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Abstract

Based on the FCM-SC (Fuzzy C-Mean with spatial constraint) architecture in
reference [12] and the KFCM (Kernel-Based Fuzzy C-Means) architecture in reference
[17], KFCM-SC (Kernel-Based Fuzzy C-Means with spatial constraint) hardware
architecture is proposed here with non-linear Gaussian kernel function and spatial
constraint. Moreover, the KFCM-SC architecture also takes the advantage of the
pipeline and it can compute all of the membership coefficients and centers
concurrently. Compared to KFCM architecture, KFCM-SC architecture improves the
segmentation ability for noisy data by computing the spatial information. With these
advantages, it can deal with the non-linear data due to the kernel function, KFCM-SC
architecture can be applied to wide of data and it can achieve better segmentation
results. KFCM-SC architecture is implemented on FPGA and tested with noisy picture
data. The segmentation result shows that KFCM-SC architecture definitely has a better
ability with non-linear noisy data compared to KFCM. Because of the simple

architecture of the KFCM-SC, it can be extended easily.

Keywords: FPGA, KFCM algorithm, FCM-SC algorithm, SOPC, KFCM-SC

algorithm.
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(megafunction) [15] > @ 1245 1% S0 3% a3t B > Pre-Computation Unit # ra4g 2 =

c % stage > # ¥ & ¢ stagei 4-@ 3.5 #77F o

- B stage i €4&dckp - B stage i-1 1B 2P (I —-1)F ¢34 8

P (i) 4eAP (D) ° Po(i — 1)4rAP ()4 % %

P (i—1) =X ((1 — K(xk,vj)) +a (1 — K (%, vj))>_1 (12)
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AP (D) = ((1 — K(xov) + a1 — K (%, vl-)))_l (13)
s

Pe(i) = Pe(i — 1) + AP (D) (14)
R (10)F]) 2 2 (13) > 7 T

Uy = AP ()P (15)

#7121 & Pre-Computation Unit ¥ <% stagei » ¢ @ 2P, (D)f-AP(j),j = 1,.
| - i stage i+1 2 #& T ke¥7F stage o 3|7 &6 - B & Pre-Computation Unit
¢ distage pF 0 fyt TRy stage ©o T U IIAK & BRBET &Y S
A SRR IAORENVAONES SRR R L A O o VAOR-

Pre-Computation Unit ¥ =% stagei> » ¢ & 2 AR () frAS, (D) » T & 4T
ARk(l) = K(xk,vl-)xk + aK(fk,vi)fk (16)
AS, (i) = K(xy, v;) + aK (X, v;) a7

PSR RBEE T  {fERE T =k F 0 #712  Pre-Computation
Unit » e ts - B stage > &% B S 8AR,())frAS,(),j = 1,...,c» €4 - A= @:E

7|2t 1 Center Updating Unit 2 3+ ¥ & 12 Arenfr o o

ig42 c7 Pre-Computation Unit & # ¢ &1t en2f 44 { 18- 3 i 5 TR A

% > B 3.6 &3 = i stage - Pre-Computation Unit (c=3)F & i* 78 # -
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X
©
X Kernel K(x;,v;) ‘O = (ll
2 erne e
—+#| Computation | ;_ K(x,,v) a(K(x,,v,))
—5=| Unit (A o
Vi
—9
o .
_—> Shift ;/-_l-\ || Inverse AEf(Q
=T Kemel [-KGov)| Unit »b | Unit :
% »| Computation |
Unit | K& o
i ,
bl ) ~ d ARk (i)
a(K(xk,v,.))xk >
K(xk9vi)xk 3
Xk
>

T

B(i-1)= Z((I—K(xk,vj))+a(l—K(J?k,vj)))

J=

B 3.5 Pre-Computation Unit p 3% 3¢ B

2

Stagel

X2 - X - Xy ...

X2 - Xy - X .
[0 - | 0] E F,(3) -
AP,_,(1) S AP (G j=12 | SBES3 | \p sy 123
AR, _,(1) i | AR, (j).j=12 AR, ()),j=123 _
ASk—Z (1) > ASk—] (./),J = 1a2 > AS[.- (])a,] = 19253 »

W 3.6 ¢ & i Pre-Computation Unit (r4 ¢c=3 » ¥ 3 ¥ 3 &)
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3.2.2 Membership Coefficient Updating Unit

2

HIE - B F R B EEE G AR At Membership

ol

Coefficient Updating Unit &35 5 F)pt > gt Unit ¢ > ¢ 37 c Bl > 4o

3.8 i 0 F - WALEA U FE - L

1
ﬂt
o
g;
THE
(N
o

dicr @ b 3.7 %7 chE
- WP EEE GERC R SR
FEE A N(15) 7 BT - Kt BT AR § A &

Pre-Computation Unit #4z 2| AP, (i) e Py > et fie® & 27 iz B 2 — 1 faig
BE @Y E Ao % k3B 47 g dw?, - Membership Coefficient Updating

Unit v 18 85 Jug, > #-§ A @25 ™ - 1 Center Updating Unit & 3+ 5 #7<nf e

1
Pk Inverse P,
Unit
2
P :u ik
) X P
APk (l) H——P

# 3.7 Membership-Coefficient Updating Unit 7§ #
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APk(l)' > ulzk
P, —¢ » Module 1 ,
AR )e———> .,

@ » Module 2 >

AP (o) g 2
@ » Module ¢ >

W38 gL R ATH RFEH(LCHEE B)

BUERY O RP e - R CB e kR F c B ER P AY
H B e Gl > #5 BRETE PP BTN ¢ BHEP X BES BH

ek p e REAP(C) B2 t4 g R EEY DR E Gkl
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3.2.3 Center Updating Unit

W 2,

m\,

i o & T e79 Membership Coefficient Updating Unit » iz&42 <5 Center
Updating Unit = & 3 7 cH.ficie > @ ig C BT 2305 — B Tk~ FRALR #

EEFSEY 4B 3100 A AipAREEF R behd AP E AP oA & D

)

(dm

BRAD T U GRG0 HIP BT G AL et

Ko i B BRI AR BT L A

v, (k) = (uZ (K (X, v)x g +aK (Fg,0) T ) + 2k =3 w2, (K (e, v7) X +aK (£, 01) %)) (18)

(ufe (K (g, v +aK (Egvi)) + K2 udy (K (e v) +aK (Fn,01))

e
&l
[
&
3

o (18) ¢ s 3 YRI1uZ (K(xpn, v)xy + aK (X, v)%,) T+
oA YR uZ (K, v) + aK (%, 1) > 3 38 a2 - £ wy(k—1)
Prgee G m alfa gy 0 o d et AR R E IR R T A REA

B3 e TE 3.9 40w o gt o fEd 2R (16)fr 2R (A7) T g 25 (18) -

(ulkARk(l)+Zn 1umARn(l))
vilk) = (uZASK(D)+ZKZTu2 AS()) (19)

AR ()4rAS, (i) ¥ r4j¢_ Pre-Computation Unit £ ¥ » @ 8 & thdicul, ¥ 12 fE_
Membership Coefficient Updating Unit # JEF o F]gt » 7 12 % % 3 i (L 2 B (k)en

—’7;\40

W N (9) e 5 (18) 0 T o dE R B A BOR Bom=2 ol RT o F R
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Z.UZJARA(I)
=
[ x Reg1stel I .
> Divide | %D
1—t > Unit
X M + PJ Register —9
AS, (i) \___ |—>

Zluiz.jASk ()
=1

® 3.9 Center Updating Unit p %E;ﬁﬁ_ﬁ]

ulz,k I

AR, (1) e——— > Module 1 ——— v, (k)

AS,()e——

2
ul 2

AR(2)

A5, (D) e———

*-———p

Module 2 —— v, (k)

1y o——*

AR (0)

AS()o— &

Module ¢ ——— v.(k)

W 3.10 & Center Updating Unit 7 #
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Fri PREEHERBEH

AEHIELALFRBENE ERAP ST RESE

AL BB CEBRHREENS

45 FPGA £ § ¥ A28 (v crslifd > ¥ U EAF g e fig 1 3 % BB # R
AR AL T4 TR A SOPC 54t » Fp FPGAZL¥ i £ % %9
RAH A MER e 4 42 58 AWOT WOk - WAL L A% R %
s+ chFPGA B34 > d Terasic 22 24 A& » 3% 4|5 5 DE3 > @ FPGA

oo * anfy B 5 Altera o 7 %1 50 EP3L150F1152C2 - 4 4.1 % Altera DE3

EP3L150 FPGA B % {r cigf-lm L2 T3 ¢

W 4.1 Altera DE3 EP3L150 § 5% B &

22



yr g PSS SRR

% 4.1 DE3 EP3L150 FPGA B % ¢ eiif-lm it

Device feature Number
Combinational ALUTS 113,600
Memory ALUTS 56800
Dedicated logic registers 113600
Total pins 744
Total block memory bits 5630976
DSP block 18-bit elements 384
Total PLLs 8

Total DLLs 4

242 F-~-ARARESR

2 % ¢ Intel i5 2410M 2.3GHz

=% : DDR3 8.0GB 1333MHz

rFEZCHES

iR P DevC++4.9.9.2

MAE RS

2% 1 NOIS 1| 50MHz

=t : DDR21.0GB

#2 7% 22 = : Verilog-HDL %3

B # 4 : Altera DE3 EP3SL150
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Bu g FohEE S EE

42 3 BB NS BB W

PEREIE Y G 0 BA A BIA 0 FAE AR A IR BTG

F‘f A\i—‘fw; Aégcmé\_,}fro

421 RE=ERAE

BATFR AR R NDTRATE D FAFRR o L nt o d 342 B
FEE LERE - HEIFEANZLFRLLRDAN EIAE AT B A
PR RN A ST BATE AER o AW G e B F2 BRAE G2 ER
B dnBE B H A A E T Bl A PR 4R bt R A T KFCM s 3

ORERY o A 45 L ARMERTELZEAANRR N PR BEDOFE - d & 45

kN

?”ﬁﬁﬂ,i@ﬁﬁ&w¥gﬁﬁcﬁﬁa@ﬁ$goﬂa,ﬁﬁﬁ?ﬁgﬁ
e AHEEHET T EERPPUBET NS A R R EOTHE

t 2P P B 7] .

BECIRAERT T a R APHFHRT o L* Altera = 9 kb
Quartus 11 10.1 fe# p $RcH SOPC 22 = 1w 2 3% o F F{ & NIOS I IDE » % 4.4
AT R e e FHlic c iR T > KFCM-SC #1 3 enTihij 42 - H¢ ¢ 27 =
fasg W 0 U Adaptive Look-Up Tables (ALUTS) » % ¥z 1% 18 = ~ #c(Block
Memory Bits)f= DSP % 5.(DSP Blocks) » % riE e ¥ 5 : Altera Stratix

24



yr g PSS SRR

Il EP3SE110F [16] » H iim2itidei 4.3« 4ok £ 43 %77 > ¥ A H ¥ C

Hove o TR 4 L F K o

% 4.3 EP3SE110F FPGA it

Device feature Number
Combinational ALUTs 85200
Memory ALUTS 42600
Dedicated logic registers 85200
Total pins 744
Total block memory bits 8248320
DSP block 18-bit elements 896
Total PLLsS 8
Total DLLS 4

# 44 KFCM-SC H f87 #f & EP3SELL0F #7 § e ik iy 4=

ALUTSs DSP Blocks Block Memory Bits
c=2 13904/85200 (16%) 218/896 (24%) 27648/8248320 (<1%)
c=3 20739/85200 (24%) 326/896 (36%) 41472/8248320 (<1%)
c=4 27245/85200 (32%) 435/896 (49%) 61028/8248320 (<1%)
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4 45 KFCM-SC A W #47 § 4 e &

Adders Multipliers Dividers Exponent Registers ~ Latency

Operators
Pre_-Computation O(c) O(c) 0 O(c) O(c)
Unit
Membership O(c) O(c) O(c) 0 O(c)
Coefficients
Updating Unit
Center O(c) O(c) O(c) 0 O(c)
Updating Unit
Total O(c) O(c) O(c) O(c) O(c) O(t)

AT R0 R G L EOSES R SR RO RERE Y R
SF T AT RS R 32 A EA R AR L T ERG 4 Floy o 124
B R B T R AR ATk 0 R N DEEATE D kehie 0 g 25 Ap

MBI N K hE o el g {5 R4

% 4.6 T H Ao EHHEC=2 NIFIRT R 2 W R e & ¢ KFCM-SC ¢
BTG RBOTRE LR U] (BOSHEES > T EREPAFT
MR E Y hE S RFI #kcH 4@ i = hoverflows underflow fr truncation

e %E °
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3 BB SR

4460 B C=2FF R b E BTG TR

Architectures Data FPGA ALUTs DSP Blocks Block
Format Device Memory Bits

FCM[11] 8-bit Stratix 3468 20 38944
Fixed Point IIEP2S60

FCM-SC[12] 8-bit Stratix Il 4152 20 38944
Fixed Point EP2S60

KFCM[17] 8-bit Stratix 111 9453 98 38912
Fixed Point EP3SE110F

KFCM-SC 32-hit Stratix 1 13904 218 27648
Floating Point EP3SE110F

2 AT R A 7 e e FHce=2, €=3 4 %) BipleE TR B 8k t=102400

PO AR R R T g L KFCM-SC i A&

sl

RS CE T E S

=

JP)iE 13 120 E 4312 o

GRF A 4B FA2F G FIEF R A R iRl R g e o AL AR

B

X

HER LR AR LT RN A R R A2

ehbeid 2% o B H G HF) L i5AR A Y 2 ﬁé" TP

el B AN o B E - BTy A

AESTRECE A
B AT - B TS R
A W8 0 7 R EE 2 @t SRR R A PEFFREN A
Byt H T ¢

P T RS 2 AN S 4 R LAWY N S

A EH R IR E i BB PR oo gLtk gg%iﬁ%iﬁii%ﬂﬂ?’?uji%
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FloAMP EFFL LT PSR a BRI EER R RA5S 2T R

FI0 L ESLAARR G A FE R P R R My (AR

47 FHE 15 102400 pF > 2 ¥ e 3O H Wik AR

Cluster One loop period for One loop period Speed Up
numbers KFCM-SC Software for KFCM-SC
c=2 434.9 ms 32.96 ms 13.2
c=3 1424 ms 32.96 ms 43.2

% 48 ZH(C=3)PE > F b hFHE | 95 g el WpED

’;-F FE 51200 102400 153600 204800
g i} 715 ms 1424 ms 2136 ms 2869 ms
KFCM-SC 16.48 ms 32.96 ms 49.44 ms 65.92 ms
AR
Time(ms)
3500
3000 2869ms
2500
2000
=== Software
1500 == KFCM-SC Architecture
1000
500
16.48ms 32.96ms 49.44ms  65.92ms
0 3 —'g.— ={ |
51200 102400 153600 204800 Data Size(t)

W 4.2 2#T(c=3)#Kk ~ AR &
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A g ST SRl Y A TR O e KFCM-SC A B 1 eh % 147

o o FSTR Y PR Y S AR <) 5 320X 320 A FF LR - B P b

&

BREEX S F - BABGRA 0 £ 102400 B R B, 0 A B

i 03] 255 2 o &f S Bk T2 0 0 0P Gk 2.0 2 RGN E

—llx-yll?
B a=20~% i—!"r&,ﬁ:ce( 202 ) o chih 2 g=128 ; ¢t ¢t s A B¢ * hE_ uniform
distribution noise fest + 3 F: o B 4 >0 +h2 B H T5E 5 00 £~ 48 additive

e o . 13 foar s
e o F A TR T £ (average noise energy) - ¢ E W2 o F T R sy
<

Botafemahipio wis AL dgesie > 247 s 2o R4 -

(a) (b) (©)

W 4.3 BIEFTHEEMH
@FFH OHFfo+H (0= Bk*F
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%49 2 e ERAR £

b value 10 20 40 60 80

Avg. noise energy 33.33 133.33 533.33 1200 2133.33

ROORBEFE OIS AP AEILFERLL S R AEHFS 00T
v 1y P [PEPES o [ 2, 2 o3 . e ’ 2 A
LR S FTE iRy o B RS FF IR SN R AT et o

*EDE R BEE RO SEEGE (R B 0 FEAEEGT e T L 3% A TR ER AT

b
e
i

e o £ U5 2T RSN e AL A B LRSES S
e
ErrorRate=;

#* FCM 122 FCM_SC g B2 pF > SV i g * T2 ppgp v 5 & & Fplgpgs fF
A FE kYR s @ it ¥ KFCM 12 2 KFCM-SC j# & 2 pF » | 8_i¢ * PpEdp it 5
b FE ik gy o

B AP AHEA3@) DT F R ITAFE > BH - R 2F(CF)DE BRI
PED Ee ! RO - WARIETE g5 2 <~ PPFEH 7L AT R

Fedcim & b oo 42 g L H e Thresholding k2 %% B 02 £ § 24 o @ »

AP RE R R B e 0 5y § R A FIER N e o £ 410 2 B 4.4 T E

EERBOLLEFEF AR DEFRT @ A T#A\iifé Bk ant g o
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%410 2 F FCM B 2 FHHTF WML B FF R

Architectures 10 20 40 60 80
FCM [11] 2.39% 2.54% 3.29% 4.95% 6.61%
FCM-SC [12] 2.12% 2.16% 2.27% 2.58% 3.04%
KFCM [17] 2.31% 2.42% 2.77% 3.48% 4.95%
KFCM-SC 1.28% 1.45% 1.56% 1.80% 2.08%
7.00% -
6.00% -
5.00% -
S
ié 4.00% 1 = FCV]
#® 3.00% - S FcM-sC
R
2.00% - KFEM
e=pé= KFCM-SC
1.00% - S
0.00%
b=10 b=20 b=40 b=60 b=80

IR

442k FCMFEZEHERTFRNL UL FF R

B3 400 ¢ BLRT] > A e B 5 0 KFCM-SC A B 28 1 % 2520 8 i
RGP AE > oA A HFCM 122 KFCM  f* chZ §E » frilj & i &0
FCM-SC[11] ~ vt % - B R A Bz + - B 452 B 46 %€ ERME R TES FH(E

FRERE G R X g = F R PER R SR T e
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(a)

(b)

(©)

(d)

(e)

W45 ¥ 5 WiE* KFCM-SCHEZAMTRIAFELEHT
d b @ T %322 iE b=80 » b=60 > b=40 > b=20 > b=10 > = if % 4v » 3N {5 PR 4o
B> ¢ @5 FCM-SCA#%% » -8 % KFCM-SC A # % %
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(a)

(b)

(©)

(d)

(€)

&l HEEET
d bar g;{&;ﬂ* & b=80 > b=60 » b=40 > b=20 > b=10 > 3,_3;%;‘_; FCM A~ 3¢t % » @

B 5 KFCM & #5 % > -8 5 KFCM-SC 4 # 5 %
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T ko BB 430 F foir F BITA T F RV P RS FENE
A-%m B i H{] I o E A FRREZFC)NR T a HFfer 4

%411 2 FCM B2 B HEHF 3 Wb HBFF R

Architectures b=10 h=20 h=40 b=60 b=80
Basic FCM [11] 2.86% 3.12% 5.97% 16.01% 26.25%
FCM-SC [12] 2.25% 2.37% 3.27% 3.90% 5.37%
KFCM [17] 0.65% 2.16% 5.09% 13.2% 19.99%
KFCM-SC 1.36% 1.33% 1.49% 2.52% 4.84%
6.00% 1
5.00% -
% 4.00% -
i
ﬁ‘;‘ 3.00% =
e e FCM-SC
/\R 2.00% =
el KFCM-SC
1.00% -
0.00%

b=10 b=20 b=40 b=60 b=80
MR E

W47 % b FOM i § i# 885 51 3 Wil Bsg iR v
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(a)

(b)

(©)

(d)

(€)

W48 {3+ WMk * KFCM-SCHEZANMTRZ A LT
d Fm 7T 5 fe i b=80 > b=60 - b=40 > b=20 > b=10 - 1«;%,1%%%‘.% SR 4
B ?F5FCM-SC A #%% > +:# 5 KFCM-SC » # 4% %
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(a)

(b)

(©)

(d)

(€)

4

2
E%

O HIHFIWME* KFCM-SCHEZAMIB L LA HLFHT
1 i b=80 > b=60 > b=40 > b=20 > b=10> =¥ 5 FCM » # &% > ¢
B 5 KFCM & # %% > -8 5 KFCM-SC 4 # 4 %
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KEALL 2 AT P BRT] > AhADBAE G R Az HOR Y s
L5 o KFCM-SC A B2 HE 77 ¢ 2520 0 6 G ehal M4 0 2 o= 3Ol 2 R

A2 ko frfk A enFCM 2 2 KFCM § ¥ € P B eh 4 §E> 2 frIR$ B & éhFCM-SC[11]

/\N
[

(PTG BEAEET Bl 48 frW 49 A LMI RGBS FHEH T

3R R s hE% > 2 ¢ 4 fo FCM-SC[11]:8 R 15 ch%k & (510 i o

Ll o nRIZs Fp FERARIT AR R TS A TR 2 B

AR R g A B R L T & 412 112 Bl 410 5 WL

*Fee i B R ok o
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%412 2 FCM w52 -5 4400)= B k*:Rehr e FF R

Architectures b=10 h=20 h=40 b=60 b=80
Basic FCM [11] 1.21% 2.19% 6.51% 22.46% 32.53%
KFCM [17] 1.24% 2.33% 6.37% 19.53% 31.58%
KFCM-SC 0.62% 1.24% 4.33% 6.46% 18.52%

0.35 =

0.3 4

0.25 A
-
¥ 0.2 -
-y == KFCM-SC
# 0.15 -

0.1 1 KFCM

0.05 -

0

W 4.10 7 = FCM i B i HH = Bk 5 W Ha3FF v R

d 3 e [12]¢ 2005 R PIE 2 Blengg i 5 a4 0 Flet e el hin
[17] © #& Bl erdicdh s 4% cndh & > 7 1200 B % ¢ 3 I KFCM-SC fuw 3 eha 1)
BEF A A BRI BAHFCM 12 2 KFCM 2 B> B 4.11 %% 3 BB R 14

R REE
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(a)

(b)

(©)

(d)

(e)

d F Y
B ?Fi: KFCM &2 #2% ”{«i%j% KFCM-SC » # % %
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K= Bk R@Y 7S] b e b=80 2 T » KFCM-SC % + 7%

WA K 2T b R kR B R BT DB R RF R Y 147

T k] ¢ BB 0 Ak & o KFCM-SC A &8 28 i Ap gt B i
TP FCM AT R % HdF - R ehA 248385 KFCM-SC 423 i % a2 £
Mow AAWPFEZ AA-HERY FFRY TSI UEZEFTR A2
T 1 i KFCM-SC A 8 78 1 R A T i Bhficeni@ B @ 2L ghdic o2 & 10
BTG LAk o b iRl § R S i $ ()4 4o ¥ - KFCM-SC 4p

‘ﬁ 9./\‘F! = FCM /ﬁ«,—r /'L 76\: ’}ﬂ?‘fﬂlﬁ,%iﬁg-g { F]’} &F -

BEL A AT AL WERY A a hien b B b Ak L
B o4 41312 B 412 57 A E B 43(D) it b o P o $4 B % il
S e Jhd A 41302 Bl AL2F TR R R e aid xS o 2
Bk g pFotaiE ] R R ke BH P EF) L alE * & HE KFCM-SC 2

SR RFRANLE o f P E AR BE ) HNE - BT kR Bt E AT 1

w

ST, R 5 A A

N
R
=i

)

BB AR T e s FIR T URH o e S el T o BT L

v e 8 KFCM-SC 4 21842 ¢ $3% festl L infifig 4 o
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% 413 P PaE AT TR &7 FRAT L AEFF LR

b=10 b=20 b =40 b =60 b = 80
a =2 1.36% 1.33% 1.49% 2.52% 4.84%
a =128  1.48% 1.43% 1.5% 2.42% 3.16%
6.00% -
5.00% -
a4 4.00% -
i
# 3.00% -
2 ——0=128
R 2.00% - P
1.00% -
0.00%

b=10 b=20 b=40 b=60 b=80
Y
W 412 3 b oo @ 84T fofr 5 Bl et FRpT b JE s i

B4 i H I FRAr kae s~ HFHETRER > v UBEZRI A Db ES
102040 12 2 BOPF > A K Eim AR A P DT AE R R ERE DR Y

FRIEF I S A Ao b h e b E S 80 (hfFIRT 0 A H A R i

T

BB L RET DK
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(a)

(b)

(©)

(d)

(e)

W413 =B kWit * KFCM-SCHFE2AMTRZAHLEEET
d b @ T %322 iE b=80 » b=60 > b=40 > b=20 > b=10 > = if % 4v » 3N {5 PR 4o
Bl PR La=2 h#e% > L ias128 AL %
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A~ 3 IR KFCM-SC 2 AT 88 7% 4 0 & F "FRIGH L 78 HE 4 5 R8s ani i

AR AP ST B A FCM A HF B % 0 fde ~ 0 P 3038 (Kernel) 53 #7

y pbooh R

Py

ficih B 0 2 % @ F 3 (Spatial Constraint) i > 4 #4535 § B F eh'E
TFBRRCRE R 0 A A B R T ot R R B R AR 0 4 A

B FCM Al A3 g E o8 g ki B o

ek s sp4e | I en KFCM-SC A £ 2e ’h& ®F 7 ? & i (Pipeline) s2¢ f#é %

BAAED AR EY T E BHEAE S RE LG EERY Y X BHEA
#3r ¢idle g B @ oM Ak AT RESHMER AT L 4

Bj?ﬁbﬁj LL_@\%ﬁﬁii % o
SR A BATE ) AN B A R BY 2 Tﬁ’j”‘ﬁ”sf@;%%v' - WA

hizde 3 b o
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