EUREKA PROJECT E!276 - FAMOS SEMOS

1. General description

Project E! 276 - FAMOS SEMOS Status Finished - 03-JUN-1993

Title Design, Implementation And Integration Of Sensor-Aided Assembly Systems With
Industrial Robots

Class Sub-Umbrella Technological area Robotics-Production
automation

Start date 01-MAR-1989 End date 01-JAN-1993

Duration 46 months Total cost 9.2 Meuro

Partner sought No

Summary Missing Elements Development/Integration For Sensor-Guided Assembly Processes Of
Tomorrow: Evaluating Strategies For Sensor Signals For Systems Programming And
Process Guidance/ Robot Control/Integration Capabilities.

Budget and duration

Phase Budget(Meuro) Duration (Months)

Total 9.2 46

Member contribution

Member Contribution Position Since

Germany 55.30% Notified Finished 03-JUN-1993
Austria .10% Notified Finished 03-JUN-1993
Greece 11.40% Notified Finished 03-JUN-1993
The Netherlands 22.60% Notified Finished 03-JUN-1993
Turkey 10.60% Notified Finished 03-JUN-1993

Participants

Company Country Type Role
Fraunhofer-Inst.Fuer Germany Research Institute Main
Produktionsanlag.U.Konstruktionstechnik

Istanbul Technical University/Mechanical Turkey University Partner
Engineering Faculty

Zenon S.A. Greece SME Partner
Olcsan - Aletleri Sanayi A.S. Turkey SME Partner
Oldelft Instruments Medical Imaging B.V. The Netherlands Large company Partner
Ntua - Department Of Mechanical Design Greece University Partner
And Control Systems National Technical

University Of Athens

Kontron Elektronik Gmbh Germany Large company Partner
Kontron Elektronik Gmbh Germany Large company Partner
Kuka Schweissanlagen Und Roboter Germany Large company Partner
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Participants

Company Country Type Role
Gmbh

Isra Systemtechnik Gmbh Germany Large company Partner
Elefsis Shipyards S.A. Greece Large company Partner
Austrian Research Centres Seibersdorf Austria SME Partner

Ges.M.B.H.
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2. Project outline

Project description

1. State-of-the-art:

The assembly process provides a great potential for
rationalisation of new assembly technigques and new types of
shop floor organisation. Assembly systems with a higher
level of automation than achieved today are requiring
subsystems, which are able to compensate tolerances in
position and geometry of joint partners and cell components
and perform inspection tasks automatically. Deviations of
actual geometry and in the arrangement of system components
from a programmed position and deviations of the programmed
assembly process result from workpieces and fixtures as
well as from joint and handling processes during the
assembly. Very often the measurement of process deviations
by sensor systems may be the most economic solution for
robot-guided assembly.

The use of sensor technique in assembly is not restricted

to the control of assembly processes. Sensors might also
be used to cut the time for systems programming. Thus the
shutdown time of the assembly system for adaptation of
on-line or off-line generated programs can be reduced.
Besides systems for force/torque measurement and

one dimensional sensors for distance measurement, opto-
electronic sensor systems will become very important in the
future as they outrange current sensor principles by a

wider range of application flexibility and an enlarged
amount of retrieved information.

Until now sensor-guided assembly has been very rarely
achieved in industry. This is due to the insufficient

software flexibility of sensor systems, their insufficient
design with respect to real shop floor conditions and the
insufficent capability for task oriented coupling of sensor
systems with robot controllers and the factory information
system. The use of these systems implies intelligent data
processing. But the industrially used sensor systems today
are generally built for rather special tasks. Given

industrial software modules developed for fast recognition
of specific geometric characters and specific groups of
parts to be recognised cannot easily be transferred to

other recognition problems.

This causes an engineering effort, which in most cases
hinders the economic development of sensor-guided assembly
systems.

2. Objectives:

Thus it is the objective of the SEMOS project to develop
and integrate the missing elements for the sensor-guided
assembly processes of tomorrow.

Together with the functional optimisation of hardware and
software components considering their technical

limitations, their adaptation to operative conditions and
requirements of economically efficient production will be
improved. In this the following topics will be considered:

- planning of sensor integration,

- systems programming,

- systems calibration and testing,

- sensor-guided process control,

- integration of guided process quality control functions.
The emphasis is put on:
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- development of task-oriented strategies for evaluating
sensor signals for systems programming and process
guidance,

- improvement of robot control systems concerning sensor
signal processing, and

- improvement of integration capabilities of sensors and
robots.

An important objective of the project is to combine
manufacturers of subsystems such as robots, sensors and
integration equipment such as networks, with users of
flexible automated assembly systems. This enables the
consideration of users' requirements and manufacturers'
potentials in a early stage. The aspect of sensor
integration thus in this project will dominate the
development of new sensors.

3. Project structure and working groups:

The overall project structure is matched to ensure flexible
system solutions for sensor applications, which are adapted
to industrial requirements. Prototype developments of
typical sensor-guided processes in form of demonstrators
are performed based on the development of subsystems. The
subsystem development consider different kinds of sensors,
robot control and data transmission networks. The
demonstrators will integrate sensor systems and robots
producing prototype industrial applications.

The development of subsystems and demonstrators will be
carried out in working groups for each type of subsystem
and demonstrator based on a Work Programme for each Working
Group and the work plans of each partner.

The definition of application classes and process
requirements will be worked out in the first phase of the
project by all customers and users of subsystems and the
scientific institutes. Based on the results of this phase,
subsystems and system integration in demonstrators are
developed with the support of national and international
co-operation between specific partners.

The following Working Groups will be set up from the
beginning of the project:

1. Geometry Processing Sensor Systems

(Laser Scanning Sensors)

2. Image Processing Sensor Systems (Vision Systems)

3. Force/Torque Sensor System and Robot Control

(6-axis Force/Torque Sensors)

. KUKA Demonstrator

. ZENON Demonstrator

. OFZS Demonstrator

. HCS Demonstrator

. IPK Demonstrator

. OLCSAN Demonstrator.

. SEMOS Research Programme

The project work of the co-operating companies and academic
institutes will contain the following research items:

4.1.

The subsystems and system integrations shall be valid not
only for specific applications but also valid for

application classes in order to open wider markets for
system suppliers and to avoid high engineering costs for
users. These application classes and correspondingly
representative prototypes will be defined by strong
cooperation of customers, users and academic institutes.
All project partners will contribute to this work package.
Definition items:

- classification of assembly and inspection tasks for

A OOO~NO OB
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sensor integration

- process-related classifications of assembly operations of
automotive assembly

- analysis of applications use for opto-electronic sensor
systems

- classification of image processing tasks for visual
inspection

- definition of scenes for image processing and for data
acquisition

- classification of robotic tasks using force/torque

sensors

- selection of representative assembly and inspection tasks
- specifications of demonstrators.

4.2 Definition of process requirements for subsystems and
system integration

System integration and subsystem development will be
produced on the basis of a system control concept, which
considers sensor functions for specific manufacturing tasks
as well as for process planning and quality control tasks.
Process requirements will be defined in detail in order to
match system/subsystem specifications and bridge the
customer/supplier interface. All project partners will
contribute to this work package.

Definition Terms:

- analysis of manual assembly operations and assembly
processes for sensor requirements and sensor integration
- analysis of demands on hardware and software of sensor
systems for different groups of assembly operations

- analysis of demands on hardware and software of sensor
systems for sensor-guided programming tasks

- definition of requirements for opto-electronic sensor
systems

- definition of a priori process and geometry information
for sensor data processing

- analysis of measured parameters, the required precision
and reliability for sensor data

- system theoretical definition of required basic control
functions for robot control

- analysis of requirements in process communication

- analysis of the interfaces for the integration of sensor
systems, quantity and qualification of datastream

- definition of requirements for force/torque sensors and
distance sensors with respect to multi-sensor systems

- definition of requirements for user interfaces for
industrial assembly systems

- definition of multi-sensor information processing for
assembly tasks.

4.3 Development of Subsystems and Demonstrators
Subsystem development and system integration can be
produced by balancing the system optimisation with respect
to specific manufacturing tasks and system solutions valid
for wide application classes. Corresponding to the
different Working Groups the R & D items are set as
follows:

Geometry processing sensor systems (Laser Scanning Sensors)
R & D Items:

- syntactic description of curved 2-D profiles

- template generation for curved 2-D profiles

- user interface for 2-D template generation

- template matching for curved 2-D profiles

- use of CAD-data for template generation

- modular sensor data processing.

Application fields:
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- geometry and position detection for part handling and
sensor-guided arc welding.

Image processing sensor systems (Vision Systems)

R & D Items:

- image acquisition and preprocessing for data of
multi-sensor systems

- modular software packages

- imaging-processing algorithms for inspection tasks

- part recognition and position determination

- hardware components for image-processing

- methods of camera calibration

- integration into industrial controlling systems.
Application Fields:

- inspection during assembly, part matching, textural
analysis of surfaces, precision gauging.

Force/Torque sensor systems and robot control
(6-axis Force/torque Sensors)

R & D Items:

- development of a force/torque sensor system for
multi-sensorial information processing

- development of a distance sensor system for
multi-sensorial information processing

- sensory-guided control algorithms for multiple sensor
- interfaces for sensors in multi-sensorial information
processing

- user interface for industrial assembly using multiple
sensors

- functional control concept for advanced robot control
- interface between robot control and sensor systems
- Real-Time control for force and torque-guided mating
- Real-Time control for path tracking

- interface between robot control and peripheral processes
- off-line programming

- interface between robot control and production control
system for actual process state information and off-line
programming

- optimisation of redundant kinematic systems

- optimum part placement.

Application Fields:

- force/torque-guided mating processes, automated assembly
using multi-sensorial information processing

- sensor-guided assembly.

KUKA Demonstrator:

Development Items:

- planning tools for sensor integration

- automatic calibration and self test

- shop floor oriented user interfaces for flexible
programming

- sensor-driven robot programming.

Application Fields:

- sensor-guided assembly in automotive production.
ZENON Demonstrator:

- flexible, sensor-guided welding cells

- part mating techniques

- off-line programming

- vision-based process control and inspection

- system design for small/medium sized enterprises.
Application Fields:

- sensor-guided process control and inspection for welding
applications.

OFZS Demonstrator:

Development Items:

- sensor-guided inspection
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- flexible inspection cell

- optimisation of inspection kinematics

- off-line programming of robot movements for inspection
tasks

- hardware and software integration of vision systems and
robot control systems.

Development Fields:

- sensor-guided assembly and inspection.

HCS Demonstrator:

Development ltems:

- flexible software environment for image processing

- design of a multiple camera sensor

- design of a camera calibration system.

Application Fields:

- sensor-guided assembly and inspection.

IPKL Demonstrator:

Development Items:

- development of parts mating strategies

- integration of algorithms into an advanced robot control
- fast image processing algorithms

- development of supervised learning methods

- surface inspection by texture analysis.

Application Fields:

- sensor-guided robotics.

OLCSAN Demonstrator:

Development ltems:

- development of a leather cutting press

- image processing for defect detection

- coupling of vision system and CAD system.

Application Fields:

- leather cutting in shoe production.

5. Work packages:

The common project work programme of the industrial and
scientific partners is structured by the following common
Work Packages (WP):

1. WP 100: Definition of Application Classes, Process
Requirements and Representative Prototypes

2. WP 200: Development of Solution Strategy

3. WP 300: Development of Algorithms

4. WP 400: Simulation Tests

5. WP 500: Prototype Development and Testing

6. WP 600: Documentation and Reports

7. WP 700: Project Management.

The work package WP 100 is substructured in:

1. WP 110: Definition of Application Classes

2. WP 120: Definition of Process Requirements

3. WP 130: Definition of Representative Prototypes
According to the different subsystems used for
sensory-guided assembly systems, the work packages WP 200 -
WP 500 are substructured in Work Packages for:

- Geometry Processing Sensor Systems

- Image Processing Sensor Systems

- Force Torque Sensors and Robot Control.

6. Work Programme:

The execution times for the different work packages of
different partners may be shorter but will not exceed the
indicated execution period.

1. Definition of Application Classes and Process
Requirements: March 1989 - July 1990

2. Development of Solution Strategies: July 1989 - March
1991

3. Development of Algorithms and Interfaces: October 1989 -
August 1991
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4. Simulation Tests: January 1990 - August 1991

5. Prototype Realization and Testing: April 1991 - December
1992.

6. Documentation and Reports: November 1989 - December 1992
7. Project Management: March 1989 - December 1992.

7. Milestones:

There will be 3 milestones for the SEMOS project work:
Milestone 1:

This milestone is set after the definition of application
classes, process requirements and representative prototypes
(end of WP 100).

Milestone 2:

This milestone is set after the verification of the

development of solution strategies and the developed sensor
data processing algorithms and interfaces by simulation

tests an appropriate test environment (end of WP 400).
Milestone 3:

This milestone is set after the development of prototypes

of the subsystems and the demonstrators (end of WP 500).
8. Working Group Leaders, Working Group Members and Project
Secretary

1. Geometry processing sensor systems (Laser Scanning
Sensors) cooperation partners: IPK-PLT, OLDELFT, ZENON,
KUKA, NTUA

Working Group Leader: IPK, Dept. PLT, Dipl-Ing. Voit.

2. Image processing sensor systems (Vision Systems)
cooperation partners: KONTRON, IPT-PT, ISRA, HCS, KUKA,
ZENON, OLCSAN, ITU

Working Group Leader: IPK, Dept. PT, Dipl.-Ing. Mollath.

3. Force/torque sensor systems and Robot Control (6-axis
Force/Torque Sensors)

cooperation partners: ISRA, IPT-AT, KUKA

Working Group Leader: ISRA, Dipl.-Ing. Wienand.

4. KUKA Demonstrator:

cooperation partners:KUKA, KONTGRON, ISRA, IPK-PLT, IPK-PT,
OLDELFT

Working Group Leader: KUKA, Dr. Woern.

5. ZENON Demonstrator:

cooperation partners: ZENON, NTUA, ELEFSIS SHIPYARDSD
Working Group Leader: Dr. lkonomopolous.

6. OFZS Demonstrator:

cooperation partners: OFSZ, ISRA, IPK-PLT

Working Group Leader: OFZS, Dr. P. Moellner.

7. HCS Demonstrator:

cooperation partners: HCS

Working Group Leader: HCS, Ing. Fehervari.

8. IPK Demonstrator:

cooperation partners: IPK-PT, IPK-AT, KONTRON, ISRA
Working Group Leader: IPK-PT, Dipl.-Ing. Mollath.

9. OLCSAN Demonstrator:

cooperation partners:OLCSAN, IRSA

Working Group Leader: OLCSAN, Mr. Sondal.

9. Project Secretary:

IPK Berlin, Dept. PLT, Dipl.-Ing. H. Schuler.

Technological development envisaged

Aims:

- develop algorithms for programming and process-guidance
by robots,

- integration and interfacing of different intelligent
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components into one system,

- develop and produce control strategies for robot-guided
assembly processes,

- carry out critical assembly processes with robots and
sensorial aids,

- identify needs and strategies for sensor tools for
certain fields of application in assembly (mating,
handling, measuring)

Benefits expected:

- raise degree of automation on fields where it has not
been possible up to now,

- raise application chances for robots and sensory devices,
- find out and optimize features necessary for systems
integration,

- improve robot and cell control systems,

- raise degree of integration of shop floor inventory in
CIM systems,

- raise productivity in assembly processes by raising
systems reliability and reducing pass-through-times.

Markets application and exploitation

Products and markets involved:

Products: equipment for assembly systems such as robots,
control systems, sensory devices, network products,
integration hardware and software.

Markets: suppliers of above-mentioned products as well as

users of flexible automated assembly systems, dominantly in

the car industry, home appliances industry and other large
volume manufacturers.

Small and medium sized companies at large are expected to

benefit from the results of this programme.

Project codes

BSI

PGB bonding
PMC assembling
YDP.DP robots
NACE
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3. Main participant

Company Fraunhofer-Inst.Fuer
Produktionsanlag.U.Konstruktionstechnik
Pascalstrasse, 8-9
10587 Berlin
Germany

Tel +49 30 39006-0
Fax +49 30 39110 37

Contact Dipl.-Ing. Guenther Seliger

Tel +49 30 314 25 931
Fax +49 30 314 22 759

Organisation type Research Institute
Participant role Main

Contribution to project

148 man/months.

Expertise
4. Partner
Company Istanbul Technical University/Mechanical Engineering
Faculty
Gumussuyu,
801 91 Istanbul
Turkey
Tel +90 1 243 3100
Fax +90 1 245 0799
Contact Dr. A. Kuzucu
Tel +90 1 143 1308
Fax +901 176 1734
Organisation type University
Participant role Partner

Contribution to project
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Expertise

4. Partner

Company

Contact

Organisation type
Participant role

Zenon S.A.
Lykavitou Street, 2
106 71 Athens
Greece

Tel +30 10 360 58 88
Fax +30 10 361 22 08

Dr. Ikonomopoulos

Tel +30 10 360 58 88
Fax +30 10 361 22 08

SME
Partner

Contribution to project

191 man/months.

Expertise

4. Partner

Company

Contact

Organisation type
Participant role

Olcsan - Aletleri Sanayi A.S.

Ebulula, Levant, 45
806 20 Istanbul
Turkey

Tel +90 1 165 9319/551 0491

Fax +90 1 164 2479

Mr. Ali Sondal

Tel +90 1 165 93 19/551 04 91

Fax +90 1 564 24 79

SME
Partner
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Contribution to project

Expertise

4., Partner

Company Oldelft Instruments Medical Imaging B.V.
Van Miereveltlaan, 9
2600 Gb Delft
The Netherlands
Tel +31 15 60 19 01
Fax +31 15 14 57 62

Contact Mr. R. N. Hofman
Tel +31 15 26 01 901
Fax

Organisation type Large company

Participant role Partner

Contribution to project

105 man/months.

Expertise

4. Partner

Company Ntua - Department Of Mechanical Design And Control
Systems National Technical University Of Athens
Patission Street, 42
106 82 Athens
Greece
Tel +30 10 360 6267
Fax +30 10 361 6918

Contact Dr. M. Sfantsikopoulos
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Organisation type
Participant role

Tel
Fax

University
Partner

Contribution to project

90 man/months.

Expertise

4. Partner

Company

Contact

Organisation type
Participant role

Kontron Elektronik Gmbh
Oskar-Von-Miller-Strasse, 1
85386 Eching Bei Muenchen
Germany

Tel +49 8165 77 544
Fax +49 8165 77 575

Dipl.-Ing. Vollmerhaus
Tel +49 89 31 901 468
Fax +49 89 31 901 575

Large company
Partner

Contribution to project

138 man/months.

Expertise

4., Partner

Company

Kontron Elektronik Gmbh
Oskar-Von-Miller-Strasse, 1
85386 Eching Bei Muenchen
Germany
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Contact

Organisation type
Participant role

Tel +49 8165 77 544
Fax +49 8165 77 575
Dipl.-Ing. W. Rogl

Tel +49 8165 77 544

Fax +49 8165 77 575

Large company
Partner

Contribution to project

138 man/months.

Expertise
4. Partner
Company Kuka Schweissanlagen Und Roboter Gmbh
Bluecherstrasse, 144
86165 Augsburg
Germany
Tel +49 821 79 71 386
Fax +49 821 79 71 991
Contact Dr. Woern

Organisation type
Participant role

Tel +49 821 7971-386
Fax +49 821 7971 991

Large company
Partner

Contribution to project

113 man/months.

Expertise

4. Partner
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Company

Contact

Organisation type
Participant role

Isra Systemtechnik Gmbh
Mornewegstrasse, 45a
64293 Darmstadt

Germany

Tel +49 6151 87 66-0
Fax +49 6151 87 66 40
(Contact Not Available)
Tel

Fax

Large company
Partner

Contribution to project

95 man/months.

Expertise
4. Partner
Company Elefsis Shipyards S.A.
(Not Available),
192 00 Eleysis
Greece
Tel +30 10 55 35 447
Fax +30 10 55 46 016
Contact Ing. Diamantopoulos

Organisation type
Participant role

Tel +30 10 55 35 269
Fax

Large company
Partner

Contribution to project

48 man/months.
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Expertise

4. Partner

Company

Contact

Organisation type
Participant role

Austrian Research Centres Seibersdorf Ges.M.B.H.

2444 Seibersdorf
Austria

Tel +43 50 550-0
Fax +43 22 547 4060

www.arcs.ac.at
Mr. Karl Wallisch
Tel +43 2254 780 2200

Fax +43 2254 780 2118

SME
Partner

Contribution to project

6 man/months.

Expertise
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