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Uncartainty Calculator is a Windows™ cempatible software program that calgulales measuremant uncertainly
A% required by 150 Tag 4'WGE 3 and NIST Technical Mote 1287, It was developed by the author for use at
Compaq Computer Corporation, that company has graciously allowed distribution of the program as
FREEWARE through Morfex Software, Inc. A software program previously developed by Mr. Grachanen,
Tolerance Caloulator, has also been disiributed as freeware and is now in use in kundreds of labs around

the waorld,

Laboralory Accreditation, as issued by NVLAP or
AZLA, requires a laboratory to review their current oper-
ating procedures and praclices (o insure compliance with
applicable published guidelines. A calibration laboratory
seeking accreditation whose current operating, procedures
and practices are congruent with applicable [50 9000 se-
rivs Tequirements and other associated guidelines, such
as [S0 Guide 25 or ANS]/BNOSL Z540-1, will find that a
major porfion of their preparation activities will center
around technical issues, This is malaly due to accredita-
Hom requirements to document measurement uncertain-
ties for those measurement parameters under consider-
atron.

The methodologies in determining and expressing mea-
surement uncertainties may be found in 150 Tag 4/WG 3
"Guide to the Expression of Uncertainty in Measurement”
tcommaonly called the GUMD, NIST Technical Note 1297
"Guidelines for Evaluating and Expressing the Uncer-
tamnty of MIST Measurement Besults,” and MOS1s rec-
ommended practice, RP-12 “Determining and Reporting
Measurement Uncertaintios.”

Atypical first impression of GUM methodology reguire-
ments was best expressed by lan Instone of Hewlett
Packard in hiz informative paper “Simplified Method for
Assgssing LUncertainties in a Commercial Progduction En-
vironment,” when he wrote, “The assessment of uncer-
taintses of measurement has become a task more suited to
a mathematictan rather than the average calibration ens
alnesr™

Cone are the familiar random and systematic uncertaine
ties replaced now with nondescript Type A and Type B
uncertainties. Coverage factos, coverage probability and
sensitivity coefficients are just a few of the terminclogies
one must be comfortable with in determining measure-
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ment uncertainties per GUM requirements. Probability
distributions for each element of a measurement uncer-
tainty ensemble must be identified, effective standard de-
viations computed and these results combined and ma-
nipulated to give a single expanded uncertamty per GUM
requirements. It was in light of the number of measure-
ment parameters my laboratory was submitting for
NYLAF accreditation that [ decided on developing a tool
to help ease the GUM burden. This decision led to the
development of the “Uncertainty Caleulator,”

Development Parameters

Lincertainty Caloulator was developed to address the
majirity of comemon measurements performed in come
mercial/in-house calibralion laboratories. Correlation
correction methodologies and in-depth analysis tools have
been omitled for the sake of brevity and are available in
other commercial software packages. The development
of Uncertainty Calculator centered around three major
themes: GUM requirements, COMMOn Sense eTgonomics
and the ability to input/export data from other softwiare
platforms.

(hther ancillary requirements were for the Uncertainty
Calewlator to operate in both Windows™ 3.1 and Win-
dows ¥5™ environments, compress to one 3.5 inch floppy
disk, have an on-line users manual and provide data and
calculated results in an easily understandable format that
can be submitted Lo auditors without the need for further
manipulation. 1t was with laboratory accreditation in
miind that this last requirement was added. This point was
further emphasized atter [ learned that one of the most
common discrepancies flagged by accreditation auditors
was inadegquate or poorly writhen uncerfainty statements.
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Figure 1. Uncertainty Calculalor main scrasmn,
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The sticking points of the GLM were becoming apparent
as my investigations and development efforts neared
compHetion.

Using Uncertainty Calculator

Unecertainty Calculator is composed of four major sec-
tions: information and remarks entry fields, combination
selection and coverage factor (k) fields, Type A and B en-
try fields and computed results (Figure 1), Information
and remarks fields allow entry of pertinent imformation
associated with an uncertainty i.'ll.'l..."|]_'!¢'h-ci5 such as the pa-
rameter being evaluated, the nominal or range of inter-
est, primary and ancillary equipment applicable to the
analysis, commeents, ete. The combination section of the
Lincertainty Caleulator determines how Tvpe A and Type
B within group elements are combined and how the re-
sults of these combinations are themselves combined. The
two choices are algebraic (worst casel and the GUM rec-
ommended “square oot sum of the sgquares” {rss), The
rss selection is the system’s default,

The coverage factor (k) entry selection is obtained from
the Uncertainty Caloulator's distribution sereen. Cover-
age factor (k) is a numerical factor used as a multiplier of
the combined Type A and Type B standard uncertainty in
order to obtain an expanded uncertainty. Coverage fac-
tor (k) selection is based on the desined level of confidence
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asaociated with the n::n.p.gn-.-]q'd unrt-rlmnl:'.. interval ¥- L ko
y+U. The expanded uncertainty is the final prod uct of the
GUM's analysis,

Type A and Type B entry I:ueld:: are at the heart of the
GUM building block methodology for abtaining an ex-
panded uncertain. pe A are those uncertainties ob-
tained by statistical analysis of a series of observations
and Type B uncertainties are those obtained by other
means, In order for the Uncertainly Calculator to per-
form GLM rn.:m'i]'ll.llal'in:m of T:.-'Fu A and T_1_."|:|L' B uncer-
taiptles, enleies and selections must b2 made. These ¢n-
tries and selections are used in determining each
uncertainty’s standard uncertainty (uncertainty of a mea-
surement resull expressed as a standard deviationy and
standard variance (the square of the standard uncerbainty).

The first required entry is an information field for de-
scriptive information about an wuncertainty. The second
entry field is the unceetainty’s numerical value expressed
as a percentage (£% ) This field may require prior com-
putations in order to oblain a percentage such as when
uncertainties are expressed in decibels (dB), The "Taste™
comumnand allows numerical data that was previously cop-
ied b e Windows I.'JIF'I:llld red, sueh as from a hpre:l.dh'l'u.-e!
of statistical program, to be directly entered into the £%
fiedd. Thas feature is especially imesaving when used with
Uncertainty Calculator's companion program, Toletance
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Figure 2. Frobability distribution Sefesn.

Caleulater, which can calculate a
single uncertainty from an ensemble
of uncertainties wsing its Accumula-
tive Uncertainty command.

The next Type A and Type B field
is the sensitivity coefficient (C} field.
Sensitivity coefficient (C), which in
miost cases can be assumed bo e unity
i1 is a numerical factor used as a
multiplier to weight an uncertainty
composed of more tham one element,
a4 o influence contributions. An ex-
ample where the sensitivity coeffi-
cient (C) would not be unity (11 s in
the evaluation of a spectrum
analyzer's resolution bandwidth
which is defined by two difterent
units, amplitude ratio (usually in dB
and frequency (Hz.)

The next Type A and Type B entry
field deals with am uncertainty s cowv-
erage probability (p). Coverage prob-
ability i3 a level of confidence associ-
ated with an uncerlainty expressed as
a fraction of the probability distribu-
tion characterized by the measure-
ment result and its combined stan-
dard uncertanty. Upon selecting the
coverage probability field, the distri-
bution screen appears (Figure 2). This
screen gives the wser choices about
the digtribution (normal, rectangular,
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trinngular and u-shaped) and degree
of freedom (far left column) to asso-
ciate with an uncertainty. This screen
is also used for selecting a coverage
factor ik), as previously discussed.
Once a selection 15 made, the distri-
bution type, degree of freedom and
fraction (p) are copied to the main
screen and the standard uncertainty

and standard variance are I:I.HI'I1.F-1.1|:L"\'L:|.
This sequence of eniries and selec-
tions is repeated for each Type Aand
Type B uncertainty.

Once all applicable Type A and
Type B uncertainties have been en-
tered, clicking on the "Compute” but-
ton will calculate summary results.
Prior Lo caleulating surnmary results,
each individieal T}'FE‘ A and Type B
uncertainties are recaloutated 1o en-
zire that any changes made to an
uncertainty’s numerical field (£%)
and sensitivity coefficient () have
been taken into consideration. Sume-
mary results consist of Type A and
Type Bwithin group combined uncer-
tainties, standard wncertainties and
variances. The combined results ane
then wsed to caleulate Type & & B
summary results (combined uncer-
tainty, standard uncertainty and vari-
ATCE).

The combination methodology for
summary resulis are determined by
the Type A, Type B and Type A & B
combination selections as previously
discussed

The last summary result caleulated
is expanded uncertainty, Expanded
uncertainty is a measure of uncer-
tainty that defines an interval about
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Figure 3. Formathed Resulls screen.
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a meaguremeant rasult within which
the value of the measurand is confi-
dently believed to lie. Expanded un-
n'rl:rlinr:.-' imcakoulated I.'r]. multi p'l:l.'m_!'_r.
the Type A & B standard uncertainty
by the selected coverage factor (k)
This is done to obtain a single, all-
enCompassing uncertainty for a pare-
ticular measurement. Using GLUM
standardized methodologies and for-
mats for deriving expanded uncer-
tainties greatly reduces ambiguity
and |1L'|FH tor trsure univers=al accep-
tance

UJ'II.'EI'L&J:.I:}' Caleulator i:\-nrnpl_lw:_'f
ressults can be displayed ima deall fose-
miat using the "Results” command
button (Figure 3). Upon clicking the
"Results” command button, all indi-
vidual entries, calculations and sum-
mary results are displayed for easy
inspeclion. '::]I.L']n'.i:l'lE thee [eft minuse
key on the formatted display will
transter it to the Windows Weite™
(Wordpad for Windows 95 applica-
tion where it can be edited, printed
(Uncertainty Caleulator wses Win-
dows Weike For ]1ri|1l:'i|1g resulish and
saved

Uncertainty Caloulator results may

Figure 4. Bar graph display of Type A and B uncertaintios

also be displaved graphically using
the “Graph” command button. Click-
ing the Csra |'I'I1. Eaatom -.:I15;|'l|;|:l.r,5 A s
lection screen for plotting either Type
Acand B numerical values (%), stan-
dard uncertainties or variances,
Upon making a selection, the appro-
F‘r:.llt-iar} bag _\|_e;|:'.1].'l]|. 14 o |.\.|::-|.s:|.'|.'-|:| l;l"ig-
une 4). The displayed graph may be
viewed as a 2D bar graph, copied to
the Windows Clipboard or printed.
Archiving and retrieval of results is
accomplished wsing the “Save™ and
"Open™ command buttons, respec-
Hwvely

Each coanmand button will open its
appropriate Windows dialog bos,
Eiving access to drives and directo-
ries. To perform extraneous compu-
tations the "Calculator™ command
buttom will activate the Windows cal-
culator application. Resulis of the
Windows caleulator can be copied
and pasted into the Uncertainty
Calculator™s Tvpe A and Type B nu-
mverical fields (+5%]

Uncertainty Calculator’s comes
with an on-hne manual that can be
printed using the Windows Write ap-
plication
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Conclusion

Uncertainty Calculator was writ-
tem to provide & user friendly, intui-
tive tool for performing GUM uncer-
tainty statements. As a FREEWARE
application, Uncertainty Caloulator
may be dstributed and c{:pied_ {writhi-
out modifying its contents) al no cost,
Copies of Uincertainty Caleulator and
Tolerance Calculator may be obtaimed
through Morfox Software nc. at {206)
T74-9118, Fax (206 774-9118. Mortox
Software Inc. provides distribution of
these applications as a public service
tov the measiurerment -'.'|1|.'r|'r|1u1'|ir:..'

It is the author's hope that Unicer-
tainty Calculator will help ease the
GUM burden for laboratories pursu-
img accreditation and ENCOWrAZD oth-
ord o comsider "Fi[|_-|_"|.wa|1'111-|'_!|” thelr
sofbware applications,

Christopher Lo Grachanen, Compag
cl_'lmi.'ll.lh'l‘ If:q.lr|:_'|.rr¢|t:i|11'|, M) Box
692000, M5 070110, Houston, TX
FI269-2000, Tel 281-518-8486, fax 281-
S18-FI7E

cgrachaneniinetgate compac.com.
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