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Medical image restoration by a dual iterative equidistant mean
filter

LUO Qigiang” , ZHONG Wen
(School of Information and Artificial Intelligence, Nanchang Institute of Science and Technology , Nanchang, Jiangxi
330108, China)

Abstract ; Medical image is often rich in pixels with the same intensity as the impulse noise so that medi-
cal image restoration in the presence of impulse noise is remarkably difficult. To gain a better capability
of impulse noise reduction and structure preservation for medical image than the state-of-the-art filters in
literatures , we propose a dual iterative equidistant mean filter (DIEMF) for medical image restoration. In
the proposed method,an equidistant neighborhood is proposed for noise detection and removal process-
ing;the noise detector discriminates noisy pixel from noise free ones by the averaged absolute difference
between the neighboring non-extreme pixels and central pixel circularly, as well as majority rule; the
noise removal technique uses adaptive and dual iterative method, takes the mean of noise free pixels and
previous restored pixels in equidistant neighborhood as the estimated intensity of central noisy pixel, tak-
ing full advantage of the nearest previous restored pixels. Experimental results shown that the proposed
method outperforms the state-of-the-art methods in noise reduction and structure preservation, especially
for low noise level,it shows remarkable superiority over the state-of-the-art filters.
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Fig. 1 Rectangular neighborhood versus equidistant
neighborhood: (a) Rectangular neighborhood;

(b) Equidistant neighborhood
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Input: f,Output:R

R<ones(size(f))

For each (i,j) in f
If f(i,j)=0 or f(i,j)=255

R(i.j)<0

EndIf

EndFor

For each (i,j) with R(i,;)=0
For x<1 to 8

If EN,™*(i,j) is not null and
sum(abs(EN™"*(7,7)— f(i,7)))<8X

card(EN™ (i, ))
RGi.jH)<1

break
EndIf
EndIf
EndFor
For each (i,j) with R(i,;)=0
If (f(i,j)=0 and sum(n!,n3,n3,n})>T or
(f(i,7) =255 and sum(ni®” ., 25" ,n3” , 0> ) >T
RG.j)<1
EndIf
EndFor
Return R

2.3 DIEMF
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Ao XTRXFPIE GG AN 1G5 FH B B 5 m  C MR &R
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D4 y=1,My=15,
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Input: f,R,Output: g

y< 1. My<-15,g< f
Do (%)

For each (i,j) with R(i,;)=0

For 2<-1 to y (% %)
If card (EN™(i,j))< >0
g(i,j)<-mean (EN™(i,j))
R(G,j)<1
break;
EndIf
EndFor
EndFor
y<—y-+1 Until y>My
For each (i,j) with R(i,;)=0
g(i,j)«mean(lglENl(i,j))
EndFor
Return g
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3 X% W

S SF- 4 o Matlab R2013a FIE & 4 Intel (R)
Core (TM) 19-10900 CPU at 3. 60 GHZ # 8 GB
RAM (358l SCHEER ok H MedPix B 22 [E{R
B ) R S L 2 Ca) B 2(b) L LR R
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Mini Mias Pl #0408 22T 04 36 4 ZL R &, in &l 2
() A 2Cd) fran . HIPr g i) DIEMF LI f5 87 SCHik
B A AR M R UE B AR, BP ARTR™ [ TSFY |
TSQMFM | CMFM? | CDDMF™ 1 ASNLFMS, #
({5 W HE (peak signal noise ratio, PSNR) 45 ¥y A1
I PE+8 %% (structural similarity index, SSIM)M i
o R AT B I 8] 07 AT T 2R AR A

© )
2 E%E{%:(a) MR_head; (b) MR_neck;
(¢) mdb015; (d) mdb019
Fig.2 Medical images: (a) MR_head; (b) MR_neck;
(¢) mdb015; (d) mdb019
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AT Y 8 I 2% F1 DIEME X & A [7) 25 B ik ol g
AR MR _head #FATWRE 45 R 0% 1 PR, =
R A R DO AR AR R . 3R TP 8 % 9, DIEMF 1]
DL SIS G f W 7 0 ) RN 2 B 45 A R RE . TSQMF
1 ASNLEF 1y 2 Mg 45 R4t . 4223 DIEMF , B 3X i
SRS EAEE RSN T A SHE. H1T
& . DIEMF A8 X T 83047 09 8 3 2% 19 08 35, 78
I % B M 7S R 0 B 25 . X B F DIEMF 6 11
Mg P A ) R A R 1) W P AR KA

& 2 BT R L U8 AR R AN [ 2 R K o e e
K4 MR _neck BIPRE 2550 . Bds 45 2R R . DIEMF
T W P 25 % 0 S0 25 O 457 D7 T B 00 T G Al a8 8
#v. TSF F1 TSQMF (¥ B 2, PSNR fl SSIM
(EHIXH 5% . ARTR.CMF f1 CDDMF (% fg 4t F
WA, HLAR ASNLF 76 /3 % B M s i R B [ 4, 3R 15
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£ 1 SNEEEWAEZEERS MR _head £ PSNR F1 SSIM
Tab.1 PSNR and SSIM obtained by each filter on MR_head with different density noises
) PSNR/dB SSIM/ %
Filter 10% 30% 50% 70% 90% 10% 30% 50% 70% 90 %
ARTR 42.87  37.71 33.83  29.59  21.91 99.92  99.65  98.90  96.21 78.27
TSF 27.33  25.97  25.41  25.33 21.53 98.21 97.03  95.71 93.62  76.84
TSQMF 41.79  37.38  33.84  30.57  25.37 99.89 99.62 99.00 97.56  89.66
CMF 42.95 37.85 34.07 29.22 21.17 99.92 99.66  98.93  95.86  75.88
CDDMF 42.90  37.78 33.88 29.65 22.16 99.92 99.65 98.89 96.24  78.67
ASNLF 41.49  37.18 33.72 30.54  25.57 99.87 99.59 98.97 97.52  89.66
DIEMF 45.51 39.62 35.25 31.72 25.95 99.95 99.78 99.32 98.03 89.99
F2 BNRESFVAEZERS MR neck X1 PSNR 71 SSIM
Tab.2 PSNR and SSIM obtained by each filter on MR_neck with different density noises
) PSNR/dB SSIM/ %
Filter 10% 30% 50% 70% 90% 10% 30% 50% 70% 90%
ARTR 34.66  31.76  28.67 23.14 13.77 98.58 97.20 95.23  89.47  61.86
TSF 29.38 26.14  24.37  21.01 12.63  96.96  94.89  92.55 86.47  57.61
TSQMF 29.68  28.58  24.67 18. 39 10.31  95.84  94.55 87.58 69.03 42.16
CMF 34.69  31.83  27.99 20.48 10.54  98.59 97.22 94.82  85.27  50.99
CDDMF 34.74  31.83  28.23 20.78 10.78 98.60 97.30 95.14  87.73  55.32
ASNLF 27.84  27.15  26.23 24.22 18.40 94.72  93.78  92.11 89.12  75.40
DIEMF 37.18 33.90 29.54 25.88 16.85 99.63 99.00 97.44 94.27 80.47
3.2 ILIRBEZREMIERERRD Hb s AR RS AR X ) PSNR AT SSIM B 44

B3 R 4 5 G AE & 70 % bk b e S ) %R
mdb015 F17 80 % ik w75 %) & 4% mdb0o19 |, 43 4
L R B IR A By E MR aE . Aok AR
R s 25 H ) S B0 2 R B PSNR FI SSIM
fH.

M4 R 3, 72T A 1Y uE B 4% b, TSQMEF 3% Bi #

25, BET W BIA . ARTR 768 A 11 5 b =4

db &L

M55 . TSF.CMF #l CDDMF 1 —Ff, BT 35 &
T BE S 2 Ah . TSF ik I 2 K B R 50 £
ASNLF J* A= () G0 W - AR AE SR S50 1A — o
BOWIHOR . DIEME 74k f o 8 M B9 [R5, B 095 5t
15 B0A RORY B AT AT M A FLBRE A HI 5 R 5 1Y L
PRZE R A B AR 47 A 4R 40, fiT M 7 2 DIEMF & &
B ERILT 5 5 s BUR A R . A2 RO B 1Y
PSNR H1 SSIM {EE S T DIEMF 75 B 25 #10 f) A
SUIR G5 AR DA T A LM e

B4 v A S B 7R T B D8 D AR 1 2% IR AL
B H v DIEMF £ 4f, H ik & ASNLF #1 ARTR.,
TSF.CMF H1 CDDMF % 545 2% . i TSQMF (5%
Rt 2. IWALSE R & AR BT, BP0 7 o vy %35
JE Mg 75 R . DIEMF AR K 68 7™ A= AF I8 M 9 ¥k & &1
1% .75 50 ORET 52 b Y S0 B 45 4 15 B A R R R

B OF LR AR AR 2 R Z [ 22 AR . o5

251 5 I R e — B

(a) (b) () (d)

©)

) (2 (h)

3 MAHIEK T DIEMF 334 70 % Rk i
R 7 B9 mdbO15 By PR S E 4K
(a) &MEEI%(5.137,4.014); (b) ARTR(24.94,92.63);
(c¢) TSF(22.31,87.05); (d) TSQMF(17.76,54.42);
(e) CMF(21.96,85.59); (f) CDDMF(22.74,90.57);
(g) ASNLF(23.81,95.48); (h) DIEMF(29.16,97.43)
Fig. 3 Restored images of the state-of-the-art filters
and DIEMF on mdb015 corrupted with 70% impulse noise:
(a) Noisy image(5.137,4.014); (b) ARTR(24.94,92.63);
(c) TSF(22.31,87.05); (d) TSQMF(17.76,54.42);
(e) CMF(21.96,85.59); (f) CDDMF(22.74,90.57);
(g) ASNLF(23.81,95.48); (h) DIEMF(29.16,97.43)
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(c) (d)

(e) (M

(& (h)

4 HDAFIRIKEIFF DIEMF 35 & 80 % Bk i BE 75 B9 mdb019 1k £ B 4 :
(a) & MEE15(5.058,5.161); (b) ARTR(20.88,83.03); (c) TSF(18.30,73.53); (d) TSQMF(14. 48,57.09);
(e) CMF(16.57,71.03); (f) CDDMF(17.03,78.43); (g) ASNLF(21.93,94.39); (h) DIEMF(24. 81,95.68)
Fig.4 Restored images of the state-of-the-art filters and DIEMF on mdb019 corrupted with 80% impulse noise:
(a) Noisy image(5.058,5.161); (b) ARTR(20.88,83.03); (c) TSF(18.30,73.53); (d) TSQMF(14. 48,57.09);
(e) CMF(16.57,71.03); (f) CDDMF(17.03,78.43); (g) ASNLF(21.93,94.39); (h) DIEMF(24. 81,95.68)

R M 75 % AR B i DIEME AR 8K BUAS- AR 41 119
F AR L 3X 1 & DIEME 7 ff fit I 75 46 0 25 i 2 4
FR M 2 R O AR . TR I, G 2 R A JER A
g 5 1A PSNR il SSIM {543 H 4518
— 5,
3.3  HURE Mini Mias Databas =81t Z8¢[g)

W T A U8 I 48 N T 8 HE 48 Mini Mias Data-
bas, ZEIEIEA 322 5K K/NHK 1024 X 1024 1 FLIR
A% BEA 1ok 8 A 0 17 4 B0 A 57 2 b ) 40 6 3 TR .

AT 3R 3 g B, T LAAS DL R LA S8
1) W 25 B A 38 hn s 38 B A IR B AR ) TAE = L 1T
SR ) 23 B MR RS R RE G 3G mT — Bk B m. 2)
TSQMF ,CMF Fl CDDMF #3144 3 B AH 2% 4~ KL T
Hifgbe, k& ARTR 1 TSF. 3) i &% bkt
BEAY BT, T LA & %), ASNLE ELA5 A8 %5 B 4F (1% 25 M
PERE H LA R A M. 4) B4R DIEMF fE it
B DA BE M, 2 DIEMF 93158
35 ARTR F1 TSF,3#8iF ASNLF, FH i, DIEMF

x3 WERIRIKERF DIEMF £ 3E 5 Mini Mias Database #9141+ 8 i 8 (s)

Tab.3 Average computational time of the state-of-the-art filters and DIEMF on Mini Mias Database(s)

Noise density/ %

Filter
10 20 30 40 50 60 70 80 90

ARTR 8.815 9.711 10. 97 12.13 13.14 13.93 14. 82 15.75 23.82

TSF 7.897 9.327 10. 77 12.07 13. 20 14. 38 15. 38 17.95 24.72
TSQMF 4.392 4.494  4.735 4.986 5.253 5.500 5.765 6.700  8.282

CMF 2.750 3.915 4.917 5.798 6. 704 7.629 8.636 10. 68 14. 64
CDDMF 2.774 3.983 4.970 5.821 6.583 7.318 8.063 9.474 12.06
ASNLF 35.12 57.23 71. 80 79. 60 92.41 106. 4 118.7 167.4 224.8
DIEMF 6.215 11. 39 16. 62 21.55 26.17 29.74 34. 35 41.40 52. 80
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