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Abstract The aim of this publication is to break down 

what information is necessary to generate a DCC. It 

distinguishes between general and specific specifications and 

shows which information in addition to the DCC schema is 

necessary to generate a machine interpretable DCC. 
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1. THE COMPONENTS OF THE ANALOGUE 

CALIBRATION CERTIFICATE 

1.1 What is needed to create an analogue calibration 

certificate? 

To create an analogue calibration certificate, two things 

are needed:  

1. A set of rules is required according to which the 

calibration certificate is to be drawn up.  

2. The content (e.g. administrative data, measurement 

results, ambient conditions) is needed to be documented 

in this calibration certificate.  

The regulations are described in various norms and 

standards. The most important standard in this context is 

probably ISO/IEC 17025 [1]. 

The basic structure of the DCC is described in [2]. There 

are five essential regulations to be considered (Fig. 1):  

 

Fig. 1:Norms and Standards used in DCC 

These are the D-SI-format [3] (Digital-SI; Digital-SI [4] 

https://gitlab1.ptb.de/d-ptb/d-si), the International Metrology 

Dictionary VIM [5] which deals with the vocabulary of 

metrology, the Guide for Uncertainty in Measurement 

GUM [6] which describes the declaration of measurement 

uncertainties, the Codata entries [7] and the standard 

ISO/IEC 17025 [1]. 

If you only try to create a template for calibration 

certificates with these general rules, you will find that you can 

describe the administrative data very well. For the 

measurement results, only a very rough framework can be 

offered. Without knowing the calibration object, it is 

impossible to include the specific set of rules. Next come the 

standards and guidelines that relate to the specific calibration 

object. For instance, a temperature sensor cannot be calibrated 

according to the specifications of a gauge block and vice 

versa. Therefore, these different types of calibrations need 

different templates, or a template that is very flexible, for their 

specific calibration data. In order to fill this flexible 

framework, all related standards must be known because they 

influence the structure of the calibration certificates. 

Each calibration object represents a unique specimen. 

This object is sent by the client to the calibration laboratory 

of his choice. At the same time, the calibration laboratory 

receives a special document from the client: the DCR (Digital 

Calibration Request). The DCR contains the services 

requested by the client in connection with the calibration 

order. The results report, which is prepared by the calibration 

service provider, should then contain the services ordered. 

Different analogue calibration certificates of the same 

calibration material that are prepared by different calibration 

laboratories can differ considerably from each other. This is 

the case although they are similar in content because they 

comply with the specifications. Somewhere in the different 

calibration certificates there is a table in which the measured 

values and the determined uncertainties are listed. However, 

it has not been necessary so far for the analogue certificates 

to be completely alike. 

1.2 What is needed to use a calibration certificate? 
The concretisation of this question is how the issued 

calibration certificate is to be used. In the case of an analogue 

calibration certificate, a person takes the calibration 

certificate in his hand, looks for the table with the values he 

is interested in and interprets them.  

However, the situation is completely different when a 

machine is to be tasked with interpreting a calibration 

certificate. The machine currently has no usable intelligence 

whatsoever to recognise contextual content! As early as 1950 

the British logician, mathematician, cryptanalyst and 

computer scientist Alan Turing [8] formulated a test with 

which the "intelligence" of a machine can be determined, later 

named the Turing Test after him [9]. A form of the Turing 

Test is encountered more frequently by internet users when a 

picture with distorted numbers and letters appears on an 

internet page (Captcha [10]), the content of which must be 

entered into an extra input field. There are many publications 

on the subject of "artificial intelligence" [9], [11] and there is 



a "Strategy on Artificial Intelligence of the Federal 

Government of Germany [12]". All of them pursue the goal 

that a machine can grasp context-sensitive content. This 

"intelligence" is exclusively mainframe-based. Current, 

decentralized tool systems do not have the required capacities 

of a mainframe computer system. However, this is also not 

necessary if you use a vocabulary (wording) of subject-related 

definitions [13].  

In order to use further advantages of the DCC, another 

aspect is crucial: the interpretation of the data. The goal is to 

be able to transfer this interpretation to a machine. To do this, 

it is necessary to keep the scope for interpretation as small as 

possible through the schema, the set of rules and the wording, 

without limiting the flexibility of the individual communities.  

2 THE FOUR COMPONENTS OF A DIGITAL 

CALIBRATION CERTIFICATE (DCC) 

Fig. 2 shows the four components of a DCC. The 

individual components are discussed in this section. 

 

Fig. 2: The four components of a DCC 

2.1 DCC Schema: the base of the xml featured DCC 
In the analogue world, you could use a calibration 

certificate without using a machine with an integrated 

computer. The evaluation is done by humans. In the age of the 

4th industrial revolution [14] communication between 

machines is becoming more and more important. In the 

process, the evaluation and interpretation are increasingly 

taken over by the machine. Therefore, there is a demand to 

digitise the information that was previously available in 

purely analogue form in calibration certificates in such a way 

that it can be interpreted by machines.  

The most important component is the DCC schema. 

Where does this schema come from? We have already 

established that the ISO/IEC 17025 [1] standard plays a 

special role. It forms the basis for the accreditation of 

calibration laboratories and defines basic procedures in 

laboratory management, in particular content requirements. 

Within this standard, there are various specifications that 

relate to testing -and calibration certificates, particularly in 

section "7.8 Reporting of results". These specifications have 

been applied to the creation of an XML structure. With the 

help of such a schema, the preparation of a digital calibration 

certificate is made much easier. 

The DCC-schema is described as an XML schema 

definition (ending ".xsd"). This schema definition describes 

the structure of a DCC-XML file without knowing its content. 

It is possible to specify different data types. It is established 

where a string or a numerical value (integer or floating-point 

value with a point as decimal separator) or an image can be 

inserted into the structure. But it is not determined which 

concrete number or image it actually is. You can think of it as 

a template that is placed over a sheet of paper. You can write 

something in every free space. But the person who created the 

template has no influence on what the user enters in the free 

fields, except the data type! The responsibility for this lies 

with the person who fills in the calibration certificate. 

More information about the DCC-Schema can be found 

under https://www.ptb.de/dcc . 

The names of the elements, which are already given in the 

schema, are chosen in such a way that they make sense in the 

context of calibration certificates in general, but not to cater 

to the specific wording of one actual calibration object. 

Considering that there are thousands of different calibration 

objects, this is not possible, or even desired or necessary. 

Only with this approach, it was possible to develop a structure 

that can include the majority of common calibration 

certificates. 

It follows that if three different people try to create a DCC 

based only on the DCC schema (dcc.xsd), three different 

DCCs will inevitably emerge. These DCCs then already fulfil 

a large part of the requirements that the schema specifies. 

However, they are neither uniform nor interpretable by 

machines, but most likely interpretable by humans. 

2.2 Rulebooks 

The sets of rules can be independent from and dependent 

on the calibration object. 

2.2.1 Specifications independent of the calibration object 

D-SI 

The D-SI Format is used with every machine-interpretable 

numerical value in the DCC. The D-SI schema is available as 

a separate schema version that is integrated into the DCC 

schema. In the DCC (*.xml), there are separate elements for 

the D-SI, which cover the requirements of the SI when used. 

VIM, GUM and CODATA 

The vocabulary from the VIM, GUM and CODATA can 

be found in the DCC schema (dcc.xsd) as elements and in the 

DCC (*.xml) as element names. Furthermore, it should be 

used for the attributes in the DCC (*.xml) as shown in the 

current Good Practice (GP) examples [15]. Complete 

coverage of the VIM, GUM and CODATA vocabulary is not 

possible when using only the DCC schema. (See also section 

"2.3 Wording"). 

ISO/IEC 17025 

The DCC schema (dcc.xsd) makes it possible to fulfil all 

the requirements of the standard. The aim in converting the 

standard into the schema is not to map the standard 

completely, but to offer a guided structure with which the 

content specifications of the standard can be implemented 

completely. This means that it is possible to create an xml file 

that is valid against the DCC schema (dcc.xsd), but does not 

comply with ISO/IEC 17025 [1]. 

2.2.2 Specifications dependent on the calibration object 

Each calibration object has its own specifications. These are 

usually summarised in their own norms and standards. Thus, 

different standards sometimes result in different 

DCC-
Schema

Rulebook

Wording Content



specifications for the respective DCC (*. xml), which are not 

compatible among the calibration objects or sizes. For this 

reason, the information from specific norms and standards is 

not included in the DCC schema (dcc.xsd) in a restrictive 

manner. Therefore, the schema was designed openly in order 

to be able to create different DCCs (*. xml) complying  to 

different standards. 

When a new extension for the DCC schema (dcc.xsd) based 

on a requirement of a standard is proposed, it should be 

considered very carefully. Some requirements may be 

unnecessary from an information technology point of view, 

as they can lead to redundancies. [16]. For example, the 

specification of a formula and a graph is not always necessary 

because the graph is often only the representation of the 

information already present in a formula. Technically, it 

would be possible without any problems to leave the 

representation of the formula to the software, which is to 

represent the DCC in a human readable way.  

Understandably, the current digitalisation drive was not 

yet foreseeable when many standards were drawn up. That is 

why these standards require the representation of the same 

information in different formats to ensure better usability of 

the calibration information on one sheet of paper. 

2.3 Wording 
The wording is divided into two categories:  

1. Most of the general wording is in the schema file (dcc.xsd) 

in the elements. This wording has no connection to the 

content for which the DCC is to be created. It is 

deliberately kept neutral so that every common calibration 

certificate can be mapped with it. 

2. The contextual wording is related to the calibration object. 

They are mostly terms that are used in the specific 

standards. These terms can be found in the DCC as 

element content or attributes. In order to achieve machine 

interpretability, this wording must be coordinated. The 

good practice examples are a first step in this direction. 

Since the GP DCC examples claim to follow a cross-

community structure, a general wording is to be created here. 

This wording should refer to the attributes "Id","refId" and the 

"refType". In order to be able to assign the terms to specific 

dictionaries, the attributes are preceded by an abbreviation 

that indicates the namespace used. The basic namespace is 

named "basic" and serves to define a basic vocabulary across 

communities. The vocabulary found so far resulted from the 

transformation of analogue calibration certificates and can be 

found in the GP-Examples. Furthermore, each community 

can develop its own dictionary and use it under a namespace 

in order to make use of a community's own vocabulary in the 

DCC. This also allows to clearly identify terms from specific 

standards via a namespace, even if the term used here is 

described or defined differently in another standard. At 

present, basic terms are referred to as "basic" and community-

dependent terms are referred to as "gp" for Good-Practice. 

For all contents (elements, attributes and specifications in 

refType), the lower camel case notation is used in the DCC. 

This means that a) words are grouped together, b) the initial 

letter is written in lower case and c) new word beginnings 

within the composition are capitalised. Examples of this are 

"coreData", "respAuthority" or "nominalValue". 

 
Fig. 3: Sampling extracted from Temperature Good Practice 

simplified [17] (dcc:quantity for the reference values) 

Fig. 3 shows a part of the good practice temperature. The 

attribute "basic_referenceValue" was attached to the element 

dcc:quantity. The values "basic_referenceValue", 

"basic_measuredValue" and "basic_measurementError" were 

identified as cross-community terms for the attribute 

"refType" and included in the "basic_" vocabulary. These 

refTypes can be used as entry points into the DCC when 

interpreting it.  

XPath (XML Path Language) [18] is a language that is 

used for addressing parts of an XML document. XPath 

expressions can be used to search for a specific element in the 

DCC. With contextual wording of the attributes, one can 

address different elements. Fig. 4 shows an XPath example. 

With the following XPath expression, one can select all 

"dcc:quantity" elements that have a "refType" attribute whose 

content is "basic_referenceValue". 

 

//dcc:quantity[@refType = 'basic_referenceValue'] 

  Fig. 4: XPath Example 

 A large part of the general wording can be addressed 

directly without any problems. As an example, we see in 

Fig. 55 "dcc:uniqueIdentifier" element which contains a 

unique identifier for the DCC in question. This element can 

be reached in every DCC with the following XPath 

expression "//dcc:uniqueIdentifier". 
 

 

Fig. 5: Sampling extracted from Temperature Good Practice 

simplified (dcc:uniqueIdentifier) 

This is because the element name dcc:uniqueIdentifier is 

already integrated in the schema and may only occur once in 

each DCC. It applies for every element that comes forth only 

once in a DCC. If this is not possible due to multiple elements 

with the same name, as for example with the measurement 

results, they receive a refType in the namespace "basic_". If 

the information is dependent on the calibration object, it is 

either given a refType with its own namespace "xxx_" or 

described in an element, sometimes both. 

<dcc:quantity refType="basic_referenceValue">

   <dcc:name>

      <dcc:content lang="de">Bezugswert</dcc:content>

      <dcc:content lang="en">Reference value</dcc:content>

   </dcc:name>

   <si:hybrid>

      <si:realListXMLList>

         <si:valueXMLList>306.248 373.121 448.253 523.319 593.154</si:valueXMLList>

         <si:unitXMLList>\kelvin</si:unitXMLList>

      </si:realListXMLList>

      <si:realListXMLList>

         <si:valueXMLList>33.098 99.971 175.103 250.169 320.004</si:valueXMLList>

         <si:unitXMLList>\degreecelsius</si:unitXMLList>

      </si:realListXMLList>

   </si:hybrid>

</dcc:quantity>

<dcc:administrativeData>

   …

   <dcc:coreData>

      …

      <dcc:uniqueIdentifier>GP_DCC_temperature_minimal_1.2</dcc:uniqueIdentifier>

      …

   </dcc:coreData>

   …

</dcc:administrativeData>



Each piece of information that is recorded as a measured 

value or that results from the evaluation is to be entered in an 

XML element. The evaluation does not lead to a change of 

attributes. 

3. Opportunities for community participation  

With version 3.1, the DCC schema has reached a stage 

where it offers a possibility to create Digital Calibration 

Certificates with a high degree of self-similarity. As described 

in the text above, the schema offers at the same time enough 

degrees of freedom to map any calibration certificates. It is 

important to describe these degrees of freedom so that the 

resulting XML calibration certificates are not only machine-

readable but also machine interpretable. The way to achieve 

this is via the GP-examples. It is planned to generate 

GP-DCCs in different communities. This will determine 

which terms and structures can later be used across 

communities. At the same time, terms and structures are 

found that are only needed in the corresponding community, 

whereby the GP can be seen as a template for further DCCs. 
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