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Motivation

« When using a photon counting (PC) detector, energy
thresholds allow for spectral separation of data.

« Combined images can be constructed out of energy
bin images e.g. via linear combinations, a-blending:

fa(r) = afini(r) + (1 — @) fBin2(T)

a, < 0: Low level of artifacts, low contrast-to-noise ratio (CNR)
0 < a, < 1: High level of artifacts, high CNR

Bin 1 (25-90) keV Bin 2 (90-140) keV Artifact-reduced CNR-maximized
a, =-0.21

C=0HU
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To obtain a high CNR image with least artifacts.
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Method

. Proposed method: guided bilateral filter
fare () o< Y far (0) Bi(| far (P) = fau (r)]) Ra(|faz(P) = far ()]) D(lp — 7))
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* The filter kernels R;, R,, and D are chosen to be of
truncated Gaussian shape with filter parameters o,,,
g,.,, and oy.

Artifact-reduced CNR-maximized
a,=-0.21 a,=0.81




CounT CT System at the DKFZ

Gantry from a clinical dual i - SIEMENS
source scanner :

« Ultra-high-resolution (UHR)
mode with two energy
thresholds (25 and 90 keV)

« Head scan of a human corpse
with dental implants (140 kV,
150 mAs)

« Torso scan of a pig cadaver
with manually inserted hip
total endoprostheses (TEPS)
(140 kV, 225 mASs)

A: conventional CT detector
(500 mm FOV)

B: Photon counting detector
(275 mm FOV)
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Experimental CT system, not commercially available. dkfz.



Results: Reduced Artifacts with Improved CNR

A) Artifact-reduced B) CNR-maximized Bilateral filtered A) Proposed method
o, =-0.21 a,=0.81 (self-guided) on A) (guide: B))

o, =25HU o, =200 HU
o, =4 px o,=10HU
o4 =4 px

C =0 HU, W = 300 HU dkfz.



Results: Conservation of Spatial Resolution

A) Artifact-reduced B) CNR-maximized Bilateral filtered A) Proposed method
a, =-0.21 a,=0.81 (self-guided) on A) (guide: B))

o, =25HU o, =200 HU
o, =4 px o,=10HU
o4 =4 px

C =0 HU, W = 300 HU dkfz.



Results: Comparison of Image Noise

A) Artifact-reduced B) CNR-maximized Bilateral filtered A) Proposed method
a, =-0.21 a,=0.81 (self-guided) on A) (guide: B))

o, =25HU o, =200 HU
o, =4 px o,=10HU
o4 =4 px

C =0 HU, W = 300 HU dkfz.



Results: Self-Guided Filter at Same Noise Level

A) Artifact-reduced B) CNR-maximized Bilateral filtered A) Proposed method
a, =-0.21 a,=0.81 (self-guided) on A) (guide: B))

o, =75HU o, =200 HU
o, =4 px o,=10HU
o4 =4 px

C =0 HU, W = 300 HU dkfz.



Results: Increasing Artifact and Noise
Levels in the Pig Measurement

A) Artifact-reduced B) CNR-maximized Bilateral filtered A) Proposed method
o, =-0.20 a,=0.81 (self-guided) on A) (guide: B))

axial

coronal

Not shown due to time ’
restriction.

sagittal

o, =65HU o, =200 HU
o, =4 px o,=25HU
o4 =4 px

C =0 HU, W = 300 HU dkfz.



Conclusions

A guided bilateral filter is a useful tool to combine
the possible benefits of spectral data (high CNR, low
amount of artifacts).

* Image noise could be reduced by a factor of 5 while a
low level of metal artifacts and a high spectral
resolution is maintained.

 This improvement of image noise can be traded for a
reduction of patient dose.

e The method of is not limited to PC CT but can be

used whenever aligned spectral data is available (e.g.
dual energy CT).
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