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Abstract

Within the European SIARAS project, a SkillSensdéveloped which is supposed to support useestmfigure
existing production lines. It reasons about modifiequirements on a given process.

This paper describes the fundamental knowledgeseptation used in the SkillServer. The skill-baggaroach is
introduced before describing the deployed ontoleily regards to production systems.

To enable the SkillServer to reason on configuratibanges, models of the geometric representatiphysical
entities are required. This is described in paratyfaur.

Finally, a small demonstrator is explained wherg slgstem will be used first.
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1. Introduction 2. Skill-based approach

This paper describes the way of modelling objects 2.1 Main SIARAS objectives
in general as well as devices and workpieces in
reconfigurable production machines. This approash h The main project objective of the SIARAS project
been developed and is used in the European projectis to facilitate simple but dynamic reconfiguratioh
SIARAS (Skill-based inspection and assembly of complex production processes, as needed for cost-
reconfigurable automation systems) [1]. The maad go efficient and flexible production of products timag¢et
of using ontology is to enable a computer-based swiftly changing consumer requirements. The kegide
reasoner to access information of the production consists in the novel concept of skill-based manu-
system. With the help of this knowledge the usaitea facturing, i.e. production units with embedded know

supported on reconfiguration tasks of productioedi ledge about their skills being able to interaarter to
The structure of the chosen ontology and the reason solve a given manufacturing task.
for this structure are explained. Modern large-scale manufacturing facilities are

Finally, a test environment is described where this today characterized by a high degree of automation,
new structure is supposed to be demonstrated first. accomplished by extensive engineering and limited b
cost and complexity. That means the actual prodaocti
is executed by machines whereas the planning @&nd th
set-up of the production line are accomplished by
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humans. With increasing product variants and shorte
product cycles, the dynamic reconfiguration of éhes

complex production processes definitely is a key
technology. Locally manageable reconfiguration in
SMEs (small and medium-sized enterprises) calls for

understandability and ease of use, but current

dependency on systems experts turns out to bea maj
bottleneck for deployment of efficient production
processes.

OWL format [5] which can be parsed and made use of
later on.
The ontology models basically these sections:
Object
Skill
Task
In addition, there are some other sections sup-
porting the definition of required classes.
The Object section contains each entity which the

Current developments to overcome these problems skillServer will be aware of in the later work éle.
are mainly based on more advanced engineering tools the devices, the workpieces and the passive ollijeets

but expert knowledge is needed for the practical
installation. A production engineering tool has to
maintain its own models of equipment capabilities,
which leads to problems of consistency and scéthabil
The reason is that production equipment so farslack
the awareness of its abilities and skills. Eledtron
processable information as given in configuratitesf
rather specifies data formats and transfer prosocol
instead of informing on what kind of actions can be
performed by the devices. This type of shortcorhamg
been experienced in real industrial cases sucheas t
following example: The selection and set-up of an

obstacles, racks etc. which can influence the other
objects physically. An object is described by a
property, namely hasGeometry. This property usually
links a file in a given (CAD-) format to a modeltbie
physical representation of this entity. As Devicel a
Workpiece are subclasses of Object, they inheeit th
same property.

3.1 Workpiece

The main difference between objects in general
and workpieces is that the workpieces are modified

image processing sensor still needs an expert with during the production process. This could be an as-

years of experience. [2]
2.2 Skill-based approach

The SIARAS project aims at the easy and dynamic
reconfiguration of complex assembly processes by
using skill-based manufacturing. This means, the
production devices are aware of their skills and
therefore, the expert knowledge which has to be
available can be reduced.

As the expert knowledge is still necessary in some
place, it is shifted over to some dedicated sofwar
supporting the user on the reconfiguration tasks Th
software aims in answering questions with regard to
deciding if a new configuration will be valid. This
specific software is called the SkillServer. Todide
to decide on anything, the SkillServer needs sjmecif
knowledge: on the one hand in production technology
and on the specific domain of application on theeot
hand. This knowledge is modelled and representtd wi
the help of an ontology.

3. Ontology

The tool Protégé [3] was used to create the onto-
logy. As an outcome, the ontology is availableha t

sembly, some machining like shape cutting and so on
The simplest case is the assembly. Then, two
workpieces are put together, and so are their rsodel

In the lowest level, a workpiece consists of eyactl
one part. Some of these simple parts can be comhbine
to an assembly. Furthermore, an assembly can be
extended by another part or by an assembly. Even th
reduction of embedded assemblies or parts is dessib

The modelling of this is depicted in figure 1.

owl: Thing
v Ohject
| 2 Device
Workpiece
v ObjectBase
Assembly
Part
| 2 Operation
> Property
| Skill

Task

Fig. 1: Classification of Assemblies and Parts.



3.2 Device

The device section is currently classified in three
main categories:
ManipulationAndHandling
Manufacturing
Sensor
In this part, the division is done according to the
physical principle the devices make use of. Itas n
important what the device really does in terms of
domain knowledge. This is handled in the Skill mect
As an example, the sensor tree is shown in figure 2

awl: Thing
v Ohject
v Device
| ManipulationAndHandling
Manufacturing
v Sensor
CapacitveSensor
v EncoderSensor
LinearEncoder
WheelEncoder
WireDrawEncoder
> InductiveSensaor
MagneticSensor
v OpticSensor
LaserScanner2D
LightGricl
OpticColorSensor
OpticContrastScanner
OpticDistanceSensor
OpticLuminescenceScanner
OpticSwitch
SmartCamera
> VisionSensor
> TactileSensor
TorgueF orceSensor
> UltrasonicSensor
Fig. 2: The Sensor classification in the Devicetre
3.3 Skill

Unlike the classification in the Device sectiore th
Skill section is divided according to the questidmat
to do instead of how, i.e. the technology of perfimg
some task does not matter at all. These classifitat
are already available by some standardisation
institutions. In the case of manipulation and haoggl
the classification is available in [6]. An overviean
be seen in figure 3.

v ManipulationAndHandlingFunction
v Modify Amourt
Assign
Branch
Divice
Merge
Partition
Unify
4 Maove
Arrange
Convey
Displace
Feed
Crient
Pan
Pass
Posttion
Turn
>
>

Secure
Store

Fig. 3: Overview of manipulation and handling skill

The manufacturing is defined in DIN 8580 [4].

There are basically six main categories:
Coat
Form
Join
ModifyWorkpieceProperties
Mold
Separate

These main categories can be subdivided into
some subcategories which are partly defined by some
other norms [7].

In the case of the sensor, no proper classification
like in the former cases was found. Thereforexa-ta
nomy was created representing the different tasks
which might occur in the later applications. Ttss i
shown in figure 4.

All the devices implement a set of skills. These
implementations can be considered as the instiamsat
of skills.

When creating the sequences of operations, these
sequences usually are higher-levelled, i.e. noheac
single operation is mentioned. For instance, adrigh
level operation grip includes lower-level operation
like move until the proximity sensor was activated,
enable the valve until the touch sensor was enabled
and so on. This is encapsulated for simplicity oeas
and convenience for the user. But on this leved, th
operations can be matched to atomic skills, like
depicted in figure 5. In this context atomic skdlle the



skills which cannot be subdivided any further.

v SensorFunction
Check

Y

|
v

Y

>
| 2

CheckPosition
CheckPresence
CheckSurfaceForlrregularities
Count

Classify

Det

Ima

ect
DetectColiision
DetectColor
DetectContrast
Detectluminescence
DetectOhject

gelnalysis
ElobAnalysis
Calibratelmage
CompressimageData
DecompressimageData
ExtractEdges
Fiterlimage
Segmentimage
Transformimage

Measure
Read
Scan

Fig. 4: Overview of sensor skills.
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Fig. 5: Matching of atomic skills and tasks.

4. Reasoning

The SkillServer is supposed to reason on the

following changes in requirements:
Modification of workpiece
Replacement of device
Variation of restriction

Therefore, it needs information on the geometric
representation of all of the objects, i.e. workpi&c
devices and passive entities. Regarding the wockpie
one major issue is the awareness of material pieper
This is extremely important as the SkillServer tas
decide whether a workpiece can be gripped with a
special gripper. In this case, first of all the eral is
important. Maybe a magnetic gripper is supposéeto
used. But this is not possible on a non-magnetic
material. For a vacuum gripper, the gripping poémid
their sizes are important, further more, informatim
the weight and the surface properties are required.

Variations of restrictions are required modifica-
tions in power consumption, accuracy and so on. A
very simple case is the reduction of cycle timea If
given sensor needs a certain time to take its measu
ment, the cycle time within this setup cannot be
reduced below this value.

Of course, there are a lot of reconfiguration tasks
which cannot be answered by just querying the onto-
logy. In this case, there is the possibility to dke
external utility functions. For instance, they gumslate
some models on physical knowledge to answer the
guestion if the usage of another sensor gets alithg
the given lighting conditions. Of course this needs
some more detailed input on the environment.

5. Modelling of workpieces

The SkillServer relies on the X3D format [8]
which is the successor of VRML (Virtual Reality
Modelling Language, specified in ISO/IEC 14772).
This format is open, well documented and extendible
The specifications of X3D and VRML can be found at
[9].

The workpieces are designed in some CAD
program (Computer Aided Design) like SolidWorks or

Therefore, on the one hand this structure of skills Catia. In a next step, the model is extended by
was chosen to make use of the existing standaunds, b additional information like specified in the ontglo
on the other hand, the matching between skills and The workpiece file format can be kept independent a
tasks is much more universal.

an encapsulating library handles all the accessibet
workpiece model. Even a modification of the work-
piece model data format implies only changes in the



encapsulating program.

The way of extending the embedded workpiece
meta information regarding the product data and Ontology
material properties is a currently ongoing work
package which will be finished within the next few
weeks.

A VC h 4

5 S | g%
6. Implementation 3 @ o g.g

g =9 53

The access to all of this information introduced in > o 2 8
the previous sections is necessary for the SkillS¢o & o
reason. A rough overview of the SkillServer desgn i l l
shown in figure 6. . .

The device library contains the instantiations of Database and Ontology
devices as depicted in figure 2. The task reprasient Interface
will be based on sequential function charts. Thia i SkillServer -
graphical programming language specified in IEC 'GC_D @ Main Loop = %
61131-3. As this language is usually used for pro- 2 g S5
gramming PLCs (programmable logic controller), some 3 g Utility Function 8 5
information for this application is missing. This 0 = Interface o
includes references to device types and skills. The
details on these extensions are currently worked ou i i 1 1
and will be subject of another publication.

To reason on questions like if it is possible tipgr = g -
certain parts according to restrictions like sugfac o S S S 1<)
properties, weight, size, magnetism and so on the 2 2 2 2 = B
SkillServer has to access the workpiece description % § T L E T

The SkillServer itself is designed to be as general &9 L.dé = = ) 2
as possible and therefore is not intended to coatay = = >
domain-specific knowledge. To access this external =

knowledge, the main loop queries some utility Fig. 6: SkillServer design overview.

functions. These utility functions usually are
implemented by domain experts or device manufac-
turers. Examples of utility functions are trajegtor
generators for industrial robots, device paramsderi
tion for certain sensors and so on. The SkillServer
raises questions which can be answered with the hel
of the utility functions. As a result of this desjghe
SkillServer can be tailored to different domains.

For the reasoners there are different possibilities
internal reasoners which make directly use of titigyu
functions and external reasoners to rely on some
knowledge not necessarily known to the SkillServer
itself. Even a whole simulation environment can be
considered as an external utility function.

Once the different questions were posed and the
answers were received, the results can be visdalise
Further on, the simulation can already be used by
utility functions to calculate a certain result atetide
on specific questions.

7. Application

One of the first test beds for running the Skill-
Server on is the AMMS (Advanced Modular Micro-
production System, [10,11]). A very rough sketch of
this system is shown in figure 7.

This system consists of a planar motor with three
carriers which are freely moveable in two dimension
Around the planar motor, some devices like pick-and
place devices and inspection modules are locatath E
device has its own microcontroller onboard. Theleho
system is controlled by a central PC. All the desic
are connected via a middleware.

The test scenario for this system is to automaical
select the necessary devices for a given process,
generate collision-free paths for the carriers aald
culate the required operations to run the procHss.
task execution can first be monitored in a visuaaigs



environment and then be extended to a simulation
system which makes it possible to optimise pararsete
before accessing the hardware.

Fig. 7: Advanced Modular MicroProduction System.

8. Summary and Outlook

In this paper, some basic technologies of know-
ledge representation were described in order tblena
a SkillServer to decide on modified requirementarof
available process. First of all, the knowledge is
available in terms of an ontology. The geometric
representation of each physical entity is modeh#hd
the help of the X3D format.

Of course, the knowledge representation alone is
not sufficient for the SkillServer to decide on sifie
guestions as there is no information on specifioaio
knowledge. This knowledge is put into some utility
functions which are plugged into the SkillServereco
They could either be device-specific (e.g. forisgtip
a certain sensor) or application-specific (e.g.hpat
planning for an industrial robot) or solve any kioid
problem. The set of utility functions can be
dynamically extended to apply this system to other
application domains, too.

Later on in the project, there will be another
demonstrator which shows a real-life application
consisting of an industrial robot, a couple of seas
pick-and-place operations and so on. This demdaostra
is currently being specified.
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