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Abstract Image segmentation is an important research direction in computer vision. Fuzzy clustering methods have been
widely applied in image segmentation due to their unsupervised nature. However, traditional fuzzy clustering methods
often fail to segment images with high-intensity noise and complex shapes. To solve this problem, a weighted factor is
proposed based on saliency detection to construct a weighted filter and a pixel correlation model, which improves the noise
resistance of the algorithm. The proposed weighted filter outperforms the optimal results of the traditional filter in terms of
structural similarity by 0. 1. Moreover, a kernel metric is introduced to accommodate the segmentation needs of complex
images. Extensive experimental results on synthetic, natural, remote sensing and medical images demonstrate that the
proposed algorithm outperforms the traditional methods in visual effects and improves the segmentation accuracy by 2%

compared with the optimal results of traditional methods.
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Fig. 1  Weighted filter
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Fig. 2 Recovery results of natural image corrupted by 30% salt &. pepper noise by different filters. (a) Orginal image; (b) image

corrupted by 30% salt &. pepper noise; (c) recovery result by inverse gradient weighted filter; (d) recovery result by mean filter;

(e) recovery result by median filter; (f) recovery result by weighted filter

AR B R R GG (5 B, AL HE il 2k (SRR Y X AT
R T Ja 2 G o BV B as T . B DL, P2 U Uk 4%
TEIF AR 5 4 ik G W 75 | (H RE AR B B R AR A G 0 T
AL DL R Bk I R
3.2 BEMEEKMEED
P A5 A HR 5 358 P — A L 2 [) AT 2 o] A e P45
ANEHR R Z R AR RLEE " . Ry T sk A 1) 8, 38 3 R
FHAR ZF M B A R R A R R Z K R
BFEAR AT T — 5 B R, B ER T AE SR 15
F YK B SO (0 (8 R B — o AR . PRt AT R
B R B e i e R AR R Z M AL B .
PRAFE 0 — B A R R A ORI R FRORR
sti,r)=1—w,» (7)
J TR sGLr), SRR OB RN E RS,
SR G X N ) AR R A E ST 1k A
(1— w, ) ER BAnA X A i aEsTm, L H 2 ke
AR RV SE ST AR U | 4K 5 5 T A R
o XAy IR, B AR 2 2 b i 25 5 500N 6
B T RET o [FEE, 8T By 1k EAR G B i
A5 RN UE e JE A o B3 Sk HAR
SRR, AT DL B A AU L B DN RR R
5o 55 A A5 B NS W 5 T R 8 0 A D8 U B TR R Y S R A

S A E A BT m . o T Wi fkax — R, B
AR 1 1 T (B AN S o (BB B A A KA R B AT S
MR R A R .

4 T INAUE B S a0 E R KR

GRS
4.1 H &

A 55 (1) ASCRY 2R 248 B30 foff P IR ECBE B P AR AR R 2 )
(A P, o B0 A2 2 R IR B0 25 . O T i e 6
P B PR G 1 0] R, K 46 A0 4 =5 [ v 2 2 i lE Rk
[) R 26 Ak S v 2 72 ) e mT fige ke g [ B0 Ak i ok 7 SR 22
— K% R B S AR A B A B = AR O R T s
] A AR P, B e T AR R A B BT i . Rt 2B
P R BT RO S R R R RGBT
BAELR N 4 B R o

K% BRI — i ] LK S50 2 [ ) 1] AR S 28] g 4
23 (] 11 pRERC, UL 1Y) A% bR B VA% pR B 2 A% R
BR3P A% R ECSE . 2 B KWFLICM 83 9 )3
Vo BSOS ) T B Ak, DA B G e R I R 1 TR
SyENRE, PrEE H bR Rk

0837005-3



F615FE8H/2024 £ 4 B/BAEXRBEFZHE

130 | 92

70 | 109 | 86
98 | 91
114 | 101
78 | 67

0.969 | 0.939 0.976 | 0.943
0.954 | 0.949 | 0.940 | 0.989 | 0.962
0.941 0939 1 |0.940

0.954 | 0.943 | 0.972 0.950

0.945 | 0.957 | 0.960 | 0.945 | 0.940

Vs ‘l\
{ [827]8s5[91]04 [101 0.04410.045/0.044/0.041/0.034|
i | 84869096103 0.0450.0450.044)0.039/0.031 |
| [ 78] 798389 (105 (X) 0.04000410.04400480.029 | |
i |73 |75 82|90 92 0350.03710.044/0.044{0.043
{ 6672|8288 98 0.0270.0330.044/0.0450.037 |
‘..\‘ /}!
B3 AR AR SCHERAY
Fig. 3 Pixel correlation model
g e N
f &)
measure
| |
| f
. o | weighted :> ﬁ;i‘?;;g;r :> proposed | Segmentatio
imag :> factor Alter algorithm ||:> result
' oo |
' f '
correlation
| model convergence |
f
\ IO /
N e R —
K4 PR ke
Fig. 4 Framework of the proposed algorithm
I=SNwllex)—e6)| +6l ! (12)
_zzuij X, vj ij | uiji 1 s
i=1j=1

P @ () F7m IR R AIE 25 ) 21 A% 25 T] ) Al 26 1 e
8% G M ETR R B IO I 1o B BRI [ 5
BB A

Gi= z sCr) (1 — wy )"

A, @(x,)— @(v)) | Jx, v, 702 MR EY . Y
(x,y)ER(RY Ny 2B A br 25 (8], B R of A 5250 B
LAV, BT R K (x,y)=@(x) @ (y), L
25 (6] B BE B A SF 5 A5 TR T K (e, x)— 2K (x5, v))+
K(v;,v,), B0 (8) % [F] T

".(9)

o(x,)— @(v)

JZiiu?}?{[I*K(x,,vj)HGg}o (10)
[ L, =0 (9) & T
Gi= > stir)(1— w1 —K(x,v)]. (11)
rEN.IF#]

RIS, 4 K(xy)=exp| —| x—y| /25)],

Hovh o oy e A A A 2, WU L o v B H O
WL SRR w, R Ly,

)

c
r=1

|:1 —K(x,-, vj)i|_’_ sz -
(1= Kool + o

i[u;}’K(x[, vj)xf}

v, =" . (13)

z\:[u}jK(x,-, 12 ):|

JT $ 530925 0 T Al A 48 A AR B e 1R S
L B S R 8 T A SRR B AR B
4.2 U SEEIERA

H) H Zangwill 7€ ™" 5 Hessian £5 B4 " 3E B FCM
55 A DG TR 19 7 A% Jmy R LB

EE1 HEREE w,, v e T (v) B ZH 55 &
JME, 2 HACY v S (13) 1A A

ER AR RS D u, = 1, LI I B e

LA F b R A

JA(V):iZ”?;{[l — K(x,v)]+ Gz:/z}Jr

i=1j=1

N

2@(124

(14)

i=1

0837005-4



8H1/2024 £ 4 A/HAXSXBFEHRE

F61EF

#®1 HERAN A
Table 1 Algorithm details

Algorithm: A robust image segmentation algorithm based on weighted filtering

Input:

Iteration termination condition €, fuzzy factor m, number of clusters C, local window size Ny, maximum number of iterations T

Output: Segmented image

Step 1.
Step 2.
Step 3.
Step 4.
Step 5.

Step 6.

Step 7.

Step 8.

Calculate w,, and s(i, ) according to formulas (5) and (7).

Obtain the filtered image according to formula (6).

Randomly initialize the fuzzy membership degree and cluster center.
Set the iteration counter 6 = 0.

)

Update the fuzzy membership degree ”(,,/l according to formula (12).

Update the cluster center v(’;’) according to formula (13).

b—b+1,1fmax{ 0 — ]”+1}<eorb>l go to Step 8, otherwise go to Step 5.

According to C,= arg,[max(u”) }, assign each pixel to the class C, with the largest membership degree to obtain the final

segmented image.
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Fig. 6 Segmentation results of different algorithms on the first synthetic image. (a) Original image; (b) noisy image corrupted by 30%
Gaussian noise; (¢c) FCM; (d) FCMS1; (e) FCMS2; (f) EnFCM; (g) FGFCM; (h) FLICM; (i) LMKFCM; (j) KWFLICM;
(k) FRFCM; (1) FCM _SICM; (m) proposed algorithm
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Fig. 7 Segmentation results of different algorithms on the second synthetic image. (a) Original image; (b) noisy image corrupted by 30%
salt &. pepper noise; (c) FCM; (d) FCMST; (e) FCMS2; (f) EnFCM; (g) FGFCM; (h) FLICM; (i) LMKFCM; (j) KWFLICM;
(k) FRECM; (1) FCM _SICM; (m) proposed algorithm
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Table 3 Segmentation indicators of related algorithms on synthetic images

LMK- KW- FR- FCM_SI

Picture Indicator FCM FCMS1 FCMS2 EnFCM FGFCM FLICM FCM  FLICM FCM CM Proposed
Sa 0.5974 0.3537 0.9530 0.9620  0.9644  0.3519 0.3456 0.3492 0.3734 0.9438  0.9848
0.6689 0.3818 0.9627 0.9708  0.9726  0.6250 0.4014 0.2632 0.3927 0.9455 0.9870
! R 0.6632 0.3792  0.9670 0.9735 0.9751  0.6280 0.3796 0.3754 0.3815 0.9434  0.9877
F, 0.6335 0.3388 0.9635 0.9714  0.9732  0.5856 0.3564 0.1890 0.3496 0.9443 0.9873
Sa 0.8442 0.7954 0.8399 0.7673  0.9256  0.9419 0.8414 0.9432 0.9839 0.9710  0.9934
P 0.8019 0.7164 0.8634 0.8164 0.9305 0.6575 0.7545 0.7199 0.7090 0.8997  0.9509
’ R 0.7390 0.5034 0.6595 0.6506  0.7663  0.5997 0.5595 0.8677 0.7709 0.8917  0.9785
F, 0.7035 0.5335 0.7009 0.6548  0.8147  0.4692 0.6078 0.7747 0.7139 0.8896  0.9639
5.4 BARER ZOh HABFE J LA L A B X — 2R . Frfg Ik

R T VPR TR B A S BN 1 4 EIROR K
Berkeley Dataset ™ " ¥ U T — Wi H A AR MM A %4
A%, % R ) R 480 pixel X 320 pixel, 41 &1 8 (a)
Fi7R o

G N & A 5 2R B TRIAR  BRAR 1Y) 23 1 45 51
JE BE 5 RS B b R O B9 R H AR OF HOAR 32 b ik
ST AE8(b)~ (D H AT LLUE H, B B £ 55 1k

BB ERS RS Mg S TN E G, e
EER @ I B DI A S R A L G = A ESE E L R (RS L
B2 LA B IERE T . e & LA B,
SIA VMV, R MR AR FrEE %N vV,
Vo B FHADA SR . &5/ W 5w & 0 i 4
AT T P Ak ] DL R Ak B AT 2 a0 B TS T B
BTANBEEGER,

8  ANIRFIE X AR BRI 4 #1455 L () R IR EME 5 (b) FCM; (¢) FCMS1;(d) FCMS2;(e) EnFCM; () FGFCM; (g) FLICM;;
(h) LMKFCM; (i) KWFLICM;(j) FRFCM; (k) FCM _SICM; (1) fr $i 5
Fig. 8 Segmentation results of different algorithms on natural image. (a) Original image; (b) FCM; (¢) FCMS1; (d) FCMS2;
(e) EnFCM; (f) FGFCM; (g) FLICM; (h) LMKFCM; (i) KWFLICM; (j) FRFCM; (k) FCM _SICM; (1) proposed algorithm

4 MR A RER LM EIEE V. IV,

Table 4 Segmentation indicators V. and V. of the related algorithms on the natural image

Indicator FCM FCMS1 FCMS2 EnFCM FGFCM FLICM LMKFCM KWFLICM FRFCM %I/(‘l\/i Proposed
Ve 0.540 0.814 0. 815 0.857 0. 864 0.891 0. 840 0.824 0.562  0.819 0.945
Ve 1.293  1.099 0.926 0.629 0. 580 1.179 0. 833 1.024 0.655  0.448 0.119

5.5 ERER

R T WA E R AL B T MR, N AID
Dataset"™' H 356 BT 19 i 328 J8 12 A b S 36 % 42, 14 T
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FRFCM ,FCM _SICM %5 8k 9% J8] FBl se #2148, WA
RHCE G B ;M Z T, FLICM . LMKFCM |
KWFLICM %5 8.3k AR BE 08 15 31 B 4 i 45 2, (B )2
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Fig. 9 Segmentation results of different algorithms on the first remote sensing image. (a) Original image; (b) groundtruth; (¢) FCM;
(d) FCMS1; (e) FCMSZ2; () EnFCM; (g) FGFCM; (h) FLICM; (i) LMKFCM; (j) KWFLICM; (k) FRECM; (1) FCM _SICM;
(m) proposed algorithm
2 43 28 1 3 R (RIG AT LA IR s T BB 1) A 4 L P 45
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(g) FGFCM; (h) FLICM; (i) LMKFCM;(j) KWFLICM; (k) FRFCM; (1) FCM _SICM ; (m) fir 2 55 3
Fig. 10 Segmentation results of different algorithms on the second remote sensing image. (a) Original image; (b) groundtruth; (¢) FCM;
(d) FCMS1; (e) FCMS2; (f) EnFCM; (g) FGFCM; (h) FLICM; (i) LMKFCM; (j)) KWFLICM; (k) FRFCM; (1) FCM _SICM;
(m) proposed algorithm
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Table 5 Segmentation indicators of related algorithms on remote sensing images

Picture Indicator FCM FCMS1 FCMS2 EnFCM FGFCM FLICM L‘N‘[K' ‘KW' FR FOML Proposed
FCM FLICM FCM  SICM

S 0.9266 0.9475 0.9537 0.9470  0.9502 0.9787 0.9814 0.9788 0.9645 0.9753  0.9938

0.9359 0.9513 0.9554 0.9517 0.9488 0.9791 0.9835 0.9660 0.9531 0.9741  0.9867

! R 0.9606 0.9022 0.9151 0.9005 0.9118 0.9611 0.9644 0.9742 0.9470 0.9565 0.9960

F, 0.9481 0.9261 0.9348 0.9254 0.9300 0.9700 0.9739 0.9701 0.9501 0.9652  0.9913

S, 0.8526 0.9530 0.9522 0.9529  0.9566 0.9675 0.9712 0.9758 0.9444 0.9559  0.9864

, P 0.8807 0.9493 0.9466 0.9494  0.9506 0.9573 0.9716 0.9688 0.9352 0.9534  0.9838

R 0.7629 0.9171 0.9162 0.9174  0.9217  0.9503 0.9502 0.9540 0.9136 0.9273  0.9720

F, 0.8031 0.9322 0.9305 0.9324 0.9353 0.9536 0.9605 0.9611 0.9240 0.9398 0.9778

© a.

K11

A [ 5 3 0] 12 2 PR 1 o 1 45
(h)FLICM;(i)LMKFCM;(])KWFLILM;(k)FRF(,M;(I)F(,M_SI(/M;(m)DeepLabVSJr;(n)Ufnet,(o Ffﬁﬁiﬁa
(c) FCM; (d) FCMS1;
(e) FCMSZ2; () EnFCM; (g) FGFCM; (h) FLICM; (i) LMKFCM; (j) KWFLICM; (k) FRFCM; (1) FCM _SICM; (m) Deepl.abV3+;
(n) U-net; (o) proposed algorithm
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Fig. 11 Segmentation results of different algorithms on the medical image. (a) Original image; (b) groundtruth;

Table 6 Indicator S, of related algorithms on medical image
FCM_  Deeplab
FCM FCMS1 FCMS2 EnFCM FGFCM FLICM LMFCM KWFLICM FRFCM U-net Proposed
SICM V3+
0.9072 0.9075 0.9055 0.9044 0.9046 0.9070 0.9077 0.9106 0.9210 0.9171  0.5678  0.6662 0.9216
5 RBRALFELGITIEM L, B 7 2] 7 il it H R/ D6 T D MR BO AT HE , 20 BT B AT

KRR LRI Zk A B2 ) BB RRORAE T X #IS5R im0, O 5 A I sk b AT He Bl o X
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R M R AR Sk R AT B AU 2 T = 2 B 4R AR R RS .
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FEA B 5 W (4% DL R 5 TR B 2 2 O M E AR — &6 (b) it 7~ R IEAT 43 #5256, 3iF B 42 5035 0 %7 0

. RN FE iR, SRR 25 R AN A 12 FR o
5.7 it #® WAL 12 Fr 7, o 0K BE A5 4 pm BE AR 7T 11 R/ Y 8
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Fig. 12 Results of the proposed algorithm for different

size windows
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Fig. 13 Segmentation results for different class numbers. (a) Original image; (b) class number is 2; (¢) class number is 3; (d) class

number is 4; (e) class number is 5
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