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B9 X-A FFEd g3 AL dE 9w X-A A2da g BAg X-4L f4de] 9x3
3 PJPsie AFLFo] AXFE EHES olE8E T BT, L dxxe FAGYE d& F
Ak Yol ME E3 ARG JM&47) dFse A2 AAHE 5C1 WA vAFE X-A 94 §
£ 9% dAN2EE T2 oF sk AE, JetdFELY 31 BT FZYSo] %A
HAth HAE X-AE o835 de 1 AT FAIAE 2 9F AFH NES 98 XA
& A4 E AREIALY, Xof X-A #FYA2E, AANEZAHL CT A2didA 24 458 5
g e JAST B2 Aol AHEE BAY X-HE 6 ~30 keV Abole] A4 oy
A BXE A9, 489 ddel wgA dEdels R ES ALt e A7 ouA 29
EY EIE Y ALt 48 did EAE S BAE X-A9 RAAES ¥3d
(CAWOq scintillator)®} ¥rg-3te] 7tABMo2 wP ¥ FIEFH ALE T3 907 $AH] CCD
sivletz BS3Y, o)8ld UxAY JAAEE PCE A$Ho AP, wALG X-Ae F £3
5 EAL X-A AYAE@5 pm)F 2 DHAAE HEY (135 gm)e HAE X-A GAYFA A"
2 gyt X-H & AHEElE FHEYA2HOAN g5t FAHAY. 945 dPdPdezs 9
FZEZ ANAE, YAZNo2 HAX o} Folxoh, AFH HEFW L HgZAL ddoz 4y
FAtk 9294 4o ASe 0727 FFHez 1807 AAA 25009 FAIAEZRH AT
A F AFYH G397 €& 928 vusdch. T FARIIEIIETA 5C1 HEdd
dEa, FAHA YAIE X-H JAYEAN29E HFHe2 752 5 UAdn, J5T FA I
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HARS 28
dutd e, EAZY TUE A, $9EY, AFH
93 89 59 g ok HLHJD, N8 EH
o X-A AMRE FE3 FUHet AW g X
HAA T8¢ &S s Yot 2y €Y X-
ABE o]&3t de AL X-4AFY 3 =2
719l £H(focal spot)22 A I3 B35 A
o F2 BHRHE 49 X-A FFE Aol T
N2E2 FAslslr] dqigd f BIsdMe 2
o] 73] Al4(attenuation coefficient)?} ¥l&d A=
2 (soft tissue)ll A& FATF FE4ARE AFdEd
A7 g Aoz A gt [1-2].
"HAFE(SR: Synchrotron Radiation)& A F2] €43
A (storage ring)N A A9 W3 e &= 7}
&g AREL 283 PA4(bending magnet)S ]
83t FASA W2 WA o LI} WY
A3 (white beam) 2.2 F &AM JdgozrHE 1 9y
2 X-A4 94971tA9 d&HA dviA FEXEE FE
AsEAY] & YHEEZ  AY A5 HAHmagnet
bremsstrahlung)28t 1% 3o},
SRe W9 A7|(intensity)?t I3, HPAo] ZHx
(collimation), %9 A5 o) Y =) 8hm
(polization), 3+& 9 4ol U&= (coherence)s 2
T8 98 S4E /AR JYHH3-6). 0l EH o
2 SR& Al83ld 3 £3l%9 94 574 A=
g BA FEAOA FEIAE f3A dzxx
(phase-contrast) 3ol & L x99 IS
2 Wyl d7H2 Jd3-5].
A2 dzs ZFdEs X-Hd 9% 2dE By B
A 55 F A AR AT ARE o) &3)
t WHolth X-A dYolA vfF Alo]o] FHEL
n=1-8—1if olth. 97|H v EAFE el
B, B X-A9 F4d #dE 3(absorption term)
€ JEhY, s & Y3 #¥Y IF(phase term)2
24 EA4E 593 F 2d3 #EEY Jold7l.
X-ray9 AAAI7} 15~25 keVYE A $ A3z & &
o A5 107 AEoln Fo #AY 9 A5E
10° B=2 933 Fol ok 1000MAE A 8}HA
et dH{7-8]. s 3% EFHE ZH(refraction)oll
% e Wyoz yeluA Hi, ozt A3
AZs7) A8 G Wge] AFHT Yok
oj2igt §14F Aolo]l o FFARRE HSIHe WY
< dA =ZA A Alinterferometry), 3]AA
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(diffractometry), 9143 ™ ZXx(phase-contrast) %=
£ U989 EZ ¥ (in-line holography)e°] 2l
e A 7lx wgez EFE 4 doi-11) A
AR PSS X-4d9 HHE 471 9% 34y g4
3] dX3te AY2EE M2 P X s
AbE X-A& Z4Zbe] me2gH g9 wAl(Laue
reflection)& ¥oA EIHATDI gl FHA =4,
FAX7] A @Fo FAH}A e BAE ¥od
EAE 34T F9 X-H2 $3A(phase shift)7}
A7IAY Az A Aldistortion)® 12, ¥lo] FA A
W gEe] ofF e WMoz x Y FHAH
(fringe pattern)e] 91Z3lA &L Aoz d&=
WAelth, 7 WA Wi 3 Ad(diffraction) S ©) 8%
oz EAE T3 X-H& EA7)(analyzer)st
R 2E AA(crysta)o. 2 YA o] wiALE =), 4Hg
Hi fio] Wt X-AL& A 4E ol 7}
A A7 JAH L, BA4718 QGRS 44X
st U3 dAEA e e A G Wz
N EAE doA JAS dv Wit A WA
HHE A gEREE ol &% Wyelt T2y
(hologram)& 7] $1% i F {HAR o] WP
EAE FFdsd Ay, d4z7 470 fFol
A2 A=9Y(perturbation)& Yoz FEIF AT
& olE3HA A=d"e] Fud JAFEE A= W
Holoh

A3 AFREE ZAE

I+ unmonochrotromatic

SR (polychromatic X-4
X-A)=22E A I o]
¥ (monochrotromator)& AH&3t9 2o WA}
(Bragg reflection)el 9% SR & IFH(EE oy=A)
€ A8  Ae gy A BEes 42 d
aAF (4 A/2 = £ % o)y X-A& &3
FAYE HPL 4% FAAE Y53 o33

A Wz 4ARTD Qe FEE aIpRusr 9

83 ASd wEAd W AZIvE 2A Eol=x
9ol Arh

2 dydMdes X749 4 PLS  (Pohang
Light Source) 5C1 ekl o) A

unmonochrotromatic SR¥ 43 W= Uy o
3l ZAAHoln, AdAHolx, AT YIS F
& AAs493, o] SR IFYS FAE o431y
g8 EAE 43 Aoz 3 B, A4 =
= JAs §539 1 54 & v, 4 dux g
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2 A¥e TPARIIE71E 74 PLS 5C1 ¥
A AAHAT. T WARIIEIE AAFT A
WA AAEe) ¢ 150 m RBole MY 7&7)o)
2l8} 20 GeV AVAE 7t&EHo F £ 280 m9
| % & (storage ring)oll 73] A "l W] &x9 7}
ZEA1(0.99999997 ¢) 7h&d HAE] ZF ekl A
2 5o AAE ZEd AH st HEFE vt
T oo LASE JIAZEE WS AAFHI BF
A (bending magnet)®] £ 5o ot HLA

FGEE F4 keVe X-A dduiztA 5" 9
Uz BXE zte e WA (whitebeam)S YA
A7t "ol Az HEoZHE o 15 m Bojd A

Hao] £235F SR X-A& dzgjZgolH FHe|(F ¢
olHe FAE 06 mmEY FE HIAAAN HY
3o 4 dqux BXE ‘EE— Z-3r. o

3 X-Ae HY EANE FH T & CAWO,
33300 pm FA)H w3 }04 A R
RAatA Jx, ¥ddE NG dARRE FEFE A
Lol 93 90" 2 HkAlE o J*Q}PLZJ B & uwhzt
gisglel CCD simigte]l =@3A frh ALE R
CCD ZitHlete Ztze] Ao gt & FH7F A
£HAxn, sviEts 474 KODAK MEGAPLUS

Model ES 4.0/8-bit (total pixels: 2,112 H X 2,070
V, pixel sizet 74 X 7.4 microns), MEDIA
CYBERNETICS model COOLSNAP-PRO 12-hit
(total pixels: 1391 HX1039 V, 465 X 465
microns), PHOTOMATRIX CHZ250 16bit (total
pixels: 512x512, pixel size: 9.8 X 9.8 microns)&
ALgstg o, 2 A E et =& A 7Hexposure time)
T FEAOHFOV: field of view)s Ad EHd u}
gA 27 s FAZAY. 4zt YAE Y
CCD¢ 949 PCol A#A3S1, Image-pro plus
(Media Cybernetics, Baltimore, Maryland) <44
Z2aYs ol&dtq 4. PLS 5C1 SR X-
A& AHEste] AL JAe EAFES Bristr] fEiA

A HYolA JAsEH AlLEsts FHEBIA 2
(GE senographe DMR), Xo} X-A&FHGr| s

(Siemens heliodent MD), 28l1 HAIZAH & 7FE
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Hal, SEA: WAL X-M2 0123 THAME 53
D229 A 29 (Siemens Somatom Plus-S)S AH&
o] Al 9594 Atk 4 PLS 5C1
SR X-A AFHEEHA(CT: Computed

Tomography) AlZ=®e] FE&AE ZAEH7) YA,
g o e AslolwA BR FREC B3
3 AE 4 mm 2719 A7IAER AHEEHE A
B d3F3dddE ATy AN FALRE
2AT FEEExRHeE HEIdeld I 6
msec, COOLSNAP-PRO CCD 7}
28 AFEHGSHAAAH
Ultra high, 14.8%} %, 120
o gz 2y EHA]—O
mmz MEZH 3

lzéﬁ} 1 i3t EEM] =
?——l T }V]\ 5]1

ZF, =& 150
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(8]
@m

Pg-

0

>
oo W 40 i o

A4S YHE AREEHA
ZA7F 30 msec-2 COOLSNAP-PRO CCD 7}4
BE ALEete AN ES 59T Aoz FAG
FEZRYH 9294E AFA8E7 s IDL ver.
54 (F) intersys T2 A&l GFA <1
&) £ (backprojection algorithm)& & &3] AU}
AZA A¥ giAdoz A2lxol(adult tooth), kX
ok(child tooth)¢} AFH HFM(mouse lumbar
vertebra)& 27} 0.6 mm HaEdols d¥ 13F
ZA17F 1.0 sec, PHOTOMATRIX CH 250 CCD
Fieliet =2, A7 HFwE= 06 mm HZdols UH
6%, =ZA7F 130 msece®Z COOLSNAP-PRO
CCD 7iHletg o] &3t FHES ¥Ud. SR d%
g5 Al2H9 ‘7‘3HL_ E4& A8 Hste A
20 line pairs mm’}
A AE e
m 23 57HAE
FAastetAH. 2 A=
FE A 2 (GE senographe DMR)l A 28 kvp,
83 mAs, X o}& %A~ ¥ (Siemens heliodent MD)®l
A 70 kvp, =2A17F 0.03 sec, 7 mA, PLS 5C1 #
gl e A Edelsl FH 2%FH =A% 70
msec, COOLSNAP-PRO CCDE& A}&3l] 20 line
pattern GAES AUtk 20 line pairs mm™' X-A
Alg ' 2E PLS 5C1 JA4E5A 2"
FALE 7)o §-F3t, B} o A& A
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Fig. 1. Schematic diagram of the PLS 5C1 experimental system.

71 98 F5, AFe 2 1 BT X-A AEHE
S Abg3tdTh o] ARHE S RopX-HBGALH
(Siemens heliodent MD)oll A =% 2|7t 0.03 sec, 70
kvp, 7 mA, PLS 5C1 H#delAe A2 ol
ge 2%, =FA7F 30 mseceE JFHE
PLS 5C1 X-4 4485 4% B¢ 48 &
FdAbol e AZE i 230 mm Aol n FFH
3 F3 A|z" Alo]e] AYe HAFE %
Ao welAd 100 mmolA 110 mm7hA ¥ 8k ot
Fig. 1. & 5C1 94 A28 FAE ot}

o
X
ic)
B

F3tAl stE AoZ, PLS 5C1 X-41 I3 Y5A 24
ol Bals EA4E 2AE] §iskd AestE A
20 line pairs mm (25 p¢m)9 & EH5E =4

g = JdE X-A £35 HH(Nuclear Associates
an inovision Company, Resolution Test Pattern)<
fratE 4 A 2" (GE senographe DMR), X]o}& Al
2 €l(Siemens heliodent MD), PLS 5C1 X-4 34
YEAN 2 S ALE5td 247 JAES st 2 4
Ztol A3 E Fig. 2914 Ro9F3 v Fig. 2. (d)
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A GHE S~ Bills EAES

©2 20 line pairs mm (25 xm)9
EasHee AysiA JetlFa don, oA
PLS 5C1 X-4 9485 2d90] 25 pgmolste] 2

= oY, Aaxesw OY
AME BHI] APAT FLHEIA 2
B35E 14 line pairs mm (35 gmE SR HU}.
PLS 5C1 X-4 9A4ES5A2de A& Rils 5
A& 2AE7]) Yeted 2 3 Bals X-d AEHE
(Optnics Precision Co., LTD, Japan)& *4&3t%
X-A AdFu2E /Mg 1 AAEE Ads 7
#gA 28 PLS 5C1 X-4 JAESA2"HE A
g3t ztz gAtstslgla o ABE Fig 3004 B
oF1 At} Fig. 3. (a), (b = 1 &3l X-A
AddE e 98 2H5o)H, Fig. 3. (0 FHEIA
29S ALgEle dE 2 3 BT X-A AgdH"
o] X-4 gAolt}, Fig. 3. ()Y = = Ea5 X-4
Agaee] o2 RE, PLS 5C1 X-4 IS
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) (c) (d)

Fig. 2. Images of resolution test pattern: (a)
photograph of resolution test pattern, (b) image
obtained with GE senographe DMR
mammography system, (c) image obtained with
Siemens heliodent MD dental X-ray system, (d)
image obtained with PLS SR imaging acquisition
system.

; ' . ' " | I ﬁl
L i . E3“'»»11'(1 '
@

Images of high-resolution test chart: (a)
photograph  of  high-resolution test chart
compared with a coin, (b) photograph of
high-resolution test chart, (c) image obtained
with Siemens heliodent MD dental X-ray system,
(d) image obtained with PLS SR imaging
acquisition system.

Fig. 3.

A GFYSA2EE AFEEY 4 A3 4 mm A
A B FALGE, ATFAAE I8 A A
45+ 958 CT (Siemens Somatom Plus-S)&
AHgEte FHu Bl S 5 & de 2AAA
ATRE dFIYES RoF Fig. 4 (@< 43
of Algd AHAE S d#e B Fig. 4. (b), (©
£t SR X-A& Al43td & AL AFA4R
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(c)

Fig. 4. Images of capacitor: (a) photograph of
capacitor, {(b) a projection image obtained with
PLS 5C1 SR imaging acqusition system, (c) a

tomographic image reconstructed with PLS 5C1
SR projection images, (d) tomographic images
obtained with Simens Somatom Plus-S CT.

(a) €3] ©)

Fig. 5. (a) photographs of breast cancer, plastic
tube, and wood rod (b) a projection image of
breast cancer obtained with PLS 5C1 SR imaging
system, (c) a sinogram, (d) a

image of a piece of wood, (e) a

acqusition
tomographic
tomographic image of breast cancer.

9232 S BAFH, (b), (©OIFFEAA % EF
H FEES 38 2 93 FS BT,
Fig. 4. (D€ 98& CTE A&t 4L @334
€% 32 pm FHLE BoFEH PLS 5C1 X-A
FFASA LGS AHEE] 2 AR 59
A 988 CTE AHE3te 2& Aol Hlastd]
e £l BT WY 728 AARA RAE



(a) d) ()

Fig. 6. Images of tooth: (a) photograph of adult
tooth, (b) a projection image of adult tooth
obtained with PLS 5C1 SR imaging system, (c)
photograph of child tooth, (d) a projection image
of child tooth obtained with PLS 5C1 SR imaging
system.
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(a)

Fig. 7. Images of mouse lumbar vertebra: (a) a
projection iamge obtained with PLS 5C1 SR
imaging system, (c) a tomographic image

reconstructed with PLS 5C1 SR projection images.

FESde 489 F13)Y HzEfQeld dHE
ALgsle Addez 3 A9 X-A AHdE
At 711 =3NS HE&e A4S 4533
o} Fig. 7.2 A3 HAFwo &@ E5, PLS 5C1
X-A GAYEAN DS ARSI AL FAGAAT
BEATFRBY L DHIYE RAET
Fig. 7. (b€ A3 H3F W FA}
(trabecular bone)9] &}%3std Fx7
U e, Fig. 7. ()= I4ATA
u] & F(cortical bone)™ ] H F(trabecular bone)©]
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Acquisition of High Resolution Images and its Application using
Synchrotron Radiation Imaging System

SIL Hong" T, HJ. Kim" ™% HJ. Jung™¥, JO. Hong" T, HK. Jeong*T,
DW. Kim' T, JH. Je!, BR. Kim?, HS. YOO'?

"BK21 Project for Medical Science, TDepartment of Diagnostic Radiology,
T Research Institute of Radiological Sciences, §Pohang University of Science
and Technology

Synchrotron radiation (SR) has several advantages over convetional x-rays, including its

phase, collimation, and high flux. A synchrotron radiation beamline 5C1 at Pohang Light Source
(PLS) was recently built for imaging applications. We have shown that a SR imaging system is
useful in imaging microscopic structures. SR with broad-band energy spectrum were adjusted to
an object by Si wafers and their energy were approximately ranging from 6 keV to 30 keV.
SR were passed through an object and finally transformed into visible lights by CdWO
scintillator screen. The visible lights which were reflected at an angle of 90 degrees by gold
plated mirror were detected by a CCD camera and the image data were acquired using image
acquisition system. A high-resolution phantom, capacitor, adult tooth, child tooth, cancerous
breast tissue, and mouse lumbar vertebra were imaged with SR imaging system. The Objects
were rotated within the field of view of the CCD detector, and their projection image data were
obtained at 250 steps over 180 degrees rotation. Image reconstructions were carried out in a PC
by using IDLTM(Research systems, Inc., US) program. The spatial resolution of the images
acquired by the SR imaging system was measured with a high-resolution chart manufactured
for several micrometer resolution.
The specimens were also imaged with conventional x-ray radiography system to compare the
image quality of radiography obtained with the SR imaging system. The results showed more
structural details and high contrast images with SR imaging system than conventional x-ray
radiography system. The SR imaging system may have a potential for imaging in biological
researches, material applications, and clinical radiography.

Keyword : synchrotron, x-ray, spatial resolution, PLS
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