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Abstract

In processautomationyisualizationsystemsare usedto visualize the stateof a plant (in real
time) and to enter control commands for interaction. The proliferation of graphical user interface:
has improved desigopportunitiesaswell as useiinterfacequality considerablyNevertheless,
the stateof the art in visualizationsystems igarely satisfyingfor endusers(operators)or for
application developers(automation engineers). Concrete visualization systems often vary
considerablywith respecto their user interface componentsand their processcontrol system
interface. Henceadaptabilityand extensibility are utmostcrucial in visualizationsystems.This
was thereasonfor choosingOberonandthe graphicaluserinterfacekit Gadgetsasthe system
platform for the realisation of mew visualizationsystem,called VISION. In the following, we
presentshortintroductionsto OberonSystem3 and Gadgetsaswell asto thefield of process
visualizationsystems Furthermore someinterestingimplementationaspectsare described. A
rough rating of Oberon’suitability for practicalapplicationsbasedon ourexperiencess given
in the conclusion.

1. Introduction

Oberon System 3

Oberon Systen3 (V3) is an evolutionarycontinuationof the original Oberonoperatingsystem
[WirGut]. Oneof the newly introduced,basic conceptsof V3 is a type Objectin the system
kernelwhich providesa mechanismfor making objectspersistent. Inorder to handlequite a
large number (>1000) of persistent objects, V3 manages libraries of mdnpeetband provides
a small set of genericoperations(load, store and copy, as well as get, set andenumerate
attributes).V3 exhibits a quite object-orientecarchitecturevhereapplicationand user interface
components are strictly separated. In general the application itself @alksivelyon abstract,
i.e. non-visible objectswhich form the data model. For viewing and controlling purposes,
concrete graphical objects called gadgets are employed. In contrast to the Ofigiraisystem
where the display space is strictly hierachically structured by means of frasted,VV3 allows
frameswhich can be sharedwhen an objects has multiple representationsin addition, V3
frames are objects, too. (Frame is an extended type of Object.) Thustheystoredeasilyin
libraries.Whenevermessagesre sentto display objects,the messagas passedhroughthe
entire frame hierarchyto allow any superordinateobjectto perform somespecific operations.
This messagéroadcasimechanisminto the display spaceforms the basis fora generalized
model view schemeadoptedfrom Smalltalk, where models should not know their views
[KraPop].



Gadgets

Gadagets is a graphical ugaterfacekit containingprefabricatedreusablanterfacecomponents

of low granularity for constructinggraphical user interfacesof arbitrary complexity and
sophistication [Gutkne]. The look and feel of the user interface is defined by sgadgeldike
buttons, sliders and checkboxesas well as a set of guidelines for respondingto mouse
commands in general. Gadget user interfaces can be adapted to individual needs on the fly by
end user. An important Gadgettype is a panel, which are containersfor other gadgetsand
manage editing operations treir children. Gadgetscan haveseveralattributesconsistingof a
nameand a (typed) value. Typical attributesare colors, labels and, in particular command
strings, which care executedoy the gadget. Inorderto accessvisible andinvisible attributes
interactively, an instrument named inspector is provided.

Process Visualization Systems

As in many domains,personalcomputershave had a greatimpact on the field of process
automation. Standard industrial PCs increasingly often are replacing conventional techniques lik
control panels, dashboards, flow and mimic diagrams for controlling tasks. In contred o

used, specializedprocesscomputersin embeddedreal-time systems, visualization systems
usually do not control an associateclant in an independentutomaticmanner,but servefor
monitoring and interactingwith the facility. Typical applicationsof visualizationsystemsare
chemicalplants,assemblylines, bulk goodsmixing facilities, and power plants. Visualization
systems are most often unique implementations or emplay&dathersmall count. Hence,the
individual constructioncosts ofa single systemare a deciding cost factor, so that excessive
programming would never pay off.

Developing a visualization system application usually involves interactively drawing,
assembling configuring and parameterizinga genericvisualizationsystemby an automation
engineer.Advancedprogrammingskills should not be required.A high-quality visualization
systemshould be characterizedby a purposeful functionality and a simple, user-friendly
interface for end users as well as application developers.

Our experiencesvith commercialvisualizationsystemshave shown, that even heavy-weight
systems often lack features which woulddoagte naturaland desirablein a specificapplication.
Onthe otherhand,a lot of ratherexotic functionality often burdensthe automationengineer.
Hence,the desirefor a visualizationsystemwith extensibility as an intrinsic attribute became
apparent. In the VISION project we tried to create a lean kernel sydtérh can easily adapted
and extended to specific requirements.

2.The Process Visualization System VISION

A visualization systemusually does not control the associatedorocessdirectly. Instead, a
processcontrol system(PCS)is used forinteractingwith the process,controlling automatic
execution, and communicatingth the visualizationsystem.We usea standardserialinterface
(RS 232) ascommunicationmediumwith the PCS. This is sufficient, becausevisualization
systems can accept a certain time delay (1-3 seconds) beseéémeand displayedtime. This
less-criticaltiming requirementis also prerequisitefor the sufficiency of a few nonpreemtive
tasks provided by the Oberon system. A typical configuration of a VIS@iemcoupledwith
a Siemens Simatic S5 PCS using the protocol standard RK512 is shown in Fig. 1.
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Fig. 1: Typical configuration of a VISION system

Monitoring and Operating (Operator Aspects)

Before thearrival of computerizedrisualizationsystems mimic diagrampanelswith integrated
or separateontrol elementsvere used.One may regardsuch panelsas early predecessorsf

graphicaluser interfaces(built in hardware).In order to smooththe transition to the new

technologyfor the operators,it is common practiceto provide the familar static and active
elementsas usedin hardware panels. Sometimeseven both classic and computerized
visualization systems are used together.

For displaying the state of plant devices, (colored) lamps, digital and analog instrument display:
and trend plotters are usedin most cases.Importantor dangerousstatechangeshave to be
reportedto the operaterin a very striking manner,which is usually a blinking lamp. These
events, called alarms have to be acknowledged bygbertor;thenthe warning signalchanges

into a steady light andisappearsvhenthe alert conditionis resolved.Sometimedext displays

are used to report the reason for the alarm. Alert stages are often protocolled textually in a journ
file.

VISION also provideslamps, digital and analogdisplays,and trend plotters. Alerts can be
collected in a list containing time, date and a descriptive text (error message). The alerbést can
displayed on demand in a separate panebntinuouslyshownin anintegratedpanel.Printing

and storing of the list is also supported.Another way for visualizing statesis by meansof
displayed(short) texts with arbitrary fonts and colors. For example,a motor state can be
displayed by either a green ON or a red @&&. Colorchangesnay occuron foregroundtexts

as well aon backgroundareas Workablecontrollergadgetdor real-timecontrolling tasksare

not supported by VISION; only themeasurementaluescanbe displayed(in digital or analog
form).

The typical actuating elements hardwarecontrol panelsare pushbuttonsFurthermorefoggle
buttons, illuminated buttons, rotary switches,turn knobs, as well as thumb wheel and dip
switches for set point value input are realized as hardware gadgets.

In VISION buttons with a 3D look, with or without toggle behavior, can be actuatadrmuse
click. Several of them can be combinedatadio buttonblock with mutualexclusion.To input
numeric values, digital displays with incrementand decrementbuttons or keypadscan be
assembled and, of course, the keybazabe used.At the momentVISION doesnot support
rotary switches; because of their l@ssitive mouseoperationwe suggest usingadio buttons
instead. But their is no principal problem preventing their realization.
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Fig. 2: A mimic diagram of a cement plant as VISION panel

Editing and Constructing (Developer Aspects)

The core Gadgetssystemitself alreadyprovidesall meansfor interactivly producingthe user
interfacefor a concretevisualizationsystem.The tools for this task are the lllustrator and the
Inspector.The lllustrator enablesthe developerto producebasic graphic elementslike lines,
circles, squares and polygons with individtraimesandfill colors. Furthermoreijt is possible
to integratescannecditmapimagesinto a panel.Active and VISION-specific gadgetsare also
arranged by means of the lllustrator. In many applications it is not possible to visoakzrire
processfacility in a single panel; instead,severalswitchableor popuppanelsare combined.
Copying gadgets or groups of themoducesa precisecopy of all views which sharethe same
modelandthus mirror the very sameprocess statédll VISION elementsas well as standard
gadgets possess a number of specific attributdsastia nameattributewhich canbe inspected
and modified by the inspector tool.

Interface to the process control system (PCS)

The user interface components (gadgets) of a VISION applicatiorttvéedogically connected
to memory blocks of the associated®CS. Whereasthe PCS organizesits datain words (or
items) andblocks, VISION reflectsthe informationin appropriateattributesof certaingadgets.
All informationswhich are neccessaryor connectingthe gadgetsfront-endwith the PCS are
described textually in an application file. This ASCII file is structured into several sections:

- constant declaration

- mapping declaration

- PCS declaration

- GadgetLink declaration
- alarm declaration



- cyclic communication description
- initialization
The constantdeclarationsserve primarily as a vehicle for improving readability. They are

represented as integer values and are heavily used for naming colors, eg.:
white = 0; red = 1; ...

The mapping declarations describe enumerations of at most 8 different values, e.g.:
StringMap = ("OFF","ON","FAULT")

PCSdeclaration: TheVISION systemuseschannelsfor communicationwith (possibly more
thanone) PCS. For eachchannelthe type of interfaceand protocol of the device haveto be
specified, e.qg.:

PROTOCOL RK512; PORT=COM1; BAUD=9600;

Furthermore eachreceivedor transmitteddata block hasto be describedby a nameand a
numberof items.An item is specifiedby its addresgword number),a PCS datatype, and a
name, e.g.:
BLOCK Inputblock = DB10;
DW 1: INTEGER SCALE(2.0,10) = Temperature;
DW 2: BCD = Countervalue;
DW 3: INTEGER = Motor1l,;
END Inputblock;

The gadget-linkdeclarationdefineswhereand how statechangesare visualized.An item of a
datablock is associatedvith one or more gadgets.Eachvalue can be transformedby a map
before assigning it to an attribute, e.g.:

PumpMotor = Motorl.Value (StringMap), Motorl.Color (ColorMap);

PumpMotor is the name of a data block item; Motera uniquegadgetname.Value and Color
are attributes othe Motorl gadget.Every time a datablock containingthe pump motor item is
sent from the PCS, the Value and Color attributes of the Motorl gadgetare updated if
neccessary.

Alarm declaration:Each dataitem can be checked,whith respectto an alarm situation. Each
alarm knows its alarm group, which is an object that typically serves as model of apatesim
e.g.:
ALARMGROUP SiloAlarm;
Silo1Content > 99: "Silo 1 overflow";
SilolEmpty = 1. "Silo 1 is empty";
ElevatorM2 BIT 1: "Conveyor M2 electrical fault";
ElevatorM2 BIT 2: "Conveyor M2 mechanical fault";
END SiloAlarm;

The cyclic communicationdescription specifieswhich data blocks are transmittedin which
direction at which intervals. The shortesttime interval is one secondbecauseof the limited
throughputof the serialport. Usually only cyclic readingof PCS datablocksis neededgyclic
writing allows the PCS checking whether the visualization system is still responding, e.g.:
EVERY 1 SEC READ Digitallnput;
EVERY 5 SEC WRITE LiveSignal;

Initialization: In some applicationsit is meaningful to read a number of data blocks at
visualization system start up. This can be specified in the initialization section, e.qg.:
BEGIN
READ Digitallnput, Analoglnput
END



3. Implementation

The functionality of VISION can be separatedinto two parts: Part 1 are user interface
componentsThe componentsor establishingand supplyingthe datamodelsform part2. For
the constructionof the userinterfaceseveralnew VISION-specific gadgetswere implemented
(part 1):

- BarGraph for displaying an analogous value

- DipSwitch for incrementing or decrementing a number

- OutputField for displaying an alphanumeric text

- Lamp to signal a boolean state

- Trend for showing a course of an analogous value over a period of time
- Logger for storing a trend

- AlarmPanel for displaying a list of triggered alarms

- AlarmGroup for managing triggered alarms

Because of Oberon’s and Gadget’s extensibility, it is easy to build new gaddétsextendor
modify existing gadgets. All attributes, even those unknown at design time, can be enmfmployed
visualizing a process state by just establishing a suitable link in the application file.

Model-related components(part 2) are responsiblefor the interpretation of the interface
description and focommunicatiorhandling.At the top of VISION’s modulehierarchyresides
the command module Vision. It provides all commands for controlling the system:

- parsing an application file

- installing and removing communication tasks
- opening a startup panel

- starting and stopping communication

- sending and fetching data blocks and items

Like othervisualizationsystems VISION can be adaptedto different PCS devices.All these
devices have their own notion for addressing data blockg@mg. Furthermorejependingon
the kind of communicatiorport (serial port, procesdield bus, etc.) a numberparametersnay
vary. In order to achieve the required flexibility, tme@duleVVChannelsdefinesan abstracbase
class for allpossiblePCS deviceswhich may be usedin cooperatiorwith VISION. This class
must be specialized for each concrete PCS.

Every time a datablock from the PCS is fetchedby VISION, the dataare convertedinto an
internal representatiomnd comparedwith the storedand displayedstate.When the statehas
been changed,the correspondinggadgetattributes (as specifiedin the link section of the
application file) are updated with regard to optional mappings. Since we do not know vanether
where or how often our object is visualized (modelsidoknow their views), we broadcasan
update messageinto the display space. So all affected gadgetsget a chanceto redraw
themselvesBroadcasimessagesare sentto all visible objects,regardlesof whetherthey are
concernedAlthough it causessomeoverheadthis policy is justified becausat offers a lot of
flexibility, and state changes are typically rather mrents(a few per second).If this were not

the case, the operator would totally lose the overview and control over the facility.

4 . Experiences with Oberon and Gadgets

The implementatiorof an extensiblevisualizationsystemwas also motivatedby the desireto
gaininsightsinto Oberon’sand Gadget'ssuitability for practical applicationsin the field. The
following comments are based on a single project and are of course subjective.



L anguage

Oberonis a simple, easy-to-learrlanguage especiallyfor programmersalreadyfamiliar with
Pascalor Modula-2. The statictype safety,good readability,automaticgarbagecollection,and

short turnaroundcycles are great benefits for programmers.The conceptof type extension
supportingpolymorphic variablesis the mostimportantfeature,and onecan hardly imagine
programmingwithout it. The conceptof implementing messagesas (record) objects and
interpreting them via a handlprocedureas employedin the original Oberonsystemaswell as

in System 3 has proven to be an extremly flexible communication mechanighms Byeanit is

for instance possible to send messages through a chain of objects which haveohthielégpe

or semantics of the message; they just pass it through until another object is willing to tespond
the message. The drawbacks of this untyped message passing (in the sense that angamessage
be sent to any object) are a performance penalty and,svimatre painful, that messag®bjects

are quite clumsy because records haveetdeclaredfilled andinterpretedby the programmer.
Methods or type-boundroceduresasthey are calledin Oberon-2 [MdsWir]could circumvent
these troubles, but in certain cases they are just not flexible enough.

Operating System

Reusability and extensibility are deciding factors in order to be able to aldaptkernel system
to new requirementf future applicationswhich never can be foreseenby a tool designer.
Oberon System 3 supports thesguirementdo a very high degreeat low resourcecosts.The
concept of persistent objects and libraries as introduc8glstem3 was invaluableand worked
without any flaws. The lack of a sophisticatedpreemtive)multitasking systemcausedsome
guestionsand doubts about the feasibility of such a visualization system. The cooperative
tasking concept of the Oberon kernel was sufficient for our purpose, as it is for many single-use
applications. But more advanced embedded systems will require a preemtive multitasking kerne
Nevertheless, we doot advocatefor suchan extension,becausewe doubt that in general
Oberoncanor shouldcompetewith powerful commercialoperatingsystemsfrom the market
place. Instead,we would welcomea shift in perspectivan viewing Oberonas a universal,
generic application running in commercial environments rather than a standalone system.

User Interface

Oberonstextual userinterfaceof viewersand commandtools frees usersfrom superfluous
modesand states. Eliminating almost every kind of confirmation imposessomewhatmore
responsibilityto the user, which sometimesmay causemisguidedactions by infrequent or

novice users. In particular, usdesniliar with graphicaluserinterfacesneedconsiderabldime

to readjustto the strange,nevertheles®fficient user interfaceof Oberon.The graphicaluser
interfacemanagemensystemGadgetss a very fascinatingand nice-looking attemptto polish

Oberon’ssurface,and its flexibility is striking. The needfor graphical user interfacesmay
sometimes be a matter of taste; for applications like VISION it is a must. TttaGkslgetswe

could implement our system in a very short time.

5.Conclusion

We havethe impressionthat from a technicalpoint of view VISION could competequite well
with commercialvisualizationsystems Although it was not our goal to developa product-like
system, Oberon and Gadgets provided such an outstanflexghfe andyet rich basisthat our
effort was considerably less than estimated.
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