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Type testing of CTs using the model observer approach

A suggestion for an automated analysis

CCRI Webinar: Approaches to assess image quality in x-ray diagnostics

05.11.2024, Online



Federal Office for
Radiation Protection

Table of contents

1. Introduction to model observers
a. Observer studies
b. Channel mechanism
2. Method ,dose efficiency”
a. Overview
b. Automatic image processing
c. Phantom, protocol and figure of merit
3. Results
a. International comparison
b. Reproducibility
c. Measurement campaign

4. Summary and outlook



Federal Office for
Radiation Protection

Page 3

Image reconstruction algorithms
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Willemink, M. J., et al. European radiology (2019)
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Image reconstruction algorithms
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Introduction to model observers
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Detection of low-contrast objects using model observers

Image of the phantom
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Probability density
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Historic development

Addition of a channel mechanism to the ideal-observer model
- Kyle J. Myers and Harrison H. Barrett

“Given that these narrow frequency channels are
present in the human visual system, they can be added
to an ideal observer model to determine their effect on
the detection ability of the ideal observer.”
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Determined line spread functions that were
fitted by the difference of two Gaussians
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Luminance patterns used: thin line with two half
contrast flanking lines, cosine bar

Hines, M., et al. Vision Res. (1976)
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Difference of Gaussians

Difference of Gaussians channels model the human visual
system’s spatial frequency selectivity.
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Abbey, C., et al. ] Opt Soc Am A Opt Image Sci Vis (2001)
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Channelization
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Schematic representation of the channelization mechanism
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Method ,,dose efficiency”



— Federal Office for
— Radiation Protection

Page 11

Eruﬂ < e MODEL IDENTIFIER

XYZ i / (oo¥
= O 5

XYZkg X:YZ XYL

)

aBcoer ABco

Aim: Establishment of a type testing

- DICOM

]

LLL

(rr

i

Icons by lcons8; https://www.dekra.at/de/umweltplakette-deutschland-b2c/; https://ec.europa.eu/commission/presscorner/detail/deck09/MEMO_19 1596
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Automatic image processing
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OpenCV

L& scikit-image
. }( Image processing in _5)3-'”10!‘!

https://scikit-image.org/; https://opencv.org/
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Phantom, protocol and calculation of the figure of merit
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CCT189

Parameter setting

Protocol Abdomen (adult)
Scan mode Axial

Tube voltage [kV] 120

CTDI, [mGy] 2,6,12

Slice thickness [mm] 5

Reconstructed field of view [mm] 250

* Assessment made averaging at three
different dose levels and weigthing over all

four contrast inserts
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Results
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Ba et al.: Inter-laboratory comparison of CHO

(o]
o
o

e}
w
w0

@@ e e,

~
T

~

~

(=]
[=)]

e
e
=
1~
oIk
-
-
1
e

Detectability Index

w
n

w

w

...................... L L

7 4161012119132 5 3 8 714126132105119 8 3 7 6 4121013112 5 1 8 9
Participant Number
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Correction based on measured contrasts of one protocol with three specimen
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Results with correction.
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Conclusion Outlook
e Further steps towards realisation
* Build a web application

: * Include in a guideline

The presented methodology can be used to determine
the dose efficiency of CT systems (based on low-contrast resolution).

Icons by Icons8
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Dose-efficiency quantification of computed tomography
systems using a model-observer
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The presented methodology can be used to determine
the dose efficiency of CT systems (based on low-contrast resolution).



