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TwlIST-TV regularization based image deblurring method

Wang Sha, Chen Yueting, Feng Huajun, Xu Zhihai, Li Qi
(State Key Lab of Modern Optical Instrumentation, Zhejiang University, Hangzhou 310027, China)

Abstract: The deblurred images obtained by traditional frequency-wavelet domain based image restoration
algorithms always result in prominent boundary ringing and smoothing artifacts. And the more effective
space domain based alternating restoration algorithms usually work slowly. To overcome these problems,
an algorithm named TwIST -TV which combines the two -step iterative shrinkage/thresholding (TwIST)
and total variation (TV) regularization were proposed. This method first introduced the TV regularization
constraint on the objective function, and then applied the TV -denoising method to regularize the mid -
restored image in each iteration before whose wavelet coefficients were processed by the TwIST method,
and eventually obtained the deblurred image. Experimental results show that, in contrast to the frequency-
wavelet domain based image restoration algorithms, TwIST -TV can effectively suppress the boundary
ringing and smoothing artifacts. The restored images can achieve 1-7 dB higher values of the signal-to-
noise ratio (SNR), the peak signal-to-noise ratio (PSNR) and 0.05 higher value of the mean structural
similarity (MSSIM) index. Proposed method has more than 6 times the speed advantage comparied with
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the methods which need alternating optimization in the space domain while maintain the accuracy of the

solution.

Key words: image restoration; deblurring;
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Fig.3 Comparison of deblurring results of different

methods when BSNR=40 dB
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Tab.1 Comparison of deblurring results of
different methods under condition
of low noise (BSNR=40 dB)

Restoration algorithm SNR/dB  PSNR/dB MSSIM Time/s

Method of ref.[4] 33.3552 38.9750 0.9680 110.95

Method of ref.[6] 26.3282 31.9846 0.8801 3.23

Method of ref.[10] 31.5676 37.2579 0.9447 7.88

Proposed method 33.3948 39.0851 0.9588 16.11
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Tab.2 Comparison of deblurring results of
different methods under condition
of relative high noise (BSNR=40dB)

Restoration algorithm SNR/dB  PSNR/dB MSSIM Time/s
Method of ref.[4] 23.5770 29.3106 0.8580 23.12
Method of ref.[6] 22.8072 28.3896 0.8261 1.07
Method of ref.[10] 21.6217 27.2381 0.7853 1.05
Proposed method 23.4852 29.1016 0.8602 1.65
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Fig.5 Comparison of deblurring results of different methods

for real world image
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Tab.3 Comparison of deblurring results of different

methods for real world blurred image

Restoration algorithm GMG Time/s
Method of ref.[4] 10.985 3 81.94
Method of ref.[6] 10.174 3 3.37
Method of ref.[10] 10.301 4 4.84
Proposed method 10.896 3 9.78
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