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EAZR wjEe W2 A Yol Bx M, AZHOZ Bt dZAF] e A& B itk w2 XY
of BxF njdwe] 4 HelE AYSA A flsked PCA 716k Alx 1 AR 9 A 7
th EAZF2 vjEe XS] 7t Y] i) AF d#Ao] L AAES shte] BRow H
A AA AAE e OES PCA(MBPCA)7} ZA=) 73y MBPCAb TAANA A8 o] 43 A
o] JANL *M«l N7t S7V8r= ﬂ%ﬂﬂ J5o] VRl E 497t B, X]%ﬁfd Halox e AAS
732080k she EAI- o] Utk OIEM o= ZE AlA s MBPCAS Z-83H= AKTH AEZ o2 MBPCAS
AE3h= Zlo] sty B AFdAEs JJE}EW 235 (fault detectability) Aot 177 A5 (fault identific-
ability) A+ xﬂo%}aiowl lE E3) B2:HE MBPCAY PCAQ A%< Hlwdd & JYEE 54Tt o] A=
7|22 MBPCAS} PCA £5-& F-E3I (P3| FollviA 9] EA7E2 HHJJr“bl 37 B4 9 A A ES A
s om, AAe] g7t e Aol BAse BAEE AT & A

Abstract - The city gas pipeline network is characterized by being widely distributed and hierarchically
connected in a complex manner over a wide area. In order to monitor the status of the widely distributed net-
work pressures with high precision, Multi-block PCA(MBPCA) is recommended. However, while MBPCA
has excellent performance in identifying faulty sensors as the number of sensors increases, the fault detection
performance deteriorates, and also there is a problem that the model needs to be updated entirely even if minor
changes occur. In this study, we developed fault detectability index and fault identificability index to determine
the effectiveness of MBPCA application block by block. Based on these indices, we distinguished MBPCA
and PCA blocks and developed a fault detection and diagnostic system for the city gas pipeline network of
Haean Energy Co., Ltd., and were able to solve the problems that arise when there are many sensors.
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Fig. 1. City gas network managed by Haeyang
Energy.
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Fig. 2. Pressure regulations in city gas network.
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Table 1. Performance indices of three examples

(a) Example 1
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AABAH. f,,average= £ b AlAEol thal 4
(16) 2. F A%FgE 1, o] P ghE | W3} aL, A, average
=2 (1) E A4 58 b AAES N9 BHHS
oJu] gttt MBPCA® f, average”} PCAR T 25
=, MBPCA9] ), average’} PCART} E575 F &5
< MBPCA7} B #3tsith

Table 19] (a)= &5 U-2]H 02 Jado] 2
Block A%} Block Bo] A}olt}. f, average= Block A
©] 7% PCA 2.19°11/] MBPCA 1.84 2 16% 741 % 31
O}, Block B 1.08914] 2.61% 142% #3t= Atk
), ;average™ Block A2] 74-¢- 0.96°. 2 W37} §13)
a1, Block Bi= 6% 7N 5 At o] Abell= &5 W4 &
2 A0 JobA R EEY =g AR W=7
-E Block B9] £, ,average”} ZLA| A 3}+= %1 7] v 2ol
MBPCAZ §1-& d a7} glth

- 43 -

500 =
L N >
&5 45071 R
2 % 3
o 400/
3501 . . .
00 04:00 0800 12:00 1600 20000 2355

00:00 0400 08:00 1200 16:00 2000 2355
360+ "
=
@ 3501
S e e
o 3400 : .
00:00 04:00 08:00 12:00 16:00 2000 2355
(c)
e - " Fr-
- i A, S Ty e S N
= 450] ‘-]l_!r-. Vi g W) WS U
m L L
& :
. 4001
00:00 04:00 08:00 1200 16:00 20:00 2355
(d)

o
\ 44
=
00200 0800 08.00 1200 16:00 20:00 53.3

Fig. 4. Pressure trend of the sensors for 24 hours:
(a) Block A, (b) Block B/C, (¢) Block D,
(d) Block E, and (e) Block F.
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correlation strength

Fig. 5. Correlation matrix of the sensors of Exam-
ple 4.

Table 2. Performance indices of PCA and MBPCA
of Example 4

PCA MBPCA

block Bl | B2 | B3 | B4 | Bl ‘ B2 ‘ B3 ‘ B4

PC 5 4 3 4 12

ucl, 1.66| 0.85| 1.04| 1.03| 1.54| 0.86| 0.91| 0.43

fbﬁz‘ average | 3.71|2.37|3.32| 7.82| 3.19| 2.29| 2.16| 2.48

/\bviaverage 0.70| 0.79| 0.86| 0.58| 0.78| 0.91| 0.87| 0.72
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Fig. 6. Fault detection performance of Example
4: (a) PCA, (b) MBPCA.
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Fig. 7. Fault identification performance of Exam-
ple 4 (a) PCA, (b) MBPCA.
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