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Fig. 1. Diagram of LREC-net architecture. Conv denotes convolution; ReLU is the rectified linear unit, which is used to promote

the generalization ability of the model and reduce the computational cost of the network®; BN is the batch normalization, which

can be used for accelerating network trainingl”.
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Table 1. Down-sampling constitutions and the training parameter quantity of three networks.

JEH LREC-net U-net Resnet50
1 Res_ block2, stride = 2 3x3 Conv 7x7 Conv, stride = 2
Res_blockl, stride = 1 3x3 Conv
2x2 Maxpool
2 Res_ block2, stride = 2 3x3 Conv 3x3 Maxpool
Res_blockl, stride = 1 3x3 Conv Res_ block2, stride = 1
2x2 Maxpool Res_ blockl, stride = 1
Res_ blockl, stride = 1
3 Res_ block2, stride = 2 3x3 Conv Res_ block2, stride = 2
Res_blockl, stride = 1 3x3 Conv Res_ blockl, stride = 1
2x2 Maxpool Res_ blockl, stride = 1
Res_ blockl, stride = 1
4 Res_ block2, stride = 2 3x3 Conv Res_ block2, stride = 2
Res_blockl, stride = 1 3x3 Conv Res_ blockl, stride = 1
2x2 Maxpool Res_ blockl, stride = 1
Res_ blockl, stride = 1
Res_blockl, stride =1
Res_ blockl, stride = 1
5 Res_ block2, stride = 2 3x3 Conv Res_ block2, stride = 2
Res_ blockl, stride = 1 3x3 Conv Res_ blockl, stride = 1
Res_blockl, stride =1
YIGSHE 3, 529, 040 18, 842, 048 23, 581, 440
LTy BT 10 0 16

(b)

pi(s,0) e pa(s,0)

B2 R CT G EEIE (o) K15 HAr U0 A R £ B2 0 802 S (b) 8o BRI IESZ L (o) iR Yl i g
Fig. 2. Principle of the back-projection CT imaging approach: (a) Collection of the projections of a sliced objective-field at different
angles; (b) sinogram of the projections; (c) reconstruction of the sliced objective-field.
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Fig. 3. Comparison of SNRs of the tomographic images of simulated particles for determining the network input dataset.
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Fig. 4. Diagram of analysis process of particle-field image

reconstruction.
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Fig. 5. Randomly-generated three groups of particle-field simulation slice images (numbered by (D-®) as the original samples (the
first row in every group), the LREC-net input images (the second row in every group) obtained with the DBP tomographic recon-

struction, and the ultimate LREC-net output images (the third row in every group), the sample projection numbers for tomograph-

ic image reconstruction of every group are 5, 10 and 15, respectively. Every original sample contains randomly 0-40 particles with
different sizes of 1-9 pixels.
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Fig. 6. Three-dimensional particle-fields reconstructed with LREC-net, U-net and Resnet50, where every three-dimensional distribu-
tion contains 6 slice images, the slice image thickness and their space are 4 pixels and 100 pixels, respectively, the sample projec-

tion numbers for tomographic image reconstruction of every group are 5, 10 and 15, respectively.

(a) —A— U-net 20 (b) —a— U-net
8 —— Resnet50 —— Resnet50
—o— LREC-net —o— LREC-net
15

6 -
X X
o o
3 4r o 10
a9 O

2F 5t

0F ok

a2 24

[l 7 PLP (a) Al GPP (b) 4 3 i % F LREC-net, U-net fil Resnet50 [ JZ A7 &l 45 T 2 o i FH (AR AR B B0 28 1k, T 28T
P15 i e (R R A S 4003 A 5, 10, 15, 30 FlT 60

Fig. 7. PLP (a) and GPP (b) variations with the numbers of sample projections used in the tomographic reconstruction based on
the LREC-net, U-net and Resnet50, respectively. Sample projection numbers for tomographic image reconstruction of every group
are 5, 10, 15, 30 and 60, respectively.
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Fig. 8. Training time of LREC-net, U-net and Resnet50,

where the network input dataset consists of the DBP recon-

struction images obtained with different numbers (5—90) of

sample projections.
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Fig. 10. Experimental three-dimensional reconstruction of particle-field sample: (a)-(c) Three-dimensional reconstructed images of

the particle-field sample with LREC-net, U-net and Resnet50, respectively; (d), (h) side-views of particle-field sample recorded at 0°
and 90°, respectively; (e)—(g), (i)—(k) side-views of panels (a)—(c) observed at the same angles as panels (d) and (h) (i. e. the 0° and

90°), respectively.
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Abstract

The realization of fast and high-quality three-dimensional particle-field image characterization is always
highly desired in the areas, such as experimental fluid mechanics and biomedicine, for the micro-particle
distribution status in a flow-field can characterize the field properties well. In the particle-field image
reconstruction and characterization, a wildly used approach at present is the computed tomography. The great
advantage of the computed tomography for particle-field image reconstruction lies in the fact that the full
particle spatial distribution can be obtained and presented due to multi-angle sampling.

Recently, with the development and application of deep learning technique in computed tomography, the
image quality has been greatly improved by the powerful learning ability of a deep learning network. In
addition, the deep learning application also makes it possible to speed up the computed tomographic imaging
process from sparse-sampling due to the ability of the network to strongly extract image feature. However,
sparse-sampling will lead to insufficient acquirement of the object information during sampling for the computed
tomography. Therefore, a sort of artifact noise will emerge and be accompanied with the reconstructed images,
and thus severely affecting the image quality. As there is no universal network approach that can be applied to
all types of objects in the suppression of artifact noise, it is still a challenge in removing the sparse-sampling-
induced artifact noise in the computed tomography now.

Therefore, we propose and develop a specific lightweight residual and enhanced convergence neural network
(LREC-net) approach for suppressing the artifact noise in the particle-field computed tomography. In this
method, the network input dataset is also optimized in signal-to-noise ratio (SNR) in order to reduce the input
noise and ensure the effective particle image feature extraction of the network in the imaging process.

In the design of LREC-net architecture, a five-layer lightweight and dual-residual down-sampling is
constructed on the basis of typical U-net and Resnet50, making the LREC-net more suitable for the particle-
field image reconstruction. Moreover, a fast feature convergence module for rapid particle-field feature
acquirement is added to up-sampling process of the network to further promote the network processing
efficiency. Apart from the design of LREC-net network itself, the optimization of network input dataset in SNR
of images is achieved by finding a fit image reconstruction algorithm that can produce higher-SNR particle
images in the computed tomography. This achievement reduces the input noise as much as possible and ensures
effective particle-field feature extraction by the network.

The simulation analysis and experimental test demonstrate the effectiveness of the proposed LREC-net
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method, which involves the evaluations of SNR changes of the input-output images through the network, the
proportion of residual artifact noise as ghost-particles (GPP) in the reconstructed images, and the valid-particle
loss proportion (PLP). In contrast to the performances of U-net and Resnet50 under the same imaging
conditions, all the data in SNR, GPP and PLP show the great improvement of the image quality due to the
application of LREC-net method. Meanwhile, the designed LREC-net method also enhances the network
running efficiency to a large extent due to the remarkable reduction of training time. Therefore, this work
provides a new and effective approach for developing sparse-sampling-based fast and high-quality particle-field

computed tomography.
Keywords: particle field imaging, computed tomography, deep learning, noise suppression
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