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Abstract
Purpose: We used an improved algorithm to automatically measure the slice sensitivity pro�le (SSP) and
its full-width at half maximum (FWHM) from all three stair objects within an image of the AAPM CT
performance phantom.

Methods: The phantom was scanned with a Philips Ingenuity 128-slice CT scanner using slice
thicknesses of 1 mm and 5 mm. The three stair objects were named top #1, middle #2, and bottom #3.
The software was able to measure the SSP and its FWHM form object #1, #2, #3, and all objects. The
SSPs and FWHMs from each stair object were compared with manual measurements. 

Results: The FWHM values for a slice thickness of 1 mm were 1.3 ± 0.1 mm for all the stair objects. The
FWHM values for a slice thickness of 5 mm were 5.2 ± 0.1 mm, 5.1 ± 0.3 mm, 5.2 ± 0.1 mm for the top,
bottom, and middle stair objects, respectively. The results of manual measurements had the same trend
as those of the automated measurements.

Conclusion: The improved algorithm for measuring SSP and its FWHM from any stair object within the
AAPM performance phantom was successfully developed. The SSPs and their FWHM values measured
from every stair object were similar (p > 0.05).

Introduction
The slice sensitivity pro�le (SSP) of a computed tomography (CT) scanner represents the spatial
resolution in the Z-direction [1], and its full width at half maximum (FWHM) corresponds to the effective
slice thickness of the image [2–4]. The slice thickness of CT scanners has improved from 5 to 10 mm [5]
down to sub millimeter thicknesses [6–8]. By reducing the slice thickness, a better image resolution can
be obtained.

Slice thickness is monitored as part of a regular quality control (QC) program. The purpose of QC is to
regularly maintain a consistent image quality over the lifetime of the diagnostic radiology equipment and
to ensure safe and accurate operation of the imaging process as a whole [9]. Importantly, it permits the
identi�cation of image quality degradation before it affects the interpretation of an image. QC is
conducted to locate the source of any possible equipment malfunction and subsequently to conduct
immediate maintenance requirements [9, 10].

Measurements of the full width of half maximum (FWHM) of the SSP have been conducted using several
commercial phantoms, including the Catphan, ASMR, and AAPM CT phantoms [11–14], while several
studies developed speci�c phantoms for their own systems [15–18]. Measurement of the FWHM of SSP
using the AAPM CT performance phantom is focused on the stair objects, and a previous study reported
that the discrepancy from the nominal slice thickness is about 19 % [19].
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Determination of the FWHM of the SSP is usually conducted utilizing manual measurement. An
automated measurement of SSP on the AAPM CT performance phantom has been developed [20] and
provides a more objective and accurate result. However, it only used the middle stair object at a single
slice thickness of 5 mm [20]. The results showed that the automated method could provide accurate
measurement results even if the phantom was arbitrary rotated [20]. In fact, there are three stair objects
within the AAPM CT performance phantom. Measurement of all of them should give a more accurate and
consistent result compared to measuring only the middle object. Hence, in this study, we develop an
automated FWHM measurement of SSP of all stair objects (top, middle, and bottom). We compared the
results of the measurements for each stair object and used two different slice thicknesses, i.e. 1.0 and 5.0
mm.

Methods
The CT scanner was a Philips Ingenuity 128-slice CT scanner installed at the radiology installation of
Diponegoro National Hospital (RSND), Semarang. The phantom used was a AAPM CT performance
phantom (model 610, CIRS, Virginia, US) which comprises three pieces of aluminum, each with a size of
0.635 × 25.4 mm. Three aluminum objects were positioned at an angle of 450 from axis rotation, to
produce stair objects within an axial image. The width of the stair objects depends on the nominal slice
thickness. The phantom was �lled with water. The three angled aluminum plates are as shown in Fig. 1
(a). The phantom was scanned by a CT scanner at two slice thicknesses (1 mm and 5 mm) with the
acquisition parameters tabulated in Table 1. Figure 1 (b) and Fig. 1 (c) show the resulting images for both
slice thickness values.

Table 1
Acquisition parameters used in the scanning

process.
Acquisition parameter Unit Quantity

Tube potential kV 120

Tube current mA 200

Mode - Helical

Pitch - 0.984

Field of view (FOV) mm 260

Rotation time S 1

Reconstruction �lter (FBP) - Lung

Slice thickness mm 1 and 5

All images obtained from the scanning process were saved in DICOM format. Image processing to obtain
the FWHM of SSP or slice thickness was carried out using both automated and manual measurements.
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Manual measurement was used to validate the accuracy of the results from automated measurements.

Automated measurement
The algorithm for automated SSP measurement of the three stair objects was an improvement of a
previous algorithm [20] which only used one middle stair object. The algorithm was implemented using
the MATLAB R2015b. The three stair objects were named top #1, middle #2, and bottom #3. Figure 2
shows the processes of automated SSP measurement for one speci�c slice thickness.

There were several steps to determine the SSP and its full-width at half maximum (FWHM). The image
was binarized using an appropriate threshold value (Fig. 2b). The middle object was used to determine
the angle of the phantom using the Hough Transform in one dimension [21] (Fig. 2c). The angle was
determined as the angle for the minimum value of the resulting curve. Based on this angle, every stair
object was cropped and rotated. The pro�les across the stair objects were obtained and corresponding
FWHMs were automatically determined (Fig. 2d). The GUI to determine the SSP and its FWHM is shown
in Fig. 3. The user can choose any of the stairs individually, or the average of all three.

Manual measurement
The manual measurements were performed for comparison with automated measurement, using the
IndoseCT software [22]. The manual measurement was done for all three objects at both slice
thicknesses. The image was zoomed in, and a line for measuring the width of the stair objects was
constructed. The starting and end points of the line were manually and subjectively determined.

The results of manual and automated FWHM measurements from one stair object (top, middle, or
bottom) and mean value of all stair objects were compared. Signi�cant difference was tested using the
Mann-Whitney U test. A p-value less than 0.05 was considered to indicate a statistically signi�cant
difference.

Results
Figure 4. The SSPs and their FWHM values for a slice thickness of 1 mm of (a) the top stair object #1; (b)
the middle stair object #2; (c) the bottom stair object #3, and (d) all the stair objects (mean value).
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Table 2
The automated and manual measurements of FWHM results of the top, middle, bottom stair objects, as

well as the mean values of three stair objects. Measurements were carried out for three different slice
locations.

Slice
thickness
(mm)

Object Automated measurement Manual measurement

FWHM
(mm)

Mean ± SD of
FWHM (mm)

p-
value*

FWHM
(mm)

Mean ± SD of
FWHM (mm)

p-
value*

1 mm top #1 1.3 1.3 ± 0.0 1.0 1.8 1.9 ± 0.1 0.7

1.3 1.9

1.4 1.9

middle
#2

1.3 1.3 ± 0.1 1.0 1.9 1.8 ± 0.1 1.0

1.3 1.7

1.4 1.8

bottom
#3

1.3 1.3 ± 0.0 0.3 1.6 1.6 ± 0.1 0.3

1.3 1.7

1.2 1.5

mean
value

1.4 1.3 ± 0.0 - 1.9 1.8 ± 0.2 -

1.4 1.6

1.3 1.8

5 mm top #1 5.1 5.2 ± 0.1 1.0 5.1 5.2 ± 0.3 0.6

5.3 5.6

5.2 5.0

middle
#2

5.3 5.2 ± 0.1 1.0 5.1 5.2 ± 0.2 0.4

5.3 5.0

5.1 5.4

bottom
#3

5.2 5.1 ± 0.3 1.0 5.5 5.5 ± 0.2 0.3

5.4 5.4

4.8 5.7

mean
value

5.3 5.2 ± 0.2 - 5.2 5.3 ± 0.2 -

5.2 5.5

*) between one object and mean value of all objects
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5.1 5.2

*) between one object and mean value of all objects

Discussion
This study developed an improved automated method for SSP measurement using all stair objects within
the image of the AAPM CT performance phantom. Previously, the algorithm used only the middle stair
object [20]. Since there are three stair objects within the AAPM CT performance phantom and the image
may not homogeneous, investigation of SSPs and their FWHM values for every stair object is important.
In addition, measurement of mean of all objects should give a consistent result compared to measuring
only one middle object.

As expected, we found that the SSPs and their FWHM values measured from every stair object are similar
(p > 0.05). The FWHMs for all measurements were 1.3 mm and 5.2 mm for nominal slice thicknesses 1.0
mm and 5.0 mm, respectively. The �nding of the automated results was con�rmed by the manual method
(Table 2).

Although, the measurements were only carried out on two different slice thickness, the results may be
applicable for any nominal slice thickness. Our software is speci�cally for images of the AAPM CT
performance phantom and is not applicable to other phantoms.

According to the International Society of Radiographers & Radiological Technologists (ISRRT), the criteria
for acceptance is that the measured slice thickness should not exceed 0.5 mm for nominal slice
thicknesses < 5 mm, and should not exceed 1 mm for nominal slice thicknesses above 5 mm [10]. In this
particular the discrepancies were below 0.5 mm.

It was found that reducing the slice thickness reduced the accuracy of SSP. Compared to the manual
method, the automated measurement provided more accurate and consistent measurement results for all
the stair objects.

Conclusions
The improved algorithm for measuring SSP and its FWHM from any stair object within the AAPM
performance phantom was successfully developed. We found that the SSPs and their FWHM values
measured from every stair object were similar (p > 0.05). The FWHMs for all measurement were 1.3 mm
and 5.2 mm for nominal slice thicknesses 1.0 mm and 5.0 mm, respectively. The automated
measurement method provided more accurate results compared to the manual measurement.
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Figure 2

Automated measurement process (a) the original image of the object; (b) after image segmentation (c)
the resulting graph after Hough transformation to determine the angle of the phantom; (d) average SSP
of FWHM in units of pixel and mm.


