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OCT image speckle sparse noise reduction based
on dictionary algorithm

Wang Fan, Chen Minghui®, Gao Naijun, Zhang Chenxi, Zheng Gang

Institute of Biomedical Optics and Optometry, Shanghai Institute for Minimally Invasive Therapy, University of Shanghai for
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Abstract: As a new non-invasive and high-resolution scanning method, optical coherence tomography (OCT) has
been widely used in clinical practice, but OCT images have serious speckle noise, which greatly affects the diagno-
sis of diseases. Two original dictionary noise reduction algorithms have been improved for multiplicative speckle
noise in OCT. The algorithm first performs logarithmic transformation on OCT images, uses orthogonal matching
pursuit algorithm for sparse coding, and K singular value decomposition learning algorithm to update adaptive dic-
tionary. Finally, it returns to the space domain through weighted average and exponential transformation. The expe-
rimental results show that the improved two dictionary algorithms can effectively reduce the speckle noise in OCT
images and obtain good visual effects. The noise reduction effect is evaluated by four factors: mean squared error
(MSE), peak signal-to-noise ratio (PSNR), structural similarity (SSIM) and edge-preserving index (EPI). Compared
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with the two original dictionary noise reduction algorithms and the traditional filtering algorithms, the noise reduction

effect of the two improved dictionary algorithms is better than that of other algorithms, and the improved adaptive

dictionary algorithm performs better.
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Fig. 3 Speckle reduction results of seven algorithms. (a) Original OCT image; (b) Original fixed dictionary algorithm; (c)
Original adaptive dictionary algorithm; (d) Median filtering; (e) Lee filtering; (f) Wiener filtering; (g) Improved fixed dic-
tionary algorithm; (h) Improved adaptive dictionary algorithm
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Table 1 Performance comparison of seven algorithms

MSE PSNR/dB SSIM EPI
OFD 85.0727 28.8329 0.5037 0.4345
OAD 70.4629 29.6512 0.5137 0.4387
97.0321 28.2617 0.6643 0.3464
Lee 101.0175 28.0868 0.7591 0.5692
72.5142 29.5266 0.6896 0.3438
IFD 69.5172 29.7099 0.8057 0.6842
IAD 46.8668 31.4222 0.7988 0.6569
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Fig. 4 Speckle reduction results of two improved dictionary algorithms. (a~c) Randomly selected three OCT slices;

(d~f) Noise reduction results by improved fixed dictionary algorithms; (g~i) Noise reduction results by improved adaptive
dictionary algorithms
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Table 2 Speckle reduction result values of two improved dictionary algorithms

MSE PSNR/dB SSIM EPI
IFD 47.2845 31.3836 0.8388 0.5962
o IAD 42.1495 31.8829 0.8540 0.6051
IFD 53.8202 30.8213 0.8299 0.5852
“ IAD 45.1312 31.5860 0.8480 0.6150
IFD 46.4219 31.4636 0.8306 0.5882
2 IAD 45.5145 32.0116 0.8468 0.6004
IFD 49.1755 31.2228 0.8331 0.5899
IAD 42.7332 31.8268 0.8496 0.6068
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An example of denoised result by improved adaptive dictionary algorithm

Overview: As a new non-invasive high-resolution scanning method, optical coherence tomography (OCT) has been
widely used in clinical practice. Since the OCT imaging system uses an interference technique, the use of tissue scatter-
ing properties of light will inevitably introduce speckle noise. These speckle noises reduce the signal-to-noise ratio and
contrast of the image, and also destroy the edge features of the image. As a result, it seriously affects people's accurate
acquisition of image information. Therefore, the processing of OCT image speckle noise is very important before mak-
ing a clinical diagnosis. The dictionary algorithm was originally proposed for Gaussian additive noise. This paper im-
proves two original dictionary noise reduction algorithms for multiplicative speckle noise in OCT. The improved algo-
rithm is divided into four steps. The first step is to establish and solve the speckle noise model of the OCT image. Firstly,
the sparse domain model of small-sized image blocks is established and its noise reduction problem is solved. Then, the
ideas in the Markov random field are used to generalize to large-size images. In the second step, logarithmically trans-
forming the OCT image and performing noise estimation; In the third step, overlapping blocks the noisy image, the size
of the image block is 8 pixelsx8 pixels, the dictionary algorithm requires sparse coding and noise reduction for each
block. The orthogonal matching pursuit algorithm (OMP) is used to perform sparse coding of two dictionary algo-
rithms. In the fixed dictionary algorithm, the dictionary selects the discrete cosine transform (DCT) dictionary. In the
adaptive dictionary algorithm, the initial dictionary selects the DCT dictionary and the dictionary training is performed
by itself, and the dictionary update is completed by the K singular value decomposition learning algorithm; In the fourth
step, the overlapping image blocks in the sparse coding stage are weighted averaged and returned to the spatial domain
by exponential transformation. Selecting a randomly OCT slice and reduce noise for it, compared with the two original
dictionary noise reduction algorithms and the traditional filtering algorithms, the improved two dictionary algorithms
preserve most of the image information and edge detail information while suppressing speckle noise. Furthermore,
three random OCT slice images are selected to simulate the improved two dictionary denoising algorithms. The im-
proved adaptive dictionary algorithm has better noise reduction performance through subjective visual effects and four
objective evaluation indicators. The two improved dictionary noise reduction algorithms proposed in this paper can be
flexibly applied to various OCT noisy images and serve for subsequent image processing.

Citation: Wang E, Chen M H, Gao N J, et al. OCT image speckle sparse noise reduction based on dictionary algorithm([J].
Opto-Electronic Engineering, 2019, 46(6): 180572
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