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Abstract: This document aims at the presentation of a set of computational
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performed in accordance with procedures based on well-known documents, like as
international standards.
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1 INTRODUCTION
As a basic condition for the fulfilment of its mission, a metrological laboratory must be equipped

with reference standards and have a set of calibration procedures. The former are traceable to the
primary standards of the quantities related with the tests carried out; the calibration procedures must
be developed by the laboratory and based on international standards, when possible.

A large number of calibrations performed according the procedures are time consuming, mainly
due to the large number of required measuring data or the time intervals needed for the stabilisation
of the metrological conditions in the different testing steps. So, it is very convenient to use reference
standards with interfaces for the data acquisition by a computer.

Sometimes, a general purpose software is supplied by the manufacturers of the reference
standards. However, the metrological laboratory must undertake the development of specific
computational applications for the most important calibration tests, in order to accomplish the main
requirements of the calibration procedures, as far as data acquisition and processing are concerned;
additionally, the laboratory is responsible for the format of its own calibration certificates, and other
documents, which are also generated by means of the developed applications, thus leading to the
improvement of the internal organisation.

The purpose of this paper is to present some computational applications developed for the
calibration tests carried out by the Central Laboratory for Metrological Support [1] of the Laboratório
Nacional de Engenharia Civil, Lisbon, Portugal, aiming at, in general, the automatic data acquisition
and data processing, the evaluation of measurement uncertainties, the computation of the calibration
results and the edition of the certificates.

2 CONTENTS
This laboratory is equipped for the calibration and testing of some types of measuring instruments

in the domains of length, temperature, pressure and mass, so the computational applications
described in the paper were developed considering the characteristics of the available reference
equipment in these areas.

As far as the length measurement is concerned, the paper describes an computational application
developed for the calibration of dial gauges according with the standard NF E 11-050 [2]. This
application is basically charged with the data acquisition, the evaluation of some statistical
parameters and the computation of the errors defined in the calibration procedure.

Previously, following a request of the programme, the user inserts the relevant characteristics of
the instrument under calibration, namely, identification data and parameters to define the testing
steps. Then, the application evaluates the step interval based on the type of instrument (analogue or
digital), on the resolution and on the number of laps (in the analogue case). After these initial
settings, the length test consists of a sequence of three sets of operations presented in figure 1.

In the first of these, related with scale analysis, each length step is displayed in a sequential order
and the operator is charged with their implementation in the testing machine, being stored both the
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reference and the under calibration values in an array; the application with a previously defined
function, which is based on calibration results, corrects the read values obtained with the reference
equipment. During this process, possible wrong operations, due to the incorrect definition by the user
of the length to be measured, will be detected by the application, which enables the correction of the
reading value. When all the needed values are stored in the array (corresponding to five series), the
application computes mean values, deviations, local and global errors and identifies the steps where
occurs the maximum local errors, this information being stored for further use in the repeatability test.

The second set of operations aims the evaluation of repeatability. The sequence begins with the
use of the information obtained previously to define the testing steps, which is displayed, and the user
promotes the acquisition of two series, ten values each, stored in a second data array. Then, based
on these values, the software computes the repeatability and stores the result in an internal variable.

Finally, the last set of operations allows the user to view the calibration results, to store them in a
file and print all the measurement data and the results for further use in a calibration certificate.
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Figure 1.  Computational operations to support dial gauge calibration

Referring to the temperature domain, the procedure adopted for testing of ovens and climatic
chambers based on the standard DIN 12880 [3] requires the use of a certain number of probes,
aiming at the simultaneous acquisition of data inside the volume of the equipment under test for the
different temperature steps, considering that the stability conditions will be reached; so, the flowchart
configuration of this software is quite different from the previous one, being formed by two different
applications (as presented in figure 2).

The first one is able to perform the hardware configuration, especially concerning with the
parameters related with calibration curves coefficients (previously evaluated for each probe-channel
pair) and with acquisition parameters (channels identification, measuring unit, number of readings,
logging interval, scan interval and output device). Because of the type of results required, which are
connected with cycles of control, the number of readings for each step is typically higher than one
hundred by probe with scan intervals of 10 s, thus leading to large amount of data to store in files.
This computational application controls the measuring system, which is basically a set of platinum
resistance thermometers and an AC bridge with a 16 channels scanner, and allows the monitoring of
the test equipment performance in order to verify the stability conditions necessary to perform the
main acquisition cycles and the definition of variables for this acquisition.

The second one is able to read the files generated by the first application, in order to convert the
information into adequate array structure and to use the organised sets of values in order to evaluate
different statistical and numerical parameters for each step, namely, temperature mean values,
maximum and minimum values and time and spatial thermal gradients. With these values, charts are
also automatically generated for each testing step (as is presented in figure 2) showing the
temperature variation versus time. These charts are joined with a results table and with
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complementary information introduced by the user (described in figure 2) to create the final report
(certificate) which can be printed almost immediately after the end of the testing operations.
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Figure 2.  Integrated temperature testing process

Aiming at the calibration of manometers and pressure transducers according the standard
EN 837-1 [4], two applications are also presented in the paper. One of them is designed for use with
a digital pressure calibrator and compares the displayed reference values with the measuring
instrument indicated values; the other one is developed for use with a dead-weight tester and is
suitable for the generation of a series of reference pressure values by means of a set of standard
weights.

These applications contain data libraries which include, in the first case, the correction function of
the reference equipment readings, obtained from the calibration certificate results, and the values for
the different uncertainty components and, in the second case, the conventional true-value for each
dead-weight and corresponding value for individual correction, uncertainty, ageing drift and other
relevant uncertainty components.

In both cases, the computational applications process the calibration data typed by the user, store
it in an array, perform the computation of statistical parameters (mean values, standard deviations,
deviations from conventional true values), the correction of the pressure reference values (complete
in the case of dead-weights), the evaluation of calibration deviations and the computation of the
degrees of freedom and expanded measurement uncertainties; furthermore, the software allows the
printing of a calibration certificate related with each test.

Nevertheless, the application developed for use with the dead-weight tester takes in account,
specially, that each new testing step is achieved only by means of a new standard mass joined to the
previous ones, so the reference labels of the different masses with their metrological parameters
have to be recognised by the software.

Finally, an application developed for the calibration of weighing instruments based on the standard
EN 45501 [5] is described (figure 3). In accordance with the calibration procedure, the standard
weights used for the implementation of two successive test steps can be completely different, each
step being generally made with the combination of a certain number of weights.

This computational application is similar to the aforesaid one developed for the dead-weight
pressure tester, in what refers to the data libraries, which contain also the identification of each
standard weight and the individual conventional true value, uncertainty and ageing drift. However, due
to the possible use of different sets of standard weights in two consecutive steps, considering both
the types of weighing instruments subjected to calibration and the requirements of the procedure, the
user needs to identify the individual reference number of each one in an array, allowing the
application to combine values in order to compute the global conventional true value and other results
for each testing step.
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The evaluation of degrees of freedom and expanded measurement uncertainty is also performed
by the application, using self evaluated results (repeatability) and other uncertainty components
(stored in library array), for each testing step.

Joining all this results and complementary data introduced directly by the user (client information,
reference standard information and testing related data), a calibration certificate is generated as final
result of the application, which can be printed.
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Figure 3.  Computational application tool for weighing instruments calibration

3 CONCLUSION
Considering both the heavy work related with certain tests and the large number of measuring

instruments being calibrated at the aforesaid metrological laboratory, the implementation of the
applications described in this paper led to improvement of the productivity in the calibration service
and decrease of the failing rates dues to the operator errors.

Other natural advantages arise from the use of computational applications in the process of
calibration, namely, the improvements resulting from the possibility of introducing graphical
presentation and from the reduction of time spend in paperwork and in the time necessary to issue a
calibration certificate.
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