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Sparse-View Cone-Beam X-Ray Luminescence Computed Tomography
Imaging for Optimized Regional Prior Knowledge
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Abstract Cone-beam X-ray luminescence computed tomography (CB-XLCT) imaging is a new medical imaging
technique that can effectively detect early tumors in vitro. Sparse-view CB-XLCT imaging brings this technology a
step closer to real-time imaging of CB-XLCT technique. Nevertheless, it suffers from a much more severe ill-
conditioned inverse problem compared with traditional multi-view imaging, which poses a challenge to the extension
of the traditional approach. A sparse non-convex L, (0<Zp<C1) model was employed to formulate an iteratively
reweighted splitting augmented lagrangian shrinkage algorithm. The classic non-convex operator was then
combined with the algorithm to design a robust and steady method of extracting permissible regions so that it could
guide the accurate reconstruction of the target as optimized prior knowledge. Digital rat and physical phantom

experiments were designed and combined respectively with the classic representative algorithms of the L ;-norm and
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L,-norm to evaluate the efficiency and robustness of the proposed method. The experimental results demonstrate

that our proposed method can effectively solve the inverse problem of sparse-view CB-XLLCT imaging and possesses

expandability.

Key words medical optics; permissible region; knowledge prior; cone-beam X-ray luminescence computed

tomography imaging; inverse problem
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algorithm 1: optimized prior knowledge (OPK) algorithm

input: systemmatrix 4 and measurement J . Set outside iteration numbers k=1 and &, =6 set inside iteration

numbers ! = 0 ; set initial weight vector o= (1,~+,1)" ; set initial p=1/8

while k<k,,,

while not converged (7=0,1,2) ,

compute ‘pt o ’ =argmin {%”AP —J"
P

2
275

p 2
P—vr— tHz 3

compute |vM| €argmin {y c(v)+ %”pm -v—d, Hi} ;

compute d,, =d, —(v,,, ~p.) 5

update ¢ according Eq. (7);

update weight o =(c4e])/ (] +¢) " ;

t=t+1 R
end while
recover p*;

compute PR with non-zero values of nodes according to p;

p=p+1/8;
k=k+1;
end while
compute R,; =Ry N Rygy O ...

N Rmu“ N

output: the final R,

F 1 BT XA ARG 5 /A CB-XLCT AU A A

Fig. 1 Sparse-view CB-XLCT imaging algorithm framework based on optimized region knowledge prior
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Fig. 2 Digital rat trunk model and forward simulation results. (a) Digital rat trunk model; (b) sparse 4-angle forward

simulation result; (c) full 24-angle forward simulation result
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Fig. 3 Reconstruction results with sparse 4-view projection. (a) Proposed method+SB-L,; (b) proposed method+GPSR-
L,; (c¢) proposed method+CoSaMP-L, ; (d) proposed method+OMP-L,; (e) SB-L,;(f) GPSR-L,; (g) CoSaMP-
Ly; (h) OMP-L,
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Fig. 4 Reconstruction results with full 24-view projection. (a) Proposed method+SB-L,; (b) proposed method+ GPSR-
L,; (c) proposed method+CoSaMP-L, ; (d) proposed method+OMP-L,; (e) SB-L,; (f) GPSR-L,; (g) CoSaMP-
L,; (h) OMP-L,
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Table 1 Quantitative reconstruction results obtained by Table 2 Quantitative reconstruction results obtained by full
sparse 4-view projection 24-view projection
Method LE /mm PNZ /% Method LE /mm PNZ /%

Proposed method+SB-L, 0. 641 0.47 Proposed method+SB-L, 0. 486 0. 26

Proposed method+GPSR-L, 0.744 0.51 Proposed method+GPSR-L, 0.749 0.29

Proposed method+CoSaMP-L,, 0.792 0.52 Proposed method+CoSaMP-L,, 0.771 0.43

Proposed method+OMP-L,, 0. 870 0. 61 Proposed method+OMP-L,, 0.794 0.51

SB-L, 1. 522 2.33 SB-L, 1. 897 1.77

GPSR-L, 2.103 2.29 GPSR-L, 1. 937 1.77

CoSaMP-L, 2.713 2.34 CoSaMP-L, 2.007 2.25

OMP-L, 2. 827 2.25 OMP-L, 2. 586 2.12
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Fig. 5 Reconstruction results of robust test. (a) Test results for different depth levels;

(b) test results for different noise levels
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Table 3 Reconstruction quantitative results of real simulant

experiments

Algorithm LE /mm PNZ /%
Proposed method+SB 0.92 0.76
SB 2. 67 3. 36
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Fig. 6 Surface light signal distribution and sparse 4-view reconstruction results obtained by real simulant experiments.

(a) Surface light signal distribution obtained by real simulant experiments; (b) reconstruction results of xy plane

and CT slice superposition; (c¢) reconstruction results of xz plane and CT slice superposition; (d) reconstruction

results of yz plane and CT slice superposition
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