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Comparison between independent component analysis
and fuzzy logic in prediction of time series

Abstract

The analysis of time series is the most commonly used statistical
methods in the areas of daily life where phenomena are analyzed for a
certain period of time and then to predict the future In this research,
this analysis is based on factor analysis, which i1s a platform for
statistical analysis of multiple variables associated with each other
with varying degrees of association through the development of
these variables in the form of a list of independent ratings on the basis
of the quality of classification.

This research aims to present a method for modeling time series
depending on the independent components and fuzzy logic through
(ARIMA) models appropriate for each time series, and then find the
speculation of the time series of independent components in a manner
and method of fuzzy logic and comparison between them depending
on the standard MSE.

(Inedepend Components)

(Hyvarinen,2000)
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Degree of Membership

.[0,1]
IF-THEN
Fuzzy Set Theory
outputs Inputs
(Klir,1988). Rules
-2
(Inedepend Components) 1-2
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Orthogonal ( )

Uncorrelated Linear

Sources Signal Independent
(original) (mixed) Components
(1.2)
S
X Mixing A
Demixing
y X
X=As
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W
y = WX = WAs

Y
‘W

(Hyvarinen,2000) :
A
Transformation Functions PCA .2
PCA ( ) 3
4

.PCA
) Rotation 5
( )

Uncorrelated Linear Orthogonal
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Transformation Functions 2

Rotation

XW +e

PC1=211 1X1+321X2+ """ +am1Xm:Xal

PCy=ay X +an X,+------ FameXm=Xa2

Pcm:amlxl+asz2+““+amme:Xam

( ),(Hyvarinen,2000)

(2-1)



2012 (21) dsibasy) aglall 48) al) dlaal) [322]

PC=XA (2-2)
b, -
PC,
PC=
| PC,, |
i Xll X12 le ]
X21 X22 X2m
X =
L X ml x m2 X mm _|
i All A12 Alm ]
A21 A22 A2m
A =
_Aml Am2 . Amm ]
Y=(PC)s (2-3)
Y=(XA) (2-4)
Y= X(As) =XW (2-5)
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(polynomial)

A"+C A" ++CA+C, =0
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M, Ay ,————- Am m
Ao M
A > >A>.>4,>0 (2-8)
(V-%) a=0 A
ajj
PC, =a, X, +a,X, +————+a, X, = X, (2-9)
Y=5+SPCi+ S,PCy (2-10)

Fuzzy Logic : Guaall (3hial 2.2
1965

1974

fuzzy logic chip
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Crisp Sets : 1-3-2

Universal Sets

Member
Crisp Membership
(Vinterbo,2002).
Ha U A
A U
Ma(X)=1 1
Ha A(X)=02 A

x = Ha(x) {0,1} >pa:U

(Razaz and king,1999).
: Fuzzy Sets 2-3-2

fuzzy sets
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Membership Degree

0 [0,1]
1
%100
Membership
X Degree
Ma(x)
X Membership Function
[0.1] A
(Kandel,1986) :
> X[01]
X A
A={(x, 1, (X)), Vx € X}
Operations on Fuzzy Logic 3-3-2
Negate Union Intersect

. Maximum Minimum
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Klir,1997)
(
AN B =min(A, B)
AU B =max(A, B)
Membership Function : 4-3-2

Membership Degree

X A
Characteristic Function

.XeX 4y (X) Membership- Function
xe X Ha(X)
A X [0,1]
.(Ngugen and Walker,2000)(2.2)
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Triangular-Shaped Membership -

: Function

1 [x-2 ; |x-al<c
11,(0)= c : (2.12)

0 ;  otherwise

. (3.2)

Trapezoidal — Shaped -

: Function Membership
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(2-12)
(a-x)
(a—b) a<x<b
1 . b<x<c
,UA(X): (d—X) g

c<x<d
(d-c)
0 ;  otherwise

. (4.2)

Gyl 4nd (KA 3 & puinal) Ay iy : (4.2) JS

Gaussian Function -

(2.13) pax)=e °®
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5-3-2
Dynamic ( )
variables
cruise control : .
optimize : .
the cycle
6-3-2
Stages of Constructing Fuzzy Model
Expert System
Rules Output Input

Fuzzy Model
.( Almonds Russell Babuska,2001)

Fuzzification -1

Fuzzy Inputs Crisp Inputs

Membership Functions
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Time Series Plot for C3
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(x*=1219.33) ,(x*=1122.34 ) ,(x*=1439.23)
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MSE

AIC(K)

(3,1,3)

0.005387

-496.353

(3,1,2)

2.674

-495.964

(3,1,1)

1.741

-498.928
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PACF of Residuals for C6
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1-3
X
X Y aj
X
1.34736 0.32679 0.10344
V =|0.32679 5.81417 1.57854

-0.10344 -1.57854 4.9109%4

(1.34736 -2)  0.32679 -0.10344
V= 032679 (5.81417-1) 1.57854 =0
—0.10344 -1.57854  (4.91094-1)

A’ —8.6694\" +127.1516\ —43.7528 = 0

A, =7.0228
A, =3.7261
A, =1.3235

A, =7.0228
a, =0.057
0.798
-0.600
A, =3.7261

a, =0.047
0.598
0.800
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A, =1.3235
a, =-0.997
0.74
0.004
A
0.057 0.047  -0.997
A= 0.798 0.598 0.094
—0.600 0.800 0.004
PC, =—0.057X, +0.798X, —0.600X,
PC, =0.074X, +0.598X, +0.800X,
PC, =—0.997X, +0.074X, +0.004X
PC,
A _ 7028 e
DA 120724
PC,
A _ 3726130
D i 120724
PC;
A _ 13235 109
D i 120724
89.1% PC, PC,

X3 X3 Xg PC, PC;
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PC, PC; (3)

PC, PC, PC, PC, PC, PC, PC, PC, PC, PC,
1 | 36.05|210.1 |20 |27.57 | 206.8 | 39 | 29.46 207.9 | 58 | 28.03 | 207.9 | 77 | 30.64 208.2
2 | 34.76 | 207.2 | 21 | 27.59 | 202.0 | 40 | 31.60 206.8 | 59 | 30.77 | 205.5 |78 | 32.85 | 2074
3 132,02 12075 222792 | 2036 |41 |32.17 2032 | 60 | 3291 | 2044 |79 | 31.72 | 206.7
4 | 28.12 | 206.1 | 23 | 2997 | 203.4 |42 | 32.25 2062 | g1 | 29.20 | 204.2 80 | 2952 | 2045
5 | 26.06 | 207.1 |24 | 3132 | 2065 |43 |31.80 204.0 | g2 | 29.11 | 2046 | 81 | 2765 |204.1
6 | 27.12 | 209.0 | 25 | 30.26 | 206.2 44 | 28.12 2053 | 63 | 30.21 | 204.5 82 | 2543 206.2
7 | 2997 | 208.6 | 26 | 26.83 | 207.6 |45 | 26.78 | 207.6 | g4 | 28.46 | 206.0 83 | 28.68 | 207.6
8 13191 |207.6 |27 2692 | 2006 |46 |27.12 206.1 | g5 | 30.21 | 207.1 84 | 30.21 206.3
9 12926 | 2045 | 28 | 27.95 | 2085 |47 | 2925 |2062 |e6 | 31.32 | 207.4 85 131.73 | 206.2
10 | 30.83 | 204.2 | 29 | 30.11 | 207.3 |48 | 30.60 | 2089 |@g7 | 2843|2053 |86 |3325 |2042
11 | 30.52 | 202.8 | 30 | 32.25 | 209.1 49 | 3345 | 2095 |68 | 27.34 | 207.4 87 | 32.41 204.4
12 | 2520 | 204.7 | 31 | 32.45 | 210.1 50 | 3556 | 209.2 | g9 | 29.57 | 205.7 88 131.16 | 207.6
13 | 29.17 | 208.0 | 32 | 3091 | 2105 51 | 34.51 2089 | 70 | 31.68 | 207.8 89 | 30.27 206.2
14 | 30.22 | 2099 | 33| 29.31 | 210.9 52 | 28.06 |207.8 |71 |3036|208.7 |90 |2936 |207.4
15| 3196 | 212.6 | 34 | 29.17 | 2116 53 1 28.72 |2058 | 72 | 28.79 | 209.6
16 | 28.65 | 209.8 | 35 | 28.86 | 2094 54 | 26.61 206.1 | 73 | 27.37 | 207.4
17 | 29.91 | 2103 | 36 | 26.80 | 208.0 55| 2772 12052 | 74 | 27.86 | 205.1
18 | 28.51 | 208.8 | 37 | 25.46 | 206.7 56 | 25.41 2063 | 75 | 28.42 | 204.3
19 | 27.23 | 208.9 | 38 | 27.52 | 207.6 57 | 2592 | 2082 | 76 | 29.57 | 206.7
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Y=SptS,PC;+ S,PC,
Y=92.96 + 0.04 PC1+ 0.22 PC2

PC, PC;
Y=92.96 +0.05 X;+0.31 X,

X2 Xq
( / ) CaCos Alkalinityas
2010/3/31 2010/1/1
.(4)
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Xa Xu (4)

X, X X X X X X X X, X
1 | 132 157 20 | 139 168 39 | 147 163 58 | 148 162 77 | 147 163
2 | 134 159 21 | 138 166 40 | 144 161 59 | 147 | 161 78 | 149 165
3 1135 160 22 | 135 163 41 | 142 164 60 | 145 159 79 1 150 167
4 | 137 162 23 1 132 160 42 | 139 162 61 | 143 158 80 | 151 168
5 1139 165 24 | 134 159 43 | 137 159 62 | 141 157 81 | 149 166
6 | 141 168 25 | 138 157 44 | 135 158 63 | 139 | 159 82 | 147 164
7 | 145 164 26 | 135 159 45 | 132 157 64 | 137 160 83 | 145 165
8 | 147 163 27 | 137 158 46 | 134 158 65 | 135 163 84 | 144 162
9 | 149 161 28 | 139 160 47 | 132 160 66 | 133 165 85 | 142 160
10 | 150 159 29 | 140 163 48 | 133 162 67 | 132 167 86 | 139 158
11 | 151 157 30 | 142 165 49 | 136 161 68 | 134 168 87 | 137 159
12 | 149 155 31 | 145 168 50 | 138 163 69 | 136 166 88 | 135 161
13 | 147 157 32 | 147 167 51 | 140 165 70 | 138 165 89 [ 134 163
14 | 148 159 33 | 149 165 52 1 143 168 71 | 140 162 90 | 133 165
15 | 145 160 34 | 151 163 53 | 145 166 72 | 144 160
16 | 142 162 35 | 150 165 54 | 147 163 73 | 142 159
17 | 140 164 36 | 149 167 55 1150 165 74 | 141 157
18 | 138 166 37 | 147 168 56 | 151 168 75 | 143 159
19 | 137 167 38 | 145 166 57 | 149 164 76 | 146 161
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(5)
CI CI CI CI CI CI CI CI
1 [140 | 12 [ 137 [ 23 [ 142 | 34 [ 144 | 45 [ 148 | 56 | 138 | 67 | 139 | 88 | 141
2 [ 141 |13 | 140 | 24 | 144 | 35 | 141 | 46 | 146 | 57 | 141 | 68 | 140 | 89 | 139
3 1140 | 14 | 139 | 25| 146 | 36 | 139 | 47 | 145 | 58 | 143 | 69 | 141 | 90 | 138
4 1143 | 15 (140 | 26 | 147 | 37 | 136 | 48 | 147 | 59 | 145 | 80 | 141
5 1146 | 16 | 143 | 27 | 149 | 38 | 139 | 49 | 149 | 60 | 148 | 81 | 140
6 [ 143 | 17 | 147 | 28 | 151 | 39 | 138 | 50 | 148 | 61 | 149 | 82 | 140
7 | 147 | 18 | 149 | 29 | 149 | 40 | 140 | 51 | 144 | 62 | 151 | 83 | 139
8 | 144 | 19| 150 | 30 | 147 | 41 | 143 | 52 | 142 | 63 | 149 | 84 | 140
9 | 142 |20 | 149 | 31 | 149 | 42 | 145 | 53 | 140 | 64 | 147 | 85 | 139
10 | 140 | 21 [ 138 |32 | 148 | 43 | 148 | 54 | 139 | 65 | 145 | 86 | 140
11113922139 |33 | 146 | 44 | 150 | 55 | 140 | 66 | 142 | 87 | 139
-3
Fuzzy MATLAB
Sugeno
-1

Gaussian 2 Member ship Function
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(high) (Low)
and=min -2
-3
(lower) -5
(upper)
(wtaver) -6
(0.386)
.(6) X3 X2 X4

Alkalinityas =14.5 +1.473x, — 0.535 x, + 0.009 x,



2012 (21) Abasy) a shall 48 ) Uaal [342]
Xz X2 Xy (6)

X1 | X2 | X3 X1 | Xo | X3 X1 | Xo | X3 X1 | Xo | X3
1 1132 157 | 127 |28 1139 [ 160 | 136 | 55| 150 | 165 | 142 | 82 | 147 | 164 | 137
2 [ 134 [159 [ 129|129 | 140 | 163 | 134 | 56 | 151 | 168 | 141 | 83 | 145 | 165 | 135
3 [135 |160 | 130 |30 | 142 | 165|131 |57 | 149|164 | 138 | 84 | 144 | 162 | 136
4 137 [162 (13331145 (168|129 |58 |148 | 162|135 |85 | 142 | 160 | 133
5 [ 139 |165 13532147 [ 167|127 |59 | 147 [ 161|133 | 86 | 139 | 158 | 132
6 | 141 168 | 137 133|149 | 165|128 | 60 | 145 | 159 | 131 | 87 | 137 | 159 | 130
7 1145 | 164 | 13934 | 151 [ 163|130 |61 | 143 | 158 | 129 | 88 | 135 | 161 | 129
& | 147 163 | 140 |35 |150 | 165|133 |62 | 141 | 157 | 127 | 89 | 134 | 163 | 131
9 [ 149 |161 | 14236149 [ 167 | 135|633 | 139 | 159 | 128 | 90 | 133 | 165 | 134
10 [ 150 | 159 | 145 |37 | 147 | 168 | 138 | 64 | 137 | 160 | 131
11 | 151 157 | 147 | 38 | 145 | 166 | 135 | 65 | 135 | 163 | 133
12 [ 149 | 155 | 148 |39 | 147 | 163 | 137 | 66 | 133 | 165 | 135
13 | 147 | 157 | 150 | 40 | 144 | 161 | 138 | 67 | 132 | 167 | 137
14 [148 [159 [ 152141142 164 [ 140 | 68 ] 134 | 168 ] 139
15 [ 145 | 160 | 150 |42 | 139 | 162 | 142 | 69 | 136 | 166 | 142
16 | 142 | 162 | 149 |43 | 137 | 159 | 145 | 70 | 138 | 165 | 144
17 1140 [164 [ 147 44135 [158 [ 144 | 71 | 140 | 162 | 146
18 | 138 | 166 | 148 | 45 | 132 | 157 | 148 | 72 | 144 | 160 | 148
19 [ 137 [167 [ 145 |46 | 134 [ 158 [ 149 | 73 | 142 | 159 | 149
20 | 139 168 | 143 | 47 | 132 | 160 | 151 | 74 | 141 | 157 | 151
21 | 138 166 | 141 |48 | 133 | 162 | 152 | 75| 143 | 159 | 152
22 | 135 163 | 139 | 49 | 136 | 161 | 150 | 76 | 146 | 161 | 149
23 [ 132 |160 | 137 |50 | 138|163 | 148 | 77 | 147 | 163 | 147
24 | 134 159 | 139 | 51 | 140 | 165 | 147 | 78 | 149 | 165 | 145
25 1138 | 157 | 135 |52 | 143|168 | 145 | 79 | 150 | 167 | 143
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