
  
In the first campaign for starting deuterium plasma 

experiments in LHD from March in 2017, the plasmas will 
be monitored with six CCD cameras (Toshiba IK-CU44 and 
IK-C44H) by mounting optical zoom lenses at four outer 
ports and a tangential port (2-O, 4-O, 6-O, 10-O×2 and 6-T). 
In order to protect the cameras from high-energy neutrons 
released from deuterium plasmas, the CCD cameras are 
installed in the inside of specially designed 19-inch racks 
(600×750×1250mm) which are arranged on the middle stage 
at least 10 meters apart from the LHD center location for 
reducing the influence by the neutrons. Six radiation 
resistant bundled image fibers (Fujikura FIGR-30) are used 
for transmitting the plasma images to the cameras. The 
position of the 19-inch racks, optical lenses and the laying 
routes of the image fibers are described in Figure 1. Analog 
video signals (NTSC) from the cameras are converted to 
optical signals by media convertors, which are transferred to 
the control room via common optical fibers. The video 
signals are captured by an existing Video On Demand 
(VOD) system and stored to RAID disks.1) 

The specially designed 19-inch racks consist of a 
shield box and a polyethylene cover surrounding the shield 
box as indicated in Figure 2. The shield box 
(260×215×320mm) is made of lead plates (~15mm in 
thickness) for protecting the cameras, the media convertors 
and communication devices from gamma rays induced by 
neutrons. Four slit holes are opened on the bottom plate for 
an air intake for cooling down the internal devices. A 
bended slit hole is opened on the top plate for the outtake of 
the air and bringing some electric cables, optical fibers and 
bundled image fibers into the shield box. The curvature of 
the bended slit hole is set by the allowable minimum bend 

radius of the image fibers (R=400mm). In an area in the 
interior of the shield box where can seen from the outside of 
the box through the hole, relay lenses for connecting the 
terminal of the image fibers to the inlet of the cameras are 
mounted. Though the lenses are directly exposed to the 
gamma rays from outside of the box, it will not be a 
problem for the camera systems because the lenses mainly 
consist of quarts and aluminum having strong tolerance to 
the radiation. Up to four CCD cameras can be installed in 
the inner part of the shield box where is not directly seen 
from the outside through the hole. The top plates can be 
separated into two parts at the bended slit hole, which is for 
the easy maintenance and the change of the internal devices. 

The shield box is covered with polyethylene plates 
(10% boron is blended, 100mm in thickness) which is for 
reducing the intensity of the high energy neutrons by 
converting it to gamma rays by interaction with protons in 
polyethylene plates. Two inclined slit holes are opened in 
the bottom and top of the polyethylene plates for air 
ventilation and bringing the cables and the image fibers into 
the shield box, etc. The inclined slit holes are composed of 
two polyethylene plates with the slits which angle of 
inclination is a little bit different from each other. It is for 
preventing the neutrons from directly reaching the shield 
box from outside of the polyethylene cover. The top plates 
of the polyethylene plates can be also separated into two 
parts at the slit hole for easy maintenance and change of the 
internal devices in the shield box. 

In the upper half part of the 19-inch rack, a cable tray 
and a basket are equipped for keeping the spare length of the 
cables and the image fibers, etc. Some AC/DC adaptors and 
accessories for internal devices are put in the basket, which 
is for saving the limited space and minimizing heat sources 
inside of the shield box.  
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Fig. 1. The top view of the arrangement of the 19-
inch rack and optical lenses for six camera systems 
for monitoring deuterium plasmas in LHD. 

Fig. 2. A drawing of the specially designed 19-inch 
racks for protecting the camera systems from high-
energy neutrons by deuterium plasmas. 

Experiments of the fusion phenomena produce a lot
of sequences of time-varying values which form wave-
forms. If the waveforms similar to a desired one can
be obtained by using computer system, the burden of re-
searchers in searching similar waveforms will extremely
be decreased. We have addressed to the issue on this
kind of retrieval. The method using three dimensional
(3D) Fourier transformation has been developed for the
similarity retrieval of movies of plasma discharges, which
are called plasma movies [1]. The method using 3D
Fourier transformation, however, has the problem that
the processing cost is very high. This paper examines
the method not using it.

This paper uses the frame hashing method [2].
Frames are divided into n × m blocks. Luminosity of
each block is averaged in a block. The average value is
binarized by the mean luminosity of the frame. In this
paper, instead of a frame, we use the mean luminosity
of a video. After that, n · m bit binary digits can be
obtained for each frame. This is the hash value of a
frame. A series of frames having similar hash values are
gathered into a shot.

First, the shots whose hash values are equal to
zero, and the shots which are shorter than the mini-
mum shot length, which is five here, are removed. Next,
the shots are sorted in ascending order of the shot
length. The weight of a shot s in a video v is calcu-
lated by the equation: Wshot(s) = rank(s)/n(v), where
rank(s) is the rank of the shot s in the shots of the
video v, and n(v) is the number of shots in the video
v. The similarity of shots s1 and s2 based on hash
values is calculated by the equation: SimH(s1, s2) =
1 − (XOR(H(s1),H(s2))/n blocks), where H(s) is the
hash value of a shot s, XOR is the exclusive OR op-
eration, and n blocks is the number of blocks in a
frame. The weight of the difference of the lengths of
shots is calculated by the equation: WDiffLen(s1, s2) =
min(l(s1), l(s2))/max(l(s1), l(s2)), where l(s) is the
length of a shot s. When this value is less than 0.3,
zero is set to it. The similarity of luminosity of shots s1
and s2 is calculated by the equation: SimLum(s1, s2) =
min(lum(s1), lum(s2))/max(lum(s1), lum(s2)), where
lum(s) is the luminosity of a shot s. When this value
is less than 0.4, it is made zero. The similarity of videos
v1 and v2 based on hash values is calculated by the equa-
tion: SimHVideo(v1, v2) = ΣN

n=1Σ
M
m=1(SimH(m,n) ×

WDiffLen(m,n) × (Wshot(m) + Wshot(n)))/M · N , where
M and N are the numbers of shots in videos v1
and v2, respectively. The similarity of videos v1 and

v2 based on luminosity is calculated by the equation:
SimLumVideo(v1, v2) = ΣN

n=1Σ
M
m=1(SimLum(m,n) ×

WDiffLen(m,n) × (Wshot(m) + Wshot(n)))/M · N . The
similarity of videos v1 and v2 based on the number of
shots is calculated by the equation: SimNVideo(v1, v2) =
min(n(v1), n(v2))/max(n(v1), n(v2)). The total sim-
ilarity of two videos including a minimum-length
shot is calculated by the equation: Simcommin =
SimHVideo(1, 1) × SimLumVideo(1, 1) × SimNVideo(2, 2),
and that of two videos without any minimum-length shot
is calculated by the equation: Simcom = Simcommin ×
SimHVideo(4, 4), where two numbers of the arguments
are the number of divisions of a frame.

Plasma video evaluation criteria (PVEC) include
seven criteria [1]. We prepared five plasma videos
(KEY1-KEY5) as key videos, and fifteen videos as
database videos, which include the key videos. Five male
subjects saw key videos and database videos, and an-
swered the similarity between key and database videos
along the seven evaluation criteria of PVEC in three
steps: 0: dissimilar, 1: a little similar, and 2: similar [1].
The average values of similarity were obtained. These
values are called the similarities obtained through the
evaluation experiments.

Correlation coefficients between the total similari-
ties obtained based on the luminosity of every two pixels
and the similarities obtained through the evaluation ex-
periments are shown in Table I. As for KEY2, Simcommin

is used as the total similarity. As the average values
of the correlation coefficients are around 0.7, the total
similarities calculated are correlated to the similarities
obtained through the evaluation experiments. It is con-
sidered that the total similarity proposed could give good
similarities to two videos.
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Table I: Correlation coefficients between the total simi-
larities and the similarities obtained through the evalu-
ation experiments

key video Cr1 Cr2 Cr3 Cr4 Cr5

KEY1 0.50 0.56 0.63 0.56 0.67
KEY2 0.60 0.56 0.58 0.62 0.53
KEY3 0.66 0.80 0.79 0.75 0.86
KEY4 0.81 0.76 0.77 0.80 0.86
KEY5 0.69 0.55 0.75 0.81 0.80

Average 0.65 0.65 0.70 0.71 0.75
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