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Measurement of CT-image resolution using a thin wire
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‘Though the spatial resolution is one of the most important image parameters, it is not fully
established how to measure the resolution of CT-images. We investigate a method with which we scan
a metal wire (or a high density plastic bar) inserted in a water phantom perpendicularly to the slice.
The MTF (modulation transfer function) is calculated from the print-out data by use of the two-
dimensional Fourier transform and the correction of finite object size. The PSF (point spread func-
tion) is then calculated from the MTF by the two-dimensional inverse Fourier transform. Cemputer
simulations are made to estimate effects of the aliasing which might happen if the sampling interval
(pixel size) is large compared to the spatial resolution of C'T-image., This method is applied to some

CT-scanners which are in clinical use.
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Fig.1 Relations between the centers of pixels
(grid points) and the center of the wire emplo-
yed in the simulation. (a) Case I: the center
of the wire is located at the center of four grid
points. (b) Case II: the center of the wire
coincides with one of the grid points.
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Fig. 2 Simulation results (expected value of FW
HM of PSF equals 1.67). Solid lines are cal-
culation results obtained by the egs. (3) and
(4) in the text. Broken lines are exact results
obtained by the eqs. (6) and (5) in the text.
Upper figures (a) show MTFs and lower figures
(b) show PSFs.
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Fig.3 Simulation results (FWHM=2.34), The
same as Fig, 2.
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Fsg. 4 Simulation results (FWHM=3.34). The
same as Fig. 3. Solid lines and broken lines are
agreed with each other respectively.
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Fig. 5 Simulation results (expected value of FW
HM of PSF equals 2.34). Solid lines are cal-
culation results obtained by the egs.(3) and
(4). Object diameter dequals 0.0, 2.0 and 3.0
as denoted in the figures. Broken lines are exact
results obtained by the eqs. (6) and (5). Upper
figures (a) show MTFs and lower figures (b)
show PSFs. In the figures (b), three curves
obtained for d=:0.0, 2.0, 3.0 are agreed with
one another.
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Fig. 6 True FWHM of PSF v.s. calculated FWHM. (a) object diameter d equals 0.0. (b) d=2.0. (c)
Figure (b) and (c) simulate high density plastic bars.

d=3.0. Figure (a) simulates a thin metal wite.
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Fig.7 A CT-image of the wire phantom.
smaller dots lying in the center and 5 cm apart

from the center are the images of wires. Three
larger disks lying in the outter region are the
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imags of acrylic posts supperting the wires. This
image was taken by a CT-1010.
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Fig. & Correction of bias effect. (a) MMFs of a CT/T (X1) obtained by the scan of the
wire phantom and by calculation with 6 6 pixels. Three curves show MTFs which are
obtained if we assume the CT-number of water PB equals 0.0, —0.5 and —1.0 respect-
ively. (b) The same as figure (a) but we employ 12x 12 pixels for calculation. (¢)Two
MTFs calculated with 66 pixels and with 12312 pixels are agreed for PB=-0.5.
These curves show the proper MTF and PB=—0.5 is the correct value.
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Fig.9 Agreement between the wire and the bar.
Solid lines show the results of the wire and bro-
ken lines show the results of the bar. Thse are
the results of a CT-1010.
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Table 1 Summary of the measurements of the CT-image resolution,

Period of 3 I
Scanner Measireracnt Wire/Bar ‘ a FWHMI1V FWHM2%
CT-1000 1976/10 Bar 1.5mm 2.6mm 2.3mm
CT-H250 1976/10 Bar 1.1 2.2 2.2
ACTAQ200 1977/8 Bar 1.0 3.0 3.0
CT-1010 1978/7 Wire and Bar 1.5 2.6 2.3
CT-5005 1978/12 Wire 0.75 1.5 1.5
CT-T(X1) 1978/7 Wire and Bar 1.3 2.4 2.3
1) Full width at half maximum (FWHM) of calculated PSF.
2) Estimated FWHM of original PSF,
(a) (b)
_CT-1010
1.0 CT-1000
CT-5005 C/T
CT-1000
~~ (T-1010
< _ACTA0200
AN
1 1 i 1 1 ‘&‘"_n b =
0.1 0.2 0.3 0.5 0.5 0.6 LP/M S————
1 2 3 M

Fig. 10 Some results of actual CT-scanners.

In figure (b) showing PSFs, the results

of CT-1000 and CT-1010 are somewhat brodened by the aliasing.
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