XX IMEKO World Congress
Metrology for Green Growth
September 914, 2012, Busan, Republic of Korea

USER REQUIREMENTSIN OPTICAL AREAL SURFACE MEASUREMENTS
ON THE DEVELOPMENT OF AN ASSISTANCE SYSTEM

T. Werner, H. Schmidt and T. Hausotte

Chair Quality Management and Manufacturing Metrgldgriedrich-Alexander-University Erlangen-Nuremdper
Naegelsbachstrasse 25, 91052 Erlangen, Germaagatererner@gfm.uni-erlangen.de

Abstract: Optical procedures for surface metrologymicro-structured surface, the conventional two-disienal

enable an improved inspection of product propettiased
on plane-oriented parameters. Yet, users in ingustitl

meet many difficulties concerning the applicatidrihe new
procedures. Thus, in the cooperative project Opt#{san
assistance system is developed to support the rpafce
of surface measurement tasks with optical procedufe
define required support by the system, a user naedlysis

profile method is no suitable option. Rather, for a
meaningful assessment it is required to capturethhee-
dimensional surface. Similarly high demands also ba
found in many other applications where special
requirements exist regarding surface propertiesh &8 in
the production of joint prostheses in medicine oller
bearings, which are used in all kinds of machiresvall as

has been conducted and typical problems of prdcticin many everyday devices and by their friction fio&fnt

application have been identified.
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1. INTRODUCTION

directly influence need for energy. Thus, a repoile
performance of surface inspections is directly teglato

Assistance environmental impact of many products.

For the performance of surface inspection, the atper
requires profound knowledge about the underlying
measurement method and a considerate approach to
planning, implementation and evaluation of the
measurement enabling optimal decisions adaptedhéo t
demands of the specific task at hand, e.g. regarttie

Precise know|edge about the geometrica| propeﬂfes setting of device parameters or the determinatfmequired

manufactured goods enables an efficient and suadtiin
manufacturing. Thus, manufacturing metrology
important contributor to more resource-saving tedhgy

operations for data evaluation. The definition dfet

is arineasurement and evaluation strategy can significant

influence the obtained measurement result. As diustrial

and green development of engineering. Besides thapplication the gathered data is typically usedpf@duction

inspection of fitting-related features based on sneaments
of length and geometrical tolerances, informatidsow

surface properties become increasingly important
especially when regarding friction or wetting belbav of

functional surfaces. It considerably influences diueability

of a material as well as the degree of efficientynoving

parts and thus the need for energy during the egpin of
the inspected product.

Conventionally, surface properties are judged based
single, linear profile detected by tactile methoBsit the
rapidly developing optical methods now also allamet
efficient evaluation of plane parameters, enabtmgather

control, ill-conceived results bring forth faultgdsions that
ultimately lead to the production of sub-standarddpcts.

Thus, it is necessary to support the metrologistnduthe

execution of optical surface measurements in orer
facilitate reproducible and traceable results.

2. OUTLINE OF PROJECT OPTASSY ST

The metrologist often needs a deep understandirtlyeof
principles used by the applied optical sensors &mal
evaluation procedure for gathered data, to setnpebexs
adapted to the task at hand and to be able topietethe

more information about the inspected piece and theneasurement results correctly. Thus, the employesld

performance of measurements that hitherto were s$sipke
due to the required time for the measurement odtrger
of damaging the surface by the stylus. A typicaregle for
such a surface measurement task, that can onlgiermed
optically, are thermally highly stressed cylinderll in
internal combustion engines: the efficiency andceegas
consumption with resulting CO2 emissions as wellods
consumption of a combustion engine depends stroagly
the properties of the specifically designed surfatethe
cylinder bore. For the assessment and evaluatisuci a

be adequately trained for the job. Yet, for diffidasks, this
may take a lot of time and thus cause problemstHer
company, if an employee is away from work for agldime.
Also, in optical metrology knowledge and guidelinfes
best practices are evolving fast. Thus, knowledaghared
by a training measure, e.g. provided by the manurfac of
the measuring machine, is likely to be incompletens or
even obsolete.

As an amendment to conventional training, a wodcel
integrated assistance system can be used. Itmlozide the



necessary support to define an appropriate measateand newly learned principles to their specific measuratitasks
evaluation strategy, covering especially the camfigjon of  on their own later on. This demand may cause pragle
adequate parameters for the performance of functiowhen complex constraints have to be considered. In
oriented, reproducible measurements. To this aihg t addition, the imparted knowledge may become obsolet
project OptAssyst was established to develop aistasse quickly due to the rapid evolution of measurement
system to support the performance of optical asedlace technologies. As a result, despite the formation of
measurements [1]. metrologists erroneous decisions may occur egaiidards

To effectively and sustainably assure the correcthange or measurement practices and recommendatiens
conduction of measurement, it is necessary to ceenboth  transferred to another principle without a thorouahd
components, i.e. measures of active and passivposLp critical review. For optical surface metrology -dantrast to
Thus, on the on hand, immediate assistance shoeld nore mature and well consolidated fields, such aasilé
offered during the actual performance of measurértssk  coordinate metrology - thus there are no comprehens
to avoid errors, i.e. deviation of existing stamdarand standardized training programs. So far, only sriralhing
facilitate an efficient workflow and a well-reasahe units focused on specific topics are available Wwhenable
measurement strategy. On the other hand a suffibi@sic  at least the introduction of users to new techriegn
qualification of the metrologists has to be prodddo application. Still, for the specific and very higemands of
enable the user to fully understand advice giventhwy optical surface metrology, the training of an opara
system and thus apply it correctly to their tagkso, they  without further support cannot be considered aadeguate
have to be able to detect circumstances where Baosmre  solution to assure reproducible measurement results
recommendable. Otherwise, a purely active system As opposed to the qualification of employees, bycwh
providing immediate help without supporting fundanta¢ they shall be enabled to perform complex measuremen
understanding, leads to "dependency" of the usethen tasks, more and more active assistance solutiomes ar
provided support, which may result in faulty, over-implemented. They are designed to simplify the prop
generalized actions. Thus, by a holistic approacthé set- performance of the measurement task, thereby negubie
up of the assistance system, including active amskige demands on skills of the employees. Most of thefaso
support, the reproducibility of measurement resofta be presented solutions attempt to minimize the infageaf the
improved on short term as well as on long termnewean  operator by a high degree of automation of the mnéag
area with continuous, rapid development, such agcalp process and by a rigid guiding throughout the whadk. As

metrology. a fundamental development paradigm, the greatessilpe
reduction of operator action and decisions is aered,

3. DESIGN OF A SUPPORT FACILITY FOR aiming towards fully automated, computerized plagni
OPTICAL SURFACE METROLOGY implementation and evaluation of measurement. Figr it

is intended to model the entire system of measumeme

Until now, in product and process development alb we(measurement process, influences from the envirahme
as in quality control during production, mainly tile etc.) and then optimize it based on establisheerai(e.g.
devices are used to measure workpiece geometry. [A-9]). This approach allows for designing the axemn of
applications with micro- or nano-structured surfacthese the measurement by understandable and reproducible
measuring Systems are not suitable, because of tlaalyzes, e.g. setting of instrument parameterschwin
morphological filtering effect of mechanical progias well ~ conventional measurements usually is planned by the
as because of the abundant measuring time. Espettial operator based on empirical knowledge. This enablesre
inspection of geometric structures with high aspatios, efficient planning and execution of measuremenisces
which occur on components in micro system technglog  time-consuming and not always successful attengptsl
of surfaces where a plane-oriented assessmernjuged, is the best solution can be eliminated. The operaten t
very difficult with tactile methods. Thus, the uskoptical  performs the measurement in line with the recomratods
methods is increasing, e.g. based on white-lightdetermined by the assistance solution. Thus, taimitg
interferometry or confocal microscopes, enablingedical time required for the applied instruments and theessary

resolution of only few nanometers. qualification of the staff is reduced, which make a
In other fields of metrology, various solutions aresignificant cost factor in industrial application.
explored to support the performance of complex néag But as a sincere drawback, the creation of suclodeim

tasks, aiming to minimize operator influence onof the measurement system is time-consuming angblesm
measurement results and improve the reproducibiitg Due to the rapid development of instruments and@snin
repeatability of the measurement results. optical surface metrology, it may well happen, that
A classical approach is the creation of trainingl an measurement solutions already are used in industria
continuing education courses to teach basic knayded practice, but no corresponding offer of comprehensi
required for the planning of measurements and ¢fi@ilon  support could be developed. If the operator hasnbee
of a suitable measurement strategy (e.g. [2-5}xdidition to  supported by an active assistance system on peviou
training offered by the manufacturers focusing mwho  measurement tasks, it was not possible to collquéreence
operate and program the measuring instruments. sute  in the design of complex measurements in genehals,Tthe
the training generally is separated from the exenutf the initial operator qualification is very low consideg the high
actual measurement, the participants have to apipdy requirements and there is no knowledge to be tearesf to



the new task. As an additional aspect, it has to be

considered, that if an employee does not understaad
recommendations of an assistance system, it is liigrly,
that the proposed solution will not be
optimally or even will be deliberately ignored [10]

In order to combine the specific advantages of undo
basic education with the direct support of an tessce
offer, for the topic of form measurement a workplac
integrated assistance system developed with additio
information elements has been developed [11]. Texador
is assisted in the systematic processing of thesumement
task as well as in the definition of relevant ardefor
measurement strategy in conformity with standards kzest
practice recommendations. However, with the deedop
methodology no support is possible for decisionh wery
complex parameter constraints, which are not supgddy
common definitions, standards and guidelines.

Following, none of the already established appreach

can be directly used to provide a suitable assistaystem
for optical surface metrology, as it has to provide
effective solution to support the metrologist withe
planning, implementation and evaluation of measergm
implementing procedures with very little recommetiatzs
established in standards or guidelines and
development. Rather, an integrated assistancensyss to

Interpretation of specificationsin drawingsand
definition of measurement strategy
Even by optical instruments which enable a plane-

implementedoriented data acquisition, mainly line-based charéstics

are determined, amended by those areal paramdiats t
represent a direct transfer of established 2D-chariatics
on a plane-oriented analysis. Considering on centra
specifically defined areal characteristics, thetdl sre
significant information deficiencies and, according
reservations towards their application. As so faegulation

in standards is still missing for the descriptiohsarface
property specifications, it is often unclear which
specification operators are assigned to the givesala
characteristics. This is an especially serious leratsince —
on contrast to 2D-characteristics — there oftennareefault
regulations for properties needed to define thesmeanent
strategy.

As a result of these problems and lack of infororain
the interpretation of the technical specificaticasbiguities
exist for the determination of the measurementesgsa As
an example among other requirements, for the phanof
the measurement an appropriate measurement fieldaan
sufficiently high number of detected measuremenntpo

steadyave to be chosen. Currently, however, it is stijuable,

which variables have to be considered and what

be developed that includes different elements of threquirements can be derived from them.

analyzed approaches in a suitable combination. eliyer
support for the operator can be provided that caeti
direct assistance for complex measurement taskgemetal

Preparation and implementation of the measurement
It is reported to be difficult to plan in advanée tset-up

guidance by information as a base for the indepainde of the measurement layout and the measurement edevic

verifiable solution of new problems.
4, ANALYSISOF REQUIRED CONTENT

The planning,
measurements using optical methods often is alafenge
for the user. While in the area of tactile measwem
already well-established standards and extensigerence,

Following, difficulties appear also regarding the
comprehensive documentation of settings appliethduhe
performance of a measurement, impeding the repibititic

of gained results. This concerns particularly the

implementation and evaluation ofdetermination of an appropriate positioning (dis@rand

angle) of the measuring object relative to the deasd the
choice of settings for the applied lighting. Th@seameters
are often chosen according to personal discretased on

knowledge and guiding principles as a base for thgdgment of the recorded image. The underlyingedet as

implementation of measurement tasks are availatdettaus
reproducible and traceable measurement results bean
obtained, these basic conditions are not met infihe of
optical surface metrology. In particular, it is plematic
that currently there is no complete set of stargléodplane-
oriented specification of surface properties awdda The
leaves of 1ISO 25178 "Geometrical Product Specificet
(GPS) - Surface texture: Areal", in which the vaso
parameters associated with specification operapooposed

well as the ultimately selected setting cannot sbvae
described explicitly, thus making it difficult teepeat the
measurement and limiting the reproducibility of theults.

Evaluation and interpretation of data

Regarding the evaluation of gathered measuring, data
firstly there are difficulties in adopting approge
parameters for the evaluation, e.g. for selectiig t
operational characteristic or the filter type. Hagain, many

inspection methods and requirements on the utilizedncertainties are caused by the fact that so fretlare no

measuring instruments etc. should be describedmanstly
still in draft form or have not yet been releasedla

Accordingly, the user has to take many decisionsin
responsibility during the execution of such measumats.
Various resulting problems have been identifiedhirthe
experiences of typical users from industry joinitige
project and the results of research partners wgrautively
on the definition of suitable measurement strategiehe
identified aspects were structured into four catiego
according to the underlying working process.

recommendations and default values in standardtabiea
Additionally, it is even unclear which regulatioage given
at all in standards and which parameter settingsldvbe
appropriate. Yet, by applying different filter chateristics,
significantly different results can be generated ofithe
same set of measurement data. Furthermore, diffesesso
occur in the evaluation of a measurement data get b
different software due to varying design of theabBshed
algorithms.

Secondly, when interpreting the results, there alstur
problems, especially regarding the comparabilitythwi



conventionally tactile gathered results. In additiourrently
there is a lack of experience and empirical knogéethat
would enable a plausibility check of the obtainedults. In
particular, the graphical representation of thecuakted
object surface could be used to identify and sulnseidy

Thus,
performance of measurement tasks in optical surface
metrology in
supporting on long term the spreading of this meti
order to facilitate precise knowledge and the sgbest

the currently existing problems during the

industrial application can be reduced,

correct possible weaknesses in the definition o thoptimization of highly-stressed surfaces.

measurement strategy as well as the implementatiah
evaluation of the measurement, if typical pattemmesknown
that might hint towards an improper alignment or
positioning, the influence of vibrations, too lowersity of
measurement points and similar problems.

This unsatisfactory situation results in a limiteghbility
of areal optical surface measurements, as thepftea not
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used for conformity inspection testing comparedgteen  OptAssyst.
specifications, but only self-referentially, i.e.otn as
traceable information about geometrical propertibsit 7. REFERENCES
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