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INTRODUCTION

CT image reconstruction from incomplete data, such as sparse views and limited angle reconstruction,
1s an important and challenging problem in medical imaging. This work proposes a new deep convo-
lutional neural network (CNN), called JSR-Net, that jointly reconstructs CT image and the associated
Radon domain projection. JSR-Net combines the traditional model-based approach with deep architec-
ture design of deep learning. A hybrid loss function is adopted to improve the performance of JSR-Net.

HIGHLIGHTS

1. A new end-to-end deep model for CT image reconstruction.
2. Uniform model for sparse-view CT and limited-angle CT.
3. Intuitive interpretation of the deep neural network(DNN) by unrolling dynamics.

4. A new hybrid loss function—contains structure similarity and semantic segmentation loss.
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Figure 1: From handcrafted modeling to deep modeling.
MATERIALS AND METHODS
JSR model
The Joint Spatial-Radon domain 1image reconstruction(JSR) model [2] 1s
min 7w, f.Y )+ [ A - Wiu||12 4 [| A2 - Waf|l1 2, (1)

u, f
where the data fidelity term 1s defined by

Flu £ V)= IRl = V) + S| Be(Pu— ) + L Bee(Pu— Y

Ry restriction operator with respect to missing data region I'
I'c complement of I
P Radon transform
Y measured projection data
W, i1 = 1,2 wavelet frame transform
f repaired projection data
Uu desired CT 1mage

Solution of the JSR model 1s obtained by ADMM algorithm as the following:
Algorithm for JSR model
1: Initialization: b = bg =0
2: While stop criterion 1s not met do
3: update u:
u"t = A P Reff + B+ W (d — b))
dlf+1 _ 7-)\1/M<Wluk+1 4+ b]f)
it = b + (Wbt — dfth
where A= P"(aRr +yRr)P + 1 and B =~P RpY
4: update f:
fit=Ct [aRpPul ™ + D + s W, (df — b))
dy™ = Ty (W' + bY)
b/2€+1 _ bIZg 4+ <W2fk+1 _ d/§+1)
where C = aRyp + Rye + 1o and D = RyY.
5: end while
6: Output: u*

JSR-Net

Based on the Algorithm for JSR model, JSR-Net is designed as the following:
Architecture of JSR-Net

1: Initialization: by, by, u, f, W1, Wo, N(+)
2: For k=0:N
3: block wu:
'Ufk—H — Nu( [PTRkav b, WlT(dlf B b]f)} ; @5)
di ! = Ny, (Wiuh 4 b eh )
byt = b + (Wiuk ! — it
where B =~P'RpY
4: block f:
FRL = N {RFPUkH»D» W, (d5 — b]éc)} . 0})
dy ' = Ny, (Waf 4 bh: 0] )
b = b+ (Wo k! — dit)
where D = Rr.Y.

5: end for
6: Output: u*

NETWORK TRAINING

Loss function

Structure-Semantic-¢5 (SS2) hybrid loss function is defined as

Lgso=01Lssrv + Lyrse + 03Lsem, (2)

Losim = D (1 — SSIM(wrec, Wepyin))
Lyisg = Ls+0LR
Lo =), u?“ec_utrutth
Lr = [[RpP(urec — Utruth)H2
Lsem = ) ||sem(trec) — sem(utmth)ﬂz

EXPERIMENTS

Sparse view CT image reconstruction
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Figure 1. Sarse view CT age reconstruction. (a)Groun truth; (b)FBP; (c)PD-Net [1], £o; (d)PD-
Net, SS2; (e)JSR model; (f) JSR-Net, /o; (g)JSR-Net, SS2; (h)Error map of PD-Net, SS2; (i)Error map
of JSR-Net, SS2.

Limited angle CT image reconstruction
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Figur. Lited angle CT 1mage reconstruction. (aGround truth; (b)FBP; (c)PD-Net [1], £o; (d)PD-
Net, SS2; (e)JSR model; (f) JSR-Net, /o; (g)JSR-Net, SS2; (h)Error map of PD-Net, SS2; (i)Error map
of JSR-Net, SS2.

Quantitative results

Qual. Meas.
Tasks Models ~gs1M [ PSNR NRMSE| MSE
FBP 0.6173 1 17.25| 1.078 | 0.0189
PD-Net, /5 | 0.8709 | 28.54 | 0.1453 1 0.0014
PD-Net, SS2 | 0.8844 | 30.68 | 0.1134 | 0.0009
JSR model | 0.8088 | 26.64 | 0.1866 | 0.0022
JSR-Net,/o | 0.8271 | 27.68 | 0.1604 | 0.0017
(JSR-Net,SS2 1 0.9081 3159 0.1022 0.0007
FBP 0.4826 15.91 1.5143 0.0257
PD-Net, /o | 0.8778  26.43 | 0.1852 | 0.0023
Limited angle CT| PD-Net, SS2 | 0.88 | 27.44 0.1648 0.0018
JSR model | 0.8317 | 25.38 0.2174 | 0.0029
JSR-Net,/o 1 0.7337 23.72| 0.253 | 0.0042

Sparse view CT

Future work

1. Designing new loss function that 1s more effective 1n preserving tiny structures.
2. Designing new network architecture.

3. Extending JSR-Net to interior/exterior CT.

4. Extending JSR-Net to 3D Cone beam CT imaging.
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