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Gamma-Ray Noise Removal Based on Video Time Series Correlation
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Abstract We proposed an approach to remove the noise in the y radiation scene image based on the video time-series
correlation considering the challenges of patch noise in the scene images generated using the complementary metal-oxide-
semiconductor (CMOS) image sensor in a y radiation environment. First, according to the foreground patch noise’s background-
related and transient characteristics in the y radiation scene video, which are both included in the time series correlation
characteristics, the frame difference and statistical analysis approaches are employed to generate the bright and dark patch
noise’s location distribution in the y radiation scene image from the video sequence image’s residual. Then, through the frame
number judgment model designed by the cumulative radiation dose borne using the CMOS image sensor, the adjacent frame
images required to effectively repair the current frame image are generated. The effective pixel value is set in the adjacent frame
with the same position as the current frame image patch noise and is not affected by radiation interference using the adaptive
threshold mechanism and location distribution of bright and dark patch noise and transient characteristics of the patch noise, and
the effective pixel value’s mean value is employed to recover the noise pixels. Finally, the Laplacian sharpening filter is used for
image postprocessing to enhance the image quality. Experimental results demonstrate that the proposed approach has a higher
peak signal-to-noise ratio, structured similarity indexing method value, and subjective perception satisfaction than numerous
denoising approaches, which indicates that the approach has higher denoising efficiency and rich detail preservation.
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Fig. 1 Noise example in y nuclear radiation scene. (a) Noise map; (b) bright patch noise; (¢) dark patch noise
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Fig. 2 Variation of image quality in y radiation scene with increase of irradiation time. (a) Variation of PSNR; (b) variation of SSIM
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Fig. 3 Detection results of bright patch noise in different y radiation scene images. (a) Noise map in scene 1; (b) detection results of

bright patch noise in [Fig.3(a)]; (¢) binarization of [Fig.3(b)]; (d) noise map in scene 2; (e) detection results of bright patch noise in
[Fig.3(d)]; (f) binarization of [Fig.3(e)]
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Fig. 4 Detection results of dark patch noise in different y radiation scene images. (a) Scene 1 pixel flip; (b) detection results of dark patch

noise in [Fig.4(a)]; (c) binarization of [Fig.4(b)]; (d) scene 2 pixel flip; (e) detection results of dark patch noise in [Fig.4(d)];
(f) binarization of [Fig.4(e)]
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Fig.5 Time series correlation method for transient noise removal
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Fig.6 Denoising effect of different number of near frame images with different irradiation time. (a) PNSR value after denoising;
(b) SSIM value after denoising
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Fig. 8 Quality of noiseless image changes with average number of frames increase. (a) Variation of PSNR value;
(b) variation of SSIM value
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Fig. 9 Comparison of denoising results in 200 Gy/h y radiation scene images. (a) Noise map; (b) median; (¢) wavelet; (d) anisotropy;

(e) PDE; (f) BM3D; (g) NLM; (h) guide; (i) TV; (j) proposed algorithm
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Fig. 10 Comparison of denoising results in 20 Gy/h y radiation scene images. (a) Noise map; (b) median; (¢) wavelet; (d) anisotropy;

(e) PDE; (f) BM3D; (g) NLM; (h) guide; (i) TV; (j) proposed algorithm
T2 iR EMR FWR A R a AR

Table 2 Quantitative comparison of denoising results

Dose / . . . . Proposed
(Gy-h") Index Noise  Median ~ Wavelet  Anisotropy  PDE BM3D NLM  Guide TV algorithm
200 PSNR /dB  16.72 20.89 19.68 16. 80 21.78 16. 95 16.93 21.95 18.86 32.66

SSIM 0.28 0.47 0. 36 0.32 0.44 0.31 0.31 0.47 0. 36 0. 88
PSNR /dB  23.48 24.22 23.85 23.22 26.25 23.52  23.65 26.20 25.50 33.43
SSIM 0.65 0.67 0.65 0.71 0.79 0.65 0.68 0.79 0.76 0.94
3 ORIE T Yy i I 7 5t G 2 MR 45 A X L
Table 3 Quantitative comparison of denoising results in different size images
Image size Index Noise Median Wavelet Anisotropy  PDE BM3D  NLM Guide TV I)rOp?Sed
algorithm
=00 500 PSNR /dB  16.90 20.90  20.05 16. 80 19.16 16. 95 16.90  21.96  24.16 32.73
SSIM 0.30  0.47 0.41 0.32 0.41 0.31 0.31 0. 50 0.67 0. 87
600 600 PSNR /dB  16.87 20.73  19.95 16.83 19.15 16.92 16.88  21.86  23.54 32.68
SSIM 0.31  0.47 0.40 0.32 0.41 0.31 0.31 0.50 0. 64 0. 88
200 700 PSNR /dB 16.83 20.64 19.74 16. 84 19.02 16. 88 16.84  21.67  23.00 32.68
SSIM 0.31  0.47 0.39 0.33 0.41 0.31 0.31 0. 50 0.64 0. 88
400 800 PSNR /dB  16.91 20.77  19.81 16. 94 19.13 16. 96 16.91 21.77  22.75 1
SSIM 0.31  0.48 0. 40 0.34 0.42 0.32 0.32 0.50 0.64 0. 88
500 900 PSNR /dB  16.98 20.89  19.91 17.06 19.21 17.03 16.99 21.85  22.71 32.62
SSIM 0.32  0.48 0.40 0.34 0.42 0.323 0.33 0.50 0.65 0. 87
10005 1000 PSNR /dB 16.94 20.87  19.90 17.06 19.17 16.99 16.95  21.85  22.86 32.65
SSIM 0.31  0.47 0.39 0.33 0.41 0.31 0.32 0. 50 0.66 0. 87
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