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Role of software in metrology

Software is largely determining our 

measurement results

²Measurements

measurement control and data acquisition

²Data-analysis 

data mining and data presentation

²Uncertainty analysis
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Example 1: surface roughness

²RMS roughness

²AFM: 
movement by 3D 
piezo stage, position 
measured with 3D laser 
interferometer
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Data analysis and uncertainty

²Filtering operations

³Subtract least-squares plane

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

²Single point uncertainty evaluation
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1D coordinate 

measurements

Squareness of axes

Probe and probing 
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But: correlations (axes & points)!



Monte Carlo simulation via vSPM

For each input 
parameter q:    

qnom

uq

distribution

Virtual instrument

Raw points

Measurement data

Instrument parameters
ÅvSPM model

ÅPoint-by-point

Filtered points

Filter(s)Filter parameters

ÅTip radius

ÅRotation

ÅLow-pass filtering

ÅResampling

Åé

Evaluation function(s)Evaluation parameters

Evaluation results

ÅAverage pitch 

ÅStep height

ÅLine width
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Example 2: irradiance calibrations
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²Virtual integrating sphere of 3 m diameter

²Meas.platform 45 kg; SRM and filter radiometers

² Irradiance distribution, 200 nm to 800 nm

²Measurement uncertainty better than 0.2 %  *

Light source

Radius r

Goniometer for Irradiance Calibrations



Irradiance calibration TL tube

Measured illuminance: 

both intensity (color 
/ radius) and 

spectral density

Mathematics: 
corrections for 

²reflections

²SRM calibration

²mechanical 

imperfectness 
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Software validation
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Software validation

How to validate metrological software?

95 % confidence can not be achieved!

Ý focus on metrological functionality 

°gjuoftt gps qvsqptf±



SW evaluation approach (1)

1. Risk assessment
­ scale and scope of evaluation

2. Description of the SW

²SW development method and QA

²Structure of the firmware 
³functional blocks

³critical functions and procedures 

³data flow chart

²Digital hardware, links with analogue hardware

²Data handling and storage

²Various - 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

²Black box 

³Test routines with real data and simulated data

²Glass box

³Critical calibration routines

³Formulas in calculations

³Protection of calibration data

³Detection 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
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Technical Automation Platform

Aim: 

more quality & efficiency in technical software

via: uniformity, specialisation, databases

²Limit on number of commercial SW packages
b/p/ gps ebub bdrvjtjujpo- ebub bobmztjt- ¥

²Specialists for certain tasks
Functional and technical design, data acquisition,
mathematical tools, SW validation, Databases

²Development of general building blocks 
(fitting, etc) and general tools 
²IKR and ISR databases for tracking status and 

versions of equipment and software tools



Example: environmental monitor
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Remote calibration
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Remote calibration

Nvdi joufsftu b efdbef bhp- cvu qsftfoumz ¥

What is the added value of internet? 

Is it more than just an extended GPIB cable?

Internet mainly has advantages when you have

²High degree of automation

²Many calibration points

²Complex data analysis

²Good transportable references

Present NMi VSL remote calibration activities focus 

on added value for customers



Certification of flow installations

²Activities worldwide

²Few day initial validation followed by lengthy 
series of measurements
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Tele-calibration Flow
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Test facility for 
flow meter 
calibration

Traveling 
Reference 
Meter

T

NMi VSL - Flow

ªQbib mobpbk`b«

Remote laboratory

ªPrpq^fk^_ib Qo^`b^_fifqv«

P

Pamb

Consistency check,

Uncertainty analyses,

Validation,
Correction factors

Calibration TRM

Tamb RH

Aux. sensors

T

P

Pamb

Control box

Diagnostics:

«KJf QofmT^q`e«
-Shockwatch,

-Ambient cond.

Health checkup

%qo^kpcbo jbqbo«p 
condition after 

transportation)

Final 

Certification



On-line checks and discussion
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Fluke 5700 A calibrator

Instrument for

generating 
electrical signals

(V, I, R, 
both dc and ac)

²High accuracy, wide output range

Ý full conventional calibration 
requires over 200 points

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



Reference laboratory User laboratory

Internet maintenance

Internet

Calibrator

References 

10 V 

1 W

10 kW

Calibrator Transfer standard



drift line

Data analysis per range

Time

nom. 
value

OOC date

+ specs

- specs

Internal calibration check

Self-calibration

Full calibration

Actual value



Added values

²little down time (virtually zero for 5700)

²calibration under conditions of use

²no transport of customer instrument

²cheaper (much less travel)

²on-line training and feedback

²better insight in instrument behaviour 

²just-in-time calibrations

²data analysis

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

Flow

Electrical 
calibrator



NMi  - the Art of Measurement

Outlook

²Good and practical software evaluation tool 

needed!

²Consistent institute-broad approach in software 

development helps assuring and improving 
efficiency and quality

²Remote calibration

³Jnqbdu nbjomz po tfswjdf tjef; sfnpuf ®po-

tjuf¯ dbmjcsbujpo boe0ps npojupsjoh

³Valuable in situations with complex data 

analysis, costs of travel, need for training

³But: good transfer standards required


