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Abstract

Modern x-ray CT systems measure the energy of all incident photons that enter the de-
tector, thus it is very difficult to identify a medium with an x-ray CT image. We proposed
a new method to accomplish this task of identifying a medium, in which we used a detector
that could measure photons using several energy windows. Our method identifies an object
using a set of linear attenuation coefficients of the object acquired from reconstructed images
obtained for each energy window. For this identification, we calculated a set of linear at-
tenuation coefficients for each individual medium beforehand, and we compared this master
dataset with that measured using the photon counting x-ray CT. To evaluate the validity
of our proposed method, we conducted some simulations and experiments using several ma-
terials that are typical for these types of experiments. Our results showed that we could
correctly identify the materials with a photon counting detector.



FT1E XC&HIC

HIE, BADEFEICBWT, OV ¥ a—2WiEHE (CT, Computed Tomography) & IEH
ICEER LD E > TV, CT REEIIEIC B TREORGFRRHEKZH D72 HICH
WHNBIED, TESFICHBIT2FESHERE: 2V T REREDIZDDIEIEREICE
BIAL AT h TV A.

CT I3 ZFDFEHEDE DS, BHEE® CT(transmission CT) & &% CT (emission CT) D
BHEICONT 2 LA TES. BERCTIZ, IFREICHET TEEDT M, SREHRZIRH L,
JER B U U B 5 C & T, JEREBAIRICI 2 BURM OB RO 720 (B
BIFRIRD AL ZEEET 250 THS. APFETHEMA LI X CT ZTNCHRD,
IERIKNIRD X BB H R ERE LTHESEDTHS. —HOMHECT &, HREDNK
PICHEHERINITEE (RI, radioactive isotope) 25 L, ZThSBE ENB vz HINTH
T2 LT, BEHREONREZEEILT 20D TH 5. BEFEEBICBNT, FEICEEROR
ReRBIEd 5 C L ZHIICH VW 55 SPECT (single photon emission CT) *° PET(positron
emission CT) BT Y/z%. ThHDCT R ZOARIC L > THEMVATENED, &
METRXBMCT ZAWCHEZAES S LZHNE L.

B OB R T XVF— DR TH 5128, XBROBEEEZLIIVF—TEICHS
T CIEBORENTETHS U, ULHLAEDS, BEDXFRCT ¥ A7 LTRBRHEFICA
5 U722 TO X BOLIIVF—ORDERIE T —2 L3578, CT EGROEIEER LT
ETOIFIVF—EEICTE S R ERROEAR T EE Lk h, HEOREIIRETHS.
kTR UCHAXH2MERAL, BEREGRE LTESNS EEOBEFRED bREZTT
S X EE DR, TODRKBIINF—ARY MVO Xz, ThThORER
DIEHR, SEBEREET 2T 2 7V X EBE IS NTVED, chbicid+okia
XEAEDZ T ML —BERIOHEE RV R, i TE2 T3 IVF—HRMDECH
BEMWMEL 5B C LR EDRENSHSD. £z, BEHEENTEEAVS T & TTRIVF—H—
TR R ERT BT EHTESD, THRRERRZCENTEY, ThbdELIAEL
E5CLIXTER. ‘

ZTT, BRIIXECT VAT LIZBEBOWTWL DD X)NVF—T 0V FUZEMRL, T
FIVE—FFORL S CT gz HEMFIRICHRE T 3 FEEER L. T3 LTHELNE
CT @Ei{§iE, BLIIVFE—T 1Y BB ZEEORBERBOHAEET 28, EROBL

. FEBRADOEREREE VS T L TREDRENFIREL LS DTHS. KX TEIRL DIRRR

T3 XECT #AVWHEEREFEOENZY I 2 L—r 3 VER L EZBRERD S5
L.
BBICARCOBRICOVWTINTEL. £, H2H TR XM CT ZHWREDHEE
ICOWTHERFE L BEFHEOREZITS. Kic, BIETREREFHRIIOVWTHLLIGNAT
3. H4E, HsETREERFEOEDEOFMEDDIITo ey Ial—a v LERIC
DV, THICHT 2EREECETITY. RIEI, BTETRMGZELDS.



F2E X#ECTHEAWEEBEDREE

2.1 HEERDOXHECT

BRHBICAS LEE2TO XBOTINF—OMMERRE T —2 LT 5. CORYT—X
EEH L THELN 2 FERREROMIIEA U X RO TOL VI —HFIcE 2 =k
WOBBRMHNFEE LI B120, HLDOHEFOLIINVF—ERMEDON T LEWREDFRE X
Wi TH 2. FEROTIIVFE—T )V AR X 1 CT DI T — 2 X LT O R IVF—
% E, B XBOLINVF—ZARY MV p(E) L3 % ELTORTRENS.

/pr).EdE (2.1)

2.2 WERFE
2.2.1 BEBXIFE

Bt X 2R LT CT Mif§7e i ST BT LT, ﬁ*ﬁﬁ)ﬁﬁ@@& L TR 5 N B HE DR
FEOSEERITS. LA LEHSHAXRREL LTI/ bayMnEZeixsicd, —
PRI ISEE V. $e, BEXRE UTKXBOKLS GREXRE2EHTSC L
LTEBN, TORIINVF—EHRTHERITENELL, BUIAERLEERIE.

2.2.2 TFa7IVXEE

TODEEBTFXNVF—ARY PV XY, TNENOFREROHRN 5 HEZH
ET S, —RBHNCHI SN TV 3 H-L(high and low intensities of the transmission x-ray) Hifx
HETIE, B2 TO0MED X OIS RO N RERE DR TR SICKAT 5 T L ZFH
LCHIthDEFREZETZLDTHS. LALAEND, TORETEDDIXIVF—
EMOBZET 728, BVIEEZE2 T EAELL.

2.3 REFZE

T+ HAIYTF 4V TXEBOT VAT LICBWT, WOPDLZLRINVF—T 1V FU%
AL, TxF—HEHORKS CT HREESRERICE®TS. 25 L TEHELNKCT
5L, BTXIVFE—Y 14 Y RIICBI 3 EEOBRMBREN 2RI /2D, EROBORK
WORBRZ VS C L THEDREN IR L k5. — MRS EXR2HEHTE LN
AJRET, @ﬁ®I%W$—hﬁ%ﬁﬁf%5ﬁbﬁ§%m<ﬁ% RERFHEICEUTIERE
THLLEAT 3.
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3.1 FlE

TxbhI VT4 VT XBRCT VAT LB T o flOZXIVF—T 4 Y FY (w; 6=
1~n) DFEAICED, TXIVF—HEDORKS CT BEZEENAERICIERT 5. ThbH0
CTHEBIIMER LIz T xVF—7 1 ¥ FUIKBT 2 EBEORMBFES 2RI T, FER
DDA OfEZ T U CRERRONEE (m; :i=1~n) £T5. TH5LTRENE
WEHRBOEMEERE R HIEEOMERE (n; : i = 1 ~n) LHHRL, AL XD EDZHKT
CETHEERTS. » WREREICH T 22RMET, UTORick>TEELL.

1 >, P(E)

CTTERAH XBOLINVF—, p(E) GAF XBMDOLIXINVF—AXYT M, u(E)IXME
BEOWREOMBEGE, 1IIBBREHTHS. Eq. 3.112BV Ty XIOBEETHBH, EB
PR DT LUERER T 5 C & TIRBEDORIEMNAIRETH 5. %Lmﬁﬁéﬂﬁﬁ%mbtm%
- A, BEEEINZ CTHEBEDSAHETSILNTES.

3.2 IXIVF—Da0VFY

ARSI LB b =27 R8I0 CdTe #i 38 CHPC-HS1 & X #REF 2R 9 5 B
K5 DDILRIVF—RERRET SN TES. TDRD, —EOHETENETNORE
%ﬁztlm»$—%%0%¥%@mbt50@&%?—&%%6%%.CCT,%&%%
EZ2FEH L TERERET—20ERINS C LT, TNEORMEICHEENS T X IVF—HFED
BT —2BRDBENTES. LIEH>T, 5 DDIRIVF—BEZFETSZLT, 4D
@EE%I%Wﬁ—ﬁ@®&%%—&&Hﬁkﬁ 35N TEEDTHS.

Threshold 1 o Threshold 2 Energy window
1.0F : F 1 [ T
Sost ) - =
o]
00 - i / L s / - e /
0 40 100 0 50 100 0 100
Energy [keV] Energy [keV] Energy [keV]

Fig. 3.1: Calculation of energy window
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3.1 BREELFERHE

BREIZH B TXINVF—T 4 Y R T w, BV TIZRIVF—ARY MU p(E) D X #MER
OIEEZ | cmBE U2 & ZOWERMOEAR DI TH 5. T OffIdFEEEH | OBIET
B2, ATV FORESICEDETCHETSZ LA ELES. LAMLEDNDS I DZE
TRITHES n OZ(ERIZ/NE Wiz, BEREEE O LIEZHH T2 < & THEDRENRET
H5. BEE: 90kV, 7 4IVZ: Al 10 mm, wy: 40-49 keV, wy: 50-59 keV, ws: 60-69 keV,
wy: 70-79 keV TEEL U7z n; OFEBFEEE | lcxid 5 Bk% Fig. 3.210R79.

3.3 ZHH{E
3.

30 — e o o - — e oo e

e
2
= 157
"";-_— --------------------------------------------------
0.0 [ 1 1 - 1 1 1 1 1 1 1 1
0 25 50 75 100 0 25 50 75 100

1 [mm] I [mm]

Fig. 3.2: Reference value (left: calcium, right: water)

SREER L3 IVF—7 1 ¥ R BT 3 IEEORE RO TR T 5729,
BREERHROEZ AR VALY T LTIGESAEROZ LIS b REWV. £z, —
AR BRI F ORIV F =D EL KB ERLBINE k57, G RV
F—ry o ¥ Ry CRBRBEOEBEMREE L /NE k5. AW TIREREROELHE
LTERA LA T Y27 b () OEROEE ZHVWTSRERZHE L.

3.3.2 HIEEELBBEDLLR
IR RAEOBICIT S JIEME m; & BIBIE n, OHEIIEU T ORZH V.

m; — 1
e=§:L77J (3.2)

CCTCw ETFIVFE—I 4 VR, ndERALEZXIVF—U 0 Y RUOBTHS. TOR
WEF L2 TOLRIVFE—T ¢ v RIICBT B SREDZDEERERL, TOH
AINEWIE EHIE U7 BB OIS S I EA FTE U2 EISR . AZE T, #lE
HELEE L2 TOSRERER L, COEDRNE &2 SIHZ R DRE %O RN D
EHEERE L.



3.4 EBEMOREZE

EROMWE BEDLEY) MEE D Ao TTEEAMAENRL T 556, BLEZD
DHEREAVTIREORERRA . —DIIMEDRSH T LICBRERFHET 2 HIETH
%. BAEMBERARILTRES USRELREL, HEFEZAVSC L TREAMOE
BRRETEEDNTELDTHS. &5 D FERIC L2 EAMDOREETH 3.
BAYMOBENZDEE L K2 WEDEEDRESLIC X ZEA DT L CELUTE B5E,
BAMOBREFEHE ZOEEDEADF I TELUT BT N TES. Lich>T, BER
B SEE XN A BIEL AR 5 T LB T2 310, EROEEOSIRE L JlEH
FLIXIVFE—I 0 VR LICHTVEETHL T LT, MEOESGHZRDZIENTES
DTH%. LFTE, EHEREHVESMORERIC OV TEKMICHIT 5.

" HBWHE A, BOEAME ADDIIIIVE—Y 4 Y Ry REHLUTRET 358, ThT
NOBEEHZ o, B EBVTUTOENASERZIL TSI LNTES.

a-nt4+Bonf = m (1)
a-nd+6-n7 = my ---(2)
a-nd+p-nf = mz ---(3) (3.3)
a-nf+B-ng = my - (4)

at+B = 100% ---(5)

COEVABRRII - I—XAEBERTH B8, 5 DOROHN2DOEFHLTHI LN TE
3. CTTHEBELTBXEVOI, BS54 20RUEIC K> THEEREWVWS T L THS.
FD I DARETIRIERLOEEFH=100 % ORICH L, HELUTHEZ 4 DR BZN TN E

- BURE, BoNiz4DORE YU MEZRESHOMERE L.

(1),(5) -+ )50 Bays) - (2),(5) -~ @), 0)> B2),5)
(3),(8) -+ a@),5), Bays) » (4):(5) + - vy (5)5 Bayis)

1

a = 7 (a(l),(S) + a(2),5) T 3),5) F a(4),(5)) (3.4)

1
B = 7 (Bwe + e +Bae + bue) (3.5)

COEN ARRZEEMOEE TR EVIBEOSRETEHRE LGS, TXVF—T 1Y
R L DffIc RE R, BEALOEIZH D EBRVA T ADENIFEETS. 2D,
C OB EDFAOBICRESYOEZDOYE RN > TWARHEIFRL, EEOEEOHN S
BrREETAIENTES. £/, COHETREALEY Y RO+ (EEHOE
=100 %) DREITH TN TEDZ YD, V1 Y YD+ AERENSRAHEGYOER
EHERDBTLHTES. LHLEDD, REVMOEEMEZ 2 LFEENKELKSLID,
EEOMIIRET2HWVW L 3HEHEE CTHRATH .



3.5 SfEELGBREHE

F TV FHABEFEROKE S BREZREZERETRE, SFLROEANEVICHEL
&\, Eq 3.1 ZAVWOEEOSRENE TREEORENRHEL XS, £TT, FHFKT
BEBIREDA TV 7 ML, &KOERERSREDOFERZTo/. UT TR, 0B
R W IR E R E 2 B2 O TEIT 5.

ROI
(Watel)

ROI,
(Ethanol)

Fig. 3.3: Object

Fig. 3.3D&S5kA TV ey FOEEERITIHA, £TIEHORERFHELFAKIC4DD
HERRES) S ROI & (IRET L) m; Zkd 5. TOMIREHA LTIV F—T 4 F
BT B EBEDBESERER T, AR NMHFETS LT, ROI W@t@ﬁ@ﬁﬁﬁ%&fﬂi
FROEEL /() 72{5%3 TENTES.

lemh@m$mb~MW)
ROLy: m}, m3, m3, mj - - py(E)
ROIs: mi, m3, m3,m--- p3(E)

T, AU BEREREROEE 2N, HEORSWVEEL SIRCAEZITY. Th
Liﬁﬁﬁiﬂw)"r{tab‘j(%b\&%ﬁb"r{tgo)d\éb‘ﬁgkﬁz% CEDRENVDTHS.

FlDFE: ROI3(Ca) — ROI; (Water) = ROI3(Ethanol)

ROI;

%9, ROL #[AET 2548, BEREGD SB/-4A 7Yy bOHE L MOFEDEE
FREGELUH#R (ROI,: MI(E) ROIQ. y(E)), PR LIeZXIVF—ART FIVp(E) &
TXIFE— 4V R T w;, TUTBSRERGET %55 HHE z OB HREBEER 1. (E) ZH
VW, CTEGREES 3. COCTEBRD ROL BT 3 EfExE & UT, HIEHEEDE
Yol - T NP A Y U W/ e

ROLy: m; = n; (1) (E), phy(E), e (E)) DFF
ROI; = z(Z DHITi& z=Ca)

ROL,

KIZ, ROL ICOWTHAEROAETSRERFTE USEZRIET %A, TOKY T
EE NIz ROL IR Tl e <, FAE L7z Ca DBEFHZHVS. UL > TR
HGOMA L D & FCHEASBEREIE TR LN TES. & L RO ORIEHRME > TV
Tb, 8o HHEIFEOEEICGEVEERRE DD, SREICEORE LRV vE 2S5
RABTEMNTES.



ROL: m; = 0i(uz(E), #5(E), pea(E)) DR
ROI; = z(Z OFITIX z=Water)

ROI,

B, ROIL B U TIHELEIEEREE Y, 3 TIRFARE T Nizftid ROI DEEORE
BREUREH L CRBRICFREZTTS.

ROIy: m; =~ Th’(ﬂWater(E)7 [Lz(E), ﬂCa(E)) ODB:T?
ROI, = (T DI TIE z=Ethanol)

K&

LLFT2TOROI DB ZFE TERD, FEICIXRERBROELIRZEH L/,
BEMES ZoTWD. £, RYORIERHE S HGEIKIZLIEDRIEICR - 7 HE (ED
EIGEVRERRE D) OBBREEHVCTLE S 2, HMEMEKS. TTTRE
HEEOEBEFAWVCHCEUCFIEZEDET. Chick > TED OFTIERFREHROME 2
T5CTENTES. FLAEDESE, ~EORETREMERITIKT 5.
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111

BasZm YZal—vayv

41 YZalb—vavEfE

EVTANAY R 2 b= g VERITWREFEOEMMZFlL:. T, ¥YIalb—
¥ a VORI AMECIT o FROFG L TEBZIRFE LRI XICRRELE. ZD/
B, XBZERICAWEERR =7 28D/ 707+ —h A XERFE L9121 ZRHEL,
EETERERERADIO KV £ L. TTT, AN XBONTFHRIIEERICXIRET
i, MEBORRETFICANT BB PEERE L. F-, XERHEIIEE U ERER b
=& ZBD CdTe #H8: CHPC-HS1 Z4E L, ¥YIal—vayoui®r EiF3 k)R
HURREEIZ 100 % £ L, TRIVF—0fREEIE 1 keV & Uiz, BRHHESIE 40 keV LU DRIfEZRR
EUIHIETCRERBENE /28, 40~ 80 keV DHiFH% 10 keV T & 4 DDOILRI)VF—
Y Y RORPITHEETo . ¥Ial—23vOT4 X MY LR L X ROV
F—ARY V% Figs. 4.1, 421, ¥ = aLb— 3 V&% Table 4.1 1IRY.

< 400 mm 100 min ‘
Xraysoufoe o< O o4
Filter; Al 10mm ~~~~~~~~~~~~~~~~~~~~~~~~~~~ Object
Detector |

Fig. 4.1: Geometry

A7Vl MTE—DDBRENSRAM—IEEA T V2 7 b L EBOFEHEDOHEZ T OK

CBUREAT Y27 bRERAL, ATy KT B EEICIIEE LS S KB Y

B EBOMMENMEC D G- IBAMZHW:. RETZZEELRRIHEKRIOKV THST
b, FROFEICIIKRTIVA—NVDKS Gikke, FFESOECBEEEZ V.

o W, W, W, Wy Table 4.1: Conditions
Tube voltage 90 kV
| Filter Al 10 mm
& Number of photons 1M / pixel
Number of projection 180(360 deg. )
0.0 — T S / Detecter size 64 pixels
0 40 50 60 70 80 100 Pixel size 1x1 mm?2
Energy [keV] Sensitivity 100 %
Fig. 4.2: Energy spectrum Energy resolution 1 keV

11



4.2 HBH—FH

4.2.1 FihE

MENSREA TV Ly M ERNGEE LTV 2 Lb— 3 V2TV, B5NEBRER
M OIRBEERITo Tz WEICIIK, =X/ =)V, AVYTL, TIVIZU L, ITRVY
LEHWE. chdDOIBDOREER Table 4.21C, X REREZ Fig. 4.3 1TRY.

3.0f ®

Ca

Table 4.2: Density 20}

Medium Density [g/cm?]

Attenuation coefficient [1/cm]

Calcium 1.55

Aluminum 2.70 1.0

Magnesium 1.74

Water ‘ 1.00 v

Ethanol 0.79 0.0 IEthanol T

40 50 60 70 80
Energy [keV]

Fig. 4.3: Attenuation coefficient

YZalb—vavER
RIS 2 L— g MELBBEDHE? Fig. 441017, ThzR2 L2TORE

TYIal—va e BBEMILAL—BLTED, BERELLEETETVS. &
BT AEA Y S 2 L— g VERELFEOR—VITRT.

L
o

- Ca —— Simulated value: m, - Ca —— Reference value: n,

1.0F

Attenuation coefficient [1/cm]

e
o

Energy window: w, Energy window: w,

Fig. 4.4: Comparison of simulated values to reference values
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HER-DIVY I L-

HeNT- IR RIS E ZDT a7 7 A4 )% Fig. 4.5, Y2 alb— 3 flim; EIELWEE
B OBIEE n; D% Table 4.3, ¥ al—Y a3 VMHEEGE LIBEEDOBIREDZE ¢ %
Fig. 4.6 1C/RY.

1.0t

A.C. [l/em]

0 32 64 0 32 64 0 32 64 0 32 o4
Position Position Position Position

Fig. 4.5: Reconstructed images and profiles

Table 4.3: Comparison of simulated values to reference values

of true medium
: Average error ratio

w1 () W3 Wy
Simulated value: m; 1.873 1.136 0.814 0.611 0.223 %
Reference value: 7;  1.868 1.136 0.816 0.613

0.00 e L -
o [} fas C‘IJ p— CS ’;'._ e W Aﬂ ’_:4 ._‘l‘l <
S aZs<MO g o"%ﬂ%’s%
= £ LT 508
True medium < e
~ Candidate media Media

Fig. 4.6: Average difference between the simulated values and the reference values of several

media
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/s

2.0

Attenuation coefficient [1/cm]

0.0

Tal—rav

N

i m; &xt5e LIz OB RIH n, OLLiR% Fig. 4.71TR9.

—— Simulated value: m,
—— Reference value: 1,

+Ethanol

Li

W2 W3 W4

Energy window: w,

Fig. 4.7: Comparison of simulated values to reference values of several media

Table 4.3, Fig. 47 &0, ¥Ial—va VERANY Y LOBRELIELAL—HLT
WBZ DB, iz, Fig 46 XD, eDEEAIVY Y LTRNEES>THD, HEDIE
LLAETETWVS.
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SR IV -

ME N IR 2D T AT 7 A )V Fig. 48, ¥ al— 3 Uilim; EIELWVEK
BDOBIIE n, O % Table 4.4, 3 a2 L—y a3 MHEHRE LTBEHDOBIMEDZ ¢ Z2

Z7HN

Fig. 4.91I/R9.

1.0}

A.C. [1/cm]

0.0 . : . 4 . L .
0 32 64 0 32 64 0 32 64 0 32 64
Position Position Position Position

Fig. 4.8: Reconstructed images and profiles

Table 4.4: Comparison of simulated values to reference values

of true medium
: Average error ratio

w1 Wa ws W4y
Simulated value: m; 1.083 0.755 0.618 0.535
Reference value: 1;  1.084 0.758 0.620 0.537

0.303 %

¢ [1/cm]

-

0.00 — TR i TR "
SR2FIMTETREQYSECS T REQ G
$23502%532<38°83¢
5 % 2 3 = = & 7 C

- < ©

8 True medium
Candidate media Media

Fig. 4.9: Average difference between the simulated values and the reference values of several

media
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VIal—YaUlim; &G E UTZIREOBIRME  OHiR% Fig. 4.1012/R79.

20 —¥— Simulated value: m,
CaCl,

—— Reference value:

Attenuation coefficient [1/cm]

1 2 3 4
Energy window: w,

Fig. 4.10: Comparison of simulated values to reference values of several media

Table 4.4, Fig. 410 &0, Y2 al—Ya fiE7 VIV LOSRELIEEAE—EL
TWBTENINB. Kz, Fig 49&D, eDERTIVIZY L TRNEZSTED, A
MELLFEETETWVS.
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BRI TRV L

oK bigE ZO a7 7 A )V% Fig. 4.11, ¥ al— 3 iim; E1IELUWEE
HEOBIE n; D% Table 4.5, ¥ alb—ya VMEENRE LIBEEOSBIADZ « Z2
Fig. 4.121/R79.

[1/cm]

1.0}

1 O A O 6 i s

0 32 64 0 32 64 0 32 64 0 32 64
Position Position Position Position

A.C.

Fig. 4.11: Reconstructed images and profiles

Table 4.5: Comparison of simulated values to reference values

of true medium
: Average error ratio

w1 W2 w3 Wy
Simulated value: m; 0.614 0.444 0.374 0.331 0.344 %
Reference value: n;  0.615 0.445 0.375 0.332
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Fig. 4.12: Average difference between the simulated values and the reference values of several

media

14



1y

22—y a Uliim; ERBE LIZE ORI n; OLLIR%Z Fig. 4.131R7Y.

20 - —¥— Simulated Value:.mi
ot —— Reference value: 1,
Ca’% %CaO
1.5
—_
£
2
——
[ S
=
.8
=
G
(]
g 1.0
()
o
.8
=
=
=
e
<
0.5
0.0
| | | |
Wy Wz W3 W,

Energy window: w,

Fig. 4.13: Comparison of simulated values to reference values of several media

Table 4.5, Fig. 4.13& D, Y2 al—yaVHREI XV LOSRELIEZEAL—HL
TWBT D5, ¥i-, Fig 4.12&D, eDEI TRV I LTRN > TED, &
BHMELLFEIETETV 5.
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Fig. 4.14: Reconstructed images and profiles

Table 4.6: Comparison of simulated values to reference values

of true medium
: Average error ratio

w1 wWao w3 Wy
Simulated value: m; 0.221 0.198 0.187 0.179 0.395 %
Reference value: n;  0.222 0.199 0.187 0.179

b}

0.10

0.00 :
- g U m m’) ) t'd i— —t ,_:\1 ’_‘(‘1 ~ o A‘\ —:'. A“ ’_:l ’_-(\l <
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Fig. 4.15: Average difference between the simulated values and the reference values of several

media
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Fig. 4.16: Comparison of simulated values to reference values of several media
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Table 4.6, Fig. 416 &9, YT al— 3 EIIKDBBALIZEALE—BLTNET L
Dohs. £i, Fig 415 &0, e DEIIKTRINEE->TED, BEMNELLFEETET
W5,
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Fig. 4.18 1C/R9.
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Fig. 4.17: Reconstructed images and profiles

Table 4.7: Comparison of simulated values to reference values

of true medium
: Average error ratio

w1 W3 W3 Wy
Simulated value: m; 0.166 0.154 0.147 0.141 0.396 %
Reference value: n;  0.166 0.154 0.147 0.142

0.10 -
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Fig. 4.18: Average difference between the simulated values and the reference values of several

media
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Fig. 4.19: Comparison of simulated values to reference values of several media
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WA ENTHhS. ¥z, Fig 418&Y, eDfZLZ/—)IVTR/INE > TED, HEMN

ELLFAETETVS.

22




23



4.2.2 ATV A4 XDE(

A—OEETHEA 7V FOEREE(LEIRZ LT, ATV M YA XBREF
BB Z BN, BEIISEY I aL—ya VET>EEOHR TRE NG
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TR FARTLILY I ab—Ya MEEBRBENM LELLTWS. LMLEDNDS, EDY
ARDATV I b TEYIal—va VELBRENELALE-BHLTEY, BHZEL

CEIETETNVS. %ﬂ‘? Ty M ARG I al—Ya VEREMUBOR—IIC
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Fig. 4.21: Comparison of simulated values to reference values
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Fig. 42319
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Fig. 4.22: Reconstructed images and profiles

Table 4.8: Comparison of simulated values to reference values

of true medium
: Average error ratio

w1 Wa ws Wy
Simulated value: m; 1.083 0.755 0.618 0.535 0.303 %
Reference value: n;  1.084 0.758 0.620 0.537

¢ [1/cm]
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Fig. 4.23: Average difference between the simulated values and the reference values of several

media
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Fig. 4.24: Comparison of simulated values to reference values of several media

Table 4.8, Fig. 424 &V, ¥Ial—Ya MERTNVIZYLOSRELIFEAE KL
TWBT Wb, %z, Fig 4.23&D, eDEE7NVIZYLTRINEE>TED, B
BMNELLHEETETWS.
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Fig. 4.25: Reconstructed images and profiles

Table 4.9: Comparison of simulated values to reference values

of true medium
: Average error ratio

w1 wWao w3 Wy
Simulated value: m; 1.117 0.772 0.628 0.545 1.285 %
Reference value: n;  1.102 0.762 0.621 0.538

E
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Fig. 4.26: Average difference between the simulated values and the reference values of several
media
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Fig. 4.27: Comparison of simulated values to reference values of several media

Table 4.9, Fig. 427 &Y, Y2 al—yaERT7NVIZULOBRELIZFLEAE—EL
TWBTeHnh5d. Fiz, Fig 426K, eDEITIVIZULTRNEEZ->TED, #
BNELLAETETWS.
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Fig. 4.28: Reconstructed images and profiles

Table 4.10: Comparison of simulated values to reference val-

ues of true medium

Average error ratio

wq Wo w3 Wy

Simulated value: m; 1.114 0.766 0.622 0.540 0.207 %
Reference value: n;  1.111 0.764 0.621 0.538
0.10 -
B
=2 005
@
0.00 —— i — i s T s e L ot i) o
82 IO EREE99E8 53888
z £ 229 8<S<a 23S
CRRE- TR = S
& True medium B = < o
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Fig. 4.29: Average difference between the simulated values and the reference values of several

media
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Fig. 4.30: Comparison of simulated values to reference values of several media

Table 4.10, Fig. 430 &0, ¥ al— 337 IVI=Y AOBRIEEIE LA E—5K
LTWBTeWnyhb. £z, Fig 429 KD, cDHIET7IVIZV LTRNEZ>TED,
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Fig. 4.31: Reconstructed images and profiles

Table 4.11: Comparison of simulated values to reference val-

ues of true medium
- Average error ratio

w1 Wa W3 W4y
Simulated value: m; 1.123 0.771 0.626 0.542
Reference value: n;  1.116 0.765 0.621 0.538

0.723 %
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E
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Fig. 4.32: Average difference between the simulated values and the reference values of several

media
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Fig. 4.33: Comparison of simulated values to reference values of several media

Table 4.11, Fig. 433 &0, ¥3al—aVERT VI =y LOBRIELIEL A E—H
LTWBZ W nh3d. iz, Fig 43280, cDEIETIVIZULTRNE>TED,
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Fig. 4.35: Comparison of simulated values to reference values
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Fig. 4.36: Reconstructed images and profiles

Table 4.12: Comparison of simulated values to reference val-

ues of true medium
- Average error ratio

w1 Wao w3 Wy
Simulated value: m; 1.083 0.755 0.618 0.535
Reference value: n;  1.084 0.758 0.620 0.537

0.303 %
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Fig. 4.37: Average difference between the simulated values and the reference values of several

media
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Fig. 4.38: Comparison of simulated values to reference values of several media

Table 4.12, Fig. 4.38 &0, ¥YIal—yaVERT7NVIZULOBRELIZLEALE—H
LTWBZ NG h5. %7z, Fig. 4371 XD, eDEITIVIZULTRINES>TED,
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Fig. 4.39: Reconstructed images and profiles

Table 4.13: Comparison of simulated values to reference val-

ues of true medium
: Average error ratio

w1 W2 ws Wy
Simulated value: m; 1.083 0.756 0.618 0.535 0.288 %
Reference value: n; 1.084 0.758 0.620 0.537
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Fig. 4.40: Average difference between the simulated values and the reference values of several

media
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Fig. 4.41: Comparison of simulated values to reference values of several media
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Fig. 4.42: Reconstructed images and profiles
Table 4.14: Comparison of simulated values to reference val-
ues of true medium
: Average error ratio
w1 Wao w3 W4y
0.756 0.618 0.536 0.206 %

Simulated value: m; 1.084

Reference value: 7;  1.084 0.758 0.620 0.537
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Fig. 4.43: Average difference between the simulated values and the reference values of several

media
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Fig. 4.44: Comparison of simulated values to reference values of several media
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Fig. 4.45: Reconstructed images and profiles

Table 4.15: Comparison of simulated values to reference val-

ues of true medium
. Average error ratio

w1 () w3 Wy
Simulated value: m; 1.063 0.758 0.623 0.541
Reference value: n; 1.084 0.758 0.620 0.537

0.762 %
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Fig. 4.46: Average difference between the simulated values and the reference values of several

media
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Fig. 4.47: Comparison of simulated values to reference values of several media
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4.2.4 BE&

HEEDRIEDN DHIDIE J— VKGRI L, RELRCLICBREZEITR T3 HEL
ERZOSRED SEV AR M ERFHA LTI/ —IVOBEZRD, ZD0EZHT
Uiz A7V FORBICIIER S—E Y MEES5 %, 50 %, 95 % DIX ./ —IVIKE
WAEFH U, BEHT LICBRIiETRT 2 AT Z / —IVKEROBIREZ IR 0~100
%ETS%BEBICEHE LR, i, EuAERIRIIVF—U s Py LIESNS

n;uater ca+ n;:thanol . ﬂ = m;
&, RALLOBEHPER/OND
a+p = 100%

DREHNE.

YZal—vavER

TODFEFHEICED, YIal—Ya EDIE LWSIBREICK T 5 RERR Fig. 4.48 1R
T, TTTC,REHCEICBRERHET S AHETI, 5 % MRORE TRREZEELT
WS, ELWEBZEETETOTD, BEIR25 % L L. BEHLIEICBREZET
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FREORAT Iy M B34y 2 a Lb—y 3 VEREZLBEDOR—IITRT.
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Fig. 4.48: Comparison of error ratios using two methods
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BR-EIIAERICKZREE T2/—IV5 %-

IKDEELZ % T2 /) —IVDEGHZ % L L, KELE /) —IVOBREE Y I 2 L—
2 a MEN S THEVARRE BEq. 411CR7. iz, COEAERZAEOTROTZH
HODEA L% Tabled. 16 IT/RT .

Table 4.16: Simulated mass concentrations

(0.2220+0.1668 = 0.219 ---(1) Eq a% 6%
0.199c +0.1548 = 0.197 ---(2) (1), (5) 943 5.7
{ 018704 0.1478 = 0.185 ---(3) (4.1) (2),(5) 942 58
0.179a 4 0.1428 = 0.177 ---(4) (3), (5) 94.1 59
| a+pB = 100% ---(5) - (4),(5) 94.7 5.3

Average 94.3 5.7

Y BRETHFERICKBEE T4/—I1V50 %-

IKDBEEHZ % T2 /) —IVDREHZ % £ L, KX/ —)VOBRHEES I 2 L—
¥ a VEDNGIAL T EV X2 Eq. 42187, £/, OBV ARRZROTRD I
HOEALLE Tabled. 17 1TR Y.

Table 4.17: Simulated mass concentrations

02220+ 0.1668 = 0.197 ---(1) Ba.  o% 6%
0.199 +0.1548 = 0.180 ---(2) (1), (5)  55.2 44.6
0.187a+0.1478 = 0170 ---(3) (42) (2),(5) 56.9 43.1
0.179a+0.1428 = 0.163 ---(4) (3), (5) 57.7 423

aiB = 100% (5 (4), (5) 572 42.8

Average 56.8 43.3

) #gREusERICEZEE T4/ -1V 95 %-

IKDEELEZ % T2/ —IVDREGHZ 8% L L, KELZ/—IVODBRELEY I 2 L—
Va VENOIALTIEN AERZ Eq. 4.310R7. £z, TOENARREZFRNTRD IR
HDES L% Tabled. 18 1R T ,

Table 4.18: Simulated mass concentrations

(0.222a +0.1663 = 0.170 ---(1) Eq. a% %
0.199a + 0.1543 = 0.157 ---(2) (1), (5) 6.4 93.6
¢ 0.187a+0.1478 = 0.150 ---(3) (4.3) . (2),() 6.1 939
0.179a +0.1428 = 0.144 ---(4) 3), (5) 6.3 93.7
~ a+B = 100% ---(5) (4), (5) 6.2 938

Average 6.3 93.8
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Fig. 4.50 IRY.

Profile>
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Fig. 4.49: Reconstructed images and profiles

Table 4.19: Comparison of simulated values to reference val-

ues of true medium
Average error ratio

w1 Wa ws Wy
Simulated value: m; 0.219 0.197 0.185 0.177 0.223 %
Reference value: n;  0.220 0.197 0.186 0.178

0.050

0.025F

€ [l/cm]

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

(Water) (Ethanol}

Mass concentration [%]

£ True medium
Candidate media

| Fig. 4.50: Average difference between the simulated values and the reference values of several
media
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Fig. 4.51: Comparison of simulated values to reference values of several media

Table 4.19, Fig. 4.51 &Y, YT al—yalids % T2/ —IVKBROBRBMELIZL
AE—BLTWABZ a3, %z, Fig 450 KD, e DX 5 % TR/ —)VIKIBIKR T
IZNeir->TEY, HEANELLEETETNVA.

46



HER-BAkTEDBEEHHE T2/ —IV50 %-
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Fig. 4.52: Reconstructed images and profiles

Table 4.20: Comparison of simulated values to reference val-

ues of true medium
Average error ratio

w1 Wao w3 Wy
Simulated value: m; 0.197 0.180 0.170 0.163 0.223 %
Reference value: 7;  0.198 0.180 0.171 0.164

0.050 oty

0.000 —— i —
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

(Water) (Ethanol)

Mass concentration [%]

# True medium
Candidate media

Fig. 4.53: Average difference between the simulated values and the reference values of several

media
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Fig. 4.54: Comparison of simulated values to reference values of several media

2b—a MEIR 50 % TR —IVIKBIROBIBE L 1%

EAE—BILTWB TN yhB. F£z, Fig 453 KD, e DIEIX 50 % TR ./ —IVIKIATK

ThR/NEE->THED, HEMELSEETETWVS.

Table 4.20, Fig. 4.54 Kb, ¥
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BoNT RIS E ZD T a7 7 A )V% Fig. 4.55, ¥ al— 3 Miim; EIELUWEE
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Fig. 4.56 lC/R9 .
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0.0t . AN, . Ll . AN .
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Fig. 4.55: Reconstructed images and profiles

Table 4.21: Comparison of simulated values to reference val-

ues of true medium
Average error ratio

wy w2 ws Wy
Simulated value: m; 0.170 0.157 0.150 0.144 0.223 %
Reference value: m;  0.171 0.157 0.150 0.145

0.050

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
(Water) (Ethanol)

Mass concentration [%]

0.000

& True medium
Candidate media

Fig. 4.56: Average difference between the simulated values and the reference values of several
media
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Fig. 4.57: Comparison of simulated values to reference values of several media

Table 4.21, Fig. 457 &b, ¥ a 12—°/ a X 95 % =X —)VIKIBIRDOSBEE L 1T
EAE—BLTWB I nhB. Eiz, Fig 456 £V, e DEIE 95 % L&/ —)VIKIBR
TR/ ->THED, HEANELLEIETETWVS.
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Fig. 4.59: Comparison error ratios using two methods
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Fig. 4.60: Reconstructed images and profiles

Table 4.22: Comparison of simulated values to reference values of true medium

ROI, (Ethanol ) ROI,(Water)
m; Us n, my i n;
wq 0.166 0.166 0.166 w1 0.222 0.222 0.222
Wa 0.154 0.154 0.154 Wa 0.199 0.199 0.198
w3 0.147 0.147 0.147 w3 0.187 0.187 0.187
Wy 0.142 0.142 0.142 Wy 0.179 0.179 0.179
Error [%] 0.128 0.098 Error [%] 0.224 0.138
With 1, ROI (Ethanol) With n'i ROI (Ethanol)
0.10f | T |
6|
= 0.05¢
w
0.00
ROI(Water) ROL(Water)
0.10] T
]
=2 0.05;
@
D00 s s s o £ B S FOfe  ngadawsliefidadg e Rd e
BEope yilotl Medla Media

Fig. 4.61: Average difference between the simulated values and the reference values of several

media
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Fig. 4.62: Reconstructed images and profiles

Table 4.23: Comparison of simulated values to reference values of true medium

ROI,; (Ca) ROI2(Water)
m; Tl ; my s n;
w1 1.988 1.868 1.991 wq 0.221 0.222 0.222
Wy 1.164 1.136 1.165 W 0.198 0.199 0.199
W3 0.819 0.816 0.820 w3 0.186 0.187 0.187
wy 0615 0.613 0615 wi 0179 0179 0.179
Error [%)] 2.408 0.068 Error [%] 0.436 0.226
With n, ROI (Ca) With v’ RO (Ca)
0.10 T
El
S 005
E 1L
0.00
ROI(Water) ROIL (Water)
0.10 I
El
= 0.05
o
i e e e - g

Al
K
Ca

Water
Ca0

2y oy B
A@Z 3 <
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Fig. 4.63: Average difference between the simulated values and the reference values of several
media
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BER-K, HILY Y L-

HBoN SRS E Z0 707 7 A )V7% Fig. 4.64, ¥ a2 L— 3 UMitim; LS8Ry,
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Fig. 4.64: Reconstructed images and profiles

Table 4.24: Comparison of simulated values to reference values of true medium

ROI,; (Water) ROI»(Ca)
my; Up 77; m; ;i 772
wq 0.303 0.222 0.302 wq 1.855 1.868 1.875
Wa 0.222 0.199 0.222 Wo 1.131 1.136 1.136
w3 0.192 0.187 0.192 w3 0.814 0.816 0.814
Wy 0.183 0.179 0.183 Wy 0.611 0.613 0.611
Error (%) 13.027 0.065 Error [%) 0.449 0.407
With n, ROI, (Water) With n'; ROI (Water)
0.10f i
g
_\3 0.05¢
= &
0.00 -
ROL(Ca) ROL(Ca)
0.10" 5
g
S 0.05)
w
O'OO3—u.asv;x,v!—g;,f—AAﬂ—»i:r:"‘;—:" 5o a s
B Media "

Fig. 4.65: Average difference between the simulated values and the reference values of several
media
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Fig. 4.66: Reconstructed images and profiles

Table 4.25: Comparison of simulated values to reference values of true medium

ROI; (Water) ROI2(Ethanol) ROI3(Ca)
m; i n;i my i n;i m; i n;
wy 0.295 0.222 0.296 0.248 0.166 0.244 1.878 1.868 1.878
Wo 0.220 0.199 0.220 0.175 0.154 0.176 1.136. 1136 "1'1.1.37
w3 0.192 0.187 0.192 0.153 0.147 0.152 0.814 0.816 0.814
Wy 0.182 0.179 0.182 0.145 0.142 0.145 0.611 0.613 0.611
Error [%] 11.732  0.168 17.258 0.585 0.286 0.030
With n, ROT (Water) With n' ROI (Water)
ROIL,(Ethanol) R()l‘,;‘l;li}jlll«l|)
)Iiigl;(éa) | ROI (Ca)
|
88 Qegdoc 9,3; S8 2P I
2 RFLE S L
= Condhdee maedis Media
Fig. 4.67: Average difference between the simulated values and the reference values of several

media
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Fig. 4.68: Reconstructed images and profiles

Table 4.26: Comparison of simulated values to reference values of true medium

ROI, (Ca) ROI (Mg) ROI3(Al)
m; Ut n; m; ni n; m; ni n,
w1 1.904 1.868 1.906 0.616 0.615 0.617 1.083 1.084 1.084
Wo 1.145 1.136 1.146 0.446 0.445 0.446 0.755 0.758 0.756
w3 0.816 0.816 0.817 0.374 0.375 0.375 0.617 0.620 0.618
Wy 0.612 0.613 0.613 0.332 0.332 0.332 0.535 0.537 0.535
Error [%] 0.697 0.100 0.149 0.098 0.301 0.050
With n, ROI (Ca) With n ROI (Ca)
— 0.10F ’ 1
g
= 0.05¢
“0.00 R
j ROL(Mg) ROI(Mg)
— 0.10} ’
g
= 0.05¢
“0.00
' ROL(A) ROL(AI)
g
= 0.05¢
e erire
i Media

Fig. 4.69: Average difference between the simulated values and the reference values of several
media
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Fig. 4.70: Reconstructed images and profiles
Table 4.27: Comparison of simulated values to reference values of true medium
ROI, (Ca) ROT(Al) ROT;3(Mg)
m; ni i mi i i m; i i
wq 1.979 1.868 1.981 1.094 1.084 1.095 0.615 0.615 0.615
Wo 1.162 1.136 1.163 0.758 0.758 0.758 0.444  0.445 0.444
w3 0.818 0.816 0.819 0.618 0.620 0.618 0.374 0.375 0.374
Wy 0.614 0.613 0.615 0.536  0.537 0.536 0.331  0.332 0.331
Error [%)] 2.176 0.082 0.405 0.076 0.243% 0.040%
ROI4(Ethanol) ROI5(Water)
m Ul i m; i ;
wq 0.166 0.166 0.166 0.223 0.222 0.223
Wo 0.1563 0.154 0.154 0.199 0.199 0.199
w3 0.147 0.147 0.147 0.187 0.187 0.187
wy 0.142 0.142 0.141 0.179 0.179 0.179
Error [%] 0.318 0.099 0.261 0.036
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Fig. 4.71: Average difference between the simulated values and the reference values of several

“media
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5.1 SRERERE

AWIZETIE, BEFEOEMERMT 2 /-OICFERETo . RBEEDOIA AR %
Fig. 5.1, i LIEMK b= 28OS A 707 +— A A XK L9121 &[F U Rk
k=& 280 CdTe M Hi2E CHPC-HS1 OfLAk% Tables 5.1, 5.2 1C/~9. MRHIARICIE Lv 0~4
FC5 DOOMEERET S T EMNATRERED, BUHD Ly IZ K > TT3)VF—73fiRAE & AR K
JEM TR %, FC T Ly & DIRIE R RN 20, ATV FEhTIC X
DRERIT> Tz HIESZM% Table 5.31C, HIEFSRE Fig. 5219, COMRZRS &,
MELv O, 1 2R Ly 2, 3, 4 CRAZRBEEFO>TNER T LHIND. TITAIFTE
Lv2 3, 42HLT, JEL _ETS LT DOORMEEMH LT —2INEZITo T2,

Table 5.1: Specification of x-ray tube
Tube voltage 20-90 keV
Tube current 0-250 pA

Focal length 7 pm

Emission angle 39 °

Table 5.2: Specification of detector
Detection element CdTe

Number of elements 64 pixels

Pixel size 1x1 mm?

Thickness 5 mm

Maximum count rate 2x10® /s-mm?

Fig. 5.1: Experimental system

240 -

Table 5.3: Conditions
Tube voltage 90 kV » 1601 ll
Tube current 10 pA % '
Filter Al10mm © got :
Data acqui- 200
sition time  sec/proj. 0 . :
Threshold 40, 50, 60, 31
Threshold 70, 80 keV Chanel Chanel

Fig. 5.2: Measurement counts with each threshold level
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5.2 S2ER

ERETOREFEOENMZTHM L. HRTIR, EVWIXIVF—RFD 7T — XS
175 - DICEBERIRERERMAD 90 kV & L, EBFRIIREBOE T VT —DREET—
RTOHERERAT > FL—F 30,000 c/sicf LAY Y FL— b DWERERZ 10 uA L L
Tz. E7z, RHERE 40 keV AT OBMEZRE LTIZHIE TRELBEVE L8, 40~ 80
keV DHIF%Z 10 keV T & 4 DDZXIVF—T ¢ ¥V RV HBT THIERZTo 7. FHLKEX
MOLIIVF—ARY FV% Fig. 531, FERSGAM% Table 5.41CR9. A7z 7 Ml
BE35mD7 7V Y R—ERANTKET R ) —VE 30x30 mm2 DT VI
LR U, ‘

W1 W2 \V3 W4

1.0 Table 5.4: Conditions
Tube voltage 90 kV
205} - Tube current 10 pA
<
Filter Al 10 mm

Data acquisition time 10 sec/proj.

0.0t R R R , —
0 40 50 60 70 8O 100 Number of projection 180(360 deg. )

Energy [keV] Detecter size 64 pixels

Pixel size 1x1 mm?

Fig. 5.3: Energy spectrum

5.3 SRERIER

REME L 2IMED LR Z Fig. 5.41Rd. ChzR5 ke k) —)VTIRRIEMR L SR
EMEEAE—BELTHEY, HERELLAETEIENTETVS. LM LEDNS, TV
SZULTIRREEHRENE Ule. SREICHT 23 AEBHER 2 REDR—IITRT.
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Fig. 5.4: Comparison of m; to reference values to measured values
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Fig. 5.5: Reconstructed images and profiles

Table 5.5: Comparison of simulated values to reference values

of true medium
Average error ratio

. wq Wa w3 Wy
Measured value: m; 0.217 0.197 0.186 0.181 1.244%
Reference value: n;  0.222 0.199 0.187 0.179

0.10

0.00

MgSO, [

o i J p— St yo— o1 o~ Lag] o Exal " o~ o~ <
" A2 FIMCEEREGRIET S RE QY
z £ 22282 2<e Y233
m & 2 o <
& True medium = ) < o
Candidate media Media

Fig. 5.6: Average difference between the simulated values and the reference values of several

media
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Fig. 5.7: Comparison of m; to reference values to measured values
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Fig. 5.8: Reconstructed images and profiles

Table 5.6: Comparison of simulated values to reference values

of true medium
Average error ratio

. wy w2 w3 Wy
Measured value: m; 0.165 0.153 0.146 0.145
Reference value: n; 0.166 0.154 0.147 0.142

1.145%

Bl
=2 0.05
"
0.00 -
- - . Cﬁ yo— St o— o4 '_-N < r'\/__r:. ‘—'f'ﬁ ’—f\'“» Al —N <
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Fig. 5.9: Average difference between the simulated values and the reference values of several

media
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Fig. 5.10: Comparison of m; to reference values to measured values
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Fig. 5.11: Reconstructed images and profiles

Table 5.7: Comparison of simulated values to reference values

of true medium
Average error ratio

R w1 Wao w3 Wy
Measured value: m; 0.962 0.742 0.640 0.562 5.508%
Reference value: n;  1.093 0.760 0.620 0.538

0.10

O'OO ._: 3 -— o1 o~ <+ gl "y 3 g o o~ <+
d a2 FT M SRETFCESCSTRET G
E 20202 2<a Y23 5
i B < 2 - = & =
I True medium = ) < s
Candidate media Media

Fig. 5.12: Average difference between the simulated values and the reference values of several

media
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Fig. 5.13: Comparison of m; to reference values to measured values
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TXVE—EFS RS, HEHEEELWEEOSBEOMOBREDRR LIRS, TOR
#X, Eq 3.1 ICEBITBIDMERELLROZZETERT S ENTES. SEMEHALES
ODRBICHBITE VI 2 L— 3 YEDE UWEBE DS IREICH 9 5 EERERIT 0.4 % A
NTH-oTz. ;

FIVIZIILDF TV VA ARELERTREFERERLIZLTA, ThbEke
TOYA A CHAFRELLAETSITLMNTE. 4211BIB¥Iab—Y3 ViEE B
HOA TVl b A XL DED, BEEHICXSZEOERZRLTVS. ATV D
YA XL RBEREDBEZICITHRANEZLIIRAONT, A AT LICEq. 3.1DIDEZEX
THETZT LT, BALGKKEEDA TV bEFAETESZC LAz, EE20 mm
DA Ty bTEYI 2L —¥a YEDE UWNEEOSBEICH T 5 FEFRERD 1.285
% LMMDA TV x s FMTHNRTKRED -2 (B4 TV 27 b DOFEFRERZ Table 6.1 1R
3. ). FEEEIC X BEEOAREEEEZ TV I 2 L—Y 3 VEOHREZFE L TSR
EritgLiz A, THHEAERIZ1.306 % THY, TORZIFEHEIMCLBELDTIR
WC EDSh ot ko TThIZEq 3.1 ICAVSELOEBIEGR I h5L 60D EEX
bN3. FCT3AICRLIEERERSERELTYIaL—va /EEELI LT
%, PRI 0.021 % FTED Uiz, R T OEZGEUOERESE I h 5%
LDTH-oT. ULh Ukh S EEEEER1.285 % L WS HE TR/ Wiz, BEOSHR
HetERF > T ELLHEZEET ST LN TES.

Table 6.1: Average error ratio

Object diameter [mm] 40 20 10 5
Error [%)] 0.303 1.285 0.207 0.723

MM RBZE(LI RS T L TRTFHEN Y I aL—Va VHICE X ZHEZRN LTS5,
RAGTYETFEE 1,000 /pixel EHDTH4L LIFEICS, YT al— 3 VEDELWRE
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DBIREICRT 2 =R 0.762 % LWV I BWVHEE THBEDORIEZITI T HhTER.
Nk, BEFHECBWT, BEREROROINDEZEGL T Ial—ya ik L
T, BFESORERROTCENTEII-DTHS. Fig. 434275 L, HFHROBAD
& LB ROINDIEHERADMEMIKE L &Y, BERICETHESMIMENTHS Z LA
%. Fiz, CTOBRTFHEZOEBICHT S580E Figs. 4.36, 4.39, 4.42, 4.451T/R LTz FRERK
ERETO T 7 AINWHhSERBZCENTES. LHLENS, YT al—YaVHEDIELY
BB DBIREIC I 9 2 SRR I IRATHE T 4K 10,000~1,00,000 /pixel D TIERE S &L
LTH5Y, ROIADEZ I LI L TRTFHEOEEZBO I ENTETVH T LR
MR TE 5. BADETFE, B, ROIY A X LHIEREICIZBEGENSH D, T4 ROIDY
A ZAHENBGAITIEBE TR S U THIRENE DR EICIIE L.

6.1.2 E&

AL TIKEESYORE L UT, HEFEEHWTIZ . —)IVKAROEE Rz, Fig.
448 % RB L, B LICBRBERZFHETZIAETRIEENTELTWVADICH LT, #
M ARBRREHWEAGETRIESHICK > THEIIESDED . ChEBRIEZHET S
HETIHEEC LICREESYOE LWEBERE > TSREZHELTVWADITHL, HEifhE
REAWVSHETIRESMOEZOMEBEDOREZRASHICKP2EADIFEET S L TES
MDEEERALU L TWE D THS. Z0kD, BERELDEENKELES50% L2/ —
JWIKBIROBIEBICBVW TR GEENMCIDTHS. T2/ —IVKBROER/\—t b
TEOBELKELE ) —IVOEBERRSLTRADIEEL GEU LI E DD Fig.
6.11RY. B AERNEM > CTREMEZRET 356, BEOBELELOEENENZY
HEODICE > TRIEDHENRES. ZTORD, BIKICEEIERT S XS KBS BIRIE
BHEK) BEROER & Z DOKAROEE L THIRICENH S T-OREEITS T LW TEK
V. 2K L, BEHCELICBRBERZHE TS HETRIEAMOBERICKIFET ST ik
FEZITOSTENTZS.

1.00

0.89
Approximation

Density [g/cm?]

0.78

1 1

0 50 100

(Water) . (Ethanol)
Mass concentration [%]

Fig. 6.1: Density
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6.2 HEEEEZIaL—3Y

EERER A TV 7 e Ly al—yary TR, BEOSRE LB RSRIE
n ZRAVWTIREREZTY, ZOOSREZILE U, Fig. 459 %285 &, n ZHWVWiR
ENETOAT VL7 MR UTEMEZE oD L, o, ZHWzE D TR DhDAT
V7 FTRELRBEMEC TR T LD NS. TORERAT Iy MERHRT HHE
DOREFRBOEEDENELDTII RS, BERBOBEZOEICKI>TETD, K<, BE
FHOEEHDREZWVEED, HEO/NSWVEHEZTHRAL LS RIFEICKRELLXS. Dk
b, ATV EHKRLE /=D& S HIEEZ IV T LTARAL K S IRREEDRIC
HEENKELE>TVS. BHEOSBEGNETCOREZBOICLEHLL, A TVY
FRC DX S HIEEEFTBEICIE g OL I ITBEOEWSREDHESILEL KD, LH
LEMNS, A7V y bEBRTZEENKELE /—IVD X SITGEWVEEZFF DA,
WEHEOBBEHE CHEZELLFEETI LN TES.

6.3 RER

IKELE ) —)IVTRIEERELLFEIETETWAD, 7V LATRHE - HREICBWY
TeDENR/NEHZ->THED, BEZELLFAET SN TEAM o7, ERTIRBHIE
TFHAHH 125,000 /pixel KW Fz8, FREKIHRICB W THAEMIC K B RFHESHER
5h5. LHhLAEDD, FLEROINDMEAFEE L CHIEM[L T2 L TRTFHEONE R
ZIFTIIBERERITS TN TESRD, TIVIZULIKBIBREDR T hITKS
LEDTIEEY. Fe, REBETCLIREHEDF YU T L—a R {To7bD0, BRE
DIESDENSELZV VI T7T—FT7 77 EHRERSNBH, chd ROIAICEDHIHED
HEAWNES VD, FEEHES C L TEATIZCENTES. TNHD0EZINL, 7V
SO LB BREEDED I, REBICB)ZREREORELKEFEENIREREEZSNS.
K& T2 ) — )V DOBEREEIFRD EENTRWMEZ R B EE A/ N E VDT L, 7IVI=
LIZENEHELKZWEYD, ATVl b 2EB U XBROMENRE LTS, &
NI & > TREYEFICN T 2RHBOREICERENME CTEENHZbDEEZLNS. L
ULEDS, KX/ —)VTRYIal—ya VERERRC, HEMEDOE LWEREDS
FEEIC T B PR 15% LT E WS EVEEORERITD TN TE .
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BrE T

AFICBOT, BLRRBLADERTSTA N AT YT VT XRCT VAT L%
WREREEDEEICOWT, YIal—Ya VR EBRERISFME L. 32
L—y g VRS, BEFENEMTHZ ootz £, HlEBEEOKREN ST
TV U LDBEERNT, HEEOERMAICHTRBEEL 5 % UT LW mHTH
VEETHEZELSEET S LNTE, REFENAUTH S T LZ2ERRICK > THIL
FTHRENTE. '
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ARFRICHBNT, SR CRBHE E LRI 832, RLET7 FNAR%ZLTHE
¥ UT- Tl IHERAR, M4l CREFEICAD £ LRI BOR /AR LK Y.

71



2 3k

[1] M. Firsching, D. Niederlohner, T. Michel, ” Quantitative Material Reconstruction in
CT with Spectroscopic X-ray Pixel Detectors - a Simulation Study, ” IEEE Nuclear
Science Symposium Conference Record, pp. 2257-2259, 2006

-[2] Watanabe M. , Sato E. , ” Energy-discriminating K-edge x-ray computed tomography
system, ” Proceedings SPIE, Vol. 7080, pp. 0B. 1-0B. 5, 2008

[3] Macovski A. , Alvarez, R. E. et al, ” Energy Dependent Reconstruction in X-ray Com-
puterized Tomography, ” Computer Biology Medicine, Vol. 6, pp. 325-336, 1976

~ [4] Guowei Z. , Zhigiang C. ,” Exact Reconstruction for Dual Enerrgy Computed Tomog-
raphy Using an H-L Curve Method, ” IEEE Nuclear Science Symposium Conference
Record, pp. 3485-3488, 2006

[5] Cranley K, Gilmore B J, Fogarty G W A, et al, ” Catalogue of diagnostic x-ray spectra
and other data, ” IPEM Report No. 78 CD-ROM, 1997

72



FERm

F#E B X UEGUTERR X

1. Tatsuma Hirokawa, Koichi Ogawa, ” Identification of Media with a Photon Counting
X-ray CT,” Proceedings of the 5th KOREA-JAPAN Joint Meeting on Medical Physics,
CD-ROM

2. Yuki Futatsumori, Koichi Ogawa, Tatsuma Hirokawa, » Tdentification of Media with a
Photon Counting X-ray CT System, ” IEICE Technical Report, Vol. 122, pp. 277-278

ERESBICBI 55K

1. Tatsuma Hirokéwa, Koichi Ogawa, ” Identification of Media with a Photon Counting
X-ray CT,” Proceedings of the 5th KOREA-JAPAN Joint Meeting on Medical Physics,
Jeju, Korea, 2008/9/10-12

ERNERICBI 5HE

1. BNISIEE, BIE—. “ XECT 2AVEEERRICET 37— 2 IUE/T A—2 D
Fg " | B EHAEAEBLZRAR. Li5E. 2009/8/4-5

73



