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Abstract: of data for decision making, and the short timeolserve
_ _ _ o and correct the process during production. [3]
In their pursuit for quality, companies in the puction The concept of cognitive production metrology (CPisl)

sector are confronted with the trend of ‘first timight on  considered to be a viable approach for such a scel@PM
time’, thus requiring flexible production infrastture for systems combine mechanisms of quality planning and
small series production. Regarding inspection tdigksble  measurement systems to achieve cognitive capabiliti
metrology and highly flexible machine control stwres are  \ithin a technical system, thus allowing it to pEve and
necessary. The primary goal of the presented fdrojas the  act upon its environment, to learn from past exgrexe, and
improvement, acceleration, and simplification ofachine g plan and act out future behaviour. [2]

vision inspection process of transparent free-fquemts,  Thijs research features the inspection of automotive
such as automotive headlights. These parts haveeto headlight covers, which are transparent free-foartspthat
inspected for errors such as scratches, fingegramd dust. are generally a product of mass production. Duehtsr
The inspection task is challenging, as common mmechi snort product life cycle, large number of variantariant
vision _tech_nique_zs s_uch as I_ine cameras and brighd or dependant  inspection  processes, and  inspection
dark field illumination require dedicated setups ®Bch  cnaracteristics their production induces challersjesiar to
product. The individual images are insufficient ftve ggp.

detection of non-conformances, thus requiring deht  accommodating the challenges above requires abilexi
approach. The paper presents an approach usingti@u ,oqyction infrastructure, able to cope with SSPhaleds.

standard machine vision and illumination strategl8s The resulting inspection equipment must incorportie
applying sensor fusion, utilizing a single monocheohigh  achanical integration of different types of meigy
resolution camera at different time intervals witifferent systems and its control system needs to accommodate
lllumination. - The project's secondary goal was theyitterent inspection sequences, test programs, fegiient
flexibilisation of the machine’'s control system by changes to its components. In this paper a two geon
implementing a m_ult| agent syst_em replacing thStmg approach to flexibilise an existing inspection niaehfor
programmable logic control architecture. The usemoiti automotive headlights is presented

agent systems offers an inno_vative approach byti:_agli_the This paper is organised as follows. The relateéaeh
responsibility of the accomplishment of tasks whiééying | -4 general methodology, as well as a desonipf

on con_stant interaction among the agents to fufi the inspection machine’s status quo are cover&eation 2.
production task. The implementation and realisation of enhancemehtke
machine are covered in Section 3 and their resaits
covered in Section 4. Sections2 and 3 are splib in
subsections covering the inspection system and the
development of the multi-agent system (MAS). SecBo
discusses the obtained results. Finally, Sectionr&cludes

the presented work and discusses future work.
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1. INTRODUCTION

In their attempt to remain competitive, companieghe
production sector face the challenge of findingaaswer to
the trend of mass customisation [1]. This results i
individualised products and small series produc{i6P),
i.e. a ‘first time right on time’ approach to pration. i i ) ) . o )

SSP has several distinctive characteristics thed e be The inspection machine that is being flexibiliseda
addressed when designing production systems. The§indalone machine specifically built for headlight
include the small (almost unitary) production vokynbig ~ inspection. During inspection the headlights arepéatted
variance, short lead time and often unknown andelgr for scratches, dust particles, and finger prlnls;e Tachine
differing (partly random) processing times. [2] Witegard ~features a closed loop conveyor system with se\mstier
to quality assurance, SSP brings up additionallehgés stations, a loading and unloading station in tloatfrand a

such as the lack of predictability about the precéise lack total of three machine vision inspection statiol®) (n the
rear (Fig. 1). The inspection stations include & digld and

a bright field 1S, equipped with dedicated conveyeits

2. RELATED WORK AND METHODOLOGY

2.1 Current Status of the I nspection Machine
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and synchronised line cameras, as well as the 4visltin  systems. The use of agents in control systems is an
IS equipped with multiple illumination systems aacigh innovative approach to distribute the responsibiit a task
resolution monochrome camera. The multi-vision I&sw among multiple simple elements. [9] Agents areyfuli at
added in previous works. least partially autonomous and have a limited lodatv,

The dedicated conveyor systems for the dark arnghbri thus requiring interaction and coordination to ifuif task.
field IS as well as the rigid programmable logimtoller  This decentralisation allows agents to remain sémghd
(PLC) control system impede system reconfigurattond  requires means of self-organisation within the MN®)]
performance thus not meeting CPM requirements. The benefits of using MAS in production systemdude

the easy insertion or removal of an agent fromsystem,
2.2 Image Fusion to Increase I nspection Flexibility the ability to employ distributed systems with mult

Multi sensorial systems and subsequent data fuaien platform characteristics by using communicationstgeols
used to increase the inspection range and fletyibili SSP and standards, and a desired amount of autonomy in
systems and reconfigurable manufacturing systerd$.[3 operation. These abilities require a certain amoaht
Sensor fusion aims to improve the quality of theCognition to maintain the capability of flexible dn
information, increasing the information’s qualityes that ~@utonomous adaptation. [11] The development of MAS
of the obtained original data. This implies mukipl follow either a hierarchical or a heterarchical @geh,
measurements that are either taken from differentces, though the heterarchical approach is generallyepred as a
i.e. sensors, or from the same source at diffetene  hierarchical approach partially conflicts the pies of
intervals. [5] Data fusion can be classified by lggel of ~Proactivity, autonomy, and goal orientation. [2]
abstraction. Signal level fusion processes the raw The suggested control architecture follows a hybrid
information, thus requiring that the signals carcbmbined. @pproach, thus combining stability and determinisfn
On the feature level extracted features or desmspare hierarchical structures whilst maintaining dynamic
combined, whereas high-level interpretations anakioed ~flexibility and autonomy. Agents are used for alchine
on the symbols or decisions level. [6] functions and are assigned to levels that sparonsdgilities

This work uses signal level data fusion of images,
pixel level image fusion. Ideally, its goal is tkemplete
representation of all visual information from a rhen of
input images into a single one. For practical aggions this
is softened to the most relevant information, raqgithe
fusion process to identify the most significanttéeas (e. g.
edges) in the input images. [7]

There is a considerable amount of different apgresc
for image fusion, varying in complexity, robustnessd
sophistication, of which Pohl and van Gendererpi@jvide

from product planning to the control of sensors antbrs.
Planning agents are part of the coordination lerel use
input production parameters, such as product viaaad lot
size, to plan the production process for each podsee
Fig. 1). Agents of the production planning levelampl
processes and routing within the machine. Produdiisk
agents serve as interfaces between the plannirgslend
the work level by translating commands. Work lexgénts,
such as robots, sensors and products, are mostttive
agents and provide information and execute commarits

an extensive overview. Of these methods the imagigher an agent's level, the higher is its compiexi

pyramids method has been chosen for its performaiitte
regard to the spatial and spectral quality of treeéfl image.
In this work, fusing a dark and a bright field ithinated
image of the headlights aims to obtain high-qualitages
for improved defect detection. The image fusion akso be
used to generate multi-focus images. Image fuségpuires
spatially registered
calibration and compensation of lens distortionimages
that were taken using the same setup. This worls don
mitigate this problem by using a new flexible illumation
system within the multi-vision IS to take dark abdght
field images with one camera setup. This approaguires
less space and speeds up the recording procebe asttre
headlight can be photographed in one shot, elimmgahe
need for synchronised dedicated conveyer systems.

2.3 MASfor the Flexibilisation of Production Systems

images thus necessitating tihgng

Coordination level

Product
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Fig. 1: Levels of the agent-based control structure

3. IMPLEMENTATION AND REALISATION

Even though the paradigm of agent-based systems has

been researched for several years, its applicatiothe
domain of production systems is relatively new. ¥ lage
considered to be an important contribution in tfffereto
increase the flexibility of manufacturing and Idgis

3.1 Implementation of the Multi-Vision Station

The machine’s multi-vision station was partially
remodelled to accommodate a new illumination sysfEne
old backlight system, based on fluorescent tubeas w
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replaced by a LED RGB matrix panel, usually used fomessaging service. The agents are developed andsimg
video walls. The micro controlled system has 3BX.EDs the JADE framework and JAVA.
and uses simple bitmaps to display patterns. The agents for the basic operation of the machiegeew
To mimic bright and dark field illumination, a blkaand implemented first. More complex functions (i.e.
white stripe pattern is used. Diffuse light frometh coordination and planning) were integrated through
illuminated stripes gets to the dark areas undarfiiciently  additional agents or the replacement of former &mp
low angle to achieve basic dark field illuminati@s, shown versions. As all functions of the machine are impated in
in Fig. 2. Two images, using alternating pattearg taken the form of individual agents, the actual implenagion of
in rapid succession, ensuring that both bright dadk field agents becomes less complex as tasks are dongjlthtio®
images exist for the whole image. The width of stidpes exchange of information between agents. The process
was determined through experiment. undergone to determine the causes for found non-
conformances is described below and was addedadftelt
the detection process had been implemented.
For defect determination, a product agent requtsds
inspection of its assigned product at the qualggra which
in turn will trigger the actual inspection, invahg a routing
process to get the product to the inspection statibe
actual inspection, and the detection and classificaof
defects. The quality agent will then send a listefects, if
any were found, to the product agent and will
simultaneously tell the cause specialist agent téot sts
process to determine the defects cause. The speeigént

Unless geometric inspection is required, the ctioraf  9ets the required information from the product ageho is
lens distortion is not necessary as both imagestaiten responsible to manage all information on its predand
using the same camera setup and pallet positicis. &lko  Will, using Bayesian networks, determine the defect
eliminates the need for spatial image registratiBoth possible causes. This information is also sent hacthe
obtained images are then fused using contrast pgsags Product agent and remains available for furthercessing
implemented in the ‘Metapix’ fusebox for MatLab. e&h and display.
process was automated using LabView. Defect deteds
done using LabView and enhanced by self-learning 4. RESULTS
capabilities.

Fig. 2: Obtained images (left), enlargements okdard
bright field area (centre), and fused image (right)

The obtained fused image includes surface defeletst,(
3.2 Implementation of the Multi Agent Control System fingerprints, and scratches) made visible througtk dield

As the existing machine’s architecture was alrelaalsed !::um!na:!on Tind. edges V|tS||t()Ie _thtrhough b(;"?:lt field
on a software PLC (Beckhoff TwinCAT), the illumination. The images are taken in the same sing

implementation of the MAS system was achieved witho Fhe sameTietl:jp. I|<: |gu(rjeb4 _g;:/te: :Isldc_omparlson ocﬁl:»;mj;:d
major changes in the control hardware. The comnatioic Images. The dark and Dright ield Images were 9

between the work level agents and the PC-PLC isedo the existing inspection stations, respectively. @&pntrast,

using an UDP based interface. This approach aIIovr\}Qe fused image taken in the reconfigured multievis

focussing on the agent development without the need Station shows dust and f!ngerprmts more clearijie T
. . Hetected defects are shown in part (d) of Fig. 3.
develop the required infrastructure such as an tage

()

/ e
Fig. 3: Comparison of obtained images (left to riglark field (a), bright field (b), fused imageXend detected errors (d)
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Defect detection for this particular examination swa

restricted to particle detection in specified regioof
interest. The fusion approach using one inspedcdi@tion
takes about three seconds, as opposed to the nves ix
seconds processing time required using
inspection stations. Transportation time is alsthuoed.

Additional work will be done to further improve the
cognitive abilities of the inspection system regagd
autonomous setup and the processing of the obtained
product information such as error detection andirdigson.

the origindturther efforts to standardise the communicatiotween

intelligent sensors are required.

The implementation of the agents was done subséguen

adding more complex functions in later steps of the

development. The process of defect cause detelioinas

described above demonstrates the simplicity of ragldi

additional functions. The machine’s initial configtion
involved merely the fundamental agents for teshing the
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information was added at a later point of time with
having to change existing agents.

5. DISCUSSION

The approach to flexibilise the inspection procéss

of the “Cognitive Production Metrology for FlexibBmall
Series Production” project within the “Brazilian-@&®an

been successful. The required space for the inspect

station and the processing time were reduced, wihide
image quality was enhanced and the setup of thpeati®n
station was simplified. It is important to noteatlabstaining
from using line cameras limits the maximum sizetlod
inspected product, as the whole area that needbeto
inspected must be visible for the camera at once.

The goal to increase the flexibility of the machine
control system using a MAS approach was met. T thetdub
addition of advanced functions was demonstrated
multiple cases without having to change the exjstigents.
In theory these additions could be done withoutriieting
with the running production system. However, testsr
involving the interaction with hardware level woagents
are necessary thus requiring a break in productidre
current setup running all agents on a dedicatedpaten and
having a PC-PLC on a second system proved itselfeto
convenient for this research project. Achievingtplug and
produce functionality requires relocating more lilgence
to the actual hardware level aiming to mitigate tieed for
middleware.

6. CONCLUSION

Albeit focussed on metrology tasks, the concept
cognitive production metrology can be applied ty amall
series production scenario that involves the useoafiplex
machines. Through the combination of flexible ingmn
systems and self-organisation in machine level petdn
planning and control, a significant increase inxifldity can
be achieved. The presented approach using imagenfoas
improved the inspection quality whilst requiringssetime
and space. The MAS allows for an easier reconfiguraof
the inspection machine, including the establishmeft

Collaborative Research Initiative on Manufacturing
Technology” (BraGeCRIM).

REFERENCES
[1] C. Brecher (Ed.), “Integrative Production

Technology for High-Wage Countries”, Springer, Berl
2012.

[2] A. Pavim, “Selbstoptimierende Inspektionssyste
in der wandlungsfahigen Kleinserienfertigung”, Ph.D
Thesis RWTH Aachen, 2011.

[3] R. Schmitt and A. Pavim, “Flexible Optical
Metrology Strategies for the Control and QualitysAsance
inf Small Series Production”, Proc. SPIE 7389, 2009.

[4] M. G. Mehrabi and E. Kannatey-Asibu, “Mapping
Theory: A new approach to design of Multi-Sensor
Monitoring of Reconfigurable Machining Systems (RVS
Journal of Manufacturing Systems, vol. 20 (5), Pp7-304,
2001.

[5] H. B. Mitchell, ,iImage Fusion“, Springer, 2010.

[6] H. Russera and F. P. Le6n, ,Informationsfusien
Eine Ubersicht*, Technisches Messen 74 (3), ppl@3-
2007.

[71 O. Rockinger and T. Fechner, ,Pixel-level image
fusion: the case of image sequences”, AerospacefiBef
Sensing and Controls, SPIE, pp. 378-388, 1998.

[8] C. Pohland J. L. Van Genderen, “Multisensonga
fusion in remote sensing: Concepts, methods and

oépplications”, International Journal of Remote Sgsvol.
19 (5), 823-854, 1998.

[9] L. Monostori, J. Vancza and S. R. T. Kumarag®ht-
Based Systems for Manufacturing”, CIRP Annals
Manufacturing Technology, Vol. 55, pp. 697-720, 00

[10] G. Weiss, “Multiagent Systems, A Modern Appcha
to Distributed Artificial Intelligence”, MIT Pres4,999.

[11] C. Brecher et al., “Self-optimising flexiblessembly
systems”, Self-X in Mechatronics and other Engimegr
Applications, Paderborn, Germany, pp. 23-38, 2009.

different test processes and sequences and chadnges

routing.



