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Image and Instrumentation

— The Education: In the Case of Chiba University —

Souichi KuUBO

Department of Image Science and Engineering, Faculty of Engineering, Chiba University

1-33 Yayoichd, Chiba 260 Japan
(Received March 13, 1986)

This is a brief introduction to image science and engineering education at Chiba University. A

short history and the present status of the education are given, and an outline of the newly established

PhD program in image science is described.

1. L &I

s g 2EGO I3 EEEEHE LT
Wh, BEIMEOWKE TIERSHELT HHE7)
AT LS, BHBEIHRITE L D ORFETFRO
SAHTHA SN, £, SWROMBEEA
BEkic bEEIIERTH Y, CORHTOIEH
bILRITITOh TV A,

BETIE, BEREMEUADE { OB
Y27 Lh8, BERRPEEOMBTHA SN,
SelEEi A K A AEEN tool & LTEBMSINS
EHiCt 1z, E1, tHBECED media & LT

Vol 3 Na2 (1986)

DOl bERHTRE W,

KEIC BT HEGHERORBIISEETEIH
BXNBbDOTHAH, T TICHEHBITET 55
HECOWTTFEREOHAEAHNT H6DTH
%o

2. I© d
il AT LORGEANTSH 2EHOHHH
RETEE - 7201, 19084 5THEIAY: L3,
19104E BLEF A ToEHic B W THIc B EAL

OHEHHEONIBEEL OND, BHORMH



Hixh L 0 LN TI9I5FIC H R ENT PR
(B« HEERAS) ICRiE Sh B EEHD
oisE -7,

BEOTHEAF T EME R TFRHE, ToHKE
ERr RGP ZONVN— Y ERD LT EN
T&5,

Ly), ERESIGAEERE L THRE shiR
BFE RN, 1926MIC @S LEPR (R T
A TE) KBESh, BRTEREEE,
HETEM, BUELERGEHROBOED L4k
CHHAZE L, FHAFEE LTTFRRACHS
ShTikd, LECEHEamE SR, 5aHkE
T2k, BHITERZEOBHAZET, SHOME
BT FRHZE->TWV 5,

COMICHENE b AIRICZEL, YP0HHR
EWEE» S, BEOLSIKHEEA ZO—-HILE
Ll TARIT T - 12, FORELZ BB S
TERIDLHICNES,

£ TEAFTESEE LFRORBK
(1 —HETF
2 —HBHEALYF « IGH G
3 — A R T e
4 — EREH R T
5 — MH Ly
6 — G TR
\ T — R B

BEO TR TR, mEEHoHEHEI
BIFE T AR E LT RIS m @ IsH TR D
Hb, COFRBHRBIBROBEL AL L TR
BLTX/:bDT, 20or—YEREGFLEY
B (B i TERY) KRHEILENTES,

@&I?ﬂﬁ

ERIEH T FROBHERRIIR2 DL ITE 5.

2 TEAETFHEGIGH TEROMK
(1 — BRI L
2 — HI) T2
3 — ISP R T2 e
@&Em1¥ﬂ14—@&ﬁﬂ%ﬁ&
5 — UM EE Y-
6 — FNRIEE 7
L7 — G e

3. FTEXRELHITIERBEREORE

AIEICEC L 2o ek L O EgIEH Lk
A & A KB LEMAR « BETFESHE
JOHIB T FHH (& biciELdE) &, &6
[ECFEE o B R A @A 4 A Kb B ARRERE
BUFRE - R EHIE L UHEE - MEMEY
¥ (& biIcERE) PTEFCELTERD
FEBLUHEICHEFETIHATHS, Lok
BT LEERIDLDITNE D,

&3 TEXFCETHEEMEREOFR - R

MR Tt
T % & {
UG ToFF
) BHTFHIK
Kefbeds L {
EIIRY) o 5
) HERTFHI
RFbe LR {
¥ - YEA R

* (HFN625FRER R T3E)

L#EDI B, K¥ERETFRATERICET S

B R o st



ﬁ@%%ﬁtf%ﬁtﬁﬁﬁ?béucnﬂﬁb
T.k?ﬁﬁtﬁ&ﬂ%ﬂBﬁ@ﬁﬁbtaﬁf

56ocoﬁﬁﬂ$%éﬁﬁﬂﬁ.iﬁﬂﬁﬁﬂ.

5 - IR, R EI SR
ARG LEERE D> > 3 AEMIICE > T 1 2R S
N5 ENTEINTV S,
mmmmﬁxnﬁasnamﬁﬂ%@mm.m
EL?.VX%AI%.%M%%H%.EMEE
SRR, M TOE, MR O 6 BED
6&0,&§mk$%%&ua1maucném
ﬁﬂmﬁﬁ.ﬁaﬁxvﬁmwﬁ%%ﬁowmﬁ
mﬁﬂﬂﬁ%mfbao%mﬁmmﬁﬁém%ﬁ
FHig 4 DML TH Ao

£ FHNEEEESEO MR (TR
g a T
(2 F ff
AR
PR B
N BALER R
s ¥

S BT

aF i e

tﬁ@ﬂ%ﬁﬁﬁﬁéﬂ%;éw.ﬁMﬁﬂﬁ
?ﬁ%ﬁ.@&lﬁ.%?lﬁ-ﬁ?.b@%.
%%ﬁ&“ﬁmﬁﬁﬁﬁ%ﬂﬁb,%mﬂﬁﬁﬁ
%I*,Ei.ii.ﬁﬁ$®§¥%mﬁﬂfw
%o

RO EHEAFONEORELKICLT .

O@Qﬁmiﬁﬁﬁmmﬁﬁm.Qﬁﬂmdﬁ

%M.%@ﬁmﬁﬁ%ﬁ%.ééwﬁﬁﬂﬁ

Mf&%ctﬂéb.%mﬁmﬁ@ﬂmwﬁ

Vol.3 N2 (1986)

wERNFTIREE LTy — vatil
v —ic X BEHH, EifgT— 7B, S5
i igskA B L 7B s AT o SR BT A%
5. RBRKICTTRETHBSNS.
(EifgeE) g, Fon, TERALERIC
B B TE, e AR, SRR
0457 4—, HFOEGLERITE,
(EgEHR) ; EgEHRIOER, FROL
®&¥£$U$a¢974—ﬂ8%ﬂm¢6
Seagse g — O B LI E .
(@&Mﬂﬁ);@%@&%$b&bf.@
BAREO 7 v 5 VIR, I, BT
TORELSIEHE T,
OE&ﬁmilivxfbmxéﬁﬁﬁﬁwm
@W.b@%@%ﬂ%ﬂé&m@ﬁﬁﬂm@
&vx%a%ﬁ«mmmoﬁaﬂmmﬁd<
o2 7 LN, BRSO HBLicBl
L=, 3, EXMBEARL L OPRE
9. #BIXONETHINS,
(@il FBH S L OFFE) ; B 2T LD
ﬁﬁK£U6%Eﬂm.©EMEﬂﬁ®m%.
@i e o0 E B & 2 0 FBULE E,
(ERESERG) BRI A T A8
E&ﬁﬁﬁQVZ%A.@&mmﬁE-Eﬁ
B,
(EREREE)  FAO/HEL OMILOEE
ﬁ@&UEKML.ﬂvea—a—MEm;
BRRTEETE
o MEEEAY | EEEg, FHERLETN
Tﬂ&ﬁﬂ@ﬂm-mmﬁﬁﬁmiéﬂﬁ-
SERICIES € &S AL, 5, BHIC
AHENBTXTOHE - BtEROT V7



vRBOFik, AR, BRI L THRET
9, BERIBKONETEHMLND,
(REMEHETRER) ; SRS 27 4o
WTaw L, THhooftlER s iliis &
LOBEHICOVTRT B,
(HHHLEER) ; BEE2EUIXToRDE

B EEBIUMBO HEEZRL, SoicH
REOHEEAOBHRITOVWTEET 5,

o ERAEHIFLY: | IR D O IRREF A £
THg, X, mESSEEEOERE
Hb., ThoDEEHD>ERIER &hE
FITL AL ALT 5 oD IES L T¥ 0l L b
tE|EH, 77— ~— 24k, FriERiT, O
MBS RAMICIRT 5, #RIIKRDL S
i sh s,
(EEFtEaty) ; ERERE, ERH
itifl, EEREEHALERE S &,
(E#HEHTE) BT — 5 ~—2, B
M-, GHRBZWIE, EREHRIHRNT, Wb
i v 2 7 LRI &,

VL EASatiits sl RO SR FORET
Hb. SHEDFITIE 2~3BOHELKES N
o

FHFN624ERE & 0 B T EO K - WHBFH K
i3, BERRE, MEEEREE, EEERE,
PIEBESERE, BRI EORBELST
ESNTWS, ZhodHb, BERICHET S
D& LTHRIENEIERENRD 5, TOHREO R
&5 ITRd,

£ BEAEEREOME (BIASY)
(BRI L
B HEGI ¥
IR T2k L2
FRRREYER EL 7
FIRIFEHEE
BRI
\ RiFE

@R

£ H5 5 X, BIEREFREESRERD S
OEFEIG, Grm, Bl s i s
A REB L MBI 2R AL, B
bicfb o S 2 8asKEv. LoL,
% { OBIRAEE b @R O E) 5 &5
DR/ >BEBOBEL SN TS,

4L £ & 8

FHERZICB G 5 ERMEDHIZ L HE T, £
Yt CHIC 25D tool & L TOE R IC
BED, BETHEHOAL ST ZORTENK
% Oy A7 L5205 LKoo 5
HEDiCiE-» 1. FRC, BBARFEHFFAO media
HH0F tool ELTIEHT A55%FA5 L,
Z DR H R ERORBOFHEROFE,
BIZH 20 EHDICE > DX HBABENL S,
Lo@shoEZNE, KEOKFRE KRR
BHEFO L5 1T 2% h S PR ERD THY
FEEMKT A LMD THEULGDOTHS L
mAEL D LEM-T, FPREFH L~ vomig
POl EE 3 #R)  ToE s Lidn, T
B r Homr RSO RMA FAKE LT, @

B R {5 o e e SE



Gic 4 % GPIFO BB AFR L ~VTITI L
LOHENTHALLEEAL S,
PLE, FilEASics Y AHGEaHRIICBET 5

Vol.3 Na2 (1986)

HEHEOBEARY L1z. CONFOEROH
ERAEBANOEERLTELDOTH S,



Construction of the Serial-Exposure Type of High Intensity Flash X-ray Generator
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The construction of a serial (triple) exposure type of high intensity flash x-ray generator having
variable energies for biomedical radiography is described. This generator consisted of the following
components: two high voltage generators (positive and negative), two voltage dividers, two types of
high and low voltage pulsers with gas (SFe) gap switches, small-sized trigger devices with a voltage of
about -50 kV, a trigger control system with three light outputs with a time resolution of under a
microsecond, a high power gas diode with three terminals using field emission, one turbo molecular
pump, and two evacuated remote flash x-ray tubes, each of a new and different type with a coaxial
cable. In the case of using a single flash x-ray tube, the pulsers were charged to the same or different
energies from -100 kV to +100 kV by using two voltage dividers and were connected to the flash x-ray
tube through a high power diode.
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1. Introduction

The flash x-ray technique is a special kind of
radiography that can be used in high speed
studies to produce the complete stoppage of
various phenomena such as ballistic events, crash
injuries, explosions, and others!*2). And several
different types of the flash x-ray sources used in
the radiography of various objects have been
reported by previous authors®®),

In the conventional x-ray generator with a hot
cathode tube used for medical radiography, the
x-ray tube current is of some milliamperes. The
flash x-ray generator with a cold cathode tube
using field emission must have a large current
capacity of more than 10kA to obtain high
intensities for biomedical diagnosis, since it has
an extremely short exposure time of less than
1 us’"12),

In the application of the serial-exposure type
of flash x-ray generatorn’ 14) to biomedical
radiography, high intensities are desired in order
to obtain clear images even when using low dose
digital radiographyls). However, when using a
stroboscopic x-ray source with a high voltage
transformer which is switched at lower voltages,
extremely low intensities are obtained because of
the low current due to the high inductance and
the electric resistance of the transformer®:16),
On the other hand, in the case of employing a
repetitional pulsed flash x-ray source utilizing a

high power supply, only low intensities are ob-

Vol,3 No.2 (1986)

tained since this pulser has a small electrostatic
energy due to the small capacity of the con-
denser for increasing the pulse frequency up to
10Hz!7.

In this paper, the construction of a triple
exposure type of high intensity flash x-ray appa-
ratus having variable energies and its principle of

operation are reported.

2. Generator

2.1 X-ray pulse generator

A block diagram of the triple exposure type
of high intensity flash x-ray generator having
variable energies is shown in Fig. 1. This genera-
tor consisted of the following components: two
high voltage generators (positive and negative),
two voltage dividers to charge many condensers,
two types of high and low voltage pulsers with

gas (SFg) gap switches, small-sized trigger devices

TRIGGER
CONTROLLER
+100 kv
—r :
HIGH % O FXT
VOLTAGE o
GENERATOR g & FxT
L
® 38
L —]
@ -
HIGH § E
VOLTAGE 3 g
GENERATOR 8 £ §
2 3 3
L = =
=100kY

Fig. 1 Block diagram of the triple exposure type
of high intensity flash x-ray generator
having variable energies for biomedical
radiography.



operated by light through fibers with a voltage of
about -50 kV, a trigger control system with three
light outputs, a high power gas diode with three
terminals using field emission, one turbo molecu-
lar pump, and two evacuated remote flash x-ray
tubes, each of a new and different type with a
coaxial cable.

Each pulser had two condensers (100 kV—
0.1 uF) and could easily be changed to high or
low voltage (see Figs. 2—4). The electric circuit

of the high voltage pulser employed a modified

£ T
50 ~ ﬂ()()lnl-_1 I__' TR'_
m Al o —ﬁ&{

C /I\c

-
(b)

(a)
Fig. 2 Circuit diagram of the high and low

voltage pulsers: (a) low voltage
pulser; (b) high voltage pulser.

-
]
ST

(a) (b)
Fig. 3 Actual circuit diagram of the pulsers:
(a) low voltage pulser; (b) high voltage
pulser.

i ) Nl

Fig. 4 General view of three pulsers.

Blumlein circuitla), and, therefore, this pulser
produced twice the energy of the condenser
charging potential and was negatively charged.
On the other hand, in the low voltage pulser cir-
cuit, since two condensers were connected in
parallel and were positively charged, the pulser
produced the same energy as the charging poten-
tial.

In the case of using a single tube, the pulsers
were charged to the same or different energies
from -100 kV to +100 kV by using two voltage
dividers and were connected to the flash x-ray
tube through a high power diode by using gas
insulation connectors!?). On the other hand,
when using multiple tubes, the pulsers were con-

nected directly to the tubes without a diode.

2.2 High speed impulse switching system

The block diagram of the high speed impulse
switching system is illustrated in Fig. 5. This sys-
tem employed a light communication system to
prevent the electrical shock of the impulse volt-

age and consisted of the following devices: a



TRIGGER
DEVICE
TRIGGER
TRIGGER GAS
DEVICE Gap
SWITCH
CONTROLLER i
LIGHT FIBER
LIGHT
TRANSMISS]ON TRIGGER =,
NIT DEVICE
LIGHT
RECEIVER

Fig.5 Block diagram of the high speed impulse
switching system.

trigger control system having two types of units
for short and long delay control, three light
transmission units using light emitting diodes,
light fibers, light receiving units using photodi-
odes, small-sized and high energy trigger devices
using Krytron tubes, and high speed gas gap
switches filled with SF¢20).

When a electric delay pulse from the control-
ler was input to the light transmission unit, the
unit converted this electric signal to light. The
light signal transmitted through the fiber was
converted to an electric signal again and was
amplified to a few volts by the light receiving
unit. Next, when the electric signal was trans-
mitted to the trigger device, its extremely ampli-
fied signal of about -50 kV stimulated the trigger
electrode of the gas gap switch, and the condens-
er charge of the high voltage pulser began to
discharge.

Fig. 6 shows the electric circuit of the trigger
device for the gas gap switch which employed a

three-stage pulse switching system using a

Vol.3 Ne2 (1986)

151588 Y

Fig. 6 Circuit diagram of the trigger device
using a Krytron tube.

Krytron tube designed by Eiichi Sato20-21),

The condensers of (a) to (c) were charged to
the suitable values for operating by using the DC-
DC converter of (d) and the circuit of the poten-
tial divider, and these charges were discharged by
the three-stage switching system.

In the first stage, when the light receiver
produced the electric signal and transmitted it to
the base of the switching transistor of (e), the
charge in the condenser blocked by the transistor
began to discharge. At the same time, this dis-
charge current was disturbed by the resistor of
(), and transmitted to the gate of the thyristor
of (g). In the next stage, as the condenser charge
blocked by the thyristor was discharged, the
electric potential of about 200 to 300 V stimu-
lated the grid of the Krytron tube (h). In the
final stage, an extremely high voltage pulse of
.50 kV was generated by the secondary coil of
the pulse transformer when discharging the
charge to the primary coil by using a Krytron

tube.
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The structure of the low impedance and the
high voltage pulse transformer designed by Eiichi
Sato is shown in Fig. 7. This device employed a
ferrite core of EIC 90, and the primary and

secondary coils consisted of 10 and 100 turns,

SECONDARY COIL

PRIMARY

FERRITE CORE

EPOXY RESIN

40mm
—_—

Fig. 7 Structure of the low impedance and the
high voltage pulse transformer.

respectively. The primary conducting wire of
1.6 mm in diameter was covered with a polyvinyl
tube, and the secondary wire of 0.6 mm in diame-
ter was covered with a teflon tube2?). The insu-
lating material between the two coils was epoxy
resin enclosed in a vacuum. The jitter of this
pulse transformer was measured experimentally
and its value was about 20 ns.

Fig. 8 shows a cross-section of the high speed
gas gap switch having a jitter of sub-nanoseconds
which works by the distortion of an electric
field. The electrodes for the main discharge
employed Rogowski’s surfaces, and the trigger
electrode formed a ring shape and was placed
between the two main electrodes. The electric
potential of the trigger electrode was controlled

at half the value of the charging potential by two
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Fig. 8 Structure of the high speed gas gap switch
using the distortion of an electric field.

500 M2 resistors.

Finally, these devices excluding a part of the
trigger controller were operated in insulating oil
poured into a polyvinyl vessel (see Fig. 9).

From all the experimental data concerning the
time accuracy, the total jitter between the start-
ing signal and the starting time of the main dis-
charge inside of the gas switch was 1.54 £ 0.02
Ms. And therefore, the time resolution of this

system was determined to be 20 ns.

2.3 High power gas diode

This high power gas diode was driven by three
pulsers which produced the same or different
impulse voltages and a current of about 10 to 40
kA. Fig. 10 shows the simple block diagram of
the triple exposure type of high intensity flash x-
ray generator having variable energies utilizing a

single flash x-ray tube!3:14),

The pulsers were
connected to the flash x-ray tube through this
diode by using coaxial cables and gas insulation

connectors.
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VOLTAGE
DIVIDER
UNIT

Fig. 10 Simple block diagram of the triple exposure type
of flash x-ray generator having variable energies
utilizing a single flash x-ray tube.



The electric force lines between the anode and
cathode electrodes of the diode are very impor-
tant for determinating the electric breakdown
voltage for the diode. Especially in case of the
field emission, since this diode has three sets of
plane anodes and needle cathodes, the degree of
concentration of the electric force lines at the
cathode tip determines both the effective work
function of the cathode surface and the satura-
tion electron current!!). When considering the
Coulomb force due to the electric field £, the
effective work function (e@)eff is given by an

equation of the form:

o )1}]
4me

{e¢')eff = e[¢*(

where e¢ is the original work function of the
cathode material, e is the electron charge, and €g
is the dielectric constant for a vacuum condition.
Therefore, the saturation electron current J is
expressed by Schottky’s equation:

€
J=KT* exe{ = g

L e 2)
[6- (520" 1)
where T is the absolute temperature, k is
Boltzman’s constant and, K =1.2 x 10° A/m?.
deg?.
Fig. 11 shows the electric force lines between

a set of anode and cathode electrodes. When a

pulser produced a high voltage, the anode plane

—68—

was electrificated to the positive, and the electric
force lines converged at the cathode tip. There-
fore, the effective work function at the cathode
tip surface decreased, and the spark discharge
inside of this diode could be easily generated (see
Fig. 11(a)). On the other hand, in the case of
electrificating the cathode to the positive, the
electric force lines from the cathode tip did not
converge at the anode plane, and the spark dis-
charge could not easily be generated (see Fig. 11
(b)).

ANODE
Tt

(a)

ANODE

e

(b)

Fig. 11 Electric force lines between the anode
and cathode electrodes: (a) when
electrificating the anode electrode to
positive; (b) when electrificating the
anode electrode to negative.

Construction of the high power gas diode
having three terminals designed by Eiichi Sato is
shown in Figs. 12 and 13. This device consisted
of the following parts: three anodes having a
tungsten or molybdenum plane to increase the
original work function of the anode and the heat

durability given the high electron flow, three
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Fig. 12 Construction of the high power gas
diode having three terminals using
field emission.

Fig. 13 Generalized view of the high power gas
diode.

needle cathodes made of iron for reducing the
original work function, a center electrode insu-
lated by a teflon resin block, an iron vessel, four
gas insulation connectors using SFe, and a pres-
sure gauge'g). The three anode planes were con-
nected to each pulser, and the cathode needles

were gathered to the center electrode which was

connected to the anode of the flash x-ray tube.
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The gap impedance of the diode varied accord-
ing to the vertex angle of the cathode electrode,
the anode-cathode distance, the gas pressure, and
other factors. For this diode, the time depen-
dence of the current and voltage must be consid-
ered, and therefore, the gap impedance between

the anode and cathode electrode must be given

by

Va(t)

%) - (3)

Z4t)=
where Zg(r) is the gap impedance, J(?) is the cur-
rent across the gap, and Vg(?) is the voltage be-
tween two electrodes. Assuming that the anode-
cathode gap impedance, Z4(1), is the time aver-
age value, Zg, and the gas pressure is constant,
Zg in this diode varied according to the anode-
cathode distance and the cathode angle, @, and

approximated to an equation of the form:

o
Zd$C+ C’ tan(90°— 2 ) rerereesrennes (4)

where the first term is a parameter due to the
anode-cathode distance and the second term isa
parameter due to the cathode angle. And there-
fore, when the angle of the cathode electrode in-
creases and the anode-cathode distance increases,
the diode current is reduced by the gap imped-
ance and also the current of the flash x-ray tube
can be reduced. However, in the case of control-
ling these factors concerning the gap impedance,

it is necessary to consider the electric breakdown



voltage between the anode and cathode elec-

trodes.

2.4 Remote flash x-ray tubes

The flash x-ray tubes designed by Eiichi Sato
were of the diode type and were connected to a
turbo molecular pump which allows operation at
pressures of less than 1x 1073 Pa (see Figs. 14 and
15). They tended to have a comparatively long
exposure time of about 1 us. Both tubes had
conical anode tips made of tungsten, and were

changed according to the objectives of the radi-

ography.

TYPE B

Fig. 14 Schematic drawing of the two remote
flash x-ray tubes: 1. anode; 2. cathode;
3. vacuum mouth; 4. mylar window;
5. filter; 6. diaphragm; 7. gas insulation
connector.

Fig. 15 Remote flash x-ray tube (Type B).

The Type A tube with a conical cathode made
of tungsten was used to obtain a fine focus and
to change the flash x-ray quality rapidly accord-
ing to the tube potential. The anode-cathode
distance was controlled by an adjustor outside of
the tube to change the gap impedance. The flash
x-ray intensity varied according to the kind of
pulser, condenser charging voltage, and other
factors, and was controlled from 1 to 30 mR at
1 m/pulse. The effective focal spot ranged from
0.2 to 3.0 mm in diameter.

In order to obtain a high dose rate with a
normal focus of 1.0 to 3.0 mm in diameter, the
Type B tube with a ring cathode was used. The
vertex angle of the anode was 30—45° in order to
obtain a smaller focus without the pinch-off of
the tip due to the high electron flow of 20—40
kA coming from the field emission. The anode-
cathode plane distance and the cathode diameter
were each controlled by adjustors outside of the
tube. For this tube, the intensity was usually

controlled from 10 to 50 mR at 1 m per pulse.



3. A simple theory of flash x-ray

characteristics

Assuming that the electric pulse widths of the
flash x-ray wave forms are almost constant, the
total intensity of the continuous spectrum Ig is
approximated by an empirical equation (without

time parameter) of the form:
[ﬂ =AX ] e )|

where X is the atomic number of the anode ma-
terial, J is the current across the anode-cathode
(A—C) gap (tube current), ¥ is the A—C voltage,
A is some factor, and m = 2.0. The voltage and

the current on the radiation gap are given by

ot — B
Z+ Zd £ Zﬂ Bl ()
L/
PR Zd + ZO sssswsessesnen ()

where Zg is the pulser impedance including the
coaxial cable impedance of 50, Z{ is the imped-
ance of the high power gas diode, Z is the time
average value of the A—C gap impedance of the
tube, and Vg is the maximum output voltage of
each pulser of high and low. Egs. (6) and (7)

substituted in (5) gives

m

. m+l
h=A%%" % ZAZ™

-+ (8)

On the other hand, the flash x-ray intensity of

the characteristics spectrum [k is approximated
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by an equation of the form:
!k — Bj( V- Vk )“ P )

where Vi is the critical excitation potential, B is
some factor, and n = 1.5. Egs. (6) and (7) substi-
tuted in Eq. (9) gives

n+l
Z
I,=B* h
Z+ZHZg\Z+Z4%2,

LAY
)

The flash x-ray quality is determined by the

BE— [ )

average voltage of the tubes and the insertion of
metal filters which were placed on the outside of
the mylar window and were used for cutting the
low energy spectra. The average voltage of the

tube (V) is given by

m+ 1
m+ 2

L _
<V>w10j; VdI=

Z
—Z .V
Z+Z,+2Zy "

Obviously, the A—C distances of the gas diode
and the tube are dominating parameters in Zg
and Z, and, therefore, the continuous and charac-
teristic x-ray intensity and the flash x-ray quality
vary according to the condenser charging voltage

and the A—C distances.



4. Discussion

The principle of the construction and the
operation of the high power gas diode having
multiple terminals described in this paper in-
volved the connection of the three pulsers, and
was used in order to prevent the sympathetic
vibration of pulsers which produce the same or
different energy impulse voltages at various times.
And, therefore, it is slightly different from the
usual semiconductor or hot cathode diode used
for rectifying.

For this gas diode, since a demountable diode
using field emission was employed, and the
anode and cathode electrode could easily be
changed, it was possible to increase the numbers
of terminals corresponding to the numbers of
pulsers, and was suitable for obtaining the cur-
rent capacity and reducing the jitter of the im-
pulse voltage.

By using this diode, we succeeded in gener-
ating the triple exposure of high intensity flash x-
rays having different energies using a single tube.
These flash x-rays have many possible diagnostic
applications as follows: (1) stroboscopic radiog-
raphy using the same energies; (2) double expo-
sure subtraction and energy subtraction; (3)
superposition of spectra using the different ener-
gies at sub-millisecond intervals; (4) radiation
sources for the ultra high speed computed to-
mography and stereography using multiple tubes;

and (5) various kinds of imaging using pulsed

electron beams and flash x-rayszz). When these
systems are effectively applied to high speed
image analysis in the biomedical field, flash
x-rays will provide important information for
quantitative diagnosis, as well as for dynamic

examination.
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It is necessary for study of the MTF measurement method to know true MTF. Photographic

characteristic curve, noise and MTF were modeled on the basis of experimental data. Density profiles

for five methods were obtained with simulations of imaging process by the use of the models. MTF’s

were measured from the density profiles under a number of conditions of sampling and calculation.

Measured MTF’s were compared with true MTF modeled, and an optimal measurement condition was

determined for each method. It was found that the slit method with the multiple-exposure technique

was the most accurate one.
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Table 1 Values of parameters used in the models.

XP FG MG MH RH

up 1.3 1.6 1.2 1.2 0.9
D, | 494 6537 5.37 4.81 4.81
Dy | 0.26 0.23 0.23 0.33 0.33

logs |-0.63 -0.82 —0.60 -0.32 -0.09
a 1.96 2.05 2.05 1.68 1.68
P 0.91 0.90 0.92 0.92 0.94
0.0059| 0.0065| 0.0051 | 0.0059 | 0.0046
0.011 0.010 0.010 0.014 0.014
/] 0.4 0.4 0.4 0.4 0.4
1.0
x
FG
0.5 -
HG
RH
.0, 5 10

u l[linec/mm]

Fig. 1 Shapes of MTF’s of four screen-film
systems calculated from the MTF model.
Values of the parameters are shown in
Table 1.
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Table 2 Minimum root mean square error of MTF for the screen-film systems and the
measurement methods. Number of scans for Slit-2 is one and for others is ten.
Wa, Wr and Wh are width of adaptive smoothing, rectangular window and
Hamming window respectively.

XP FG MG RH
Slit-1 0.009 0.007 0.009 0.016
Wa = 0.11 Wa = 0.05 Wa = 0.11 Wa = 0.35
Wr = 1.44 Wr = 1.44 Wr = 1.92 Wr = 160
Sl1it—2 0.002 0.002 0.002 0.003
Edge 0.009 0.009 0.010 0.014
Wa = 0.21 Wa = 0.15 Wa = 0.2 1 Wa = 0.35
Wh = 2.56 Wh = 2.24 Wh = 2.56 Wh = 2.56
Rect 0.003 0.005 0.004 0.006
Wire 0.009 0.009 0,010 0.014
wa 031 Wa = 0.31 Wa = 031 Wa = 0.41
Wh = 192 Wh = 1.44 Wh = 1.92 Wh =192
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Dependence of Relative Exposure at Surface Position and mAs Values

on High-Voltage Ripple-Rates —— Estimated from X-ray Spectra
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Dependence of relative exposures at surface position of objects and mAs values on high-voltage

ripple-rate was estimated using X-ray spectra and spectral speeds of the six screen-film systems. It has

been verified quantitatively that 3-phase X-ray units are better than single-phase X-ray units from the

view points of patient exposure and image quality in diagnostic radiology.
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Analysis and Improvement of Color Reproduction in Endoscopic Images
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A new spectrophotometer of measuring the spectrum for the stomach membrane has been
developed. This spectrophotometer is composed of the Endoscope, optical multichannel spectral
analyzer and microcomputer, which can measure the spectrum of the stomach membrane from 350 nm
to 830 nm instantaneously. The chromaticity values of color transparency taken by the endoscope
and the values measured by a new spectrophotometer are compared and analyzed. Based on these
experimental results, we are considering the method to improve color reproduction in endoscopic

imaging system.
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Fig. 2 The chromaticity values of original color

chart ( @) and those measured by OMA
(5). (Viewing illuminant: CIE D65)
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Fig. 3 The chromaticity values of original color
chart (@) and color transparency taken
by the endoscope (&) under the same
conditions shown in Fig. 2.

2.3 HE@&KZRRIPLVONE

OMA ¥ 27 £ 2T, FEHHIEHEEED &
Tk BE0AM I 1004 ¥ T VD HEKRR <Y
FDREEE, BEBELTE 1. T05 Bl
FBiLkMLizbop, /AX s nL—v3 V5D
EEBTHOMCRELEZ oD bOERVIG
847D uv BEEEEFH L, TITH
BN, CIE De Thb. Fig.d &Fig.hid,
FHZFHNOMA Y R7 A ENEBEELDT -4
HOREHM LItk 2~ brd uv BERITH %,
LITORIEEFE LM ShicHioBES, AR
REMED o IO BE A EDL TS, OM
AF—#ickBBEER (Fig.d) »oIEHHIRA
e, RESBBETFAHCAGT 68014 H5C
Lhinlp b, FREBES, 37 v—TiICaEl
*#3, Thicstl, 74 vLBEBOT—5 oI
IR - REHE SER EiTamL, TOXEIE
WEETH 5,

« CIE y=v

0.30
o
0.25 H
-
.
N

*— Normal

0.20 |
&~ Abnormal

o.00 L
000 0.20 0.25 0.30 u
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Spectral Reflectance : R(\)
Taking Illuminant : Pi(A)
Transmittance of Camera: Te(n)
Film Sensitivities : Fi(x)
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CIE Tristimulus Values : xY.Z

Fig. 6 Block diagram of the calculation model
for the color reproduction in endoscopic
imaging system.
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Fig. 7 The chromaticity values of original color
chart ( @), color transparency taken by
endoscope ( &) and simulation result
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Table 1 The accuracy of calculation model com-
pared with color difference and color
gamut under the three viewing condi-

tions.
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Table 2 The conditions of spectral sensitivity dis-
tribution of red, green and blue sensitive
layers for improvement of color repro-
duction in endoscopic imaging system.
The evaluations are based on the color
difference (C.D, CIE-1964 U*V*W#)
and color gamut (C.G) between present
endoscopic image and the modified.
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Fig. 9 Original colors ( @ ) and reproduced on to
the color transparency taken by endoscope
(4), and those reproduced by the modi-
fied the spectral sensitivity distribution
based on the simulation ( m).
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Table 3 14 kinds of filter used to increase colo
The effec

endoscopic imaging system.
of CIE-1964 U* V¥*W* color
with filters.

r difference between reddish colors in
t of filters are shown by the summation

difference (C.D) between four colors calculated

[lluminant CIE D65 CIE A 5000 K
NO | Filter c.D Normalized c.D Normalized c.D Normalized
___ﬂ__f,__,__k__,___g__r___k____ﬁ__f4__4__ﬁ___k___u___ﬁ__.g.__é___,__
0 262.03 100. 00 277.62 100. 00 268. 86 100.00
1 80A 260. 64 99. 47 276. 89 99. 73 267.67 99. 56
2 80B 262.00 99. 99 278.21 100. 21 269.01 100. 06
3 80C 262. 46 100. 17 278.49 100. 31 269.43 100. 21
4 80D 262. 40 100. 14 278.18 100. 20 269. 29 100..16
5 46 226.70 86.52 242.11 87. 21 233. 20 86. 74
6 47 219.62 83.82 237.61 85.59 226. 71 84.32
7 48 221. 43 84.51 238. 44 85. 89 228. 27 84.90
8 49 263. 95 100.73 281.61 101. 44 271.30 100. 91
9 50 279.10 106. 52 296. 94 106. 96 286. 68 106.63
10 38 254. 45 97.11 271.172 97. 87 261.69 97. 34
11 38A 236.70 90. 33 255. 25 91.94 243. 95 90.73
12 39 344. 29 131. 40 358. 92 129. 28 350. 90 130. 52
13 44 219. 88 83..92 233. 50 84. 11 225. 92 84.03
14 44A 230. 34 87.91 245. 47 88.42 236. 83 88.09
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Fig. 10 The chromaticity values of original charts
( @), color transparency taken by endo-
scope ( A) and calculated by the modifiec
the spectral distribution of endoscopic
imaging system with optical filter (m).
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In this paper three methods are used to interpolate the CT image data in the axial direction for
three dimensional display of them. The methods used here are (1) polynomial interpolation, (2) a
method based on geometrical mean or mean square and (3) a method using partial cross-correlation
function. From the results of computer simulation, it is concluded the method using partial cross-
correlation function gives good results though the processing needs much computer time. Some results

on CT images are also presented.
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Fig. 1 Two of images used for simulation
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Fig. 2 Polynomial interpolation of CT images
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Fig. 3 The results of the simulation by linear interpolation (a) quadratic interpolation (b)

and cubic interpolation (c)
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Fig. 6 The line objects (a) and (b), and the results of processing by the method based on
mean square
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Fig. 8 The results of the simulation by the method using partial cross-correlation function

with k=0.5 (a) and k=0.8 (b)
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Fig. 10 The results on CT images by linear interpolation (a), by the method based on
mean square (b) and by the method using partial cross-correlation function
with k=0.8 (¢)
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Analysis of the Radon Transform in the Discrete Field
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In computed tomography, the reprojection from provisionally reconstructed image is often
needed. and a few kinds of algorithms have been used for that purpose. But no conventional reprojec-
tion algorithm corresponds to the Radon transform in the continuous field, and the analytically accu-
rate reprojection algorithm has been desirable. This paper proposes a reprojection algorithm based on
the Radon transform in the continuous field, and the superiority of the newly proposed algorithm to

the conventional ones have been proved through the computer simulation.
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Table 1 Distribution of attenuation coefficient in

Ob ject. size in pixel Position Oblique angle | Att.co.
Major axis Minor axis (% ¥) (degree)
A 22.0 30.0 ¢ 0.0, 0.0 0.0 1.1
B 20.0 27.0 ¢ 0.0, -1.00 0.0 1.02
C 6.5 8.0 ¢ 0.0, 10.0) 0.0 1.03
D 12.0 5.0 (-10.0, 2.0) -75.0 1.00
E 8.0 3.5 ¢ 80, 0.0 70.0 1.00
F 8.0 2.0 ( 13.0,-14.0) 60.0 1.03
G 2.0 2.0 ¢ 0.0, -2.0) 0.0 1.03
H 2.0 2.0 C 0.0,-18.0) 0.0 1.03
I 1.5 1.5 ( -6.0,-17.0) 0.0 1.05

/)
\)(

o

Fig. 6 Simulated mathematical phantom
(Shepp’s head phantom)
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each reprojection algorithm (A) Original
image (B) The algorithm interpolated by
sinc function RMSE=0.060% (C) The
square pixel method RMSE=0.679% (D)
The linear interpolation algorithm RMSE
=9.551%
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Fig. 9 The projection from a discrete image
when the view angle is 45 degree
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Fig. 10 Interpolation function in the frequency
domain in the case of the square pixel
method
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Restoration of Noisy Images Based on a Subjective Visibility Function

Nobuyuki NAKAMORI, Ritsurou KINOSHITA, Masanao NAKAHARA and Hitoshi KANAMORI

Department of Electrical Engineering, Kyoto Institute of Technology,
Matsugasaki, Sakyo-ku, Kyoto 606
(Received February 22, 1986, in final form April 4, 1986)

The image degraded by signal-dependent noise can not be as treated a stationary random field.
We divide the image into subimages in which the stationarity assumption is satisfied. The restored
image is composed of subimages restored by SSIR method. Based on a subjective visibility function,
which gives the relationship between the visibility of a unit noise and a measure of local spatial detail,

we develop a new restoration system which improve the image blurred by the noise reduction system.

Some examples are given to illustrate the performance of the new image restoration system.
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Fig. 1 Model of image degradation by signal-
dependent noise
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Fig. 2 Process of the image restoration system by SSIR method and visibility function
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Table 1 Parameter of degradation images

a) b) ¢)

04,2 0.0 5.0 3.0
04,2 | 500.0 0.0 | 100.0
SNR | 4.6dB | 4.8dB | 4.2dB
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Fig. 5 Effect of the window size (Ha:mmg)
top left: 8x8, top right: 16x16, bottom
left: 32x32, bottom right: 64x64
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Fig. 6 Masking function
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divided
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Fig. 7 Effect of restoration
left: original image
right: restoration image of Fig. 3¢)

Fig. 8 Restoration of 3 type noisy images in
Fig. 3

top left: original, top right: Fig. 3a),
bottom left: Fig. 3b), bottom right:
Fig. 3¢)

Table 2 SNR of restoration images

a) b) c)
SNR | 14.5dB | 14.5dB | 14.0dB
B F i R e 2 i
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