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On the Electronic Filing of Medical Images in Hospital

—_the Balance of Technical and Economical Problems —

Hiroshi

MIYAKE

Medical Information Research Institute, Kanto Teishin Hospital,

5-9-22, Higashigotanda, Shinagawa 141, Japan
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Development of Communication System for Medical Imagings using VRS
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Granularity of Dental X-ray Film
— Fundamental Investigation of Wiener Spectrum Measurement —
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We developed a 16 k dots x 100 lines Wiener spectrum measurement system using a

microscope-television camera system.  Heretofore, the granularity of film was evaluated from

Wiener spectrum using Wiener spectral value in the spatial-frequency independent region, but

this factor is determined by the measurement system and the film emulsion density and there

were problems in the evaluation of granularity. We established a new method for evaluating the

granularity from Wiener spectral values in the spatial-frequency independent region through Wie-

ner spectrum measurement system that utilized a microscope-television camera system as the

input device.
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A pulsed x-ray source operated at high repetition rates utilizing a triode for biomedical ra-
diography is described. ‘This source consisted of the following components: a high-voltage gen-
erator, a pulse condenser, a repetitive impulse switching system, a turbo molecular pump, and
a pulsed x-ray tube having a cold cathode. The x-ray tube was of the triode type which was
connected to the turbo molecular pump. The pulse condenser was charged from 30 to 100KV by
the constant voltage generator and was discharged repetitively by an impulse switching system
utilizing a frequency control system with a high time resolution. The maximum frequencies
varied according to the charging voltage, the condenser capacity, and the current capacity of the
high-voltage generator. The frequencies of this generator were less than 100Hz, and the pulse
widths of the pulsed x-rays were less than 300ns. The effective focal spot size was determined by

the diameter of the anode tip and ranged from 0.1 to 3.0mm in diameter.
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1. Introduction

Pulsed power techniques have been applied
to many kinds of radiation sources, e.g.,
electron beams 12), laser beams>4), and
x-rays 57).  In particular, pulsed x-ray sources
have been applied to investigations of high-
speed motions including the movements of
biomedical objects 8-10).

For the biomedical application of the x-ray
source, the maximum tube voltages of less than
150kV are employed in order to increase the
image contrast between bones and muscles.
Thus, the transmission lines of the high-
voltage pulsers for these flash x-ray generators
are quite simple. However, fine controls for the
x-ray intensity, the quality, and the -effective
focal spot size are desired.

The repetitive pulsed x-ray source !1-13)
a high

applied to two kinds of biomedical radiogra-

operated at repetition rate can be
phy: 1. the pulsed x-ray television system 13)
utilizing an image intensifier (II) system for
obtaining the frames of complete stoppage, and
2. the x-ray sources with high dose rates.

For this research, we developed a soft
pulsed x-ray source operated at high repetition
rates of less than 100Hz and measured the

radiographic characteristics.

—-108-

2. X-ray Source

The block diagram of the repetitive pulsed
x-ray source having a triode is shown in
Fig. 1. This source consisted of following
components: a high-voltage generator, a pulse
condenser, a repetitive impulse switching sys-
tem, a turbo molecular pump, and a pulsed
x-ray tube having a cold cathode. The pulse
condenser was charged from 30 to 100kV by
the constant voltage generator and was dis-
charged repetitively by the impulse switching
system utilizing a frequency control system (see
Flg. 2). The condenser can be easily changed

to the other capacities.

REPETITIVE
PULSE
GENERATOR

CONTROL
BOARD

POHER
SUPPLY [ ]

PULSE
CONDENSER

X=RAY

_—
T~

TURBD
HOLECULAR
PUMP

Fig. 1 Block diagram of the repetitive

pulsed x-ray source utilizing a triode.

A
=
HY o —X

Flg. 2 Circuit diagram of this generator.

A P 1 {5475 0 2 M o



The repetitive impulse switching system
employed the gas gap pulser system achieved
with a high-speed thyrister with a maximum
output voltage of about 30kV (see Fig. 3).
The frequency control system produced the rec-
tangular pulse by using an IC (ICL8038). The
frequency was controlled by the variable resis-
tor just beside terminal 8.

The x-ray tube was of the triode type which
was connected to the turbo molecular pump,
and consisted of the following major parts: a
rod-shaped anode tip made of tungsten, a ring
cathode made of molybdenum, a coaxial cable,
and a ring trigger electrode made of iron. The
trigger electrode was attached to the cathode
electrode just inside of the x-ray window. The
anode-cathode plane (A-Cp) space was ad-

justed from the outside of the x-ray window.

Beev 6 kv

+16V %

-

18 11 12

18V IcLBR38

X L
7 1A

L]

Flg. 3 Electric circuit of the repetitive im-
pulse switching system.
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3. Radlographic Characteristics

The single x-ray outputs measured by using
a pin diode are shown in Fig. 4. The radio-
graphic conditions are as follows: an anode
diameter of 1.0mm, a cathode diameter of
120mm, a diameter of trigger ring of 12.0mm,
A-Cp space of 3.0mm, and a total capacity of
about 10nF. They displayed the single peak
and the pulse height tended to increase when
the charging voltage was increased. The rise
times were quite long compared to those ob-
tained by using the diode tube. The pulse width
tended to increase according to increases in the
condenser capacity, increases in the A-Cp
space, and increases in the cathode diameter;
their values were less than 300ns. The time
integrated x-ray intensities of the single pulses

increased when the charging voltages and the

A-Cp SPACE 3 mm

ANODE DIAM. 1 mm

CATHODE DIAM. 12mm CHARGING VOLTAGE
NO FILTER 50 kV

/v’/\

il

0.2 ps/div

Flg. 4 Condenser charging voltage depend-
ence for the single x-ray outputs at

the indicated conditions.
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capacities were increased, and the intensities
under the previous conditions were less than
1.0x10°%C/kg at 1m per pulse.

The anode voltages for this triode tube with
a total capacity of about 500pF are shown in
Flg. 5. The maximum frequencies varied ac-
cording to the charging voltage, the total
capacity of the generator, and the current ca-
pacity of the high-voltage power supply. Since
the frequencies of the anode voltage were less

than 100Hz, the repetition rate of the x-ray
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Flg. 5 Anode voltages for this triode tube
at the indicated conditions.
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pulses of less than 100Hz were obtained. Since
the duration times of the x-ray pulses were very
small values compared to the times of the
repetition periods, the output of the repetitive
x-rays could not be obtained by using a digital
storagescope.

The effective focal spot sizes were primarily
determined by the diameters of the anode tips
and ranged from 0.1 to 3.0mm in diameter.
The x-ray qualities of the x-ray source tended
to become hard according to increases in the
charging voltage and increases in the discharge
impedance between the anode and cathode

electrode.
4. Radlography

Fig. 6 shows a radiograph of a right hand
achieved with a CR system14). The radio-
graphic conditions are as follows: a charging
voltage of 50kV, a repetitive rate of 20Hz, an
exposure time of 1.0s, and the electrode con-
figurations as in Fig. 4. The image of the
bones is clearly visible.

An angiograph of a uterus extracted from a
rat by using a contrast medium consisting of
mixture of Urografin and barium sulfate is
shown in Flg. 7. This soft radiograph was
achieved with Fuji Ix film with a charging volt-
age of 50kV, no filtering, a repetitive rate of
40Hz, an exposure time of 2.0min., and the

other conditions as in previous figure. The
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images of the capillary vessels were observed

with high contrast.

Flg. 6 A radiograph of a right hand

achieved with a CR system.

Fig. 7 An angiograph of a uterus extracted
from a rat achieved with Fuji Ix film.

5. Discussion

This pulsed x-ray generator operated at high
repetitive rates of less than 100Hz described in
this paper was constructed in order to construct
a pulsed x-ray television system utilizing the
VTR and to obtain high dose rate x-rays using
field emission.

Assuming that the charging line is the RC

Vol. 6 No2 (1989)

circuit, the condenser charging voltage as a
function of time V(1) (before main discharge)
is equivalent to the anode voltage and can be
represented by the following equation:

VO = Vo{1-ep(- L)) (1)

where ¥, is the DC output voltage of the power
supply, R is the resistance, and C is the total
capacity of the transmission line. Thus, the
repetitive anode voltage V(1) can be given by

a Fourier series:

(o=}
V.t) =a,+ 3 [a,cos2h% 4 b_sin 2N% ¢
4 ° n=1k " 7 " ¢4 )

o= ¥y {1=2 =€ "%)]
an=___%E_Vo 1-e°9)
a2 + (2n)?
" dnlyn 1 ( ay
- _e-
" az + (27”!)2
_ T
l\a = R_é ) (2)
where T is the repetition period. In order to

obtain the stable discharge by using the satu-
rating anode voltage of V(1) = V,, T must be
selected to have the value of T >4RC. When
a high-repetition rate of more than 30Hz is
employed, it is necessary to control the RC

=111=



conditions according to the following condition
for preventing the damped oscillation (c.f.

Fig. 5)

(3)

where [/ is the inductance of a small value
inside the condenser.

The pulsed x-ray radiography achieved with
the plural pulses of about 5 or 10 shots yield
the best results in order to obtain the stable
x-ray intensities. And the intensity ratio can be
increased by increasing the repetitive rate.

For the pulsed x-ray television system, since
the electromagnetic noise which was primarily
caused by the main discharge inside the gas gap
switch was decreased by eliminating a gas gap,
the noise-free images produced by the II sys-

tem can be realized.

Acknowledgments

The authors wish to thank P. Langman, K.
Nakadate and R. Ishiwata of Iwate Medical
University, and many reseachers of Japanese
Association of Applied Radiation for helpful
support in this research. This work was sup-
ported by Grants-in-Aid for Scientific Research
from the Iwate Medical University-Keiryokai
Research Foundation, the Private School Pro-
motion Foundation,

and the Ministry of

Education and Culture in Japan.

-112-

1)

2)

3)

4)

3)

6)

N

8)

9

10)

11)

12)

13)

14)

References

A. Mattson, O. Steinvall and A. Widen:
Physical Scripta 5 224 (1972)

D. R. Kania and L. A. Jones: Rev. Sci
Instrum. 57 863 (1986)

H. Rieger and K. Kim: J. Appl. Phys. 54
6199 (1983)

L. F. Champagne, A. J. Duras and N. W.
Harris: J. Appl. Phys. 62 1576 (1987)
R. Germar: J. Phys. E: Sci. Instrum. 12
336 (1979)

E. A. Webster Jr.: SPIE 348 682 (1982)
K. Shimoda and K.
Phys. 24

T. Yamamoto,
Hirano :
324 (1985)
E. Sato, H. Isobe and F. Hoshino: Rev.
Sci. Instrum. 57 1399 (1986)

E. Sato, H. Isobe, T. Fujiyama, et al.:
Jpn. Radiol. Phys. 7 7 (1987)

Jpn. J. Appl

H. Isobe, E. Sato, S. Kawasaki, et al.: Jpn.
J. Med. Imag. Inf. Sci. 6 19 (1989)

C. B. Collins,
Bowen: Rev. Sci. Instrum. 57 863 (1986)
E. Sato, S. Kawasaki, H. Isobe, et al.:
SPIE 981 202 (1988)

E. Sato, S. Kawasaki, H. Isobe, et al.: Jpn.
J. Med. Imag. Inf. Sci. 6 50 (1989)

M. Sonoda, M. Takano, J. Miyahara, et
al.: Radiology 148 833 (1983)

F. Davanloo and T. S.

B Y 4 2 Mo



Gs 30

Single-Flash X-ray Source Utilizing a Triode for Biomedical Radiography

Hiroshi IsoBe*, Eiichi SATO* Satoshi KAWASAKI*, Katsuaki SASAKI*,
Takeshi AKITSU**, Shoukou OIKAWA**, Yoshiharu TAMAKAWA**,
Toru YANAGISAWA**, Hiroyasu ARIMA*** Haruo OBARA****,
Yutaka OHTA****, Shogo SUZUKI**** and Hiroshi SEINO****

* Department of Physics, School of General Education, Iwate Medical University,
3-16-1 Honcho-dori, Morioka 020, Japan
** Department of Radiology, School of Medicine, Iwate Medical University,
19-1 Uchimaru, Morioka 020, Japan
s** Central Radiation Center, Tohoku University Hospital,
1-1 Seiryo-cho, Sendai 980, Japan
**+++ Department of Radiology, School of Biomedical Technology, Tohoku University,
1-1 Seiryo-cho, Sendai 980, Japan
(Received March 2, 1989, in final form March 8, 1989)

A high-intensity single-flash x-ray generator utilizing a triode is described. This generator
was constructed in order to obtain the stable flash x-rays at the low operating voltage of about
50KV and consisted of the following components: a high-voltage power supply, a coaxial oil con-
denser of 100kV-200nF, a gas gap switch having a high-energy trigger device, a low-impedance
coaxial transmission line, a turbo molecular pump, and a x-ray tube of the triode type. This
generator may be used for condenser charging voltages of 40-100kV and the peak currents of
10-40kA. The pulse widths of the flash x-rays were almost constant and their values were about
300ns. The time integrated x-ray intensity varied according to the charging voltage, anode-
cathode (A-C) impedance, and the diameter of the anode rod and its maximum value was about
5 x 10°C/kg at 1m per pulse. The effective focal spot was primarily determined by the diame-
ter of the anode tip, and it ranged from 0.5 to 3.0 mm in diameter. The x-ray quality of flash x-
ray source tended to become hard according o increases in the charging voltage and to increases

in the A-C impedance.
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1. Introduction

Recently, various types of flash x-ray gen-
erators and their radiographic systems have
been applied to the high-speed radiography for
investigations of high-speed motion!*4).  For
the biomedical applications, the high-intensity
generators have been developed by the
authors 5-10) since this high-intensity can in-
crease the signal-noise ratio of the radiographic
image.

A defect of these generators utilizing the
diode tube was the deviation of the x-ray inten-
sity at the low charging voltage of about 50kV.
For resolving this problem, a new high-inten-
sity flash x-ray tube was developed which had a
trigger electrode for producing electrons which
facilitate the main discharge.

For the flash x-ray spectra coming from di-
odes with a short A-C space (small gap imped-
ance), since the high tube currents are gener-
ated, there is a large amount of soft com-
ponents caused by the plasma x-ray
source 3+ 11.12) which consists of the mixture
of tungsten ions and electrons. And the anode
tips were vapoured and damaged by the high
tube current 2),

For this research, we developed a single-
flash x-ray generator utilizing a triode tube
operated in the region of less than 100kV and

investigated the x-ray characteristics.

-114-

2. Generator

The block diagram of the single-flash x-ray

generator triode is illustrated in

Fig. 1.

utilizing a
This generator consisted of the
following components: a high-voltage power
supply, a coaxial oil condenser of 100kV-200nF,
a pgas gap switch having a high-energy trigger
device, a low-impedance coaxial transmission

line, a turbo molecular pump, and a x-ray tube.

POMER
COAXI AL AR BUERLY
CONDENSER COMPRESSOR
x I
TRIGGER AR
GAP SOURCE CONTROL
— r— BOARD
TRigeer] _ | _ _ g
DEVICE LIGHT GUIDE
X-RAY TURBO
TUBE HOLECULAR |
— s PUNP
P
Flg. 1 Block diagram of the single-flash

x-ray generator utilizing a triode.

The circuit diagram of this generator is
shown in Fig. 2. The simplest type of coaxial
transmission line was employed for decreasing
the body impedance of the pulser. The pulse
condenser was charged from 40 to 100kV and
the electric charges were discharged by a gas
gap switch utilizing a high-energy trigger
device with a

Fig. 3).

small gas gap pulser (see

When the light pulse was input to
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Flg. 2 Transmission line of this generator.
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INVERTER)| CIRCUIT
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Flg. 3 Circuit diagram of the high-energy
trigger device.

10
GAS GAP

AAN
Yy

the photo diode, the electric signal from the
diode was amplified to an electric pulse of a
few volts by a transistor and transmitted to a
high-speed thyrister. When the amplified thy-
rister output of about 8kV (produced by using
a pulse

transformer) stimulated the trigger

electrode of the small

gas gap pulser, an
extremely amplified signal of about 50kV was
produced by the high-voltage pulse trans-
former. The trigger electrode was connected

Vol. 6 Na2 (1989)

to the anode electrode through a high-voltage
resistor.

Flg. 4 shows the structure of the high-
intensity demountable x-ray tube of the triode
type. This tube consisted of the following parts:
a rod-shaped long anode tip made of tungsten
with a length of about 100mm, a ring cathode
made of molybdenum, a ring trigger electrode
made of iron, and the return rods. The trigger
electrode was attached to the cathode electrode
just inside the x-ray window, and the space be-
tween the cathode and trigger electrodes was
less than 0.5mm. The anode-cathode plane
(A-Cp) space was adjusted from the outside of
the x-ray window for controlling the anode-

cathode (A-C) impedance.

RETURN
RODS

CATHODE

TRIGGER
ELECTRODE

Fig. 4 Schematic drawing of the high-
intensity demountable x-ray tube of
the triode type.
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3. Radiographic Characteristics

The flash x-ray outputs measured by using
a pin diode are shown in Flg. 5. The radio-
graphic conditions are as follows: an anode di-
ameter of 1.0mm, a cathode diameter of
15.0mm, a trigger ring diameter of 15.0mm,
and an A-Cp space of 3.0mm. The output dis-
played a double peak, and the pulse height
tended to increase when the charging voltage
was increased. The rise times were compara-

tively long because the triode tube had a high

| CHARGING VOLT. 60kV

: A-Cp SPACE 3mm
— | ANODE DIAM. Tmm
= | CATHODE DIAM. 15mm
S| NO FILTER /j\
)
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<<
R S LN
e
Pt
—
=
L=
>
< |
o
U
>

0.2 ps/div J

CHARGING VOLT. 80kV

- A-Cp SPACE 3mm
= | ANODE DIAM. 1mm
Z CATHODE DIAM. 15mm
i NO FILTER
@
o
=
=
=
[=9
—
=
o
>
< el
] :
>

0.2 ps/div

Fig. 5 Flash x-ray output according to
changes in the charging voltage.
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A-C impedance. The pulse widths were almost
constant and their values were about 300ns.
The time integrated x-ray intensities of the
flash x-rays under the previous conditions in-
creased only when the charging voltages were
increased due to the high A-C impedance. The
maximum intensities at these conditions were
about 5.0 x 106 C/kg at 1m per pulse.

The effective focal spot sizes were primarily
determined by the diameters of the anode tips,
less than 3.0mm in

and their values were

diameter. But when the plasma x-ray source
was produced at the anode tip, an expansion of
The

the effective focal was observed.

spot
x-ray qualities of the x-ray source tended to be-
come hard according to increases in the charg-
ing voltage and increases in the discharge im-
pedance between the anode and cathode elec-

trodes.

4. Radlography

Fig. 6 shows a flash radiograph of a hen
achieved with this generator, and the radio-
graphic conditions are as follows: a condenser
charging voltage of 80kV, a film-focus distance
of 1.0m, no filtering, and the other radiographic
conditions as in Fig. 5. The fine structure in-
side of the body and the bones of the wings are
clearly visible. By using this generator, the
high-speed radiographs of various portions of

the human body can be obtained.

5 P i {57 S 4 S



Filg. 6 A flash radiograph of a hen.

5. Discussion

The fundamental studies for this single flash
x-ray generator was performed in order to pro-
duce stable x-rays in the low charging voltage
region of about 50kV, and it was possible to
decrease the tube current by increasing the
A-C impedance caused by the long radiation
gap. Since this generator has been just devel-
oped, details of the x-ray characteristics have
not been measured.

For the trigger current, j(¢) is approximated
by the following equation:

j) = V@) (R+Rg(1)) (D
where V(1) is the tube (anode) voltage, R is the
trigger resistance,

and Rg(t) is the discharge

resistance. In these experiments, trigger resis-
tors of 500k-10MQ were employed, but the
x-ray intensities seldom varied according to

Vol. 6 Na2 (1989)

changes in the resistance values.

Generally, the flash x-ray pulse width
achieved with a diode tube tends to increase as
the A-C space is made larger. But it is not
easy for the diode tube to produce flash x-rays
with a long pulse width of about 300ns, and the
spark discharge inside of the x-ray tube with a
large impedance is not stable.

The x-ray quality of the source was deter-
mined by the average voltage of the x-ray tube,
and the time average value <V> is given by

the following equation:

r Vo). Z@)

— )
o ZotZ()

1
<V> = ‘“i,- 5
where T is the duration time of the flash x-ray,
V(1) is the condenser voltage, Z(t) is the A-C

impedance, and Z, is the body impedance of

the pulser. Thus, the A-C impedance of this
triode is considered to be a large value, and a
harder x-ray quality (compared to one obtained
by using a diode tube) was obtained. ~When
the plasma x-ray sources were focused, the ef-
ficiency of the electron beam to the x-rays rap-
idly increased. But this source consisted of the
low photon energy components of less than
10keV.

For the electrode configurations, long an-
ode tips were desired in order to converge the

electron beams to the anode tips.
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The Society for Computer Applications in Radiology (SCAR)
is for you, if you:

« use compulers « run a radiology department ¢ buy computer-based imaging equipment
« are in research involving computers in radiology

At last. there is a Society for all of us who are realizing that computers are becoming an in-
dispensable part of our daily radiologic practices. Computer generated and manipulated
images. image transmission and display, radiology information management, and decision
support systems are all becoming an important part of state-of-the-art radiology. We all
have to use computers today in radiology. whether we enjoy working with them—or find
them aggravating.

The Society for Computer Applications in Radiology (SCAR) has been formed to help you to
stay abreast of what's new, help you understand existing computer-based technology. and
surround you with a network of others who share your belief in the importance of computers
in radiology. As @ member, you are Invited to attend our first membership meeting on
Wednesday, November 30, at RSNA in Chicago. Please contact the SCAR office at (717)
763-7053 for more information.

Here are some of the benefits of membership:

« A subscription to The Journal of Digital Imaging, a new publication from the W. B.
Saunders Company, edited by Roger A. Bauman, M.D., of Massachusetts General
Hospital.

« Reduced registration fees to attend selected conferences, such as the 10th Conference
on Computer Applications in Radioclogy, which is being planning for the Spring of 1990.

= Participation in specific projects and interest groups.

« Networking with colleagues, which is ultimately the best form of exchange for new
ideas and concepts.

For more information on this exciting new opportunity and membership benefits, call (717)
763-7053 or write to SCAR Memberships at the Society for Computer Applications in
Radiology. P.O. Box 608, Camp Hill, Pennsylvania 17011-0608.
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