
  
  

An infrared imaging video bolometer (IRVB) system 
is being arranged on LHD [1, 2] as an effective tool for 
measuring the radiated power from the plasma.   The 
IRVB is a pinhole camera using a foil as a 2D absorber of 
radiation.   Currently, three IRVBs are operating on Ports 
10, 6.5-U and 6-T as illustrated in Fig. 1, and three 
additional IRVBs will be installed in near future.  If one 
assumes the helical symmetry of the plasma that repeats 
every half period (18°) of the magnetic field in LHD, the 
3D tomographic image reconstruction of the emission will 
be feasible by considering all the cameras fields of view as 
projected on one half period. 

The primarily important work for tomography is to 
calculate the projection matrix regarding the geometry of 
the lines of sight of cameras.  This difficult work of 
calculation using the 3D CAD of LHD has started.  Then, 
the next goal that we aim is to achieve a numerical 
simulation on impurity radiation phantoms that are 
obtained using the software EMC3-Eirene. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1  Fields of view of IRVBs that were installed 
on three observation ports of LHD (Lower); 2D 
CAD images of the interior of LHD that should be 
obtained with the IRVB cameras (Upper).   The 
number of channels (pixels) is shown for each 
camera. 

 
This planned 3D image reconstruction of the IRVB 

will be done for about 5x104 voxels in the plasma volume 
of one half period. Thus, one meets a linear inverse 
problem much larger in size than the conventional plasma 

imaging.   With this motivation, a study is made to 
improve the neural network collocation method (NNCM) 
[3].   The NNCM is essentially a series expansion method 
that is nonlinear with adaptive basis functions of the plasma 
image and, will have an advantage of small computational 
complexity even for a 3D reconstruction.  However, as 
long as the sigmoid activation function is used, the 
adaptability does not appear to be high enough [4].    

With this regard, an interest is taken on the generali-
zation of NNCM to the radial basis function (RBF) type of 
neural network, whose scheme is shown in Fig. 2.    In 
the 3-layered perceptron, the neurons with internal states ui 
in the middle layer are equipped with Gaussian activation 
functions that are provided with heights hi, central positions 
(cxi, cyi) and widths wi.   Driven by the position coordi-
nates (x, y), the perceptron outputs the plasma image 
(emission intensity distribution) in the form of a linear 
combination of Gaussian spatial functions.    

A new algorithm was implemented: that is, the 
parameters hi, (cxi, cyi) and wi were appropriated by 
referring the image that was ART-reconstructed from 
residuals (fitting errors), and the number of neurons N was 
increased one-by-one in order to get a good reconstruction.  
Concerning the bolometer tomography in the semi-
tangential plane of LHD, it was seen that this algorithm of 
neuron addition converged well, and that the adaptability to 
plasma images was considerably higher in comparison with 
the conventional NNCM.   The details can be seen in [5]. 
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Fig. 2  Configuration of the RBF neural network 
for 2D reconstruction.   In the 3D case, another 
neuron that receives the z coordinate is added to the 
input layer in order to feed the Gaussian position czi 
to the i-th neuron in the middle layer. 
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In the magnetically confined fusion reactor, 
compression of neutral particles in the divertor region is 
one of the most important issues for divertor optimization 
in terms of the effective pumping of fuel particles and He 
ash. Loss of the effective pumping leads to the loss of the 
density control and also the reduction of fusion output 
power due to the fuel dilution. The LHD divertor has been 
upgraded with the installation of closed divertor structure at 
the two toroidal sections out of total 10 sections, i.e. 20% 
coverage 1). The first experiment has been conducted in the 
14th experimental campaign, the purpose of which is to 
obtain the data base of neutral compression in the closed 
divertor 2). While the present divertor system has no 
pumping unit, the database gives the basis to estimate the 
pumping efficiency for future upgrade of the closed 
divertor with pumping system. 

The ASDEX-type neutral pressure gauge consists of 
filament, control grid, acceleration grid and ion collector. 
These electrodes are arranged along an axis, such that the 
Larmor motion has no effect on the collection of ion 
current by placing the axis parallel to magnetic field. Fig.1 
shows the gauge head with each electrode indicated. The 
electrons emitted from the filament, which is heated by 
electric current of about 16A, are accelerated by the 
potential gradient between the acceleration grid and the 
filament. The ions produced by the ionization of neutral gas 
are collected with the ion collector. The electron flux from 
the filament to the acceleration grid is chopped by 
sweeping the control grid potential with high frequency, 
during which the offset due to the background plasma (if 
any) is measured. The offset is subtracted from the ion 
collector current in order to obtain net ion current from 
neutrals only. The ion collector current normalized with the 
emission current measured at the acceleration grid can be 
used as a measure of number of neutral particles at the 
gauge, i.e. neutral pressure. The calibration has been done 
with the magnetic field activated by the helical coils at 
about 3 Tesla. 

Fig.2 shows the schematic of the closed divertor 
system and the location of the neutral pressure gauge. The 
“vertical” divertor plates are installed from the bottom to 
top of the torus along the helical coil, and the dome 
structure is situated in-between the two divertor plate arrays, 
as shown in Fig.2 (a). The three neutral pressure gauges are 
installed under the dome as shown in Fig.2 (b) and each of 
three is located at bottom, mid-plane and in-between top 
and mid-plane of the dome array, respectively (Fig.2 (a)). 
The obtained neutral pressure is shown in Fig.3 for the 
closed and open divertor together with the outboard side 

region (outside of divertor). In LHD, the particle flux tends 
to concentrate at the inboard side of the torus, and thus the 
neutrals pressure becomes high there. This is the reason for 
the higher pressure at the open (inboard) divertor than at 
the outboard side, by a factor of ~10. Is it also found that 
there appears clear compression effect at the closed divertor 
region, where the achieved maximum pressure is around 
0.7 Pa, which is larger than at the open divertor region by a 
factor of ~ 10. It is estimated that the pressure of the order 
of 0.1 Pa is reasonable one for obtaining sufficient pumping 
capability for future upgrade of the divertor. 

Fig.1. The gauge head of the ASDEX-type neutral 
pressure gauge. 

Fig. 2. Schematics of (a) the view from outboard side of 
the closed divertor and (b) the cross section along helical 
coil, for divertor configuration and neutral pressure gauge 
location. 

 Fig. 3. Time traces of (a) neutral pressure at closed 
(inboard) divertor, open (inboard) divertor and outboard 
side (outside divertor), (b) line averaged density and NBI 
input power. 
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