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Sparse self-representation incorporated and residual driven adaptive
fuzzy C-means clustering

SONG Yan', LI Yuan-hao, LI Ming
(Department of Control Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: This paper proposes an adaptive fuzzy C-means clustering algorithm that combines sparse self-representation
and residual drive (R?AFCM). The advantages of this algorithm are mainly reflected in the following two aspects:
1) Using sparse self-representation technology to solve the dictionary matrix of sample data, and taking the global
information represented by it into the objective function, fully considering the data distribution characteristics, the lack of
the traditional fuzzy C'-means clustering algorithm focusing on local information is improved. 2) The weighted residual
estimation regularization term is introduced in the objective function, combined with the regularization term of the
adaptive fuzzy clustering algorithm, which constrains the model training, and effectively reduces the influence of mixed
noise on the segmentation results. Finally, comparative experiments are carried out on magnetic resonance imaging,
VOC 2012 dataset and natural images. The experimental results show that the proposed clustering algorithm adds 20 %
salt and pepper noise, with a mean value of 0.4 and a variance of Gaussian noise of 0.01, and 50 % salt and pepper noise
and mixed noise with mean value of 0 and variance of 0.1, it has higher segmentation accuracy and stronger robustness
than other algorithms.

Keywords: image segmentation; adaptive fuzzy clustering; mixed noises; sparse self-representation; weighted residual
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CW IR HA BB (17) 5 (18) 4 ol 5l BT IE
WAk, 24 ¢ L5k BB B, £ = 0.

7) ) 15 O B R (10) B HT A X 1
FElrv;.

8) i il ut L I (1D HH LA Z REF 0
Vj.

] 9) iR max ||vj(»t) - vét_1)|| < n, W 1k A
1<j<C0—D
N, t =t+ 1,3 HiR A step 2.

XA I FCM R R EETH R R R 1) sk
J& BEFE KR P 75 B B R 2 2O O (N2 C?); 2) B i
&t o B /5 B T8 2 2% 29 O(NC?); 3) B 4
AErH oy BTl IR TR BN O(N2O); 4) B Mt
H s R UOEFE Z (KRS80 0, T it (K [R) 52 2 B2
HNO(N?C); 5) HFRZE b s B I a2 2%
O(N?C). IR O WIZ7RE (B O(-)) K 25 8 e 50
KA1 B BR, BT DA Sk (1) FCM 58 28 SV (¥ S B ) &2
RPN O(N?C), N RFEALL, O REMEE.
A EA dAYEFE, W ek ) FCM SRR S0 i I TR 52 2%
FEAR N O(N3Cd).

St ) FCM 3R R 5735 5 FCM 22 18] 55 K 1 X 31
SRR IR ECR C, Horh C £E FCM 2 5B 56 1, (AL 7E
B B FCM SRR 5% C AN I8N 2 Crinar, N>
Clinar- S8 ECHE R FCM B BEAL B AT 4G S A8
A NEAFERCE O = N EEFA N <
1/C = 1/N WS AEEAGE R R e Z 37, B el

— B AR S IR B R C IR D, B AR GEAR
I TRIE 22 DGEARG 2 TR b
3 SERERSHT

NP Al AR SCHE H 1) RZAFCM 3 2 B0 1) 1 e,
PEER oy Rt 7 A R B AR A s
P U 5256, O AL B A ek, R L 5 k-
means FCM. WRFCM. RLFCM #1SSR_FCM #17 Lt
BT TR, BT SR HAE G A 9 RE R (R) A5
(R)4116 CPU (2.10 GHz) A132.0 GB RAM ] Hifixi -
Matlab SEHR, 75 45 5 73 S50 Hh v BT i S 56 LSS IE
R?AFCM R EHVEIPERE.

BRASC TR I R 2R FE AN, AR FIE T W E
R, R TR B B 0 Bt (Y FCM 2R SR B9 A
WRFCM 595 75 5 B =) 8 &0 1K/, BB 3 M)
PR ¥ m A8 5 B B0 B R SR rh SR AR (R 1. O AR ST
B A R0, 5 E B A B B R s SR U R A
FESE ey BB N 14 MR SCHR [28-291, ¢ Bl
0.0008; 8 = {B1,Bs,.... 51 € {1,2,..., L)) &
BN
B = “51(')3[, ¢ € [5,10]. (24)
Forr 6, /2 55 LA IEIE AR ZE, 24 ¢ B0E I I, 3, B
Bt SAR .

3.1 iHERR

N E BVEAN R FE VR RE, A SR 4 AN 1F
48 b5, 53 5l R AR B R % (volumetric  overlap
error, VOE). 1§ 2 1 K (pixel accuracy,PA). #&
Jf- Lt (intersection  overUnion, IOU) 4 5% 44 FH % 2
(representative volume element, RVE). VOE 5 RVE V¥
i FIR AR R, R A 5N

VOE — 2- (Rseg — Rgt)

, 25

Rgeg + Ryt (23)

RVE = abs(| Reg| — |Rgt|). (26)
|Rgt|

Horp: Reeg Ron 7 B G I EHR, Ry, 3278 1E 20 B 5
(11 & VOE 5 RVE )43 #8387 51 AR Bk i
PA 7R IR 43 #1108 3 805 g 3 Hom) e, i
10U KRk o E 45 WA LS 28 86 5 R T
{H, PA 5 TOU [+ 5 7 5 N

TP + TN

PA = 2
TP + TN +FP +FN’ 27
TP
I0U = TP + FP + FN’ (28)

Hrp TPLFNL FP FII TN J2& B FH 14 A5 A 14 A8 BH 4 DL A,
BB M R BUE. PAFIIOU ) 70 Bl s AR R S i 20
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FVERE R LT
3.2 EEHHRAL IR (MRD) Bl

A S8 v SR P 225 %225 1IN 1 35 4R 1% (MRT)
{17 P15 43 500 4, 45 1 20 Yo B ER M 75, P 1
oAl R R EUR . R RS aElg R B 1)
FT 7R, k-means % 2 5V A B 2 bR S B 1(d)
i, FCM 5 R0 (R BE T ik 2 B 7, 1 48 B S &1l 4>
11X 383% A # BH R X1 23 B L(e) WA B IR R 7 3R B
RLFCM % 28 5 v B G 4R 21 4538 7R H 4K 1H 32 31

(a) FGEEA (b) MEEE R (c) k-means () CM

E1
£ 1 AREEREMELNEE MRI RN IEFRR
}i%) k-means FCM RLFCM WRFCM SSR_FCM RZAFCM
VOE 0.0874 04168 02481 0.0781 04051  0.0398
PA  60.1065 78.3549 69.2510 57.3654 50.1195 455755
IOU 47.4064 65.0997 49.2017 97.9583 54.1832 56.7119
RVE 02646 09990 02088 0.7922 03724  0.0507
=2 HIELIR AR MRI_LAYERRSCIE

VOE PA 10U RVM
Baseline (RLFCM) 02481 69.2510 49.2017 0.2088
Baseline+Residual-driven  0.1435 53.7518 53.4677 0.1064
Baseline+SSR 02091 60.5377 51.0659 0.1795
RZ2AFCM 0.0398 455755 56.7119 0.0507

3.3 VOC2012HEE
A Sz TR S B VOC 2012 #5048 45 vp i1 B 4545 21|
B, R INME 0.4, 772 0.01 ) & s 75 & 2

- B st e
B (c) k-means  (d) FCM

2 TRIEEESHE

(@) EHER (b)

#3 TREIEFEESEMEE VOC 2012 FHIIEM 18R

A k-means

FCM RLFCM WRFCM SSR_FCM RZAFCM

VOE 03929 04124 04966 02885 03722 0.1313
PA  65.8986 61.1262 17.6495 67.4001 66.5649 82.7903
IOU 30.8271 45.8865 38.9775 53.9977 62.6753 59.5450
RVE 0.0835 0.0798 0.2304 0.0978  0.2847 04136

T E T S P 1(F) H D 1) 1 3R B WRFCM 2§
REEA ER BT AE R A B B35 5 B 43
F 75 B 1(g) Hh, BT F B 3R OR B o e S (4T
Peae 11, 70 B4 RANAFAE R B 7E B L(h) AL
B H 1 RZAFCM BIEBRUA S5 6 T B ZE AN T 56 5
H 2R 7R, AN BE S HE A X 5 J5 4 18 P 1 7, 3 g B
R AF X IR — M. R 1T LUE H, R2AFCM %
JHIAE VOE LU RVE 48 bR E AR T H R RKH
i R2WR TAEZAHESE L Ak se o i 45 1.

(e) RLFCM

(f) WRFCM (g) SSR FCM (h) R’AFCM

ARG A MR A MRI_ LR B R

H oo T R GG MR e R DL R o B2 A
2(c) 7, k-means 5 IR VLG X S [ BL L RE
73, 75 2(d) H, FCM % 2R 53k AR A W 8 1 0 5
R 73, AH MBS AR TH A7 7 1] 2(e) H WY 5 L 00 I 7 0t
RLFCM B 75 H1 ) B 2(F) 1 2 75 WRFCM
PN A B 1 BT P RE ), (R B> A R4S
S, ARG T 1 43 B X 45 B 2(g) 78 SSR_FCM 5
B R Rk X6 e 7S R T B RE D, 45 R T AR AE
KE MR 78 B 2(h) o, A SCHR H ) RZAFCM R 2R
EEEGREM T S M H &R, XSG — 2T
PURE S HAE 1 FEAL A B B 1) 4 1. 3R 3 HR AR I,
FE 7 0 v 397 R 75 S 1 VOC 2012 IS 2 35 4 b
R2AFCM B 1E PA UL 10U 6 45 B AR T HAth
BB E RATR T ZEHEE LI Lo i 45

(¢) RLFCM (f) WRFCM (g) SSR FCM (h) R’

AVOC2012 LIS EIGER

=4 SHIIREVOC2012 _EHIERSEIE

VOE PA 10U RVE
raseline (RLFCM) 04966 17.6495 389775 0.2304
baseline+Residual-driven 0.2683 60.5978 49.3267 0.3977
baseline+SSR 0.3528 34.6574 41.5329 0.2654
R2AFCM 0.1313 82.7903 59.5450 0.4136
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34 BAREfE% FER 3(F) H1, WRFCM SR K HE BARE — & T

IR T IR A AR R A B, E AR B HEXIR G M S )Pt TP Re 1 9 AN BEAR, 72
- f# FH 50 % AR M R S N0 HZERNO0ARIE 3, BARSSR_FCM R F LTI A2 FRE B, AR
S B BT AL R PR TR A M P R AT S, AE I3 T A R AR AR N R BB AR O 7 B, AR E A R R TSR
TRIEEEMG ., MR EG UL RSB R EE 3, BT BB E AE K 3(h) H, RZAFCM R 2R L R N
k-means BB BVEE R BE L B G R BRIk R THRZE I B B AR MR B0 BT 3R IR SRR,
IHAE e I S R R i s e B 3 i, EEIVEACE MG 1) 2R 5 hF X 4y, A 50
FCM 5 28 B4 T IF 190 AR/ Re J1 R Bg5 50 TEMRRI L 5. 35 hARIE 72 7 DN & 1 75 15 1Y
R IRAFAE R 7 5 ] 3(e) A W A5, K W RLFCM H SR E 4 I, RZAFCM % 25745 VOE. RVE LL K
WRBE I S TIPS E AR IA 2R T30, IOUTR s EALT LA SRISE. R6 Bor 17125

B LRI R ELIG gt .

Y e
;& SRR s

(@) FUEEST (b) BAES () kmeans (d) FCM  (e)
B3 FREEERARE SRR NS HEE

2o N

RLFCM (f) WRECM (g) SSR_FCM (h) R’AFCM

®5 TRIEZEMTRARRBREGR LAITNER b LARTH0.4 55,
Bi% k-means FCM RLFCM WRFCM SSR_FCM R*AFCM 4 &
VOE 04892 04918 07215 04955 08627 0.3284 ISR S FOM R B A, « ot 18t 75 Bk L, % Gt

PA 1428081 131.4076 127.3877 131.6970 145.9615 103.6462 o N S ‘ :
IOU 98057 95991 55767 9.6809 10.7633 10.8636 D REA A R A R B ), B T et Y O

RVE 0.6478 0.6524 0.7037 0.6589 09016  0.3930 EFCM %é%’éﬁ/jé, Z:'TX ﬁgﬁ %ZT%E}E FCM Xﬂ'%ﬂ ﬁﬁ ’Hﬁ B"] @E

* 6 REMEFEBREG ERERMSIE 51, 34 BE AT T 20 B B AR e 7 06k SR 2 s R 1 T3
VOE PA IOU  RVE M NATEE BT B s AR, 22k R 5 i
baseline (RLECM) 07215 1273877 55767 0.7037 Ae 1t — 204 T, NI FCM XS] 464k i) 46 i, 18 ik

baseline+Residual-driven 0.4268 109.1689 8.9357 0.4326 %%i% ):E Eﬁﬁﬁ E]/‘] /ﬁ'ﬁﬁ . WU E H *i‘ l%l éﬁ( EF' jJD)\ 3

baseline+SSR 0.6857 1149568 63566 0.6857

RZAFCM 03284 103.6462 10.8636 0.3930 AN IE DK T50M T AS BAR A 0T 4640 51 NH6 5 B EKow,
3.5 CMU-Cornell iCoseg dataset 2 FEREA A 18] 4 TR S BRI RS, 75 S S5 2 vp [A) e =

754 Hb TT A RZAFCM B8 26 5035 11 5 ok, 156 B JEAEA T H] 1 4 515 B SRR AR RS B, Skin g
CMU-Cornell iCoseg dataset (i 4E (1) 54T 48, Il ARACH, A SCHE i REAFCM AR TLAMU AR A
150 % LW 75 S 0. 3 Jg01 g SRS WA RO, 3 A MRS 0
U A S ST s ooz T IARIRBE. ORI TN SV B 1, AR
Alaskan Brown Bear-Eukaryote museums Milwaukee & EHERITFCM AL,
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