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Research and Development Activity of Medical Image Information Systems in

College of Biomedical Technology, Osaka University

Kiyonari INAMURA*, Tokuo UMEDA*, Hajime HARAUCHI*

Katsumi SATO**, Kazuo INAMOTO*, Atsushi TAKIGAWA* and Kazuya YAMASITA*

*College of Biomedical Technology, Osaka University
**School of Medicine, Osaka University

Machikaneyama-cho 1-1 Toyonaka-city Osaka, JAPAN

Outline of recent activities of research and development in the field of medical image informa-
tion system is reported. The results of our activity are listed in references (1)-(30). Repertory of our
activities is extended from medical image processing to PACS development, PACS for radiotherapy,

diagnostic reporting system, image perception practice and database construction for radiation oncol-

ogy.

Feature of our R&D is medical application of existed technology factors, rather than basic re-

search. Cooperation with School of Medicine and Faculty of Engineering of Osaka University are

deployed recently for clinical application of technologies and physics at large.

As an example of our recent activities, design and development of PACS for Osaka University

Hospital is described. Also importance and significance of technology assessment is stated.

(Received June 6, 1992)

1. Outline of R&D

Table 1 lists recent themes of our activity of
R&D in the field of image information system.
Table 2 is the list of main equipments for our
activities. All systems are connected by our local
area network system.

Member of researchers are 2 professors, 1

associated professor, 3 assistants, 1 master course

Vol. 9 Na 3 (1992)

student from School of Medicine, and students
from Faculty of Engineering.
The recent results of our activities are listed in

references (1)-(30).
2. Design, development and technology

assessment of PACS in new Osaka Uni-

versity Hospital

=101=



Table 1.

1988:

1989:

1990:

1990:

1990:

1990:

1990:

1991:

1991:

1991:

1992:

1992:

Recent themes of R&D for image in-
formation systems in College of Bi-
omedical Technology, Osaka Uni-
versity

Special Research Grant; Feature ex-
traction from chest film.

Special Research Grant: Three dimen-
sional processing of medical images
Grant-in-Aid for Scientific Research
(C): PACS for radiotherapy planning
Cancer Research Grant: PACS for ra-
diotherapy

Special Research Grant: Image storage
and communication

MEDIS-DC, MITI: IS&C (image save
and carry)

Grant Aid by the President of Osaka
University: Application of speech rec-
ognition for medical image diagnosis
Grant-in-Aid for Developmental Sci-
entific Research: PACS workstation
with digitized oral reports
Grant-in-Aid for Scientific Research
(C): PACS for radiotherapy planning
Cancer Research Grant: PACS for ra-
diotherapy

Grant-in-Aid for Developmental Sci-
entific Research: PACS workstation
with digitized oral reports
Grant-in-Aid for Co-operative Re-
search (A): Recognition and Thinking
in image diagnosis

1985-1992: Image processing of double con-

trasted administration in stomach ex-
amination

1991-1992: Cooperation with Faculty of Engi-

neering, Osaka University: Auto-
matic recognition of identification
number printed in X-ray film

1990-1992: IS&C (image save and carry) stan-

1988-1992

1991-1992

1990:
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dardization

Cooperation with Faculty of School
of Medicine: Development of PACS
in Osaka University Hospital
JASTRO Grant Aid Radiation
Oncology Greater Area Database
Winer spectra for FCR

1991: Analysis of trabecular patterns

1991: Image quality evaluation by fuzzy
measure

Table 2. Equipments for R&D of image infor-

mation system in College of Bi-
omedical Technology, Osaka Uni-
versity

Engineering workstation
HP-9000/4255 (22MIPS)

2. Engineering workstation Apollo DN-4000

3. Image processing system Nexus-6800

4. Three-dimensional super graphic proces-
sor NWX-340

5. I8&C (image save and carry) KI-1000

6. Konica film digitizer

7. Konica film printer

8. Ethernet (TCP/IP) LAN (local area net-
work)

9. Speech recognition system

10.  Speech ditizer and synthesizer

11. Teleradiology system using telephone
lines

12.  Personal computers: Macintosh x2, PC-
9800 x3

13. Konica micro densitometry system

14.  TVIP-2000 image processor

Table 3. Components and procedure of sys-

tem design of PACS

SYSTEM DESIGN

Survey of Present Status
Problem Finding—Solution
Checklist package
Optimization

R S

Technology Assessment Begins
with System Design!!

B R R 2 e

St



2.1 System design

We are designing our PACS according to four
items of components and procedures shown in the
Table 3.

(1) Survey of present status of our system.

(2) Problem finding and its solution.

Namely, problem oriented expression of present
status were tried and its solution were written in
the form of system specification.

Sometimes we had the problems that we didn’t
have any problem at all. But this is not unusual.
If you find one problem of little importance, and
also if you solve that problem with great effort and
cost, another unpredicted serious problem might
appear. Incase of Radiology Dept. Osaka Univer-
sity Hospital, the present diagnostic system of
before PACS operation is rather completed sys-
tem as it is, so we had only at most 8 items of
problems.

(3) Checklist package was prepared for collecting
more concrete data from hospital people in every
department. This checklist sheet involves every
stage of survey of present situation. We are going
to develop standardized checklist package which
could be applicable to hospitals at large.
(4)Optimization or tuning up of system design
and operation planning is the most important.
These have to be done in terms of: flow chart of
data, patient and hospital staff, time chart, and lay
out.

These actions of system design is deeply re-

lated to technology assessment which comes

Vol. 9 Na 3 (1992)

later. But I dare say, on the contrary, technology

assessment begins with system design.

Table 4 shows survey of present situation.

In order to design and develop PACS for Osaka
University Hospital which will move to new
University campus in September 1993, we have
surveyed present situation of the University
Hospital.

Let us introduce several examples listed in
Table 4.

Fig. 1 shows the good correlation between
number of films taken in each department and film
loan by the same department. This good correla-
tion can proceed our system design of workstation

distribution.

Table 4. Example of survey of present situ-
ation of diagnostic system in Radiol-
ogy Department, Osaka University

Hospital

SURVEY OF PRESENT SITUATION

1. Interface with Diagnostic Machines
Light Box Screens
Flow Studies of: Images, Patients, Order-
ings & Reports
Reservation and Control
Film Loan
Waiting Time
Description Analysis of Ordering, and
Reporting
8. Number of Images per Patient
(per Modality)
9. Image Reading Time Study

[SS I S ]

~N v L b
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FILMS TAKEN AND FILM LOANS PER YEAR

Good correlation between number of
films taken per year in each department
(upper figure) and film loans per year
by the same department (lower figure)

The study shown in Fig. 2 was done for the
purpose of minimizing number of image display
workstations and optimizing layout and distribu-
tion of them throughout the University Hospital.
If we accept all numbers of expensive workstation
which are required by each department or ward,
cost of PACS will be skyrocketed. Fig. 2 shows
numbers of light box screens in each department
(outpatient clinic and ward) in the University
Hospital. One screen is defined as an area for
displaying a adult’s chest film of 14" by 17",

These data must be compared with those of

number of film loan in each department, shown in

—104—

LIGHT BOX SCREENS

, FILMS PER YEAR

LIGHT BOX SCREENS AND FILMS PER YEAR

Fig.2. Bad correlation between number of
light box screens installed in each
department (upper figure) and film
loans per year by the same department

Fig. 1.

Correlation between these two data of the Fig.
1 and Fig. 2 tells availability and throughput of
light boxes in their position.

Our comparison tells very loose correlation
between them, which mean a department having
large number of light box screens does not neces-
sarily have large number of film loan. So, we can
decrease number of light boxes. These method of
availability check will lead to minimization or

optimization of expensive display workstations.



2.2 Optimization

The result of survey of light box screens
mentioned here was very helpful to fundamental
design of layout of image display workstation.

Our peculiar idea in order to optimize worksta-
tion distribution is that to divide type and function
of workstations into two categories. First one is
the standard image display workstation for diag-
nosis by radiologists. This has higher resolution
power and rather expensive. The second one is the
optimized image display of medical images asso-
ciated with radiological reports which are also
delivered and displayed by the same terminal.
This has the averaged image quality and less
expensive, but connected to HIS (hospital infor-
mation system).

The second example is the measurement of
member of images read out in terms of time of day
in the depart. of radiology. In Fig. 3 solid bars
show read out images which were taken on the
same day. Dotted bars show referred images
which were taken in previous days. Peaks which
appear in Fig. 3 reflected to the system design of
maximum image transmission to diagnostie work-
station.

In Fig. 4, the thicker line is the number of
images read out which is the same data of the left
slide. It has the two peaks. The thinner line shows
number of images which were taken on the same
day. It also has the two peaks. The time differ-
ence of these peaks of the thicker curve and thin-

ner curve is reflected to the design of maximum

Vol. 9 Na 3 (1992)
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Number of Images Read-Out

Fig.3.

60

[E)

T
900 1000 100 1200

Time of Day

mm Read-Out Images
Taken On The Day

1300 1400 15.00 16:00 1700

=1 Referred Images
Taken Previously

Number of images read out in terms of
time of day as the average of 5 days
measurement. Solid bars are for the
read-out images which were taken on
the day and dotted bars are for the re-
ferred images which were taken in
previous days.

40—

Number of Images

— Number of Images

Fig.4.

T J 1 T
800 1400 1500 1600

Time of Day

T T T T
1000 1100 1200 1300 1700

= Number of Images

Taken Read-Out

Comparison of number of images read-
out (thicker line) with number of im-
ages taken (thinner line) in terms of
time of day.

Time delays of the peaks between two
curves are shown.

=105=



speed of image acquisition.

Fig. 5 shows the volume of outside films at
clinics and wards of all departments, and number
of stored outside films at clinics and wards of all
departments, and number of stored outside films
and returned outside films.

Fig 6 shows ratio of outside films to all
medical image taken inside and outside of the hos-
pital. Also., the lower graph of Fig. 6 shows the
dependency on the days of the week and on the
modality of images. The result of outside film
study taught us about film dizitization, namely,

number and location of film digitizers.

Qutside Film

Outpatient and inpatient

B Stored Film [:] Returned Film

Pediat.Surg
Neuro.Surg, ==
Orthop.Surg. 3
Radiol. |2

Otolar. ———3
Urol.
Dermat.
Pediat
Neuro.Psych.
QOphth.

Obst &Gyn, ==
Surg.2 pr—————
Surg.1 B
Geriat. P
Int.Med.3 —=
Int.Med.2 P13

Int.Med.1

T+ T

200 300 400

T T T T T T

Fig.5. Number of outside films brought to
each department in an day as the aver-
age of those in 5 days.
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Outside Flims stored
at Osaka Univ.Hosp.
(10.2%)

Images taken
al Osaka Univ. Hosp.
(89.8%)

Ratio of number of Outside Films to
number of images taken at Osaka Univ. Hosp.
for 5 days (3.-7.Feb.1992)

Modalities of Qutside Films stored
at Osaka Univ. Hosp. during the week

Fig.6. The upper figure is the ration of num-

ber of outside films to number of all
medical images taken inside and out-
side of the hospital in 5 days, 3rd
(Mon.) to 7th (Fri.) of Feb. 1992. The
lower figure is the number of outside
films stored at the hospital in terms of
modalities and of days during the week.

About 10% of ratio shown in the Fig. 6 will not
be changed even after the University Hospital is
moved to the suburbs of Osaka City. This figure
of 10% is the critical number for decision making
whether outside films should be stored in the
central file of radiology department or be distrib-

uted to the every department in the hospital.



2.3 Medical technology assessment in
PACS

Medical technology assessment has to be done
in terms of both efficacy and effectiveness. The
efficacy and effectiveness is completely different
thing.

Here, efficacy is the performance or the abil-
ity of tools such as hardware or software. On the
other hand, effectiveness is the result of perform-

“ance in the field conditions. Efficacy almost
always exceeds effectiveness.

The difference of efficacy and effectiveness in
case of PACS are shown by Fig. 7 and Fig. 8.

Fig. 7 shows three axes of efficacy, namely,
speed of communication function, capacity of
image storage and image quality.

Example of the system of teleradiology must
have enough speed, but moderate capacity and
image quality. A teaching file must be equipped
with enough image quality, but with rather small
capacity and less speed. PACS in a large hospital
must have complete three dimension.

I illustrate axes and space of effectiveness of
PACS in Fig. 8. Diagnostic accuracy is the most
important axis which is related to the image
quality axis of efficacy space.

Economy is the result of capacity in efficacy,
and the less waiting time or clinical good timing
or efficiency is the result of speed in efficacy. Our
theory of PACS technology assessment is in the
three axes transformation from the space of effi-

cacy to the space of effectiveness.

Vol. 9 Na. 3 (1992)

Quality
Teaching File
]

Tt - Teleradiology

L L
PACS in T I - (’
Hospital :,:--~:-: ----- L — &

! [ ]

[ "oy 1

: : : : : Speed

= Sy - (Cammunicahon )
T Function

Capacity

AXES AND SPACE OF EFFICACY

Fig.7. Three axes of component of efficacy in
medical technology assessment of

PACS, and the apace made by three

axes
Diagnosis
Accuracy
General Outpatient Ag—=—=—====== -2
Clinic 7 - Urgent
| =T i ICUorCCU
- '
r =P ] . :
RO : I |
PN : 7
Grou| i s ’ ' 1 Less Waiting Time
P |
Examination — i ! L — or
I ! 7 /— Clinical Timing
e s g B e o
' -
i L -

Economy
AXES AND SPACE OF EFFECTIVENESS

Fig.8. Three axes of component of effective-

ness in medical technology assessment
of PACS, and the space made by these
axcs

Fig. 9 shows an idea of comparison between
before and after PACS by the illustration of three
axes of time, efficacy and effectiveness. Efficacy
and Effectiveness are orthogonal each other. But
Effectiveness is the fraction of efficacy as I
mention before. Area or cross section made by
these two dimension have to be increased after

PACS operation.
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Effectiveness

after
before PACS {3 =2 PAC

=

Efficacy
SPACE BY AXES FOR COMPARISON BETWEEN
BEFORE AND AFTER PACS

Time

Fig.9. Change of area made by two axes (ef-
ficacy and effectiveness) in terms of
time between before and after PACS

Table 5. Technology assessment of CR

" TECHNOLOGY ASSESSMENT OF CR

1. Efficacy: Signal Detection
(ROC, CDD, Ranking)

2. Effectiveness: Accuracy

Throughput
Economy

As a concrete example of technology as-sess-
ment we are doing now is on the computed radi-
ography as shown in Table 5.

Efficacy study we are doing is on the signal
detection by the study of ROC.

On the other hand, the effectiveness have to be
assessed in terms of diagnostic accuracy, through-
put compared with that of film/screen system,
and, of course, economy referred to the present
system.

As aconclusion, we want to emphasize follow-
ing point. It is sometimes said that PACS is
nothing more than tool for radiological practice.

Itis true, when we stop our technology assessment

—108=—

at the efficacy evaluation. But when we extend
our technology assessment into the effectiveness
evaluation, PACS is a part of radiological practice
itself, because, diagnostic accuracy, economy

and efficiency are the result of operation of PACS.
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Image Processing of the Gastric Cancer Radiographs
Kazuo INAMOTO, M.D.

Department of Radiological Technology
College of Bio-Medical Technology

1-1 Machikaneyama-cho, Toyonaka city, 560 Osaka Japan
(Received June 6, 1992)

Image processings were applied to enhance gastric cancer radiographs for better visualization
of the malignant lesion. Utilized image processings were grey scale transformation, histogram
equalization, edge enhancement (Sobel operator) and high-pass filter (unsharp masking). Grey scale
transformation improved image quality for survey of a gastric lesion. Histogram equalization improved
image quality of the underexposed or thin barium coating mucosa. Sobel operator was able to enhance
linear or curved margin and consequently suppress the rest. High-pass filter with unsharp masking
was superior to visualization of texture pattern on the gastric mucosa. The image enhancement
contributed to clarify tumor occurrence on the non-pathologic or pathologic mucosa. The results
suggest that, with these image processings, malignant changes on the gastric mucosa may be detected
in their early stage. Further clinical application will be expected in the mass survey radiological

examination for gastric cancer.
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RZICETIEA > T 5,

TTICERE XBRBETRRET S80I
D EWVWR B, MEVEEREERESILO
Hici3, FHic ) v Lotk tRiIcESE, B
EAMBELTOATLENBELNS, LHLEH
DANEERRIREICRE Lt LThhhBHo N
WEHEFRZTEOLHTHLVWEEHE L,
VbW AHE Y OE X AR E BHRLEIC L - T
A4 L, HRBORMERICAKTE L0IE
HitiE LT, BA G TOHER, B XG0 L
HOWREITT->TE 1. ARTRERMGITOVT
OEBFERERET 5,

2. WMREAE

2 1 BEEM

() A& REEHRE Y7 -OBHEETE
wicHBER LD, 2F%FMmELIZ. ThoBA
B, Fif, WHTEMREMTEHSOATHWSD
DTHbB, AMF » 7 ®BETIAE Y7 — O
#E, ZhoofEflizwdFnbHFEIThIZ D HE
FIFE - IcREESZITOT, BER#EAE L
THEBAAHEL 6D TH 5, EMIZEE
1BHER, HEFTHE AIEB LD~ TOTHREA D/ %
—v%m;g (Table. 1)

2. 2 BXRBOEERHG

IS OIEM RBER VT bERR{Eo — v
s 74 L HRXBTFLE (BR-MS - 2),
HBRERNE, 3597 X—A<TF 47« L¥a
5—24)—v, a=#H - New-A #4774
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Table 1. Cases with image processing: type of
the gastric cancer.

CASES WITH IMAGE PROCESSING

Type Number
1) Early G.C.
| 1
lla+llc 1
lic 12
llc + 1 4
2) Advanced G.C.
Borr 11 1
Borr Il 2
Borr IV 1
Total 22

Note : G.C. = Gastric Cancer  Borr. = Borrmann Type

WALT, BLT UERICOE 10 ifg4EiRE L TH
%o RH oy b A KIZREK 25.4 X 30.4 codp S
/IN12.6 X 15.2enE T 1I0FEIH D, HHEICEIRT
ZALIITIL-TW 5B,

G 30. 4 cnDER o =7 4 v %l L
A SIT> TV AH, BEAIC Y1 - T3l
DR AY) 08 L THER L 7.

NG LEFI0% STV e FF9 R E
1ITEA) » 300 ce#fiiH
SHTOB. 7R 350 BORZHEHEENHI
f#i LTS,

LT ITSIVAE]L

2. 3 HEBLBREE
HRicHWi- vy 27 44E, 7rEAL7 (CC
D), wyay, "n—=FF4R7 ({A-Va=
P |, BRAREE ([ A-Y 7T otk
w¥—), HBCRT, #5—-CRT, 4 4—¥
v h AT TH X, EXCEL System & FEFR
LT 5(Fig. 1),
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CAT
B/W
0S:MS-DOS
Image Processing Package
Image Command 4198

qo BE i

Fig. 1 Configuration of the experimental
system (EXCEL)
2. 4 HBERULEBFIR

BREANBERE Y + 9 H 27 O LEICOE
BX®7 4 VLEBECCD-TVAHAF (NT
SCAHR) THHET B, /v 3 v & EQAIREE
T512X512X8Ey bDOF Y VlRICENL
TatyH—DOY T bI2T (A A—Ya7/F)
THBUERAE T 5, UEBEOBEIEIAECRTE
#7—CRTiMLHEN B, HARBEFTA « 4
A=TYTHATTEDUT 4 vk 4 ETH
Bt b, REFEIR5.254VF7a9E—F 427
icERish 5,

ZhoDEFiRE b THEEEMICITDNh S, T
VHAZXODDANE, VTAs4 LTREETH
b, BB FICTFEOHAGDELNEEL
HWRY, 157HTHS.

2 5 EfAEAER

BRMEARIARE (RDOAFHEICHRIN S,
1) #FEEZE{E : grey scale transformation
2) b Z b4 5 £5FHHAL : histogram equalization
3) 7 4y —RLEE : filtering
4) 4 =27 HLE : unsharp masking
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Bl1OBEERIZ, CRTRERSNAELD
BREEZ SR % & TR L TiT 5 (Fig. 2),
CRTiC#R&EN 5 —Fi%*% Look Up Table (LU
T)EHT BT &S, LUT S S5,
ERILEE & LT I3 s LB (point operation)ic &4
BLOTHB,!)

F2OER T 7 LR, BOMIEROERE
SfiH— 7Pk TEEDTH S, Thitk-
THEBZEZLID L RPT T 5,

FHID7 407 yTITE,
5 77 v(Laplacian)fi ¥ @ FiEHid 5 (Fig. 3) .
3X3D= by s RCEELE LEBITHIHE
ABEICTH7 407 —FHRTHEYIC/NY —
gk d A T & & a]fET&H A(arbitrary filtering),
B 3BT 7 v -4 (HEBH¥ETMP) M0
12 PIRHEERT / — <D ORI P S At
&, WMELMETIOICEbI O EFHEL
fOTHRBIOHEICHRHAT AT L L LT,

FAOKTr =2 7B, BEEOMBERET
5 ¥ ik (algebraic method) T4 5, 4o
(EM LR 7 « vy HilTTED LAcmifg (K

) —~u (Sobel) |

Patterns of the grey scale transforma-
tion displayed in the Look-Up Table
(LUT) on the CRT. A. Enhancement of
specific density levels of the original
image. B. Enhancement of a middle
density levels. C. Reverse of the den-
sity levels of the original image.
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EDGE FILTER

Sobel Operator ! Laplacian Operator
1ot 121 ; 0|10 A1
%S 0 0 ERRIE 4|+ |1
sj -1 = o|-1]|0 A1 |1

0
-2
sy
A i B

Ple|e

Fig. 3  Patterns of the edge filter: Sobel opera-

tor and Laplacian operator.

ISR ZEBE LD E9EF, BohiEfE
ZRERICMA AT LT, #HRELTHEOSMH
PR % o (high-pass filtering) 4 5. Tk
BCIHER D b OMEIFN), WEEH Ny — %
25 T e BT I3 MET 4 vy —H
bW EFHE L, AFRETREIMEZ 4 v —
T2 [P U Ao R A % 25| U o hifg 2 5l
mz 54X %%A L1 (Fig. 4) .

3. & ES

31 BEfuRAXORR

FNEFNOEBUMIC IFErH 5, REEMHR
BHEEGOREEZEEERLTAHAPT TS5, &
STHISIRE R R (REZER) 45, HEALE
DIRHFDE Y & LTHREEZY —<1F 50D
iz&u,

ER b7 7 LFAEE, BHAROEHES, §
238 9 LPBFEFICITLEHEVLEHORE IR
Ko UL, V=i Bk iasEssdE o X
HITHE A BT HICBF| S0,

S =i RES T B T v VEHERRIKS
R OWEwIALEEHT 5, £ L TRO DS
LT B, > TREOHFEEmETHE L
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bICIEMY (FGBH) 2FET HDITL L,

K= 2 7 B IGH U 7= @ BRIk o0 58 35 13
L D fR NS & (texture pattern) D ICE L
TWADT, Modguch UrZ(k, $hbbik
oM % A0 { 4 5(Fig. 5),

R, choohikERb 1%, /' —~nik,
ren e i PRI R R DS R bR A O s Ric o &
ZZ, UTOBKRD 7 r0-7 » 7HRICHV

3 2 WMREOBHRHR

22 fEF O X BB EERNFEE LTRSS LTH S
&, ARERicahn s Lhibh - 1(Table. 2),
(DIE &M R4
IEHOHERIRETES - 7ob8, —IE, M
ITEFERENBLNSDE LI, 2HicH LN, 1
FlMEMNE (0 c + M) (Fig. 6) , fthod 1 FilidRe
ER(I)TH-1, 20EbHREORELMBD
I = SOV IR IR - T2,
(2SRRI R

AT/ RERLIRICRETSH0T, 5
FlicAaohiz, TONO 4 FlIFFEME (ITc) T
Boo 1 FliikREiBEUoRERNTHAT a+ 1
cThA(Fig. 7).

(3) 75 85 AR D ol o 1 6 A
BERSMEIEDRSHESHh, HXHETH
nb, BE, REOBICZOFRRAMSALATV
ETAH, TORSICEENRELTEIHITH S,
ZoBAR THicA o,

4R £ L

L BANEFHIBIOBEHILALNEbDTHS,
il REATLS AR, DrBEMATH-T,
8flicH o,
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C D

Fig. 4  Unsharp masking method using minimum grey value in the ROIL. A. Original phantom image.
B. Two times minimum value filtering on the ROI. C. Subtraction of B from A. D. Addi-
tion of C on A shows enhancement of texture pattern of the mucosa.
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Fig. 5

Table 2.

Tumor occurences are roughly divided into four groups.

Early gastric cancer, Type Ilc (tumor
size: 1.3x1.0cm, depth: mucosa).

A. Ulcerated lesion is found on the pos-
terior wall of gastric body. B. High-
pass filter shows uneven bottom of the
excavated lesion clearly.

Patterns of tumor occurrence classified
after the image processings.

(cases)
1. On the non - pathologic mucosa - 2
2. On the atrophic mucosa or gastritis - 5§
3. Near the gasfric ulcer scar - -
4. Progress from overlooking shallow

lesions suggestive of malignancy -8

Vol. 9 No 3 (1992)

Fig. 6

3.

B AERIC K - T,

3

Early gastric cancer, Type Ilc+III
(size: 0.9x0.9cm, depth: mucosa).

A. Sobel operator on July 1982. No le-
sion is found on the posterior wall near
the gastric curvature of gastric body.
B. Convergence of mucosal folds sug-
gestive of a tumor lesion (arrow) ap-
pears on July 1984. This case shows
tumor development on non-pathologic
mucosa in two years.

EHAEORE LSS

MA-TRAILTE-T:
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Fig. 7

Early gastric cancer, Type Ila+IIc (depth: submucosa). A. original. B. Grey scale transfor-

mation image. C. Sobel operator image. Tumor extent on the posterior wall of gastric body
is clearly visualized by arbitrary edge filter.

D, REBTLbHE, TORLE LT, MRHE
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EBEMIASIRAE L, &SI EEO BRI AL A
LK i LTV B84 T, LIELIEAMD
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7 I8 VBB TEGORSM S EREICR@AE LS,
Kastan 20 KBSHIEG O KBTI 0.4 mOD K
#4 ZTH5TH B Lifin?) Mac Mahon % ps
B X T, 0.1 mHbETHSEMBXTVS
D L RSy NS 53 ), Kastan 0 0. 4 snDWEIF 4
K220 X 20 m®D 7 4 W LE5I2 X512 TF IS
b LIS 5, TOHIic> %, Feczko (3

HLBETIE 512 X 512 THATH 5 Lik~TH B

mEREBEIc > T b, Feczko Hi3, H{EEBZMT
REARES(SLBELLEVELTVS, TOH
e LT EEETITEVI Y TR MDD
ALEEHTFTW A,

Fr OREOBIET, B XBBITOOTHEY
£ X & MEOREIC OV TIREEHLHEAITT->T
Wby, LALCCD-TVA2FERHVTAN
L7512 X 512 X 8 £y b DF ¥ ¥ Wlil{§IC il
BABRUTOLEL, WKLo, HEEXHEREIC
FRHy MENEHEN, FRHCT15.8 X 16.2cm
PIFTTHRESNTHARTENEL, EHICTV -
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FRRICEGMERA T I}, NV I Y LANLT
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DI, 7408 —WEETHEZBWICT 505
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L L, /v aviclfl L mRUREEED Y 7
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A New Approach for Assessment of Tube Voltage Waveforms

(An Attempt at Evaluation by Using Frequency Analysis)

Koichi CHIDA and Hiroyasu ARIMA
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1,1, Seiryo-machi, Aoba-ku, Sendai 980
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For the evaluation of tube voltage waveforms, the tube voltage ripple and tube voltage peak

number have been used. However, for high frequency waveforms of tube voltage such as those of an

inverter type X-ray generator, ripple and peak number are insufficient. Then, we suggest the frequency

analysis method of tube voltage waveforms. In this method, waveforms are analyzed by using fast

Fourier transform (FFT). The method is convenient to the assessment of distortion and frequency of

tube voltage waveforms, especially useful for the detailed evaluation of an inverter type X-ray gen-

erator. We also measured the overall value of power spectra by using FFT analysis, and there is a good

possibility that it is useful for the evaluation of X-ray beam quality.
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X-ray
tube

Analyzing
recordar

FET

I 17 nodule

tube voltage meter

X-1ay
generator

Fig. 1  Block diagram of a measurement sys-

tem for frequency analysis of X-ray
tube voltage waveforms.
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DFER (N7 =27 b)) THD, HEEHHR
. ftdhhs 7 oy ol (W8ED) OMEERL,
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Fig. 2 Frequency analysis of tube voltage

waveform in single phase X-ray gen-
erator.

Upper:FFT analysis

Lower:X-ray tube voltage waveform
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Fig. 3  Frequency analysis of tube voltage

waveform in three phase X-ray genera-
tor. (KX0-1250)

Upper:FFT analysis

Lower:X-ray tube voltage waveform
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Fig. 4 Frequency analysis of tube voltage
waveform in three phase X-ray genera-
tor. (DH-158HM)
Upper:FFT analysis
Lower:X-ray tube voltage waveform
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Fig. 5 Frequency analysis of tube voltage

waveform in constant potential X-ray

generator.
Upper:FFT analysis
Lower:X-ray tube voltage waveform
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Fig. 6 Frequency analysis of tube voltage
waveform in inverter type X-ray gen-
erator. (KX0-50F)
Upper:FFT analysis
Lower:X-ray tube voltage waveform
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We performed the Coltman’s correction by computer simulation and investigated the number
of terms should be used for correction as well as the computation error. In the range of up to 100
correction terms, we examined the difference between two computation methods, i.e., single precision
and double precision, and compared the calculated results obtained with and without an arithmetic
operation processor, also, order of addition operation. We found that the obtained MTF values at zero
spatial frequency are similar. Therefore we may conclude that no error due to various computation

methods occurs. Moreover, the calculated MTF values at zero spatial frequency are the closest to unity
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when 58 terms, 60 terms, and 62 terms are used. And the corrected results obtained using 58 terms

and 62 terms showed no significant difference. Thus we may state that 58 terms are sufficient for

correction.

Keywords: Coltman’s correction, MTF measurement, chart method, simulation, convergence,

computation error
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Table 1 (a) Comparison of single precision and double precision, where an arithmetic
operation processor was/wasn’t used. (continued)

Term Single precision Double precision
1 785398 .7853981633974483
2 1.0472 1.047197551196598
3 .890118 .8901179185171081
4 1.00232 1.002317656145315
5 1.07372 1.073717489181447
6 1.0133 1.013302245843181
7 .960942 .9609423682833515
8 914742 .9147424763187957
9 .956079 .9560792217607667
10 .993479 .9934791343035023
11 1.02763 1.027626880538174
12 1.00054 1.000544185248607
13 1.02588 1.025879609874331
14 1.04968 1.049679554219708
15 1.02724 1.027239606694067
16 1.00601 1.006012629304947
17 085874 .9858742148588581
18 966718 .9667181620930667
19 .984983 .9849832356604492
20 1.00169 1.001693834881672
21 986294 .9862938708934863
22 971475 .9714750376218363
23 .957195 .95719507101461
24 .970974 .9709739861619336
25 .984286 .9842858194398565
26 97141 .9714104397120295
27 .983493 .9834934883796825
28 .995216 .9952158490274056
29 1.0066 1.00659843110563
30 1.01766 1.017660377068974
31 1.0069 1.006901498118324
32 1.0171 1.017101474266343
33 1.02704 1.027043223170108
34 1.03651 1.036505851644776
35 1.04575 1.045745830037687
36 1.03672 1.036718264941165
37 1.02789 1.027893566476025
38 1.01926 1.019262817427701
39 1.02771 1.027707958969609
40 1.01944 1.019440609881215
41 1.01134 1.011343721598767
42 1.00357 1.003567502159188
43 1.01119 1.011192727046542
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Table 1 (b)

Comparison of single precision and double precision, where an arithmetic
operation processor was/wasn’t used. (continued)

Term Single precision Double precision
X 1.00371 1.003712744537995
45 1.01105 1.011052914289373
46 1.00385 1.003847426551782
47 1996771 .9967717674220752
48 989821 .989821341197319
49 1982991 .9829917919503847
50 1976391 .9763918073840196
51 .970006 .9700064564620891
52 .97619 .9761906939691556
53 982279 .9822790518249498
54 .988274 .9882744576524112
55 994179 .9941797070012642
56 .988447 .9884468736917938
57 1994097 .994097220191056
58 1999667 .9996674199314635
59 994175 .9941751250825303
60 1999591 .9995916641404437
61 .99432 .994320535527038
62 .999521 .9995218478674184
63 .994454 .9944547629422736
64 .989452 .9894522268696784
65 984512 .9845126157791284
66 .98939 .9893908652412244
67 .994209 .9942092588816995
68 .989449 .9894492700126241
69 994152 .9941522530269801
70 989612 .9896123792501162
71 .994049 .9940496570094238
72 .998437 .9984373562462811
73 .994098 .9940981398739195
74 .989806 .9898063466313105
75 1994051 .9940517421091345
76 .989851 .9898517519305385
77 .993963 .9939637841996351
78 .989894 .989894363663897
79 1993922 .9939220465531147
80 .989935 .9899352538455135
81 .993882 .9938819782846966
82 997789 .9977894318339377
83 .99392 .9939204753639995
84 997751 .9977516859171578
85 1.00151 1.001509571866428
86 1.00523 1.005231838043667
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Table 1 (c) Comparison of single precision and double precision, where an arithmetic
operation processor was/wasn’t used.

Term Single precision Double precision
87 1.00892 1.008919153364782
88 1.00527 1.005266138651305
89 1.00889 1.008885485026409
90 1.0053 1.005299192042859
91 1.00885 1.008853029886286
92 1.01237 1.012374994744571
93 1.01583 1.015834898548084
94 1.0124 1.012405212245038
95 1.0158 1.015805204294378
96 1.01243 1.012434396726148
97 1.00909 1.009092276881904
98 1.01241 1.012406193183159
99 1.01569 1.015692377967248

100 1.01243 1.01243346442618

Table 2 Comparison of order of addition operation.

Single precision
Spatial
frequency Addition from Addition from Double precision
(mm-!) low frequency high frequency
term term

47 996771 .996772 .9967717674220752
49 1982991 .982992 .9829917919503847
50 976391 .976392 .9763918073840196
62 .999521 .999522 .9995218478674184
63 .994454 .994455 .9944547629422736
66 .98939 .989391 .9893908652412244
75 .994051 .994052 .9940517421091345
76 .989851 .989852 .9898517519305385
77 .993963 .993964 .9939637841996351
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Fig. 1  The MTF determined from the straight-line-simulated square-wave transfer
function by employing the Coltman’s expression. The number of correction
terms employed was 58 and 62.
*: Transfer function measured by the chart method
+: Transfer function obtained by using exponential approximation
X: MTF obtained by employing the Coltman’s expression for correction
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Table 3

The MTF values determined from the straight-line-
simulated square-wave transfer function by employ-
ing the Coltman’s expression.

Corrected MTF

Corrected MTF

Spatial value, the first Spatial value, the first
frequency 58 and 62 frequency 58 and 62
(mm-") correction terms (mm-') correction terms
used used
0.0 1999667 9.5 346147
0.5 989674 10.0 .316302
1.0 973054 10.5 .294311
1.5 912718 11.0 .268393
2.0 .860359 11.5 .242475
2:5 .81948 12.0 .216556
3.0 793562 12.5 .190638
3.5 .751936 13.0 .16472
4.0 .699314 13.5 .138802
4.5 .648264 14.0 .112884
5.0 .594857 14.5 0869658
5.5 .553492 15.0 .0610477
6.0 .526003 15.5 .0351296
6.5 .501656 16.0 9.99667E-03
7.0 475738 16.5 9.99667E-03
15 44982 17.0 9.99667E-03
8.0 42076 17.5 9.99667E-03
8.5 397983 18.0 9.99667E-03
9.0 372065
[ i ] 41
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Calculation of Bremsstrahlung Spectra Using Monte Calro Method
— Comparison of Gaussian Distribution and Landau Distribution

for Energy-Loss Straggling of Electron —

Nobuyuki NAKAMORI, Kaname YAMANO, Masayoshi YAMADA and Hitoshi KANAMORI

Department of Electronics and Information Science, Kyoto Institute of Technology,
Matsugasaki, Sakyo-ku, Kyoto 606
(Received June 6, 1992, in final form July 29, 1992)

The bremsstrahlung spectrum from a thick tungsten target is calculated using Monte Carlo
method, taking into account energy-loss straggling of electrons in the target. Landau distribution and
Gaussian distribution are applied to energy-loss straggling of electrons. The calculated spectra using
Landau distribution are in good agreement with Birch-Marshall data of bremsstrahlung spectra, without

any modification on the Bethe-Heitler cross section with an empirical correction factor discussed by

Koch and Motz.
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Fig.6 The variation of most probable energy
and mean energy of electron at a layer

with depth in target.
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