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Infrared Image Denoising Algorithm Based on Sub-Band Component
Threshold Estimation
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Abstract Due to the complex sources and serious interferences of the infrared image noise, and the traditional
wavelet threshold methods for estimation have large deviations. An infrared image denoising method based on
threshold estimation of bidimensional empirical mode decomposition (BEMD) sub-band is proposed. The noisy image
is decomposed by BEMD into bidimensional intrinsic mode function (BIMF) subbands, Gaussian mixture model is used
to calculate noise variance of each sub-band. As the noise estimation only considers the noise components, effects of
the feature components are reduced. and then the more accurate threshold is obtained. The adaptive threshold is set
to filter the noise. Experimental results show that the proposed method avoids the disadvantage of the hard threshold
function and the soft threshold function, the image is relatively clear and visual effects are improved. Compared with
traditional denoising methods, its mean square error (MSE) is less than the other methods, and the peak signal to
noise ratio (PSNR) increases by 0.5 dB~3 dB. The new method has a better denoising effect, and the more noise
variance the more advantages can be obtained.
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(f) residue of Fig.(a)

(i) IMF3 of Fig.(b) (j) residue of Fig.(b)
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Table 1 Experimental data comparison of Fig. 2(a) ()
7 /dB

6=0.01 0=0.02 6=0.03 6=0.04 6=0.05
Noised image 20.0111 16.9957 15. 2261 13.9877 13.0172
Donoho ST 30. 5155 28.1763 26. 7370 25.5482 24,7162
Donoho HT 30. 5070 28.1749 26. 7370 25.5393 24.7162
SST 30. 1286 27.6708 26.2077 24,9817 24.0726
WT 30. 5166 28.1763 26. 7370 25.5478 24.7162
AFT 30.5263 28.1668 26. 7374 25.5465 24,7117
Mean 30. 5275 26.0023 24,3702 23.1032 22.1444
Median 30. 5291 24.4334 22.7570 21.5095 20. 5127
Proposed method 30. 5975 28.2468 26.8228 25.6278 24,8081

%2 A 2 T EE A (o)

Table 2 Experimental data comparison of Fig. 2(a) (w)

w
0=0.01 0=0.02 §=0.03 0=0.04 0=0.05
Donoho ST 0. 8881 1.5219 2.1198 2.7873 3.3758
Donoho HT 0. 8898 1.5223 2.1198 2.7930 3.3758
SST 0.9708 1.7097 2.3946 3.1757 3.9150
WwT 0. 8878 1.5219 2.1198 2.7876 3.3758
AFT 0. 8859 1.5252 2.1196 2.7884 3.3794
Mean 1. 1530 2,5361 3.7351 4.9853 6.1536
Median 1.9131 3.6135 5.3153 7.1353 8.9351
Proposed method 0. 8715 1.4973 2.0783 2.7367 3.3052
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Table 3 Experimental data comparison of Fig. 2(b) ()

7 /dB

0=0.01 0=0.02 0=0.03 6=0.04 6=0.05
Noised image 20. 0043 16. 9889 15. 2041 13.9795 13.0227
Donoho ST 26.4814 25.1020 24.1378 23.4106 22.8247
Donoho HT 27.2824 25.5508 24.3981 23.6015 22.9383
SST 27.8933 25.9331 24.5813 23.6899 22.9642
WT 27.1076 25.4351 24.3264 23.5113 22.8839
AFT 28.2892 26.4727 25.1908 24.2393 23.4967
Mean 27.2434 25.1331 23.7042 22.6467 21.7910
Median 26.3128 23. 8449 22.2861 21.1720 20.3095
Proposed method 28.8689 27.2595 26.1069 25.2127 24.5078
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Table 4 Experimental data comparison of Fig. 2(b) (w)

9}
6=0.01 6=0.02 0=0.03 6=0.04 6=0.05
Donoho ST 2.2483 3. 0889 3. 8567 4.5598 5.2183
Donoho HT 1. 8697 2.7856 3.6324 4, 3636 5.0836
SST 1. 6243 2.5509 3.4824 4.2758 5.0534
WT 1. 9464 2. 8608 3.6929 4.4553 5.1476
AFT 1. 4828 2.2528 3.0264 3. 7677 4.4702
Mean 1.9135 3.5153 4. 3635 5.4633 6.6535
Median 2.3356 4.1365 5.9565 7.6853 9. 3356
Proposed method 1. 2975 1. 8795 2.4508 3.0111 3.5418
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Fig. 6 Experimental data comparison of
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Table 5 Experimental data comparison of Fig. 2(¢)

n /dB w
Donoho ST 20. 3361 9. 2552
Donoho HT 20. 3395 9. 2481
SST 20. 6002 8.7093
wWT 20. 3383 9.2504
AFT 20. 3630 9.1892
Mean 20. 4028 9.0093
Median 20. 3618 9.2006
Proposed method 20. 4563 8.6833
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Fig.7 Experimental data comparison of
Fig. 2(b) (w)
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