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ABSTRACT

A Design of Incremental Granular Model for Human-Centric

System and Computing and its Applications

Lee, Myung Won

Advisor : Prof. Kwak, Keun Chang, Ph. D.
Dept. of Control and Instrumentation Eng.,
Graduate School of Chosun University

This is paper, we design a granular model based on information granular
and predict the data for a real world with robust nonlinear. So we have to
design a nonlinear prediction model however, existing models are dominated
by linear models. The proposed model is designed by linear regression of the
global part and local area of the nonlinear part by using the radial basis
function. In addition, the incremental model described in this paper is
accomplished by using information granular. We design and develop a granular
fuzzy model that takes input and target data to form local information
granular. The primary goal of making these granular available is to create
models at the level of information granular. This study demonstrates that
information granular is important and performs the multifaceted role in
granular modeling. The model is constructed as an associative network
between information granular. This supports the analysis possibility of the
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model, which is easily transformed into a collection of rules with
conditions and conclusions formed by structured information granular. The
information granular form a conceptually intact building block and can be
used to organize various relationships between input and output variables in
terms of their function. The information granular serves as a complete
descriptor of the data. Each information granular is provided with
wel |-defined semantics, and the granular can be associated with a specific
meaning that is specific to a particular language. This way, we can generate
generic complete data.

Granular fuzzy model is concerned with constructing models at the
information granular level rather than numerical evidence. Therefore,
experimental numerical data is formed in the form of information granular
because they induce information granular. In this paper, we design a
granular fuzzy model that takes input and target data to form information
granular, and then wuses interval-based clustering and context -based
clustering to generate information granular. When designing a granular
model, we generate a fuzzy rule and adjust the membership function of the
fuzzy set to optimize the number of clusters, the fuzzy coefficient, and the
interval. In experiment, we compared with the performance using linear
regression, GM(Granular Model), IGM(Incremental Granular Model) and
IRBFN( Incremental Radial Basis Function Network) methods from real-world
application problems such as Auto-mpg, Boston house forecast, energy
efficiency data, electric load prediction problem, abalone age prediction
data and MIS data. In this paper, the performance evaluation using the
reasonable granularity principle proposed also proceeds, in addition to the
performance evaluation through the mean square root error. Experimental
results show that the performance of the proposed incremental radial basis
function granular model and interval-clustering method is better than
existing methods.
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U 2N K5 Y Jisst X4e FEE 0|25 SsS =HEC
A0 AI2E OHOIHE NS HHIE JIS8 Auto-MPG CIOIE, BAEAIS =&
JrA0l thst diole, &= Lol ol= dIOlE, MIS(Medical Imaging System), Z&
Hitgt 250 W=0I0IE, &II26H 0= CIOIEoICt. &AM UCI OIOIHE ol&s&t
= s O =0 WX &8 L &I 2ot0 2 dEs XS

1. UCI Data
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SO HEH 242 ol JIH s& BSHII AlZots CIOIEBI0IA, ZHel 0]
g 2 Oole 44IIE 20t RO0ICH142]. 0l X242 David Aha?t UC Irvine
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gallon)S LIEtH OI==F ZHOICH. 8IHe S4&S IJtXLD A=, Al ==, i

g, D1, 2H, &L, RHET, origin, NEX 0222 PG T,
CIOIE MEe & 39202 M2 02 USKHERH OHCO. AN ASHME 6
Hol SE(ARIHY £, WO, 012, 2H, JI&SE, RUEE) OIS 0|88

=g 8= &% RMSE 23S RMSE
LR 3.38 3.47
context (9, 6) 2.57 3.30
GM[28]
interval (7, 9) 3.15 3.35
context (10, 7) 2.15 2.96
IGM[78]
interval (10, 10) 2.36 2.97
context(5, 10) 1.76 2.91
| RBFN_LSE
interval (7, 10) 1.92 3.07
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2 0.072 | 0.075 1 0.073 | 0.077 | 0.076 | 0.077 | 0.076 | 0.077 [ 0.076

3 0.17410.173 10.169 [ 0.169 | 0.175 [ 0.182 | 0.179 | 0.178 | 0. 181

4 0.196 [ 0.202 [ 0.210 [ 0.206 | 0.207 | 0.208 | 0.207 | 0.206 | 0.202

5 0.19510.201 | 0.207 | 0.206 | 0.203 | 0.203 | 0.203 | 0.196 | 0.200

6 0.196 1 0.204 | 0.197 [ 0.201 | 0.199 [ 0.196 | 0.201 | 0.199 | 0.201

7 0.194 10.190 | 0.195 [ 0.197 | 0.199 [ 0.198 | 0.198 [ 0.192 | 0.190

8 0.18110.189 | 0.187 [ 0.180 | 0.180 [ 0.184 | 0.181 | 0.180 | 0. 181

©
o
~
o
o

.178 10.180 | 0.176 | 0.169 | 0.172 | 0.171 [ 0.171 | 0.168

(@]
o
()]
w
(@]

.165 1 0.162 | 0.158 | 0.161 | 0.160 | 0.160 | 0.163 | 0.160

2) BEAE FEH JIA 0= OI0IE (Boston Housing Data)
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H 5-3. EAH JIAMNS HOIHE ME8 24 s Hl
Zc 018 Zc s

CRIM CAE 190"y EXE

N 25,000 BEEIOESE ot HE=XNZE2 HIE
INDUS B0 XS0l ER7ot) AUs EXC HE
CHAS EAZ0 et o= (22 ZAHN AXe L= 1, OtLIH 0)
NOX 10ppm & == itstE s

RM =& e 82 g2 =

AGE 1940F Ol&0l A== ARFEH HIE
DIS 50ie EAE MYUMEINXS 24 K=
RAD BAE E2NX2 24 K=

TAX 10,000 &l & MHatAlE
PTRATIO CAE Std/LA HIE

B S0l o119 H&

LSTAT QALY SHAAHS HIE (%)

MEDV =0l ARO FEIIAS S (SR $1,000)
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g 84S st& RMSE 25 RMSE
LR 4.53 5.04
context (4, 9) 4.55 5.63
GM[28]
interval (4, 9) 5.66 6.17
context (10, 10) 3.21 4.36
1GM[78]
interval (10, 10) 3.54 4.47
context (10, 7) 2.45 417
|RBFN_LSE
interval (10, 10) 2.49 4.31
55 T T T T T T T T T
-------- model output
501 actual output I |

MEDV

0 20 40 60 80 100 120 140 160 180 200
num.of testing data

a9 5.11 #AZdelge gk =94 3k (IGM, p=10, c¢=10)

_55_

Collection @ chosun



55 T T T T T
----- model output
actual output
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H 5-5 &= L0l 0= CIOIEHE AtE8t

g 84S st& RMSE 25 RMSE
LR 2.20 2.23
context (10, 10) 2.29 2.39
GM[28]
interval (10, 10) 2.38 2.43
context (10, 10) 2.11 2.24
1GM[78]
interval (10, 10) 2.17 2.26
context(8, 6) 2.09 2.20
|RBFN_LSE
interval (5, 10) 2.09 2.19
25 L T T T T T T T I_
------- model output
actual output
20
o 151
&
2
2 10
I A
<
5
0 - -
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num.of testing data

a9 5.14 HSdelgd gk =2 3t IGM, p=10, c=10)
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Ol g2 &= L0l OI= OOIeHE 0186t A% Or&IHNZ Meteh &

S JIE g0else #3 UOoIHE dlwstAtt. 1 210 # 5-5% 20l I £
2 B2 =5 oI} p=8, c=62 [ HSZQl RBFN ZE0AM It £E2 4
S22 LEtUW=E s =2l & = U0, 08 5.14, 5.15= HE £2 229 HS
GIOIEOl CHEt == gtk 2 gts dlwotd UL

8 5.162 24X LEs st dsXNHEE Al2g 8 A0ICH. HIINAE p2t
cE E€clotd Ags MdotAdd OHIIUA p=4, c=108 &2 21 ds K=
(P1=0.21)E &ALt

4) MIS GIOIEf MIE (Medical Imaging System Data)

Medical Imaging System(MIS)E 2|& O|0|& AIAEIQ|ICH 142]. <F 408t =9
Pascal, FORTRAN, assembly & PL/M 2EZ HAE= 4500042 ZE = oHLIOICEH.
Ol OIOleH= Pascal % FORTRANC=Z &AE 39012 | B HEgoez &%

ote
40,0080 E2 FHEC MSRRE XS RS MHGHI| «Ash LG, CL,

AP

TChar, TComm, MChar, OChar, N, N, NF, V(G) & BWZE AI2StCt.
ChangesJt AFZECH. ¢ A&=0 Ot 2 2SS [ IOIE2 60%E
1 ZB3SAl A0%E AtESHCE. 4= K== RMSER PIE 0| Z8tLt.

HHH'
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H 5-6 Medical Imaging System GIOIEIE AIE2&t

g 84S st& RMSE 25 RMSE
LR 9.34 11.36
context (4, 9) 42 .85 4470
GM[28]
interval (7, 8) 58.26 57.62
context (10, 10) 7.08 11.00
1GM[78]
interval (9, 9) 7.66 11.09
context (10, 6) 5.47 10.82
|RBFN_LSE
interval (4, 8) 7.57 11.11
1000 ; , x
N AR model output |
900 actual output
800 .
700 g
» 6007 E
>
S 500 -
=
O
400 | :
300 F -
200 + -
100 -
0 50 100 150
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num.of testing data

a9 5.17 HASdelgd gk =¥ 3t UGM, p=10, c=10)
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1000 T T T

----- model output

900 - actual output | |7
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a9 5.18 A dlelgel W &2 % (IRBFN_LSE, p=10, c=6)
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-
o ©
\V

% 5.19 MIS Az delge] Ut d5 Ax%

_62_

Collection @ chosun



MIS GIOIEHE 0I80ot0 &S HIOIHE dlwotACt. 11JHSl HIHEH=+E O0l=Zat
6 H 562 20 It £2 32 =2 Lot p=10, c=6& Il ESHQ
RBFN ZEO0IA JIE E2 ds= UEUWsE XS & &€ = UL 8 5.17
5.18= Jt& £2 B2 ZSOI0IH0 et =4 gtk 22 gt= dluwotd UL,

8 5.192 X 2L st EsKHEE A2 oIRUCH HIIMME p2t cE
&elotel AES MEGALD KHII0A p=6, c=82! 2 z1 &5 XI=#=(PI=0.32)
g 2AL.

2. OldXl =& CdliolH

c

= ==0lAM= AZ00IHE A Eal MEZLD U= &HA S OO
GIHAl & OIolIBZ U1 UCH 2N 8= otdE 42 OI0lHE TOE =2
SS0lMT B0l LiztE CIOIEOICH Ol AtEE HIoIE= HUHXl =& Ol0lH

ot MJ| 25t W= FME GEC. WX &8 OO0IHE 82 S48 SoilMd
2 S0 d& 58 S & = ULt €2 HOIHE SolA F JtX2 &8
g2 o & = W0 Met=El 28 ds= #Sot)| ol £2 U002
Z dH=E6tRCH. A2l Il o= HolHsE 2 92 VIS5 SoiAd 1 Usdk
o] 2ot WI== ot= AIHIEZ OIO0IEH0IZ2Z2 HEHGHH & ACH

A=9 dHe FotE 086t HUHA =
=3

HI0IE= 76812 MEZ OIFMUL 82 S =

Ct. 82 22 Sd2 &l 224, H28H, HoZ & 324, NSz & 32,

&M =0I, &g, 7 XY, 74 19 =22 FMAUL SE=2 HUFot2

d2 Fotz OIFMRUL. &2 stsilt SSUO0IHE 222 60%40%= L=
g=Ro=z A o 8l 28 32H0lM 222 SArd S MO

£
pet cE AMESHH g ZUE 2=0. 280 AtS
E XS A== m2 HA= 1.52 3.0AL0I0I0H 0. 1A HXEQlI HHE ALZEt
Ct. B 57= ZHHAES SHAHS It SOt et MX eIAtel = =o| gt

_63_

Collection @ chosun



RMSESl HstE =2

RMSE

Z=Ct.

= LZg X0ICH. 08 5.20 & 2ot == A8 p=c=6 & M, I
2

OIJIAl DHOH 20 == 3t

H 57 AHAE p2t SAH Ol et =AHS WAl A=
C
3 4 5 6
2.6 2.1 2.2 2.3
2.2 2.1 2.2 2
1.9 1.9 1.9 2
1.7 1.8 1.8 2

31

2.9

2.8

27

28

2.5

2.4

2.3

2.2

21
1

Collection @ chosun

RMSE(training)

RMSE(testing)

1
2.5

fuzzification factor(im)

_64_

3

3.5

29 5.20 HA3F Aol el 93 RMSE W3} (p=c=6)

CIXtO

ESEND)}



I 58 X &2 HOIH(H2ALRoHE A28t 29 A5 Hl
g 84S st& RMSE 25 RMSE
LR 3.18 3.20
context (3, 4) 3.45 3.58
GM[28]
interval (4, 4) 417 4.22
context(7, 6) 2.64 3.07
1GM[78]
interval (9, 5) 2.92 3.13
context (10, 10) 2.03 3.06
|RBFN_LSE
interval (5, 4) 2.90 3.09
55 F T T T T T |
------ model output
50 actual output |
45 .
40t - .
© .
g 35 TN 1
o k
= 30 ¥ :
(@]
© 25 :
20 | N /ﬂ \/‘
15 ﬂj :
10 F - 1

Collection @ chosun

50 100

150

200

num.of testing data

¥ 5.21 #A=dolgd dg &4 3k AGM,

_65_




- - - --model output

actual output ||

peo| Buijoon

100 150 200 250 300
num.of testing data

50

=10, ¢=10)

#t OIRBFN_LSE, p

%9

g

Efel] o

19 5.22 HAZFdo)

Xxapul aouewlopad

0l &80iMd= p=10,

Bl W GtRALCE.

=
=

EEE=

Ol=ot:o

b OIOIHE

¢}

HotE
=/ T

L

K

_66_

Collection @ chosun



CHet

S SOO0IE Ol

Y g2 ZR0

—
—

b 5.22

5.211

UL I8

0%
r
1)

E

ol
~3

=
=

HIIAME p2t ¢

(P1=0.18)

3

N

Jio

_}1_
i

10 KHII0IA p=4, =52 B2

53
ol

i

OICt.

I
el

ulJ

WXl &= GIOIHUWAM S Ch

o
—

5-8

I
frard

ot p=3,

8 5.269 &=

UL,

A
e

ioll

ol
or

ol
0

ol

ok

by

g

LIEFLH D RUCEH.

ol

(P1=0.17)

3

N

Jo

B!
mal
OF

by

N

oJ

E

1o
&
l

O

o)

IROHE A8

Lty
—_ o

ClIOIE (

=8

5-8 Ol Xl

IT
i

&S RMSE

2.91

3.53

4.47

2.75

2.79

2.75

2.74

RMSE

{10
ol

L

2.93

3.44

4.43

2.64

2.76

2.59

2.44

1o
7

1l
10

LR

context(3, 6)

interval (5, 7)

context (10, 3)

interval (10, 2)

context (9, 2)

interval (10, 3)

GM[28]

IGM[78]

IRBFN_LSE

_67_

Collection @ chosun



------- model output
45 - actual output | |

40 t h i

Heating load

0 50 100 150 200 250 300
num.of testing data

9 5.24 AFdlolgd g =4 zk (IGM, p=10, c=3)

50F T T T T T T
----- model output

45} actual output H

401 ’I g

BT ‘ ' ‘ I‘ﬂ 1 [

Heating load

i i i i
0 50 100 150 200 250 300
num.of testing data

19 5.25 AFdelge] gk =¥ gk (IRBFN_LSE, p=9, c=2)

_68_

Collection @ chosun



0.25 -

0.2 4

0.15

0.1+

performance index

0.05 +

2) MI| 25}

2 ==0AM OEXe &8J|IF6t o= Uoles 35 AEL 22 & NSW =4

A8 3 L AFY S Jl=0 U, HE, L2 25 H0IHE
Sh=0l AFZEICH. Ol CIOIE = http://www. iso-ne.
B 22 & UCH143]. &I &I Fsts=2 S8
t 22 ZH0 e

1]
H Qg2 =0 M Az JE)

g0

o
Q
]
s
N
S
1l
4m
[[9
%
=}
Q'E
rr
s
i
H
oo
ol

=
He ®2 e Jbel 23X, SYLFNN L2, A HS 2Y, )| H

o - O, O

(L = T g,

S =2 S fst 8= =RQE =Sttt 0l = 2004E2E 20093 DA
2+OFCH DryBulb(A2), Dew point(0I=&), SYSload(2a5H)E JI=0tRALCH.
El 2 OIAHE EYlte 48 A2ZEAN IIKE AIZSIH 2ot s

Ct. Ol OIOIE= 2004482 E 2008EtXI2l HIOIHE &&522 Ar&E0ot2 Ol

ot HOIE MEEZE AME0t0 ®?I] &I FotE Gi=ots -0l et WSOICH.
8

AJ1= 35064x801 ) HSOIOIHE 17544x82 3012 2009 CIOIEHE AtE&tCE.

_69_

Collection @ chosun



P[RSl

UL.

O

GOl

=
—/

b Ol

[¢]

=
T

—

&)

ol
Jo
70

0l
Kflo

-

KO

fill
0

w0

D
<l

0
i
W
<
ol
mJ

z

Kio
il

-

0

W

SHAHS

=

el HEAEN O

1001,

AE

U
OF

T

g

oJ
™

ol
Jo
70

0l
Kflo

oll

1044
1052
710.3
715.4
596
616.7
527.4
579.3

&S RMSE
875.8

At

RMSE
998.9
1136
1148
776.6
813.1
647.1
703.7
522.5
627 .1

=

r

GOl E

=

=

Ol
10)
10)

Jh=:
context (10, 30)
interval (10, 40)
context (10, 45)
interval (10, 45)
context (10, 45)
interval (10, 35)

context (10,
interval (10,

LR

GMe2s]
IGM[78]
|RBFN_LSE
(de3l)
|RBFN_LSE

Jb 4501¢el B2t Ot

A
e

iy

o

i

E M

IOl

D fot U=

il

C
st

2

Ll
N~

n0

al
=

+=E 5 & &EHO0IDJ] mHE0ll 5K

18 5.282 %= AHEAEI}L 54

S|

A

= UCH
&

=
=

ZEAE OHCH CIOIE &

—/

=l

il

o
W

Wk

ol

Ll

ol

8 5.30

OICt.

)

ioJ
KIr

3

i
Uk

gl

0
1o

ol
o

M
0l
{ID
O

ol
mm

o
Kl

ioll

o

2

()
I
ib0

GIOIEH 2 RMSE

ot tl=

=
—

&I

FCH

5.311 &

=3
[=]

_70_

Collection @ chosun



1
ﬂ
o
b
o

=
1o
i
1
N
50
[w
=
I
Jo
FEl
g

B
>
o
b
o
=
0
=
>
é

v
£
=

=&t OIOIEIOF Hi=xet O8& 18 5.322 Sof 20F10 UKL f2te] X
2 2= It Il MEO0ICH. O 5.322 =& dlole2 &M 2IJIE 2Bu=
=0l Cloleel 210t 175442 3J| =20 ERE2= ZHolA 118 5.3300A O

o
10
J
e

0.8

0.6

membership degree

0.4

02r

Collection @ chosun

0x
or
jo
0B HI
n <
A
N
0
fw
I
o
o
w0
X
2
x
rr
=
HU
H0
ox Mo

SXHE S50 p=5, c=4Ql

-8000 -8000 -4000 -2000 ] 2000 4000

errar

a9 5.27. AEFeteS doly AYiE YA

_71_



4000 - =

ErTor

4000

1 ] ] 1 ] 1
4000 4200 4400 ABDD AB00 5000
index oftraining data

~10000

19 5.29. 0 F 9=

_72_

(“Collection @ chosun



——— actual cutput
= = = - lower bound
——— model output

1 i I
10 15 20

u._
mb
@l
&
=S

MNo. of test data

29 5.30. 7°3F 7IRE ixp 2l &

40 *
Tt
Lol o G

A T e e S

e

et
Vn et e e e --"ih“'-'ﬂ‘-

b P S P
30 ety

8 531, AEAE 74 9z} ndo] g

_73_

(“Collection @ chosun



T T T T T

-+~~~ model output
= actual output

output

0 2000 4000 6000 8000 10000 12000 14000 16000
num. of testing data

a3 5.32 IGMAA A7) 531 dZ(all, p=10, c=10)

% 10%
! I : : - T T T T
........ model output
actual output
1.8 |
1.6 Vi ) R | i ! ! &l
I F1 1 [ | SRS - A
kel
@®©
2 14
w
>_
w
1.2 H
i
1p | |
0.8 | ‘ ) | 1 Il Il 1 1 1 -

6350 6400 6450 6500 6550 6600 6650 6700 6750
num.of testing data

19 5.33 IGMAIA #7158} o= (part, p=10, ¢=10)

_74_

Collection @ chosun



03

025
| ]
e
02
N4

I /1 Z:0 2737

performance index

9 5.34 RS

AeARE HE A7IFE A5 A (p=2~20, c=2~20)

HJ| 2ot M= dlolES Ol= otk &M SFotE Bluwot)l ?otH 18 5.35
o 20l LIEtWRACH. I8 5.352 22 JJ8=2 = Fotet &M 2otE UE M
OS2 UEWOH 1O XNOIEEE =22 2I| | UEHAD 2I1 dH 2 X0l
AL E Oftch O 20l LEHWRACH. O 5.362 Sot X2 22 20 2
A Ed, HEE X2 LEUWHALD 00l IS £2 deigs 2. &)
£ol 0= UOolEH= A28, Y&, & 22 =g It UCE. 0l g I8
2 oJgez 22 J8 5.37, O8 5.38, I8 5.392 Sot &olg = U
Ch. BfA Orol WotAl M2 ZAS 20Iot) HANAM OtchZE 2fAcelg M
ZEOl 25%, ? B =tAck2 75%E UEHHCH. el kM ZelA Jls= Of
ZURICE OlaXl E2 HIZaHe gtS 20IotH, e AAHZ 0l4XIE H
elet zICHet =l=kat NMKAE 20T I8 5.402 =28 NHEE Sot = &J|
2ot =0 2H FotE el g = U

- 75 -

Collection @ chosun



3 . .
23 —— Actual
é Modei
15
H
1
D i i i i i
Q4-08 Q109 Q209 Q309 Q400
Residuals
5000 1
0 - ! u |
-5000 .
04-08 Q109 Q2-09 Q3-09 Q4-09
2% 535 A7) o= Ratel A4 Ha v
Error distribution
2000 T ; - '
1000 . .
0 . ; ]
-3000 -2500 -2000 -1500 -1000 1] 500 1000 1500 2000
Absolute error distribution
2000 T T T T .
M o
1000 ——MAE | 4
IJ - 4 i
0 500 1000 1500 2000 2500
Absolute percent error distribution
2000 - r - ; . .
I crrors
1000 —— MAFE|
0 ; : : :

Collection @ chosun



Breakdown of forecast error statistics by hour
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Breakdown of forecast error statistics by month
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