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ABSTRACT

In order tohandlethe complexity of software for automatiosystems of

larger scale in manufacturing nowadays procedural-orie(géegl SCR,

RTSA) and object-oriented methods (OOD, OOA, OMT) are ugéthin

the latter alternative we developed an object- and service-oriented approach
to copewith problems of complexity and to ease and accel¢hatsoftware

design process.

In this paper we presemtur service-basedonceptgive a possible definition

of basic services and discuss experiences made in an application example of a
production cell.
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INTRODUCTION

The amount of hardware aedpeciallysoftware forsystems in automation amantrol isstill
increasing. The importance of appropridesign methodsor distributed real-timesystems is
howeverstill not completelyunderstood andhas to be improved [Whi93,0l1i93,Lav9l]. The
software used in automation applications represents a mixtdigadcquisition, controlgdata
storageand man-machine functionfr visualization anduser interactionThey are hard to
handle due to real time restrictions and intensive interaction with the environment.
Object-oriented techniques using objects or agents of application-specific typldzaaies
lead to a service-basednceptwhich allowsthe definition of frameworks with precise guide-
lines to architect system platforms &siilding blocks for abaselineinfrastructure [STV95].
These frameworks include generalized harmonized guidelineshdect application services,
precise guidelines taseexisting basic services, and guidelinesatchitect general or dedi-
cated tools [V0s96, SV95].

In the following section we want to introduce theservice concept anddiscuss its conse-
qguences.
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SERVICES

One goal of thigaper is the proposal for an approachdesigning and developing dbth
software and hardwartegether,based on a functional and temporal specification. A suitable
solution to ensure time requirementshe approach obuilding system-independent distrib-
uted operaonal units for agiventask. Theseunits arecalled services, whicimteract by the
exchange of orders and results. Withixeen communication platform it is possible to place the
services on different hardware systems independent of the specification [STV95a].
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Fig. 1: Physical Structure of a Service-Oriented System

Services provide re-usable standardieiiding blocks which can bactivated, controlled and
interconnected in order to construct the application based on a service-oriented design scheme.
Three basic types of services can be distinguished:

* The system services are needed for communication and process scheduling.

* Thebasic serviceareproviding a layeifor man-machine-interaction, for measurement and
control and a database system for persistent data.

» The third type of service is application dependetiich means, thahese serviceare built
for a special solution, whereas the other ones have only been configured for a given task.

Building blocks of each service, so-called service activ{tegect or agent would bequiva-
lent), represent a virtual instanadich is configured within a service. Service activity access
points and outputs can be attached tostt@ice activities. The function of a service activity is
executed by processing the relevant acagssmation according taéhe service prescription.
The result is available at a defined output point.

Another result of this approach is thatanging time constraints durirtige life-cycle of the
system can often sidy be solved by changinthe distribution of theservices with or without
adding new hardware components. Plagt of the automatioaystem withrigorousreal-time
restrictions ismainly measurement, control and regulatiéior thesefunctionalitiesthe pre-
sented desigmapproach isable to findthe appropriate hardware for tiggven specification
based on integer optimization algorithms. The next secgoesan overviewover different
application-independent services which we find necessary and sufficient to construct.



System services

Services must be interfaceable with eathervia communication media. Their logical func-
tionality must allowthe allocation of prescriptionservice accesses the configuredservices

via serviceaccess protocols, theterconnection between the allocated services, the control of
the services andhe execution of theervices which includethe intercommunication between
the services andhe synchronization othe service execution. Information processing units
which nmeet these general requiremeattscalledsystem platformer system service. They are
the backbones oévery service-oriented system. System platfoans interconnected via
communication systenmi®r a distributed approach system design. The goal is hide the
physicalstructure of the totasystem. The system service providles basic functionality to
build client-server applications, e.g. using distributed objects.

Man machine services

For man-machine-interactionshahly configurable, easy tase service is necessary to prevent
the developefrom writing special solution$or every task [BSV195, BSV295, BSV395].
These service offers an application programming interface independentheoumderlying
graphics hardware and screen resolution. Tal task ofany man machine servi¢eIMS) is
to inform a humamiser of asystem'stateand to enable modifications of trggate. Due to the
fact thatmancan perceive and handle informati@stest in a visual way, this tise besthan-
nel to informaboutcomplex systenstates. The opticalhannel is also good choice to sup-
port humaninteraction. This is achieved in feeding bdbk user's actions. A MM8§as to
provide two basic services:

* the visualization of structured information

 the supported modification of structured information.

Based upon theservices any communicatidretween user angiachinecan be realizedlhis
section presents the concept ahan machine service, usable aseaver in a heterogeneous
network of computers.

The basic idea othe service isthe introduction oBymbolsas state-pictures of structured ob-
jects of an application, e.g. processiables of acontrol unit. The user cadefine symbols
very flexible with an interactive tool or by usirthe programming application interface of the
service. Thalefined symbolsire stored in &@onfiguration database for usagehin the appli-
cation.Symbols can be defined hierarchicallg. asymbolcan contairothersymbols or base
symbols. Changing a value oftata type connected tosgmbol leads to a different graphical
representationChangingthe graphical representatiof@.g. the usemoves asymbolinterac-
tively) leads to a differerdata typevalue. The relations betweelata typevalues andhe re-
sulting images can be defined. This relation is eitio@tinuous, where anear or logarithmic
functions is provided, or discretéll symbolsare arranged and positioned ptanes Each
plane defines a unit of measurement respectively a scale. When assigning a pla@eoto
multiple windows, the user is able to scale it.

This very simpleapproach isnighty enough tabuild high-level graphicaliser interfaceNor-
mal symbolsare used twisualize a bigamount of usedefineddata types. Thepresentation
objectis introduced to offer the developer tlaeility to groupsymbolstogetherand to create
images of compledata typewith a special semantidhere ardifferent types of presentation
objects predefined:



» A pictureis a set obymbols as an image ofsat of objects of thapplication. There are no
restrictions concerning the object types. The picture ido#sesfor all other presentation
objects.

* A menuis an imagdor avariable of an enumeratidgpe, eachoutton shows @electable
value. Nearly any kind of symbol can be used as a button.

* A maskis an image for an object orstructure of ampplication: Modifiablecomponents of
the object can be changed by thanipulation ofthe correspondingymbols(sliders, but-
tons, textfields, ...

* Atableis an image of an array of objects or structures.

Presentation objects can beild automatically bythe service ifthe type of the corresponding
object is known at runtime. Because every presentation object is derivethBgame com-
mon class, they shatke same (smallset of operations. The presentation objdutsnselves
are used tdouild higher levelobjects like text editors,idrarchical graphs and help systems.
These can be interpreted as pictures with special semantics and a predefined behavior.

Presentations objeciiself are usefulfor the manipulation and visualization of objecBut to
allow interactively modifiableand dynamicallychangeablaiser interfaces, a powerfaolecha-
nism for event recognition and execution is creatediAding is an operationgefined on a
presentation object. The execution of the operation is triggered by one or more events on
this object. The main ideas behind are:

» Several internabperations of thenan machine serviaaan be bound to events, so that typi-
cal interactions can bereated by the interactive GUI-editor withoutiting any line of
code.
* Presentation objects can be bound together to create hierarchical menus, masks and tables.
» Userdefinedoperations can be bound to events to creallback functions. An application
is able tocatch an eventising this technique. A very commaise ofbindings isthe con-
nection of the measurement, actuation and cosélices (MAC) tahe MMS. The MAC
is controlled or triggered by user actions without the need of an interventiorapphbca-
tion service.

Presentation objects with a predefined behavior on e@etsnplemented using bindings.
Objects of a higher level, whidreusing presentation objects such as pictuaessupplying
their components with task-specifinding functions to haveontrol over the event respond-

ing.
Persistent object and database service

Every ofthe abovanentioned services needsdgtwreits configuration or internattates on a
permanent memory eventiie host of theservicedoes notcontainany harddisc orsimilar
storage. Theaolution for this problem wathe use of aeal-time database service, extended by
a layerfor persistent objects and persistent relations betweerksutiof objects. The goal of
this layer is a "natural” embedding into a given obmientedprogramming language (here
C++). The intention is tdide most of theadditional functionality othe databas&om the
programmer byapplying a cleaobject-orieied design. Persistent objects argable like any
other non-persistent object [VB196, VB296, VBM96, Ste92, SKW92].



Measurement and control services

In the area of automation and control thefinition of the abovementioned basiduilding
blocks of a service is surveyable owing to the restricted application field [PR93].General
measurement and actuation agents, configured along the users needscaaubibed with
control transfer functions and specifications to achieve a complete complex automation system.
The required functionalityor a servicesupporing control and automatioapplicaions will
now be discussed in detall.
The basiccontrol services allow to interconnect technical plants tcabemated and com-
puter-baseaystemdor automation by measuremdataacquisition), actuation, and control
of physical variables (MAC-services).
They comprise system platforms with allocated MAC service prescrifgoifis or hardwired)
extended by converters, signal conditioning devieesjators, sensors. The actaahfigura-
tion of an MAC device depends dime functionsthe services should perform, e.g. a MAC de-
vice based on a microontroller can servenly for distributed measurements of analogue
physical variablesvhereas a MAC service based on a more powerfulessar can serve for
measurement, actuation and control at the same time.
The functionality of the MAC services knows six functions which serve:
» to configure analogue in, digital in, analogue out, digital @ottrol, andsurveillance
agents
* to define access points with related access protocols for created MAC agents
* toinitialize created MAC agents
» to interconnect access points of MAC agents with access pointhefMAC and non-
MAC agents
* to control agents by beginning, suspending, resuming, and ending their operation
» to placeexplicitly orders to agents to be carriedt and to commandget results like get
measired or put catnol values
Control agents are composed by associatedsirement and actuation agemisich are inter-
connected byuilding blocks withstandard controllers or arbitrary transfer functions. The op-
erations of control services are defined as a composite agent.
All agent functions can be used as programmiat#efaces within an implementation environ-
ment. The eglicit programming ofthe configurationincludingaccess points and correspond-
ing protacols of the interconnection amditialization of the MAC agents is tedious. Therefore
tools which allow man/machine dialogwiented cofiguration, testand simulation of MAC
agents by a comfortable GUI (graphical user interface) do accompany all MAC services.
The use of services as a more powerful alternative to softilvegesdoes notavoiddifficul-
ties with real-time constraints and performaricaitations of a choserardware platform.
Therefore the abovmentioned configuratiotools supporischedulability analysi€Often the
required computer performance gamy be achieved by multi-processor or distributed archi-
tecture, especially i.e. in the area of robotics. This extends a simple schedalahiyitys to an
allocation problem.
Sinceour approach as presented above offerspibssibility to predict the systems perform-
ance, distribution and allocation aonsiceration of real-time restrictions can be done before
run-time [Ram90]. Therefore execution and communication tare&nown by @pecial data-
base. Inorder to do the taséllocation in respect of a positigehedulability analysis, aopti-
mumocriteria is needed. We choosests a®ptimum, leading tdahe extension of the database
by cost information.



Based on the aboveentioneddata-sets, the tasklocation is to bexecuted. An integer op-
timization algorithm as known froitine field of operation research has to alloctte tasks to
processorsvithin the distributedarchtecture. An often useldeuristics is to map hierarchy and
structure of thespecification intdhe hardware architectusemilar toanalogue computers, but
sincethe allocatiorproblem is completely given by specification aladabase, there is meed
to use heuristics. The&implest integer algorithm ®tal enumeration, but thproblem is np-
hard, a more sophisticated algiom is needed. Since a largeb-set ofll existing allocations
does nofulfill thereal-time constraintgiven inthe specificationthe branch-and-bound algo-
rithm istheidealapproach for this problefiBG93]. In eachramificationthe allocation of one
task is decided. If thenaximalload of a processor @ready reached befoed tasks areallo-
cated, it is no moreecessary to follow this branch and its allocations. So fiimée alloca-
tion process can be drastically reduced.

APPLICATION EXAMPLE: PRODUCTION CELL

The explain desigrtoncept wasuccessfullyused in a contrahpplication of gproductioncell
[VH96]. This cell issubject of a specification methods surveyhat FZIKarlsruhe [LL95]. It
is equipped witliwo conveyor belts, a traveling cranetweo-armed robot, aelevatingrotary
table and a press. Metal plates ptg on thefeed belt which conveys them tbe table. The
latter brings the blanks in the right position to be picked up byothetr Therobothandles the
plates between table, press and deposit belt. To inctleasélization of the press, theobot
is operating withtwo arms, one for loading, th&ther one fomunloadingthe press where the
blanks are forged. Thepecification ofthe controlsystem, including safetyroperties (naol-
lisions), timingrequirements, livenessfficiency (maximalthroughput), and graphical visu-
alization with different viewgould be realized anfdlly tested on the@lantonly by using the
three predefined basic services for control, visualization and data storage.
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Fig. 2: Model of the production cell



SUMMARY

The presented service-oriented concept offers the chance to comwstyucomplex distributed
control systems within ahorttime frame by a hardware-independent specification wtach

tains only the functional information plus real-time restrictions. This specification can be elabo-
rated by the use @omfortable graphicatditors without knowledge ainy implementation in
procedural language. Thenderlying hardware architecture can be replaced witheytro-
gramming,the re-allocation of tasks is doaetomatically, i.e. grototypewithin a control
application can bé&ested on a PC-cluster, whereasfthal implementation vil be "lean™" on a

set ofmicrocontroller modules. It is easy to expand an existing system withitloout adding

new hardware components in case of specification chahgeso the opesystem architec-
ture. Sincethe automation angisualization ofthe production cell wasealized within one
week, the described approach would be an ideal platform for solutions in "Rapid Prototyping".
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