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® [Expert System
® Neural Network
> SHE EHHE
® SPC (Statistical Process Control)
® PCA (Principal Component Analysis)
® PLS (Partial Least Square)
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a PCA 2| =st& 0ol
» Calculate mean, variance, covariance(s)

of the Original data(X)

» Calculate the covariance matrix(S) which
consist of variance and covariance

» Calculate eigenvalues of S

» Calculate eigenvector(U) from
eigenvalues

Z=UIX-X]
> PC:
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J Choosing the Number of PC

> Scree

® Graphical method.

® Eigenvaluell 0O 0O OO sortingll PCL O (O O)
Eigenvalue (U 0O 0O)O OOOO OO

® Slopell U0 OOOO0O OO OO
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(J Choosing the Number of PC

» Average Root
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 Choosing the Number of PC

» Cross-Validation

® U PCIt 8P Lt Z=D+E [HOFCt Residual(E)O| Random
Error 2t 1] &&= LAl PC2l £
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d  Fault Detection

» Q-Statistic : e
Q= e;e

® A measure of how well the i-th sample conforms to the
PCA model.

® The distance of the projection of the sample onto the k-
dimensional space of the PCA model

® This situation usually indicates a departure from the
correlations represented by the PCA model, such as a
sensor fault or a change in a nonlinear process, and
suggests that the PCA model no longer adequately
represents the process
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] Fault Detection

> Hotelling's T* Statistic :

; RS S: covariance matrix
T°= (x—o)" §7 (x—0 1 :targetvalue

P #u—1) P p:0 00O EI.
D, & —p pw—p.a n: observationd [
o e 1 R

F: f-distributon 000 OO0 OOO OO

® T°value 000 OOO0O OO OO0 OO
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] Fault Detection

» Contribution Plot

® T2 statisticO O OO OO individual scorel
gl ] O R g o R

® Calculate the contribution of variable j to score y; .
contija= Yia Djal xg5— xp)

® Set cont;; , to zero if it is negative
® Calculate the total contribution of variable j:

CONT ; ;= gl( cont ; j, »)
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1 Partial Least Squares

» Input Variable(X)0l| Z&E U= FEE 0(ESIH Output
Variable(Y)0| M2 B8tE 0| =, 2LIE, Xl
> PCA0l O|I2& HIEESE U X2 YS 2 &4
X=TPT +E
Y=UCT+F

» Use a NIPALS algorithm
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d  Overall Architecture of System

Risk Monitoring System

Model Update
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Model Builder
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d Plant Information System (P1S) Module
» DCS £=PLCZRH 2&tEl= 28 Datag JIS
Xel, 2& 2 Al HlE
> =24 GIO0IE ol CHSt 0|2 & 2 (Historical Data)
S U M AALES IS HS
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O Data Preprocessing

Monitoring & Diagnosis Data

Risk Monitoring System

M odeling DB Historical DB

Centering @ Scaling

Plant | nformation System
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U Flowchart of Risk Monitoring System (PCA)
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1 Flowchart of Risk Monitoring System (PLS)

DB Link
*

D X (nX
Do s v : » : & Output PCA
Calculate InEutf X f PCA Plot of R S?uare

Calculate Outeut! Y 2 PCA Plot of Prediction Value

I
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O System &0l AFE= Tools

Visual Basic (Version 7.0) - Microsoft

NAG Library (Mark 18) - NAG

First Impression (Version 5.0) - Visual Components

) Ll ), 78 S

Formula One (Version 5.0) - Visual Components
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J MA Process Description

Methanol Reaction WA
' DMA

Ammonia -
T™A

> RIstE=2 gdS2H

> %3, s 43N SLE=E
» &5 300~3500

> &= 15~30bar
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L MA Process Data

MNo Description No Description

1 Vaporized NH3 Flow Rate 11| Temperature 5 of Converter

2| Level of Gas Separator 12| Reaction Temperature of Converter

3 CHIOH Feed to Corverter 13 F!eactiol'ﬂ Temperature of Converter
(Set Point)

4 | Recycle Liguid Flow Rate 14| Del P of NH3 Column

5 Pressure of Gas Separator 15| Bottom Flow Rate in NH3 Column

3) Temperature 1 of Converter 16| Steam Flow Rate at Heat Exchanger 8

T Temperature 2 of Converter 17| Water Feed to NH3 Column

8 Temperature 3 of Converter 18| NH3 Feed to NH3 Column

9 Temperature 4 of Converter 19| Pressure of NH3 Column

10| Temperature 5 of Converter 20| Level of NH3 Column
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a =)ot

w, PCA &PLS =101 %]
m(E S%8(R) JH=E SS2H)
Bv"'|ﬁv”| ﬂlﬂl _§]|§| Select Method for PC : [USER =]
— [ A | B [ € [ D | E [ F [ 6 [ W [ 1 [ Ja
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1
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4 |
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4| » |\ Process A Quality A Prediction Value / [
A | B | C . D \ E \ F \ G | H
1 Number of Process Variable
2 |Number of Process PCs
3 Number of Quality Variable
4  |Numnber of Quality PCs
5
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7
8
9
10
4| » ]\ variable A Avg Std A Process Loading Yector A Quality Loading Vector A Model Matrix /
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No. of PC EigenValues |Percentage variation Average Value Standard Deviation
1 6.41 60.66 58398, 42 234.79
2 2.92 27.68 15979.77 659.32
3 0.90 8.55 3771.87 153.61
4 0.09 0.84 7414,05 307.67
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O T?Plot (Input PCA)

T2 Plot
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d  Contribution Plot (Input PCA)

Contribution Plot
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O Time SeriesPlot (Input PCA)

Time Series Plot
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O PLSZ 1 oA (Predicted Value)

Predicted value
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d Normal vs. Abnormal
T2 Plot
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d  Contribution Plot (Input PCA)

Contribution Plot Contribution Plot
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d  Quantitative Risk Assessment

AOLIOtIIES S0 Lol AN 28 HIIE =3

v AlUZI2: S2LI0HIIE 2RI S 2LI0H =

v 22L[0HIOEeCIe 25200

v S2L[0F O Eetelel 25 : 20 bar

v 22LI0tSE 2 400kg

Ol &tS] ZAHOIA HABIAS [ 22U 0k 1/2 LFL 2+l 8,000 ppmO| Ol X =
HEIZ MK JIEZ2A00 M2t A EBIAS.

Z2(mfsec) U J|ESZ 1/2 LFL 9% Az (m)

15/ F 133
15/ D 14,4
5/{D 26.0
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d  Quantitative Risk Assessment (1.5 m/sec/ F class)

. Cloud Footprint

Cloud ‘Width {m)
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o ch b = b DL - &b =Y ch =
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d  Quantitative Risk Assessment (1.5 m/sec/ D class)

. Cloud Footprint
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d  Quantitative Risk Assessment (5 m/sec/ D class)

i Cloud Footprint
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Summary
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