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The CiT-Observer can be applied to

» Predici
» Presto-Kinetics
» Parsival

The extension which is necessary to connect a CiT modeling tool to the CiT-Observer is called simulation
server. The simulation server restricts the time step control by enforcing a simulation speed related to
real time and at the same time communicates with the observer by exchange of input and output files.
Thus the simulation server can also be used in connection with third party programs.




Motivation

» Training and analysis of
» product changes
» transient behavior of a reactor or plant
» Comparison of model and process control system (PCS)
» Online observation
» Model predictive control, process intensification

» Leaving a model with an easy-to-use and save interface to people
not used to the modeling tool (“customized Predici view”)

Up to now, two concepts have been applied in order to leave models developed in CiT-tools to users not
involved in the modeling. The ModelTrainer provided a fixed implemented interface of a model, whereas
the OLE/Com-interface left the control of Predici to an in-house programmer (e.g. using VB). In both
cases Predici performs simulations as quick as possible and does not allow intermediate input without
stopping of the simulation. The CiT-Observer extends both concepts in view of flexibility and user-
friendliness.
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Data exchange

Coefficients+
controls

Coefficients +
(output variables)

Observer
(real-time
control)

Predici
Simulation

The process control system (PCS) provides a text file with coefficient and output values, including PCS
names. The observer reads, presents and passes the coefficients through to the simulator’s input file.

{Output variables |<7
Predici/Presto provides output variables, including internal model names, which are also presented by the

observer.
© CiT GmbH, Rastede, 2006
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Data flow of coefficients, direct 1:1

PCS Observer Predici Model

PCS-K1 : PM-KB

oefficient PCS-K1 Coefﬁcient PM-KA

PCS-K2 : PM-KC

oefficient PCS-KZ2gm

N Coefficient PM-KB

PCS-K3 : PM-KA

oefficient PCS-K3gsl Coefficient PM-KC

Inside the observer the names of PCS-items are connected to names of the Predici/Presto model PM.

© CiT GmbH, Rastede, 2006



cr @b

Data flow of coefficients, indirect n:m

The interpreter allows the re-calculation (by means of arithmetical operations) of PCS-items as well as
Predici/Presto items, e.g. unit conversions, summation of several items, etc. All other calculation have to

be performed inside the Predici model.
© CiT GmbH, Rastede, 2006



Direct comparison: output variables

Y
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PCS Observer

Output PCS-N1 i PCS-N1: PM-NB ,\

I PCS-N3 - PV-NA RS

e

Conversion
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PCS-N2 : PM-NC
Output PCS-N2 T
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Predici Model

l

Output PM-KA
Output PM-KB
Output PM-KC

Inside the observer the names of PCS-items are connected to names of the Predici/Presto model PM. So a
direct comparison of output from the PCS and simulation output is possible! This evaluates your model
quality!




Starting point for observer project

» Validated kinetic or process model

» Known range of application

» Sufficiently predictive

» Implementation of model in CiT-tool with
» User-defined output functions (library)
» Control of simulation in terms of parameters
» Real-time simulation speed possible

When a model is prepared for use in connection with the CiT-Observer, it has to be considered, that the
observer only controls parameters/coefficients of a model and reads the values of output functions. This
does not lead to a functional restriction (nearly anything can be controlled by parameters), but makes the

. communication simple and transparent.
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Building up an observer model — model preparation

» Predici terpolymerisation model in three reactors

PREDICI Workshop.

(excerpt from library)

E k1ol Rz 1.0000=+04
Model Copolymerization [Example model] E VDLH ) 1.0000e+04
File . Example_Obzerver. RSY Simulation mode: Output E VD'_H 0/03 .I DDDDB+D4
Recipe  Anfangsrezeptur.tie * Distributions [ Standard output E o -
Libiay  |exampleib © Moments I Output pet time step :I Feed_h o
k |Feed_Monam.. in_kgds  1.00002+02
Settings] F\eactors] Elem. Species | Pal Species} Ploliles} Cosfficients Modules ]Conlro\l E FBBd_WaSSEI in_kga’s 0.0000e+00
Onlyin Fieactor. [l - T = !
PR | Bt El Feed_|nitiator in_kagss 5.5000e+00
e e . = Bescl _ How | klFeed Monom.. in_kgss  0.00002+00
u Spontaneous_thermal_initiation x Comment
MI_Ril—s3M1% A%, ks ® Elementalrsactio Rl 4 EI Feed Monom... in_kgfs 0.0000e+00
1< R1-3F(1), kel b Initiation{decay) Rl P
nitistion_by_initistor_decomposition 20 Comment E FEEd—lNH—H/c'a |n_kga’s DDDDDB+DD
1_Risl->(Re_Ril+F_Ris), kdl ¥ Elementalieactio Rzl . .
2_R%1->PR_RZ14R_RZ1), kd2 X Elementalreactio... Rl (eXCGI’pt from list of COefﬁCICHtS)
= R aM1_Rl s P(1JecTnen_ . X Iritiation{anion] Rl
& R R%1M2 RE1-50(1e2 A%, X Initiation{anion) Rl
R R 4M3_RZT—wWillsed_A%. X Initiation{anion] A1 bl Temp_RZ2 w Temp_R%2 fun Output [standard)
& Propagation ® Comment N N
P[s]+M1_F\ZT SPHEI_RZY, . X Propagation A1 Temp_R%3 b Temp_R%3.fun Dutput [standard)
[ Fis)e2_R3zT Qs+ ecl2_REL . % Propagation{cop Rl s, o
P[s]+M3_F\"/J =W (e 3 _REL, L X Propagation(cop... R*1 E—M1—Hf1 g E—M1—H f1 'fun DUtDUt [standard]
u[s1+m_ﬂz1 —Plerilretnen Al X Piopagalonlcop A1 C_M2_Rx1 :-c C_MZ_R%1hn  Output [standard)
[ 0(shM2_Fiol > Qs+ 1lec2 R%I, .. ¥ Propagation Rzl - .
&) Q(shh3_ RN w5+ oc3 AT, . X Propagation(cap... Rl C_M3 A= . C_M3_RZ1.fun Dutput (standard)
&0 Wis)eb1_R1-5Plerllecinen R X Fropagation(cop Rl oMl RE2 u C M1 PE2fun Dutput [standard)
8] wisheM2_R%1->Q[s+1 e R%1. .. ¥ Propagation(cop... A1 e e e e
W[s]+M3_HZ1--->W[s+1]+c3_H°/,1, X Propagation kp33 fun Rzt C M2 RxZ ] C_M2 R%2 fun Output [ztandard]
Transfer_ta_monamer b Comment 2 =
i i R Conmer - C_M3_R%2 :4 C_M3_R%2fun  Output (standard)
I FislM2 R DishPlI)L, K12 X Transterfoopoly . kf2fun Rxl v C_M1_RZ3 ] C_M1_R*3.fun Output [ztandard]
Ja _— C_M2_Rx3 :4 C_M2_R%3fun  Output [standard]
I Database Comment | Ok |  Cancel Help —

The model is developed in Predici in the usual way. A series of coefficients is defined in order to control
volumes and feed streams. In the library, output functions for all interesting values, indices and state
variables are provided. Predici writes all output variables into an output file, ready to be read by the
observer
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Building up an observer model - graphic

—

» Schematic picture of the plant, drawn in MS PowerPoint™ and

stored in wmf-format (scalable)

Graphics can be imported into the CiT-Observer. The meta file format used in PowerPoint has advantages,
since it can be scaled easily, whereas bitmaps may lead to a bad quality if resized.

© CiT GmbH, Rastede, 2006
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Administrator mode — creating a new observer project

»  Observer main control form

D:AObserver\Presentationkproject_1.xml
Project  Edit  Actions  PC3 Ackion  Replay

Generaldat Observer u:trls] Coefficient ctrls] Output ctrls] Image elmts

File zettings

Frogram [* exe] r) ation'yp
Whorking directony D:\ObserverPrezentationtyhd odel
Madel todell_1 ray

Pratocal file name

Image directory D:\ObserveriPresentationhBilder

M ain graphic reactor_bild_zoomOut wmf

Options Settings
PLCS SleepTime [> 100 ms)

Presto SleepTime [» 100 ms] 500
RUM inchudes PCS-start yes

Histary zaving reduced
| PCS-activity
0 | Connection Save Save & Close Close

In the above control form, a series of settings has been done: the used tool, the model, the working
directory and the background graphics have been set. Any stored observer project can easily be loaded.

© CiT GmbH, Rastede, 2006
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Observer items definition

» PCS-coefficient
name = alias-in

»  PM-coefficient
name = alias-out

© CiT GmbH, Rastede, 2006
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D:V0bserver\Presentation\project_1.xml

Project Edit  Actions PCS Action  Replay

General data] Observer cils  Coefficient cirls l Output ctrlsl Image elmts]

Index | Contral narme Aligs I | Aliaz Out | Y alue Dyn. ..
I 1  SEMD_TIMEFA..  SEMD_TIMEF... SEMD_TIMEFACTOR fixed a
B2 ieeda feed_a feed_a 0. ]

I 3 feed b feed_b feed b 0.005 1]

I 4 feed_temp feed_temp feed_temp 100 0

I 5 cool_temp cool_temp cool_temp 40 0

< | =

] | PCS-activity
| Connection Save Save & Cloze Cloze
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Import of Predici model names

C

D:\DevelopW@bserveridaten\Project_012.xml

[27]

Project  Edit  Actions  PiCS Action  Replay

General data] Observer chilz  Coefficient crls l Cukput u:trls] Image elmts]

Indesx | Control name | Aliaz In | Aliaz Out | Walue |...| External name Initial va... | #
I 1 Feed b1 Feed_bMonomerl ris 33.5011 1 Wal RE1 10000
Bz Feedmz Feed_Monomer2  Feed_Monomer2 170,107 2 Vol Rz 10000
I 3 Feed wWasser Feed ‘W asser Feed ‘wasser ] I ) jIoeas
EEd_Ya — ¥ 3 — 3 4 Feed Monomerl 1500 =
I 4 Feed_|nitiator Feed_|nitiator Feed_|nitiator 39065 5 Feed Monamer? 150
I 5  Feed_Monomerd  Feed Monomerd  Feed_Monomer3 4163592 6 Feed ‘“Waszer ]
I & Feed Monomer.. Feed Monomer.. Feed Monomerd REZ a00 7 Feed Initiator 5.5
I ¥ feed_calculator Feed_bMonomerl Feed_Monomerl ] 8 Feed Monomer3 g_l
10 Feed IMI1_R%3 1]
3 Feed_Monomed R%2 0 RS e ;
% 12 kaE 1]
13 kaF 1]
14 kdlE 1]
15 kdl.F 1]
16 kpllE n
17 kpllF 1]
18 kpl2 1]
19 kpl3 1]
20 kp 1] v
S 2] [fS5 X
N |
30 waiting Save Save and Cloge Cloge

The input of Predici model names and coefficient initial values is supported by drag&drop from the
mentioned Predici model.

© CiT GmbH, Rastede, 2006
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History of coefficients

icient controls [main 91]

» Observer item dialogue e

» Controls properties | |
» Shows initial and actual values — B —

» Allows user input for actual values

» Presents the history of

» Absolute times presented

cool temp

3 L e B e e e e i
i e e e e R L I A
5 5 T O O O O O D O
e e e
S 0 0 S

||||||||||||||||
NNNNNNNNNNNNNNNN
DDDDDDDDDDDDDDDD

= & & = = = = = = = = & & & = =

Delete histary (25 Actualize

Each observer object/item controls its properties like boundary values or “Read only”-type. The history

during a run can be saved, presented and compared to histories of other scenarios!
© CiT GmbH, Rastede, 2006 15



History of output variables

cr @b

» Observer item dialogue fasiwod_ Ui A |

M ames |

» Controls properties Covlrame e
. Aliazut mzatz_A,
» Presents the history o
. Computational rule - J Min. baund 0
3 AbSOI ute t| mes presented Actualvalue  |87.9593 Max. bound 0
PCS value £5.7839 Use bounds false
Max. lewvel 100
Set | Close |
Conversion

Daki sy 210220

Actualize

Each observer object/item controls its properties like boundary values or “Read only”-type. The history
during a run can be saved, presented and compared to histories of other scenarios!

© CiT GmbH, Rastede, 2006
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Loading a background image

»  On menu item, the process graphic appears in the observer

environment (in user-mode this happens automatically)

Cill Observer - [Visualization C:\Dokumente und Einstellungen\Dr. Michael Wulkow\DesktoplObserveriObserver_engl_presentationitest.xml]
[ |
] |W| J | | ‘ = (B m =l = |E action! AN admin mode 18.05.20068 14:31:58 | Fress:
Wt VO N — O —

In one observer project an arbitrary number of graphics can be loaded. It is possible to switch from one
picture to another by a user-driven event. Thus an online change of process configuration can be
visualized.

© CiT GmbH, Rastede, 2006
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Adding controls to the image

» Drag & drop of an observer item to a reasonable place on the
image is the easiest way

C:\Dokumente und EinstellungeniDr. Michael Wulkow!
Project  Edit  Actions  PCS Action  Feplay

T

General datal Observer ctrlsl Coefficient ctils  Output ctrls l Image &l

Index | Control name | Alias ln Aliaz Out |
) | IR MOME TIME

B 2 sBsTME NOME ABSTIME

B = crROR MOME ERROR

B+ acTeary_PCs NOME MOME

B 5 acTiaTY_CITP.  MONE MNOME

B & MASTERGRAP.. MASTERGRAF.  Temp R

e’ | Temp Rl Temp_R%1 Temp_R%1

The same list is also used for the output of all values during a simulation. The string by rule” indicates,
that this item is a result of a re-calculation.

© CiT GmbH, Rastede, 2006
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Adjusting controls

» Each control is supported by a so-called “inspector”. The inspector
allows to set all instructions concerning the graphical aspects like
output formats, colors and sizes.

» Buttons, bars, boxes, graphics available
» Controls can be placed on so-called “layers”

Showlabel
Calorl

Format N
L
FontSize 10 L\\&

Close =

The options listed in the inspector show a wide range of applications. For example, it is possible to change

the output color, if a value leaves a prescribed range.
© CiT GmbH, Rastede, 2006
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The full control panel...

Cil Observer - [Visualization C:\Dokumente und EinstellungeniDr. Michael Wulkow\DesktopdDbserver\Observer_engl_presentationicopoly.xml]
. Fil= Actions Replay ‘Window Help

0O | D”| HJ & | | QJ %| E| |jj| Layer |D j| EE| E IE action! ITiI acmin mode | - | = |19.05.200514;35:10 |Presemaﬁon vel

RUMMAIN |
STOP |

AWM | |ooo

In the full control panel, a series of output fields is used in order to show concentrations, product
properties and temperatures. Input fields are used to set flow rates, feed temperatures, resp.. Status bars
show the progress of the level control (PID) in the three reactors. Finally a series of buttons and bitmaps
activate run time settings.

© CiT GmbH, Rastede, 2006 20



The full control panel without background

CiT Observer - [Visualization C:A\Dokumente und EinstellungeniDr. Michael Wulkow\Desktop\Observer¥Observer_engl_presentation\copoly.xml]

.File Actions Replay ‘Window Help

[} | DF"| =] | | | | %| = | [ | Laryer |U j E I E action! ’Tﬂ admin mode 19.05.2006 14:37:15 | Presertation version

0.00 0.00 0.00
100.00
100.00
0.00 0.00 0.00 0.00
550
0.00 0.00 0.00
0.00 0.00 0.00
RUMAIN
STOP
0.00 oo oo
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00) 0.00 0.00

There are several options to hide and show graphical elements. The above picture shows the pure control
elements added by the observer administrator.

© CiT GmbH, Rastede, 2006
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Another control panel with layers, c;TA
Layer 1: overview =

TIME

|48?.55
A [kg;‘s] |I:|.I:|1I:|D
|1D:29:35

B [ka/s] | [nooa7

Feed temperature

[o13s [I/s]
|51.6850 o * (i
T[°C] | [eE23

1} a0 A0

-

ACTIATY_CITPROG
o MO0 50

B

G2 . ACTIATY_PCE
Cooling temperature

|3E.45 °C
Hedﬂmel
Real time * B0 |
W
ID.1 5 0
Trend-Graphic -
Main product

moise - | [Vs]

in > D [kgs]

STOP

L 4

|D.1?21

Others

Each control may change layer and
activate faew. pieture. ..



Layer 2, detailed information

Flowszheet-araphic |

MASTERGRAPHIC

X(A)
X(B)
NP [kg/]

RUN

STOF

© CiT GmbH, Rastede, 2006 . 23




Principles of the process control

» Starting an observer project in the user mode
» All control settings are protected, only allowed input can be made
» Start of the simulation

» Any editing in the observer interface is directly transferred to the
simulator and there processed after the next time step

» The simulator runs related to real time and writes all values into a
file

» This file is read by the observer permanently, all values are shown
In the respective controls

Of course, it is also possible to run an observer session directly in the administrator mode. However, the
final application will mainly be done in a special user run-time version of the CiT-Observer.

© CiT GmbH, Rastede, 2006 .
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Different scenarios

» You can start (and compare) an arbitrary number of projects, each
observing an own Predici/Presto model and Predici/Presto
session, each reading the same PCS data

» A “twin control” or “what-if” starts the same Predici/Presto model
with initial values given by the main project at time ¢, without
PCS-control & user controlled simulation

Of course, it is also possible to run an observer session directly in the administrator mode. However, the
final application will mainly be done in a special user run-time version of the CiT-Observer.

© CiT GmbH, Rastede, 2006 .
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Parallel main scenarios

Coefficients

Observer

Coefficients
set by user

Main product

00 |
0.009 ]
poogd -
0.007 |
00064 -
0.005
0.004 |
0,003 4 -- -
o002 +4--
0.001 -

16:01
16:01
16:01
16:01
16:01
16:01
16:01
16:01
16024~~~
16:02
16:02
16:02
1602
1602
1602
16:02

Delete histony 5 R Actualize

Coefficients+
controls

Predici
Simulation

Output variables

Coefficients+ W
controls J

Y

Predici
Simulation

Output variables

Coefficients+
controls

Predici

Output variables Simulation

different parameter strategies is an easy task.

It is possible to start an arbitrary number of parallel sessions (each one run-time license). The results of
each are shown as in the main scenario, but it is also possible to present the results of equally named
properties simultaneously (!) in the history dialogue. Therefore direct comparison of different models or

© CiT GmbH, Rastede, 2006



What-if-Scenario

Coefficients+
controls

Coefficients

Predici
Output variables Simulation

Coefficients
set by user

1ds-file

' l

Coefficients+ )
controls

i1 Output controls [whatlf 99]
Hauptprodult l

Predici
Simulation

Output variables

Main product

Starting the what-if-scenario from the main scenario at a time t implies the writing of an
ids-file with the actual results and starting of the same or a compatible model, reading the
ids.file and performing from time t on. In the what-if-scenario the control of the
e R coefficients is performed by the user. If the simulation of the what-if runs faster than real
L ONB RS RS d T TNUBEAEEERRE ST O time you have a look what will happen in the future compared to the actual process.

—_ e T T T T T T T T T T T v e v T T v e e v e v v T

Delete histom PRI Actualize
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Replay

Coefficients+ W

C

controls |

[ Coefficients set by replay

Observer

Output variables

e

Predici
Simulation

|

The replay plays a list of stored instructions, set either in a former main scenario or edited by the user and
therefore reproduces former strategies. Editing allows to import disturbances of a strategy which can be
used for teaching purposes.

© CiT GmbH, Rastede, 2006 .
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