2
1o

N2

2| stHl S FEaa FHAAY CT
(computerized tomography)¢] g % &3
HAd AygE =HEot o5 A AA
AGE D AU okd dFHZ = CTsys-
tem® 4&3 1 H40 W A48 2ok

E3 CT o 943q LAaxy, tomophysics
w chemistry, system 2] T4, detector ¥ sen-
sing diode, AAZ o 43z A& T Mz
32, computer system 4 F¥H dJAAAF

of tslA mastech.

A =S

1972 d 959 EMI A4 CT 7 3as
AR 89 Aol Axel 2 FACT
= 23719 vl HHE AFEY oA
+ algorithm Ae2y AA Y system F4 9
AAAY 49 A Fo Edkm T4 A
AT} (21081043

CT scanner = {4 2 oA Hx <4
Hol 2 %7 H9Y AR #el4y Hi A
Eoz 717 Hojsta gle Aok, ol
FAo] ¥-g3led vl Q£ z22]a scandi-
navia Al F59 -2 YUANA= CTE & 39
o ¥ ouAdrm A Hyn 2 uet
AAE dA o8 g7t == A8sn gt

FE AR e A7 o9 AT HEOTH

ojo} o] CT = oA YA o ¢4
E AR A Hglon ol AL dF ALY
Hounsfield ¢} A.Cormack K7t 19794 x4
o EAg e o2

CTol 93 oA+ F4L $&E+= 4z
(A & A A "Ee gAA de ddd
A PAA Ade 2 Y7t TEA e ta
. CT o 448 w4 A&7 o 43
§ AlZE& computerg AHz|dle AFHoT X
TR FAolth. olet o] doal FAe A
i XA AAle) o] Ea] W 3xd MR
7} 2349 €59 F3Eo] vEhe Aol oy
2 ooz AYgd dHe e ARE Auze
2 Bof A ESIT oyt X4 AAd 9
3} Loty RE oA AA AAEE FEHsHA
A sted JoEtA "ok

qA R4y giAel Ha de CTAE 712
de BFEe Q= X-ray CT o199 = emis-
sion CT (SCT ;single photon CT & PCT ;
positron CT), NMR (nuclear magnetic reso-
nance) CT 5ol goe ol&e 4 A3 ¢
AL oA aFHe gy Fho 4 o
g4 Helv v & 9%E stz gtk

CTo AdL &A 95 Aggos #£3 of
Ut 874 288 A48 AR Y iz
o A 5 A A Roklld 2 8] SE
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ok, 28U HIAE 38 HHE dEdoly
Ads F4E @7 AY CTA waf A7
i %2 X-ray CT ¢ emission CT o] o 8)
ot n3A jir)

1. XCT(X —ray CT )2t ECT (emission
CT)el atxiof chet ANl &

AT zigle] X-ray CTe ¥l emis-
sion tomography® A% o wAe 3¢ &

AL AAEA o} FAck T Aol 23
of ¥4 XCTe} ECT+ CTo UoIA  IH
AUg o8 Qos A Az e A4E

AYm gie} L8181 010ITI) Rig Jejj XCT
3 PCTY 44l dAdzAAo] Agders
bt ek XCT+ 271 19729 pencil
beame A& FPols U 5 H(translate &
rotate) $HAA A LAE AFIHS A<
ring type 9 detector geometry® Il
stationary ring type system<o® 43 = gl

=3 resolution (£ %) & 2~3me A 05
mAER 9 £33 data® 4Fsh= scan-
nngtime £ 4§04 A4 12 Yz £
E3ith ol W¢ EERE dAHeld doeEe
scamning Al & 4 msecHER €9 Ax9
WESe AT 5 & Aolw v ==k

2 A4883 e XCT systemol A AH§
HE %A detector o v FAA HEolH
Ztz+e] detector+ H AW 7l(photo-multiplier )
Y} photo diode & 7}Xl+ scintillation detector
2 el Elo] glek aela old AREHE
computer system-& hardware convolver Y
superpositioner ¥ % speed 7} W& Fd
AAEE Az Ystk

a2y 1o vebd Az Zo] e XCT sys-
tem2 AS & E(American Science & Engine-
ering)ol A A& L™ stationary ring (SR)
systemel 7ta @ol AHg-Hz geht?? SR

Hateaal Sheich ol the Gevelopment of X ray & Rodionuclide Computed T
Ne) (1)
[N ™ 0
Wt Na i) Nel (1)) <
woamonooy o -~ ono el
& ANATOMY ‘(lx TWO DETECIOR S !
f:‘ﬁ‘" an I8 oL Y e

8l 1. X-ray ¥ radionucleide CT o433

system-& photo-multiplierst Zg= 600 A
9] scintillation crystal & I gi=h
ol2 gt FA4ol YoJ M detector array+ 3
A Az g Bk FA 7 7 X -ray
source gto] 3H 5L A Hrh

Fo 4drd-g 375 SR system & )&
A Edoll UAA o9 7B AHE A m §lH.
%, ring artefact 7} Jelvx] gom = nr}
A mit sampling & & 4 gl Wgoll olA7
Z] A systemoll A BTt ¥4 gAe] G4
4 d& F7 Ak, 23 of system o A4
o] AAL 7tF0] v Krke Aoltt.

Emission CT &+ D. Kuhl ol &3} 7ju=
single gamma transaxial system!'®*! 3 Union
Carbide (cleon)el ¢] 8 focused collimator
single gamma transaxial system!!* o] gl=]
gl positron tomographic systemo] $#& ol
F3 vt T transaxial tomographic im-
aging°l $&°l =+ MGH9 Browelld] ¢
8 MusE FoAe HHAe defector bank &
7} & rotating system®l ©}REE o]  Fofo
olAl | Re] tomographic sxstem¢lzl & A
ojch.t5) ey} AXE 4% transaxial posi-
tron system °]2t2 & 4 gl AL Washing-
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ton o & M.Phelpset Ter-Pogossian %ol
9|8 e scanning hexagonal array PETT
systemt®101013 E ot o 5o FREY
a8} UCLAS A A¢d stationary
system CRTAPC!¢lzlm & 4 givh

1962 @ Brookhaven National Laboratory
(BNL)®| Rankowitz %o 2|8 ring system
L73830] Aol Eglouw 2 A& AFYH 9
A A 34 (image reconstruction) ¥l 8%l
I =% Y& resolution W& AA S tomo
graphic imaging system2 29 A& 3
AR =S

CRTAPC system®| H2 tido] vephd A
2 BerkeleyolA wEeiA 280 M9 gF& H|4
9] Nal(T1)detector & A&38le £ t}& ring
system |t} 2 BEde FWHM 6mm9
ILEHEE 7 AL Alrt ol KAH ¢
7 positron transaxial tomographic system
g Azt Aol dr™I o 4 Uk PCT A
E % 7HA $89 R4E nE AR 32 Ter-
Pogossian 54 218 4% multilayer system
(201 ejt}, o] multilayer system-& PETT-IV
g € gles 549 YA imaged
ALgste] dFHom U 4 Utk wErA
sensitivity £ 5 W2 7184 el weta o)
+ A2 B8 A x dE 48 S 94
dol e A A olF fHEEA ARE 4
e Aeole

Detector & Mol Ao A 53 positron
imaging & #A$ BGOS 7L off grAq
Ane g 4 Yk t3) F3) o] BGO+= high
resolution & staetonary ring system 7H'ol
Aod FU€ ¥ o=tz AR 2 E]le
Farukhi & % A3 98" BGO scintil-
ation crystal-& 511 kev ¢ annihilation pho-
ton®] detection Z&ol U A oA AR A&
He ALt 3~4 el $718 vetda et

ring

A coincidence Z&dl UAAH H WY FE
A& 4 U& Aoz syt BGO Y 7}
20 EYL & Uxg & 4Pz 9
3 photopeak detection 2] %7} A photon &
4 E1 obvE, Acw Ad axE xS
Wi ArdoR YA photonol AT detec-
tore] 2% data® FA =+ |8 vl septal
penetration& g} € 4 Urte Hols whet
4 o] & o]-8=l U.C.Berkeley 9 Budinger
¢} Derenzo 22 10] o8 A|E whe} e ghe
4ol detector & A&3l+ high resolution
system & AA 7} JtEdiel ae QA F=
€€ BGO ring detector& AHg3ld XCT ¢
RCTo &4 A8&%¢ 4 gl+ hybrid system
of tia A qbstgi=l,

otutx o] system-g A8 Hoje 9 WA
A % QAA CT o & 72 wagge AAH
€ Zojetz Y| s.(adl #2)

2. X-ray CT o|A{2] Tomochemistry &
Physics

XCTE o1838t7] dfME 4 AME =
Aol wel contrast”t S WA ¥ el o
A @oF ¥ "Wast gtk

o] & topice® 3h& HeF& tomochemistry
EE£ tomophysics® e}, 1241050 Yoray sou-
rce &} -2 energy range &} spectrum & 71X
£ %Yol e contrast o Hte Yglew F
£ compton AH&} FHY A (photo electric
effect) & AT 4+ ok oot e YAE
< X-ray photon ¥ B 3o 4% g ¢
8 doluEe AEEAM AA X-ray CT o A ¢
contrast+ $& compton EF ol 2§ AHolH
ol EAMY UE Aojoll A sqigeh EF yR
A9 compton scatteringoll &84 A Y ENY
+ A A4 (attenuation coefficient) ac &
energy ol 48t 42 A vl 3ol FA K
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ue=k, o9 f,(E) — (1)

3714 Ky, € A4ld o BE(gcf) 5o
gram o] AAYEE vebdok, 2% f, E) &
3l Akgt photone] energyel] B¢ ¥4-= Klein
3} Nishina o] o]8) 75 = 2 ct.

dtwo] & o] ¢& photon energy (< 50
Kev) o) 4= photon interaction & 2 I
Aol o8 goiun olme] A4 AfE YA
g photon ¢ energy®t & x5 effective
atomic number) 7 o] =LA HEdE T4
2 foh, gyl o g4 Ase €8] ¢
2 xl W} o] thR Ao FAIHT.

ue= K, #po £(B) 7 ™ (2)

A K, & A4, {,(E) & energyo] ™
g4oln 7 & F& UAHEo s me AH
o3t FolA & A4aA 2 g 150Kev 9
8lo] energy & 7}zl photone] A AA U
AE 44A4H%0tk. 50~ 150Kev 2] energy
el el AEe FAAAE el & 541,
(E)7F f5(E) 2ot &g o] & &7t ®eh 4(2)
£ E3% 50KeV o]8te] oluix HaMEs FE
QUxpd s ol % contrast 7} contrast mo-
dulation mechanism ol 4 7}3 F4% €S
des Ag 2o F2 Yok

N e CALCULATED 4w (BALINE-WATERY, WATER
, =eee- EXPERIMENTAL N -

L Iy \\ ——— CALCULATED  Ax (RINGER-SBALINE)/u SALINE

4 Y ———ame EXPERIMENTAL - -

‘o = —— CALCULATED 4 {GREY-WHITENu WHITE, HUMAN
“\\ o e EXPERIMENTAL - -

3 L\

falu (%)
P

———— — e ———

ENERGY (keV)

Experiments! and Calcuisted Percaniage Dittarancs in Linsar Attenuation Coufticunts Among Sumples,

11812, = Aol A& energy 2} contrast
(& energyeilA= pho-
toelectric modulation o 2}% 7% modula-
tion effect & HaAg 4 Urh)

modulation effect

2% 2+ 500KeV ©l5te] energy HellA #
o} z¢ ¥ 7}x¢] photon interactionol 23H
contrast modulation o] ¥ FAE BH
o, 20

ge energy ol A 1&5T 4 & ¥ |
At dEe A7 AL gl Heo HAHA HA
Apololl 4 & #chak contrast modulation ¥4
o] dojgrg WAL 4 Uk, 2 EYI=
UJ& energy ol A8l & contrast modulation
YA AAN= AE§HE X-ray source 9
polychromacity ¥4 #43x &L &5 &
A Eo) 3 5o} Helx wteh L7 Spectral
intensity 7t v (E) & 5]+ polychromatic X-
ray beamol Mg FF AN A )€ A1{3)
3 o] FoyAle} E

[y ®e-me>x u(E) dE
‘ - (3)

Z(X)xz x' = '
J'E‘”/,(E) e—-4(E)X dE

i}

A7 A x& F WA FA u4(E) £ energy
of @A=L g4 A4, Eo v Fol4l spectrum
o) 2lY energy gh-& ztzt JERATh AolA 1
o F A3 o] Ao HAsE HTF #A4 A
& XCToA 29 g€ Agaos Hrde
o A AFE EAAZR FH4EA "ot
o|® 4t TS beam-hardening effectzhz #
2o 23 3dE o] 4y B beam
-hardening effect 7} AR Aol A=t o
g FEAE 2 Fa Yok 22 beam-
hardening effect & 32 $3 9 He] =&
o] WHEHY I o]FL AA o A ol F
s Ass oo M A7 JldE T Aol
3 LR (#0100 Flgql ¢4 YL
o e

o8 7tx EAE A8 24 A4S da 8l
t}d 44 o] & projection datat &% % pro-
jection data$t ¥z & FH A+ EZYH
&3 ol F8 4 Uk
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() = B +5 Auy xi — (4)
corr i=1
A(4) NA (Bl 3 FA7 X A EA

A 24E B4 A4, & projection data o]
o e Fim gL Z2 A x2 F
12 wel 2E 44 g5 ol Ao,

oz 4AYEL oY I+ AAE @
T w9} 2AY vl 23H FEL &3
of 33 Rk, weot 2 goMY 4%
e Zzh, A(5),(6)3 2ol FAR 4
=

bone ;A g, x, =g +a,(ux) my +a(ux)m

+ ...... (5)
tissue ; A ppX, = by + by (sx) ma +b,(2x) ma
drennes (6)

O]Eﬂ ailbi "C_' ;q]+°]q (,Ux )m] (ﬂx)mz
+ 27 vt 23 A9 3 U= #4 A4S
o] t}. £3t] ’

w e} xizle] $7+ beam-hardening cor-
rection& 3kX| @& A image-reconstruction
€ Hoz4 FHA 4 Sled oY

RF 3YSTIM

i

Ul
Vi) '

118l 3. Beam hardening &3}
(a) No compensating.
(b) Partial
(¢) Full

(b)

() O'l ’0
"o‘o‘,
)

compensation with water bath.
compensation with water bath.

< s AAAQ Yes }A HoEH &
CT scanneroj M go] &=z gltt.

Beam- hardening correction =} polychro -
maticity £A4| & €olv E tE YHoE A+
X-ray beam-& filtering §+o &4 42 energy
g AAH HelE °]& ¥ pre~hardened
polychromatic X~-ray source & Ar&3l& Wi
oltt, o] W o83 fxA FAHE
dose®] Y& FHAE Y 4 o o2y
polychromaticity effect 8 A=3s ¢ <47}
A e}, Pre-beam hardening method ollA<=
#-& EMIcl A 5t& head scanner @] waterbath
o] Jl5a WjsdtA 2AE wedge B AHSHE
o} nFolet

3. XCT system 714

322 EMI9 scanner 7} s+ A oz )
A FEY g Ao detector array (gan-
try) el FAel & EAolvt, 2y dte data
& e Ae YAAM 4EA FZ (19784)
de 1& AER TSl HYeL¥  AF7A
XCT scamner Sl A 714 $4¢ EA2 424
A" A2 scanning A e EoldAME high

Three Basic Fan-Beam Configurations

0’%

!

o‘.

b

=
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POLYCHROMACITY EFFECT

o l,’l,’/,/"llll;l )
il el
i

i

i
—l..:ll__ ,“' y

fu

|

PARTIAL COMPENSATION

il

1
,l

; NJI

;ﬂ’

FULL COMPEMSATION WITH WATER BATH
( courtesy Z. H. Cho et al )

18l 4. X~ray scanner? Al 7}x] 713 <Ql scanning ¥

— 21~
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resolution & ¥ AE Aolgled v|g9 FA=
AFe FAER AJAEAA el

a8 49 A scanning & 3} data g A&
u o = A M 7%} fan beam scanning #y o]
A A Ejoy QLB

279 pencil beam& ©]-&38k& linear trans-
late ~rotate(TR) scarming® 825 A A
£52 ga YAATL 1AL CTell UM 7
# Q] scanning® MAd & vEbd F3 st
o] Aol A B BYPLE 4 H
pencil beam X-rayet & 7§&] detectorg A4t
83t linear scanning ®°kh

a8la o]8 g 3§t sete] linear scanning o)
Evz vl o2 dEx(view angle) & rotate
A F A8 set 9 data® dA Hob o=y
180° ¢ transiate~rotate scanning & o4
£A% % de dataF 4A =Heh ol
2% TR system®| H ¥ datad] 3 recon-
struction algorithm® &A W A2 X-ray
scatteringell 3 ols& EWE 3t rota-
ting fan beam (RF) system ¢} &% g o
24 scanning time o] WY $uyE ] Hxa
2 A =H4dch ¥ IRotating fan beam scan-
ning ol 4+ detector array bank 7} X-ray
source & #& &=z 2 FHA$FE 3A o o
#AE 2% 4@ & deEh les2 T4
#HqQ 43L& AYsr|2 o} RF scanner?d] 2
Holet gebd detector & drift WEel ring
artefact”t A ziche Zoleh¥! £ & oA
L 2% of systemol A AFE -+ sampling o
A 242 94 F7] H3dMe detector 9
Aol of-% Zpotof griE Aeolvl ol Jé
Al oA Bg& W s o BARA
B 7 & photo multiplier ¢} scintillation
detector & A&7 detector bank & & o
€ oe 44 o8Ee <¢A F4 "eh RFE
systemol A 875+ ole} o] 7AtR§ de-

tector 8 A& UFHA|77] H& vEE Hol
multi -wire gas proportional chamber ©I%h.
13610361 o) F shg @Wol &olu Yt FHE
xenon ionization chamber Q1@ oio] W& A
gL g AR nFIR e

Ring artefact-& &°17] $%¢ M2E scan-
ning Pz 294 b)E A2 4 YehBN
Parallel linear fan-~ beam (PLF) system o]
gl g3 A & system & o] sHxe) AAEE
ZtA = ik, & PLF systemg 2302+
linear translate & rotate system ¢|B.2 RF
systemoj| A detector drift o} oj& yeElyE
ring artefact £A4& 2% 4+ 3 FL%
detector sizeo] & oFr] %+ sampling &
A= AR ¢ glck. 28 o)A 7tAe PLF
system & F A& X -ray source & detector
array 7} w#l2 translation motion-g &)}
Tote ztvtz g ZAAHQA 24 B2l 28 A
wEAl A APt A e wet gtk &y
Histas ugo] Bl =& H4ogtn ot
o 2% 4 (c) ¢ stationary ring (SR) system
olgtz & 4 girt. o] systemol M= EAE
LA 3 FR B gl ring type o detector
array o] o3 g4 glom source & £
FHUE HAHHA KT, o)¥A Tez4 detec
tor sampling o] o}y e} source sampling &
g 4 g17] wW-o) sampling 847} sz R ),
2| &7t A9 scanning Wy FoA A AsE
Zoje} 42 o] SR system o4+ RF sys-
temol 4 AFH WL AHEE AAL 4+ A
t}, & ring artefact ¢} §4t% sampling 5|
ol d4A AL 4 vk, 23y o] system
L e 49 detector® A83517 wWEo
Aol A oi-¢ wriols HejAe]  hmAEC
ook st o,

FAN A AdFElgZol Ao PLF system

¢ linear parallel data collectiong &v 7

—92
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4§l data sampling, & o]o] UHF JA )
F4, 282 w449 TR F o AN A
< JMA 3 A" a4-e] translation,
tion motion& 7] g FAFEAAY oy

rota-

& m-goll ofe vl Aopal Aok wol givh.

oj¢} & Ao PLF system o] 7|A & A
A& B3] ¢85l modified PLF system
of & Aol S8 AF AN o Ak

Modified PLF system o] $a-& 23 57 &
w8 3 ¢tk ©] systemoj A detector ar-
ray & X-ray source £ A4 AEFE A
E|= X-ray source £ 1 UEhd 239

€& wet £ oA ot
PARALELL LINEAR FAN ( PLF ) SYSTBM
SOURCE ROSTTION ( lat )

1/ 2
—

3 /TM}SITKN REGION (SMOOTHED)

SOURCE TRAIL

m’" DFTECTTR TRAIL

.
Jin Pl N
i)
I ORJECT
i ,
s AV P4
i
i
UL
|
ININ)
HING

—
A
L’m FAR

J&l5. MPLF system, o wyg A8g0 2
# ring artefact & gl 4 glo= linear sam-
pling¢ 4% 4 9=

a28)dted 67 ¢] linear scanningg& & 4
A FEE XA = 2 linear gt F
ol A nxm(n;detector® 4, m;sampliing
4)71¢] parallel beam data® A =ebh o]
2Ha & set+ AY 307/ AE9 angular
view ol 8] ®&3tel, ¢ systemol A X-ray sour-
ce = 4T 4% 2 A<S translate,rotate
motion€ stAA ZH59 304 42 £30]

£ A ztel] 8 Bt transition A3 5 el =

X-ray source & 73 Ao A He 49
A A X-ray source & THA] AXA e},
o2 RE¢ oA AA4E5E &5 detectorolA
€ ©H4] data & 24 b o] A4 5
3} parallel beam data collection ¢] MPLF
system®] 71 Fo¢ FHow R
MPLF systm el A+ ®<¢%¥ RF system® ring
artefact 7} Y EFUA %o SR system?) ring
detector & o] WL w¥]go] EAE FEr} o
Bt FAHHAE 4 T4 U A=
parellel beam reconstruction algorithm & A}
£35t7] g vl ag4o= e}, MPLF
system-& &4JF ¢ 5o A L= R 3tar
ABE A A& gl AAH] dHe &
o] &3 microphonic noise & 7417, elec-
tromechanical vibration @ shock & ¢§l¥d 4
et #®A o] MPLF system-& 9324 9
o ol ARE F+= CT systemE A3
Ut

A o FEgle Eoke AR HEe R
&7 $93%+e guided electron beam X-ray
source & AH&3tE ol 3] 234 scanning
(ultra fast scanning ; UFS) system o] 82 N
IRS {national institute of radiological sci-
ence)®| linuma 5 98 AL gon iy
& 93 Ay
&3l systemol Mayo Clinics ] Wood 54l
o] ste] At =L vhis A ot L4
a3} o) gt system & hardware o] i uto)
UAA 438 He T2 ook grie AL
g Y E gl

X-ray source &} detector& 4t

4. XCT Detector 2| 7j gt

Detector o] 7wtol] gloj A= = system of
QAM £ Az FHE o]FZ ek 2 A
+ ¢& xenon gas& A}-£3l- gas ionization
chamber o] =, F 2 gho] Agsle Aot o



3} CTH &%

Collecting g;}:
W

Metallc high volcage electrode
and chanber wall

-—High voltage

e \\——=X= - plates
Collecting electrode

b)

H.V.surface
Aluminum entrance window
at ground potential

tica insulating strip

(courtesy M. Yaffe, A. Fenster, H.E. Johns)

% 6, X~ray CT oA Al&3}& xenon
chamber 2} Fx
EFFICIENCY CHARACTERISTICS OF XENON CHAMBER

e /i S At St s s S 1
All X fluorescent photons sbsorbed 9
N A i ®»
Detailed efficiency
3 alculation for 20Cm ¢ 1
1 B { e
100

D1 a4

P2
Photon energy (KeV)
0 60 00 1o W—?H 0

Gas pressure x chanber length (atm.-cm.)

Relative intensity

Energy absorptian efficiency (percent)

(courtesy M. Yaffe, A. Fenster, H.E. Johns)

& 7. Xenon detector & detection ef-

ficiency

& 7}A] 3eje} scintillation detector 7} glth,
GE¢ S
EARLE ol 4 7dsl o4 type o fan—beam
scanner o] 4 Al8-F3 glth, Z]& 3l xenon
gas chamber o] 22+ a8 6-& Ax3» ¥}
&}, o714 zHzhe] ionization chamber =

Xenon gas ionization chamber &=

709 chamber Hoj| o3 EjE o o= ¥
Apelo & iongo) ¥ sztel AL W AHA
£ 28 4 95 & collection electrode 7} &
28 qlth. 2zt chamberel Zol: ey 2 ~3
en A Eo]th. o] chambere] F2&  ArgE x|
e X-ray & F4E 4 UASF beam o &
I e yskow Eo4H glrt, 2 detectory
T4 EE€ U 50~60% A EeolH
chamber dolgt 2 k2] gas ¢Hol| A A

sich Gas €33 chamber Zolg) F (7] t—cm)
of that energy ¥4 A€ AW TAA & 5

ek, 13 o B 5m Fole] €RlE ®el o

o) & 130Kvp & X-~ray+ 3cm, 107 ¢
9| xenon chamber o 4 ¢] total absorption(&

Ay X
4 5

oA f’l 2

ol &

K flouresence photon absorption &
g WY 45% HAEE G
€] xenon gas detector & 713 &
22 xenon detector £ detector array &
HE=H A detector & AL gd S+
de Aol sk ol A= PM tube &

A} 5l system o
Ae #$ ojsg EAo L At Y g

&0l detection system-2 ¥4 photo-mul-

scintillation detector &

tiplier &} scintillation crystal & A&-3= A

olzf, o] system?| photo-multiplier 4= photo-
diode 2 ®iA® 4 3lc} Scintillation crystal
& Nal (T1) crystal & $JA8t9 =9
scintillatior 7} ddtd o2 Ag=lw o}, 3}—1
E9AE o okl AUiA & F4E, T X
% B4R g4 & A=EE 71X+ BGO (Bis-
muth germanate ;Bis Ge; Oy ) scintillation
detectort®? 7} Z-g wrm ek, Nal (Tl ),
BGO, CaF; (Ew),CsI (T1) % W 719 WE
A ]l scintillation crystal oA 2] A 7k
+ S-11response & 7tA+ PM tube ol H3t
o CsI(TD e stae] & o 21 4 w4
8t7] gl Ao PM tube Bt A4 B

7} =] 2}
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T A % response & 7}X-= photo-diode
E AHg§el o vigAsin.

28} photo diode & 424 Axdow &
diode capacitance o] 2] & noise2] of gkaj-2
of SNRdl gleiA PM tube ¥t} 23 542
ZHAlet, 28 o[ &k 22 A Aol gl = photo-
diode & 7td°] ¥4l A3z A A&z 4
£ t¥del PM tubeo] us =277 WA =
enz 2 AL =% wok stk otetA ol

device+ o2 £ o H3u 45 $& CT sys-
tem< sl o oA FHoz FAY
Aoz Joslel

5. XCT Signal Processing Electronics

High speed, high resolution® CT scan-
ner€ 7M7) HA L oo 4% Ao A&
gl HAt HHo device Ex o] systemol] gt
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olo} & F Ao Fg3te] dA AEFEHE
device &2 AR HA 57 Hezion
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scanner & A2 Fo B=,
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scheme 8] & 97} gleh, H7ldle 240 A o
detector 7t AHE-=El2 gle= % linear scan %
¢} data sampling 4 48071 ¢l}. Angular
viewe] 8 12712 43 total scanning time
& 3&x2 o ¥ view? linear scan time-&
250 msec o1 & point2| sampling time
520 usec 7} =ceb uty gk A 9 A/D converter
RS AR&-gbelw 7t detector of ksl H
# AL 21a secrt Wk a8y AA=EE
sampling interval & W2 sz °}-&8 pho-
ton® &4& Fol7] & 2 detector ol F
M} sample & hold 7} #45 o glch, =8z
Al zke) ghe] A=+ logarithm & A 4H8 hard-

DATA SAMPLING & CONVERSION

- e t, =520 0us
Jop—

By = 480 (Tjq w 250
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SCAN TRE/VIEW T o ¥ 250 ms

s . 2 e N
SAMLING TRME tgF 520 ps (g TLsms)

[;51’) ps

e
I
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+

L. ty/Ny = 21 ps  CONVERSION TRE

21 s
J12!8, MPLF system ¢] data collection
scheme. (&z¥e 2z A4 FHolAe

linear data collection-g& &tc}),

ware 2 &7 sl A/D conversion o 3¢
A= logarithmic conversion& 3% H.est
det,

2¥ 9+ XCT system o] AHutzlel A% A
8] 3} olch

A /D conversion 3} & AF A& Fo
A A (520 ¢ sec) Aol MUyl HAAME
15718] A/D converter & Apg-3te] F 4ol
conversion & #3atA @b, 284 2z A/D
converter + 520usec ®] Al 2t F ¢kl 16 channel
€ Hels) $49 HE=2 7z detector o 324 sec
Al zko] TR

fot

6. Computer 2} Computing Hardware

#oj o] CT scanner o] A=z g+ YA
4 computer system-& 2% 103 Zo] com-
puting hardware CPU, 7194 =2](core, semi-

conductor memory, disk, magnetic fare),
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CoNILL
18l 10, X— ray CT scanner 2] computer

system

display processor, hardware arithmetic pro-
cessor 5.2 FAH ct,

CT systemo] X o]Fo A arithmetic
processing o] &4 o] =™ ojd] |FF A
2 4} parallel arithmetic processor =}: 3
4 %)= array processor ¢+ hardware super-

positioner (back projector )of thaf <otx =},

Array processor ;

CT |44 AF4e glelA+= convolution
=} linear superpositone] & s}x gako] F
7t "t
- FAbe] o4& back projection olEtLE H&
tt. Convolution-& array processor & A§
& high speed FFT o) oJsjA o % e 48
2 4 o

7182 ¢l array processor 8] ¥R 2311}
I gow FaAE o3 o

<A filter function e} datary} A 3§ 8
g2 filter memory o} A a5 c}g buffer

memory (duta e 2 disk memory ) v} scan-
ner ol A4 &4 Wolx)& 7 projection data
7} high speed multiplier ¢} accumulator oj
28| A convolution &},

F3t71v HEsE Tste ol & okl
Al A 4L o] array processor & A8 o
24 oS &Yoo £Y¥Y 4 Yk, oYF
H 4] |2+ FFT(fast fourier transform)
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INTERFACE
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18] 11, High speed array processor 2

block diagram
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At A B W4 Gl FobAA wHoh
As2 1024 point &) complex FFT & AlA
& m array processor & A-ggtchd Al4b A
e 2 e 12 &4 4 ek Convolu-
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- FgHos HHr}, Array processor § o
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So] 291200 & vepy ek o] 2 yol B
z%. 0] point convolution-& &-&=d 2 A con-
& n?2 Ao FAS MoF HA
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% o wAF ¥e e convolutiong Y13
411 2] hardware convolver & o]-&3}o 3
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register) oI™ Multy, Mults , - Mult; = 2&&
an,an, amd A€ 7HA+ multiplier re-
gister olvh. JA &l profile data”} H; register
o] ¢xtdow FISAHA regittere] 2 set
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rect Conv.
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=
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J(N-BITS)
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( Courtesy G. Cilbert et al )

18l 13 Hardware convolver o] block

diagram

£ Foa A42 F3teyAH A parallel mode=
parallel adder ol A =aixist, J e {lgel
H, port & €024 H convolution& <A
3l TuA "ok

¥ & superpositioner (2-& back projector)
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121 14 Fast back projectorell 4 address
weight factor & dojul+= %y

o] interpolate ¥ data & & 4 YEF 37|
oJ&l A interpolator 7} Al&% 5 lTh,

Superpositioner (back projector)

&-2x2ql superpositioner & CT o] UNA
£ 9% 339 % computing hardware 2 &4 &
3 877 AgEo AEHm Yok (1 Super-
positioner 2 & z2he- ojzje}l el
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2n-3, 3n-2, 4n-1, 5n ;) (1)

ol flch ol memory ¥& Eol7] A ad-
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projection data & Aol wel FHFd "t
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o] FAlo] % data group 18 bit 9 ad-
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word®] memory & € Qg 35 main com-
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2 diskol 4 sequential 314 address data
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oict. =¥ A4 dF& Y% simultaneous
multilayer imaging system ©ly ultrafast
scanning system®] MyLE Yo 20 2
A2 FZ9 RHolr} (4110461

¥o2 @ dz-& emission CTo oA
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