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Performance Evaluation of the 3rd and the 4th Generation Computed
Tomography Scanners Using a Standardized Phantom
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Department of Radiology, Hamamatsu University School of Medicine
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A survey of performances of the third and the fourth generation CT scanners has been carried out
using a set of standardized phantoms which was designed to meet the recommendation of Japanese
committee for performance evaluation of CT scanners. Nine CT scanners of six productions were tested
with scanning techniques of head mode in clinical use, in order to investigate a present level of per-
formances of CT scanners in routine examinations. Noise, contrast scale, spatial resolution, slice
thickness, low contrast resolution, uniformity, edge enhancement, linearity and patient dose were
measured. All data are quantitatively analyzed basically according to the recommendation. A per-
ceptibility dose factor was used to examine dose efficiency of low contrast resolution of CT scanners
with different doses.

The results show differences in performance between generations or production models of CT
scanners. Among same production models there are great variations in the scanning techniques at
different hospitals. Method of performance evaluation of CT scanners is discussed throught the practice
of the recommendation and the usefulness of the recommendation is concluded.

1L Brai
CT REPERROBITH B L TLK, ZoHRE

FHACBEBELE R LSS LRERNELT
CT EHEOHEFMOFFELA IR TELYD, £
hEAFz—EnEEED b LIl T VHED
HEBEATTEE & Te B X 5 i HEBE R B D B HE{ L 5T
bhic, ", ZoizdARTH CT HEFMEER
Lk h TX vy a— 2 WBER O EESEM
BT 2 EMECH 1 kEB)E) ) (LT 8E” &8
MFEFR I hi9,
BARBEF—RTEA IR TV 58 3 s

LU 4R CT B OMEXFET 5101
LOBEIEIBEY v aREEL, “hE
RuwTiioofmEbeo 6 #ifEo CT B o BRI
iTote, HEROMESRMEFL L TRERROBE
ZHEICEITE CT EBOMEKELIECE 2 X
51T, FhFhr—FvicERIhtwv 384
xR, FHmEEE, 1) 214X, 2 =
VFFARAY =, (3) ZEESME Q) R
A4 RE, 65) Eav I boM@EE, 6) &
Eol—itk, (1) = 2%HE, @) WA E
CTEDEMRME, (9) #HEHRETHD, WEBR



BRFN584F 6 A25H

DFHHEIC L7z > TIR"BE" AR Rb R HHE
fotery, FOFTRLS CTEBOLENES
CTEHLOCRRETNTCEENICEDLT LY
Rate, ZOEBRNFHEICE ST CT BB
RS B IR X SO B YT - 1.
¥ic4EO CT EBoHEREC S LT 85" D
PEBERFE O RIS oW TR 2T - . Tods, “8
ENTH - o CT 8 © E Y 7ot REFFE iz o\
T 3RE U7,
2.8 &

2—1 CT%E
HRFMONSE L L CTEBREESHH
CTEEOER T WA IR LI U4
RO CTEETH S, AR, 3R CT/
T 8800 (GE), CT-W3 (Hitachi), Somatom 2
(Siemens), TCT-60A (Toshiba)® 4 /8, 3+ 4
A AS & E 0450 (Pfizer), Delta 2020 (Ohio
Nuclear)D 2 fETH 5, 7 3o 1 &Iz
WIS RiEED CT EB i >\ CHIE > EH
Licie®, &5ti>0 CT EEoMEES il 7 &
hic, MEFHFCIEHREDOBEON —F vigE
CHEAIATVCHIEBEFEELAShic
(Table 1),

2—2 FAPT7FVEA

T BT I HRERHIE B 2 BT % 7, &5
LEEOME B ORm SO K7 7 v b 2%
BELEER L.

(1 B ABEER A D 44 2200mm © FREK 7 7 v
b AT, KOZOWE LEROmMm O 7 2 ) A
BEELo0OME L W5, KOLOMEL

Table 1 Nominal scanning parameters for head mode

CT KVP mAS Scantime Pixel size
Scanner sec. mm
A 120 500 10 0.47
B 120 400 8 0.50
C 125 230 10 1.00
D 120 289 4.5 1.00
E 120 462 9 0.78
F 120 480 9.6 0.78
G 120 768 9.6 0.78
H 120 320 9.6 0.78
I 120 614 9.6 0.78
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Fig. 1 CT images of the test phantoms. (a) MTF chart and the profile of CT
numbers. (b) Aluminum strip for slice thickness and the profile of CT number.
(c) Phantom for low contrast resolution. Diameters of disks are 2, 3, 5, 7, 10, 14
and 20 mm. (d) Linearity phantom (e) Phantom for the measurement of the
absorbed dose. Positions (A)-(I) indicate where dosimetrs are inserted.
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Table 2 Contrast scale, noise, uniformity and edge effect

HA3E

65

cT Contrast scale Noise Uniformity Edge effect (%)
Scanner (cm-/CT No.) (%) (%) Inside Outsidle
x10-4
A 2.08 0.46 0.20 -2.3 -3.1
B 1.98 0.5 0.15 1.5 1.0
C 1.90 0.38 0.12 =2.1 -2.7
D 1.78 0.54 0.55 =29 -3.2
E 2.00 0.37 0.17 1.5 0.4
F 2.09 0.43 0.20 -0.8 +2.8
G 2.10 0.34 0.20 -1.6 +3.3
H 211 0.45 0.17 -1.2 +3.4
I 2.10 0.44 0.23 =15 +4.,0
WTCWAHDT, 2 FTANATF —AIIIFEL )
Sconner
W, TOHE, CTH#EBRTHOa v FFA A — L0

ADOEGE, b LESENELTHIIEEY= X
AFE—OFENERL (uw=0.195cm & Bir 5 i
) Table 2 DFERILF OMEMIZ—BLL TV 55,
FDEFNE, 74 X134 CT EHBECELE
2hbH, A—EBETIRZIEmMAS ALE vy s
AXBNPNEL TR TWBEN, BErEEOMTIX
HFLEE D s TWizw, K450 CT &EBET
BEEOH—HIERFTH S0, 18 (D)
DHZD T H B, F—BERTh TP ERDD
e, RFEBEOECIBLDTHH),

= JEHRIT (+) DfED L XA —— a2 —
b, (=) OEDOLETVE—v 2 — +ETT.
=y SHRERERVBEE OB IF SR
2T, A7, CY, "D’ = SEHRITT
7r v ) v ZOMAOETHEWT V& - a—}
%, “F'~"T"CRARATT7 v & —>=2-—- 1+, Sl
THA—A—>a—-+ERLE.,

Fig. 2t PSF iz, LSFER LI U= v 1 5 2
PETCHZELACTEEFO MTF i % =
3. PSF k& LSF#kic X 5 MTF figiz X < —
BLTw3, avI2 MEOHMBRITTELL
~XMTF OfER 1 b5 & Z AP ERENRD
55, BLT—HLT\w3%, fio CT EBiow
THRABO/EREEDN, SEMHRE LI CT %
BETRE0HFECL o Th MTF OB TRE L
Ezbhic?, ZZCRaviFRMEIREIRK
BHHhi-& CT &ED MTF fiif % Fig. 3 iR

0 I I L L 1
o 0.1 0.2 0.3 0.4 0.5
Line-Palr / mm
Fig. 2 Comparison of three methods of MTF

measurement. The results of the MTF measure-
ments using PSF method, LSF method and con-
trast method are compared on CT scanner “F”,
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Fig. 3 MTF (Modulation Transfer Function) of

nine CT scanners versus spatial frequency (Line-
Pair per mm).



Efn584F 6 A25H

799—(57)

Table 3 Slice thickness and beam width

CT Nominal slice Slice thickness & SD X-ray beam Slice
s ) thickness FWHM FWQM width thickness
— {mm) (mm) (mm) (mm) " Beam width
A 9 6.9+0.2 8.4+0.5 12.6 0.55
B 10 9.4+0.3 11.1+0.7 14.0 0.67
C 8 7.8+0.3 9.0+0.4 12.6 0.62
D 10 10+ — - 12.7 0.79
E 10 10.2+0.2 12.3+0.4 11.7 0.87
F 10 9.3+0.3 10.7+0.4 9.0 1.03
G 10 10.1+0.4 11.3+0.6 10.8 0.94
H 10 9.7+0.3 10.6+0.5 9.9 0.98
I 10 9.1+0.3 10.520.5 9.9 0.92
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Fig. 4 Low contrast resolution diagrams for nine
CT scanners.
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Table 5 Absorbed doses for head mode
cT Nominal Single scan dose Multi;.ile slice scan
Seanner mAS at center At center Maximum dose Averaged dose
(rad) (rad) (rad) (rad)
A 500 2.0 5.3 84 7.2
B 400 1.6 4.7 52 4.5
C 230 0.6 14 1.9 1.8
D 289 0.9 1.7 1.9 1.7
E 462 2.5 6.0 6.5 6.0
F 480 1.2 2.2 2.4 2.2
G 768 2.0 4.1 4.1 3.4
H 320 0.9 1.5 1.5 1.3
I 614 15 2.7 2.7 2.3
Scanner Scanner Scanner
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8 J k\
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Scanner ‘:Jr | scanner Scanner
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B i
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[1] FE——— r\"-"-«...._ I 0 ‘/ 1 \““1 0 fee— P, S
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Axfal Distance

Fig. 6 Dose profiles of CT scanners. Dose profile along rotation axis was

measured at center of phantom.
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