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The tokamak is currently the principal magnetic
confinement system for controlled fusion research.
In seeking to understand the physics of the high
temperature plasma inside the tokamak, it is
important to have detailed information on the spatial
distribution of electron density. One technique for
density measurement uses laser interferometry, which
gives line-integral information along chords through
the plasma. This requires an inversion procedure to
extract spatially local density information. In this
paper we make use of feedforward networks to
extract local density profiles from the line-integral
data obtained from the multichannel interferometer
on the JET (Joint European Torus) tokamak. An
important feature of our approach is the use of
profile data from a second high resolution diagnostic
system, called LIDAR, to train the network. The
LIDAR system provides data at high spatial resolu-
tion but with a low repetition rate, and therefore
has a complementary réle to interferometry which
operates at a high sampling rate but with much lower
spatial resolution. Results show that the neural
network is able to extract significantly more detailed
profile information than the conventional Abel inver-
sion method currently used on JET.
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1. Introduction

Measurements of the spatial distribution of electron
density in a -‘high temperature tokamak plasma
experiment require non-invasive diagnostic tech-
niques. One approach is to use laser interferometry
to obtain line-integral measurements of density
along a number of chords through the plasma. The
extraction of spatially local density information from
this line-integral data is usually performed by
generalised Abel inversion. In this paper we describe
a novel approach to this problem using feedforward
neural networks. A significant feature of our
approach is the use of profile information obtained
from a second diagnostic, known as LIDAR, to
train the network. The LIDAR system provides
data at high spatial resolution but with a low
repetition rate, and therefore has a complementary
role to interferometry which operates at a high
sampling rate but with much lower spatial resolution.
As we shall show, the neural network approach
allows significantly more detailed density profiles to
be obtained from the interferometer data than is
possible with conventional methods.

Many plasma phenomena can occur on timescales
of microseconds, whereas a plasma pulse can
last for many seconds. Since modern tokamak
experiments have numerous plasma diagnostics,
many of which are capable of high sampling rates,
the volumes of data which can potentially be
generated, are very large. Furthermore, there is
often only a few minutes available between plasma
pulses (or ‘shots’) in which to analyse the data if it
is to be available in time to influence the choice of
operating parameters for the next pulse. Neural
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network techniques offer a number of features,
including the capability to perform high speed
non-linear transformations, which make them of
considerable interest for data analysis purposes in
the context of tokamak physics. Other tokamak
applications of neural networks, for data analysis
and control, can be found in [1-3].

A brief overview of the tokamak magnetic con-
finement system is given in Sect. 2, and is followed
by a description of the LIDAR and multichannel
interferometer diagnostics on the JET tokamak in
Sect. 3. The general problem of profile reconstruc-
tion from interferometer line-integral data is dis-
cussed in Sect. 4. In Sect. 5 we describe the neural
network approach to profile reconstruction and
present results obtained from JET data. Finally, a
summary and discussion are given in Sect. 6.

2. An Overview of the Tokamak

The tokamak is currently the favoured experimental
system for research into the magnetic confinement
approach to controlled fusion. The photograph
shows the Joint European Torus (JET) experiment,
currently the world’s largest tokamak, at Culham
Laboratory in Oxfordshire. A tokamak (from the
Russian for ‘toroidal magnetic chamber’) consists of
a toroidal vacuum vessel in to which a small quantity
of gas (usually isotopes of hydrogen) is introduced.
The gas is ionised and raised to a very high
temperature, typically a few 107K, by a large toroidal
electric current (up to 7 X 10° amps in JET) which
is induced by transformer action from a set of
primary poloidal field coils. The plasma current also
interacts with its own magnetic field in such a way
as to confine the high pressure of the plasma.
Additional magnetic fields, produced by currents
flowing through external poloidal and toroidal field
coils, act to stabilise and shape the plasma. The
superposition of the various magnetic fields leads
to a complex field structure, with individual field
lines forming spirals which live on closed nested
toroidal flux surfaces. Figure 1 shows a schematic
illustration of the flux surfaces in a typical tokamak.

In seeking to understand the physics of the
magnetically confined plasma, it is of considerable
interest to be able to measure the spatial distributions
of plasma density and temperature, and to investi-
gate how these distributions evolve with time. In
this paper we are concerned with the determination
of electron density profiles. To a good approximation
it can be assumed that the tokamak has rotational
symmetry around the central vertical axis (the Z-
axis in Fig. 1). It is therefore sufficient to consider

Fig. 1. Schematic illustration of a tokamak vacuum vessel, shown
in cross-section, together with the nested toroidal flux surfaces.
In many instances these flux surfaces are also the surfaces of
constant electron density.

the density distribution in a cross-sectional plane at
one toroidal location. The contours of constant
density generally form closed nested surfaces, with
the density going to zero at the walls of the vacuum
vessel. The spatial distribution of density is usually
expressed in terms of a density profile as a function
of major radius R (see Fig. 1), along the toroidal
mid-plane. This density profile then specifies the
density at all points within the tokamak, provided
the surfaces of constant density are known. In many
circumstances, the surfaces of constant density
coincide with the flux surfaces. This fact is used
explicitly in the conventional methods for profile
reconstruction. Note, however, that in some situ-
ations (in particular, when the plasma is strongly
rotating) the density surfaces and flux surfaces need
not coincide. Unlike conventional approaches, our
neural network method does not require the density
to be constant on the magnetic surfaces.

3. Density Profile Measurements on JET

The two principal diagnostics on JET for measure-
ment of the electron density profile are the multi-
channel interferometer and the LIDAR Thompson
scattering system. Here we give a brief overview of
the main characteristics of these two diagnostics,
with emphasis on those features which are of
particular relevance to the current study.

The JET far infrared interferometer can be seen
on the left side of Fig. 2, and a detailed description
of the system can be found in [4]. The instrument
is based on a Mach-Zender interferometer driven
by a 195 pm DCN laser. Six vertical lines of sight,
shown schematically in Fig. 3, provide phase shift
measurements to 1/20 of a fringe, permitting line-
integral densities in the range 5 X 107 to 10?'m~2
to be measured. (The dashed contours in Fig. 3
represent the magnetic flux surfaces). The spatial































