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Synopsis
We investigated the super-resolution reconstruction method for IVIM imaging based on convolution neural networks (CNN).
Three-layers-CNN was constructed and trained �rstly with a series of paired low- and high-resolution images, and then the
super-resolution IVIM images were reconstructed with such network, the reconstruction quality was evaluated �nally in terms
of PSNR, SSIM, di�usivity, perfusion fraction and pseudo-di�usivity respectively. The results show that the CNN-based super
resolution reconstruction for IVIM has a great performance and may enable IVIM to be analyzed with unprecedent resolution.

INTRODUCTION

Intravoxel incoherent motion (IVIM) imaging is currently a promising technique to reveal the micro changes of tissue
pathophysiology by detecting both di�usion and pseudo perfusion information . However, such microscopic parameters
were estimated usually at a relatively macroscopic scale ( voxel size is in millimeters). Increasing the imaging spatial resolution
is fundamental for improving the estimation accuracy but at expense of long acquisition time which will result in the
degradation of image quality caused by the motion of patient . To cope with this issue, a reliable super-resolution (SR) image
reconstruction method for IVIM based on convolu-tional neuro network (CNN) was proposed in this work.

METHODS

The di�usion weighted (DW) images for liver of a healthy volunteer were acquired with the multiple b values (b = 0, 3, 5, 10, 15,
20, 25, 30, 40, 50, 75, 100, 200, 400, 600 and 800 s/mm ) with a 3T Philips MRI system. The in-plane resolution of DW image is
1.56 ×1.56 mm  and the slice thickness is 6 mm. For obtaining the super-resolution DW images, a three layers CNN was
constructed. The original low-resolution (LR) images were �rstly enlarged to the target size by bicubic interpolation and
considered as the initial input of CNN. In the �rst layer, 64 convolution kernels with size of 9×9 was used to extract the image
feature maps. In the second layer, 32 non-negative �lters (the output of the �lter must be positive or zero) with size of 1×1 were
used to form representations of high-resolution (HR) image patches. These patches were weighted averaged in the third layer
using a convolution �lter of size 5×5 to achieve the �nal super-resolution reconstruction result. The parameters of kernels used
in CNN were trained by a series of paired HR images and LR images. The minimum mean square error(MMSE) between the
reconstructed and original HR images were used as the loss function, which was minimized using stochastic gradient descent
optimization method with a learning rate of 10  for the �rst two layers and 10 for the last layer.

After the reconstruction, biexponential intravoxel incoherent motion analysis was performed to extract di�usivity (D), perfusion
fraction (f), and pseudo-di�usivity (D ). The peak signal to noise ratio (PSNR), signal to noise ratio (SNR) and structure similarity
(SSIM) of the reconstructed and original HR images was calculated, and D, f and D  at di�erent scales were compared
quantitatively.

RESULTS

SR image reconstruction was performed for all DW images with di�erent b values. In Fig.1 were only illustrated the
reconstruction results for DW image with b=0. The LR image was generated with a down sampling ratio of 2, as shown in
Fig.1(a), the original and reconstructed HR images were given respectively in Fig.1(b) and Fig.1(c), the SR image which twice the
original image resolution was demonstrated in Fig.1(d). The image quality was obviously improved.

The error between the original and the reconstructed HR images for di�erent b values, expressed by PSNR, SNR, and SSIM was
given in Table.1. We observed that mean PSNR for DW images of all the b values is about 41 dB, the mean SNR of that is higher
than 20dB, and the SIMM is up to 0.98, which are better than most of other works.

The IVIM parameters, including di�usivity, pseudo-di�usivity, and perfusion fraction of the region of interest (ROI), underlined
with yellow boundary in Fig.1, were also calculated using nonlinear least square �tting algorithm, as shown in Fig.2. The
corresponding statistics was given in Fig.3. For visualizing these parameters in the same �gure, the mean ± std of di�usivity and
perfusion fraction were timed by 100.

We observed that the mean ± std of the di�usivity and the perfusion fraction did not change too much with the variation of
spatial resolutions, however, the mean ± std of pseudo-di�usivity decreased a little as the resolution of image increased. The
parameters for the original HR images and that for the reconstructed HR images were almost the same, which validated further
our super resolution reconstruction method.

Discussion
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Discussion

SR technique is of great interest for medical imaging since it overcomes the limit of hardware. To our knowledge, it is the �rst
time to perform SR in IVIM, with the current scanner, it enables us to evaluate the microscopic di�usion and perfusion
information at a high spatial resolution and correspondingly improve the estimation accuracy.

Conclusion

We have proposed a novel SR method for IVIM based on CNN networks, it has been shown that such SR technique performs
very well in the reconstruction of DW images and the di�usion and perfusion parameters.
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Figures

Fig.1 DW images with di�erent spatial resolutions. (a) LR image generated by down-sampling with a ratio of 2, (b) Original DW
image considered as the ground truth of HR image, (c) reconstructed HR image, (d) Reconstructed super-resolution image

 

Table.1 PSNR SNR and SSIM for the sixteen SR image experiments
 

Fig.2 D, D* and f maps of IVIM obtained with di�erent spatial resolutions
 

http://indexsmart.mirasmart.com/ISMRM2018/PDFfiles/images/8959/ISMRM2018-008959_Fig1.PNG
http://indexsmart.mirasmart.com/ISMRM2018/PDFfiles/images/8959/ISMRM2018-008959_Fig2.png
http://indexsmart.mirasmart.com/ISMRM2018/PDFfiles/images/8959/ISMRM2018-008959_Fig3.png


2018/7/29 indexsmart.mirasmart.com/ISMRM2018/PDFfiles/4620.html

http://indexsmart.mirasmart.com/ISMRM2018/PDFfiles/4620.html 3/3

Fig. 3 Mean ± std of IVIM parameters obtained with di�erent spatial resolutions
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