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Aims

 Increase convergence speed of the AIR! algorithm.

 Demonstrate that conventional image quality metrics
can be applied to the AIR images.

lHofmann, Sawall, Knaup, and KachelrieB, “Alpha Image Reconstruction (AIR): A New Iterative CT Image Reconstruction dkf
Approach Using Voxel-Wise Alpha Blending”, Med. Phys. 41(6), p. 061914 (14 pages), 2014 zz




AIR’

« AIR = lterative algorithm that combines multiple,
voxel-wise weighted basis images into one
new image f,g

a, = weighting images

B
fAIR:Zabofb

f, = basis images
b=l
ao f=Hadamard product
Contains weighting
coefficients for every
voxel

B = number of basis images

« ldea: each basis image has different characteristics
such as low noise or high spatial resolution — all
characteristics combined in one new image.

lHofmann, Sawall, Knaup, and KachelrieB, “Alpha Image Reconstruction (AIR): A New Iterative CT Image Reconstruction dkf
Approach Using Voxel-Wise Alpha Blending”, Med. Phys. 41(6), p. 061914 (14 pages), 2014 13




AIR

« Basic application: combination of a sharp and smooth FBP.

Sharp Basis Image

Smooth Basis Image
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Known basis images. Weighting images to be
computed.




AIR

 AIR minimizes a cost function:

Rawdata Fidelity Regularization
B B

B
Cla) = |[X (Zabofb) —plliy + B> TV(ew)+7 ) llow — dyl3
b=1
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convex TV regularization, Penalizes deviations
convex from default images d,,
strictly convex.

- Gradient descent approach:
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* B,v=0.01




Improved AIR

- Improved AIR separates optimization into two steps:

Rawdata Fidelity Regularization

Cla) = [|X (Zaboj’b) —plliy + B> TV(ew) +7)> llow — dbll3
b=1

One iteration = 1. Step: Optimization of rawdata 2. Step: Optimization of regularization
fidelity with OS-SART terms with gradient descent
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SART image (X9 A RT Regularized image (X Reg
\

|

Linear Combination: o = (1 — T)agART + TQRey

* 3,v = 0.01 (different weighting between the penalty terms
is possible)




Improved AIR

« Improved AIR algorithm uses a method similar to the improved
total variation (iTV') method.

A new condition is introduced with which a new 1 is determined
automatically in each iteration.

— Condition for the rawdata fidelity after each iteration:

fon _ pHg — (1 i w)EEART T wen_lv S [07 1]
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Rawdata fidelity of the SART rawdata Rawdata fidelity:

image from current iteration fidelity from image from
current iteration previous iteration

with B
= Z ((1— T)Oéb,SART + Tab,Reg) o fy
b=1

IRitschl, Bergner, Fleischmann and KachelrieB, “Improved total variation-based CT image reconstruction applied to clinical dkf
data”, Phys. Med. Biol. 56(6), pp. 1554-1561, 2011 z7




Improved AIR

« Linear combination of the SART and the regularized
image:
o = (1 — T)aSART + TQtReg T € [07 1]

_ 2
71,2 — A=+ \/A + B fsart/freg= AIR CT images

n = " n calculated using only
_ XfSART(XfSART B XfReg B p) + X-fRegp Osart/ UReg

A= n n 2
(XfSART _ foeg)
B =w(e"™" — €arr)

- Parameter w chosen manually/globally.

— Sets rawdata fidelity value for each iteration
— Controls the strength of the regularization

« w=0.2 was choosen.




Performance

« High quality images can be acquired after a couple
1000 iterations of the gradient descent imple-
mentation and after 200-300 iterations of the
improved algorithm.

AIR with Gradient Descent
improved AIR

AIR
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Computation Time /s
Convergence plots of the rawdata fidelity




AIR Applied to Clinical Data

FBP(B10f-Kernel) FBP(B50f-Kernel)
o=111 HU
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C/W = 0/500 HU C/W = 0/500 HU




AIR Applied to Clinical Data

FBP (B50f)
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AIR Applied to Clinical Data




AIR Applied to Clinical Data

Smooth FBP FBP(B50f-Kernel)
(Filtered with a Gaussian filter)

o=6 HU

C/W = 0/500 HU C/W = 0.5/1 C/W = 0/500 HU

Noise levels in soft tissue (yellow circle): FBP(B50f): 6=79 HU, smooth FBP: 6=6 HU




AIR Applied to Clinical Data

FBP (B50f)
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Noise levels in soft tissue (yellow circle): FBP(B50f): 6=79 HU, smooth FBP: 6=6 HU
AlIR: 6=43 HU
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Modulation Transfer Function

If an MTF or another image quality metric is defined
for the basis images it can be estimated for every
voxel of the AIR image.

MTF of a B50f/B10f-Kernel was measured at a
Definition Flash Scanner.

B

MTF(j,p) = 3 of MIFy(p) —r—

n
a,/ = voxel j of weighting image b
B = number of basis images
MTF, = MTF of the basis image b v (8.14 Ip/cm)

Modulation Transfer Functions for the Basis Images




Modulation Transfer Function

 The MTF is computed for each voxel.

* The “10%-value™ of the MTF p,, for each voxel is

displayed as a map.
MTF /(Ip/cm)
— 7.42

— 7.25
— 7.09
— 6.92
— 6.75
— 6.58

— 6.42

C/W = 0/500 HU




Conclusion

« Optimized AIR algorithm improves performance by a
factor of about 5-10.

* Noise can be significantly reduced while spatial
resolution at edges is mostly maintained.

* Predictions for image quality metrics based on the
basis images are possible.




Thank You!

(C:U:L | The 4t International Conference on
Image Formation in X-Ray Computed Tomography

July 18 — July 22, 2016, Bamberg, Germany
www.ct-meeting.org

Marc KachelrieB, German Cancer Research Center (DKFZ), Heidelberg, Germany

This presentation will soon be available at www.dkfz.de/ct.

Parts of the reconstruction software RayConStruct IR were provided by
RayConStruct® GmbH, Niirnberg, Germany.




