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Practical Testing Method for Testing the Spatial Resolution of CT Images YANG Ke-cheng,LIN Yi-qun. School of Biomedic-
al Engineering, Southern Medical University, Guangzhou 510515, P. R. China

[Abstract] Objective: To design a practical method and an attached phantom for testing the spatial resolution of CT
scanners. Methods: A phantom made of acrylic and embedded with an aluminum foil of approximately 0. Imm thick was used
to simulate an ideal impulse input. The CT phantom was carefully set with the XY plane perpendicular to the foil, when it
was scanned. Processing the impulse responses with the procedures of coherent averaging and Fourier transformation, the
line spread function (LLSF) and the modulation translation function (MTF) of the CT system were obtained and then the
spatial resolution could be evaluated. Two CT scanners were tested with different parameters. Results: The curves of MTF
were consistent with the corresponding scanning modes and techniques used,and the cutoff frequency was correlated to the
results measured with a CAPHAN500 phantom. Conclusion: For the evaluation of the spatial resolution of CT images,it was

more accurate and reliable, with less artificial interference, to use the method of measuring LSF and MTF in comparison

with line pairs method.

[Key words] Tomography,X-ray Computed; Spatial resolution; Phantoms,imaging

CT BUE R =5 8] 53 B )3 248 16 H AR B 5 15 5 19
X5 A e il 2R 502 ) W 2 IR DL T X G A 45 A ) 5 )
RE 7 I R L P e A B A sk /N ke ) ) A5 e g 2 L
Pt EES R —,

G P 4SS A T v A TR A s — i SR 1 6 A (TR
fLo 45 805 B, 36 B R B S0 AR TR
CAPHANGO00 A1y CTP528 sk, nf KL EE EH
L BUE . B2 HiE CT SR A& S, 25 (8] 4
PE AW B 5 o T B T 200 BE R R () B A
Xof PSS A 1A K S SR vy o T 9 ) 32 L R T R
AL E S5 N R PR 2R 0 5 i A 45 2R 5 g — AT i 02
ot o N v L JE ok O A% eR % (modulation
transfer function, MTF) Jz Wt 23 [8] 43 3% 1, AN 20 K6
0 3 N Sy 1 90T 1 4t SR A 2 WA R AT L T L

P B 510515 MLy B B AR B 2 TR RO Ik
I 7 8 4 A o B

PEZ R 7 s bE(LO71—) L ) A B 3 A TR . 3 M
LTI TAE.

i TR AT DA Bk R R 22 0
VRO IR FR G 7S 8] S WD AR R R O IR L AR
K A ARSI R G MTE, 28 LX) 25 2R 5%
I Catphan500 A5 fry 4G 0 25 5 — 20 BLRIE T .

MRETE

1. R 3

MTF B RZ SR & KB (line spread function,
LSE) iR IRAE ., & LSF s 2 E 250
et o 17 F) 3 A AR A SR P B AR AR [] 5 I
R ) 17 25 A0 300 ke o 3 = R LR ) SR AE Y
TR R R AL SR H AR BT . e LA R H
B T — ek 40 4 T8 22, L N EH AR 8 50 pm Y8522,
SO W T 7 PR 5 b 2 B D — A 97 O 0N 5 ) i 3%
F9 H FR 4 52 Al R B ISR B Sy 50~ 100 g F) 452 Ja R B
T P g — 97 RS 40 2k, FL A 02 AN (H B R 1S
LSF . 111y H. 7= A 57 742 $e 2 1if ] J5 {8 3t 3 45 A0 T



304 T oA Sz R 2006 4F 3 A5 21 45 3 Radiol Practice, Mar 2006, Vol 21, No. 3

49 40 B LA AR AR MR 5 11 o] 47 -, A TRT R ¢ T 30 2%
JOF 5 DU FE OO A AN [) 4 IO A T G T AR K B
S BEIEAZAE .

2. B LA

eI A A5 . 36 RS SR A 2k FH 445 ML B 35 Cacrylic)
Hh4E 150 mm, & 35 mm; HFRY) B8R f )5 29 0. 1 mm,
AP e B A AR Z 8] (& D,

35
$150
7z
Z
% 130
ek %
®

Bl #h#EFEH,

7KK %% : Siemens Plus 4 B2 16 #l GE Light
Speed Ultra N JZH KK —F .

3.k Jy vk

LN RO AN KSR S SRS i I R P el VA R S K 1]
Bfepoly IR H AR BER §E AL T KA B (x Jhr a)D
B E T e 8w 39 R BOR [E 34 4%
R D I8 4 A S50 7 bR 0 . 5 3.4 4 HIRCH
Ry — A2 m. WA S Catphan 500 {4 KLY
CTP446 e, DU L EL .

1E Siemens Plus 4 W1, AH40 N #EE 1, AHI4
BRI
®1 Bew&TRAHELH

V=33 Ky HE J& 2

mr A& (mm) (mAs) (s) &
1 Siemens 10 140 257 1.5 AH40
2 Plus 4 10 140 257 1.5 AH94
3 GE Light 1.25X8 120 200 1.0 Standard
4 Speed Ultra 0.625X2 120 200 1.0 Standard
4. B s Ak B

K MATLAB 6. 1 % 2 A58 B &8 (19 7T LAk .
PATT RAS — 2H 52 06 O 197] 158 W B804k B 7

ARG KR RZE(CT ) 7E v 4l B2 BEIERY
FAL AN 2 B RIRE T TR . (R X B B — SR
ERECE I FNCIEVAHIUE 3 RN N0 G 1D B N A -
R P Y R0 L 0 R AR % 22 19 4 T LSF RO 7 1.
Bt LSF I M Fs .

LSF=s-+n ¢h)

Hopr,s RFIAY LSF,n oy PR, IO 40 34 2
10 4~ LSF ffA 1F 4 .

LSF,,=s+n/+/10 (2)
MRS YN T3 A%
HU)
1300y '
1250 {77
@ 1200 -
= 1156 -«

1100 Lo ==
60

& R

Xf LSE B4k FRE5 5, 2840 T F 1 5 19 il 2k W] (.~
(& 3) o # Xt LSEy R 7 A2 1k B i i A5
W AEPRBAALEAL N em s IBUE 0 SRR Y 15 i oK
Bk 1A 2IAH R MTF, 45 58408 4 iR .

(HU)

1280 ——
T =S
1260 1 R - 105 T

1240 ¢ i’ ;
1220 | ’

1200 | ,.
1180 | !
1160 | i
1140 prsssonston_ o
1120

CTHE

g RO

10 15 20 25 30 35

pixel @
B3 BARSHRESRE -7 (y &) 2 EEZAMAR 10 7] 6548 F
P,

0 5

1
09 t
08+ °
0.7 t
0.6 o
0.5t
04t
03 o
0.2 °
0.1 o

0 L L L L L+ O, o L o
o 1 2 3 4 5 6 7 8 9 10
Spatial Frequancy(cyecles/em) @

MTF

4 LSF & B#HM et EH,



TSz R 2006 45 3 A5 21 45 3 ] Radiol Practice, Mar 2006, Vol 21, No. 3 305

7 A B 245 4 L G 48 55 HE B 1Y) 2% S0k D B
RE /PR X 5 MTF iR 50l AT —Em
B . — AN T MTF (8 0% ~10 % XF Wi s, %
B MTF M = R 24 (. 7 H k5% .10 0
50 Y0 X L AR R, a5 AN 3% 2 Frow . A HEOR 2R B H
MTF [R5 %0 %] I 1) 450 25 g K, 15 8 1k A0 38 2 i . K
2 J2 50 V0 %k N 0 A5 56 1) DT % 45 4 S B A 22 00

%2 MIFHUEARSAAFNELRHUR

MTF #f & #9957 % (1/cm)

R T g & /em
1 6.2 5.3 4.5 2.4 6
2 10. 6 9.7 9.1 4.7 12~11
3 4.9 4.5 4.2 2.2 5
4 4.7 4.4 4.1 2.1 5~14
it it

I S b v SR x4 I CT P 5 1 = 1) 73
T3 I R B AT 205 1 5 e R R 8 O
FalX ] R R B T 5 A5 R sy .
Z 8] FUR A3 0T 75 1 B AN T] o BIODA 23 R0 388 43 T ) X
B A RS B BB AA E] 1/ mm, 1] )5 & B S L
SRS . SR RN 1k I i 2 (] 3 B T A ) T )
KCH I R R E A DL Kz s A UL
WS N R BRI 25 RAE A E - X R ZTT A )
ERMBZ—. Wk 2 B 2 4505 . 2o 8o
FLL AN 12 2 qE] i el o R A A A7 7 I TR] A
REW EZEL . HIE X CT G i 5k 2 22 &
2 W BRI 4 2258 BT LA A R IS 4 0 R oA i » R0 35
MG .

CT BB P X =3 18] 73 B A EAR R0 . 7
P LSF s al & 1 AR G0 A Ry O A
W b B AL Y H bR ) 50 0 A B AL T KO (Bl
O LE  LARIE LSE {9 R4S U X 10 G i AT o]
AR R ] AR AT 4 S BR AR A S T 2 LR
.

H A R 19 Catphan 500 Fl AAPM {44 s
A LT RLEIN 5 CT F #5459 Ji& pR %X (point
spread function, PSF), [a] #£ A 315 MTF, X 4 {A 5
B A BRI A 2z .l TR AR )N L 32 M S
PSZ A K o A Z R A SOR I A5 R 125 78

oy )8 T MR I I BE A I A T 2 0 PSS
M .
5% 3Tk :

[1] Droege RD,Rzeszotarski MS. An MTF Method Immunet Aliasing
[J]. Med Phys,1985,12(6) :721-725.

[2] Durand EP,Ruegsegger P. High-contrast Resolution of CT Images
for Bone Structure Analysis[]J]. Med Phys,1992,19(3):569-573.

[3] Morishita J,Doi K,Bollen R, et al. Comparison of two Methods for
Accurate Measurement of Modulation Transfer Functions of
Screen-film Systems[J]. Med Phys,1995,22(2) :193-200.

[4] Moy JP. Signal-to-noise Ratio and Spatial Resolution in X-ray
Electronic Imagers: Is the MTF a Relevant Parameter[ ] ]. Med
Phys,2000,27(1) :86-93.

[5] Cunningham IA,Reid BK. Signal and Noise in Modulation Trans-
fer Function Determinations Using the Slit, Wire,and Edge Tech-
niques[J 7. Med Phys.1992,19(4) ;1037-1044.

[6] Fujita H, Tsai DY,Itoh T,et al. A Simple Method for Determining
the Modulation Transfer Function in Digital Radiography [ ] ].
IEEE Trans Med Imaging.1992,11(1) :34-39.

[7] Samei E,Flynn MJ, Reimann DA. A Method for Measuring the
Presampled MTF of Digital Radiographic Systems Using an Edge
Test Device[J]. Med Phys.1998,25(1):102-113.

[8] Cooper VN, Boone JM, Seibert JA, et al. An Edge Spread Tech-
nique for Measurement of the Scatter-to-primary Ratio in Mam-
mography[J]. Med Phys.2000.27(5) ;845-853.

[9] Greer PB,Doon TV. Evaluation of an Algorithm for the Assess-
ment of the MTF Using an Edge Method[ ] ]. Med Phys, 2000, 27
(9):2048-2059.

[10] GB/T 17589-1998, X §F £k i+ R ALIT )2 5 3 B 52 AR 0 it fRIE K

MFLIELS].
[11] Boone JM. Determination of the Presampled MTF in Computed
Tomography[ J]. Med Phys,2001,28(3) :356-360.
CIC R A 43 :2005-04-12 & [0 H 11 :2005-06-15)





