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~ Context
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* Process Control
— PLCs — Programmable Logic Controllers
— SCADA - Supervisory Control and Data Acquisition
— “Tag Points” — value reading and control setting
o Specific example:
— West Point co-generation power plant
— Intelligent Power Plant project

e Some software mechanisms
— OPC Server — OLE for Process Control
 OLE - Object Linking and Embedding

— COM - Component Object Model
« DCOM - Distributed COM

— XML — eXtensible Markup Language
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" Some Issues and Opportunities
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e Existing Interfaces often:
— are locked-in and inflexible for the operators
— don’t provide dynamic facilities to support modeling,
optimization, and control
e Sensor suites — thinking ahead

— Beyond monitoring - need the right data points for modeling,
prediction, optimization, and control

— May require installation of additional sensors

e Opportunity to create a useful and flexible GUI
— Provide visualization of what the operators want to see
— Provide simple mechanisms for what the operators want to do
— Make it easier for the modelers to build predictors and optimizers
— Determine how to make it extensible to any process
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™ Discovery and Organization

e Discovery

Need a mechanism for exploring the exposed data points
Need input from the process engineer

e Organization

Re-name the data points without losing access to them
Hierarchical organization in agreement with intuition
Create read and write ability for each tag point
Consolidate all of this in a component library

<>
Tag <——> Component

Points <——> Library
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Discovery and Organization
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Model-Based Controller provides Device Tree

this mechanism — et
=l 4 Turhine2
— Component library available for access = A InletTermp |
# WPO30509 Turkine? InletTetmp
by other programs ® deoF
I - | SteamFlow
— Component library also saved in xml 2 B nietPrescrs
— More on this from Nat Frampton #l L] OutletTemp
+ | CutletPressure
What can we do with 1t? # ] Power
+ | Turhine3
— Use it as the sole mechanism for e j:ni:er;
o o o = aler
Interactions with the process 3 &3 SteamFlow
— Create a visualization of the component o PRSSE Belers Steanfiow
library, such as the hierarchical tree 3 [ FeedFlow
| GasFlow
shown here. il
H | o2
+ | Drumbewvel
+ | DrumPressure
+ | FDEPowwer
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" Data Capture
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o Data Capture Module

— Select single tag points or entire hierarchies to capture
* The operator knows the data that is desired

* Provide a standard mechanisms that computer users understand
— Double-click, appear in list
— Drag from tree, drop into list

— Select time interval, and record timestamps
— Save recorded data to the database

— Can use any component library — don’t have to create a new
data capture mechanism for each process

y 4 y 4 y 4 P
< ~—
Tag <——>Component ———>  Data E——
Points <<——> Library Capture Data
~_
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" Simulation
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o Simple mechanism for incorporating simulation

Insert an IO Interface module before the Component library
Switch it to read data directly, or from the simulation
Simulation pulls the data through a Data Integrator

Data source is transparent to users of the Component Library

A y 4 Ty
v

. . Data
<— <
Simulation Integrator Data

s e

_ ——
Tag ——— 1O — —— Component ———>  Data
Points ———— Interface  — —— Library Capture
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Simulation - Image
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 Select and load the data files of interest, then run the

simulation

Cl0Server. - Control Panel

[rata Collection Files

[rata Collection [temsz

| Mame | Rows M ame |'\-"a|ue -
wpl30503_030724_134110.csv 1217 WwPO30503.A0xHPSteam. Pressure 156.951 7563677
wpl30509_030724_144111.csv WPO30509.AuxHPSbeam. SteamF low 3735.391357421
WPO30509 AuxHPSteam. Temperature 370719329833
'WwPO305803. Boiler!.DrumLevel 0.16322517359501
'WPO30503.Boiler!. DrurmPressure #3.0698023593¢F
wP030503. Boiler! . FDEPower 1570931339262
WwPO30503. Boiler! . FeedFlow 3.05203890339235E -
WwPO30503. Boiler! .M aturalG asFlow 14.7448539733¢
'WwPO305803. Boiler!.02 10.77109303057
'WwPO30503. Boiler!. QilF lovs 1.351 35650634 7E6EE -
WwPO30503. Boiler. SteamFlow 0.0204842351377
WwPO30503. Boiler2. DrumLevel -14.9630441665E
WPD30503.Boiler2. DirumPressure 743741375784
WPO30503.Boiler2. FDEB Power
WPO30503.Boiler2. FeadFlow ﬂ
Show Path [ Current Time |2/7/2005 7:22:40 P
Mo Playing Entire: Bun Server Info
Filenarne R Current Timestamp [TS) File Time Started State b ode
|wp30509_030724_134110.cav |2 of 1217 |7/24/20031:41:17 PM [1 of |2 | 2472005 7:22:36 PM |Rurining Ao
Begin Timestamp End Timestamp TS5 Span Remaining TS Mext TS Total Rows Est. Ending Time Interval [zecs] Sowce Rate
[7/24/20031:4114 P |7/24/2003 242:06 PM |00:01:00:61  |00:01:00:48  |00:00:02 |2 of 2419 | 247 /2008 7:22:36 PM ] |DCFile [1:1
= Est. Time Remaining Elapzed Time Eszt. Time Remaining
‘ ! ‘ ‘ Stop ‘ ‘ |00 -0 47 |o0ro0-04 |-01: 23 59.56
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" Process Monitoring

. . . . o, <
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« Tag Points of Interest
— We have a visualization of the (re-named) tag points
— Behind that, we have the means of reading the tag points

 Methods for Presenting the Readings
— As text
— As a graph
« Comparison of Different Tag Points
— Trend graphs are synchronized in time
— Snapshots of text and graph displays can be captured

P >
Tag <——>Component —> Monitor
Points <——> Library />
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Process Monitoring - Image
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 Example

& Intelligent Power Plant

— Drag and drop ==

overy  Moritering | Modsling | Predicting | Controling |

from the
hierarchical =" —

tree | [cicoiers BB ERias

-] Boiler! SteamFlow 257737 lpsir Boiler3.SteamFlow
114 Bailer3 5
-] SteamFlow FeeuFlow: 250 lhshr . -

Y FeedFlow el "\// B A

: \ o NN
- GasFlow: 43722 CFH \\/ i i
GilFlow \

OilFlore: 17771 lasihr

DrumlLevel
1 DrumPressure
~__| FDBPowver
-] Bailer2

- ] HPSteam DrumPressure: 1677 psi
Inaependence - .=
[ AuxHPSteam FDEPowrer: 294 K . z - i -
08:26:50 089:27:00 08:27:10 08:27:20 09:27:30

[+ ] Cutsivle
] FeedPumpt

(s 51 percent

CrumLevel: -0.3 inches H20

Time

FeedPump2 | M actual |

— Flexibility e
. EiBoiler3.GasFlow
— lee Or Boiler3.GasFIov:
replayed data

09:20:50 08:27:00 00:27:10 09:27:20 09:27:30
Time

[ W actual
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" Modeling
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 Models based on tag points of interest
— Select tag points from the component library
— Remember that the data might be live or simulated
— Modeling may be counter-intuitive (what follows what?)

« Different model types to “plug in”
— First principles, look up tables, neural networks, etc.
— More on model creation and neural networks from Peter Curtiss

Modeling
y 4 —
Ay A ~
Model FP
Component % Model
Library NN Ay L|brary
LUT
~N
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 Model tied to the components from the library

Fi

riodes

le Help

Discover\;] Monitaring  Modeling l Predicting | Cortralling

r

Display

‘Device Tree

_A'WP030509
EI _l Turhine2
EI _i Turhines
[#-(] Bailert
-] Bailer3
EI | Eniler2
EI | HPSteam
-
EI U] BuxHPSteam
EI ] Outside

EI _i FeedPurng
EI _i FeedPurmp2
EI _i FeedPump3
- _l CondPurmgp

Device Tree

Lo Source

Infarmation

:J Additional Devices

- Model Construction

'/

L Src:.l'Slnk

»

sl

N
Z

.._

» 22— CED-
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" Process Modeling

o 5 O - CC.’.'-,; s
Electrical Engineering and Computer Science = &g

 Extended Modeling

— Lots of things that affect the model (and predictions based on it)
may not be included in the tag-points.

— Examples from the USMA Power Plant:
« Student attendance
 Weather (trend, not instantaneous)
* Others already mentioned by Darrell Massie

— Might need to get these from external sources
e Security issues! More on this from Scott Lathrop
 More sophisticated modeling
— Decouple the models from the components

— The output of some models may be the inputs of other models
* Need mechanism for composition of the meta-models
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* Visualizing the models
— Name, Inputs, Outputs

e Making the connection
— List the models from the

model library

— Drag them onto the

mapping field

— Drag the output from one

model to the input of
another

— Collapse/expand models

for clarity

 Works for any model

File Help
Modes

Discover | Manitor | hodsl | Madel Mapping | Predict | Optimize | Control

Actions

[ Losumodes | [ save moveimoap | [ Load tadel Map

Mgtz

IN: BiollerGasLissPradictor

N BiilerSteamFlowPredictor
2 DOk

: DayType

HourOray
PostElectrictyBil
PostElectriciylsePredictor
PostGasBil
SumOTBolerGasFlows
SurOTBolerStearFlaws
SumOTPostElectricLosds
Turbins2StsatLissRredicter
NH: Turbine3SteamLisePregictor
N TurbinsdStesmlissPredictar
LE: ElecPanel

LI RS

=

mmmCczCcmeEm
OoDDIETOL

!

-

Mapging

Outdoor. Temperature

| TimeDate

Currentalue 5] v

Turhine? StearmFlow

TimeDate

Turbine3 StearnFlow

CurrentValue [o

Turbined SteatnFlow

Boiler1 SteamFlow

Biniler2 SteamFlov

Bioiler3 SteamFlow

T\

Eiailer2 SteamPlow.

Eoiler! GasFlow

Biniler3 SteamPlov

Biniler2 GasFlow

Current'alue o]

Boilers GasFlow

Turbine2 PovverOutput

Turbine2 SteamFlow

Turbine3 PovverOutput

Turbine3 StearnFlow

Eiler2 GasFlow

Turkined PowerQulput

T~
[
Pl v oty
\"

Eailer3 GasFlow

Turbined StearnFlow

EEEEEEEEEEEEEEEE

Currantyalue o

urmOPostElect
T6D

Outdoor. Temperature

DayOfineek

HourOfDer

DayType

Turhine? SteatnFlow

Turbine3 StearnFlaw

Turbined SteatnFlow

SumOiBoilerSteamFlows [0

Outdoor. Temperature

DayOfinesk

HourOfDar

SumOfPestElectricLoads O

N BiailerG i
Outcloor Temperatur:

ar

e

1
[l SumOTBoilerSteamFlows |
|

SumOTB et GasFlows o

| TitneDate

| SumOtBoilerGasFlows
TotalEill (o]

TimeDate

| SumOiPostElectricLoads
TotalGill o]

| Turbine2 PowerOutput

] Turbine2 SteamFlow o]

M. Turkine )

(1] Turhined FowerOutpit
|

Turhine3 SteamFlow o]

Current'alue Tof

MN: Turkine: )

(1] Turbingd PowerOutput
1
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" Modeling Validation and Verification
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Validation
— modeling the correct objects (input from the process engineer)

Verification
— modeling the objects correctly

Statistical measures of accuracy

Actual
Outputs

Inputs

/I

~ Predicted
Outputs
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* Prediction - Image

e Correct models o
— can be used for |~ |

Discoverﬂ Monitoring] Modeling  Predicting l Corrtrol\ing1

making
predictions
e Visualization

— of predictions by | | -
themselves -

— of predictions ELoas
versus actual - o / )
data . . ——

— helps people . |
see the e
accuracy (or
iInaccuracy) LI I

Time (Hours)

Bpedicted B Actual
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e Optimizer
— Feeds “what if?” inputs to the model(s)
— Records the best combination
— Sends the best combination to the controller

e Controller
— Can recommend control settings to the operator
— Can control the process directly (through the component library)

Optimizer Controller| Recommend
Best Inputs
y 4 =

“What if?”  Model

—— | — | Corresponding
| —— Control
Predicted Outputs
Outputs —
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* Visualization
— helps the operator believe the recommendation

2 Intellipent Power Plant Optimizer
Filz  Help

EDée

Tuesday, May 25th, 2004 Sources
Incagnita

190

&0 /r—r"“

170

160
150

130
120
110

Demand (Kw)
5

a0
80
70
&0
a0

ao
20
10

02:00 0400 0600 08:00 10:00 12:00 14:00 16:00
Hour Cffset

B TotalDemand @& PredictediaxPeak DieselGen ShavedPeak Current Time
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" Conclusions

The abillity to discover, re-name, and organize tag points
Into an easily understood component library serves as
the foundation for the other operations described here.

Basing the other operations on the component library
significantly reduces the amount of custom programming

required.
Graphical interfaces and visualizations:

— make data capture, monitoring, etc., accessible to the operator.
— make model creation and mapping easier for the modeler.
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