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Fuzzy theory

Fuzzy sets
L.A.Zadeh (1965)

Fuzzy control
E.H.Mamdani (1974)

TSK mode
T.Takagi et a. (1985)

N

Neural network

Neuron model

W.S.McCulloch et al.

(1942)

Hebb learning
D.O.Hebb (1949)

Perceptron
F.Rosenblatt (1958)

Back propagation
D.E.Rumelhart et al.

(1986)/

Fuzzy neural network

Speech recognition
A.Amano et a. (1989)

Logic control
C-T.Linet al. (1991)

ANFIS

R.Jang et dl. (1993)

Modeling
Linkenset al.
(1999, 2001)

AFINN

N

FINN
T.Nishinaet al.
(1997)

H.lyatomi et al. (2003

Image processing / recognition

image

enhancement

adjustment
etc..

2D-model
matching
system

.

Rule-based
recognition
system

L earning-based
image recognition system

Scnenery image recognition and
knowledge extraction
H.lyatomi et al. (1999)

Scnenery image recognition and
interpretation
H.lyatomi et al. (2002)

Y amamuraet al.
(2002)

L earning-based multipuropo:
image recognition
H.lyatomi et al. (2003)

O 1200000004

segmentation

3D-model
matching
system

object search

Eigen space
H.Murase et al.
(1994)

Active search
H.Murase et al.
(1998

Image retrieval
system
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1. 000000 (regional segmentation process)
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Input image

éegional segmentation proces}ﬁ
y,

e K-mean algorithm
e Region merging

’......................

( Image recognition process

Rule extraction Segmentation resu

FINN-R | | FINN-R | eee | FINN-R |
~/

' lIIIllIIllIIlIIIlIIIlIIIlII'
(Image interpretation processh ' ‘

Recognition result

FINN-I | [ FINN-I | eee [ FINN-I |
)
Extraction rules Interpretation result
If size is large "wide sky"
color is light blue "road"
correlation is very high " N
many trees

then  wide sky
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Input / Output Layer Rule Layer

Input Part
Size 2
Position
Shape
Color
Texture

Sky
Mountains

Woods
etc..

Output Part

Connection weight with
member ship function
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Input / Output Layer Rule Layers

Input Part Winner
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Position
Shape
Color
Texture
Sky
Mountains

Woods
etc..

Output Part :

Connection Weight with
Member ship Function
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' segmentation

“ “
Input image Segmentated image

F?ecognition Network _ _
maximum fitness rule
FINN-R [rurE) size is very big
e color is blue
FINN-R . correlation is hig
then sky
FINN-R
image recognition
process
Recognition result
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p———— *'"""""'""'""i'iﬁ'éiéé"'i'ﬁ'fé"r'ic'i'r'"é't'étion

Interprertation result process
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Extraction rule
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correlation is high
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3.3 AFINNOUOOOOOOOO
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DO00000O0 (M, +N,) 000000000 r'000000
I'=[U', 0" +[0, YT (3.4)
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god
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W, =1T1" (3.6)

step2:
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000000000W,000000000000000000000000000
00000s0000

W, — I'|| = min [|W; — T'||. (3.7)

step3:
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W, - I'| 00 D0¢sp,,000000000000000000000000000
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Wit +1) = W,(t) + esppp(L — W(t) (3.8)

;where||[ W, — Il|| < éspLr,

W, =1 :elsewhere. (3.9)

DDDG@ELFDDDDDDDDDDDDDDDDDDDDD M,0000000400
gobobooooobbboobbib0Ueserrmeel0gdononoooooog

L_Mq% (3.10)

J _ .
€spLF — €SELFinit [ 7
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3.3.2 0OUOOOOOOO
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(3.11)

Fir = R.ir./ Ry (3.12)
oono
R.x = max(z) — min(z). (3.13)

OO0o00ooOo0oobobOoobbobobo0 /OO00D00000 max; ;00000
O00000¢,.0000000000000000

N3
F, =3 Fy, (3.15)
k

max; Fy X &inpur > Fi. = gb.00boooogon
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Nl O-xio-xj 7

pli,)) = (3.16)

0000% =1/N,Ya;, o, =+/22—(5;)? 0000

i 7

3.3.3 U0 boooboooon
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godoobbuoooogbobobbbouoooobbbboodoooooboobooba
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0000000000000 0000000000DOOLMS(least mean square) O
O00000D0OO0oDoOoOOoooOooooog
AFINNOODODOODODOODOOODegnusOOLMSOOODOODOOODOOODO

w - Pj
wir(t +1) = wr(t) + efas(yr — yk)zij 7 (3.17)
wii(t+1) = wi(l) + €fys
N. N- N-
g ~ wk2n2pn_zn2(wnkpn)

X Z(yk - yk) ( ! 2

B (20 pn)
)L, A i) (3.15)

Nadj 054

oyt +1) = 04;(t) + €Tas
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N N: N:
2 ~ 7 Zn2 Pn — Zn2(wnk/}n)
xS (g — i) [ 2 )
S ( (= p.0)
1 2(u2 — wij)Q

Pj
Nagj 0;;”

(3.19)

goobogo

UO00OegusO0oobooboobdbobbodbobobbbbodbooubboaa
0000000000000 0,00000000000000000 (p; = min ;)
00000 (p,=1y,;,) 00000000C0CO0O0OCOOOO0ODOOOOCODOOO0
gbdobooobooobdoooobboadpboobboobobobbonbodon
ooooobobbbOObOObbOOODbObOOD LMSOODOObObDbOOODOOO
gbobodbbodboobooooboboobbebbbobboobbooan
ooooOoooooboooobooooDboOooooobobobe,;, 000000000
gooogo

gbooobobobbboobodbobuoobobobbooboobobooban
OooobobobbooboboobobbobuoobobooboobOobooogLMs
00000000000 00000000000000O0p; =minjp;] 00000y
goboogbooboogbbobboobobooboooboobooobooboboa
AFINNOOp,00000 (3.1)0 0000000000000 O0O00OOooooOO
OO00000b0dbes00b0O0DbODb0OD¢u 000000000 0D0DODOD
Ooobooo0 NgODOODOOOp;,0000000000000000
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3.4 00O QOnQ

AFINNOOOOOOOOoOooOOo soooooooooooobboooobonog
goooooan

3.4.1 OJ0O0ODOOOOOOOODOOO

1000oooooo s>b030bb000bb000b0Ub0 b0 UAFINNDODO
gboboboooooboboobobbboooobobobbooooobobboooooon
(3.20)0 00000000000 0ODOOO

= u:f + 3uy — 4 s1n us
Yy, = cos®uy — tan® uy 4 uy (3.20)

Yz = up+ ug+ uy

0000 «w0O0O0O0O000 0,10 0000000000000O0ODOOOO [0,1]0
O00D00 AFINNOODOOOOOOOoOOooooooooo agooooan

AFINNOOOODOOODODOO 320000000000000000 LMS OO
0000000000000 0ODOD00O0DO0oD0O0OoOoooD pob000OoOoooa
000000000000 3300000000000, ]0D0DD0D000ODOOO0
00 MAE(mean-absolute-error) D00 0000000000000 0OOOOOOOO
LinkensO00O0O [73]0 0000000000 O0DOODOODO AFINNOODODODOOD
O000O00000bo0oooDoOo0oobooO LMSOOOOO0O0oOooDOoOOoOooao 3.1
0000000000 OO0000D0oObOOo000oo0b o000 ooDoOoOoOoOooan
00 32000000000000000000O0DOO00O0OODODOOODOOOODOOO
ooad

0320000000000/ 0000000DO000DOODODODODOODODO
gobboogdgobbooobobbboooobobobsouobobooooobnoon
A000000000bbboo0oaga
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U 3.10000000o0ouooogoon

N 5
N; 3
L (# of vectors)| 1000
{sELF 5-20%
€SELFinit 0.5
Einput 0.05
Ecorr. 0.8
ELMSinit 0.001
Cinit 0.1
Emin, 0.01
# of LMS learn.| 5000

03200000000 (D0O0OO0O)

Esprr (Y0) 5 7 10 12 15 20

# of rules (initial) 815 509 208 127 61 23

# of rules (N3) 527 254 80 44 21 8

Fy 0.30 0.30 0.29 0.25 0.33 0.32

F 0.57 0.57 0.58 0.59 0.60 0.59

F; 0.22 0.22 0.25 0.25 0.25 0.25

F, 0.28 0.27 0.25 0.24 0.22 0.25

F; 0.03 0.03 0.03 0.03 0.04 0.11

selected Uy, Ug | Up, Uy | Up, Uy | Up, U | Uy, Ug | U, Usg

input Uz, Ug | Uz, Ug | Us, Uy | Us, Ug | Us, Uy | Us, Uy

DS.SDDDDDDDDD(%)
O O :Linkens[73]0 0 O :AFINN
OO000o000ooooooLMsooooooooodg

{sprr (70) 5 7 10 12 15 20
# of rules 527 254 80 44 21 8
ooon 1.61—0.11] 2.35—0.33| 4.60—0.65| 6.27—0.77| 8.31—1.09] 12.29—1.82
(oo %) ||1.17—0.18/2.36—0.33|4.84—0.31|6.55—0.30|8.52—0.33|11.95—0.72
ooon 1.63 1.75 1.16 1.13 1.20 1.93
(0o %) 1.96 1.77 0.50 0.39 0.35 0.70
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14.0

12.0

[MEN
o
o

o
o

mean absolute error (%)
»
o

N
o

o

o
o

10.0

o o
o o

mean absolute error (%)
>
o

N
o

Corr:,]voednetilolnal conventional <+—before LMS learning
- (Linkens’ model 2  (FINN)
model)
AFINN K :
\ — proposed) evaluation result
)&( <«— after LMS learning
X X

X ﬂ ﬂ x

X X W |
8 21 44 80 254 527

number of rules
0 3.1 0000000 (EIEIEIEIEID)
conventionl : 8 rules
model (Linkens’ model)
conventional : 21 rules
conventional : 44 rules
AFINN: 8 rules
AFINN: 21 rules .
AFINN: 44 rules

1000 2000 3000 4000 5000

Learning iterations

0 3200000002(00O0O0O0O0O)
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0330000 3.1000AFINNODOUODUOOO0OOooDbooboobuobooo
gobooobodooobboobobooboooboobuoobbouooboobbboon
O00000D000O0D0O000O0000 32000AFINNDO 80000 ULinkens[73]
4000000000000 bLb0bOo00oboDn

O000000000000000000000D0ése,rp0 1020200000000
goboodgbobbodbbobbooboooboooobooobooobooon
guoodooooooobobboobbobobbbobbobbbobbbobbobboboo
OO0 BpOOOOOOOOODOOOObDOODODODOODODOODODOODOOOOO
gooobogo

OOO0ob0booboboobobooo00ub00obDUb0UUbnAFYINNOODDDDOD
gobobboooobooooobobbodoooobobboooobbobboooan
god
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3.4.2 0O0O0O0OOOOOOO

OO0 AFINNOODODOOOOOObOOOoboooboboobooboboobobooboog
OOooboboboboooboooguChvined OO0 ODO0O0OOOODOO [91)0
gboobooooboobobbooooboan

0000000 ISOLET (isolated letter speech recognition) 0 0 OO 0617 000
Oooooboo2e0000oooooooogseivod 2000000 oooon
ISOLETOUO0O0O0O0O0O0OFODODO A-ZOOOOOOOODOO 2400F 0O 23800 6238
O0dboddoboooooono A-ZOeoODOO 10000 ooooooooooao
doodooooooooooooooooooad

O340 000000000 AFINNOOOODOOooOoOoooooooooodd
doodooobooooooooo 24000000 ooooooo oooboon
0000000000000 0000000serr=12%0006170000000
296 0000000000040 00000LMSOO0O0O0OOOOOOOOOOON
OO0 MAEOOOODOO 3.48%, 049%01.00%0 02600 000000000000
93.53%00000

45000000 LinkensO OO OO AFINNOOOODODODOOO 320000000
000000000 00000000 LinkensOODOO0ODOODODOOOOODODODOO
O00000000000000p 000000 (A3)D00000OODOODOOO

O0000000000ooooooooooooooooooBPOOO 95.9%[92]
doodoooooooooobooooboooooooooooooooooon
dddoooobooobooobooooboooooooooood
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0 34000000000000

N 617
N, 26
L (# of vectors) | 6338
{sELF 12%
€SELFinit 0.5
Einput 0.05
Ecorr. 0.8
ELMSinit 0.001
Cinit 0.1
Emin, 0.01
# of LMS learn. | 5000

conventional model evaluation resul
(Linkens’ model) (conventional)
450 rules

evaluation result

AFINN (AFINN : proposed)

. (proposed.)
450 rules

10 20 30 40 50 60 70 80 90
learning iterations

033000000000 (Doooono)

100
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3.4.3 0OU0OOOOO

O0O0OOAFINNOOOOOOOOOOODOODODOUOODOOOOOOooODOooO
000 UC Irvine[91] O Car evaluation database D0 000 O00O0O0O00ODO

O000000000000 600000040000000000000060
040000000000000000000O000OC0O0O0O0DOOO0OCOOOOOO0
O000 6000000 “buying price”, “maintenance cost”, “# of doors”, “# of
passengers”, “luggage size”, “safety” D0 0000000000 30500000000
O0000D00O0D00O00 “very good”, “good”, “acceptable”, “un-acceptable” [0 4
O00D0000000 1210,384,69,65 0000000 17280 0000000000
OO00D0D00g80boooooooooooooooooog

000000000 3500000000000 04sgr =20%00600000
goobooobb ogobbobodoooobbooobobboooooobooan
MAED 3.19%0 00000000 96.2%00000000000000000000
0000000 900000 % ii0o0fd00o00o00oooooooooo
goodobbboogooobbooooobobobbbboooobobboooan
gboobboooooooboboboooobobbboooooobbooooona

AFINNOOOOOOOOoooo oboboobobuoobobo ssegobobboonoO
OO0000 verygoodOOOO good D0 OO0OO0ODOOODOOODODOODOODOODO
gbobobbboooooboboooobobobobbbobbbooboooobooon
gobobobogoobobooooobooooobobboooobobobboooan
goobooooobbboooobobobooooboboooooa
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3500000000004

N 6
N; 4
L (# of vectors) | 1382
{sELF 20%
€SELFinit 0.5
Einput 0.05
Ecorr. 0.8
ELMSinit 0.001
Cinit 0.1
Emin, 0.01
# of LMS learn. | 5000

03600000000 (0000O0O)

Rule #| Price |Maintenance| Number of | Number of | Luggage |Safety| estimation
cost doors | passengers| size

1 very high med 4 4 med med |unacceptable
2 very high med 4 5 < small | low [unacceptable
3 high med 5 < 4 med | high | acceptable
4 low low 3 2 med | high |unacceptable
5 low high 5 < 4 large | high | acceptable
6 low low 4 4 small | med | acceptable
7 low low 4 4 large low |unacceptable
8 low med 4 5 < large | high | very good
9 med low 4 5 < med med good
10 low med 2 5 < small | high |unacceptable
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3.5 00O

OO000000000000D00DoD0o0ooooooooooooooooog
0000000000000 00000000000000O0O000O00 (AFINN:
adaptive fuzzy inference neural network) OO0 00000 0O

OO00000D00000ooDoooDdodooooooooooooooooog
OO00000000O0OO00CAFINNOOOODOODOODOODODOODOOOOOoOoOOooOO
OO00000D00O00O00ooooooooooaod

goodobbobooobobbooooobobboooobbbooooobnoon
goobobooggobobooooobobbododdouoooooobbbooooono
OoOoooooobOobobAFINNODOODODOOODOooObOobobboboboboonog
gogobobogobobobouooooboboboooooboboboobobboobobbo
gobobboooobobobooooobbooboan
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1 40

oot boobodddootn
Jouogdoodboodod

OO00000D0000000000oo0ooooooooooooooooog
O0000 RoODO0O00D00000000000000O0000O0OO0oOooan
OO00000DO000o0ooo0ooooooooooooooooooooooooon
OO0000000O0000D0O0O0000o0DoooDooooooooooooooon
OO00000D0D000000000O0ooooooooooooooooooood
OO00000d0oO0oOOooooooooooood

OO00DO000D000O00oOo00oo0oooooooooooooDooooooooog
OO0000000000000oo0oooooooooooooooooooood
OO00D0D000O000000oo0oooooooDooooooooooooooon
000000000000 000oooo00ooo0ooDooooooooOoo 200
0000000000000 000ooooooooooooooooooooood
0300000000000000000000000000O000O00O0O (AFINN:
adaptive fuzzy inference neural network) OO OO ODAFINNO OOOOOOOOOO
O00D00O00DO00O0O0DO00O0000ooOoooo0ooooooooooDod
OO000 AFINNODODODODODODODODOOO0O0ODOO0DOOo0Oooooooon
000000000000 00000D000000000000D0O0000 AFINN
0000000000000 D000O0000o0o0ooooooooooooooon
0000000000000 O0ooooOoooDooodDodoooooooooon
OO00000D000Do0ooDoOooooooooood
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4.1 0O0O0OO

02000000000000000000000000000000000000
00000000000000000000000000000000000000
0000000000000 0000000000000000000000000
0000000000000000000000
000000000000000000 [64][73)[74)[79)0 000000000000
00000000000000000000000000000000000000
0000000000000 00000000000000000000BP[5]00
000000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
000000000000 00000000000000000000000000
000000000000000000000000000000000000000
00000000000000000000000000000000000000
0000000000000000000000000000000000000000

0000000000 00000OoO00oooo0oU0ooDoO0oOoDOoOoDooDOos
0000000000 00000O0200000000000000000DOODBOO
O00000000oO00ooO0dooOo0odoooD0ooooooooOoooooo 2
000000000000 000O000O000O000oDoDo0oooooDoDOoOoOo
O[29B0)0000000000000@B000000O000O0O0O0OO0OO0O0O0O0O
000000000000 0DO00D00O0 1001000000 0OD0ODO0ODOODOODO
0000000000000 000O000O0o00ooooooooooooooooo
00 B0000000000000000O000000D0OD00O00O [3210

O0000000o0ooo0o0ooO0oo0o0ooo0ooooooogooog
0000000000000 00DO000ooO0o0oDoOOoDOU0DDOOoOoOooDoDO
000000000 00O0o0ooooo

0000000000000 00000OO0000DLO0000oooooDooo0ooGg
000000000000 000O00O0O000O00oDoO0ooO0ooDOoOoooOo
O000000DoOoOoooo

000000000030 0000000000000000000000O0O (AFINN:
adaptive fuzzy inference neural network)[79) 0 D D O OAFINNO OO OOOOODOO
O0000000O0o00o00ooO0ooo0oOobOOoU0DoOOOooOoDDODOoOoo
0000000000000 00000DO0000O0000o0o0oo0oooDoDoooo
000000000000 0O000O00oo00ooooooooooooooOooo
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gobobboooobobooooooooooobobboooobobobboooan
OO0O00bO0boUOO0OooUoAFINNOOODDODODOOoOoooobuobobonog
goboboboogooobooobbbooooobobboooobobobboooan
OoooboobboobboobobOoboboobo0obobUoobOoUo AFINNDDOO
gbobbbodoooobobooooobbooooobboobobbboooonoo
gboobbooogobooobooobobbooobobboooobboooobooboon
gobobooooobobboooooboboboooonod

4.2 OJ0O0OO0O0OO0OOO0O

ooobooooobobbobbobbbboobOoonbobb Bojuod 3sooogog
AFINNOOODOOODOOOd

gobdoooooboboboooobobboobobbobbooobobbbuooon
gbo3bbugoobob2000obbboboooobbbooobobbooon
gbobobooodgobobooooobobooboooboboooobobobooonooboon
gobobbooooobobooooobbboboooobboooobobobboooan
gooogo

jugdobobbobodg 2bb00dgoobobbboooooooboobooon
gobobobdoodooooobobobooooobbobobobooooooonoo
goboboboogoobobooooobotblooogobbbboooonobon

4.2.1 000000

gododboooobmoobobooobobobbobbobbobbobobboboobn
goboogoobbodooooooboooobbooobbooobooooboan
gbobobbobbodgobooodb 4210 400000000000000000
goboboboobgoooobboooo20bbboooonbobobo

1. 0000 (Search phase)
2. 0000 (Validation phase)

goboboboooooodbooboboobbdoooobbobboooobobbobonbo
OoOoboboobobooooooboooooboooobUoobOAFINNOODOODO
goobobooouoobbbbooooobooooobobboooobo
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input image

: monitor keyboard

Search phase > initial search result

* Active search
* Brightness
comparison

~compute

reference images
(common)

Validation phase monitor keyboard
* AFINN recognition result

41 000000000000 on

e | L L
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4.2.2 0000

oboobobbobobobobobobobobobbboobbOo pBuoooobog
godbooooobobbuooooobooboboobbooobbbooooobooon
goobobbodbgbobooooobbooooobbboooobbobboooon
goboboogoobooooboboooobbobouooobobobooboobon
gbobobooobobboobooobboboooooboobooobobboooboboon
gbobobooogoboobobooobobbooooobooobobobooooonooon
gobobboogoobobooobobbooooobbbooooboobobboooan
goobobbobbodoogobobuoooobbobbuoooobbobooooonoon
gobbooooobooobooobboboan

Oooobooboboboobobobo NODOOORGBOOODOODOOD @O
00000 /=Q00000000000000000000000000000O0
Oo0oob FMysOoobbooboobbobbobobobobobo H,O0bDOoOoo
oooooOobO MODOOOO

FAS = —ZmlH(HZ,MZ) (41)

0000000000 H,,M;,00000.:.€/00000000 Omin(4,B)00AO
BOO000OO0ODO0O0ODbDOO0ODbOObDOObOoOn

ooooooooboooboobobbooobD /vOOOoooooboboyobboo
Vy;, 0000000000000 V000

(4.2)

OOooooobboobobooo vooVvV =030R+059G+011p00000O0O0OO

O F=Fsx WO0O0OOO& 000000000000 0DO00D0ODOODOOOO
gobobooooobbobooooobobbooobbboooobboooonooboon

gboboboobobobbboooobooboobboboooaga
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4.2.3 0O0O0OO

00000000000 000000000000000OAFINN[79]00000
ODOO0OOAFINNOOOOOOOOODOOO0OOO0OO0O000000000000000
00000000000 000000000000000000000000000
00000000000 0000000000000000000000AFINNOD
000000000000000000000000000000000000000
000000000000 00000000000000000000000000
0000000000000 0000000000000000000000000
O000O0O0O0OO0AFINNOOODOOOODOODOOOOOOOOOO0O0O00000On
0000000000000 00000000000000000000000000
00000000 AFINNODOOOO0O0O0O0OO&ny000000000000
000000000000 00O
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4.3 00O0O0OO0

4.3.1 0O0O0OOO

gbogbobobbobbobboobobbobobooboboboboobobooog
Dboobooboobooobooboobb2ex19200000000000
gbobobobboobbobboobuobbooobobobooboboobooobod
gbgbobobobobirbboobobobobobobobobooboon
gbgbobobbombomoboobbomobomoboooob 4000
gbbobogscogbgbooboobbbgseb40b0oobobobobobobn
OOob0O0oobooooboboob420000000000000000 410 OAFINNOD
obogoobg 420000
gbgobooboboobbobobboboboobbobbobbooooobbbooooobg
ooobobbobbobboobooboobobobobbobbobooood
Dbooboog3000000 10ex1o6 0000000000000 32x3200
gbgboboobbobboedobboobboobboobn
gbgbobgbgoobbobboobb2000000000

e J0DDDODDODOODODODOO (SE)

e 000D DDOODOODOOOOOODODO (SP)
SE(Sensitivity) 0 00 0000000000000 0O0OO0O0OOOOOOOOOOO
000000 5000000000000 400000000000 8%0000
SP(Specificity) 0 00 0000000000000 O0O0O0O0O0OO0O0OOOO0OO 10
000000000000 000o0Oo0ooooov'ooooo w%00ooooooo

0000000000000 0000oooO0ooOs%o00000oooooo
OooseEb0SspO0000C0CO0000O00O0O0OOOOODOOOODOODObOOOO

ZE VN =

(a)chairs (b)computers (¢)monitors (d)keyboards

04200000
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410000000

0000000 256 x 192
0000000000 |32 x 32
00000000 32x 320 106x 106 (6 0 0 )

000000000 |147(3000000000)
000000000 7125 (5%)

{search 0.6
N Ni/4
§AFINN 0.3
€SELFinit 0.5
ELMS 0.001
{sELF 10
Einput 0.1
Eecorr 0.95

O 42 AFINNOOOODOO

ooo maxR, minR, E[R], o[R]
(0D 1200) maxG, minG, E[G], ¢[G]
maxB, minB, E[B], ¢[B]
RGBOUOUODODODDODOOODDODODDOOOOO

gooooo contrast 0°,45°,90°,135°

(0D 1600) uniformity 0°,45°,90°,135°
correlation 0°,45°,90°,135°
entropy 0°,45°,90°,135°

ooooo (> 6V)

(100) 0000000

O0O00000O0 | Vi, VW, Vs, V4, Vg

(O500) 00000 s50000000000

HEN 30002000 (0D0O0O0OO0O0OOO0O)
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4.3.2 0O0O0O0O

>000000000DO00b0bO0O0bD 43,440 000000000 AFINNO
ODO0OoobboboOobo450000AFINNOODODOOO0ODOODODOOOOO 4.20
gbobodoboogoobobooooobon

gbodoboobodob43004500000000000000000O0O000O0O00O0O OO
0000000000000 DO10000000000000000 Pentium4(2.4GHz)
gobobobooobobbobooggsbouoooboboboigoboon

043000000

SE SP
00 80.9% ( 51/ 63) | 73.6% ( 56/ 76)
000000 |92.0% ( 23/ 25) | 37.0% (162/437)
000 86.2% ( 69/ 80) | 25.4% ( 74/291)
00000 | 98.5% ( 68/ 69) | 25.2% (128/507)

044000000

SE SP
00 80.9% ( 51/ 63) | 74.6% ( 56/ 75)
000000 |84.0% ( 21/ 25) | 52.3% ( 33/ 63)
000 71.2% ( 57/ 80) | 89.4% ( 51/ 57)
00000 | 98.5% ( 68/ 69) | 38.3% (118/308)

O 45 AFINNOD OO DOOODOO

afalafsls 147
alafalalsls 34
0000000000 Ay |20
000000000 N, |16
0000 N 4
LMS 0000 10000
0000000 (MSE:%) | 1.22
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chairs computers monitors

()OO 1c

043000001 0000000 0oooaad
gbgbobobbobmoboobboombooomobooobo b
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chairs monitors

04400000 2 0J0U0oooo obooood
gbobobbogubobmobbbob@mobb@moboag b
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chairs computers monitors keyboards

()OO 3

45000003 0DOO0O0OO0O0O0DO 0O0OoOodoad
gbgbobobbobmoboobboombooomobooobo b
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4.4 0O0O0OO0O

04300 000000000O0O00OO0OOOODbDOODOOOSsSEOODOObOOOn
oboooobooobooSspbooboooboboboboOoobOobD44b00DbDO
OoOoboboooboboooboboosEpoboobbobooobobnoo spoOnO
gobobbobooobbodooobobbooooobbbooooobbbooaon
gobdobooooobobbooooboboboooooooooobobooboan

4.4.1 0O00O0OO0OO0O0OOOOOOO

0430450 000000000000000000b0OOOO0ObLO0bLObLOOO
0000000000000 00000000000000000000000 4.4(a)
gobobododgobobobuooooobboooooboooboboboooooboobo
gobobooogoobooobobod

OboobooboboboobobuoobooboobosEgspOobvobO
suogoobobbobooooooooobobbbooooobLobbbbOooa
ooooosEgboooooboogspobbooboobooooboboobboonog
gooboooboboboboobobooooobobboooooboboboooanon
gobobbooodoooooooobbuooob bbb 200bbboobobboon
gboobo42000000000000000000000000O00OLObOOODOOO0
gboobboooooboooobbbobuoooobbobboooobbooooobooo
goboboboogobobooooobboooobobboooobbobboooan
ooOooooobbooboobbobboobboooboobobobnobo spbOO
gobobboogoobobooobbbooooobobbooooboboobobbon
gobobooooobbbbdoooobobbooooboooboboboan
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4.4.2 0O00O0O0OO0OO0OO

0000000000000000000000000000000000000
0000000000000 0000000000000000000000000
00000000000000000000000000000000000000
00000004000000000020000000000000000000
0000000063000006200 (03/02)00 4600000000000000
0000000000000000000000000000

0000000000000000000000000000000000000
0000000000000000000000000000000

0000000000000 000é64sn000000000000000000
4400000 SE00000O0O0O0O0SPOOOO307%000000000000
000000000000 00000000000000000000000000
00000000 SESPOOOOO0O000O0O0NDNON0000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
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