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Abstract : In this paper, we proposed a new quantitative evaluation method of low-contrast detectability for computed

tomography (CT) images. It is well known that the contrast-noise-ratio is not enough for CT images to evaluate the low-

contrast detectability as image quality index corresponding to various images with different frequency properties. In order to

overcome this problem, we adopted a signal-to-noise ratio based on the matched filter model using low-contrast rod images

(disc images) as the input signal. The low-contrast detectability indices obtained from this analysis method indicated good

agreement with results of perceptual detectability studies. Even for the images obtained by various rod sizes, tube current

settings and reconstruction kernels, this method derived appropriate index values matching the results of perceptual studies.

The method proposed in this paper is very useful for CT to evaluate quantitative low-contrast image quality.
Key words : Computed Tomography (CT), Low contrast detectability, Modulation Transfer Function (MTF), Noise Power

Spectrum (NPS)
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NREEE, 727 ) VEIRIC 0.3~3mm A2 E D FEDILDF
EOMETH Y, AL, BERUZTHEE 2=
T3~5IERSNT WG, O, Flodho+T
DILAMAL L TS TE AR/ DOFEZRDL I LIZL - T
19. Ihoo2o0HEE R, HEFFMELES OOk
B ik EORET R L, FEFITKEL LML
e LTWbIEIWLENTHAED, HEOMiELIEL <
ST B 720%, BEAL EOWE/INT A —F ZHIEICT
L7-DDWERIIBNT, BEFERSINLZEDNEL L, &
NHICb b EE 2l ESRD T E /. FRICK
Iy bR NIREEE, #ED 7% CTEZDOWROHHIFED
BETH Y, JEE CT A BT 2 RIS 2 & ok
WERIZEDY, EELEREE L TEZLNTVS, Lo T
Fw W20l %15 5 T3 & LT, contrast-to-noise ratio
(CNR) 2#RF & h, FIH SN TE7[510l. CNRIZ, T v
FNERDONEH CTIE L Bide L7y 2 775 v KOy
CTHDEZ NNy 7 7T v FOEEREMBTERST 57217
THEWTE, b v Ya—yTursrhExsHns
CELRCHETAZENTEL, LL, ZOHMARER
HEDPOHO 2% L )12, HEOBEBEENE 72 #E
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& LM OFER 7« VB (DT, 74 v%
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RGIZ, CNR DFERIFENEZRL, 72, SEEEZH
WMLZ74VyEKTCIEZOMTHE. LrL, 20X
% CNR O &, HEMRFHIFERIT—HT 5 LIRS
9, BRSO ZICE o Th s shzay FOsEs
BEOEALL EIFFEE LT -2 EE SN N,

HTE, CTHWBE, FFFICRA—SNAMmE 7 +—~ v
b (512X512 <% b 7 A, 2834 N/EZEN) THDHT
Ens, BlEn T 7 v b AR % DICOM (Digital Imaging
and Communications in Medicine) X, CHRFEL, FDOHI{E
AV a—FRITAH5ZEI1CLD, BOHITHEE OFRIE
T& A MTF (modulation transfer function) =2, FIRMEDTE
BECTd 5 WS (wiener spectrum) F 721Z NPS (noise power
spectrum) VSFTHETTEETH AH. MTF L, &7 A VIZL 5
TS — R0 T VI11-13], NPS X, KA LO¥E Y
HO7 7y NAEEPSERONE KR MENrSEIET S
[14]. TN ORMEHREE, Zheh, Kary TR My
REEDFHIHERIZB VT, Uy FOMEEROEEHE R,
ERICAZITONDE I A4 X0 IR M L
TWhEEZLNL., 22 THAIE, TS OYHEHE
DRER LT ¥ b T R M REED =R FHIE AR
4 2 HEICOWT, BE L7,

AIFFRICBVTIE, lka vy F TR M eay FOMERIK
DZEM BRI S &, COMIPRITHET L TH S ) AR
B9 7% W H =T & 5 MTF & NPS 205, @ 0if5E123ED
WHEE ORI THERIEMEEFE L. 2 LT, EE
OK7T 7Y PABEBIIH LTI Y Ea—F 32— a
JNITHEES CHORAALREED v FOmE LT HWTH
B RHERBREIT, ToMliEs, fREEE o8
IR, FORFR, ROHBESESN, HLwEa s b
T A MHREOE RN S LTI TE 250
THhHI EPERIN. KT, LAPRET S5
HEY, mbERBRO L, NhoRokls, 1T,
ENHITT HERERRD.

2. Oy FEf&ICX T 5 SNR DETE

Loo 5%, 714 VA —HERAOMEEMIZB T, F
A0y —XOMENHILTEE, 155 D22 E KT,
WS KON MTF O & Fv TEHE L 724818 4H & L9 A 1F
ek L72[15]. 20w, HREOMERNEEE ZEET,
HIZESOREBEESENPS P 2 EEBT L~y F K
T AN BTV L BIEAEDS, HEORBEKSET EZE
L7zbok  IZIZFAEOMBEER LI EBRE L. 2Ty
F K7 4 VFETIVIE, HIIHEI{% Osignal-to-noise ratio (SNR)
FRAKICT B 7 4V FEED, SRR O BB IE
F—HT 2 V) HHIIEILLIDTHY, E50REHE
B % S(u) & L, MTF % M(u), NPS % Nu) & L 72 IZ,
ZOETIVICE B SNRu 135 (1) THERSINAB.

M@/zzdjﬂﬂ%%&d (1)
B, EXTlE, mgsEHFNETH L EHRICLT, 2
RICO IR BB u Eh E oA % FHWT 1 RTTICTHE
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ATy FEBICELL, Kay I A MatfEoER
BEHEIC G T2 2 & 2 lAaT. ZOBEDOETIR, By
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FOWEIRTH 5 M (NERIEY—) THiH, av
FOBEREL EFEMEDTI Y FT A e (BWREDCTHE
#) TV CTEFTORERESER 2) TRIhb.
S(u) = g cd? 7‘11{7;23”) (2)
(72721, 1i() E1ROE 1Ry V)
L7z> T, S Roary v 52 E, BOKERO Y
F (20mm £ &) 12X > THER Y CTEZFHAT
LT EICEoTHRIEL, MTF & NPS 2D 7 7 ¥ b A
Lo THlEL S 271, (1)) X»s, EEoT Y
FORL CTEZIZOWT, B5ORBEBES»ERE S
72SNR 2 RDDLZENTEL, XV F FT74 VI ETIN
X, IERERELEBREREEZ AFRMEETIVIE
T 505, MENRBHOESWZ ILEER 2 IEEICL D
S5 CT Dk >~ b 7 A M REERFTIC AV 5 7% 51,
Loo & DRFFERE RN > THAMIC—F L 7o 45 R v B X
TLEZOLNL. ZOFETES NI-IREE SNR); %, Low
Contrast Detectability Index (LCDI) &35, VATLD
B R WK DT A X% Z L 7%\ CNR OFFD K 5
%R L, LCDIIC X o T >~ b T A b Wk R fis
FIFEICEL, CTOKI Y b T 2 MMRREOTRIEME & L
THHWEETH L EEZD.

3. Hi&E

3.1 LCDI ®EIE

CT 24113, 4% [DAS (data acquisition system) % 4 D
#Ai5] © MDCT, Somatom Volume Zoom (3 — X ¥ A JH *
FA Ty 2%) BV NPS llER IZ1E 200mm £ DK
77 v bazHv, MTFIERICIE, B2 50mm Of i
B K 2572 L TF O HIZ 0.15mme DT 1 ¥ %
EobDEHW. K77 b AOWRESLGIIEET=
120 kV, EEH =100 K1 200mA & L, 1.25mmX4 DT 4
T 77— T, RIEREE =0.5 sec/rot, N1V HILE v
F0.75 Tk L7z, BRI IE FOV (field of view) =
200 mm (2T, FRER 7 1 V¥ B B10, B30, B40 % H
WTITVY, F8EA T A4 AE 5mm O H{E % 5mm B FE 12T,
10 B9 2R 30 2B L7z, B B30 X, ZOEEDHE
HREEEKTH Y, BI0IE, FREL Y EEELEIH L
TANVIEETHY, B0, HEEERALLZ TS
BETH L. CNOHMEDOHLD 256X256 ¥ 7 LI DT —
ZH 5 NPS #ElE L, 2NN 10T DOW ) 5 F
xRz, NPS OB M, BWEO X FHIZ1 ¥y
b, YHMEIZ30 EZ v VOEBERAY) v s EHWT,
L RITEDNPS 25T 5 ik x Hwvwizlie-18l. Z D Jik
T, YHHOEZ vV EE RKRELTAHIET, 2RTD
NPS O FOEE AW L THZ LD TE B2, HHH»
UDFTo72EBICL Y, 20 €7 LIV TIFITEE LR
ERL7720, B boT3EsRLVE L. 0T,
JARXTaT 7 A NVE 1 DBELHICIE, 30X256 €7 &
VOF=FEHWAEZ EIZRY, INEY FHIZ15EY
TV FOF=N=F 9 TTLENINEELEZ LIS 15
RKOTa 77 A VEFEL, &OICHERED7ZFEHL
NPS 3K 7z, B, NPSOEH I Z2 kL7 — ) T4
FRHWIHERESN TV S, RFEEIE L R TE
TEBEINLZEAMFELT, NHOEHEY 7 by 27
TOFENTRER XD, 1 XTICL B HEEFH V.

MTF D7=9D T A ¥ —7 7~ s AOWELMEIE, K77
Y NAIZBIT B EGOERR 100mA O EEFE—E L,
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FOV=50mm & L TH IR L Bi{g 2 v/, 2hil
L0, €714 REH0.098mm & 2 ), —f%H% CT
DIy M F T REEED 1.0~1.5 cycles/mm (ZxF L CT+H4512
BWFAFAMNEEE LS L)L, T4V HESL
1172 point spread function (PSF) i&, NPS & [AkELZ, RKARK
%% A1) v % T PSF %5 line spread function (LSF) 2
ZWLC, ThEe7—Y)IZBLCMIF 258 L. %
BLCDLIZ (1) KU (2) AEHWT, 0.0lcycles/mm Z &
DFEFR % 1.2 cycles/mm T TH L TEHE L7z, 2O,
MTF & NPS OFEHR1E, 0.01cycles/mm Z & DOREFEIZR 5 &
RS vz, MIEHIRIC L D 0.01cycles/mm O ] FE 12
2t LT L7

3.2 fRH=HE

LCDIDfi e, T v FOHBEMMEER L OBREMET
Bz, K77 ¥ F LI X BRI E ORI
BATolz. TORHOOT 7y R AELT, BEORKI VT
FANSREE 7 7 v A, Oy FORAIDPEDNEETH
L MO TH 5720, LWL T ADAN IE
MERFHEASTE L nwZ  E, BEOERIV T A M 2TE
LIENTERWIEDLMHTSZ LITEYI TRV EH
WrL7z., F/2, FEOERLIV I A OO Y FEEE L
7277 v N AR LEBIERT A DI, BRI AN
QWD L, 22T, K77 ¥ b LOWEBIKT S b
T A b % PRS2 WG AL TR IS A T Tz
TRELZ. ZoBa1c, HoRAGMEmZIE, WEsh
72 MTF (25 o 72 IR BULVE S R SNARETH L. D
72ODMBIIPT O E {AfTo 7.

1) MTF % BB =M o F 855 OFEEEIZIE U T2 kT
g

2) ¥r e MEX¥annNy 77Ty y FEg LIRS A
A, EEI Y bT A NOMEERZER

3) 2°RIC7 — V) TZEBULE A AT\, ZAUZ 2 RIS AR
L MTF % &8

4) 2RJuM 7 — Y &ML, MTFEIZIG L72R 7 % 1
L 7= M2 mi{g % ek

MIEWEZIE, Ny 2 7I7 > F3E¥aThbzd, CT
WEDEBEDOMEIIINE TS LT, HED v FEGO#
ORADPEBRINS, ZOMDIAAPBELRDLD LR D7
DI, K3 ¥ b I A MRYAERNE L LD ) A ZEH,
LA EENET, WROBFR T A X85 — LT
HIEHHVEV) CTOUEPEETHS. 2hid, oy
F#EAS 20mm DL FC, SHICRIMREOZEIELTH D,
200mm D7 7 ¥ N AFEEEET S XHOEHEEIL, Ty
FE & ZOMTIRIZIZF—TH AT LD ORI N DM
B TH»A. Fig.11¥, CATPHAN CTP412 (77 ¥ M AT R
I hY—HH) OFY 2 —)V CTP263 DHE v FERDBEIC
FNEFNOFR CEOERD v FEEZ2HOAALLEGETH
A, BB ELBESER SN2/, BT Y FERIC
X B FEEEHTEETH B & HIME L /2.

HIHMELZI0BOKT 7> F2HiBEE2HCT, 15
OREIZO Y FE(EE 1 2750 NE L EE L2 ST 4 A
TUAIERLT, 2omtisEzllE L. 1200y F
DL aY T A OMAEHEITH LT 100 OIS %
AWL70, K772 N2OWEBIET v 5 L 7%IET CHE
M L7-. Bgoy FomfEME, .05 5 4% 50mm
PAE L7z, 2, K77 ¥ M 2omigEEIEL 72,
Ul 5 50mm & YRS, S A4 AEDEWEHEERICE
HMTE/7-0L, NPSOFITHEIY 7T EDEEED2OT
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HhH. BEEIL, CTORES ELLEORSHRFMS A&
L, 1¥®H7z0) oSS BT, BEEENEL, X
OWEICEL LI Ty Ya—yTasrs LR L.

Fig.1
Simulated numerical rod image (arrows) superimposed on a low
contrast phantom (CATPHAN CTP 263) image.

Table 1
Combinations of reconstruction kernel, tube current, contrast
and rod diameter used in this study, and calculated LCDI values
for each combination.

Kernel Tubzemcxgrent Contrast Dl(?nnrlg;cr LCDI
B30 100 5 4 491
B30 100 5 5 8.82
B30 100 5 7 20.53
B30 100 5 9 37.59
B30 100 6 5 12.70
B30 100 6 7 29.57
B30 100 10 2 2.76
B30 100 10 4 19.62
B30 200 5 3 4.81
B30 200 6 4 15.27
B30 200 6 5 27.39
B30 200 6 7 63.50
B30 200 10 3 19.24
B30 200 10 4 4241
B30 200 10 5 76.08
B10 100 5 3 2.37
B10 100 5 5 9.34
B10 100 5 6 14.90
B10 100 5 7 21.95
B10 100 5 8 30.48
B10 100 5 10 52.09
B10 100 5 12 73.29
B40 100 5 3 243
B40 100 5 5 9.31
B40 100 5 6 14.64
B40 100 5 7 21.29
B40 100 5 8 29.28
B40 100 5 10 49.32
B40 100 5 12 74.80




WGP FIRENDHNCIZ 1B, 75 v 7 WgEhFRER,
FREINTS, BIgEZIO Yy F¥HAERbNAER 2
V2= DRI AERAWTIRET A, 100 O E{EH,
friEzE L ORLCEGEMNEL L, 120FEay
NI X PDOHMAEDLEIZOWNWT, 1 RIORITE L7722, #]
BEIEHODP LT M-y T %R L. BS
NDOBIEEE DN H N T 4 AT L AIZINHD 8 2 1
DHDOTHY, REHED, 120~ 150cd/mm? O #E Ji i
WCAD, BEFRIEEILEEON <~ EETH 5. B
DFfIZIE, SMPTERPIZ33D T A Xy — V% FoR L, RS
ICHIED W 2 & 2 ERICHERL L 72, Table 11%, 4
KRR AT o727 4 V& %, BB/IMHE, Ty FOF
BRIV FTAMOHAELEE, TNHIIHIEL
LCDI DEMEMERTH 5. ZOMASHEIL, WHus ot
KA, TR EVEAEERIT S L HI2 LT, LCDI
OB A MRS TE 5 L) REL AL,

4, #ER

Fig.2 i&, 3TFHOFER 7 1 )V & B BT 5 MTF @
W R TH AL, Figd3(a) &, 71 V7 B30 % Hw»
TEBIA 100mA &£ 200mA DHi4 D NPS DHLETH 1
Fig 3(b) 1%, E&EIT 100mA DHEED 7 4 VFEHIZL 5
NPS D IL#CTd 4. B30 IZxf L T, BIO & B40 i, P
IZHE 7% 25 MTF 248 L, #1206 0T NPS 12 #EAFEN 7.
Fig.4 1, PR~ 1 )V % B% B30 1225w T, LCDI & #]
B 5 NOBHEROEH L OB ZRLIZHERTH S, =
DFEFITEEF 100mA & 200mA Z XPIETRLZH DT
5D, LCDI & BIHENTIZHBIOBRE > TW05E
EDbh B, Fighid, 74 V7 EHOENIZL BFERET
H5H.MTE DK E L EIHED ZDOBIZBWT D, LCDI
ERHEROBRIEIMIF LS TITIEF—EL B o7,

5. X
Fig.4 13, A OEENEETH 5 B30 DHRTDH
D, K3 Y MR MNFREEDFHBIZHE L7-bDTH L LEE
ZAbNE, ZOFEBIIBWT, HHIREEIE, oy Fo

£& LCDI E IR ED & ) RERIC R 7er ke, /A4
AEORGERTH L. — kT > b T A DS HEEREGIE,
LIy FTAPNTH TOENINS L5 ERBFENRT
2o TWw <, LCDIE, ZDEIEIZBWTES DR
DEREETLHI-O, FEa TV bITANOWITHANBES N,
NS DAL UTEDPZEALT 5. T2 LD, b=
EAHBE AR T UL, LCDIIE AR 2 48iE L % 4. Figd ®
WEEPS, BEEMONT VX054 55500, LCDI
ERBEROMRIE, SREROMHEEBE RV CTITERD &
HoTWALIEDRbhb, ZOF—FDHT, 714IV5H
¥ B30 L OVEEI 100mA D&M TFT, £ Tmm, I~ T
AMNSEFE4mm, I M T A M1I0DLCDIIE, #NLFN
2053 £ 1962 TH Y, HEFEIL048 £ 050 TH 72, &
DB X > T, LCDIAS, By REEI Ly M A FDOKH
AEDEIIDOVWT, MIBROIELZ WHEICEZH LT3
EEZONL, FEBR 100mA £ 200mA 12X > T/ A
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Fig.2
MTFs measured from wire phantom images reconstructed with
three reconstruction kernels (B30, B10 and B40).
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Fig.3

NPSs measured from water phantom images. (a) : Comparison of two tube current settings for B30 reconstruction kernel.
(b) : Comparison of three reconstruction kernels for 100mA tube current.
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RERTIEDNTELLD, L)EMGREEEZRT L
WREZENTH L. F72, Fig.s OFFERIE, MTF D&
W& TdH->ThH LCDI 2%, MHELWEICET I E2RL
72. CNR I, HICEROESRFREAEZ T EHWA 2O 7 1
VI BBIZE > THEAZEILLTLED. Fig6ld, vy F
££S5Smm, I b7 A N7, EEI 100mA DE DK
\2B1F 5 CNR, LCDI K Uiz % B30 OfEDOHHHfE & L
THB L7297 TdHAh. LCDI E MHEERDOZEALIE, X<
—5 LA & 7R L72AY, CNR IS E 74 A #[A) & 72 1), LCDI
ACNR ODFORETxHMLESL I L 2K L TWA., A
I TAT o T2 ERREROKE R 1L, BIEEHOLEIZ 2w
DODIHTEL LD T Loz, MHEN 05 %D
LCDI Z MMl & LCTHWA & b, SEliZEiEZ B DA
3, BIBREEOEETZFO T FIEHOEEEICEDL S D
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Low contrast detectability index
Fig.4
Relationship between the LCDI and detectability. The average
detectabilities of five observers and respective standard errors
are presented. The results consists of mixed results for tube
current of 100 mA and 200 mA with B 30 reconstruction kernel.
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Fig.6

Changes of relative values of the detectability, the LCDI and the
CNR by reconstruction kernel in case of tube current=100mA,
contrast=7 and diameter=>5.
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MITITH— S NHIRE, T ICH W5 256 X256 €7
VIR OWE T — & ThiuL, WEHEHOzon71) —0
V7 b7 (B2 L Image I 2 &) 12X VEZHICHH 2 &
WTE, EREOBVWEFEY 7 b Thbs~v A0V 7 b
o EXCEL Il %+ 2 S W Tl v, 22Tl
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Fig.5
Relationship between the LCDI and detectability for three different
reconstruction kernels with tube current of 100 mA.
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