ISSN 0910-1543

ER@RBHRF M

penmEse i Es1lvs

Medical Imaging and Information Sciences

Vol.l4

No. |

January 1997

&

@R 1B

R (MIDZF=

Japan Society of Medical Imaging and Information Sciences



X#BARY bLTFF 54— RAMTEC4 1 3%

FEWMI—WXABE. TETFT 74— - F’ i
CTHMOHDEXMDITRALF—RRT ?
IWERETL2ERTT. XRBHBC(EXZ '
IWNFrhREEBALI-BRFSHMBIE-T.
H—20°CICHAOCENI-CIdZnTex@
FEMHTHL., ERNGITRILEY—3M
fEE/NBEFEmIIEEL-. FEETE
ol BB REROBIR(CE&I Db,
FHEAERETORIEYNS., HHOBMRAIEIC
tRAOERMLET,

E E :

@I RILF—AREEMNRL @ EHNHBMTEERSE *RKICKRT

M (F. W H. M) & REARER (C/ kg R], ZERRARR (Gy] RELYE[Sv]
14, 4kev|cTHO. Bkev (70um, 3mm, 1 cm®D=H) £—EFOIRXNF—ARI }
59. 5kev|cTH1. Okev WHAMT— 5 2RHELERTZET.(MBY O L2065
122. OkevIZT¥1. 6kev [ZIREFE.)

oNRES O HREETR N

HERALONTE-Ge L REORLBEERCLIANHNFTEL  $10 710 *Gy/secDitMEEEZLL . REARNSE

H. DO THENTERARLRESHNERTEEL . BRET. BELTOXBEMBEELHANTEEY. (5~150

kev)
OHEBI CEHERVNIEHTED @EHELLARUAHIE

CTOEESDLI-HALEES, RABNIC00EAMICHIKAR CdZnTedRENGHNSNLESTREL XBAND ML
AAY FLEHBLET. COT—5%8IC. V542 - CHORE  ZERICRHAISH, ALY vELTRICLOREY 7 FERR
FAUTHRBRAAY FLAROONET. (RMEY. RV IFE LTLET,

96 FMICHRUTRE.)

BEE DA

OEFAHNACIZn T e ¥ BEBRHB

BHEOLESHERBECIZn TeTFHNRFESHNSO0TS i PGelIHATAFTLUABRRUMELF>TLET. &
D=8, BEBEPE{ I LNTZET. BRAOUSHENRREIN, BAETHRFIAMOLLVHENTED L
Sy, MO TEAMLE IR LY —SRENERLEL:. TRLF—SRENSR G- 1 D2OBHIET. K&
21— 20CETAHNLTEBALTWVWALSHTYT, BEVNHIBELUER(GIE., SHHRNKEFILYET,
@) A—F—

FEBTCEAXBERFELT BT OTOIAAT—FHBLET. - THRHEBICT2ELUL,. FABICXBNEADL
BENELAERIGVET, ERAMNICEEN ) FEULOXBAAS-IBES., CORZEEARATEL(GYET,
Dt-%. BHLBOEHE (9mm) 22 VFATUMOYA—2—ORDERICHBL, KELXBINLIAETHEH
BTEIRIZLTLVET,

O EFETILFFYyUoRrINT 34— (MCA)
CdZnTe¥BERLEBNLH-EBL. TORENRER7 LI THEM. BESAXBRIFALFX—ICHEAL-BEN
WAEEE LTEEILFFYoRLTFS4H— (MCA) I220hET. FEBEOMCAICIZIEMEMO. 8us

e cDBERRLERA - DaAVN—2—4*FAL. SHYREJNTZAKICLTVLET, XEBEOMCAFEINYID
RAOy RcRUFFSH, BIET—2ENVOUTHEHREHRSICEMNTEET, (Wi ndows 95HE)

BEAT Y IRARA

x # O TI62 EEBEEERER -5 BEERE-TEEL Ta 03-3268-0021 Fax03-3268-0265
XM XE T550 KERAAERIET 1-8-12 ARE L TeL 06-535-5741  Fax06-535-5745
EER XE T450 SEBRTPHEAER2-40-16 BRFHE L TeL 052-561-8701 Fax052-561-8706

BEEE T8 BETHSXGSIREI-13-28 s b FEJ T 092-482-2022 Fax092-482-2027



ERERERFME

4% F15 19971 H

=] R

& &
117 EER 8 EFEEFAS 25 1
% 118 BIARESTFES & UEERE 28 4
# A X
Q#Ejasﬁg%K: T e T 5&%& {3@ ...................................................... 1
BE X
RIZ T VT ) X LEBW R EREEOREREE
.............................. K& ﬁ;a' 5 Hﬁ, ;]\% ﬁz_
E%E ﬁ&ﬁ; ...................................................... 2
& O H i E M
.............................. ED ﬁ{ﬁ T T | |
Active 7 4 U&7 2R W= LE&REEO HEhihH
.............................. .ﬁﬂi Efi E; EE& 4@% ﬁ;;
ER ];( ...................................................... 18
LSFicB & iE 9 7 0 24— -3 & EREERAAROEE
.............................. MHiéﬁEi-ﬁﬁfiﬁgh'Fm ;ﬁa_
;k:“[ Q‘Eﬁz, kijj_' j_é:_. FJ.EFJ ﬁujk .................. 27
BHRE
WL — 7 A L LR ONTFRIEEOFEE(LIC BT 2R
.............................. *j—_“:' (E&, i# ﬁﬂﬁ ssssssssssanaasssisassssssesnsessces 30
2 #®
Hﬁg§£a§ ......................................................................................................... 60
ﬁ)\%é—ﬁﬂf]‘%ﬁi&ﬁ ....................................................................................... 62
AEEsh3AIC

Kk (8 IR E RN BSAUREL SHEETI S -4 — 20 BTN THEAARRZAAT SNGET 200 6RE. BEME
TGS AN T, 2IT, AXEMAESENIINGT S0, HERAS S NTICRT SRAOERL R TOIXOMKE . HEE
FEAEFEBEOANHKT SR - HEKSLOMT, AEMLFEEHENRELSIZLTFEL

FRERERGRZ AN L 7 -8
T 107 MBI RN 9-6-42-T04
Phone 03-3475-4621 - 5618. Fax 03-3403-1738



Medical Imaging and Information Science
Vol.14 No.l January 1997
Contens

Preface

Expecting to be a featured society

Original Papers

Determination of Weighting Values of Neural Networks By Means of
Genetic Algorithms.

------------ Shinji WATANABE, Du - Yih TSAI, Katsuyuki KOJIMA

and Masaaki TOMITA «------ 2
Compression Scheme based on Arithmetic Coding for Multi - valued Image
------------ Seihaku HIGUCHI -+ 11

Automated Detection of Ventricular Contour Using an Active Filter
------------ Nobuyuki ENDO, Du - Yih TSAI, Katsuyuki KOJIMA,

and Kou FUJISAWA  -w-eeveee 18
Effects of Crossover and Low - intensity Reciprocity Law Failure on LSF

------------ Hidehiko YAMADA, Yasuhiko OKUMURA, Seiji SHIMOYAMA,
Nobuya OUKAWA, Motoji DAIBOU and Kastumi NIWA-««----- 27

Technical Report

Investigation for standardization of MTF measurements of

screen - film systems

(Med,Imag,Inform.Sci. Vol.14 No.1)

Japan Society of Medical Imaging and Information Sciences
Department of Dental Radiology School of Dentistry Meikai Univ.
Sakado shi Keyakidail-1
Saitama 350 - 02

Notice about photocopying

In the U.S.A., authorization to photocopy items for internal of personal use, or the internal or personal use of specific clients,
is granted by [copyright owners’ name], provided that designated fees are paid directly to Copyright Clearance Center. For
those organizations that have been granted a photocopy license by CCC, separate system of payment has arranged.

Copyright Clearance Center, Inc.
27 Congress St.
Salem, MA 01970
Phone (508) 774-3350, Fax (508) 741-2318



FNTEEE S EFEEFRED XA

BEFALETHOLSICHBELETOT, B-oTISMFI W,
H ®& FRIF2A1H (L)
BB ARAFEEETRE¥HE—#RE F¥S)
T565 WHEMILEREL-7 Ta 06 -879- 2501 ({RSEH5AN)
£ MmBE 48500/, L8 1,000, F4E 8wk

18 () —F8i-
e iIIaRTE 10:00~11:00
FECTAD7 Fuo—F : Eak—L vy 2AXFiEkEdLe LTI
RKRAFEFRS BiR #& Bt &4
R%¥a 11:00~12:00
KRARFEFHRRFEFIEEOHRP L RFE
KERAKFEFR Bk Afg B &4&

18 () -5

MR ERS  13:00~17:00



EHEEAHX

& 8 KRKZEFBRRZFHMEE (Hed)
T565 WKHEILERI-T  TEL 06-879-2501 (&)

<EBETOF7 7>
(MM T ALABERTIR  TEHRRR (BR) »5HB/2T [RAFBAI] @
[RARBIE] 7 #910~20%

(2) J REHER SKABRD 5ik/ 2T [BRAKER] 7 #3045
() ARERREE (R » 5RB/I2  [FRAKBA] T H45%

(4)BR S WEFEB R KAHERD 53A8%/S2 T [BRAAEA] 7 K405
(B)EBRETER EFER (BR) PERAEE #2058

*¥ XX TESNBIARVWTHhS [BRAKER) THE

REFEH (REFSE) BN

-

{ = na
U’ [P
U Qe ®
s T A IL7vQZ72
WREL7-

14 Ak
LU ke

v ~
ANINRE T~

MREEITL Y- =
=

AMEEE

1) EnE i




AEAEWEHF v V/INANDEE - B 1#E
EOFHRLIE. RATHRVWVELET,

SR

ERER

MR RR

ABAEREAF v AAZTORBNZTATREAENMETRCRUEY. ROMA
BMALUGSHMENEL. RBER/->THALTEW. 2L, NAOTHALRLT

BHEWAZ

NINAFER WNARA

BNICCEREVET,

EX nREs

¥ | Txean 2

B| mRER mEmAn |B| 2

¥ wmen | _|[ wisa |&[ m20m

3 % =

— =

J - J

R wowum | T | wonan | KR

| W57 | [wica % [ m3on

R 2

— #

- TEA JF| e

fi #3057 LG

" R

H

o 52 =l
40 =

o ¥40%

AEKRE -
WHF ¥ /82

RURCABENTWBEYRA/ VT « KFLO—BTT,
Tl EPRMICIEECHETAL,

BWR hFAOEN | Lt RANERS
FimR |KEIDHEEA 17] 06-323-3161
=a-KERFN 25| 06-3065—-2345
FHRTF MK 67| 06-302-6671
wFADLYNE WM| 06-304-1511
EPRMAR rnt—s 26K [19| 06-302-5141
*FMTY7 26| 06-304-6171
KEWB A 77| 06-316-0108
smR  |MEHOSKFN 55| 06-312-1271
(%8) |7 mn 75| 06-312-7971
’{I’:i’;;ﬁ;;f‘ 06-344-1236
$=—R b TN 19| 06-386-0001
M FRILER| TS A{ 18| 06-338-0109
M2Y=—A+rkKFV 15| 06-386-3200
SEEmam| FTFVAP 87| 06-843-2561
&M xsrxri-+3L |102]| 06-843-8811
wrMR | KFAOUH 18| 06-841-2612
SPR | RFATAN) - 19| 06-849-1111
FEpRR |TEESRFAV 37| 06-872-2211
FAR | EARSETF NV 0726-20-2121




FE118EFR 8 FEFERARRESVICRRDARA

F118EERK 8 EEERALLE STICREETiLOL DIk LET
DT, HEEBEFLETI W,

H B FEHRIFE6H6H (&) RUTH (1)
B EEIEARFEEARF vy 3R (FE)

T243-02 fhiz)I|EEATHuL L 5 8 3
R e EEIEARTHETIFH @BETA

T243-02 #A)|EEARTRRLL 5 8 3

TEL 0462-42-9508

FAX 0462-42-3000
HeRliiE TR ELRERR

FRTEYFTHHTER #id ME 82 %4
H % & HpTEAPTERIFHOMRRFE
HRATEAYTHHTER e mE S22 &4&

[HEEREY) FRR 94E 4 A10H
B A % T350-02 HMEREKFHIFPESEL -1

B A S b U AR A

ERE@IEHER

TEL 0492-85-5511

FAX 0492-87-6657

(XEIIFAXTHEEV L FT)

AHRXERH#ERXOLAEICONT

WEAEICB| X8V T AERBLREIOREETVE T, FiOEMTRIMRXDOASRE
ETVWETOT, IWELTFIW,

W 2 EREEEEELMEE Vol. 13, No. 1~No.3 (3 i) Bl hicwmxX

IBEEE TFROHEIALBM ME) ICALT, EBRAICE£XD TV, BF

THiUETHRMTT .
EF EERERTIT 2. WH R EOHEMICOW\WT
WU B ER9FE 1 A3E (&4%) 1 #F#H, wXH. & 5. H
£ & FHRIE6HG6HORATITI. |2 HEED 300FLIA
3. HEESL &=




(BHE)
BEebd3FELIC

& &% L&

TRk 8 EEDRLT, BHoTh, RHEEOROSRICEEIN, HO5IZHE LR
WT9s

PEIDAETE. AL, HISOBIEA A=V 4 T+ A — 3 (RI) IRZ0 S
HZ TAT 3 2BAEADZ, BECRELTVWET, AL0ftic EHERPERIGROYF
L HEE, BESHESNED T, ASERLEENE (| MEITERICKRESE
FTwET.

S IMEOEEIR. ALAITILIKRO, BEEFMICHTSIL0. JhicBTAEMEL D
—ERANICEEZS ET5H0, Bioh ) —DEROXKGOWMHEICHT 5 b0, FHld
@LEWTVWA—HT, FEBERVERLE, ZHR. HHREE. ¥, BHOFiE
3T WL o TOET, MEHREGIHE & A S REBERMEI T ERVENND
A& DEVWESH, A2OL D ICHIK SR ZHEL BER - T0H 2RIV L
HEaLTLWEY,

E@UEAT 51 L Th, ALTEM L CEEFGELMASDOETUBEESZ., &
BAEETLILE, BICXEOMELAAANT, LELEVEEREES L, FJ,
ALTLOHKREVWERTIEOTL x 9D

2L HEANELLTVAESH. AR, —REPHCRA ZHTHREL T ZE D
HeE S, BFAAEN LT, BBRAED, EICKBREETAFLMFLTVET, IO
ALEFK BRI ELETREEOTL £ 2D

Vol.14 No.1 (1997)



REH7IVTY ZLZROCHREERBOHE@EREE
KR MET - FE WM /NE 2T EE BOATT

i B TEBREGHIERE T AT LTHEER
T501-04 iz BURAZEBRE IF H]

B TESEHMERERLFEH
T501-04 It RIRASARE IE BT
CUREFRIER AR RS ER T
T431-21  #EATEREHET 12308
C g B EEERE 2 IR
T500 i B i =]HT40
(19965E10H 128, #¥%19964E11 H 21 HZ1%)

Determination of Weighting Values of Neural Networks By Means of
Genetic Algorithms.

Shinji WATANABE®, Du-Yih TSAI'*, Katsuyuki KOJIMA***
and Madsaaki TOMITA****

*Advanced Course of Electronic System Engineering, Gifu National College of Technology

Shinsei - cho, Motosu - gun, Gifu 501 - 04, Japan

**Department of Electrical Engineering, Gifu National College of Technology
Shinsei - cho, Motosu - gun, Gifu 501 - 04, Japan

***Department of Administration and Informatics, Faculty of Administration

and Informatics, Tokoha - Gakuen Hamamatsu University
1230, Miyakoda - cho, Hamamatsu - shi, Shizuoka 431 - 21, Japan
****Second Department of Internal Medicine, Gifu University, School of Medicine
40, Tsukasa - machi, Gifu 500, Japan
(Received October 12, 1996, in final from, November 21, 1996)

B LR AT o 2 ST



Backpropagation is a one of the most typical learning methods employed in neural networks

(NN). Although the method is very efficient for numerical data processing and learning, the

calculation is considerably complicated. In this study we propose an alternative learning

method using a genetic algorithm(GA). Our Preliminary results show that the classification

rate by using the NN with GA is comparable to that with backpropagation for classification of

simple categories of images. And the former method is slightly superior to the latter method

for classifying difficult categories. Moreover, our results show that the proposed method has

better feature in terms of convergence for obtaining the optimum solution in learning.
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Fig.2 Neuron model (in the case of two
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Fig.8 Anexample of normal case.
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An arithmetic coding is well known as a powerfull and an interesting data compression
techniques from information theoretic viewpoints. In order to apply this techniques for the
multi - valued images, a simplified and a feasible processing method have to be developed.

In this paper, to reduce the dependency among the neighbour pixeis, and to detect the edge
regions, we introduce the directional gradient by obtaining the difference value between the
adjacent pixels. By combining the directional gradient on the local area, we decide whether the
observation pixel is in the stationary region or in the edge region. Then a best estimate to the
above pixel is obtained to compute the prediction error. After above procedures, difference
(error) image which is processed by an arithmetic coding is derived. Simulation studies were
carried out for girl image (SIDBA) and X-ray image to show the effectiveness of our

approach.
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Fig.2 Pixel relation on local region
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Automated Detection of Ventricular Contour Using an Active Filter

Nobuyuki ENDO*, Du - Yih TSAI", Katsuyuki KOJIMA®**,
and Kou FUJISAWA™***

*Department of Electrical Engineering, Gifu National College of Technology
Shinsei - cho, Motosu - gun, Gifu 501 - 04, Japan
**Department of Administration and Informatics, Faculty of Administration and
Informatics, Tokoha - Gakuen Hamamatsu University
1230, Miyakoda - cho, Hamamatsu - shi, Shizuoka 431 -21, Japan
***Second Department of Internal Medicine, Gifu University, School of Medicine
40, Tsukasa - machi, Gifu 500, Japan
(Received October 12, 1996, in final from, November 25, 1996)

In this paper we present a novel algorithm, an active filter, for automated detection of

ventricular contours in cardiac magnetic resonance(MR) images. The active filter, which is

different from simple global thresholding methods, is a local thresholding method. Namely,

the threshold values are various depending on the gray - value distribution of the local area in

an image. In order to verrify the accuracy of the proposed method, some simple images are

= B AR 2 sk



used. And then chinical MRR images are used in our preliminary experiments. The

superiority of the new method is also confirmed as compared to the simple global thresholding

method.

Keywords : contour extraction, image processing, MR image

1. EANE

LEBHOGHRI, REBOLHE, GRS OR
EFETHIBRLT, LEORIBEBILIIE
BTHD, %, LEOBHGIHEMOAFik
Kk - THiONI, 2RO 1AL EIZD
fo > TOLERIPREN S, LEOAREH KL
EZ, EUICROEON—BNTH 7", L
ML, COHEREMICKEZUAEEAER., £
EEIOBRBREHPITEICK2EEL L - 13ERE
K5,

W, I E2— 7 —OBREERIELICHEL,
LERIBO BEhlHFEIC AT 87 & MR
Aohft, L L., LEORIOEGEREE
DEFNEL, BEOLEVEICLZHETIRIE
bt XE#TH S, T TEESIECH
FTHEIGL 2 VWEEREHVTLERIO BE{LD
FihxmRELTERL Y,

AR/ T, LERIBOEHHBO—FiEL L
THEIZICERE Lizactive7 4 VY E|]REST D, &
R T2 E Factive? 1 L7 DEREBHETT,
i 2 HIRES Bactive7 A LIDT LT X
LAWGET 1%, MELERE R Thezbhit
DEBETI. TOICEKRFICHERL., Bl
FVVEE OHBETV., AT 407 OLEREH
o BEt~OFRAKERRT 5,

Vol.14 No.1 (1997)

2.5 &

Fig. 1 CAME TRET 2B EORKN
2757, EFIEIC->WTLITFICHAT S,

Input Image
—

Active Filter
'_

Output I mage

Fig.1 Procedure of contour extraction.

2.1 EfgDFHHAH

AHETCOEZIZA A -2V AF % +(GT-
6000, Epson) Z{EH L TEDAH, ANEEO
# A4 X 12256 X 256E% T256MEHO bOERL T
w3,

2.2 Active7 4 L%
Active7 4 V7 OfitLidFig. 2 Tmd. &F
MEZLA T T~ B,

2.2.1 Active7 4 LY DEE
F 9, active?7 4 VY DEHFELEB~ND, HHL
= UM 1 o L T—ED L & WETHR



Setting of Region
o f Interest

Calculatieon o f

Global

Feafure Function

Calculation o f Local

Feafure Function

Determination o f

Output—Pixel Candidate

Can t he Region o f

Interest be Erosive

N o

Determination o f Pixel

Value Us ing t he
Function o f Noise

Removing

Binary Image

Fig. 2 Algorithm of active filter.
BT260TH5, LHL. RET Bactive7 «
V73 MOBERICH L TERSEN SR L ICH
PN 2B ERET S, TOREBTLICH
ML ZVEICEDD, BESEBICKEL TEL
T HRME 3 OHRES S, TORKLEHEED
EN, 2THLH2—ERANICEI T 5 5EEHD
FEAE R (RBHAENENTHNIIRIPE L
%) THAHELTHMHT 2 HETH 5,
Active7 4 LZICEWVWTO 3 SO LI,

(IMRELSAORBAER TR, QRFNHE#EER
TR, QAR SHEREERTEMTH 5,

2.2.2 Active 7 « V¥ OB LA ORTE &N
Active7 4 L7 iCh1T BEHER & (3BLHE
BOABOEZEDZ L TH S, MOEEE IZEE
EEEZSATHENTLAEREEL T,
Active 7 1 )L 7 OBLGEROZE{L%E 6 X 6 <
Uy 7 AERMOWTHBUCHIAT S, 6 X6< b
U 7 A0HBEDOBLEIROZE/LONEFIEFig. 3
(a),(b).(c)TH B, HOEHNE|WTHBEHHH
FHEETHO., ThicEHE N3R890 B0
LB, Bh S5 &5 ICihd i AN O
ABREEATHENTL AR BEOMEREL B,
BILGRERO A O@E#E L TICH L T active 7 4
V7 EEAHED B EBALHRERIE | DAL,
DD EINFig. 3(c) O & 5 ICBILEIKD
MU ENTELRLULZETHRLET,

2.2.3 A2 ORI

A EORFBIIRAOCEENARESN 512U
BELFRIEKELELTEHL0TH S, HElEL
HORRERLEBNOREFISTHELEEZ S,
L7chi=-T. SRESEROREMEK HIZ

H:'g:.n j‘:'EDS (.Xu Y])
Thd, CITS(X:,Y ) XEEOBETHY,

n i3 ETHRK25TH 5,

2.2.4 BATRIFFERAARL
AR BIE BB O & ICRE & RICKE



(a)

(c)

Fig. 3 Setting of region of interest.

The procedure of erosion is from (a),

via (b) to (c).
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Fig.6 Image blurred by Gaussian filters

with various matrix sizes. (a) 5%5,

(b) 7%7, and (c) 9x9.
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Fig.7 Results of contour extraction using

the proposed active filter. The
images used are shown in Fig. 6.
(a) 5% 5 matrix size, (b) 7X7

matrix size, and (¢) 9% 9matrix size.
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and (c¢) 9%9 matrix size.
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Fig.9 Anexample of experimental results. Fig. 10 Another example of experimental
(a) original image, (b) contour results. (a) original image,
extracted by active filter, and (b) contour extracted by active
(¢) contour extracted by a simple filter, and (¢) contour extracted by
thresholding method. a simple thresholding method.
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“MTF’s and Wiener Spectra of Radiographic Screen - Film Systems” , a book published in
1982 by BRH, covers methods to measure LSF. These methods have been known as the
standard for MTF measurement. However, in measuring MTFs with the same sample it has
been revealed to produce different values measured at different facilities. Several researches
have shown that this occurs because of differences in the methods of irradiation, film
processing, and density measurement methods. The authors have additionally believed that
the essential cause lay in the crossover effect and low - intensity reciprocity law failure. Thus,
the present study aimed to clarify how these two factors affect on the LSF measurements. The
results of research have clearly shown that they are deeply involved in LSF measurement.
Based on newly obtained knownledge, it is necessary to ensure experimental conditions in

addition to the methods described in the book for compensation of the differences among

Vol.14 No.1 (1997) e



facilities.
The results obtained were as follows:

1. With respect to the crossover effect, approx. 30% of the amount of luminescence from

screens affect the opposite emulsion on SR - G film.
2. Low - intensity reciprocity law failure occurs with SR - G film when illuminance is 0.2

lx or below.

3. Itis not possible to measure accurately LSF unless one performs the following in addi-
tion to the items described by the BRH’s authors.
1) The two slit images of low or high density should be photographed under an identical

exposure time with different X - ray intensities.

2 ) The sensitometric strip should completely be produced by the intensity scale method,

and the exposure time should be the identical time with that of the slit image

photograph.

Key words : LSF, MTF, crossover effect, reciprocity law failure
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Investigation for standardization of MTF measurements of
screen - film systems

Junji Morishita* and Kunio Doi**

*Kyoto College of Medical Technology
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Two different methods for the modulation transfer function(MTF) measurements of screen
-film systems,i.e.,slit method with Fourier transform on the line spread function and square
-wave response function (SWRF) method, have been widely used as a powerful tool for
evaluation of the resolution property of screen-film systems. However, it is still uncertain
whether MTFs obtained by the two methods are identical. Also, the nonlineality associated
with double emulsion film of highly asymmetric screen - film systems must be considered in
their analysis. One of the recent work concerning MTF measurements of screen - film systems
is the standardization of MTF measurement. The standardization of the MTF measurements

have to be made based on a consensus between standardization organizations, such as
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American National Standards Institute (ANSI) and German Standards Institute (DIN).

Investigation for standardization of MTF measurements of screen -film systems in ANSI has

been carried out at the University of Chicago in 1991-1993. In our study, we showed several

important results regarding the SWRF method, which is considered relatively unknown

compared to the slit method. In this article, we will mainly describe the technical factors

affecting the accuracy and the reproducibility of MTF measurements with the square - wave

response function (SWRF) method. Furthermore, we will discuss about the comparison of

MTFs obtained by the two methods based on the interlaboratory comparison of MTF. Finally,

we will describe the problem of the nonlineality associated with double emulsion film of highly

asymmetric screen - film systems.
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Fig.5 Comparison of SWRFs obtained with
two different beam qualities (60kV
no filter: ® ,and 80kV with 0.5mm Cu.+
1mm Al.filter added: X ). Type K test

pattern was used in this study.
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Fig.6 H&D curve of the TMG film. Each
arrow indicates density range at the
lowest spatial frequency of three
different square - wave test patterns.
Solid lines indicate for 80kV with
0.5mm Cu.+1mm Al. and broken lines
indicate for 60kV no filter. Also,
horizontal dotted line indicates level
of the base plus fog density.
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Fig.7 Effectof reading error of & 0.2
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(simulation study)
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Fig.9 Comparison of SWRF's of two screen
/film systems obtained with three
independent measurements using a

type A test pattern.
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which are shown in Fig. 9 .
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Fig. 11 Comparison of MTFs in terms of
the slit method obtained by three
different scanning of the microden -
sitometer of the same film sample.
a:Lanex Fine/TMG,
b:Lanex Regular/TMG.
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Table 1 Methods,technical conditions,and
beam qualities used for measure -
ments of MTFs at six institutions.

Method Test Pattern or slit width Beam Quality

Univ. of Chicage SLIT  0.01mm width 80kV (1.64mmaAl,)

SWRF  0.025-5 cycles/mm 80KV (0.5mmCu.+ImmAL)
0.1mm thick lead
Funk Special A)
0.01mm width
0.05-10 cycles/mm
0.05mm thick lead

Funk (Type 1)

60KV (without flitar)
B0kY (without fliter)

SLIT
SWRF

Osaka Univ.

90KV (2mmAL)
70KV (HVLS.7mmAL)"

0.01mm width
0.038mm width

Kodak, Rochester SLIT
PTB SLIT

1.0
5 08 \\ Lenex FinwTHG
K] A\ 8iit method
i \ N SWAF mathod
Zasr )

L\

g \
3 b N N Lanex RegulsrTHG
2 0.4 N SWRF method
s N Silt methed
3 =
- 0.2

0.0 . . . ; . : - : :

0 1 2 K} 4 5 8 T 8 9 10

Spatlal Fraquency (Cycles/mm)

Fig. 13 Comparison of MTF's obtained by
the slit method and the SWRF
method at the University of Chicago.
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Agla-G rt SWRF 0.025-5 cycles/mm 70kV (HVL5.7mmAL)
0.1mm thick lead
Funk Speclal (Type A)

Kodak-Pathe SWRF 0.05-10 cycles/mm 70KV (HVLS.TmmAL)

0.05mm thick lead, Funk
* |SO draft for sensitomaetry, 70kV+12mmaAl.
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Fig. 14 Interlaboratory comparison of
MTFs obtained by the slit method at
four institutions.
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Fig. 15 Interlaboratory comparison of

MTFs obtained by the SWRF
method at four institutions.
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