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1.

Introduction

MPC has brought significant benefits in the refining/petrochemical
Industry. It has also attracted interests from other industries

The cost of MPC deployment and maintenance is very high due to
Its technical difficulties and long plant test time

An adaptive MPC is introduced to solve the high cost problem

Using the adaptive MPC, the scarce MPC expert is only needed for
controller design

The commissioning and maintenance can be done automatically
under the supervision of the operator

Nonlinear MPC control is achieved using multiple or LPV models.



1. Introduction (Cont.)
Traditional Project Approach to Industrial MPC

1.

Controller design and benefit study (10%)
Pre-test (10%)

2
3. *Plant (step) test and model identification (40%0)
4,
5
6

Controller simulation and tuning (15%)

Controller commissioning and operator training (25%)

. *Controller maintenance (mainly re-identification)



. The Architecture of the Adaptive MPC

Integration is the philosophy behind the technology — there
are three modules in the adaptive MPC

/ MPC Monitor '\

MPC Controller Or.".i”e .
|dentification

x

Online automatic (open and closed-loop) identification and
automatic controller tuning make the adaptation possible

Steps 2 to 6 can be performed automatically



2.1  Online Identification Module

e Testing device
- Perform automated multivariable test
- Test can be open loop and/or closed-loop
- Data collection

 Model ID device
- Automated data pre-processing and model identification
- Automated model validation and selection
- Send good models to MPC Controller Module



2.2 MPC Controller Module

MPC parameter auto-tuning

- Dynamic control parameters can be auto-tuned

- Auto-tuning based on the model and data

- Tuning aims at good and robust control, though not optimal
- Economic optimization parameters are given in design

MPC control algorithms

- Steady state optimization: priorities, weights, IRV, LP&QP

- Dynamic optimization/control: QP, CV reference curve

- Can change model dynamically, necessary for nonlinear MPC



2.3  MPC Monitor Module

 Monitor CV variances for control performance
- CV variances are compared to their benchmark variances
- CV setpoint changes are excluded in the calculation

e Monitor MV/CV on/off status for control performance

* Monitor CV simulation error variances for model quality
- Error variances are compared to their benchmarks
- Test signal (excitation) may be used.



3. How Does the Adaptive MPC Work?

MPC Commissioning

Given an MPC design for a process unit:

Set up the communication between the DCS and the PC

Start identification test and online identification; models are
created automatically at a given interval or by a mouse click

Good quality models will be used in the MPC controller
while test Is ongoing

When most (or all) expected models are with good quality,
the plant test is stopped and the MPC is commissioned.



How Does the Adaptive MPC Work (Cont.) ?
MPC Maintenance

MPC Monitor continuously monitors the MPC performance

When model mismatch becomes too large, the MPC Monitor
will activate online identification in closed-loop

Models are created automatically at a given interval or by a
mouse click

Good quality models will replace the old ones in the MPC
controller while test is ongoing

When most or all poor models are identified and replaced, the
maintenance is done.



3. How Does the Adaptive MPC Work (Cont.) ?

The Old Way: Series steps, 3 to 4 software packages

Pre-test Step test & model ID

Simulation

Commission

The “New” ID: Series steps, 3 to 4 software packages

Test & model ID | Simulation

Commission

The New Way: Parallel procedure, 1 package

Test & model ID

Simulation

Commission
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4. Software Implementation
 Two modules are implemented: Controller and Identification

e Can use multi-model and LPV model for nonlinear MPC.

---------------------------------
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Configuration: Specify general items

PC - C:\TaijiMPCL.17\TailiMPC\bin\_NEWO.ojp _ ol x|
J File View Tools Help
AR
[Corfigure | ID Test | Model ID | Cortroller Simulation | Controller
| | General | | MVs | DVs | CVs | Expectation
—Datasource —Times
OPC | CIMIO PHD OTHER
Sampling Time:
Remote host name I I 1 minutes j
Time to steady state, 4*tau:
OPC server name I PSIL.OPC. 1 j I 120
—MV Extention —Watch dog —Enable DCS start MPC
¥ Enable extention [ Use watch dog [ Enable
CP SP Value
| OF | 5P 130
PV MODE Tag name Tag name
| PV | .MODE | MPCWATCHDOG IMPCSTARTCONTROLLER
MV" writable mode{use semi-colon I ®
delimited list, * always enable wrote)
—DCS MPC Interface Extention —Options
[V Enable DCS Interface [V Automatically start identification
model ID interval(>=60 min) I 120 minutes
CONTROL OMJOFF ON/OFF STATUS
| ONCFF | .STATUS
[V Automatically use model in contraller
PRI S kol 2 ™ Clear older model in contraller
| HI | LO
STEADY STATE(MV CV SETPOINT{CV onl [¥ The plant is a real process.
TARCGET SETPOINT Time Compression Factor{>=1) I
|Flead\-I 4
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Configuration: Specify MVs, DVs and CVs

J File View Tools Expotr Model Help

B @

DS HE | &

IConfigure | ID Test | Model IO | Controller Simulation | Controller

| | Ganeral | M‘.l’sl | Iv= | C¥sz | Expectation
M= Add > Del + Move up -+  Mowe down
| MY kag name | Hight lirmit | Average Lo lirnit Current walue Anplitude Description
1 M1 S 509 -5 3.509 1
M2 5 1.6 -5 1.6 1
R =1 1,507 -5 1.507 1

MFC

View Tool= Expotr Model Help

|ID=E 0| & ®

IConfigure | In Test | Model I | Controller Simulation | Controller

| | General | M= | IV= | C¥= | Expectation

D= >< Del f Mowe up ‘ Mowe down
D% Eag name | Zurrent walue Description
1 D'l -0.56758
2 D'z o.z2z22

Tai—Ji MPC 1.0%De ellModel. oip Jml = | =1 3

File View Tools Expotr Model Help

[
D=3 in| & ®

[Cenfigure | ID Test | Model ID | Controller Simulation | Comtroller

| General | mv= | ovs | cwd | Expectation
WS Add > Del 4 Mowve up 4  Mowe down
% Eag names | Highk limik | Lo lirmik | Currenkt values | MY - ALy Mo delay | Integral | Calculated Zalculaked Function | Description
1 oWl o -5 -33.Ez |
z cwz s -5 -40.23 O [} O
a w3 z0 -20 -9.636 O [} O
4 Cwa z0 -20 -5.585 O [} O
5 cws zn -20 -1.5a8a O [} O
& CWE zn -20 -6.838 O [} O
7 cWF 5 5 -z&.07 O [} O
Readsy
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Configuration: Specify Expectation Matrix

ET:aiIi MEC - C:%Tai—-Ji MFC 1.0Demo'ShellModel. ojp

J File V¥iew Tools Expotr Model Help

DS E|h| &
IC-:-nfig_'ure | In Test | Model IO | Controller Simulation | Controller
| reneral | M= | V= | C¥g Expectati -:unI
MY M2, w5 Ol Dz
Ml g 5 Lo Dl D2
Cy10Zl + no + v +
CV2iCWZ2 + + + + +
CVCW3 + + + + ¥
e HE L) + + + + +
I H + i + + +
CVECYE + + + + +
VAT + + + + +

Beady L




ID Test, MV plots

BEgiTairi mec - ai . . J| @| =
J File View Tools Expotr Model Help
DSE o & ?
Configure |IID Test | Model ID | Contreller Simulation Controller
| | H‘i’sl | Iv¥= | C¥= | Test =ignal Covariance
B M1
r Plok tWindow
0 3 L [ SO NS () OV L R 2 Hrs
 4Hrs
& 2 Days
Al
-5 | DurationtHr)

B Tz ez |23.9333
- -->>|

SRR I B A —— = =

— Layout

Fow I3
5 Calumn I 1

£ M

Switch Fackor:

s ESSVDUNS g NS many I s ¥ ey N0 [ =

D -
[V Tracking Awverag
_E _I T 1
3 T20.5 1435
— 9
| MY tag name Testing Hight limit | Average | Lo limik Amplitude Mext writing | Current MY | Current SP | Current PY | Current OF | [ Contral

Myl oM 5 1 -5 1 0.4584 0,5303 0,5303 0.5303 0.5303 Turn All On |

My2 M =1 1 -5 1 1.47 1,504 1.504 1.504 1.504 Turn All OFF |
MY3 M =1 -5 1 0.5144 0.4675 0.4675 0.4675 0.4675
Start Iest |

Skop Tesk |

LEE

FReady
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Model step responses

EhT=iTi mec -

| File

¥iew Tool= Expotr Model Help

—

B 2=

(& %]

‘0=

| I

= T

Configure | ID Test ||Hodel In | Controller Simulation | Controller |

Mv= & D¥v= | C¥s |

Model Eesponse I | Delay

¥l

Y=

| Gain

Cid

Use expectation

makrix

I Auto eskimate

delay

—Lavout
Vs

—Plot type

Simulation

&
" Freq. Resp.
~
-

7
Mys |5_

" Step & Freq. Re
Skep Resp.

Futurre Freg.Re

u A Skep Resp.
% 3773
L  zeolne
+ b
= [ 4,049
Flat length [ =00
+______B V¥ scale My
E 01
[Eeady
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Controlled CVs: 1) ID test on; 2) ID test stopped;
3) CV1 and CV2 changed setpoints

ai-Ji MPC 1.0% \e11Model. oip J| @| = =]
J File View Tools Expotr Model Help
DEE| D 7

Configure | ID Test | Model TI | Controller Simulation ||Controller |
|| me= | ovs | cvd | Medal

8. 186 Ty oy P — I
~ MWW
0. G063 ‘M ,\k..\"\m —Plat Windaw
fmﬁmﬂ i ZHrs
6. 376 - i 4 Hrs
8 vz vz r* i 2 Days
/\ M‘ %MW% Al
-1.281 - )
ﬂ MU _.'H\ (J MWWW‘MA CurationiHe)
45.0167
-10.01 - e I

247
CYICVS L | __>>|
D_WW —
— Layouk

-24 - Row |5

247 [ S L I
/—v\f\/\/\‘\/ celmn .

I Economic opkimiz
g Opkimize I 1
2t hevsroys speed
MM\/%‘M [ Predict model
0 WWWNW

=24
T T ]
] 1440 2&50 ;||
| W tag name | St...|C... | Cr...| Range type | Setpoink Hight limit Lowy limik Current value | Steady state | Closed-loop ... | Friority -~ Control
1 (=51 Good oM Mo Setpoint -4 5 5 -4,002 -4 120 1 Turn &ll C¥s On |
z cyz Good OM Mo - 5 = 4,569 -4 120 z ~urn Vs Control Ofl
3 [t Good QM Mo Range 11 20 -20 -2.417 -1.774 120 2
Stark cantne] |
4 |C'\.-'4 Good QM Mo Range u} 20 -20 -5.297 -5.272 120 2
= . S| VS - - = == == S ——— — - > Stop control |
| | | a
|Re ady |
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5 Applicationtoa PTA Unit

1) Solvent Dehydration Tower
Controller commissioned after 10 hours of test

HE702 ——
D]
High Pressure Absorber )/_\ ! ] i
1 1 |
Normal Pressure Absorber> E i i
i |
Reactor Extract Wat “f_% ' . >£>< >
) ! :
Sol t Stripp
>
> |
1
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MV Signals during plant test

HTO01D401 HTO10401. ajp

J File View Tools Export Model Help

@ o) :

[D=®& o)

?

Configure | ID Test ||Hode1 In | Controller Simulation | Controller |

|| s & ovs | |

C¥= | Model Besponse | Delay | (rain

114.9 Ty - 1 TC1701-SE

113.5

5889 l.l'l.""?: 1ECiT0 - E

M MW

54 B8

988. 4 Tmy=. _1EC1411_SE

826. T

953. 8 Tmya-_1Ec1412_SE

536. B

1345 'ITIH: |'I1‘T|P.1.-|_'|;"Inr

10.92 ! : /
2007-04-10 10:25 04-10 16:02 04-10 21:39

[#] select
[] shawe
[] s1ice
[] select
[] shave
[] 51ice
[#] select
[] shawe
[ stice
[#] select
[] shawe
[] 8lice
[/ select
[] shawe

[]51lice

=

Use expeckation
rnakrix

o
Auko estimate

r delay

Identify |

r Plok window

~
~

2 Hrs

4 Hrs
2 Days
o« gl

Duration{Hr)

=

—Layouk

|5
Column I 1

Row

Ready

2007:04:10 19:31 ¥:56. 559 MYz 1FC1TOZ. ST
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Model step responses

70104014 HFO10401 . 0jp E| 2 =D

J File V¥iew Tool=s Export Model Help

DEE oS 2
Confizure | ID Test ||Model 1D | Controller Simulation | Controller |
| | MY= & D¥s | C¥s= | Model Responsze I | Delay | Gain
1TC1TO01. 5P 1FC1TOZ_ SF 1FC1411. 57 1FC1412 SF 1FT1614. FY 1FTI1615. FY 1FI1TO3. FY 1FT1T04. PV 1151501 FY |
i _[‘h—ﬂ— - )i} * " il " I * i}
E; _ — _ —] \ \ _ —] e e \ FUseexpectation
= | 9851002 5. 609002 LI e L Lt 9. 463 e-002 - 88 1ac 4. BB9e-002 -1, Tade-002 LI e maitrix
E C Auta estimate
delay
= i—h— 7 nl| 7 I|| % I
o ] ] [ ) P Identify |
e
E Ho model! Ho model!l 0. 5894 '_L—U_'JTSZ_ Z0. 3796 0. 2433 Ho model!
= Lawout
CYs IB
i * i} " il " I * i}
S‘ P — _—— ] —————— [L_’_—'__ My's q
= Ho model! Ho model! 0 375 0 szom 3 48900z 0 sa0T Ho madel! I
= I
 Plat bvpe
o E = ] 7 il 7 I K ]
= " step & Freq. Re
g T 0 3175 0 STTR Ho model! Ho model!l Ho model! 0 1831 0 578 1575 Ho model! = Step Resp.,
= ___ﬁ___ —_— e __] rFreq.Resp.
e I —— —— " Simulation
i " Fukurre Freq.Re
g Ho model! Bas Ho model! Ho model! Ho model! Ho model! 01405 Ho model! Ho model!
S Step Resp.
=
] Ho model! Ho model! 1 B04e—-002 1. 445.-002 Ho model! Ho madel! Ho maodel! Ho model! -
= Zero Line
~ A — | ¥
e _ _
o
= Ho model! Ho model! 1. 49=-002 1. BBe—002 Ho model! Ho model! Ho model! Ho model! Plat length  [Zo0
pan}
.
"' v Scale My
= ’ !
= Ho model! Ho model! Ho model! Ho model! 0 4274 Ho model! Ho model!
b
Feady %0 [r:0 | i
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CV responses after MPC turned on

HTO1D401 4 HTO1D401 . ojp

JF;ile View Tools Export Model Help

DEE| @

%

Configure | ID Test | Madel ID | Controller Simulation ||Controller |

|| ws |

ws | cvd Model
0. B513 7 oyy ) DT T B i e er 8. 799 I oye wpT1702. PV
I ﬂ n —Plok Window ———
0. 2981 - 8.254 - {7 U" A
w \'\f \{V V\J\J r‘ &rirs
™ 4 Hrs
-5. 921002 - 7,709 - ¥ 2 Days
23.5 ey tppevarpy 98 ey mrrarop Al
WMW\WWMM Duration(Hr )
51 54 04 |13 2167
<< | - |
17,5 - 2|
98 Tevm-trvrros-op 5155 T oye: 1gr1an1. By ~Layout
’ \ J\MWU\ f i = [N
50- 4315 - I"\
U Calumn Iﬂ
- 3477 - ~MPC
5.288° Ftﬂ 1611402, BY 85 Tevatrrirar oy [¥ Economic optimi;
ﬂﬂ (s ﬂUI'L Optimize ID.S
speed
4 426 - N\[ WY - P
vt ‘ul ' [~ Predict only
2 5L = Default tuning |
ZO0T-04-11 13:45 04-12 02:57 ZO07T-04-11 13:45 04-12 02:57
| CY tag name | OnfOFF Stakus Control On...| Critical variable | RangejSetpoint | Setpaoint | Hight lirnit Lo lirnit | Current value | Steady state | Close Control
1 1011701 PY OFF on Mo Range 0.55 h.55 i 0.5237 B0 Tty I oy |
z 1011702, PY OFF oM Mo Range 8.3 5.3 7.8 B.129 &0 Turn 8l Cys OFf |
3 1PD1701.PY OFF oM Mo Range 23 23 18 22.03 a0
Start contral |
4 1FY1701.0P OFF oM Mo Range 90 a0 10 42.9 W
i Sk control |
a| 3

|Ready

|EDDT:D4:12 02:50 ¥:19. 1262

CV3:1FDITOL. FY




5 Application to a PTA Unit (Cont.)

2) Reaction Section

- MPC

has 16 MVs, 1 DV, 18 CVs; 3 x 10 hour tests used

- Control OK; some closed-loop test/ID can improve model quality

Acetic Acid Recycling
Mother Liquor Recycling (90%)
Tail Air

A A y j
Catalyst S ] Recovery of Resid
o I Crystallization eparation Acetic Acid esidue
Acetic Acid| Ingredient Oxidation I —»{ and Drying —»| and Catalyst +——>
P-xylene Reaction
ALY

— [T |

Air

Mother Liquor Recycling

Flash Condensate
Hydrogen
A 4 l
Mother Deionized

Liquor and ; i Water
Solid Separatl_on Flash an_d _ Hydrogen Solvathn and

. and Drying Crystallization Reactor Preheating
Recycling

! l

Organic by-product PTA Product
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Mew Flot Litle @ 1d Uh Um Us
[7-4-12 DZ:50:29 07-4-13 0Z:50:29

W\MWWW MPC off

190.00
%EH A
Tae [l (2 2itE02 07413 02:50:20 94.74 DEGC [Raw] 1D, OF HE-3018 ’ '
= [l (2] 2qi1308 O7-413 D2:50:20 4015 [Faw)] FROM ESD
= B8] (8] 2qiE04 O7-413 0250291715 [Faw) 02 AMALYSER
Mewy Plot Title @& 1d Oh Om Os
200.00 OT-ZE 092156 O7-+27 D9:21:56
3]

T M A g o b ™

MPC on

190.00
.00
1.50 T T T 1
= [l (~) 2ritz0z D7-427 D9:21:56 196.34 DEGC [FRaw]  MIDOLE 2HRS01A
- [l (~) 2qi1306 O7-427 09:21:56 3872 [Raw] FROM ESD

o

B3l (2] 2qitz04 07-427 09:21:56 143 [Faw) CO2 ANALYSER 23



Mew Flot Title @ 1d 0Oh Om 0s

O7-4-13 05509

MPC off

g ATH1T 04509
&.00
E
e W (R QNS0T D733 045835 45350 [Raw) FROMESD ' '
w Bl (F1qi402 07413045835 464% (Raw)  FROMESD

¥.00
§.00

1.00

IMEW FIOT TITIEe fad Td Un um us
fr-19 09:20:14

OF-4-20 09:20:14

MPC on

0.oo

++*
++*

T r r
Bl () qit401 07-4-20 09:20:35 438 % [Faw) FROMESD
B (2 1qi402 07-4-2009:20:35 4493 [Raw) FROMESD
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. Future Plans and Outlook

Add MPC monitor module
Add Internet access capability
Our vision:

An MPC controller is designed by a control expert and it can
be implemented and maintained by an operator

An adaptive MPC is justified for all process units in the
refining/petrochemical industry, not just major units

An adaptive MPC is justified for all process industries, not
just the refining/petrochemical industry.
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