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Non-local geometric nonlinear diffusion filter for denoising of positron emission tomography images
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Abstract: Objective To assess a novel non-local geometric nonlinear diffusion filter for denoising positron emission tomography
(PET) images. Methods The geometric nonlinear diffusion coefficients of PET images were firstly calculated. And then, the non-
local weighted average of the calculated coefficients was taken. Finally, the diffusion coefficients after the non-local geometric
weighted averaging were applied for the geometric nonlinear diffusion filtering (GNLDF). Results Compared with GNLDF, non-
local mean filtering and PURE-LET filtering, the non-local GNLDF improved the peak signal-to-noise ratio and structural
similarity of PET images, and enhanced the image visual effect. Conclusion The non-local GNLDF is an efficient method for
denoising PET image.
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b: Edge pixel model

a: Noise pixel model
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Fig.1 Pixel classifying model

A typical noise pixel (a) and a typical edge pixel (b) in the horizontal
direction are showed in Fig.1. s is the interest pixel. E and W are

respectively east-side and west-side pixels.
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Fig.2 Original images, corresponding noisy images and filtering results of some algorithms

GNLDF: Geometric nonlinear diffusion filtering; NLM: Non-local mean filtering
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Fig.3 Local displays of images
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Tab.1 Evaluation index comparison
Slice Noisy image GNLDF NLM PURE-LET(1) PURE-LET(2) Proposed
PSNR/dB 35.776 1 44.244 0 45.904 9 45.940 1 46.270 2 47.496 8
RMSE 0.016 26 0.006 13 0.005 07 0.005 05 0.004 86 0.004 22
Slice=10
SSIM 0.837 2 0.9813 0.9917 0.9858 0.986 8 0.9919
IEF - 7.027 41 10.301 1 10.384 8 11.204 9 14.862 0
PSNR/dB 34.0737 41.328 5 43.050 9 43.602 1 442331 45.248 7
RMSE 0.019 78 0.008 58 0.007 04 0.006 61 0.006 14 0.005 46
Slice=20
SSIM 0.8377 09751 0.9890 0.9815 0.984 4 0.9901
IEF - 5.314 80 7.901 8 9.204 6 10.3739 13.107 1
PSNR/dB 29.899 5 37.8456 38.758 2 39.953 6 40.276 0 41.4810
RMSE 0.031 99 0.012 82 0.01154 0.010 05 0.009 69 0.008 43
Slice=30
SSIM 0.7498 0.959 4 0.9816 0.968 2 0.9709 0.983 3
IEF - 6.23172 7.6890 10.125 4 10.9055 14.392 8
PSNR/dB 29.766 7 37.544 2 38.574 5 39.647 7 39.947 6 41.2425
RMSE 0.032 48 0.013 27 0.011 78 0.010 41 0.010 06 0.008 67
Slice=40
SSIM 0.7701 0.962 5 0.985 3 0.972 4 0.973 8 0.9857
IEF - 5.994 43 7.599 3 9.729 7 10.4253 14.046 9
PSNR/dB 29.339 3 371291 38.356 9 39.265 6 39.688 1 40.8959
RMSE 0.3412 0.013 92 0.012 08 0.010 88 0.010 37 0.009 02
Slice=44
SSIM 0.776 5 0.963 6 0.985 8 09701 0.973 6 0.985 4
IEF - 6.011 40 7.9755 9.8317 10.836 2 14.310 4

‘--’ means there is no data. PSNR: Peak signal noise ratio; RMSE: Root mean square error; SSIM: Structural similarity;

IEF: Image enhancement factor
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