ELECTRONICS AND ELECTRICAL ENGINEERING

ISSN 1392 - 1215

2010. No. 4(100)

ELEKTRONIKA IR ELEKTROTECHNIKA

AUTOMATION, ROBOTICS

T 125

AUTOMATIZAVIMAS, ROBOTECHNIKA

Algorithm for Estimation of Measurement Devices Software’s

Metrological Reliability
V. Knyva, M. Knyva

Department of Electronics and Measurements Systems, Kaunas University of Technology
Studentu str. 50, LT-51368, Kaunas, Lithuania, phone: +370 37 300535, e-mail: vytautas.knyva@ktu.lt

Introduction

Nowadays, parameters, characteristics and
functionality of measurement devices basically depend on
microprocessors software. Software used in measurement
devices overtakes functions from a hardware part of the
device. For example, data processing algorithms, auto
diagnostic control functions are implemented using
software. Basically during verification of the device, just a
hardware part of the device is verified. But devices
metrological reliability depends on implemented auto
diagnostic algorithm. In this article algorithm on how to
estimate metrological reliability of measurements devices
software will be presented.

Faults of measurement devices software

Each measurement device or system can be
considered as resistant to faults if the software protection
algorithms can identify and correct critical or minor faults.
Otherwise, the results received by measurement devices
software without protection algorithms can be faulty. It can
be considered that the measurement device tolerates faults
if software is able to finish measurement successfully after
faults have been detected [1].

All disorders of measurement devices are called by
known factors, i.e. faults in a software code, simplified
protection algorithm or others. In literature, the following
sorts of faults are mentioned:

e Coding faults;

e  Faults of measurements converters;
e Inadmissible influences of a user;

e  Hardware faults.

Software of measurement devices that measures the
same object is different by means of its complexity.
Complex software clearly can have considerably more
faults compared to simple one. Therefore, measurement
devices must be divided into groups by means of software
complexity and functionality thereof. The groups can be
described in the following way:

47

e Measurement devices with software data
processing;

e Measurement devices with software control of

measurement converters and data processing;

e  Measurement systems.

Software faults influence metrological characteristics
of the measurement device. The following characteristics
may be distinguished:

e Characteristics of the measurement result —
measurement converters faults, stability of the
measurement device, fault detection, etc.;

e Characteristics of measurement precision
instrumental, random, method faults;

e Dynamical characteristics of the measurement

device.

Heat metering systems auto diagnostic algorithm

For illustration how software faults and simplified
protection algorithms effects measurement results we will
use heat meters calculator. Basic configuration of the
calculator presented at Fig. 1. Here we have:

e two lines (flow and return) of heat conveying
liquid,
heating devices connected on the end of lines,
temperature sensors connected to each line,
flow sensor connected to the flow line,

All measurement sensors connected to the heat
meters calculator.

Measured data received from temperature sensors of
flow and return lines, flow sensors data after digitalization
passes auto diagnostic algorithm. After this data is
processed using data processing algorithm and then
measurement results are indicated on the indicating
device[2].

The quantity of the heat given up implemented in
data processing algorithm is calculated applying the
expressions presented in the OIML recommendations [3]
ie.

0, =kAOV (1)



here Qref — reference quantity of the heat given up,

AO=0,, -0,

flow and return of the heat exchange circuit; ¥ — volume
of the passed liquid; k£ — heat coefficient calculated using
the following expression:

of temperature difference between the
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here Ah=h flow _href — specific enthalpy difference
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return) =

between the flow and return enthalpies, vV — specific liquid
mass, p — pressure of the liquid.
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Fig. 1. Heat metering system

At Fig. 2 presented typical auto diagnostic algorithm
of the heat metering system (fig. 1) Here we have 3 main
branches or as it can be said 3 main checks:

1. s temperature sensor at flow line connected?

2. Is temperature sensor at return line connected?
3. Is flow sensor connected?

If one of the sensors isn’t connected then heat meters
auto diagnostic software informs user about error in heat
metering chain. It must be stated that at this point if error
is detected heat metering processes must be stopped until
removal of the problem. If all sensors are presented when
auto diagnostic software checks measured values:

l. Measured temperature at flow line ® , must be
®min < ®f < ®max ;

2. Measured temperature at return line ®, must be
®min < ®r < ®max 5

3. Measured flow g mustbe g, <¢q <G -

At this stage auto diagnostic system checks ranges of
the measured values. If temperatures are too low or too
high auto diagnostic software reports about error in
measuring chain. The last check is made after some data
processing — in recommendations for heat meters is stated
that difference between temperatures of the flow and
return lines must be positive value. At this point if
difference is negative autodiagnostic software reports
about error.

Is ©,

conected?

YES

50,

conected?

max

Isq
conected? YES

|

Fig. 2. Auto diagnostic algorithm of heat metering system

L—»

So this is “ideal” version of auto diagnostic software’s
functionality. But experimental results showed that
sometimes few faults are left in auto diagnostic algorithm.
For example our previous experiments [4] showed that, heat
metering systems software detected fault only at negative
temperature differences and minimum temperature values.
But it failed with exceeded temperature values and
minimum or even negative return liquid temperature values.
Or other our experiments [5,6] showed that in some cases,
especially when parameters of the signals (pulse amplitude
and duty cycle) received from sensors reach marginal but
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still permissible values, the value of heat given up is
calculated by the heat meter calculator wrongly. Such
performances of measurement systems software contradict
with the essential measurement systems requirements

presented in the Measurement Instruments Directive.
Besides, it can be stated that measurement results obtained
with the measurement system using such software can be
falsified or incorrect, i.e. metrologicaly unreliable.
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Fig. 3 Algorithm for estimation of measurement devices software’s metrological reliability

As result of our previous works at Fig. 3 algorithm
for estimation of measurement devices software’s
metrological reliability is presented. Algorithm is divided
into two stages: analysis of measurement instruments
documentation and analysis of measurement instruments
functionality when source code of the software is unknown
(“black box” method) and when source code is known
(“white  box”  method). = Measurement  devices
documentation must be analyzed by three aspects - how
software functions, how software is protected, how auto
diagnostic algorithm works. If all aspects of software are
documented well when “black” box method for functional
software analysis can be used.

For this analysis, specific test sequences required:

e Boundary input data sets. For investigation of
measurement devices software functionality when
measurements are performed using boundary values of
measurement converters. For heat meters example,
measurement of the minimum or maximum temperature;

e Faults in boundary data sets show how software
protection algorithms respond to single faults. For heat
meters example, negative temperature of heat conveying
liquid .

If one of the aspects mentioned above aren’t
documented at all or documented purely when “white” box
method for measurement devices software analysis must be
used. For this analysis, specific test sequences required:

e  Worst case boundary data sets demonstrate how
software protection algorithms react to regular logical
faults in measurement data.

e Faulty measurement converters signal data sets
illustrate how software protection algorithms react to
illegal signals received from measurement converters.

Experiments were made with “faulty” conveying
liquid temperature values. Nominal values of flow and
return liquids are 80 and 40 °C, whereas a standard
temperature measurement range of heat meters is 0-160 °C.
Few experimental results are presented in Table 1 and Fig.
4. Analysis of the experiment results highlighted that in the
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cases of particular combinations of temperature values (but ~ Conclusions
still permissible values) of conveying liquids the quantity
of heat given up is calculated wrongly, and the main thing 1. Algorithm for estimation of measurement devices

is that the software gives no report about the faults. software’s metrological reliability presented. As example
heat metering system analyzed.
Table 1. Experimental results 2. Metrological reliability of heat metering systems auto
Meas ® Towr | © 0.. 0. 5 diagnostic algorithm analyzegl. It ha§ been designated. that
no. . Y WL Q> measurement systems auto diagnostic software sometimes
c C MWwh fails, i.e. detects faults only at some cases.
1 160 0 0,38 0,34 -10,52 3. Proposed algorithm for estimation of measurement
2 152 0 0,75 0,67 -10,67 devices software’s metrological reliability can help to
3 3 0 0.042 0.04 476 discover faults in software which leads to incorrect
2 Te8 3 0.62 057 3.06 measurement result, i.e. it can help to prove that
- - - measurement systems software is metrologicaly unreliable.
5 160 -8 1,16 1,12 -3,44
6 152 -8 1,56 1,59 1,92 References
7 168 0 2,11 2,04 -3,31
1. Software Requirements on the Basis of the Measuring
N Instruments Directive / WELMEC guide 7.1, 1999.
1,92 [www.welmec.org].
2 VN 2. Sipal J. Adaptive Modeling of District Heating Network //
0 : : : Electronics and Electrical Engineering. — Kaunas:
2 2 3 4 ° 6 [ Technologija, 2009. — No. 8(96). — P. 65-68.
5 Y /./_3,45 -3,32\ 3.Heat meters // OIML-R75-1, 2, 2002 (edition).
3 418 [www.oiml.org].
° 4. Knyva V., Knyva M. Testing of Data Processing Software in
8 ¥ 806 Heat Metering Systems // Electronics and Electrical
L e T Engineering. — Kaunas: Technologija, 2007. — No. 7(79). — P.
41 71053 ' 1,1_14'
meas. no. 5. Citavi¢ius A., Knyva V., Knyva M. Problems of Heat Meters
Software Verification / WSEAS Transactions on Systems. . —
Fig. 4. Experimental results Athens:WSEAS Press, 2007. — Vol. 6, no. 5. — P. 1004-1008.
6. Citavitius A., Knyva V., Knyva M. Investigation of Heat
Measurement  devices software which passes meters Software Functionality / Digest of Conference on
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reliable. If software fails the manufacturer must be Torino, Italy. —2006. — P.418-420.
informed and device can not be used for legal metrology
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V. Knyva, M. Knyva. Algorithm for Estimation of Measurement Devices Software’s Metrological Reliability // Electronics and
Electrical Engineering. — Kaunas: Technologija, 2010. — No. 4(100). — P. 47-50.

Nowadays, parameters, characteristics and functionality of measurement devices basically depend on microprocessors software.
Software used in measurement devices overtakes functions from a hardware part of the device. For example, data processing algorithms,
auto diagnostic control functions are implemented using software. Basically during verification of the device, just a hardware part of the
device is verified. But devices metrological reliability depends on implemented auto diagnostic algorithm. In this article algorithm on
how to estimate metrological reliability of measurements devices software is presented. Few experimental testing results of heat meters
autodiagnostic algorithm software presented. I11. 4, bibl. 6, tabl. 1 (in English; abstracts in English, Russian and Lithuanian).

B. Knua, M. KHuBa. AJIroput™M JJisi OEHKH NPOrPAMMHOrO ofeclneyeHHusi H3MEPHTEIbHBIX YCTPOHCTB // DJIEKTPOHHUKA M
3JjeKkTporexnuka. — Kaynac: Texnosorns, 2010. — Ne 4(100). — C. 47-50.

BonbmmaCcTBO (yHKINMIT B COBPEMEHHBIX CHCTEMaX M3MEPEHUs TEIUIOBOM SHEPTHH pealM30BaHBI IPOrPaMMHBIM ITyTeM. [losTomy
HaJeXHOCTH IPOTPaMMHOTO O0OECTIeUeHUsI HeOOXOIMMO BBIIETIATh 0co00e BHUMaHME. JUJIT OLEHKH HaJEeXHOCTH IMPOTPaMMHOTO
oOecrieueHHsT CUCTEM HM3MEPEHUs TEIUIOBOI SHEPIUH NPEIUIOKEH allrOpPUTM TECTHPOBAHMS HPOTpaMMHOTO obecredeHHs oOpaOOTKH
JaHHBIX m3MepeHus. [IpencraBieHs! pe3yabTaThl TECTHPOBAHHS IPOrPaMMBl U3MEPEHHUS TerIoBor sHeprun. Wi. 4, 6ubn. 6, tabn. 1 (Ha
AHTJIMICKOM si3bIKe; pedepaThl Ha aHITIMHCKOM, PYCCKOM U JIMTOBCKOM $3.).

V. Knyva, M. Knyva. Algoritmas matavimo priemoniy programinés jrangos metrologiniam patikimumui jvertinti // Elektronika
ir elektrotechnika. — Kaunas: Technologija, 2010. — Nr. 4(100). — P. 47-50.

Dauguma $iuolaikiniy matavimo priemoniy funkeijy valdo mikroprocesorius ir jo programiné jranga. Akivaizdu, kad programiné
jranga turi jtakos, o daugeliu atvejy netgi lemia priemonés funkcing geba ir metrologines charakteristikas. Taciau matavimo priemoniy
metrologinio jvertinimo metu faktiSkai yra tikrinama tik aparatiné dalis. Perzitir¢jus OIML rekomendacijas ar prietaisy patikros
dokumentus, matyti, kad programinés jrangos tikrinimo ir metrologinio laidavimo praktika dar nenusistovéjusi. Todél Siame darbe
pasifilytas matavimo priemoniy programinés jrangos metrologinio laidavimo algoritmas. Pateikti eksperimentiniy tyrimy, atlikty su
Silumos skaitiklio skai¢iuotuvu, rezultatai. I1. 4, bibl. 6, lent. 1 (angly kalba; santraukos angly, rusy ir lietuviy k.).

50




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



