can define a
‘correction factor’ τ and the signal-to-noise R.

τ is itself a random variable and has a distribution which depends
on R only:



Correction factor distribution

To correct the value of the DFT coefficients we can define a
‘correction factor’ τ and the signal-to-noise R.

τ is itself a random variable and has a distribution which depends
on R only:

Key result: allows the derivation of estimators of τ which are
needed for the DFT correction



Correction factor estimators

Mode:

Mean:

Weighted mean:



Correction factor estimators



Test signal

44 KHz audio recording used as a test signal to investigate
performance of correction estimators.



Benchmarking the correction method

Use ratio of standard deviation post-correction to pre-correction
as a measure of the estimator performance



Benchmarking the correction method

Weighted mean estimator performs best at all levels of noise, 
with the standard mean estimator performing the worst.



Benchmarking the correction method

30% reduction in S.D. for even 
moderate noise levels

Weighted mean estimator performs best at all levels of noise, 
with the standard mean estimator performing the worst.



Summary

• In order to resolve the small scales necessary to measure
the critical width, the KSTAR ECEI data must be carefully
processed.

• Novel signal processing technique developed to reduce the
impact of noise which cannot be directly filtered out.

• Discrete Fourier transform coefficients are adjusted based
on their signal-to-noise ratio such that they better estimate
the true value.



Any questions?



Weighted mean estimator

Minimise a weighted mean-squared error to suppress undesirable
behaviour of mean estimator at small R caused by high skewness:

Analytical solution is:

Weighting must be removed (large α) as skewness goes to zero:


