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Fuzzy C-Means Clustering with Fast and Adaptive Non-local Spatial
Constraint and Membership Linking for Noise Image Segmentation
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Abstract: Considering the problem of the low anti-noise performance when Fuzzy C-Means clustering (FCM)
algorithm is applied to image segmentation, a FCM clustering algorithm with fast and adaptive non-local spatial
constraint and membership linking is proposed in this paper. Firstly, in order to increase the computing speed
of non-local spatial term, a fast method is proposed by modifying the loop based on all pixels in an image into a loop
based on search window and by utilising spatial shift image and recursive Gaussian filter. Next, the squared
difference between original image and non-local spatial term is calculated as adaptive weight of non-local
information term. The squared difference is reciprocally transformed as adaptive weight of the original image.
Finally, the membership linking is established to reduce the iteration steps before convergence by adding the
square of the sum of all the membership degrees in every cluster in logarithmic form as the denominator of the
objectvie function. Experiments on noisy artificial and natural images prove that this proposed algorithm has
superior performance in terms of Segmentation accuracy, mean intersection over union, normalized mutual

information, running time and iteration steps.

Key words: Noisy Image Segmentation; Fuzzy C-Means clustering (FCM); Non-local spatial information;

Adaptive constraint; Membership linking

Vol. 43No. 1
Jan. 2021

1 5|5
B 53 E12 — Pkt UG Xl o3 mlcs A B AR

PR E M 2019-12-19: SelElHI: 2020-11-04; P& HIRR: 2020-11-07
SEEEE: /B wangxpl969Q@sina.com

FEH: EHEKERFERES(61761027)

Foundation Item: The National Natural Science Foundation of

China (61761027)

B R (SR . B, SO A5 ) X H W &
IR Ak, BNARMNHSE, T2
PG sy EN R, b, JRERITEIE T2 R
T B G E T . BB C-3{H T (Fuzzy C-
Means clustering, FCM)%5 2 & —Fdk TR £ A
FR PR R E L, SWRREEAR, BN
i RO A RS B — @ SRR R, i #k
IR, R EAR BRI S ME, i I A H


http://radars.ie.ac.cn/CN/10.11999/JEIT191016

172 m F 5 B B % ERRE
mKFEEEMENERERE. BIARFCMERE L MR, 4 T HIENARZFCME L (Adaptively

X oM R B RAFE o BIERE, HILRAE HEA
RLMEIE R, 0 s B BRI Frfd . o

I, EWAEER G T2 FCOMBER A K, 3L
BR[9J#R M T —Fh i XFCM&H % (Suppressed
FCM, S-FCM), 557 L], KEhs =
BRI R, RTINS, Ik H Ar ek Hok
SO PE IR ORI SRR ROCR s STHR[10) B0 e 75 R 7
F )R, PR T — S ON A T 4R A PR A IR
FCM %% (Bias Corrected FCM, BCFCM) H F i
AR A UG o e A s A B A, X Mg
A—E &8 SRR E 7 —MT XFCMEE
(FCM with Generalized Improved Fuzzy Partitions,
GIFP-FCM), fEFCMH H AR R B IN T — 43R &
FERRBII, $ew 7 RERA 0 2RBOR, ARt
TWCSOE R SCER[12]48 1 — o 0 )= A5 2R
I, IR HAMAFCMH brk $od, 4287 —M
R 53045 B FCM AL (Fuzzy Local Information
C-Means, FLICM), XJ M ER 1) 7 B8R 5
o SCER[13)ET XX 25 8 8 R S BE A 2 LA
B RF o BIBCER MR, R EBAEREE RS
BR[14] 52 B0 H An ek B, 4R 1 AR B )45 2
FCMZ%%:(FCM with Non-Local Spatial information,
FCM-NLS), A58 hnf Rt A i EHEAE B 3
BR[15]32 o 7 B W AR R 8 A a5 B FCM & ik
(FCM with Self-tunning Non-Local Spatial
information, FCM-SNLS), AJffiAN[F1{E & H 33k
BB EE RIS, e T EERE TS &5
PEs SCHR [16] 4 3 NF CMA 2 5 0] S8 FE I B 3

B SRL &, KB 7 HIAFCMELSE, M
EREERE R, S TR 2R R a1 B

. FCMH& % (Suppressed Non-Local Spatial
Intuitionistic Fuzzy C-Means, SNLS-IFCM); 3C
BR[L7) 3R 2 e b 7 B AL E X, g T
— M T B M 2 T AU I FCME % (FCM based
on Similarity of Attribute Space, FCM-SAS), #
T RBESREPOWFEABIERIEGERE, Sult
TERBUERE . BT ITVEMFCME LR —Fp &
BT 5 o REITIRARYE v xE L 25 1) Bl ook
SR dErt, DN ALE & 4k S B i 2tk 232K .
SCHER[18]FESCHR[12] 32 th FIFLICM&AEFL A |, Kt
BOTEARBE R IREE R, 45 T — Mo s R 1,
P T EINBFLICM (Kernel Weighted FLICM,
KWFLICM) &%, SCHR[19)7E KWFLICM &y Bk
A7 R B 2 PR - Rt b, 3R H T — o A B
B T2 RII, R IT VR BRI B S A

Regularized Kernel-based Fuzzy C-Means, ARK-
FCM). HR[20]7EKWFLICMRIERE I, KR
XY R T Z 4R, W RN ER O BE S
BIHATHEF 5% 8, ST R 2 4RO A T3 1
R, T XKWFLICMH % (Generalized
KWFLICM, GKWFLICM).

AR — bR 1 I R AR R F AR SR e
ERFCME R F % (Fast and Adaptive Non-local
Fuzzy C-Means with Membership linking, FAN-
FCM_M)H TS EG&l. &, RHE T —F
PR S5 SR R s (R PR A e, A
AR 5 i 2 1a) (5 SRR B, KRR AR5 AR R
BAGE—R, BINBIFCMEREIEN H bkt
RIE, PRI T A SR LERNLA], KA IR
TP BRI R, D Hbr ek B s &
ERHG wa, HEBRSBERXNKARREHE
AY R ) 0L [ I ZE A 777, Pl R e, 45
B 5 R A 3R 5 AR SR 8 2 1) PR A A LR

2 HXIfE

2.1 FCMEHE %
FCMERF L@ ZEAR, F H bR R B,
B ) E R E R A E R R EET, BB

K N K
Jrom = ZZUZL”% —ail?, Zuij =1 (1)
=1

i=1 j=1
Horh, g REANEOR AL NERIR AL KR
TR B, w0 AT KA1 IR
m s HORCEIGRE, SBH A2, e iR
Hobute, IR YA REE, R(1)EER(2)
FIR(3) M

—1

K
uij = [Z(Ilyj —cil/lly; — e DV (@)
r=1
N N
=Yg /> ®
j=1 j=1

WE HRBUE R e, AR UIERIR H b ek 2
5/ — OB BE 2/ Te by, i bt prfg
Him SRR By, SRR,
2.2 EEIBTEEE

RFA RIEEURTURE R, R SCEk[21],
Jai i 2 () BR 1 TG n] 5N

Gij = BUZL

qu GW]' yq
q#]

cexp (I ()N )2, /0%) || / 2,




14

/IS PR 5 & AR A (R SR TR L H (R C- R (e 75 P {5 70 1 ik 173

Holt, 25 =, ew, exp (=N (o) = N(wy)Il3 /0%,
o

a7)

W 855/ s 19(2S + 1) x (28 + 1) 38 Z i
SN T EMR KB 58, N (yq) FIN (y7) 45 51 9 B
Yo Fily; 9 T 0 (2 + 1) x (25 + 1) 4848, | N (yg)—
N (y;)lla,, N (yq) RN (y5) B e 397 00 A K IS, BE 3,
CNE R RO, AT S N, BRI
A (I PR TR . X TR g, A5t
AN (1) o 2 4 1 A1 I3
3 AXEZX

G0 ULV 06 8 75 0 A e, e DL 43 3 1
FEMR. ASCEEFRIA T SR R, i
R, BT EUR T RIS R, RIAYSE M,
AR R A SR 0, S AR A, B
B PR 5 A R A 1 P A AT L, 4R
—F EE RO, SR R ) R
3.1 REEEE

T IR F MBS s, R T
R B . XM=Y s
MR EIFCM B bR £ 5y bR B, 193 H bRk 2

T3 S bl -l /3w X T
KRR, B BHRENE R, BMA A
o T 8 B LUK M LB A R
MR, % AR, 4 M=
i (S50 w4 1) AR A HCR B % G
M DU S FLR SRS AT,

N N N
SO kst () o+ 1)t

A e, XM =1l (S 1), BR

’ ’ T j=1 1] y B )E
B " K N m

Hobs o B 7= > uflly —cl’/w’

(3 +1)
3.2 FEHERZ (A PRFIBIAIRIR T

WL EE A Jm #8251 BR ) 0 G, e BT AE 45 Y Ri
HFE s RS EBH B ERAR, WAk G RR

A Gij = BUZLH% - Ci”2 , H Eljgj = Zy;ée_wj Yq
a#j

exp (<IN (o) = N(w)I13,/h%) /25, 1T AT
TR WA S S X BT, 0015
BIFESBAIONH < W x (25 +1)2 x (25 +1)%, g
TARBEIE SRR, WD SRR R, 15
IR X R E R

G, BB R (ry) 53 TR
FUGI (x + 11,y + 7o) I Z{E - J7Sd

Sd=[I(z,y) — I (z+ 7,y +m)%-S<m <8,
— 8 <7 <S8, ER R0 (5)

Hor, I@+ 7,y + ) FENMERIY N (2,y) P&
MERERXIRPHER, T HHEGRREMETL
JEMFY > PESAR TH AT DAIFAT A B . XS AT =
g, FOREFR D 2 (25 +1)° - LIk, BEUR
(¥ S e A Al 3 23 T 45 R L (2, ) Ay

S S
Iy = Y, Y I@+mn,y+mn)
T1—= S7—2: S

. eXp{ — Gauss, ( I (x,y)

~I@+m,y+n))/ (h2Sx)}/Z (6)

HiZ= Zi:—s Zi:—s exp{ — Gauss, ( [I(z,y)

I+ 7y + ) )/ (h2Sx) }, Sn R AR 014 %
AN, BI(2s +1)2, Gauss, () FRABIE (25 + 1) x
(25+1), 5 HE % o 10 6 BT U, — M 4
s = 31, FRHERER BT EHIT. A T R0
B, SCHR[22] 5 h ) 2 4 7 R 0
f, DAZRE ST A% B S BT 7L 0 7 B
A 25 TR

IU[TL] = [1 — (b1 + by + bg)/bo] ID[TL] + (blin[n — 1]
—|—bgin[n — 2] + bgin[n — 3]) /bo (7)

out[n] = [1 — (by + b2 + b3)/bo] w[n] + (byw[n + 1]
+b2w[n + 2] + bgw[n + 3}) /b() (8)

Hoft, by=1.57825+2.44413q+1.4281¢%+
0.422205¢°, b;=2.44413¢+2.85619¢°+1.266614°,
by=—(1.4281¢2+1.26661q"), b;=0.422205¢,
0.987110 — 0.9633,0 > 2.5
1= { 3.97156—4.145541/1 — 0.268010, 0.5 <0 <2.5
in[n]R 7R BUE I — AT (B)) WA B4 (N L2 R) J7 1)
MR AME R, out[n] KR %G K =W IER G M1,
xitF20(7) 53 (8) Pin[n]flwn]F KA, 435
i & fil in[n] Mlw[n] {130 F AR R AR 5T —iRE
%, wRAEEGRAT(F) L, WNERISA (N E
B ™)PATR(T)AA(S), FHAESAT) 1A B EF
LR PATR(T)FA(8). L, FERE=
5 BT E P BBHRAEH x Wx[(25+1)* - 1],
BB 7RISR E .
3.3 AMEZEBRERE
RNTRSFHEGESES, FH—FE &R
e BR H TINAL 7%, HARBRECN



174 BT 5 FE R ¥ & F43%E
Ko s < Bper AL/ uss ~T52?] < blyzs T2k > 0
JFANFCM_M = Z; z;ul] Z; = kz(yjz _ yjz)ll > 17 k> 0= |yjz _ gjz| > 1/\/E
i=1 j= z=

(gl = cisl + By 7,2 = )

N K
/ln2 (Zuij + 1) ,Zuij =1 (9

Horb, g 8553 A N F CM 5 3 J& & PR i) 75 1) AL
H, 7.2 AR R BRI R e A 8 TE ) 5 R
R, DNEBIBIES . HEIRRE BRI, o B4
ANy B BRI A A Jr 8 IR ) T A R i) 73
F R, FERAAE—E R LRI EUE ) — a2
W, RZINR

T BRI R AN, B Ay A TG e
BPEI, v — UL B8R, v — 8N,
AR s — 95 Ay — U0 mE N IR a6 R S
e R BRI E . A TG RA Ry 2 — Y. 18]
M ZEn], X EPTT, BE(y. —75.)%. A,
A FBIA—10~1, AT BEGRL/ (Y5 —7;.)%K
KT (v —7;.)7, WI—ANH %k > 04H T, 15
Ed| Qjz = 1/[k(yjz _gjz)2]7 Bjz = k(yjz _yjz)2 o &

K
> |

k>0, W&, Mly. -7, >1/VER, a. < B,
2 y;- *?JJ <1VEB, aj. > Bz, Nyjs ;. 35
HBO0~1, Mmax(y;. —y;,) =1, WHE > 1. M,
T o F1 B KN K RANME—

R TSy o BERO, B2 R0, il e s
— MR/ L eps, WA oy = 1/[k(yj= —Y;.)*+eps),
Biz = k(yj= —7;.)*+eps o & Flly;. — 7,1 5 W
7 EUG AR 5 3 R T R R A 5%, AT DAAE %
RZATTFH . SAL=k(I —1)*+eps, M Hbrek %L
JFANFCMiMm‘EEliég%%/j—:\‘y‘j

K N D
JranFem_M = Z ZUZL Z (Hyjz — cie||*/ Ay

i=1 j=1 z=1

N
+ijz||§jz—ciz”2)/ln2 (Z 2% + 1)
j=1

K
Zuii =1 (10)
=1
Horr, Ay AT AEIE R ME.
S FHRLAS BA H e 1%, 15 Blugflci.
o N S 1/(m-1)y 7}
> (s = cizll*/Ayse + Age||7. — eiol|”) /0 (Z uij + 1)
e (11)

r

z=1

N
Ciz = Z ugy, (?JjZ/ijz + ijzng)

j=1

N

m

/ Z [}
j=1

X a(12), iR, 2R, wi A A .
(1) A (12) B Hrwag ez,  H AR R BT B/ Mb .
WG, WA ERRE L, &5, BENMER
1552 PR B KRBT, SR & &

AR BRI

T/’ 1 WIS, RERIHEHK, EK
wxEe, mNIENRET, Rk, FIHEEZSH
h, MERELRES, SilibrtEzoe,

(1+Ay;:*) /Ay;-] (12)

T 2 AN EGIEE AR RS E T

Tk 3 BEGIE—R0, 1];

T 4 IMEEEEBRAL

T 5 BENLAIGAI SRR iy, 2 FTARES
Laciz N0;

T 6 LiEA U Hter = 1;

F% 7 FHKO2) T HE R F iz

i N
Z (Hyjz - CT‘Z||2/ijz + ijZHyjz - C7'ZH2)/1H2 (Z Urj + 1)
j=1 1

T8 FAR(11)HHEEIEE ;s

sy £ S [l — i o)
<eBiter >T , W& EFrAFEE: &
iter = iter + 1, R[AIEIET,

T 10 HEMEERBRBREERKW
%, e
4 FWERSHH

NTIIESVER A R, RAANT S ARG
BEATIIN, IR sk g R 5FCM FLICM!", FCM-
NLSIEIAISNLS-TFCM M HE 47 X b o AT BT 5256
R FH e s s | ARUER N 7S S 38 5 o0 A e PR 7R
IR A T e S . ISR A A P RN T4
E— M BGRB9S, 18
— B0, INE R s XS TAT A EIERINOME, dbs
HEZE B M s NN B D d AR R s TR
IO¥IME, dbrifEZ R 5 A et s ¥ BB
DA—4L 20, 255], FFHEHATORT 58 B,

SI 0% HH A FH 1) R 7R A A DR 100 X d% VR A I
Ao X NTEG, X EREG B4 Rt iT e




14

/IS PR 5 & AR A (R SR TR L H (R C- R (e 75 P {5 70 1 ik 175

Br oy Hr . Fe R R H 2> RIHERH  (Segmentation
Accuracy, SA). “FIJAZ I Ll (mean Intersection over
Union, mIoU). H—M .15 & (Normalized Mutu-
al Information, NMI). HiEIZ17 i [A] 5iEARREL

K K
SA =406 /> (13)
i=1 j=1

1 K
mloU = - ; (A;NCY) /(A UC)) (14)
Hr, AR rBIai R i RREM G RES,
CiZHRBIENREENBRERES. SAL
mloUE R, R FIRCRESLF . ST K EER LA
IKFEEUZ I

NMI = 2MI (11, I2)/[H (I1) + H (I3)] (15)

Her, LALRSEAE, MU L)RpLALFEAS
S, H(L)AH (L) 53 ) 3 ox I FIo 1 08 . NMI jik
K, orH g5 Rk

WEm=2 =10 eps=10"2", T =100,
W EFLICMPIARIR N S 3% 3. B EFCM-NLSHI
SNLS IFCMISFHE HNTxT7, MREHN
41 x 41, h =50, FF/mIBIRHI DA ES =10, KE
ABEEHAERE I NIT X 17T, h =7, 0 =4, k = 2500,
41 AIEGEILE

SEINTREEEGEL(a), K7 A256 x 25614

=, IS %, 10%, 15%M20%IEA MR, Bk
BHK =4. E1FRRSMEIEN %R EGEES N T
BIG I rEl s 1, sME TSR GBS N TEG
(1) 5E AR PR R AR 1R

SEIG R R, FCME VLK) 4 S 38 1 fe bk,
EIRCRR ZE; FLICMESEMERRERZ, A
KWL, HTHE T RESEEE, o545 8
WFCMA T —&ihs#; FCM-NLSHISNLS-IFCM
SR T IRGIE RS R R, BT R K,
A, BT EHEHE T BB AR 8 4
§h, DECRM T AT E . EE%IREMEF BT,
SNLS-TF CM &% 1% AR B 12 17 1 (8] 5 F C M-
NLSHE LM A b &>, (HBE 35 IR A e 38 0 21
10% LA |, SNLS-IFCM& % Kk Sl & 18 T FCM-
NLSH % A SCEIER) 5 F) 45 R 3500 T HoAth T b
B, UL AR SCREE I R UF oy B 1S A0 R FE
CEVAD
4.2 BAREGSEILE

XPIKEE AR BB AE M 75 N AT 0 B 5288, 121
B NNBIR, R 46 R 53l ik e & (R
SPN263 %2645 ) #42049, #86016F14118035,
Hoh 5 30 B4 K E Berkeley & 2> 1 84E 82, R
SPN481Ix321E R . Al AR EUE IG5 %, 10%,
15%M20% VR A e e . El2— KI5 A& 245 Y 1 5P AL

[9,/0/6[0,

(b) M rE EHE

(a) AT (c) FCM (d) FLICM () FCM-NLS  (f) SNLS-IFCM  (g) A5k
1 SRH BT 50 A7 N TG 28 1 5L (K =)
xR 1 SMHEZENERERERAALEBGMNEIER
S Era SA(%) mloU(%) NMI(%) EATIN il (s) AR

B K/N%) 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20

FCM 55.09 43.77 31.21 28.21 52.65 48.48 35.41 30.41 25.34 14.42 9.09 7.13 048 0.63 0.67 0.69 18 36 32 35
FLICM 89.54 70.89 60.00 52.08 84.95 64.25 55.16 49.51 73.32 50.10 38.71 30.90 752 794 7.23 8.02 108 125 106 130
FCM-NLS  96.83 91.48 76.26 59.43 96.35 87.40 68.46 47.80 85.93 76.97 53.63 38.10 185.57 194.82 195.57 195.14 24 33 47 47

SNLS-IFCM  97.66 92.23 77.04 61.02 96.67 88.75 70.12 54.59 86.00 79.18 57.83 40.13 184.12 196.07 196.40 196.83 17 40 51 73
AL 98.02 97.30 95.26 90.12 97.70 95.54 92.40 86.71 92.23 89.88 84.35 74.84 1.85 192 209 209 10 10 16 17

oiledied

(c) FCM (d) FLICM  (e) FCM-NLS  (f) SNLS-IFCM  (g) A 5% (L) ground truth

(a) WA

P 2 5FREIZNS 5 2098 £ 75 U A8 R ) 70 B 45 2R (K=2)



176

G

f&

¥k

43 %

AT AR B AR BRI 2 BV RCRAE BAR RS LE .
w2, X TRM R, LRI 5 0

BB, 442049, #86016H141180357E A [F] V-4 e

T EE B iras R

LIS RENY], BT FCOMAE BAETEIR S

-

Mg P PR

(a) #86016  (b) M7 &%

(b) M IR

(a) #118035

(c) FCM
A 3 5R RN 10%78

()

(c)

FCM

(d) FLICM

(d) FLICM

EMEE, TEEREK, 2ERERRZE, nBEIHEE
R TE5%NBEMA T, BREFCM, FHEIEX
O I EMG I o ) 25 AL o VR B M 7 O B B K

i, 5HANARNEIRA L, FLICM&IES =02 K

()

B 73 H1 4

(¢) FCM-NLS

FCM-NLS

B B 44204911 73 F1| 5

(f) SNLS-IFCM

(f) SNLS-IFCM

N
(g) ASCH:

(K=2)

(g) ASCEEL:

B 4 5PN B 10% 1R A W 5 #86016 1) 43 #I R (K=2)

AR )
FCM

(d) FLICM

(e) FCM-NLS

(f) SNLS-IFCM

(g) A5

BILE K. SNLS-IFCM ()43 #1145 5

(h) ground truth

(h) ground truth

(h) ground truth

Bl 5 5 EIE 8 5% TR A S 44118035 1 A FI MU (K =3)

2 SHEEMNETRIRAREERKNIEIER

A EN SR SA(%) mloU(%) NMI(%) BATI I (s) IEARIKEL

BEFER/N%) B 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20

90.58 81.82 74.57 70.88
71.56 63.16 58.74 55.83
61.87 57.51 54.04 51.51
55.87 49.23 46.77 23.50

FCM

82.60 68.88 58.82 54.41
51.16 42.74 38.74 36.26
40.96 36.52 34.03 32.04
36.50 30.73 28.12 12.35

54.99
15.74

8.19
19.45

31.42 17.80

7.56
3.27
9.96

4.50
2.22
6.11

12.32
3.02
1.33
4.11

0.18
0.46
0.37
1.02

0.20
0.44
0.58
0.76

0.15
0.35
0.28
0.52

15

16 16

23
18
35

21 16
19 14
25

98.83 98.11 96.68 94.41
95.33 93.19 90.76 88.61
92.19 92.88 85.82 84.07
62.15 54.53 44.45 37.20

FLICM

97.68 96.27 93.52 89.36
86.31 80.92 75.39 70.90
78.59 78.10 65.45 61.08
46.35 39.20 30.85 24.99

90.80
63.81
52.91
49.01

86.44
52.86
46.01
37.81

78.90
42.46
28.02
27.21

69.03
34.63
19.98
20.47

1.60
12.32
13.22
18.85

4.52
11.41
9.58
23.17

3.66
13.69
23.61
18.47

22.00
13.09

64 79 88
158 148 177 212
157 100 300 300
132 194 151 108

98.84 98.16 97.38 95.87
95.30 93.53 83.52 71.62
96.13 84.85 71.70 63.39
85.85 79.31 72.22 61.25

FCM-NLS

97.68 96.35 94.84 91.98
86.26 82.39 65.37 51.49
88.00 65.12 50.88 42.73
67.48 60.08 52.31 41.84

90.98
63.69
70.85
62.82

86.94
55.42
37.34
55.36

82.90
31.17
21.15
44.63

76.62
17.26
11.77
36.43

189.77 190.08 188.92 197.12
472.53 474.82 468.91
473.12 470.12 454.68 472.68
478.75 473.25 479.75 480.75

473.51

13
29

16
29

98.92 98.05 97.31 95.50

96.75 93.89 84.72 72.61
SNLS-TFCM

96.80 86.21 71.96 63.01

87.92 79.33 71.63 63.11

97.83 96.14 94.70 91.29
89.64 82.86 67.01 52.56
89.76 65.51 51.21 42.49
70.80 59.87 51.72 43.86

91.43
73.57
79.81
65.78

86.40
56.67
41.55
54.15

82.50
33.03
21.99
44.72

75.51
18.48
12.23
35.16

188.42 189.15 188.50 196.30
470.25 465.61 470.42 472.76
470.30 468.14 452.14 467.14
474.25 471.81 470.25 472.25

99.23 98.26 97.40 96.89
98.89 94.36 94.34 93.40

98.97 97.72 97.46 91.87
90.71 87.40 87.82 79.06

AICEL:

98.12 96.55 95.19 93.90
96.04 84.55 83.45 82.15

96.31 92.34 91.38 78.10
72.75 66.27 67.85 60.03

92.07
87.01

87.79
69.84

87.70
61.06

83.54
58.27

75.44
63.13

78.32
65.58

81.32
55.88

53.15
54.46

1.75
4.53
4.53
4.86

2.06
4.41

5.51
4.37

1.90
4.78

4.53
4.81

1.80
4.44

4.37
4.92
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