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Materials and methodsI

ProcedureII

Knowledge of valid spatial resolution is

essential for quantitative analysis using

X-ray computed tomography. Due to the

spatial resolution, it is possible to

determine with what detectability the

imaging system can measure an internal

structure. Based on the spatial resolution

knowledge, the smallest object size that can

be distinguished in resulting images can be

determined. Each component in the imaging

system affects the value of spatial

resolution, and the final value is defined as

a product of all comprised components. In

this paper, spatial resolution according to

standard ASTM E1695 – 95 was

calculated. This standard uses edge

response function (ERF), point spread

function (PSF) to modulation transfer

function (MTF) approach for the calculation

of spatial resolution in each plane.

For the calculation was used a sphere

phantom, which is convenient for the study

of spatial resolution in all three orthogonal

planes. Final 3D spatial resolution was

evaluated as a mean of particular spatial

resolutions in individual orthogonal cutting

planes.
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Table 1: Acquisition parameters for both: circular and Space-Filling measurement

The phantom was scanned on Heliscan MK1, the product of Thermo Fisher Scientific. Two scans of the phantom

were executed. One measurement of the phantom with Space filling trajectory [2], [3] and one measurement of

the phantom with circular trajectory. Both measurements were performed with the same parameters.

Designed phantom Phantom measurement in Space filling trajectory

Acquisition

Data processing

Table 5: Results of the spatial resolution in 10 % of MTF

3D resolution

The main focus of this paper is in the method for achieving the 3D spatial resolution. The method is following the ASTM E1695 – 95 [1].

According to this standard, spatial resolution calculation is based on the quantitative measurement of the Modulation Transfer Function

(MTF). MTF relates on the spatial frequency of sample features and the corresponding loss of contrast in the image. In this study, 3D

spatial resolution is considered as a particular spatial resolution in individual orthogonal cutting planes. Thanks to this approach, we can

observe and compare the dependence of the sample placement in the system to the spatial resolution.

ConclusionIII

The phantom consisting of carbon stick and the ceramic ball was designed based on ASTM E1695 – 95. CT measurements of the

phantom with Space Filling and circular trajectory were performed. From every dataset, three slices corresponding to individual three

cutting planes were chosen. Corresponding MTFs and appropriate spatial resolutions were calculated based on these three slices. All

calculations were done in Python programming environment. The value of 3D spatial resolution was computed as an average of spatial

resolutions in all three planes for the corresponding dataset. The resulting spatial resolution of the scan with circular and helical

trajectory are 4.701 μm ± 0.235 and 4.039 μm ± 0.202, respectively.
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Parameter: Circular Space-Filling

Voxel size 2.3 μm 2.3 μm

Voltage 100 kV 100 kV

Current 160 ͘μA 160 μA

Exposure time 0.6 s 0.6 s

Projections 2880 2880

Filter 0.22 mm stainless steel 0.22 mm stainless steel

Reconstruction Filtered back projection Iterative reconstruction

X

Y

Z

Fig. 1: Space filling trajectory scheme. Red line –

Helical scan, Dark dotes – Space-Filling scan

Benefits of Space-Filling trajectory

• High cone-angle imaging

• Entire detector area is fully utilized

• Half the overscan required in comparison with Double-Helix scan

• More uniform sampling of the sample – reduction of artifacts 

Measurement: Circular Space-Filling

XY plane 2.536 μm 2.090 μm

XZ plane 6.110 μm 5.531 μm

YZ plane 5.456 μm 4.498 μm

3D 4.701 μm 4.039 μm

The circular trajectory has advantages in the scanning of the samples with

similar sizes in all directions. The helical trajectory is convenient in the case

of scanning long sample exceeding the detector size. There is no need of

stitching individual scans which can cause grey value inhomogeneity within

one material, and the scanning time is shortened. Another significant

advantage is the quality of the top sample surface which can be used for

correlation with other imaging techniques.

Calculation steps:

Fig. 3: Extracted pixels in the dependence

to center of mass

Fig. 4: Edge Response Function segregated

into bins (blue line) and smoothed (red line)

Fig. 5: Normalized Point Spread Function

In general, the main difference in the results is between the parallel and perpendicular planes

with the X-rays. This fact can be explained that the cone beam can cause a nonlinear

magnitude of the sample in different cross-sections. Also, the reconstruction algorithm is using

the AutoFocus function, which affects the sharpness of the images [3].

The better spatial resolution of Space-Filling trajectory is provided due to cone beam artifacts

reduction and more uniform sampling of the data. The final 3D spatial resolution of the system

for the scan with circular and helical trajectory are 4.701 μm ± 0.235 and 4.039 μm ± 0.202,

respectively. The spatial resolution results are in the magnitude of the voxel size. The

uncertainty is 5% according to the standard [3].

Results

Fig. 6: Resulting Modulation Transfer

Function of Circular (red line) and Space-

Filling (blue line) trajectory

Fig. 7: Designed ball phantom

Ball phantom was designed for determination of spatial resolution. The material type comply mentioned ASTM

standard suitable for this study. The ceramic ball is manufactured with high precision and minimal surface

roughness (Grade 25). The phantom consist of a ball glued to a carbon bar. Despite [1] indicate that the rod

should be used, the ball phantom is more promising when the 3D resolution should be achieved. The rod enables

the analysis only in the parallel cross section to the beam. The ball phantom was chosen for the reason that the

orthogonal cross sections can be easily achieved. For the calculation itself, three slices were chosen in every plane

(transversal, coronal, sagittal) approximately crossing the middle of the ball.

Fig. 8: Acquisition of the ball phantom

Resulting MTF calculated as 

Fourier Transform of PSF

See fig. 6

Phantom material detection by 

Hough transform.

See fig. 2

Extraction of all pixels 

corresponding to the bordered 

area.

See fig. 2, fig. 3

Segregation of individual 

pixels into bins.

See fig. 4

PSF obtained as analytical 

derivative of cubic fit applied 

to smoothed ERF.

See fig. 5

Fig. 2: Measured ball phantom depicted in 

xy plane. Green point – the estimated 

center of mass. The area enclosed by two 

red circles enters the calculation process

Modulation Transfer FunctionEdge Response Function PPPoint Spread FunctionPixel distance to center


