
 

 

저작자표시-비영리-변경금지 2.0 대한민국 

이용자는 아래의 조건을 따르는 경우에 한하여 자유롭게 

l 이 저작물을 복제, 배포, 전송, 전시, 공연 및 방송할 수 있습니다.  

다음과 같은 조건을 따라야 합니다: 

l 귀하는, 이 저작물의 재이용이나 배포의 경우, 이 저작물에 적용된 이용허락조건
을 명확하게 나타내어야 합니다.  

l 저작권자로부터 별도의 허가를 받으면 이러한 조건들은 적용되지 않습니다.  

저작권법에 따른 이용자의 권리는 위의 내용에 의하여 영향을 받지 않습니다. 

이것은 이용허락규약(Legal Code)을 이해하기 쉽게 요약한 것입니다.  

Disclaimer  

  

  

저작자표시. 귀하는 원저작자를 표시하여야 합니다. 

비영리. 귀하는 이 저작물을 영리 목적으로 이용할 수 없습니다. 

변경금지. 귀하는 이 저작물을 개작, 변형 또는 가공할 수 없습니다. 

http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/


[UCI]I804:24011-200000265864









- i -



- ii -



- iii -

그림 목차

6





- iv -



- v -



- vi -



- 1 -



- 2 -



- 3 -

 ⋯  
   ⋯ 



- 4 -

  




  ⋯ 
 

 
  

 ⋯ 






  






  ⋯
 

 
 

 
  

 ⋯ 
 






⋮

  






  ⋯ 
 

 
  ⋯     

 

 
  

 ⋯ 
 ⋯ 







   
  

 ⋯ 
  ⋯ 

    
   ⋯   

 

     ⋯


 

  ⋯    ⋯ 

 
 

  

 

 

 



- 5 -

 s 

s   ⋯    ⋯

s

s 
  











- 6 -

N N

xx

å

ÕÕ
nu1u

nu1u

n
nu f1

1u f

1 1( , , )L mf s s 1( , , )Ln mf s s

1%y

Input

layer

Membership

layer

Normalization

layer

Multiplication

layer

Weighting

layer

Output

layer

First stage

Secondstage

11G 12G 1mG 1nG 2nG nmG

1s ms2s

1s ms2s

Input

layer



- 7 -

 

 





 


 

 

s
  








 



s

s





- 8 -

 
 



  
 



 s u
q

u    ⋯
  ⋯⋯

 

⋯  
  ⋯  

q ⋯ ⋯⋯ ⋯⋯ 


q × u

y  Uq

y   
  ⋯

U  u u ⋯u


U ××



- 9 -

  exp

 






  



 

  max 


 

 

 

 

  

q

 



- 10 -


  



 
  



u q

 


y 
y


y    ⋯


y Uq

U  u u ⋯u


q

q U
U 

U
y

U y



- 11 -

      stage FNN

Generate initial 
chromosomes

Evaluate chromosomes

Is the maximum 
generation 

approached?

Optimized the input 
parameters using genetic 

function

 Calculated the consequent 
parameter  using the least 

squares method

Check the FNN module 
optimization

CFNN structure 
optimized?

Stop

Start
k=1

Yes

No

1+ ®k k

Yes

No

thk



- 12 -

q

q

 



 

 

 





- 13 -

 
 



 



( )F k

modules

1 2 3 l 1+l







- 14 -



- 15 -



- 16 -



- 17 -

0 5 10 15 20
0.0

0.3

0.6

0.9

1.2

R
M

S
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule

0 5 10 15 20

0.2

0.4

0.6

0.8

R
M

S
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule



- 18 -

0 5 10 15 20

1

2

3

4

5

6

7

M
ax

im
u
m
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule

0 5 10 15 20

0.6

0.9

1.2

1.5

1.8

M
ax

im
u
m
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule



- 19 -

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

C
o
nt
a
in
m
en

t 
p
re
ss
ur
e 
(M

P
a)

Containment pressure (MPa)

  predicted value 

  target value

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

C
o
nt
a
in
m
en

t 
p
re
ss
ur
e 
(M

P
a)

Containment pressure (MPa)

  predicted value 

  target value



- 20 -



- 21 -

0 5 10 15 20
0.0

0.3

0.6

0.9

1.2

1.5

R
M

S
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule

0 5 10 15 20
0.0

0.3

0.6

0.9

1.2

1.5

R
M

S
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule



- 22 -

0 5 10 15 20

1

2

3

4

M
ax

im
u
m
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule

0 5 10 15 20
0

1

2

3

4

M
ax

im
u
m
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule



- 23 -

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

C
o
nt
a
in
m
en

t 
p
re
ss
ur
e 
(M

P
a)

Containment pressure (MPa)

  predicted value 

  target value

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

C
o
nt
a
in
m
en

t 
p
re
ss
ur
e 
(M

P
a)

Containment pressure (MPa)

  predicted value 

  target value



- 24 -



- 25 -

0 5 10 15 20
0.0

0.3

0.6

0.9

1.2
R
M

S
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule

0 5 10 15 20
0.2

0.4

0.6

0.8

1.0

R
M

S
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule



- 26 -

0 5 10 15 20
1

2

3

4

5

6

7

M
ax

im
u
m
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule

0 5 10 15 20

1

2

3

4

M
ax

im
u
m
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule



- 27 -

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

C
o
nt
a
in
m
en

t 
p
re
ss
ur
e 
(M

P
a)

Containment pressure (MPa)

  predicted value 

  target value

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

C
o
nt
a
in
m
en

t 
p
re
ss
ur
e 
(M

P
a)

Containment pressure (MPa)

  predicted value 

  target value



- 28 -



- 29 -

0 5 10 15 20
0.2

0.4

0.6

0.8

1.0

R
M

S
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule

0 5 10 15 20
0.2

0.4

0.6

0.8

1.0

R
M

S
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule



- 30 -

0 5 10 15 20

2

3

4

M
ax

im
u
m
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule

0 5 10 15 20

1

2

3

4

M
ax

im
u
m
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule



- 31 -

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

C
o
nt
a
in
m
en

t 
p
re
ss
ur
e 
(M

P
a)

Containment pressure (MPa)

  predicted value 

  target value

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

C
o
nt
a
in
m
en

t 
p
re
ss
ur
e 
(M

P
a)

Containment pressure (MPa)

  predicted value 

  target value



- 32 -



- 33 -

0 3 6 9 12 15
0.8

1.0

1.2

1.4

1.6

R
M

S
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule

0 3 6 9 12 15
0.8

1.0

1.2

1.4

1.6

R
M

S
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule



- 34 -

0 3 6 9 12 15
6

7

8

9

10

11

M
ax

im
u
m
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule

0 5 10 15
4

5

6

7

8

9

M
ax

im
u
m
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule



- 35 -

0.0 0.2 0.4 0.6 0.8 1.0 1.2
0.0

0.2

0.4

0.6

0.8

1.0

1.2

C
o
nt
a
in
m
en

t 
p
re
ss
ur
e 
(M

P
a)

Containment pressure (MPa)

  predicted value 

  target value

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

0.8

1.0

C
o
nt
a
in
m
en

t 
p
re
ss
ur
e 
(M

P
a)

Containment pressure (MPa)

  predicted value 

  target value



- 36 -



- 37 -

0 3 6 9 12
1.0

1.2

1.4

1.6

1.8

R
M

S
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule

0 3 6 9 12 15
1.2

1.4

1.6

1.8

2.0

R
M

S
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule



- 38 -

0 3 6 9 12 15
6

7

8

9

10

M
ax

im
u
m
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule

0 5 10 15
5

6

7

8

9

10

M
ax

im
u
m
 e
rr
o
r 
(%

)

Stage of CFNN model

 2 fuzzy rule 

 3 fuzzy rule

 5 fuzzy rule

 7 fuzzy rule



- 39 -

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

0.8

1.0

C
o
nt
a
in
m
en

t 
p
re
ss
ur
e 
(M

P
a)

Containment pressure (MPa)

  predicted value 

  target value

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

0.8

1.0

C
o
nt
a
in
m
en

t 
p
re
ss
ur
e 
(M

P
a)

Containment pressure (MPa)

  predicted value 

  target value



- 40 -



- 41 -



- 42 -


	제 1 장 서론 
	제 2 장 Cascaded Fuzzy Neural Networks 모델
	제 1 절 CFNN 방법론  
	제 2 절 CFNN 모델 최적화 

	제 3 장 CFNN 모델을 사용한 격납용기 압력 예측
	제 1 절 CFNN 모델에 사용한 데이터 
	제 2 절 실험결과 

	제 4 장 결론 
	참고문헌 


