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I\Q Role of software in metrology

++++++

++++++

++++++ Software is largely determining our

++++++

++++++ measurement results

++++++

2 Measurements
measurement control and data acquisition

2 Data-analysis
data mining and data presentation

2 Uncertainty analysis

ddddddddd NMi - the Art of Measurement



Example 1: surface roughness

2 RMS roughness W%WM\NMWMW

2 AFM:
movement by 3D
piezo stage, position
measured with 3D laser
interferometer

1043 10° datapoints

NMi - the Art of Measurement



I\Q Data analysis and uncertainty

2 Filtering operations
3 Subtract least-squares plane

3 High- or low-pass filter (triangulation, interpolation)

2 Single point uncertainty evaluation
1D coordinate

measurements

*
.
1

prébed point r Squareness of axes

Probe and probing
process

Y s =+/(1.8nm)+(6A0° &)?

@ O & o° o0

But: correlations (axes & points)!
® @ e o0 o0




For each input
parameter qQ:
qnom
Uq
distribution

I\Q Monte Carlo simulation via vSPM

Measurement data

AvSPM model
APoint-by-point

247504 247506 247506 247507 247508 247509

Area [mm?]



I\O Example 2: irradiance calibrations

++++++

Radius r

Virtual integrating sphere of 3 m diameter
Meas.platform 45 kg; SRM and filter radiometers
Irradiance distribution, 200 nm to 800 nm
Measurement uncertainty better than 0.2 %

N N N DN

NMi - the Art of Measurement



Irradiance calibration TL tube

Measured illuminance:
both intensity (color
/ radius) and
spectral density

Mathematics:
corrections for

reflections
SRM calibration

mechanical
imperfectness

S , NMi - the Art of Measurement



Software validation
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Software validation

How to validate metrological software?
95 % confidence can not be achieved!
Y focus on metrological functionality
°gjuoftt

Artifact Calibration

An evaluation of the
Fluke 5700A Series Il Calibrator

: AL

Blling Point ¥ :

No.1 1< 4 )
(~$40 billion) ::: Transmission 4

\ E‘ System
i f '
S )
oner LA

Distribution
System

Bifling Point




SW evaluation approach (1)

1. Risk assessment
- scale and scope of evaluation

2. Description of the SW
2 SW development method and QA

2 Structure of the firmware
3 functional blocks
3 critical functions and procedures
3 data flow chart

2 Digital hardware, links with analogue hardware
2 Data handling and storage

2 Various - CPU self checks, error handling, check of
switching hardware, links with other SW



SW evaluation approach (2)

3. Testing of critical parts in the SW
2 Black box

3 Test routines with real data and simulated data

2 @Glass box
3 Critical calibration routines
3 Formulas in calculations
3 Protection of calibration data
3 Detection of (artificial) errors

4. Report with findings

No practical guide for metrological SW evaluation
- @Greif & Parkin presentation
Process view versus product view




Technical Automation Platform

Coliepge Frangnsa

,Zﬁ
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Technical Automation Platform

Aim:
more quality & efficiency in technical software
via: uniformity, specialisation, databases

2 Limit on number of commercial SW packages
b/ p/ gps ebub bdrvj)jtjuj po- €
Specialists for certain tasks

Functional and technical design, data acquisition,
mathematical tools, SW validation, Databases

2 Development of general building blocks
(fitting, etc) and general tools

2 |IKR and ISR databases for tracking status and
versions of equipment and software tools

N




+ . -
I\Q Example: environmental monitor

Temperature Monitor Server
Version: 0.3.1.11

Temperature |Server Lc-g&l Server Infol Yersion Infol

 Temperature

Lzt Last Yalue Senzor # | Device | Location | Yalue Linit | Lnc |
ESI 10k 852022 chil1l 23.254 °C @| o DPI5.. LuchtDruk 10178 mbar o1
Last 7 dayz Cursars E 12 :gg: Emply Eggg E Eggg

o o ... Emply , N ,
23.307 £ 0.022 °C %03512349620:3:5 1?4'8029 c O: HP34.. empty 0.000 T 0.000
O HP34..  empty 0.000 T 0.000
Os HF34.. empty 0.000 T 0.000
Os HP34.. empty 0.000 T 0.000
ar HF34.. empty 0.000 T 0.000
Os= HP34...  empty 0.000 T 0.000
Os ... Emplty 0.000 T 0.000
O1o . empty 0.000

ESI 10k & 23030
ESI 10k E.. 23148
ESI 10k 3. 22780
empty ch15  0.000

ASRI03 .. 22993
Ambient ... 22576
empty chl18 22293
empty ch19 22995
empty ch20  0.000

00:00:00
00:00:00
00:00:00
00:00:00
00:00:00
00:00:00
00:00:00
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Remote calibration

Coliege Frangda
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Remote calibration

Nvdi jJoufsftu b efdbef bh

What is the added value of internet?
Is it more than just an extended GPIB cable?

Internet mainly has advantages when you have
2 High degree of automation

2 Many calibration points

2 Complex data analysis

2 Good transportable references

Present NMi VSL remote calibration activities focus
on added value for customers



I\Q Certification of flow installations

2 Activities worldwide

2 Few day initial validation followed by lengthy
series of measurements

NMi - the Art of Measurement



Remote laboratory
aPrpg”rf k™ _ib

Test facility for
flow meter
calibration

~

Nederiands

Tele-calibration Flow

.
.
~
~~~~~ L ———————
.

N

-

: | Health checkup
(J_‘_ e «___ _J

NMi VSL - Flow
|a Qbi b mobpl

. Consistency check,

| Uncertainty analyses,

. Validation,
Correction factors

" Calibration TRM

%go”*"kpchbo
I condition after
transportation)

j bal
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I\Q On-line checks and discussion

iIMCC FLOW METER CALIBRATION TEST BENCH

Pt B20.2

2 sanior

satirnie At tegt peat. 1 [T
2l 4 1
Pr R v e v A e

e : T pee s [
[ Pas. s trvm
Tk run reand “ At run v

Foan pragenss

© *reavrs sur
e caterarin
© Catrener wipend

R A
: Ercbrm 15 aliasn vana 3/h dan gebeuran s “rara® tingen
n een put ) »

Iew ma lnopr, geemon waer parfect T.ou. onae “oute’ cepelle Sate
1 ﬂ

;ST stabie) creer 1a 08 p1c wordT @ van al1es berkend on
rRAQEArT de Blower Arop, .,

b han E.o. by o] detilaten misschilan handnitig Mlowegelen o eans T bifken maar Tt Gardt wvin de rafs aflogen on Te biiken hos
deze < B30
o ‘ang” dicht ki) de o
5 1Tes ewten vat wl tien ww dat In oTk gevel © sdanen
9 TerTan ook M el un!m parar,
aly die mchelin fab
de genela_seorc i wn combi mer wlchilin, za) dus na 18:00 uur Jokasl de “hogers” delitetan mem grebaren
0p % WuTT
som win de rafarenties

gen glogen hiar wis, seedcn 15 s treag en cegeiem alles op her lastste swewt, .,

PSTOAN (GRS agio0p (o AN) HIT 15 OBk Prachis wAT ve WEC Mn Serdire UpQrade habben Qevenden, wiar Baywond & wilow pirse Ue wpurede uSTvodren gizien
de 50
f tAn we avan oumewsgen m “ander” ctim door 1e vparan, het 4x halasy mies anders.
rz. “ uu .-.-l. dP semor ok gekozpel (geen x-un--vhu- maar BV Q0% blaef het probless dus d10 ban niet seroor2adkt worden den pharo, T an @ Bewkenrdng.

EB 0 Internet

71 2 Microso.., g8 meerjaren ... 3 AVI/MPEG... B legally - Wi... /> 2 Intern N ManDaleGr... &%
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Fluke 5700 A calibrator

Instrument for
generating
electrical signals

(VI II RI 7Y | WA e - _
both dc and aq) = SR ik

T T T WD MR S TEm W W -

€) - = == e e T T W WS W

2 High accuracy, wide output range i

Y full conventional calibration i i g
requires over 200 points

2 Has a (validated!) self-calibration
functionality, with correct reports




- .
I\Q Internet maintenance

Reference laboratory ' User laboratory

1
j\ o»‘y

Internet

Calibrator




Data analysis per range

® Internal calibration check

Self-calibration O0OC date
B cuil calibration l

Actual value




Added values

2 |ittle down time (virtually zero for 5700)
2 calibration under conditions of use
2 no transport of customer instrument

2 cheaper (much less travel) ’ Flow
>
2 on-line training and feedback )
2 petter insight in instrument behaviour
2 TUStoin-ti librati Electrical
just-in-time calibrations calibrator
2 data analysis )

Y Real new services that help customer
(and not so much hi-tech)




Outlook

2 Good and practical software evaluation tool
needed!

2 Consistent institute-broad approach in software
development helps assuring and improving
efficiency and quality

2 Remote calibration
3 Jngbdu nbjomz po tfsw)d
tjuf dbmjcsbujpo boeOp
3 Valuable in situations with complex data

analysis, costs of travel, need for training
3 But: good transfer standards required

NMi - the Art of Measurement



