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Abstract:

it is shown that the variety of rounding rules & wider

Numerical algorithms used in metrology can be anlin [3].

validated based on testdata and correspondingerefer
results in order to improve the reliability of maesmment
results. An established realization of the onliaéidation is
named  Traceability for
Metrology (TraCIM). It allows service user to valig their
software at the point of use. The service is operdiy
European national metrology institutes (NMIs).

TraCIM is based on three npillars,

the technical

First case: "Half up rounding" round towards neares
neighbor unless both neighbors are equidistanteasribed
in [4]. It behaves as rounding up if the discarfredtion is

Computationally-Intensive >= 0.5; otherwise, it behaves as rounding downeNbis is

the rounding mode commonly taught at school. In the
examples the numbers became 2, 3, 4, 5 and the
mathematical sum of the numbers becomes 14.

Second case: "Half even rounding" round towards the

implementation, the legal aspects, and the comuadercinearest neighbor unless both neighbors are ecamdisin

requirements. The technical implementation provides
client-server concept. It allows a direct link beam the
NMIs and the service users. It is a fundamentahqgipie
that the TraCIM service is provided and hosted dnfya
NMI or an authorized organization. These institu§o
assume del credere liability and finally guarantee the
correctness of the results.

Meanwhile, TraCIM is registered as a wordmark.slt i
operated as a legal non-profit association undemae law
and allows only NMIs and designated institutes JDits

this case it depends on the digit left of the dided fraction.
If this digit is odd rounding down has to be usédhe digit
left of the discarded fraction is even rounding igpthe
qualified option. Note that this rounding mode istatally
minimizes cumulative error when applied repeatexilgr a
sequence of calculations. In the examples the ntsnbe
became 1, 3, 3, 5 and the mathematical sum of ubenars
becomes 12.

Comparing the results 14 and 12 of the two differen
rounding rules shows a systematic difference of 1ich

become members. The TraCIM association has bedmally contributes to a measurement uncertaintycléar

established with its main mission to provide qyalitles for
the TraCIM service. The business concept and t@ne of
the TraCIM service are strictly uncoupled from FraCIM
association.

An example allowing to validate a least squarefdit
regular geometries such as cylinders, cones, plamgs
spheres is used to explain an application. Thisngka is

instructions are missing.

In order to address these sources of errors, some
metrology institutes already supply possibilitigschecking
analysis algorithms. These checks are often aveilédy
free. Industry, willing to demonstrate that its guats can be
trusted, is increasingly calling for a certificatsued by a
trustworthy organization. Driven by this incentiastivities

developed at the Physikalis_ch—T_echnische Bundeslanst gjmed at an online validation under the supervisin
(PTB). A detailed focus is given on the TraCIM gyrgpean metrology institutes have begun. To thig @ot

organization and the client server application.

Keywords: Software test, validation of

Gaussian test, TraCIM

algorithms,

1. INTRODUCTION

Today, a significant — and partly dominant — cdmttion
to measurement uncertainty is due to the processirige
measurement data. Its causes are varied and thHgsiana
algorithms used can practically not be traced bazk
metrology institutes at all. The errors often cofram the
incorrect or insufficient implementation of formal
mathematical requirements. More often than notnaegly
trivial problems are the cause.

One of these seemingly trivial differences may, for

only technical, but also commercial and monetary
preconditions had to be met in order to set up raptete
and sustainable system.

2. THE TraCIM SERVICE

In association with and under the supervision of
European metrology institutes, TraCIM aims to vatel
analysis algorithms in the field of metrology. Ihet
following, they will be referred to as "algorithrests" or
simply "tests". Similar to the well known calibrati chain
which is related to physical standards the NMIsgfar the
numerical accuracy of evaluation algorithms fronme th
highest metrological authority to the individualpdipation.

Computations are addressed which are used to &nalys

instance, occur when numbers get rounded. Softwai@easurands of the International System of Unity &8id

engineers will often use the rounding function pded
without thinking about the rounding rules it im@ieBut
beware, this can already lead to significant déferes in
different applications, as shown in the followin@mple.
Let us consider the series 1.5, 2.5, 3.5, 4.5.table now
consists in rounding the result to integral numbarsl
afterwards calculating the sum of the numbers. this
purpose, two different rounding rules are applied[1, 2],

their derived units. The medium of choice for
communication between the service provider ancutier is
the Internet. The principle is shown in Figure h e left,
the service provider is represented as the asgmtialf
metrology institutes. This is of paramount impodansince
the algorithm tests are to be carried out — or east
monitored — by the supreme metrological authorifyao

country. The metrology institutes are organizedhwéach
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other under the umbrella of the TraCIM association[5]. Hereby, it is up to the metrology institutes develop

TraCIM's main task consists in describing qualitydglines
and defining the technical infrastructure under cihthe
algorithm tests are to be run. Each service provide
however, solely responsible — and therefore heloldi — for
the extent of the algorithm tests provided, for Husiness
workflow, for the maintenance of the datasets,
consultation upon installation as well as for rumgnithe
tests. For this reason, each metrology institutes rits own
server within the TraCIM association, i.e. eaclveehas to
be addressed individually, which leads to a diffierextent
of services depending on each metrology instittthe
metrology institutes, however, have the possibiliy
mutually providing algorithm tests as subcontragtevhich
allows a service provider to enhance the extergeo¥ices
provided.

service-provider
TraCIMe. V.

service-users

B industry

calibration
services

metrology
institutes

Fig. 1: TraCIM service

procedures as long as these meet the requirements.
The following is a description of the approach deled
by PTB. To this end, all test datasets are computsded
and archived in a database when setting up anitigor
This database — also called "golden dataset" —¢bogins

forall sensitive test data and must therefore be piedefrom

unauthorized access. Contrary to a reference satwa
which test data can be specified externally, PBBjsroach,
consisting in the one-time computation of test sketis, is far
more secure, since the correctness of a softwareneaer
be guaranteed. In addition, specified datasetpiaetically
not subject to ageing. Reference algorithms, intresh
depend on the state of the art of the programna@nguage,
of the operating system, of the processor propseried,
thus, need maintenance and are short-lived.

Yet, the test data do not represent an inflexilyktesn.
They can be adapted to an individual applicatiotheuit
losing their accuracy. This can mean, for exantpiat an Sl
unit or a derived unit is indicated. In the casgedmetrical
measurands, the test data can be representedddiitipaal
Sl prefixes such as "nano-", "micro-", "milli-" et€his does
not affect the numerical presentation — and, thine
accuracy. The same applies to the scaling of memgur
ranges which may only be done in the form of detima
powers (i.e. x10; x100, etc.).

The confidence across the measurement truenese of t
reference results is yielded by means of comparativ
computations. Thus, the reference results of &t ldzree
independent software implementations are computedl a
compared with each other. The numerical accuracy is
determined by varying the test data by means ofcati
Carlo simulation. For this purpose, the last detidigits of
the test data are randomly varied, and the dispersi the
corresponding reference results is determined. rAfte
ignoring another two decimals for safety's sakes, ¥alue is

The service users are essentially manufacturers @femed the assigned numerical uncertainty.

analysis software or measuring instruments. Thisrghm
test service allows them to have their analysiorilgnms

validated by an independent metrology institute.isTh

mainly serves to increase confidence in the pradtloty
offer on the market. In principle, they can havis service
unlocked for their customers in order to have,dgample,
updates validated directly. Software engineers aasady
test their algorithms during the development phasiee on

the safe side and, thus, make development fastch E

registered user which supports the specificatiohsthe

client-server interface can access individual tegss the

Internet. The service is available 24 hours a dayewery

day of the year at each location on the globe taclwh
internet is provided. Furthermore, the responseegirare
considerably shorter than with the existing valiat
capabilities.

3. THE BASIS OF THE TraCIM TEST

A full test dataset includes test data as inpuhtjties of
an algorithm test, reference results and their gassi
numerical uncertainties. Hereby, the test datadafimed as
being error-free. In contrast, the indication of tteference
results, by analogy with the indication of measwram
results, is defective in the case of geometricasuneements

The presentation of the test datasets is gearettheto
technical applications in question — and not to twisa
mathematically feasible. The test datasets are cagupto
simulate frequent technical situations. Exceptiamsich
require a high degree of development and consuftagifort
should, as a rule, be avoided.

4. TraCIM IT'S ARCHITECTURE

TraCIM's IT architecture consists of four central
modules. These are represented in Figure 2

The server is the core module. As a management leodu
it is operated by a competent metrology institittenanages
all of the operating data and controls the datw fto the
other modules.

The expert modules are developed by experts
responsible for a particular individual test. Eaekpert
module operates basically autonomously and dedts alli
logical processes in connection with a test. It esathe test
datasets available on request, compares the tssitge
computed by the users with its own reference resaid,
finally, issues the test report. Since the indiaidtests may
vary significantly from one application to the athenly
few input parameters have been defined by TraCliMHe
data traffic. This applies, for instance, to theurt of a
software interface in JAVA which allows the expsystem
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to be loggd into the server system. Indispensable oper:
data such as the order number must also be traadnvia
this interface. Since the formats of the test databe freely
selected, the expert is, to a large extent, fredetsign the
test according toib needs. Furthermore, existing tests
test data structures can easily be integratedti@drraCIM
system.

TraCIM
service-provider

1
| intercomparison

Chebyshev I

Gauss

WEB shop

clientl |

client2 I

server client3

REST
JAVA

XML

expertmodules service-users

Fig. 2: TraCIM modules

The formal specifications of the TraCIM server w
regard to the user are, in contrast, more restectirhe
serverelient communication runs via a REST interfe
Hereby, the data are embedded into an XML strucflinen
again, within this structure, free formats of téata (such a
binary formats or established test data structuces) be
defined, dependingn the application. The expert is <y
responsible for the test data format, the test daththe tes
results.

The interface is availablexternally via a webshop
which is also connected to the server module. Atdirrent
stage of implementation ohé system, this interface
however, not yetavailable. Similar to online shoppin
interested users will be able to register via thterhet anc
to order individual tests. The precondition for ming the
test is, however, that the REST interface ipported. Until
the webshop has been set up, interested user®otactthe
TraCIM secretariatlirectly in order to registe

5. COSTS

The validation of analysis algorithms is subject

charges. This has several reasons: firthe service user

will obtain an official report, secondly, the managenaewt
maintenance of the TraCIM system are expected tiergée
costs, and, last but not least, the developmertt dos the
system need to be refunded in the long run.ure 3
explains the costs of the salled "Gaussian test" which
already offered by PTB. There are different offtos this
test. Besides an individual test, also test packafd0 anc
50tests are available. Purchasing test packages rsakes
for example, in the case of a softwaeveloping compan
willing to have its updates or upgrades valide

Example least square PTB

number of tests years

package

+50 tests

* 3 yearsvalidity
+ 22,500.00 €

| sirlgle\\/“ 3

single test
+600.00 €

50 =

package

20 p
10 [ ) e S e =t :

5 10 15 20 25 costin k€

Fig. 3 Business concept Gaussian test of

Strictly speaking, a validation is valid only fohet
software used during the test. Only the softv
manufacturer can appraise w a modification of a
complex analysis software has an influence on
algorithms to be validated. It is therefore hispm@ssibility
vis-avis his customers to assess whether the validasi
still valid.

6. THE TraCIM ASSOCIATION

The TraCIM associatiorunder German law offers
number of possibilities to fit best for the needks am
international cooperation. The organization struets very
flexible and can be adjusted according to the neddbe
association and its members by tigeneral assembly.
Furthermore, the structure chosen for TraCIM isilsirto
the well-known EURAMETstructure but not as detailed &
complex. Figure &hows the TraCIM structurThe statutes
are dealing with regulations concerning especidihe
membership, the hairpersons, thegeneral assembly,
technical ommittees, membership fees and secretariat.

| Observer

General Assembly |

Chairperson
—] E== B3
NMis - Board of Directors
external Secretariat
T T
Research Council Technical Comittees
Stakeholder

Fig. 4: TraCIM association

NMls or DIsthat are members of EURAMET V. may
become full membersf TraCIM as well aindividuals who
are active staff membeo a NMI or DI,

NMIs or DIs who are members of EURAMETV., who
— due to their legal provision— may not become full
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members of TraCIM, may be nominated as extraorginaralgorithm test was successfully carried out by dhmpany
members. Other natural or legal persons (for examplMitutoyo in May 2014.
industry partners) may be nominated as sustainiaginers.

To become a member, the respective person/legi&y ent 8. TraCIM — THE RESEARCH PROJECT
has to apply for membership in a written documenthie
committee of the association. The general asseffieyly
decides on the application. Every full member Heesright
to vote.

The committee consists of the chairperson and itte v
chairperson. They legally represent the associatioand
out of court. The committee is elected by and duthe
general assembly.

The general assembly is held at least once a jaaay
take place as a real meeting or via videoconference
depending on the topics to be discussed. All membave
the right to participate. Each full member has vag. The

The TraCIM system is being set up within the scope
the European Metrology Research Project (EMRP) munde
the denomination "Traceability for Computationally-
Intensive Metrology". The project is coordinated the
National Physical Laboratory (NPL). Furthermore, it
involves five other European metrology institutefsur
partners from industry and four universities.

9. SUMMARY AND OUTLOOK

general assembly is responsible for the main dewsifor With the TraCIM system, analysis algorithms of
instance the election of the committee or the dmeis Metrological applications can be validated. Thisves the —
making of amendments to the statutes. meanwhile significant — influence of the softwara a

The technical work, especially preparing andmeasurement result to be considerably reduceddatadin
implementing technjcal decisions and tasks, slefiitne in takes place via the Internet and, thus, ensuresctdir
the technical committees that will be open to ahmbers as  traceability from industry straight to the metrojoigstitute.
well arsl to non-n)u;mbe(s, |f_tthe commlltt$(re] (chalmk:rsrt The metrology institutes affiliated to the TraClMsaciation
vice-chairperson) has given its approval. Theynateyet set  5q solely responsible for complying with the giyalules.
up but may be established by the commitiee, depgnoin After only half the project term, the association

the need. " " : :
The secretariat has to deal with internal affainslgding TraCIM e. V." was re,,g'Stere‘?'- Shortll'y after th_the first
test — the so-called "Gaussian test" — was impléaten

the financial management) and to support the coteein . : :
external affairs. The first secretariat operateRTB. After only two thirds of the project term, a prdjgartner

The association was established or" March 2014. Wwas able to validate its analysis algorithms vialtiternet.
Elected as chairperson is Frank Hartig, vice clemipn is  The remaining term of the project will be used ByBPto
Klaus Wendt. The application for registration ofeth carry out further tests such as a Chebyshev test fo
association was submitted to the registration cand has geometrical elements and a test for the validaticanalysis
been confirmed already. With the registration tgoaiation algorithms based on [6] for national and interrnadio
gets its own legal personality according to thecomparison measurements. Moreover, the particigatin
undermentioned statutes. NMls, Dls, institutes and partners from industryl wiart to

Amendments may only be adopted by the members @fstablish technical committees in order to fix gualules
the association having the right to vote in the egah for the TraCIM services. In addition a public wdnke held
assembly. . ) . in November will teach interested software devetepand

As the offering of tests is not the business of tb@-  instrument manufacturers how to operate the TraCIM

profit TraCIM association, each NMI keeps the poi§i§j o sysiem focusing on the technical implementatio, légal
offer tests by its own also with the consequencethef aspects, and the commercial requirements.

application of its respective national law. Meanehithe
association opens up the legal framework for the
international cooperation. It comprises in partcuthe

contracting and licensing of the use of the Traddgle and _
mark designation as well as the establishment and This work has been undertaken as part of the EMRR J

development of a common quality-management standard Research Project NEWO6 "Traceability for computzaity-
intensive metrology". The EMRP is jointly funded Hye

7. THE EIRST TraCIM APPLICATION EMRP participating countries within EURAMET and the
European Union. In addition we thank our colleagDasid
In the current state of implementation, PTB offérs so- ~ Witte, Thomas Fricke and Frank Keller for their etent

called "Gaussian test". This test is used in takl fof length ~ contributions.
measurement. It is used to check the correct détation

of the parameters for the adjustment of geometalahents,

2D straight line, 3D straight line, 3D circle, 3Dape,

cylinder, cone and sphere, according to the leqs&® error

fit. An individual test costs 600 Euros. Compared the

traditional test carried out manually by PTB via am
correspondence, this has allowed costs to be cundne

than 50 %, but also to reduce time and effort. Tinst
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