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Abstract

In this paper, an algorithm about random-valued impulse noise detection and removal based on
the hierarchical filter technology is proposed. In order to solve the problem of severe miss detec-
tion of classical adaptive center-weighted median filter in the situation of high noise ratios, we set
the noise judgment thresholds from high values to low values to select noisy pixels hierarchically.
The impulse noise with different reliable degrees is selected through different thresholds and at
the same time the detected pixel values are updated. The interim denoised image is generated in
each denoising layer and the noise detection continues in the next denoising layer. Lastly, we get
all the locations of noisy pixels and the final denoised image is obtained. Extensive experimental
results for different noisy images with different noise ratios show that our proposed algorithm can
obtain the good performance of random-valued impulse noise detection in the situations of not
only low noise ratios but also high noise ratios. The miss and false noise detection ratios are both
low relatively. At the same time, the good denoised images can be obtained. Our algorithm ex-
pands the application range of the classical adaptive center-weighted median filter.
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Table 1. The algorithm of hierarchical adaptive center weighted median filter
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d, =|y* (i, j)-u' (i.J) -

WEIRT =c-MAD+6, +step-(tmax-t) ,
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Table 2. The denoised results recovered from 10% corrupted images
i< 2. 10%i5 B GRS LER PSNRs (MSSIMs)

p = 10%
Method
Lena Barbara House Monarch Baboon Fingerprint
Noisy image  19.3011 (0.3184) 18.8234 (0.4199) 19.3967 (0.3329) 18.8414 (0.4568) 19.0645 (0.5228) 18.9251 (0.6688)
MF 33.8303 (0.9103) 24.9169 (0.7954)  33.0810 (0.8761) 28.8623 (0.9386) 22.8266 (0.6468) 29.0805 (0.9401)
ACWMF 37.5512(0.9732)  26.9300 (0.9186) 36.6726 (0.9681) 30.6611 (0.9699) 23.7564 (0.7258)  32.5637 (0.9779)
DWMF 36.8559 (0.9588)  26.1494 (0.8925) 37.0857 (0.9566) 29.4774 (0.9528) 22.8848 (0.6804) 32.7265 (0.9778)
HACWMF  38.1950 (0.9774) 26.9424 (0.9188) 37.4692 (0.9743) 31.4846 (0.9739)  23.8406 (0.7305)  33.1143 (0.9797)
Table 3. The denoised results recovered from 30% corrupted images
i< 3. 30% 5 RE G M E U R E LER PSNRs (MSSIMs)
p = 30%
Method
Lena Barbara House Monarch Baboon Fingerprint
Noisy image  14.4710 (0.1156)  14.1205 (0.1910)  14.4742 (0.1253)  14.1301 (0.2275) 14.5946 (0.2657)  14.2163 (0.3655)
MF 28.1232 (0.7941) 23.0284 (0.6744) 27.4977 (0.7517) 24.4974 (0.8233) 21.3585 (0.5545) 24.3551 (0.8593)
ACWMF 28.0009 (0.7978)  23.5396 (0.7361)  27.5895 (0.7807) 24.5828 (0.8192) 21.5185 (0.6073) 24.7538 (0.8827)
DWMF 32.5379(0.9241) 24.0494 (0.7844)  31.8547 (0.9169) 25.9910 (0.9090) 21.2732 (0.5384) 26.8416 (0.9118)
HACWMF  32.6111(0.9283) 24.6469 (0.8298) 31.3281(0.9043) 26.9374 (0.9168) 21.9967 (0.6340)  26.9777 (0.9220)
Table 4. The denoised results recovered from 60% corrupted images
i< 4. 60%5 B R MU IRE LER PSNRs (MSSIMs)
p =60%
Method
Lena Barbara House Monarch Baboon Fingerprint
Noisy image  11.4823 (0.0462) 11.0497 (0.0772) 11.4676 (0.0515) 11.0543 (0.0979) 11.6838 (0.1131) 11.1905 (0.1563)
MF 18.9989 (0.3350)  17.1431 (0.2871) 18.8102 (0.3080) 17.2960 (0.3967)  17.7309 (0.2995)  17.4795 (0.5506)
ACWMF 18.2813 (0.2833)  16.6429 (0.2782) 18.1018 (0.2758)  16.7550 (0.3597)  17.1458 (0.3116)  17.0594 (0.5371)
DWMF 26.2927 (0.7438)  21.6882 (0.5989)  25.3499 (0.7233)  21.0555 (0.7137)  19.7285 (0.4076)  20.6056 (0.7156)
HACWMF  26.4936 (0.7819) 21.8537 (0.6006) 25.7494 (0.7758)  21.0574 (0.7313)  19.8061 (0.3775)  19.9103 (0.6394)

Table 5. The comparison of noise detection performance of three algorithms for corrupted Lena with different noise ratio

=5 ZMEENATREIRALLRR “Lena” EIFITRENE R LR AN A4 HELLER

40% 50% 60%
method
Undetected  False-hit  Total error Undetected  False-hit  Total error Undetected  False-hit  Total error
ACWMF 25,802 2076 27,878 39,450 3745 43,195 55,796 5720 61,516
DWMF 17,702 3897 21,599 18,484 6162 24,646 18,969 9849 28,818
HACWMF 10,870 5339 16,209 12,083 8638 20,721 16,358 9153 25,511

O,
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Figure 1. The denoised images of several algorithms about 30% corrupted Lena image. From (a) to (e), the images corres-
pond to 30% corrupted Lena, the denoised image for (a) by median filter, the denoised image for (a) by ACWMF, the de-
noised image for (a) by DWMF, the denoised image for (a) by HACWMF and original Lena image

1. JLFREERT 30%MIIER Lena EIEITIREMER, (2)~@€)DHH: & 0%MEHEMHRRER Lena Bl H1EIE
AR Q)R ERERE . ACWMF EIET () EIRL5RE . DWMF EEX (a) I EMRLERE . HACWMF HiER(a)
RIEIRERE, IBFE Lena B

Figure 2. The denoised images of several algorithms about 60% corrupted Lena image. From (a) to (e), the images corres-
pond to 60% corrupted Lena, the denoised image for (a) by median filter, the denoised image for (a) by ACWMF, the de-
noised image for (a) by DWMF, the denoised image for (a) by HACWMF and original Lena image

2. JLMESEXT 60%HIMRFS Lena B TIRERIZR, (a)-(e)7AIN: & 60%BEHEMEHIRAER) Lena B, IEIE
KA ()M EIRLERE . ACWMF BIAS () EIRLERE . DWMF BSEX (I ERRERE. HACWMF B33 (a)

RUEMIRLERE . 328 Lena &
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Figure 3. The denoised images of several algorithms about 30% corrupted Monarch image. From (a) to (e), the images cor-
respond to 30% corrupted Monarch, the denoised image for (a) by median filter, the denoised image for (a) by ACWMF, the
denoised image for (a) by DWMF, the denoised image for (a) by HACWMF and original Monarch image

3. JLMEERT 30%A9MEA Monarch BIHTIRE IR, (a)~()7FAIA: & 30%FEHL{EHEHEAR) Monarch [,
FREIEIR AR Q) EIRERE . ACWMF BN (R EIRLERE . DWMF BEEX ()R ERRLERE. HACWMF B
EXT ()R RMRERE. 3EHE Monarch &

Figure 4. The denoised images of several algorithms about 60% corrupted Monarch image. From (a) to (e), the images cor-
respond to 60% corrupted Monarch, the denoised image for (a) by median filter, the denoised image for (a) by ACWMF, the
denoised image for (a) by DWMF, the denoised image for (a) by HACWMF and original Monarch image

4. JLMEERT 60%A9MEA Monarch BIHTIRE IR, (a)~()7F3IA: & 30%FEHL{EEHEAR) Monarch [,
BRI BT () B EMRLGERE. ACWMF BEEN ()i £ R4 RE . DWMF BET (a) i ERRLRE . HACWMF B

SEXT ()R EMRLERE]. 3BAE Monarch [
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ESHIRBARIAE: 70 B IE R A OIS E 8 AR TE T AE ARG P LU 330 A v e 7 LR IR 1 DL R 4 g
RS R P I BENUE R e R, RN SRR A R R RCR, AMUTE A T R S AE e
PO T A AR B R L e BRI, By R TIREERE Ve . B IL R RN B . IR
OV HRAE GBI E RN, O K SRR GE F X S AT H AR A P R R R SR GE R L,
AR A LRI Y R0 SR A 4 PR A v 15 MR 25 M v IR R 2 i 2 A1 I S SR HIT o B s A ke 1 T

B O

AT RS2 R E R (4S5 NSFC-61401379). VU114 20 & T8 H (W H 4w
5: 14ZB0107). PHRRH KA LS (Y5 132x7148) % 1.
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