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Introduction/Motivation

IT plays a leading role in productivity improvement in oil, gas and
chemical industries

Real time databases (e.g. PI) form the base of IT technology Iin
manufacturing industries

(Dynamic) Models are valuable entities for process simulation,
monitoring, control and optimization

Models can be obtained from real-time data — system identification
Basis of an intelligent (adaptive) information system:

Real-time database + Modeling/identification modules
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2 The MPC Problem

A large size MPC controller can make $1.5 million benefit per year
However, to commission and to maintain MPC system are costly

The most difficult and time consuming part of MPC projects are
modeling and identification

To test a crude unit or an FCCU will need 20 days = 60 man days!!!

Data analysis and model identification cost another 20 man days!!

Open loop and manual tests are difficult!

Open loop tests disturb unit operation!!!

Conflict between control group and operation personnel!
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3 A Solution: Adaptive Identification Module

 Four Components:
1) Areal-time database (e.g. PI)
2) A controller performance monitor
3) A testing/excitation program (need to write to MV tags)
4) A recursive model identification algorithm

«  Three important tasks:
1) Automatic and closed-loop tests (instead of manual and open loop)
2) Automatic model 1dentification (instead of manual ...)
3) Automatic model validation/selection (instead of manual ...)
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3 A Solution: Adaptive Identification Module (Cont.)

« Why Close-Loop Identification?
1) Reduce disturbance to process operation

2) Shorter test, easy to carry out
3) Better model for control

« Misunderstandings about closed-loop identification
1) The process is not identifiable using closed-loop test data

2) MV signals should be independent
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4 ASYM Method of Identification (Tai-Ji ID)

1) ASYM Ildentification Test

Signals: GBN (PRBS), filtered white noise, Schroeder, ...

Operator intervention allowed

Automatic closed-loop test (open loop is a special case)

Optimal signal spectrum

DO () = 113 D, (@)D, (o)




 Test design examples

Processes GBN switch time Test time
Crude Unit 50 ~ 60 min. 90~120 hours
(15 ~25 MV’s)
FCCU 50 ~ 60 min. 90~120 hours
(15 ~25 MV’s)




2) ASYM parameter estimation

A) Estimate a high order ARX model

A"(z)y(t) = B"(z)u(t) +E(t)

B) Frequency weighted model reduction by
minimizing

) J {160(@)~ G, (@) F [0 ()] D (@)} do

I =1 »

3) ASYM order selection using ASYC

j {I G} (@) -G (@) [ ——[cb-l],,(w)cb (@)} do

M3

i=1 ]

I
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4) ASYM model validation

Upper error bound

G2 (e") -G/ (e")

s:a\/%[cp-l(a))]jjcbvi (@) wp. 99.9%

Grading the models
A, very good
B, good
C, marginal
D, poor or no model
Test redesign
» Doubling amplitude will half the error
« Doubling test time will make the error 1.414 times smaller

« Doubling PRBS switch time will half the error at the low
frequencies and double it in high frequencies
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5. Industrial Applications

ASYM has been applied successfully to over 80 processed in MPC
projects. At least, the following 4 are closed-loop tests:

1) Partial closed-loop identification of a chemical plant for DMC,
Germany, 1998

2) Partial closed-loop identification of a debutanizer for MPC, Statoil,
Norway, 1998

3) Partial closed-loop identification of a deethanizer for DMC, Dow
Chemical, The Netherlands, 1999 (This presentation)

4) Partial closed-loop identification of two distillation columns of a
chemical plant for DMC, ExxoMobil, USA, 1999
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Case 1: Open Loop ldentification of a Crude Tower for DMC
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Problem Description

DMC controller

- 19 MV’s,

- 3DV’s

- 36 CV’s

Conventional single variable step test

- 14 days test time (normally 20 days)
- model quality poor

Solution

MIMO open loop tests

- test 1, two days, 9 MV’s

- test 2, two days, 7 MV’s

- ASYM method used for identification

Result
Successful DMC commissioning in two weeks
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Part of CV’s, test 1
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Frequency resp.
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Case 2: Partial closed-loop identification of a Deethanizer for DMC

MV:s of the controller:
Reflux: Reflux flow setpoint
Steam: Reboiler steam flow setpoint
Preheater. Feed preheater flow setpoint

DV:
Feed: Column feed flow

Main CVs of the controller:
OverhdC3: Overhead C3 composition
DeltaPress: Column pressure difference
BotTemp:  Bottom temperature
TopTemp:  Top temperature
TrayTemp™: A tray temperature
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Closed-loop test

CV signals, closed—-loop test
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openid: Model Fit, CVs (solid) & Simulated CVvs
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6 Conclusions and Perspectives

1) Process ID has become a bottleneck for MPC in the HP industry
2) ASYM method provides systematic solutions for MPC identification
3) The advantages of ASYM

» More accurate model for control

 Reduce unit disturbance

« Save 70% test time

« Automatic ID, very user friendly, save 80% analysis time
4) Future work for the adaptive identification module

« Implement recursive ASYM method

 Develop controller monitor algorithm

« Connect them to a real-time database (e.g. PI)
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