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Summary

Medical image diagnostic systems are shifting from film to monitors. Especially
because of the very small size of detected calcifications in mammography diagnosis,
digital images require a fine pitch and a large matrix size. Therefore, 5-million
(5M)-pixel liquid crystal displays (LCDs) are recommended for the interpretation of
a mammography. In clinical practice, however, radiologists observing
mammography images using LCDs of 2-million (2M) and 3-million (3M) -pixels for
multi-modality workstations are not a minority.

When a mammography image is displayed on an LCD for the first time, the entire
1mage 1s reduced in size. Radiologists diagnose breast cancer using mammograms.
The entire image should be displayed to enable the identification of any abnormality.
The diagnostic performance decreases when the entire image is not displayed on the
LCD. In addition, images of both breasts are displayed on the LCD simultaneously;
therefore, the image reduction rate of two images displayed on LCD increases in
comparison with that of single image displayed on LCD. The LCDs with 2M- and
3M-pixels, which have much fewer than 5M pixels, would be likely to have lost the
1mages of microcalcifications.

We visually evaluated mammography images displayed on LCDs with different
numbers of pixels that are commonly used in hospitals. We aimed to examine the
extent to which signal detection decreased when images were viewed on LCDs with
fewer pixels, and to investigate whether the signal detection rate was reduced for
displays on the recommended 5M-pixel LCD. Magnified images obtained by Phase
contrast mammography (PCM) have approximately 70-million (70M) -pixels. For
phase-contrast imaging, the object, and the X-ray detector are located at a certain
distance from each other, which is characteristic of magnification radiography.
Since a PCM image has the largest numbers of pixels among medical images, we
used a PCM image as the original image in this study. PCM has the highest image
resolution from using a 14”X17” photostimulable phosphor plate and reading at a
43.75-um-pixel pitch. In the analog method, by reducing the film size and output
1images, the PCM images show the highest quality of sharpness and graininess, an

edge emphasis effect on the object, and the highest image resolution at 25-pm-pixel



pitch. However, when the image is displayed on the LLCDs, the image is reduced in
size but the resolution remains unchanged.

We investigated the observed effect of improved spatial resolution and phase
contrast improvement in sharpness when an image is displayed on an LCD.

In addition, a variety of interpolation methods can be used to reduce images but
the image interpolation method currently used in the medical field is generally the
bilinear method. In this study, images were reduced using bilinear interpolation
and other methods of interpolation to determine a method that does not reduce the
signal detectability even for a high reduction ratio. We investigated the optimal
interpolation method for deriving the phase-contrast effect.

We examined the influence of differences in LCD image-reduction rates on the
signal-detection performance by observational experiments. We created a simulated
image of microcalcifications similar to Burger's phantom, which changes the
diameter and contrast of round signals. A round signal imitates a microcalcification
in a mammographic image. The simulated image was merged to an image uniformly
exposed by PCM at 24 kV and 25 mAs. Its matrix size was the same as that of the
PCM image. The image-reduction rate was calculated as the ratio of the number of
pixels per LCD to that per reduced image when the simulated image was displayed
on LCDs of 2-, 3-, and 5M-pixels. Moreover, we examined the signal-detection rate
at specific image-reduction rates when displaying right and left mammographic
images simultaneously on a 5M-pixel LCD.

The 5M-pixel LCD is recommended for diagnosing mammographic images because
the signal-detection rate at this size is higher than that at the other sizes. However,
the signal-detection performance deteriorates as the image-reduction rate increases.
When the image-reduction rate is high, signals disappear in the reduction process
because of their small size. In general, the size of an image does not change because
it 1s displayed on an LCD suitable for its size. However, in this study, we displayed
all the images on a 5M-pixel LCD. Therefore, the entire image reduced as the
1mage-reduction rate increased and the difference in the image size influenced the
signal-detection performance.

Many researchers have investigated the phase contrast effect, and have reported



that the image quality performance of a digital PCM system would exceed that of
the conventional film-screen mammography system. However, there have not been
many studies examining whether the PCM effect is acceptable for the soft copy
diagnosis.

The PCM images of the Tissue-Equivalent Phantom Model 011A manufactured by
Computerized Imaging Reference Systems (CIRS, Norfolk, VA, USA) were recorded
using the PCM equipment at 28 kV and 50 mAs. The phantom is realistically
shaped and has the tissue equivalency of an average, firm breast. Breast detail
components closely mimic the radiographic properties and shapes of normal and
pathological breast structures. The phantom image was reduced using three
interpolation methods. The image-reduction rate was calculated as the ratio of the
number of pixels per LCD to that of the reduced image when the phantom image
was displayed on LCDs of 2-, 3-, and 5M-pixels. The observers followed the detailed
procedures outlined in the ACR’s Mammography Quality Control Manual to score
phantom images. Among all the interpolation methods, the bilinear method has the
highest detection rate for almost all image reduction rates. The detectability of the
nearest neighbor method is low, and significantly lower detectability was observed
when interpolation was performed for higher reduction rates. The detectability of
calcifications decreases as the image is reduced in size. The mass detection rate was
the highest for the bilinear reduction of the 3M-pixel image and the 5M-pixel image.
For almost every size, the bilinear method increased the detection rate and the
nearest neighbor method had the lowest detection rate.

The diagnostic images are then reduced during printing to the actual object size
with a pixel size of 25-um on dry-processed film. PCM images show the highest
quality of sharpness and graininess, an edge emphasis effect on the object, and the
highest image resolution on film. We compared the film output image and the image
displayed on the 5M-pixel LCD. The detectability of masses and fibers in the film
output images were significantly higher than those observed in displayed on the
5M-pixel LCD.

We investigated the observed effect on spatial resolution and contrast when

conventional or phase contrast mammograms are viewed on an LCD. The



detectability of masses and fibers in the PCM images were significantly higher than
those observed in conventional mammography. No differences in the detection of
microcalcifications were found between the conventional images and the PCM
1mages. In the soft copy diagnosis, only interpolated data, not raw data, is displayed
on the monitor. Therefore, the resolution is determined by the pixel size of the
monitor. Improvement of the spatial resolution and sharpness is not permitted, and
microcalcifications did not show a contraction effect. In the image reduction, the
resolution was decreased by thinning out a pixel. No effect of edge enhancement by
refraction contrast or the impact of the shape was observed in soft-copy diagnosis.

In order to acquire the PCM effect, it is necessary to separate a detector from the
breast and to obtain enlarged radiographic images. Thus, an air gap eliminates the
scattering of X-rays in the PCM. The noise was decreased with the PCM image after
using the air gap method, and this made it easier to detect masses and fibers. In
addition, the bilinear method could be used to calculate the mean of neighboring
pixels, providing a smoothing effect. Because noise is decreased by smoothing, the

rate of detection with the bilinear method increased.



BR

g2 = < - SRRSO 12
B2 T B oo 14
D R 0 B e SO 15
2.2 FSH DT LA JLZRIR it 15
2.3 TUFT T T ATBDIEIR (i 16
BRI XAIAHA A0 e 18
3.1 EFE ettt 19
3.2 TUET T T ANDIEH e 20
3.3 A XHRA A= U I R DMEBUEET E o 21
B A B BRI TTIE oo e 22
4.1 ST LA R RA 78 FE oo 23
A.2 7N U T e 24
4.3 7N U T e 25
BEE < UETTTATMT 7 2 P e 27
5.1 Tissue-Equivalent Phantom Model O11A .........coovviiiiiiiiiiiiiiiiiiieeeeeeeeeeeeiinn, 28
5.2 772 B ADEIEITIE oo 29
BOE VIal—vaVEBRICEAEREIM....coooo e, 31
8.1 R ettt ettt ettt ettt 32
8.2 JTTES ettt 32
6.2.1 T2l =3T3 VB oo 32
6.2.2  FIE/INER Lottt 33
6.2.3 BLERTEBR oo 34
8.3 ettt ettt ettt 35
B4 FEER ettt ettt are s 39
8.5 R oottt ettt ettt ettt ettt 41



BTE ME/IEDHEL ..o 42

O T X OO 43
T2 T ettt 43
C 0 R N N T -0 (= 5 R 43
T.2.2 BEZTEBR oo 44
7.2.3 22T FREE DTN ..eoveceeeeeeee e 45
7.2.4 standard deviation (SDETITE ...eeeeeeeeeee e e e 45

R T TSRO 46
R R = 7 = B U 46
T.8.2  ZEREIITIREE oottt 48
7.3.3  standard deviation (SD)ME ..ooooeeeeeeeeeeee et e e 48
T FEEZ ottt 49
T R ettt ettt ettt ettt ettt ete ettt et et eereereenes 50
BEOE BME=HF L QM ESF DB oo, 51
ST B X OO 52
8.2 T TES ettt 52
821 T 7Y FAMEAERL coveoeeeeeeeeeeeeeeeeeeee e, 52
8.2.2 JBERTEBR ..o, 53
SR T3 OSSO 54
B4 EER ettt ee s 56
SR S -1 OO RRSOOTR 56
TOE T ANAEBMIESH DB oo 57
0.1 B oottt ettt ettt ettt ettt et e et teereeaeaes 58
0.2 TTE ettt 58
9.21 T 7Y FABEEIERL e 58
9.2.2 BERTEBR oo 59
OIS T3 OO SRROORR 60
0.4 FEER oottt ettt ae s 61
TR S =t OO SRRRORR 62

10



F10E PCMIEKIBE LBERE DB oo, 63

LOL FBRA oottt ettt ettt ettt ettt ettt ettt ettt et e et eten e 64
10.2 575 oottt 64
10.2.1 TR DTVERL oot 64
10.2.2  BEZTEBR oo 66
10.2.3  ZER S FREE D FTAM ..eoveeeeeeeeee e 67
10.2.4 contrast-tonoise ratio (CNR).....c.eeoooieeeoeeeeee e eeee e 67
10.2.5 JEEEEHRHED T T T 7 A JLBTE o 68
LR ST 69
10.3.1  FEEE A TIT oottt 69
10.3.2  ZEREIITREE <ottt 71
10.3.3  contrast-tonoise ratio (CNR)......eeeooieeeoeeeeeee et eeeee e 72
10.3.4 JEIE EHRHED T T 7 7 A Tl 74
104 R oottt 77
105 F R oottt ettt ettt ettt nanas 81
B 11 EE L Bttt 82
| R -5 TR 83
11.2 A BR DR .ottt 84
B oottt ettt 85
R EIEIICES. .....oeeiiiee e et 87

11



$E

1N
\ /.

g
SN

12



EIRNEE TOT 4 V¥ Mk LY PACS(Picture Archiving and Communication
Systems)iE (2 B ZWITERIZ T A LV ANDE=HIIBITL, HRLTWD.
INH T 4 VALV RBRREOE RN T 4 A VEBRETREE D =— AR E L o T
W ERE=XITENE TGO SN REICL > TR bR MME N 7
B0, B~ T 74, KR X MREHE 7 & ORI RE 2 EREICRR T 5 2 L
ZoR SN DR T = 21203, RO X #7 4 /L b ERIELL EO@ORR B AR
Ens. Lnl, w2 EZ 77 4AICBWCOIERENIEFICE L, @Bt =4Z2Hn
TH 1 HEICHBRER THEONZRER LR T T L2 LIXTERW. R R TR
k<~ %2 Z 7 ¢ (phase contrast mammography: PCM)IZ B\ THLRIRE 21T 9 4,
3£ %134 7000 7 HiFE (70 million pixel:70M) & 720, ~> &7 77 4 AFiEE=4 &
L CHERES LT 5 500 7 #i5(5 million pixel:5M)DE =4 Zfiif L CH 1 M CT&
RTDHZEEFARFRETHD. LEN-T, 1EBRTTDHEXITET=XIZT7 v bTD
YA RN L TERLTND., BT 7 4 QR OBITIE, —RA0IC 1 Ei 2\

BIRICERR L TREFREZ RO, TOESEIR L TRRLELT 20T, 1#HE
FRCHRET A TE RV EZBHEDIR TIZ o713 5.

AWsE i, BIEEHEGRTHE LT—RIICHN LN TV D E=XIZo0 T, fE
L7 R ab—yva VBB ERE LT 7 N AEGR AR LR SRR 21T
YT LIk, =X EOBEBHEINRY TS T T 4 OBMNICBT DIE SRR
TRBEWANL L2 AR E Lz, £, MilRJTEIC & o THe/ME O mlifg oo i g 1342 72
D728, MHTIEDBET OV T b M Ul R i G E 2 Mt Lz, AWFstias iz
KFRFBEE SRR EMRHEEZ B2 OAREH T L 0EKRE S 10-309). £72, K
WFZEIC B LT, B & RS AIE 7R,
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H2E V7 hav—2r

EIRFEBI CIXE T VL7 X° PACS O kS, BEEZWILY 7 har—2li~L
BATLTEY, T + 27 1A (liquid crystal display: LCD)2EE TR A K & 72> TV
5.

UTHE, LCD OMREIFE LM ELTHEY, 12 By N EMEGRFRE R %2 £ L7 LCD
(1R 3 2 MR 3 2 ¥ 7 v 7 BV DR BRI BRENE AN IC & 0 B S R 2 2Bl L7z
LCD2] b il STV ad. 2D d LCD OHEEEIZ W TR D ORFFEAR O 5
W H[3-8]l. —J, REFICTIZILCD 2 L7727 4 PH N~ E 7T 7 4 R
i X MEBOBSEEROBERN/BRESNTEY, ZOHRTYUES T 7 4 OM/PNAIR
EDOBWHZ OV TIE 5M LL E o Ef#fs ) LCD oA AR T 5[9,10]. LCD £
=#1%, Feffi (cathode ray tube: CRT)E =4 & R/ W FoREHENEE SN TNDHD
T, BE=H BN LIRS CHIGENRET LS. 7BV OBRIEA =, A4 X, K
HUZ L > TLCD "RV TEICE R 5. 22 EICBI L C, LCD IZEENEETH Y
B LN EIT —REIZ 3 L TV D728, modulation transfer function(MTF) (% CRT &

=2 L LEWMEE R LIT,11], EAERESENIFE A SEND.
2.2 ET=HXDJT L — A —)LER

Digital Imaging and Communicatins in Medicine(DICOM) i3 K [E ikt & ¥ % &

(American College of Radiology: ACR) & Jb k& 1% 28 T. % 2 (National Electric
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Manufacturers Association: NEMA)IZ K > CTE®D bz [EAEG#EEGR O A DR v R T
— 7Bk TH 5. DICOM (% partl 2°5 16 £ THAEL, Partld (27 L— R —/ L
DFRROTZD OIEMEFRBEE AL L Th L. 2O HMIE, 2 TOEBFRV AT LD
T2 DGR 7V — A — MR HERI S A, N 2RISR L CHEUPICER T 5 2 &
Th2n. NHOBIZEBROB D WEEE L D & RO EEBIZ IS W TR B @R E 207
Btk & Rpo7= 0, BB TR T Z LIXTE R, £2T, —20 L SOREFHICH L
T, BENREDoT- L ANFO B TEU SN DMEEZ S THIE L, FRINARIBIEE 23
B ATRE 2R B /INDBEFE 7513 just noticeable difference(JND, H/NREIE) & FEZNS.
grayscale standard display function(GSDF) [12]1 & 1%, 52 bii=Z —# v kDS
#1JND LEZELIZHBOTHY, AMITEL OGN DMBEDOZENEORFM THZELL
KU HLNDEMEETH D, KT =X OREFFHEE Z D GSDF ([2HbE THIEERRT
W, 2TOE=Z BV T AMT M LR ERNBFTHETH 5 [13]. Bl OERE

M OE =% SWEHF TIL GSDF & EAREE L LT 5[9].

2.3 ~WUERT T T 4 EHBEOERR

LCD TILHEFRE B ORI & £RE =X OEFEEZ 14 1 THRR LRV E R REED
KFT 25608V EBEETDH. L, T4 VXN UET T 7 0 OFRE » FIi

INEL, BEOEFERBIEFICEL RDOTE=FOEFEL LT K LAV, 2EVEH
ITOLCD TliX, v~V €777 4 OEigRRERRT 5 L EMmBEE 15t 1 CEIRART
XN LILR D, BRERRT L0 NT 2 LERDH D, =X OEFELN D
22 < e, R VMENT DEIENEKRT L. Bl A AN EL DG ELRKTHD.
SM & =4 O 1 HEBFER LTIZHEOIELRFE LD E 200 /7 HE(2 million pixel:2M)E = #
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W21 BB ERR LTSRESDIREBEO TN R E V., T34 R FIETIThiu s O THIZ
W 2FUTIIVINZRNS, BM E=42 TO 1 BRFE/R TR R ThE, 2M E=4
D1 EBERBEZDEEZD. FIM/NFCE 22— R ED X 9 7B CEM L, [

Bl % 5) 24T 5 ANC DT b IS L T 5 [14].
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FTBI3E XA AT T
3.1 R

X Bk zmimd 5 &, HERLI T FUIRIZE > T X = Rr e F—2%
&b, 20 X BT F —OWIITER T 5 B O EAZITRIN = R T A R &
L, Zhnt X BMEGEEROFITH L. —J, X SR EZ @R+ 25 &I R
LEL, ZOMHO R VIZER L TET LB OREENIAE = BT 2~ EFTR
TWo. ZOffE=a s M T A &I 2 X BEgRIRE S X BAHA A —2 7 Th
% [15].

INET X BUTEBREOMEEZ S o TV D2, [F CEREE O &3 0 TR
PFEEIIRNEZEZ LN TE . Lo LI X BRIz @3 2 RICHEF IS
WA EECTFRIRITT 2 Z Lo TE o, XBMIHA A=Y 0 70, (%2R
TLHENEIEIRITIC LDy DR EFINT 25 ER S L. BE L X RO IR E i
TLEXTAECDHIREZFA L TEHBRZE-> TS, B ZHHRET D8RI X #IK
EWERE OB JOBEAR L X SR & OMBEAEEST 2 & T, ERORIN =
N7 A M= BT A RBINDY , PG Of RPN EI G O 57 A 5RER L 72\
N5 5[17-19](Fig.3.1.1). JEHT= > b 7 A MEER THEH STV D /NVE S X e
ZRMTHZ TR THD. £, B2 FIAMORBTLHKMELT, =y Y
SRANDNER D5 2 VT 5 & 9 R OBRENLETH 5. FERSHED 100 w m D
A, BRERAVICITE R — SR M ERE A 0.6m UL |, #REA—X #ikr e M EEE 2 0.25m
VIRIZT D Liffrar BT A RARET 2 Lt Tuwa[20]
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Fig.3.1.1 : The edge enhanced image by phase contrast
(H#) KIFHA, fehifl = o b 7 2 b 3LE X #tEig i o BA %", KONICA TECHNICAL
REPORT, VOL.15, 2002

3.2 VT TT 4D

PCM (TR0 6 N STV 2 Wik t: o X #iRE 02 iz L o= 7 A
FCTHLHWMIN = kT A OIS, XRO B E L TCOWEEFIAL, BifEiEHE o
MMZGIZ > TAET D X BOBITRLTE LRI L2 b7 2 b & vz ik
it cd sl21]. itz T2 NI = M7 2 R X DK 1000 &L E &
bihvtns[22]. BEORENILLTLRLT VI =T LOEETE 100 575 1000 %
UTTHDN, RY)2FLoRoxy ) =7 EOFEO/NSWHEIT L TIE 1000 £5
A TWD, ZOZENLEENRRELS X MELWINT 58728 13WRIN= h7
A NTCEEICHI T SN D —0, BEN/NS RO A b T A FBRDE D5 WG
k72 E T T A MR o TG SND. LIeDd-> T, fifiar b7 R MK
IR TR SN 2 LB DO X BMREICHAHATH 5.

VUETTTADOFTHMMHIL P TR NBERE TRy TIC L R L

43.75 nm FeAE V12X Y, K 7000 THEE S OBEBEELRBG T — X 2 BET 5.
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3.3 NitH XA A— v 7T K A EEm

PAHA A= U T KD MEGE DM BIX, SERREIC LDV 20— 3R e, fir
Har F 7 A MIEDEIZE->THLNS. PCM TIXEFEY A X 25 pm & FEHL$ 5
LT, KV ERMREGR AT D Z LA TTREE Lz, A IR TV TIE 43.75
pm CHEAHD 217 9 2%, HIZEFE YA X< 257200 TiE, R L —3 o
T — FNTOIER Y OB LY, mEMEORITZNEERE TR 6720, L
MU, 43.75 nm CTacA - 7l % 7 v AT 5 BRI 25 ym THESFRICE
TIATe T LT K DR N R A B AT EREAIME T, B DR Y A XD @It
NTU—=PIN Y RT b— MR DRBELRRT 5 2 &2 mme & L72(Fig.3.3.1).

VR —4 2% 2 LT, ZOIERMED S ERANIED 5555, MTF 2300 13 %[23]

i’ X-ray tube
[

——= Breast
T

Reduction

4384 um
Laser H 25[1 m
Phosphor 7 Z E

PCM raw data Film output
Fig.3.3.1: The re-scaling effect

(HHDRRE, i ; “f= b T2 M2 HOWEAE X SRy 7T P2V AT 4
DBFA%E”, KONICA MINOLTA TECHNOLOGY REPORT, VOL.2, 2005

21



aran

54 B

fal 7 1%

22



FAE MEHE
4.1 =T LA RMRAR—k

=7 LA MR A AN—{EIX Figd. 1.1 1T T X D IR L7 WZE IS i S TV OV ESE OfE

EOFERHTARLEMARTETHS. HERDTVIEL & WeT5L, HE
I, phIkRIcL->TRDLNS.
I &, y)=f ([x+0.5], [+0.5]) (4.1.1)

72i2L, f&x, YWIANEGOEIEE, YIZBITDE#AMEEZERT. £z, [ NI U A&
t

FTC, AU T 20 CTHEIMNNOR RESEAZ 1T 5 B ae R 7.
(Ix]. [yD (Ix]+1, [yD
o o
o/
x, y)
O O
([x]., [y]+1) ([x]+1. [y]+1)

Fig.4.1.1: Nearest-neighbor method

ZOFIETHE, BEORERERR Sl2d by DNEF XTI DY v X —0%
LT WNE WD RAEH D0, JREHEDE R S IV EEHTH 5 & 9 FAD

HbH. V¥ X—0FAEL TV HEBOFE Fig.4.1.2 277,
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Raw data Jaggy noise
Fig.4.1.2: Jaggy noise

4.2 NA Y =Tk

NA Y = TIETHICARRNE & B IETN, Figd.2.1 ISR T X 2 ISl Lo W rE D JE

4 EFEOEZ A, KATROTMEEZNIFT L HETHD.

B DD FA 4D \(l+1-y
16 =@+ 1= =D (VT f et en) Cyopr’)

=(x]1+1 -0yl +1=»fx] yD + & = [xD& = yDfAx] [y] + D
H([x] +1 =@ - [yDfUxL yI+ D+ &= xD@ = yDf(Ax] + 1, [y] + 1)

(4.2.1)

X-[X] [x]+1-x
(1, [yD o ‘/’\O([X]ﬂ. [y])

y- vyl ( |
----------------------- ®ly
// (xi y)
[y]+1-y |
\
\
O . O
([x], [y]+1) X ([x]+1, [y]+1)

Fig.4.2.1: Binear method
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S OHIETIHE, P 4 MEOEDOERN X OFHEERD S = L1/ B1=0, FH
DNENRFIND., =T VA NRAN—IEL RS L, JREBOT — X NEI D R AN

HOHD, VXX —NHLLERLSRDLLEWVOIRENR D D.

4.3 NAFa—t v ik

NAF2—Ey 73T Fig4.3. 1 IR T & 9121 U =780 b aEE O 217
D720z, JEPHD 16 [E O OREME S, = BEAE VTR 5. #l#BI% AR
(IEAMLEH TEN D sine B =k DL HAELUXNTH 5.

fir fiz fiz fia h(y,)

TG w=(h(x) h(x) () k() ’;i 22 Zz 2: 283 4.3.1)

far Jaz  Jfaz  faa h(ys)

7272 L
- (a+2))t]P—(a+3)|t]*+1 o<t <1)
h(t) = —=~1alt]®* - 5alt|* + 8alt| - 4a (0 < [t] £2) (4.3.2)
0 Z<1th

ZOLE, alXMBEEOMEEEHIET 22 THY, ZOMEMN 0123 < 72 H1F EEE

LN FIFTARL 22 D 23> 5. ARFEERTIT a=—0.5 & L7,

|(x1=1+x—[x], y1=1+y—1[y]
|x3=[x]+1—x, y,=bl+1-y
kx4=[x]+2—x, va=[yl+2-y
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Fig.4.3.1: Bicubic method

ZOFEITREGOT — 2 NEIND LRV X U TPIEETDH T L, ERPMKHE
ThdENI RAIEH DN, BEBROFIEL L RIS E 1T O 2R b 5720, Bin
FIERT DI GEDT =2 PRERIE L EN LR R B 524, VX7 LITAOM
% b O B SR V256818, B TIRRRORBI AT 285 THY, L <ITH
BTy VEGTRAEL TRIRD T 4 VZ AT 513 EJRHPICIREINAR 5. U

X 7 HEiB OB % Fig.4.3.1 (ZR37[25].

Raw data Ringing

Fig.4.3.1: Ringing
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EHE ~UETTT4FHET 7 A
5.1 Tissue-Equivalent Phantom Model 011A

AWFZE Tl L 7= Tissue-Equivalent Phantom Model-011A O ffA%% Fig.5.1.1 IZ7R
T ZOT 7 o b AITIERERE, A AL, R, T A T X =T v |, edge
of beam location target, sep wedge 235 £415[26-29]. AEERTITZ DG, FE
DOFTR & LTRLIDIRE L LT (E 5 Th e, B, Bk 4 8ls

R E LTz, ZNHDOESY A X% Table 5.1.1 IZ7”7.

-~

line pair target

Fig.5.1.1: Certification Phantom CIRS, model 011-A used for experimental tests. We

observed seven masses, five fibers, and six groups of six microcalcifications.
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Table 5.1.1: The phantom approaches the desirable features

Hemispheric Masses

CaCos; specks Nylon Fibers
75% glandular
grain size(mm) diameter size (mm)
25% adipose thickness (mm)

1. 0.400 1. 1.25 1. 4.76
2. 0.275 2. 0.83 2. 3.16
3. 0.230 3. 071 3. 2.38
4, 0.196 4, 0.53 4. 1.98
5. 0.165 5. 0.30 5. 1.59
6. 0.130 6. 1.19

7. 0.90

5.2 77 b AOFHMI A

AREBRTIE, 77 FAOFMIE ~ 777 4 ZEALLLBRZ Y AT DN
A RIA v I FEREREEH~ = = 7 VEGER30], B ARSI #E, 1997
N X DR IS & A a7 & 2iF7=(Table 5.2.1). 7 7 b AL DR,
TODHMER L OAHIKIEDR OO T NV—TNEENTEY, A a7 3 ENR T LIZhE
FFENDOT, EROKESAITT, BHEL5, ARITT7 &5,

AWFFETH D 7T — ZFBEZ DA 2T OVHETH Y, 7 — 2 1T EAZEE R L)
ES . Flo, NT AN v I REOSS, ARG E LT TREER O A IEM /51
ThnrZ &) BUELRL. BEMOGMOBKICEADL ST, £ 2 b0 NI
TN EEIAIR S & 2D T T VENITIERS I/ D ) &) HOBIREEIZ IS
W, BIEEHG TN E L ED Z & T, RIFROKEG T —Toh B 5 BT
(One-way analysis of variance(ANOVA)IZ & ) BEMOFGED HEL HE Lz, /iy

29



PTG & 5 BT LT EICRIEERTT 9 720, MIEMEICEDR H 5008 9 1Ok
EIETEDDBED B 2 /OB L CIERB B LN, 22T, HEEEZRD
HEEIETRTO 2 FEM O ZEE BRIE T 5 Tukey-Kramer 1512 & 0 ZEBHRE 21TV,

p E<0.05 1%, #WEAICHEENRH D &B X,

Table 5.2.1: The observers followed the detailed procedures outlined in the ACR’s

Mammography Quality Control Manual to score phantom images.

Observation score
target completely visible 1
Fibers at least half of target visible 0.5
target not visible 0

round periphery of target visible for a full point
and generally circular

Masses
target has less contrast and is not generally circular 0.5
target not visible 0
four or more specks visible in a group 1
only three or two specks visible in a group 0.5

Microcalcifications o
visible specks less than two or

no specks not visible
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HEEeE YIal—IarEBIizkA
R FEA

D
—
=i
S5
p={{1(}
3>

AWFFETIE, BUEEMBEGRFRTIHE L TRCHNON TV E=ZIZDONT, &
Rab—va VAR EMER LR ER AT &Ik, EOREORE IOE
TN LS THERTHD0, HLNEEDORED Y N T X MDOEEFRHE/NIE-T
RINTERL DO ERRDL BN E L, B Z 1 BRI 256, EHT %
T =X OIS XV KE/INRN IR D DT, T =X OMEIE DEWIC X D15 BRHEEIC
DWTHET L7z, £z, Mi/hERFUHE T, £ ORIBFTIEIC & - THa/h g O mig o
B X2 5 720, T IEOBE NI OWT bR LG 72 [ 5iEE AT 2 &% H

e Liz.

6.2 Jjik

6.2.1 3=l —3 g EmEIER

WEFMMICAE T 2 e LTy 2 b—3a Ul A ER L. 7Bk L 7= mifgixH
HEEOREIY N TANEE(LERIN—H—T 7 NATHD. v ET T T 4T
B SN D HIEOTTRO— 2013 AR TH Y, ZOKE XL 0.2mm 75 0.5mm TH
5[81]. MG H1L, ~ &7 T 7 ¢ B CHiH S D ORI IR AL L T 5.

TDONR—=H—=T 72 b OHEFHOEFIIHEETOELEY 18 B (1pixel ~
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200pixel) THEE LA 2L S CHUE L 7=. $J7 10 O1E 513 Background(0)7* 5 5 %
EIATI6 BRI M T R MaZbsw72[32]. EBNICZIT 288 fHOMEE 530

EINTWD. E£72, PCM T 24 kV, 25 mAs OEELEETH R L, oY1 X
D—KEEG & 1572, ORI & VER LIz =T —7 7 > kA& AR Lg%

VIalb—va sl L(Fig.6.2.1).

000000 OGOOGOGS

Fig. 6.2.1. Simulation image. 18 rows and 16 columns. The contrast of a left
signal is higher than that of the right. The diameter of the signal is going

below small. It is difficult to detect a signal located in lower and right.

6.2.2 fE/hg

AEY 7 FEA AW IERR LTV S 2 b—3 3 VB EHE/N LT, #E/838013 2M, SM,
M OF=#|Z PCM Wit % 1 WitgFmr LI-BofE/ N NRgE L=, £7-, BM ODE=% 1
[T 2 Fifg 3R LI BROME NRIC X D EFHREREICOW T H AR Lz,

ERHGEE=% L LTHIKRCHEH SN TV L E=F DlFEK L PCME#R A E=4C
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Fon L7256 ORig/ N8 % Table 6.2.1 (2R,

Table 6.2.1 : Image-reduction rate

Number of pixels Number of pixels of
LCDs Reduction rate
of LCDs reduced images

2M 1200x1600 16.87% 1194x1599
3M 1536x2048 21.60% 1529x2047
5M 2048x2560 27.00% 1911x2559
5M

1024x2560 14.46% 1023x1370

(split-screen display)

M/ DEROMIEIE 2 A 2 T, Bl2MiHEIC O W THRR Lz, MifEE=7 12 b

RAN=E, N Fa—Ey 7E A ) =T 5D 3FEAE v 72[33].

6.2.3 BIERER

B A2 G T D8RR L LTE=42WOHELHEON D SITL Y R Nl
Lz, WEZHE LK 50 Ix [ E LTZ. ZOMEREFENIZBWT 5M ORmEt=4 L
I8 2—U V7 |k Imaged & HWCHii/MEDEERAZE=XI2 1 BERRRL, FEGBOE
A NI T ADDEREICR D L 9 Window Width & Window Level % #7E L CE &
L, BB I BIEH 2 L VLRI ATRE & LT, Bl MRGE 5M £
/ 7 v LCDMS512, TOTOKU #h) & A L7z, Z @ LCD I A AEEER Y AT LT
224k (Japanese Engineering Standards of Radiological Apparatus : JESRA)?
X-00932005 DFFL S L— R 1 Ziiiifz LT\ 5. BIERE G ITGEEF DR 2 PR3 5720

(CHECNERF N T 2 M2 D LOBE LBIREICL - TS O ITIEFZLE LIz, B
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FIEER BB OV THS BB BIN R P ER O RFAE 10 4 &2kt & Uiz, BT
HRIL 12 K0T, T DIEFIXT XL E L. BISEFIIERRIN-EBREZBLZL,
—DO—ODDEFVPRMTE 20 E I 0ZEIE L. 2 TOREFHEICHT D S s
TOBDILEEFRHRE L.

D RLZ 7 DD T 51 OICBERE T TiERE LT 3 o

aHR L, W8 217> Th bR EBRE WA L.
6.3 A

fE o RMBED IR DL R % Fig.6.3.1 [Z/R7. ENZE O FIEIC BTl /N
L DI EEFHREFIFIKT Lz, 2M ¥ X& BM2 EIH A AD=T LA hxA
N—1EZ O THEAD LTEGA OBIERIZIZ & A EZEIFR N> 7oy, Z LIS
ETHBEEDRD bk,

M FEOE WL 56 FRHEEO i Of R % Fig.6.3.2 (27”77, 5M A4 XD
L WCHBNRRE NG ST =T LA P RA N—ENRBEWE SRR AZR L, 5M2

SEIYA XD L5 BRI S BT % 2 — B 2 D B IR ME B

Lol
100 [~ -
20 //- - - B S million
o = e e
§7O g . . . r O3 million
g60 1~ HEEI NN
£50 [ (N | N | W 2 million
gao AN EN N
gig // = = = = I:I(SSI::IIiItI—ISCnreenDsplay)
0 ¢ mE NN
o v e [
Nearest-nzighbor Bilinear Bicubic

Fig.6.3.1:Results of the observational experiment for comparing the signal-detection

performances among the image-reduction rates.
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95 i

( 5 million } :L 2 million : ] : Ls million : I i
(Split-screen Display) ! X 0.1687 : X 0.216 !
90 1 X0.1446 E ! A Bl
~ N/ ;/ ilinear
é E : ! /A Bicubic
© 85 | | i 5 million:
ke | | i X 0.27 Nearest-neighbor
S 80 : ! .
z | |
oY) | 5 ] 1
875 e~ : :
A \ 1 :
;.":h.‘.:/ | ! !
70 | | I ! i .

0.1 0.15 0.2 0.25 0.3
Magnification

Fig.6.3.2.:Results of the observational experiment for comparing the detection
performances among the interpolation methods. The circles indicate values

significantly different from those obtained with the other methods.

M %A XITHE/N ST D 10 NOBIEEE OFiAi R % Fig.6.3.3 12, 3M ¥4 X
IZHE/ N SN ER O RS R A Fi1.g.6.3.4 IR T. B3R CTEEANIH, RET
SRS TEINIRLS TR LI, BEOMEITHICWIEE L T A RMMEL, TIZ
TFLURERBEREN NS o T D, BM A XDOFERTIE, EOHiFETH A FIw
IEFEEEFEFmE SN TR, 3M ¥ AOFRERTIET 24T IEAKIE A XL LT
0.05mm £ & 0.06mm FAM L7 1 MFEYA XL 2WBEY A XDEZTHY, HED
ICHEBSNNENDOTEOMMFTEICBOTHESIRIBS AR LrL, Th
5 31TH & 41THDEE(0.08mm £ & 0.10mm RO/ NG KLY A N0 T, JE

W EBDHEEL TS Z ERNbnb.

36



(a} Nearest-neighbor method
(b} Bilinear method

{c) Bicukic method

Fig. 6.3.3: Answer sheets of the 10 observers when the images were reduced on the
5-million-pixel LCD.

The black and white squares indicate undetected and detected signals, respectively.
The squares are sequentially arranged from the bottom according to signals of
1-pixel, 2-pixel, 3-pixel, and 4-pixel sizes, representing microcalcifications of 0.05-,

0.06-, 0.08-, and 0.10-mm diameter, respectively.
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(a} Nearest-neighbor method

(c} Bicubic method

Fig. 6.3.4: Answer sheets of the 10 observers when the images were reduced on the
3-million-pixel.

The black and white squares indicate undetected and detected signals, respectively.
The squares are sequentially arranged from the bottom according to signals of
1-pixel, 2-pixel, 3-pixel, and 4-pixel sizes, representing microcalcifications of 0.05-,

0.06-, 0.08-, and 0.10-mm diameter, respectively.

38



6.4 H%

FERAE R TIL BM A ROEEOESHRHEN R b &<, WA X0VhE <R b
L7ehio T, BMHBOEKTRA LN, Mi/MEOHEBGRY A X/ WEE, Z2I2aF
ND/NSUVMEFITE E/N SN DR TIHRT 5.

—fREIZ, 2M YA XOmERIT 2M E=ZIZRKRT D72 E, LT A XADOWREE =4
ICER L TCHETHIOT, B A X=X OV A4 XeGbE T 1 EGBRERTITE
=HAEEICKREEBRIIFRRIND. LNLARBRD, ORI CIRRET =% O

(Z X DU 2 PEBRT 272012, £k & 22 A XITHE/ N LTz B % 42T BM ¥ A XDk EhE
=R FRR L TCEREITo7. LR ST, Mi/MEDBEG T A XA/ EWEE, FER
NS ERSNTLEY, EERERICEELZRITLIZEERD.

A XBKE VNS, MOFIEICHRT=T LA KR A N—EOE SHHENME
WEWIFERIZ oTc. =T LA M RAN—IEFMH SN AMEICR BT VWVELZ E O F
EFMND. LER->T, ENALLESHREFEMET L2EEX S, HICmgy A X
PNSWGEIE, N Fa—Ey ZIEOKRIHEPR BIRWFER L Ro72, ZORRKEE L
TR, Fa—by 7 IEOITADHEE RO OICEEENEHA SN EBEZILN
D, TRTCOBEBGY A RXIBNT, ASA Y =T R EOEREEZ R L.

F7o, B A ARKRENGEIE, DEWEFEKa s M A MRS I N
MoT2Dy, BB A XN L RDHIZONT, /NS RIEFOHBPLT LHIHZ DD T
372 <, ETMRME SRS TG FITEMIM 28 2R Lz, 3M YA XITHE/N LT H
B2 31T 2 AR 5203 3 i3 (0.08mm O/ PR F L UM 4 HiF(0.10mm £E DU

HIRAL)DIEFDT 07 7 A V% Fig.6.4.1 1T .
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Fig.6.4.1: Profiles of the interpolation methods for the 3-pixel (0.08 mm, right
image) and 4-pixel (0.10 mm, left) signals of the 3-million-pixel. Arrows show the

position of the signal.

INHDT R T 7 A MY, BN SN FRCE B AL, FESHA
DHAMEIIME BT 5 2 & 2T EERiI ok FisichkxT=71
A N FANR—IERRBBEWER E o7 =T VA R FA N—IETHE, NSREZTET
T2 WL D20 0.1mm ZEOE 5 LA OBFECIB NV THRL L TWDHDIZ, bol

HRHEMET LI EEXD.
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6.5 i

ARERTITIKESE =X ICRATHEB T A XN DL &b, FEmsIg
TLle. AV =TT~ BT T 7 0 g &N T D DI b5 SR DI Wik
PNz D, v RS T T 4 BBITEERDIEFICZ OO T, KT XICRRT DT
OITHE NS DD, M/ T 2 Z LI Ko THUNAIRIED A IR0 & - TE, TRk
DAL LTV EE L TR E = ETBIR TE WA H 5. ~ U E 7 T 7 4 g
TR0 SRR T =X ICER L TBIET H2RETHD. AT, =T LA RRAN
—EEHAWTH/N SN~ E 7T 7 A Big T, 0.1mm FEORUNIKAGIZEBIIIC

B3 HEK L TERY, MO TEROE SO THZ 52T TIHAT 2 AR E.
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TE Mi/PNRO LR

i

3
—
=i
[
p={{1(}
3>

Yialb—va VERTIEAESE Y AR RICEE LB AR L0 T, #iHT 2

l

BRIZBEDAE 5 D T &2 THBIRICE SNHER LIEWRERH S, £ ZTRIZ, R

all

i & L CEBRIC~Y TS T 7 B THLE R L2 7 7 > b A(Tissue-Equivalent
Phantom Model 011A)Z i L7c B 26 L 72 B 21T - 72, R TIERWEgIC
SONWTIE, T EOECC X D NG O BE RIS <AThh T\ 528, EREE
FC~ BT T 7 4 IOV TOMBIHTEDEWVIZOWTIIASETHE VP LN TY
RN, INZT, AR TIIFIEDOFT R Th DA RKAOMER, BRAE 215 U 7250 2 ik L 72
Ty v N b EE S EETETHE AT O 720, EEEOTRERMETIELS, £z, MilFEO
EWCE > TEDREDEDAIKIAHERT 2N E VI FEMRENERINT L 2 LN TE
H. ZHIZED, FEFITHPNARIEZ T D O R 2l kA LT 2 L 3 arEe

Tho.

7.2 J5ik

7.2.1 77 b AEEIER

7 7 > b &0 Tissue-Equivalent Phantom Model 011A Z{#H L, PCM ¥ @E (2=
712 VA4 Mermaid) THERIRE 21T - 72, fRES5AM1T 28kV, 50mAs & L7-.
HIEY 7 hEHWTIEKRIRE L2 7 7 > N AEG &6/ LTz, #f{i/R1T 2M, 3M,

5M D =#|Z PCM i Kbig 2R LTZBFofg/ R E L=, £/25ME=% 1 WHIZ
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2 TR LB NRIC £ 5 E MRS T O Lz, M0 Lzii bz

Table 7.2.1 |Z/R7".

Table 7.2.1 : Image-reduction rate

Number of pixels Number of pixels of
LCDs Reduction rate
of LCDs reduced images

2M 1200x1600 16.87% 1194x1599
3M 1536x2048 21.60% 1529x2047
5M 2048x2560 27.00% 1911x2559
5M

1024x2560 14.46% 1023x1370

(split-screen display)

M/ DEROMIEIE AL 2 T, BERMEECOWTHRES Lz, mifEiE=7 1 X b

RAN=E, N Fa—Ey 7k AU =TEO 3FEREE V.

%,

7.2.2 BIE5EER

BIESFEBRIC 1T E 5M £ / 7 1 LCD(MS5122, TOTOKU #h) Z 4 il L7=. = LCD
Ty Iab—va VEBROFEREG.2.3 OBIEER) THEA LT =& L RKICER S L
— R 1ZW7L TS,

PCM ¥E k5% Li=itg % 2M, 3M, 5M, 5M24yE|4 A X\2hi/h L, ZOmifg %4
T 5M E=4(Z Imaged #H\ T 1 Ei{gFE/R L, E=X OEELPEBR LM/ N A XD
g a7 o 7. REBRTIZT 7 > b AN OBHEEIER, B RAL, e % Bl 2
L7z,

BB I~Y VTS T 7 4 EBNEFT DR 10 4 & U7z, R & MRl
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ONWTCE =T 7 42BN LTIIBHRZ O AT LDOHA R74 ) [3011C X 55T
FEICHSE 2 a7 2ol 1. ARIBIZOWTIE A TIE 2 < A - AR EE %

a7 &L, ZNENDOERIA AT i BIE 4 ORfi/INEDEWIZOW TR 21T - 7.

7.2.3 ZEREREDFEAM

77 v N AWIZE £ TV D line pair target & VT, &Ml 715 K D M6/ Ei
DZER Sy fiFRE % Ff L7=. line pair target (Zi% 5~20 lp/mm (line pairs per mm)7 &
FD. WEOD line pair ® 9 b, Hi/MEOEE T —4% 2 AW T, 51p/mm 75 7 1p/mm

IZONWTDTA 7 a7 7 A VeEELEFg7.2.1).

7.2.4 standard deviation (SDM@{EU%

77 v FARNIZE E TV S step wedge #4712 50x50 @ region of interest(ROI) %
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Fig.7.3.1: Results of the observational experiment comparing the signal-detection

performances among the image-reduction rates.(a)masses, (b)fibers, (c)calcifications
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Fig.7.3.2: Line profile of line pair target
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Fig.7.3.3: Results of the SD
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Table 8.2.1 : Image-reduction rate

Number of pixels Number of pixels of
LCDs Reduction rate
of LCDs reduced images
2M 1200x1600 16.87% 1105x1480
5M 2028x2560 27.00% 1625x2177
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SV 2 SV 2V SV 2V
Ncarest neighbor Bilinear Bicubic

(b)

SV 2V SV 2V SV 2V
Nearest neighbor Bilinear Bicubic

(c)

Fig.8.3.1: Results of the observational experiment comparing the 2M-pixel and
5M-pixel LCDs.(a)masses, (b)fibers, (c)calcifications
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Fig.9.3.1: Results of the observational experiment
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Model 011A % & &R L7-litg & KRS LB o 2 #a 1Rpk L 72 (Fig.10.2.1). ik

M 28kV, 50mAs & L7-.

\goacal spot size Focal spot sice
shmm
64 cm 0-fmm
— PPN [ F—
___________________ U
CR plate Table without a grid
Tz ble with a grid
CR plate
Conventional
PCM
mammaography

Fig.10.2.1:The geometrical layouts of phase-contrast mammography and

conventional mammography
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Wz, BEREEG OB ERE M T=4 Ol#FEH LV L LV T, BEdR2THD

FIRAL, BERE, BHE A S e o BEIR(1990%2440pixel) D Z % H] 0 B - 72 (Fig.10.2.2).
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Fig.10.2.2: The part of the image displayed on the 5M LCD
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ROI of background
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ROI of signal

nop oL

ROI of background

Nipple side Chest wall side

Fig.10.2.3: Location of the ROI. The ROI size was 60 pixels X 60 pixels. To eliminate
the influence of the heel effect, the ROI background was positioned parallel to the
chest
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Fig.10.3.1: Results of the observational experiment for masses.
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Fig.10.3.2: Results of the observational experiment for fibers.
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Fig.10.3.3: Results of the observational experiment for microcalcifications.
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Fig.10.3.4: Spatial resolution evaluation for a mammographic phantom image.

Image of the line pair target and the line profile.
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10.3.3 contrast-to-noise ratio (CNR)
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Fig.10.3.5: Results of the CNR
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Table 10.3.1: Average pixel value and standard deviation of mass

Mean pixel Standard
o CNR
value deviation
_ Signal 1685 10.18
Conventional image 1.51
Background 1700 9.90
Mass1 ] Signal 1453 9.78
Nearest-neighbor 1.49
Background 1467 9.62
Thickness Signal 1453 7.32
Bilinear 1.99
4.76 mm Background 1467 712
Signal 1453 8.51
Bicubic 1.72
Background 1467 8.25
Signal 1697 10.08
Conventional image 0.96
Background 1706 9.90
Mass2 ) Signal 1462 9.35
Nearest-neighbor 117
Background 1474 9.49
Thickness Signal 1463 7.09
Bilinear 1.52
3.16 mm Background 1473 7.18
Signal 1463 8.17
Bicubic 1.32
Background 1473 8.25
Signal 1699 9.92
Conventional image 0.72
Background 1706 9.74
Mass3 Signal 1468 9.35
Nearest-neighbor 0.99
Background 1477 9.47
Thickness Signal 1468 7.06
Bilinear 1.31
2.38 mm Background 1477 7.25
Signal 1468 8.13
Bicubic 1.14
Background 1477 8.31
) _ Signal 1703 9.78
Conventional image 0.32
Background 1706 9.74
Mass4 ] Signal 1474 9.68
Nearest-neighbor 0.81
Background 1481 9.35
Thickness Signal 1473 7.53
Bilinear 1.07
1.98 mm Background 1481 7.14
Signal 1473 8.56
Bicubic 0.94
background 1481 8.16
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Fig.10.3.6: The first mass (thickness 4.76 mm) of the image and the line profile

measured in terms of grayscale levels.
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Fig.10.3.7: The third mass (thickness 2.38mm) of the image and the line profile

measured in terms of grayscale levels.
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Fig.10.3.8: The image and the line profile measured for the thickest fiber (diameter
1.25mm) and third fiber (diameter 0.71mm). These profiles were generated by

averaging 25 profiles.
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Fig.10.4.1: The images of microcalcifications in the fourth group (diameter 0.196
mm) and the fifth group (diameter 0.165 mm). The microcalcifications could be seen
all in the fourth group. However, the left upper microcalcification and the
microcalcification at the bottom disappeared in three images of PCM in the fifth

group.

WUNAIRAGIE, 4 /B OARIEETIT T N TBIET 2 2 LA TE, 0.196mm DK
{B1E Z O/ N THE/N LTe A ITIZERE LT, L, 5 FH OAKILERIZB W
T, AR TIEEOETOARKIEABILE TE D DITx LT PCM LR i/ L
T AT T X TOHMBFIEICB W TE EE M OM/NIRILIZIER L-. PCM 5K

R LR 2R L CA D L, 5 FHOAKILEEDLE L —F T ORI IRALITE]

BYLIENTE. LL, Mi/MEOEBRZFEIC L IR LT, £ b DAL

79



EEIST D2 LIXTERNoT. LERST, 25 OBy N IRALIL i & i3 5 AL
HOWBETHELIZEERD.
FIRIEDT AT, X BRIA R E WD a1 T 2 RMERYIZRS, =~
N7 A MZED=y VHFHDONESIERIC L DEENBINICS hololzd EHERI
HNZXUTMA TT Fr 73T, PCM CHERIRE SN litg s 7 1 v A H R
SERICHE N1 D 2 ST X0 m O EESLE & RO A Fe Al 2 T R B A FEEL L C
WZDIZH LT, =X RROEGEIIMMB SN T — 2 22D EEERRTHETRDT,
S o ) ERPZE M fRRE Dl ENERD BT A K RIS DWW TUEHE/NER 2MEG H 7
Mol bBEZ 5.
line pair target D71 7 7 A L OFERIL, BAEBEGIZBONTEEEELRLTZ. Ly
L, BAEEBIT, thoBExSORERETIEME NSz PCM i X 0 b 00ff0 i 3
R Uiz, fi/ ST Hifg C o225 it l: PCM ik RS2 g o JiE & [ UiE T
ST END, MMEEIFHEIC > TR T L o7e B X5, ARfER L7 7 K
[ZHLD HAL T S line pair target [ I@ R TH - 72, Gido L DM TIZZ 7 AT
YAV FEHWTPCM v 27 A0 MTF MIEZ1T 57203, fifl= b7 2 MahRix
GENRPoOTEMESNTNDI[38]. LEEB-TE&RAY v MERE LY
PCM ZhE3F 5720 = PCM B CIIE S EIEIC E_TRWAEREE R LTZ. %
INAIRALOREHHRE CITE AR & PCM LRI EE CANRR b o7c 2 Enb,
R RE & 22 RRE I Z TAR L 722 E OB I R 60§, (K= v b T 2 MEffgRIZ I

TR LV b a L P T AR/ A ADPHEICEEL G A TWnWDH EEZXD.

&

80



10.5 #&iE

PCM Hifg % =% TBIERT 558120, BRSO W CIEfiFic ks 2 4 X
KT CNR 23 B L, MHEENESIRE L bHEEICEL R DD, GBIV T
JEfrar F T A ML=y UVIFAOENFENT, DREDLE =X OEFET A XX

S TRESN DD THEREEDH b7 <, PCMAMRIZHEY AbhieroTz,

81



11 =

X

FLD

82



EILE FL

11.1 2R AE

AT, BEEMAEGRTIHE LT HICHVLNTWDSE=ZIZDOWNT,
B LTIy R ab—ya Vil ERE L7 7 > b L 2 U7 AR A4 526 %

1792812 kY, E=4 LOBEBH/NEOBE VR~ TS T 7 4 OBWIZET 515 5/K
HEBIC TR B ETD L2 A E LT,

E72, M/ NERFECHE TS, £ OMEHIEIC X > THi/MEOBIR O BIE X7 5 72
D, FHFEDENIZ OV T b RE Ul 7240 5 ik 2 s L. R Lol 7 ik
— R AR ORI TR E LTRENREDTHD =T LA I A N1k, AU =T
b, "M Fa2a—Ey7EO3EHTHL. EAERRICENTHE2—TU Y7 MIE-T

TR BB E N MM EEZRBIRTE 2 Y 7 b b H D720, ZRENOMR T iEOK
MEPFRDZLITE THHRETHDLEERXD.

ARBFFECIL, M/ NEROFMZ1T 2 72912, fi/bEToFEE L L CEAEBOFTH

HFEBRZ N E S D PCM LRI g 2 L. 7«4 XL 27 50D PCM
PERBE A S 7 TP RICT 4 VAT L2 BB T T T 1 7 OB BRI CEE
DEILD LIS STV 5, PCM LK g 4 & = X IR R LICHAIC S
PCM ZR3 741, @V MRHBEDS B D DT LT,

ZORER, F/NROKETIE, YIalb—variifgd 77> FaEitg e bic, M
TTEDHBIZBNT A, UV =T ERRBRERNELS 2D LN nhol. I a2 b—
Va VEBOEFITAKILEE LTI b D TH L2, 77 o b AEGROAIRALFE L [F]
BRICHEE N E L 725138, JVEZLDEENIHAT L LWV HANRA L. 2
xtLC, 77 v b AERICI T D ARAERUEE & B R T, BRI Y A AR KRETE

83



TH/NSTETHREREMENE VI FER L2 o7z, ZOFE & LT, M/hEREmOg
BIIHMEBOWRNBAL, Mii/hEI NS EBRARENGEIZIIES D SNR 2AEL 7
HZENRRTHDEEZD. T=FDWICBIT DM N TA N UET T T 4D
HENZDONWTIE, = VHFHIEIAEICITERD bivZe o 7223, PCM gl ) 5 M
B L OBHEDO BB ITAIMIC & 2 LR OB T CNR NN L7-Z &, =7 ¥
Y TRNRIZ L T PCM BIHED /) A R LTz Z LB ARBRICHSTHEEICH
Wik REZ R L7z,

ABFFECHEH LTz 8 FEE ORI T RO TlasA U = 7 HER 2 TOBIEGUEHC R L
Theb BmWBRIHEZ R Uiz, — AR Tl F 2 — 8y Z73E0 8 RidAR 7 o
WILDT —Z DERIEILEINDFER S DN, ~ T T 7 4IZBWTX ) A4 ANR%
WZ EREEMMIIOKaY T A RNTHDLZ D, —HICADHE & D531 F =

— By 7{EFAA U =TELD bR BHER E o

11.2 A% O HE

BT TIIAIRITIEIIREKI 72 3 FEHA M L TREE L7228, i HAliRABL 21T 9
TEFTE Ed 5. XREHEIT A2 Big & B2 DRz o0 T, —ixmihg Tl
HREnE SNDMATERLT LS X BEBRIZIWDTH @O B 2R L7z £ £
INTE D LRGNV, £ 2T, XBEBOME/MNIE Lo TiEZRE L, E0X)
RBES BRI L THO@mWRHEN G 6N D HTIEZRR LTS ZERSBROBE L W

2B,

84



e

85



B

AIPFETFEEHER TH D AZEZMREZR DFEBREROFED L LITITbh
F Lz, ZHEELTCIEEREZBY E L L2 0 bW LET.

AR RAEER BAER RBER, MR Z BRI IIATR BRI B2 B,
BER, SN EREH N LET.

Al BRPEE AT SRR T RS ik E R I, RRETIEE & L CEBRICH
LTCWeEEZRRT RAAL A ZTHE E L. RSESHNZLET.

g B PR R 2 R A PR AR AR AR B AT R & R RRRn, A2 SABh BT, 2
[FAFSEE & LTERRT RS AzlHE E L, RS2 LET.

I B EERRA AT WEEER, WH—EFEE, AEEsspRIcE, 2 AR
FHAEICRDICH T VHEE W72 & £ L TRSEHWZ LET.

F o, AL % R DI E 720 i )N T 72N T/ NSFRIFSE SR 00 AR M OV Je 3 oD Ak
(IR REHWTZ L £

RIS, R ERFRZGE L RBRRICEST D12 H 7~ T, B & REHHY -

FEFIADIC SR T VT2l & FIBIZH O 72 L £

86



References

87



References

[1IEAEE ; “EHEGRTHE =X OREFEN”, Innervi-sion, 21(11), pp.68-71,
2006

[l M ACH ; “16M BEfgE~ 7T 7 4 WG ERAT 4 A7 LA Hil”,
Innervision, 23(2), p.83, 2008

[3]J. Shiraishi, H. Abe, K. Ichikaw, et al; “Observer study forevaluating potential
utility of a super-high-resolution LCD in the detection of -clustered
microcalcifications on digital mammograms”, J Digit Imaging, 23(2), pp.161-169,
2010

[4]K. Ichikawa, M. Hasegawa, N. Kimura, et al ; “A new resolution enhancement
technology using the independent subpixel driving for the medical liquid crystal

displays.”, TEEE/OSA J Display Technol, 4(4), pp.377-382, 2006

[51i) 11 L, FEHARE, BHEEAN, il “GRBET 4N IATERNET 4 AT
LA VERERHIE S A7 A DBRFE”, EHBEBEHRESEE, 21(3), pp.261-266, 2004

[6lfEAFzEDE ; “LCD E=% OW'EFMfi”, Innervision, 18(3), pp.80-85, 2003

[71EHE N ; “EHm#GE R LCD £ =% Oyl E k", mgiEmo), 41(13),
pp.1388-1395, 2009

[SMEREEZ+, KIER, FED, i “BRT=ZIBIs~rT7 768772k
LD L SN Lo, EHESEHRSE, 24(3), PP.112-116, 2007

OlEARE=, WREW ; “~ 7 7 AZ2WHET =X OEE & BEEHE”, KRG
3k, 23(2), PP.64-69, 2006

88



[10]T. Kamitani, H. Yabuuchi, H. Soeda, et al ; “Detection of masses and
microcalcifications of breast cancer on digital mammograms: comparison among
hard-copy film, 3-megapixel liquid crystal display (LCD) monitors and
5-megapixel LCD monitors: an observer performancestudy.”, Eur Radiol, 17(5),

pp.1365-1371, 2007

[11JA. Horii, A. Chihara, K. Ichikawa, Y. Kodeda, M. Ikeda, T. Ishigaki,
“Measurement of Modulation Transfer Functions for Liquid Crystal Displays by
Rectangular Waveform Analysis”, H ABUR#REIFF2HMEEE, 61(12), pp.1651-1655,
2005

[12]DICOM PS3.14, Digital Imaging and Communications in
Medicine(DICOM)—Part 14: Grayscale Standard DisplayFunction.

[1BI“EHBEBZMHT =% —ZRDOND /L —Ar—/LFKR L3 EIZO, White
paper, 2004

(4l RRIER, WIESR, WE—-, EREE; v T/ 7 MMEDODOE=HIC
DV, EHEG A AR, 23(2), pp.58-63, 2006

(1514 ML, KIFEL, AYHE, BHECA ; K BMFEA A —2 0 7 O/NE S X JpE ~D
IS 7, BARRSHREN 2, 25(1), pp.24-29, 2002

[16]T. Takeda, A.Momose, K. Hirano et al. ; “Human Carcinoma: Early Experience
with Phase Contrast Xray CT with Synchrotoron Radiation Comparative

Specimen Study with Optical Microscopy.”Radiology, 214(1), pp.298 301, 2000

[17]Fitzgerald R ; “Phase-sensitive x-ray imaging. ”, Phys Today, 53(7), pp.23-26,
2000

89



[18IN. Yagi, Y. Suzuki, K. Umetani, et al. ; “Refraction-enhanced x-ray imaging
of mouse lung using synchrotron radiation source”, Med Phys, 26(10),

pp.2190-2193, 1999

[19]CJ. Kotre, IP. Birch ; “Phase contrast enhancement of x-ray mammography: a

design stud”, Phys Med Biol, 44, pp.2853-2866, 1999

[201K 5034, A 5HT, A B, il “frff = > b 7 2 S AL X #REHG AT O B%E”, KONICA
TECHNICAL REPORT, VOL.15, 2002

[211005L, RS, A% M, ; “Afi = b7 2 bILERE OJFE L mig”,
BRI W MRS, 23(2), pp.27-32, 2006

[22] FAZ; “fifHa s BT A R XA A—2077 ) Jidt, 1003), pp.273-285, 1997
[23] E0PEth, IR, MEas =, THUHEh  “frfH= v b7 X "2 W3 FE X

WO L 2T AOBF”, KONICA MINOLTA TECHNOLOGY REPORT,
VOL.2, 2005

[24] 55 ; “F3F 7 4 UHXNEBOIER, K< oD EhE - F ok m OB,
CQ ik, WAL, pp.41-55, 2004

[25)A HIFETT, FENIEE, RIS ; “BEREBENT N> K7 > 77, A — 2k, B,
pp.220-222, 2010

[26]K. Bliznakova, R. Speller, J. Horrocks, etal ; “Experimental validation of
a radiographic simulation code using breast phantom for X-ray imaging.”,

Comput Biol Med, 40(2), pp.208-214, 2010

[27]C. Hessler, C. Depeursinge, M. Greceescu, etal ; “Objective assessment of

mammography systems, Part I. method”, Radiology, 156, pp.215-219, 1985

90



[28]L. McCrohon, E. Thompson, F. Butler ; “Mammographic phantom
evaluation project “, HHS Publ , 83, p.8213, 1983

[29]P. Fatouros, E. Skubic, H. Goodman ; “The development and use
of realistically shaped, tissue-equivalent phantoms for assessing the

mammographic process “, Radiology, pp.157:32, 1985

[30](#F) B A IR BT 2 I R IR 0 B2, 55 9 B WifGRTAl. FLEIRS & B
~ =2 7 OWEGTHR), tEEEAN  BARBREHRER S HREE S, 5, pp.61-62,
2004

[31]dos Santos Romualdo LC, da Costa Vieira MA, and Schiabel H ;
“ Mammography Images Restoration by Quantum Noise Reduction and Inverse

MTF Filtering” , SIBGRAPI, pp.180-185, 2009
[32]M. Ishida, K. Doi , LN. Loo, et al.; “Digital Image Processing: Effect on
Detectability of Simulated Low-contrast Radiographic Patterns”, Radiology, 150,

pp.569-575, 1984

[33]AJ. Parker, RV. Kenyon, and DE. Troxel ; “Comparison of Interpolating Methods
for Image Resampling” , IEEE Trans. Med. Imag, 2(1), pp.31-39, 1983

(B4l (L5 1-, RPRTEA, fMERE M XA A=V T O~ TT T 7 4 ~Dlis
7, BRI 22 HEEE, 61(2), pp.245-252, 2004

[35]J. Keyrilainen, A. Bravin, M, Fernandez, et al ; “Phase-contrast X-ray imaging
of breast”, Acta Radiologica, 51(8), pp.866—884, 2010

[36]F. Arfelli, M. Assane, V. Bonvicini, etal ; “Low-dose phase contrast X-ray
medical imaging”, Phys Med Biol, 43, pp.2845-2852, 1998

91



[37]E. Castelli, M. Tonutti, F. Arfelli, etal ; “Mammography with synchrotron
radiation: first clinical experience with phasedetection technique”, Radiology ,

259(3), pp.684-694, 2011

[38]T. Gido, S. Nagatsuka, K. Amitani, et al ; “Advanced digital mammography
system based on phase contrast technology”, In: Proceedings of SPIE 5745,
Medical Imaging 2005: Physics of Medical Imaging, pp.511-518, 2005

[39] D. Zhang, M. Donovan, L. Fajardo, et al ; “Preliminary feasibility
study of an in-line phase contrast X-ray imaging prototype “, IEEE Trans Biomed
Eng, 55(9), pp.2249-2257, 2008

[40]F. Arfelli, V. Bonvicini, A. Bravin, et al ; “Mammography with synchrotron
radiation: phase-detection techniques”, Radiology, 215, pp.286-293, 2000

[41]T. Tanaka, C. Honda, S. Matsuo, et al; “The first trial of phase contrast imaging
for digital full-field mammography using a practical molybdenum X-ray tube”,

Invest Radiol, 40, pp.385-396, 2005

[42]S. Matsuo, H. Fujita, J. Morishita, et al; “Preliminary evaluation of a phase
contrast imaging with digital mammography. In:Krupinski EA (ed) Digital
Mammography”, Springer lectures Notes in Computer Science (LNCS), 5116,,
pp.130-136, 2008

[43]T. Lehmann, C. Gonner, K. Spitzer ; “Interpolation methods in medical image

processing”, IEEE Trans Med Imag., 18, pp.1049-1075, 1999

[44]AJ. Parker, R. Kenyon D. Troxe ; “Comparison of interpolating methods for
image resampling” IEEE Trans Med Imag., 2, pp.31-39, 1983

92



[45]M. Lyra, S. Kordolaimi, A. Salvara ; “Presentation of digital radiographic
systems and the quality control procedures that currently followed by various

organizations worldwide”, Recent Patents Med Imaging, 2, pp.5—21, 2010

[46]A. Alsager, K. Young, J. Oduko, etal ; “Impact of heel effect and ROI size
on the determination of contrast-to-noise ratio for digital mammography

systems”, Proceedings of SPIE, 6913, p.69134, 2008

[47]S. Matsuo, T. Katafuchi, K. Tohyama, etal ; “Evaluation of edge effect due
to phase contrast imaging for mammography”’, Med. Phys, 32(8), pp.2690-2697,
2005

[48]H. Ohara, C. Honda, A. Ishisaka, F. Shimada ; “The improvement of X-ray

image sharpness in X-ray phase imaging”, Konica Minolta Rechnol Rep , 1,

pp.131-134, 2004

93



il

R

ENTVN
A<

SCIZ B9 B AT

—

AN
i}

1

ZIN

94



R S BE 3 DM FE R — R
RRBD > TARSUERE, B/ — b, BEBLCFRE CORE

i, Proceedings
+ Akiko Thori, Naotoshi Fujita, Naruomi Yasuda, Akihiro Sugiura, Yoshie Kodera ;
“Phantom-based comparison of conventional versus phase-contrast

mammography for LCD soft-copy diagnosis”, International Journal for Computer

Assisted Radiology and Surgery, 8(4), pp.621-633, 2013

+Akiko Thori, Chihiro Kataoka, Daigo Yokoyama, Naotoshi Fujita, Naruomi Yasuda,
Akihiro Sugiura, Yoshie Kodera, “Observer Performance of Reduced X-Ray

Images on Liquid Crystal Displays”, FORMA, 2011(Accepted)

+ Akiko Horii, Chihiro Kataoka, Daigo Yokoyama, Naotoshi Fujita, Naruomi Yasuda,
Akihiro Sugiura, Yoshie Kodera, “Comparison of the detection rates in reduced

image by difference of interpolation method”, Proc. SPIE 7966, 2011.

PL A ED A

= i& =

FE B

» Akiko Thori, Naogoshi Fujita, Naruomi Yasuda, Akihiro Sugiura, Yoshie Kodera ;

“Comparison of conventional mammography and PCM in soft copy diagnosis”,

Computer Assisted Radiology and Surgery 26th International Congress( Pisa,

95



Italy), Jun.27-30, 2012

+ Akiko Thori, Naogoshi Fujita, Akihiro Sugiura, Yoshie Kodera ; “Effect of
phase-contrast mammography on monochrome LCDs”, FEuropean Congress of

Radiology(Vienna, Austria), Mar. 1-5 , 2012

+ Akiko Horii, Chihiro Kataoka, Daigo Yokoyama, Naogoshi Fujita, Naruomi Yasuda,
Akihiro Sugiura, Yoshie Kodera ; “Comparison of the detection rates in reduced
image by difference of interpolation method”, Medical Imaging: Physics of

Medical Imaging, SPIK(Florida, USA), Feb.12-17, 2011

+ Akiko Horii, Chihiro Kataoka, Daigo Yokoyama, Naogoshi Fujita, Naruomi Yasuda,
Akihiro Sugiura, Yoshie Kodera ; “Observer performance of reduced image for
LCDs”, Computer Assisted Radiology and Surgery 24th International Congress

and Exhibition(Geneva, Switzerland), Jun. 23-26, 2010

+ Akiko Horii, Chihiro Kataoka, Daigo Yokoyama, Naogoshi Fujita, Naruomi Yasuda,

Akihiro Sugiura, Yoshie Kodera ; “Observer performance of reduced image for

LCDs”, European Congress of Radiologi{Vienna, Austria), Mar. 6-10, 2009

96



] PN
CHEYRELA T, BEFEIR, AZUOIAL, ZHEMREL, NEEE ;B =X BRI 5 A

% & PCM B D15 54 ISR D LR, 5 40 [7] H A B BT F 2R R OR

), 2012410 H
< TR, YA, BRILOKE, ZEHEERE, BEEMA], ARATE, NEEE WK

BT A AT L ANZEBT DA/ NER O RHL”, 5 2 B ERBON R E RN T RS
(I EL), 2009 4F 11 H

97



