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INTRODUCTION CONTRIBUTIONS

* A sizeable focal spot within an X-Ray source in computed Training stage * (1) To the best of our knowledge, the proposed method is the first
tomography (CT) will greatly affects the spatial and temporal - - - 5 unsupervised method to estimate the blurring effect caused by a large focal
resolution of the CT imaging system. * - ’ - ' * ' Bx (B *X—FBP(y,)) spot of X-Ray source for CT.

With the development of convolutional neural networks Simulating

blurrier

(CNNs), recent works have been proposed to deblur the Hnegeam
blurred CT images with CNNs.

(2) Instead of integrating more statistical prior, the proposed method
transfers the CT reconstruction task into image deburring task and
combines convex optimization with a convolutional neural network to
adaptively reconstruct high-resolution CT images under a nonideal X-Ray
source.

These CNN approaches require amounts paired training dataset
which is not available in clinical practice for network training.
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(3) Experimental results on realistic datasets demonstrate the effectiveness
of the proposed unsupervised reconstruction method for conventional CT
without an  ideal focal spot of the X-Ray  source.

Bx(BxX—FBP(yy))

AIM

With other conditions fixed, the smaller focal spot size of X-Ray,

CONCLUSIONS

The experimental results demonstrate that the proposed method can improve
the CT image resolution with only simulated sinogram derived from the

the higher spatial resolution of computed tomography (CT) image, i
however, the smaller the X-Ray output per unit time of the X-Ray !
source, the higher the cost and the lower the temporal resolution.
Therefore, how to use a low-cost X-Ray source to obtain high sinogram to be reconstructed as the training data in an unsupervised fashion.
spatial resolution CT image which is used to be available only
from a high-cost CT with a high-quality X-Ray source.
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Testing stage

Fig. 1. Schematic diagram of our proposed unsupervised network. In the training stage marked by the red rectangle, given a blurred sinogram y , we will use a

simulated strategy to simulate blurrier sinogram y,,, and then y;, is employed as the input and the CT image FBP-reconstructed from the blurred sinogram vy is treated

as the ground truth. When the network is well-trained, in the testing stage marked by the green rectangle, we will feed the blurred sinogram y to reconstruct the high- REFERENCES
resolution CT image.

. Hemberg, Oscar, M. Otendal, and H. M. Hertz. "Liquid-metal-jet anode electron-
impact x-ray source." Applied Physics Letters 83.7 (2003): 1483-1485,
Grimes, Joshua, et al. "The influence of focal spot blooming on high - contrast spatial

ME THOD RE SULT S ‘ resolution in CT imaging." Medical Physics 42.10 (2015): 6011-6020.

. . . . . . Pan, Xiaochuan, Lifeng Yu, and Chien-Min Kao. "Spatial-resolution enhancement in
* Weintroduced the mathematical idea for image deblurring and *  On the Catphan’" phantom, the proposed method can tell more line pairs marked by the white arrow. And the proposed method can improve the MTF,, by 7.5% and MTF, y,, by 3.5%. computed tomography.” IEEE transactions on medical imaging 24.2 (2005): 246-253.

employed regularization by denoising (RED) as the . KachelrieB, Marc, et al. "Flying focal spot (FFS) in cone-beam CT." IEEE transactions
regularization for the inverse problem of image deblurring, and on nuclear science 53.3 (2006): 1238-1247,

then utilized a 5-layer convolutional neural network as the . LeCun, Yann, Yoshua Bengio, and Geoflrey Hinton. "Deep learning." nature 521.7553
denoiser of choice. _ T (2015): 436-444,

We transferred the inverse problem into a neural network and i I g ¢ - - FBP . Friedman, Saul N, et al. "A simple approach to measure computed tomography (CT)
designed a cascaded convolutional neural network with five Lo L R : Proposed modulation transfer function (MTF) and noise - power spectrum (NPS) using the
repeating subnetwork structures, all the relative parameters in e N ; Bl 3 American College of Radiology (ACR) accreditation phantom." Medical physics 40.5
each subnetwork were shared to minimize the number of & ¥ R J - : (2013): 051907,

parameters of the entire network to facilitate network training. = = : < :

After collecting the sinogram y to be reconstructed, CT image
X was reconstructed firstly. To train the well-designed neural
network in an unsupervised fashion, a simulated sinogram 1y,
from CT image X with a random focal spot size was fed as G FRe - . ‘
input and X was treated as the ground truth in each training M e TS ' . K4 : .

iteration. ' y / / . 0.4 0.6 0.8 1.2 1.4

Spatial Frequency (mm'l)



http://www.tcpdf.org

