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Abstract — Trust in current and historical calibration data is
crucial. The recently proposed XML schema for digital
calibration certificates (DCCs) provides machine-
readability and a common exchange format to enhance this
trust. We present a prototype web application developed in
the programming language Links for storing and displaying
a DCC using a relational database. In particular, we
leverage the temporal database features that Links provides
to capture different versions of a certificate and inspect
differences between versions. The prototype is the starting
point for developing software to support DCCs and the data
with which they are populated and has underlined that
DCCs are the tip of the iceberg in automating the
management of digital calibration data, activity that
includes data provenance and tracking of modifications.

Keywords: digital calibration certificates, provenance,
temporal databases, XML, prototype

1. INTRODUCTION

Information relating to the calibration of an instrument
or artefact is captured in documents referred to as
calibration certificates. These documents are typically
provided either as physical paper-based documents or in
electronic form, for example, in archivable Portable
Document Format (PDF-A). A downside of both
approaches is that the information they contain is not
machine-readable, that is it is not available in a form that
can be read and processed by computer. Using the
information therefore requires, to some degree, human
involvement and as such is prone to error, for example,
arising from the transcription of numerical information
from paper to computer.

Recent initiatives have considered the replacement of
paper-based and electronic calibration certificates by fully-
machine readable calibration certificates, referred to as
“digital calibration certificates”, often abbreviated to
“DCCs”. The European Metrology Programme for
Innovation and Research (EMPIR) [1] funded the
“SmartCom” Joint Research Project (2018-2021) [2] which

developed a framework for DCCs. The framework allows
the key calibration certificate components of administrative
data and measurement results to be stored. The recipient of
a DCC will have, or be able to develop, software to ingest
and use the information stored therein.

Ensuring the integrity and longevity of current and
historical calibration data is essential for calibration
laboratories to maintain long-term trusted relationships
with their customers. It is also a requirement of ISO/IEC
17025 accreditation [3], along with the preservation of
information about the methods, processes, software,
equipment, and staff involved in the calibration task. This
accompanying information, that is essential to trace and
potentially repeat the conditions in which the calibration is
performed, is more generally known as “provenance
information” [4]. Laboratories must be able to track and
compare the changes between successive calibrations of
the same artefact made to data (for example, newly
observed measurement results) or to provenance (for
example, a different employee now signs off the calibration
results).

Since DCCs are containers for the trusted exchange of
calibration data, their potential to increase the productivity
of laboratories relies on automated, integrated, and time-
based curation of this data and associated provenance.

The structure of this extended abstract is as follows: we
provide background on DCCs before we go on to describe
our prototype. We discuss the choices made in the
development of the prototype and illustrate its usage with
screenshots. We conclude with ideas for further work.

2. DIGITAL CALIBRATION CERTIFICATES

“A digital calibration certificate (DCC) serves for the
electronic storage, the authenticated, encrypted and signed
transmission and the uniform interpretation of calibration
results.” [5].

The structure of a DCC reflects the information that is
required by ISO/IEC 17025 [3] for reporting calibration
results. A DCC comprises two compulsory sections. The
first compulsory section contains the administrative
information including that which is generally presented on
the first page of a paper-based certificate. The second
compulsory section contains measurement results. The



measurement results section itself relies upon a framework,
referred to as the “Digital SI”, developed specifically for
the storage of measurement data. The framework ensures
that quantity values, units of measurement and uncertainty
information can all be represented. A DCC may also
include two optional sections. The first optional section
contains information presented purely for humans, for
example, calibration-specific data sheets, and other
auxiliary, machine-interpretable data, for example,
relational tables. The second optional section contains an
encoded version of a human-readable version of the
certificate.

The Digital SI and DCC frameworks specify, for
example, how numerical values and date and time
information should be presented, and uses the BIPM SI
brochure [6] and the siunitx package for LaTeX [7] as the
basis for the provision of units of measurement.

The Digital SI and the DCC may be implemented in a
language chosen by the user, for example, Extensible
Markup Language (XML), JavaScript Object Notation
(JSON). The SmartCom project has developed and made
available an XML schema for the Digital SI framework [8]
while the Physikalisch-Technische Bundesanstalt (PTB),
the National Metrology Institute of Germany, has made
available an XML schema for the DCC [9].

We are aware that the frameworks (and related
schemas) may be subject to future updates, for example, if
the BIPM SI brochure is updated, or if the requirements for
the contents of a calibration certificate change.

3. DCC PROTOTYPE

Temporal databases capture when a piece of data is
valid. In the case of a relational database management
system (RDBMS), we are interested in the time period for
which a row in a database table is valid, and this can be
achieved by adding additional fields to capture this time
period [10,11]. We are interested in provenance of DCCs
and hence we want to capture when data changes in the
database, namely fransaction-time information. Temporal
databases can also record valid-time information which is
information about when something is true in the real world.
Our prototype is developed in Links which is a strongly-
typed statically-typed functional programming language
that supports the development of web applications with
database back-ends in a single language [12,13]. It has
recently been extended with temporal features that have
been demonstrated in the context of curated scientific
databases [14].

3.1. The Links programming language
Links is a cross-tier language: it removes the need for

the developer to write JavaScript or a particular database
query language (in this case, PostgreSQL [15]) for the

different tiers of a web application providing data from a
database. In particular, Links assists in the writing of
correct software by providing language-integrated query
which allows the programmer to write high-level queries
that are transformed to correct SQL queries with known
performance for execution on the database.

Furthermore type-checking variables and functions
before program execution reduces the likelihood of run-
time errors.

We work with DCCs formatted according to the XML
schema [9] made available by PTB. XML is tree-
structured, and each element in an XML document is either
a named tag with zero or more elements as children or a
text node which is a leaf (hence has no children). An XML
schema describes the tags that can be used in a document
and how they can be nested [16].

For this paper, a synthetic DCC, containing dummy
administrative data and measurement results, is used.

3.2. Implementation

The temporal features of Links are currently supported
by an RDBMS, hence it is necessary to map from the XML
schema to this database. There were two choices here:
either to use the DCC XML schema to create the
appropriate tables in the RDBMS or to treat the data in a
schema-agnostic manner and capture it as an XML
document. We choose the latter for reasons we describe
below. The Dynamic Dewey (DDE) labelling scheme
supports the labelling of XML documents and has good
query and insertion performance [17].

The prototype provides an interface for viewing a single
DCC. Straightforward extensions include the ability to edit
the DCC and to validate that it adheres to the DCC XML
schema. Further obvious extensions are the ability to work
with many DCCs, to compare different DCCs, and to
support the signing of DCCs. In the longer terms, we will
require systems that support the whole -calibration
workflow including automated collection and processing of
machine-readable calibration data.

3.3. Interface

Using the interface, it is possible to view the current
state of the document, the state at a previously specified
date and time, and to compare two versions at two specified
dates and times. It is possible to hide or show specific
subtrees of the document, and when doing the comparison,
to see the subtrees where changes have been made.

The Change Analysis option allows the user to see a
history of all changes over the life of a DCC. Figure 1
shows how changes are highlighted as well as a cumulative
total of insertions and changes for each tag in the document.
There are various options to view subtrees for a specific tab
or to control the display of the whole document. Figure 2
shows how details of changes are displayed.



XML Document Curation Interface Current Previous  Compare Change Analysis Edit Validate

XML document: change analysis

Element Insertions Changes

<digitalCalibrationCertificate> ‘] 0(1) o1 -
|  <administrativeData> ‘Z] 0(1) () -
| | <dccSoftware> . 0(0) 0(0) -
| | <coreData> ‘f 0(0) 0 -
| | | <countryCodelSO3166_1> . 0(0) 0(0) -
| | | <usedLangCodelSO639_1> . 0(0) 0(0) -
| | | <mandatoryLangCodelSO639_1> . 0(0) 0(0) -
| | | <uniqueldentifier> . 0(0) 0(0) -
| | | <beginPerformanceDate> . 0(0) 0(0) -
| | | <endPerformanceDate> [] 0(0) o -
I 1 | | 2010-01-14 0(0) 1(1) -
| | | <performanceLocation> . 0(0) 0(0) -
| | <items> . 0(0) 0(0) -
| | <calibrationLaboratory> . 0(0) 0(0) -
| | <respPersons> ‘f 0(1) 0(0) -
| | | <respPerson> E] 1(1) 0(0) -
I I | | <person> ] 00 | show Details

Fig. 1. A screenshot of the Change Analysis interface showing the highlighting of changes.

L Document Curation Interface  Current  Previous  Compare  Change Analysis Edit  Validate

| | | <endPerformanceDate> [ J 0 (0) (XY}
I | | | 2010-01-14 0(0) ()
| | | <performancelocation> 0(0) 0(0)
| | <items> 0 (0) 0(0)

[
[
| | <calibrationLaboratory> . 0(0) 0(0)
[
)
[

| | <respPersons> o) 0(0)

| | <customer> 0 (0) 0(3)

| | | <name> 0 (0) o (M)

| | | | <content> D 0(0) 0(1)

I | | | | FredBloggs 0(0) 101

Date of modification Tag Text

2021-09-22 15:11:35.142047 Fred Bloggs

2021-09-10 10:53:44.757995 John Doe

I 11 <eMail> D 0(0) 0(2) -
| | | | fred.bloggs@ptb.de 0(0) 2(2) -
Date of modification Tag Text

2021-09-22 15:14:0.654599 fred.bloggs@ptb.de

2021-09-22 15:12:19.850463 fred.froggs@ptb.de

2021-09-10 10:53:44.759219 john.doe@ptb.de

| | | <location> . 0(0) 0(0) -
| | <statements> . 0 (0) 0(0) -
| <measurementResults> . 0(0) 0(0) -

Fig. 2. A screenshot of the Change Analysis interface showing details of two changes.



4. FUTURE WORK AND CONCLUSIONS

The prototype we have developed demonstrates
that the combination of DCCs and temporal databases
result in streamlined curation of calibration data. The
prototype leverages features of the Links language

(a) to facilitate the development of a user-
friendly web front-end,

(b) to integrate relational database queries on a
database that maps with the DCC XML tree
structure, and

(c) to enable automated tracking of changes
made to calibration records over time, as well
as the explanation and timeline for those
changes.

Considering our choice to work with a relational
database, Links may in future support XML with
temporal features and hence the translation would not be
necessary. However, since the DCC is only one
component of the envisioned digital -calibration
workflow, and can be seen as output and data exchange
from some form of data storage, there is no need to use
an XML storage format. Dealing with temporal data in
a relational database is better understood and less

experimental so we believe it makes sense to use a
RDBMS for a system for digital calibration data.
Working in a schema-less fashion with the XML
document allows to cope with changes in the DCC XML
schema without affecting the storage in the RDBMS.

DCCs are the tip of iceberg when considering the
whole lifecycle of machine-readable calibration data.
Their creation and use depend on software to support
storage and provenance of the underlying calibration
data. The development of the prototype has raised
interesting questions about what such a system should
be able to provide, and we will continue with our
investigations and development.
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