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Statistically-based Wavelet Denoising for Low-dose CT Sinogram
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Abstract The high radiation dosage of computed tomography limits its further applications to mass screening. Clinically,lowdose
protocol has been used in data acquisition for this situation. This will increase the image noise and degrade the image quality,and
thus result in difficulties in diagnosis. To improve the image quality of low-dose CT,a statistically-based wavelet denoising method
in sinogram domain is proposed. The noise properties of low-dose projection data were first analyzed and modeled. It could be
regarded as approximately Gaussian distributed with a nonlinear signal-dependent variance. Then the property of non-stationary
noise in the stationary wavelet domain was analyzed,and the wavelet coefficients were reconstructed with the adaptive filtering
based on minimum mean-squared error combined with Bayesian estimation for an optimal noise treatment. After proposed
sinogram filtering ,the image was reconstructed using the conventional filtered backprojection (FBP) method. Experimental results
have shown that the algorithm is effective in removing noise while maintaining the diagnostic image details.
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Fig. 1  The probability density function of a detector

bin acquired repeatedly at a fixed angle
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Fig. 2 The mean-variance curve of sinogram

data (20mA,120kVp)

2.2 FRUNETHR

R /I AR R A I A8 /N I e Rl 4R
H 1 — NIt AR 5 Ty 3, AT R R IE 8 /NI AR 4 1 R
FR A RUBE A3 285 53 1 R B B R — B, R
F IR AR ARME o R P B /N I A d ) PG GHEA T e
Kb B, R LA 3l 400 ] 1 32 /N D Ak B R R AE 5
(1) Gibbs 4iz 3% B 4 , i 1 W2 /5 1) VAR AR 5 1 18 B2
(19 73 5% 45 AE RO 58 2558

e 8 1E 3 /NI R I A 2 e RS S 3 T
X722 FRa/N A, b H R L 43 5 1E
55 J V200 il RIRGE PRk AR . LL, R IR ER, K
S JRBE I LL AN+ 1 R s A o B
Loy 50 H o AL, (> 1) B9 B b 2 4 45 2R
(lnPE 3 JiR) o B3 i LL,, PR/ I AR 35 1
A 3 R A5 5 s LH,,  HL, M HH 5333 D K
S A B B AR O 1) ) AR T RS S . BT
SRR/ A3 il VAT HEAT R R R B I 0 i
V] 0 0 o A0 2404 LA ) A /N A D e PR R /N AR T

5
L
H;
LL —> L HL;.
—_—
—>| " LH;.,
I
> L |——>LLu
H— {2 F>Ha L—> {2 —>1I.,

B3 2 4EERAE 5 0 Rk o) il

Fig. 3 Stationary wavelet decomposition of a 2D image
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Fig. 4 The spatial distribution of non-stationary noise variance
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Fig. 5 The non-stationary noise simulated
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Fig.6 The probability distribution of a random

pixel in wavelet domain
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Fig. 8 Digital phantom used for simulation
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Fig. 10 Reconstructed images of two physical phantons
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