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Abstract : In this article, the application of Virtual Reality is discussed. The author is trying to map the image on

the real object in order to show the internal structure using Projection Head Mounted Display (PHMD) and

several example applications of this approach in the field of medical training are shown in this paper. Finally a

preliminary result of the training simulator for the emergency situation is discussed.
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Abstract : In the plasma flash x-ray generator, a high-voltage main condenser of approximately 200 nF is
charged up to 55 kV by a power supply. and electric charges in the condenser are discharged 10 an x-ray tube
after triggering the cathode electrode. The flash x-rays are then produced. The x-ray tube is a demountable triode
that is connected to a turbo molecular pump with a pressure of approximately 1 mPa. As electron flows from the
cathode electrode are roughly converged to a rod target by electric field in the x-ray tube, the weakly ionized
linear plasma, which consists of molybdenum ions and electrons, forms by target evaporation. At a charging
voltage of 50 kV, the maximum tube voltage was almost equal to the charging voltage of the main condenser. and
the peak current was about 20 kA. When the charging voltage was increased, the linear plasma formed. and the K
-series characteristic x-ray intensities increased. The K lines were quite sharp and intense, and hardly any
bremsstrahlung rays were detected. When a copper target was employed, the x-ray pulse widths were
approximately 700 ns, and the time-integrated x-ray intensity had a value of approximately 30 p¢C/kg at 1.0 m
from the x-ray source with a charging voltage of 50 kV.
Key words : flash x-ray, characteristic x-ray, quasi-monochromatic x-ray, weakly ionized plasma. lincar plasma,
micro-angiography.
1 INTRODUCTION tic x-rays ulilizing silicon .mnnnchrmn;um:.s. and the x-ray
photon energy is determined by Bragg's angle. These

Synchrotrons generate high-dose-rate monochroma- rays play an important role in parallel radiography and
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Fig. 1 Block diagram of the high-intensity plasma flash x-ray generator.

have been employed to perform microangiography [1]
and phase imaging [2,3]. However, the synchrotrons
consume high energies, and it is difficult to obtain
sufficient machine times for medical diagnosis and other
applications.

Currently, flash x-ray generators utilize cold-
cathode radiation tubes and produce high-dose-rate x-
rays [4-12]. Therefore, in order to produce fairly high-
dose-rate monochromatic x-rays in a small laboratory,
plasma flash x-ray generators are useful. Subsequently,
we confirmed the irradiation of intense characteristic x-
rays from the plasma axial direction using plate targets.
Thereafter, we developed a new plasma flash x-ray tube
with a rod-shaped target [15,16], and confirmed fairly
intense and sharp characteristic x-rays such as lasers
from weakly ionized linear plasma.

Photon energies of characteristic  x-rays are
determined by the target element, and characteristic x-
rays from a cerium target are useful to perform
angiography using an iodine-based contrast medium,
since the photon energies of K-series lines ol cerium are
slightly higher than the energy of the K-absorption edge
of iodine. On the other hand. cerium is a rare ecarth
element and has a high reactivity, and it is difficult to

design the target. However, the development of a cerium
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plasma tube for high-contrast angiography has long been
wished for.

In this paper, we describe a singe flash x-ray
generator for producing intense characteristic x-rays by
forming weakly ionized linear plasma, used to perform

quasi-monochromatic radiography.

2. GENERATOR

2.1 High-voltage circuit

Figure 1 shows a block diagram of a high-intensity
plasma flash x-ray generator. This generator consists of
the following essential components: a high-voltage
power supply, a high-voltage condenser with a capacity
of approximately 200 nF, a turbo-molecular pump, a
krytron pulse generator as a trigger device, and a flash x-
ray tube. In this generator, a low-impedance transmission
line is employed in order to increase maximum tube
current. The high-voltage main condenser is charged up
to 55 kV by the power supply, and electric charges in the
condenser are discharged to the tube after triggering the
cathode electrode with the trigger device. The plasma

flash x-rays are then produced.
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Fig. 2 Schematic drawing of the flash x-ray tube with a

rod target.

2.2 X-ray tube

The x-ray tube is a demountable cold cathode triode
that is connected to the turbo molecular pump with a
pressure of approximately 1 mPa (Fig. 2). This tube
consists of the following major parts : a pipe-shaped
carbon cathode with a bore diameter of 10.0 mm, a
trigger electrode made from copper wire, a stainless-steel
vacuum chamber, a nylon insulator, a polyethylene
terephthalate (Mylar) x-ray window of 0.25 mm in
thickness, and a rod-shaped targets made of copper,
molybdenum, and cerium. The diameters of copper,
molybdenum, and cerium targets are 3.0, 2.0, and 3.0
mm, respectively. The distance between the target and
cathode electrodes is approximately 20 mm, and the
trigger electrode is set in the cathode electrode. As
electron beams from the cathode electrode are roughly
converged to the target by the clectric field in the tube,
evaporation leads to the formation of weakly ionized
linear plasma, consisting of molybdenum ions and

electrons, around the fine target.

2.3 Principle of characteristic x-ray irradiation

In the linear plasma, bremsstrahlung spectra with
photon energies of higher than the K-absorption edge are
effectively absorbed and are converted into fluorescent x-
rays (Fig. 3). The plasma transmits the fluorescent rays
easily, and bremsstrahlung rays with energies of lower
than the K-edge are also absorbed by the plasma. In

addition, because bremsstrahlung rays are not emitted in

—=156=

the direction opposite to electron acceleration, intense
characteristic x-rays are generated from the plasma-axial

direction.
3. CHARACTERISTICS

3.1 Tube voltage and current

Tube voltage and current were measured by a high-
voltage divider with an input impedance of 1 G€ and a
current transformer, respectively. Figure 4 shows the
time relation between the tube voltage and current
obtained using a copper target. At the indicated charging
voltages, they roughly displayed damped oscillations.
When the charging voltage was increased, both the
maximum tube voltage and current increased. Al a
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Fig. 3 K-photon irradiation from the plasma.
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Fig. 6 Images of copper plasma x-ray source.

charging voltage of 50 kV, the maximum tube voltage

was almost equal to the charging voltage of the main

condenser, and the maximum (ube current was
approximately 20 kA.
3.2 X-ray output

X-ray output pulse was detected using a

combination of a plastic scintillator and a photomultiplier.

The x-ray pulse height substantially increased with
corresponding increases in the charging voltage when the
copper target was employed (Fig. 5). The x-ray pulse
widths were about 700 ns, and the time-integrated x-ray
intensity measured by a thermoluminescence dosimeter
(Kyokko TLD Reader 1500 having MSO-S elements
without energy compensation) had a value of about 30

#C/kg at 1.0 m from the x-ray source with a charging

Vol.20 No.3 (2003)

voltage of 50 kV,

3.3 X-ray source

In order to measure images of copper plasma x-ray
source, we employed a pinhole camera with a hole
diameter of 100 pzm (Fig. 6). When the charging voltage

was increased, the plasma x-ray source grew, and both

Xoray rube Imaging plate

Noaay somire

Curved crvsal Foral curele

Fig. 7 Transmission-type spectrometer using an
imaging plate.
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Fig. 8 X-ray spectra from weakly ionized copper and
molybdenum plasmas.
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Fig. 10 X-ray divergence using copper and molybdenum
targets.

spot dimension and intensity increased. In contrast, both

the dimension and intensity decreased according to

insertion of the monochromatic filter.

3.4 X-ray spectra

X-ray spectra from the plasma source were
measured by a transmission-type spectrometer with a
lithium fluoride curved crystal of 0.5 mm in thickness
(Fig. 7). The spectra were taken by a computed
radiography (CR) system [17] with a wide dynamic
range, and relative x-ray intensity was calculated from
DICOM digital data. Figure 8 shows measured spectra
from the copper and the molybdenum targets. In fact, we
observed quite sharp lines of K-series characteristic x-
rays such as lasers, while bremsstrahlung rays were
hardly detected. The characteristic  x-ray intensity
substantially increased with corresponding increases in
the charging voltage and decreased with insertion of the

filter.

3.5 X-ray diffraction by slits

In order to measure the difference in characteristics

158 —

between x-rays from a conventional tube and these from
the plasma tubes, we employed two lead slits in order to
measure the divergence of the x-rays (Fig. 9). As
compared with x-rays from a conventional tube with a
tungsten target, the characteristic x-rays from lincar
plasmas of copper and molybdenum were diffused

arcatly after passing through the two slits (Fig. 10).

4. RADIOGRAPHY

The plasma radiography was performed by the CR

system (Konica Regius 150)  without using a
monochromatic filter, and the distance between the x-ray

source and imaging plate was 1.2 m.

100 pun wire

Radiograms

20 pun wire

25 mm

-

>

Fig. 11 Radiograms of tungsten wires 50 and 100 ;m in
diameter, respectively, coiled around pipes
made of PMMA

Fig. 12 Radiogram of water spouted from an injector.

Table 1 K-series characteristic x-rays of copper.
Line Relative intensity | Photon energy (keV)
| 100 8.046

K. 50 8.026

K 150 8.040

Ky 6 8.901

K 20 8.904

[ FH i {4 i ey



using a 30 pun
molybhdenumn filter

no filter

Fig. 13 Radiograms of concentric-circled steps of 5.0
mm made of PMMA with a maximum height of
25.0 mm.

S0 pun tungsten wire

Fig. 14 Angiogram of the external ear of a rabbit.

Table 2 K-series characteristic x-rays of molybdenum.

Line Relative intensity | Photon energy (keV)
Ko 100 17.476

K. 50 17.371

Kai s 150 17.441

Ky 17 19.605 ]
K 7 19.587

Table 3 K-series characteristic x-rays of cerium.

Line Relative intensity | Photon energy (keV)
K 100 34.714
K 50 34.273
Kz 150 | 34.560
Ky 22 39.251
Ke | 10 39.163

Vol.20 No.3 (2003)

achieved with a copper target (Table 1) with a charging
voltage of 50 kV are shown in Figs. 11 and 12. Figure
11 shows radiograms of tungsten wires coiled around
pipes made of polymethyl methacrylate (PMMA). The
image contrast of a 50 gem-diameter wire around pipe
was lower than that of 100 gzm wire, and the wires were
almost completely visible. Next, the image of water
spouted from an injector is shown in Fig. 12. This image
was taken using an iodine-based contrast medium added
a little. Because the x-ray duration was about 1 ps, the
stop-motion image of water could be obtained.

Figures 13 and 14 were obtained by a
molybdenum target (Table 2) with a charging voltage of
50 kV and 45 kV, respectively. Figure 13 shows
radiograms of concentric-circled steps of 5.0 mm made

of PMMA, with a maximum height of 25.0 mm, at a

(it

Iodine microspheres C'evimum microspheres

30 mun

Fig. 15 Angiograms of extracted rabbit hearts.

200 jun tungsten wire

30 1

Fig. 16 Angiogram of an extracted dog heart.
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charging voltage of 50 kV. In this radiography, we

obtained almost identical contrast images. regardless of

whether the 30 yem molybdenum filter was employed or
not. An angiogram of the external ear of a rabbit is
shown in Fig. 14. The angiography was performed using
iodine-based microspheres of 20 pm with a charging
voltage of 45 kV, and fine blood vessels of about 50 ytm
are clearly visible.

Angiography using a cerium target (Table 3) at a
charging voltage of 55 kV is shown in Figs. 15 and 16.
Figure 15 shows angiograms of hearts extracted from
rabbits. These two images were obtained using iodine
and cerium microspheres, respectively. Where the cerium
spheres were employed, the coronary arteries were barely
visible, since cerium spheres transmit the cerium
characteristic x-rays ecasily. In angiography of a larger
heart extracted from a dog, using iodine spheres, the

coronary arteries were clearly visible (Fig. 16).

5. DISCUSSION

Although photon energy of x-ray lasers has been
increased in laboratories around the world, it is difficult
to oscillate hard x-ray lasers with energies of 10 keV or
higher using ordinary methods. Also. sharp soft x-ray
lasers have been produced using a gas-discharge
capillary [18-20]. the signal to noise (SN) ratio having a
lower value assuming that the laser intensity is a signal.
As compared with these lasers, the SN ratio of
characteristic x-rays generated from weakly ionized
plasma is significantly higher il we assume that the
characteristic x-ray intensity is signal. In addition, Ky
absorbed by

monochromatic K. rays. In principle, in the characteristic

rays can be filtering to  produce
x-ray enhancement by spontaneous emission [21] from
weakly ionized linear plasma, coherent x-rays are never
produced. However, because the characteristic x-rays
from plasma are diffused after passing through two slits,
this diffusive mechanism must be solved. Recently,

several different x-ray lenses have been developed, and a

= 60—

polycapillary plate [22] is quite useful in order to
perform parallel radiography and to realize low-priced x-
ray systems. Therefore, we plan to perform quasi-
monochromatic parallel radiography in conjunction with
this generator. In addition, the refractivity of these sharp
x-rays, because of diffusive characteristics, is a matter of

great interest.
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Abstract :

2,2003, in final form, July 16, 2003)

To eliminate rib opacities on chest radiographs for quantitative evaluation of diffuse lung opacities,

we developed an automated segmentation algorithm of rib opacities on chest radiographs. In the first step, a
region of interest (ROI) was selected on chest radiographs, and unsharp mask filtering was performed for
background density correction. In the next step, a Laplacian-Gaussian filter was used for the enhancement of rib

opacities

next, the image was binarized on the ROI with a multiple-threshold method :

and then a

morphological filter was used for elimination of noise components. A parallel translation algorithm. Hough
transformation, and polynomial approximation were used for estimation of the smooth contours of rib opacities.
Finally, the rib opacities on the original ROI were determined by use of these estimated rib opacities as templates.

Key words :
approximation
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Selection of an ROI for the upper lung field
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Filtering by unsharp mask for background density correction

|

Filtering by one-directional Laplacian-Gaussian filter

Binarization

Elimination of noise components

Correction of rib contours

Fig.1  Overall scheme for automatic extraction of rib

opacities in chest radiographs.
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Fig.2 Profiles of the Laplacian-Gaussian filter.

(a) Two-dimensional Laplacian-Gaussian filter.
(b) One-directional Laplacian-Gaussian filter.
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Parallel translation

—point 4
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10 100
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alpoint 1 threshold
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(c) (d)
Fig. 7 a) . Image of rib contours. Thick part on the /2

shows part to be corrected. Thick part on /1
shows a part which is referred from /2. (b) :
Image of rib contours corrected by parallel
translation. (c) : Differentiation of /2 (d) :
Differentiation of /1
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Fig.8 /in x-y plane (a) is represented by a point (7.,

f;)in Hough transform parameter space (b). r
is the distance from the origin to / and, # is the
angle from the x axis to the perpendicular to /.
points A and B in (a) are represented by two
sine curves in (b). These curves cross at a
point (r,, #) in (b).
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Fig.9 Hough transformation is performed on thin rib

contour in x-y plane (a). Points which
constitute the thin rib contour in (a) are
represented by sine curves in parameter space
(b).
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Fig.10 (a) : The lines generated by Hough
transformation. (b) : Image of polygonal line
which approximates the lines in (a).
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Fig. 11 Correction of rib contours. (a) : Binary image,
(b) : Corrected image. Rib contour /1 is
obtained by use of parallel translation. Rib
contour /2 is obtained by use of Hough
transformation

(a)

Fig. 12 Polynomial approximation. (a) : Image of rib
contour. A thick line on the rib contour shows
the portion to be corrected. This portion is
corrected by polynomial approximation. (b) :
Image of rib contour corrected by polynomial
approximation. (&=0.003, & =-0.587, a.=
140.884)
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(a) (b)

Fig. 13 Correction of rib contours. (a) @ Binary image.
(b) : Corrected image. Rib contour [1 s
obtained by use of parallel translation. Rib
contour /2 is obtained by use of polynomial
approximation.
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Development of Identification Method of Sylvian Fissure
on Brain MR Images
Norio Hayashi, Shigeru Sanada ', Masayuki Suzuki ', Yukihiro Matsuura
Graduate School of Medical Science Kanazawa University,
5-11-80, Kodatsuno, Kanazawa, Ishikawa 920-0942, Japan
School of Health Sciences Kanazawa University,
5-11-80, Kodatsuno Kanazawa, Ishikawa 920-0942, Japan
Kanazawa University Hospital,
13-1, Takara-machi, Kanazawa-shi, Ishikawa 920-8641, Japan

Abstract : MR imaging is a very important method for the diagnosis of intracranial lesions. A measurement of
the volume of the temporal lobe is a very useful method in diagnosing temporal lobe abnormalities. Therefore we
develop the algorithm of the automated volumetry of the temporal lobe. However, it is often difficult 1o segment
the temporal lobe. The Sylvian fissure is an important index for the segmentation of the temporal lobe. The
purpose of this study is to develop the algorithm of the automated identification of the Sylvian fissure. We
studied 10 normal volunteers and 2 patients who were suspected of Alzheimer disease. We performed the
following four steps : (1) Segmentation of the brain on coronal images. (2) Edge enhancement of the y-direction
on sagittal images. (3) Hough transform on edge-enhanced images. (4) Correction of R-L direction and S-1
direction. In results, this method proved to be able to identify the Sylvian fissure on coronal and sagittal MR
images in normal volunteers and patients. It is concluded that the Sylvian fissure identified by this method is a
very useful index of the segmentation of the temporal lobe.

Key words : Sylvian fissure, Hough Transform, MRI
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Fig.1 Boundary line of the temporal lobe on a sagittal
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Flowchart for the detection of Sylvian fissure on
coronal MR images

Fig.3 The steps of the identification of the sylvian
fissure (a) The coronal image, (b) MPR
(sagittal), (c) The sagittal image, (d) The
segmentation of the brain on the sagittal image,
(e) The edge enhancement on the sagittal

image (f) The result of the Hough Transform
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Fig.5 The steps of the correction. (a) The result of the Hough Transform. (b) The plot of the result of the Hough
Transform on the coronal image. (c) The plot of the result of the Hough Transform on the coronal image.
Square shows an area of 15 plots. (d) The median of the 15 plots in the area. (e) The result of R-L correction.
(f) The result of S-1 correction. (g) The identification of the sylvian fissure.

—172

[ 1 17 {2 1

H 2t Anff 24
{27 23 HEal



P /Jbtrbzﬁc')m WKW (% % /3. Fig. 7(b) (24 [n] o> 45t & Bt % e AR

INT LRI K o TRO R MEHRE b 2122 Wifgiz7wy b LAbDOTHS. Fig. 7(c) (Tt ikIE
Wy AR A ERET A % Fig. 4 l2R$. NTE BB MEEDFI A FHTIFL—ALLLD
iz ko TROIEPEHT S L E 7 AROMHE L Chb., AFTikIZL - T, MEESNNO LisO3ESR
EEICIE—HLTwav(Fig.5(a)). KIKE{&ET ThbI Ny AT RIFIZEHETE .

i L A A ki @i 7oy h+a LI LEY FlT I INAT—DEEWTH m’q,-;am, AHE

\IIJ fﬂr‘» )1I|J iT h oy S Flg S(b) ). Z ?’IU) . U\l“lf{ iz fJH—’a)Tlll S ’1 Flg 81 —ii. i :":‘ﬁ;l
MR EMRIBEIZBWT, Y LEYARDOT vy I L U)J’)ZJ BT b IEFEAER) & IHH.-\-.-‘/ WA
06 i oo 2 f~ BARIICEBLTwa, Al RAEFGTS 2. [ CAER ORI % O % % Fig.

OEHBEEEOF R ITFHT L - A LR EIRET e o

LI FARB G ORS R [mEE 2 AT - TS O RS
¥ 7z [6] CAEB O LRI %2 B0 H#5% % Fig. 7 12 R ThHINLET AR fi-JUu-a:,;L,,;;;t-* % /

A~Y . Fig. 7(a) & MRI#{E THi($ L 2B #{£ T T, 12FEFR3EAA L E Y AZLL f,upr)uh 5

H. EhLAHECHTT, RAPSHTHIZMTTOE R L7z, £ 1 §l% Fig. 10(a) (2733, Zhid

Fig.6 Results on the sagittal images in a Normal patient. (a) Original sagittal images. (b) Results of the Hough
Transform. (c) Results of the identification of the sylvian fissure. (d) Manual tracing of the sylvian fissure on the
original images.

Fig.7 Results on the coronal images in a Normal patient. (a) Original coronal images. (b) Results of the identification
of the sylvian fissure. (c) Manual tracing of the temporal lobe on the original coronal images.
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Fig.8 Results on the sagittal images in a patient with Alzheimer disease. (a) Original sagittal images. (b) Results of
the Hough Transform. (c) Results of the identification of the sylvian fissure. (d) Manual tracing of the sylvian
fissure on the original images.

Fig.9 Results on the coronal images in a patient with Alzheimer disease. (a) Original coronal images. (b) Results of
the identification of the sylvian fissure. (c) Manual tracing of the temporal lobe on the original coronal images.
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