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DFM A/S

NMI:
Denmark joined the Metre Conventionen (1875) 
DK is therefore obliged to have a National Metrology 
Institute (NMI), and realizing the SI units. 

GTS:
DFM is one of seven Danish GTS institutes, and 
provides advanced technology services to Danish 
companies in form of: 

calibrations, testing, validation and standardization. 
A crossover between academia and industry 

DTU:
DFM is 100 % owned by DTU

Staff:
36 people in total, 24 PhDs

Accreditation:
ISO 17025
ISO 17034

NMI Appointment

calibration certificates
to companies and 

accredited laboratories

World wide acceptance 
of calibration certificates

And Other NMI’s

Ensure 
intercomparability

http://www.bipm.org/en/home/


DFM Calibration services
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Machine readable Calibration Certificates

DFM’s mission: To support implementation of DCC’s that are globally 
recognized, in order to support efficiency and quality in 
production companies through automation. 

• Value creation for the customers
a. Improved data integrity/safety/quality (reduction of human errors)
b. Easier transfer/integration to databases
c. Efficiency by automation of processes, and streamlining of procedures. 
d. Easier control and adjustment of measurement equipment

• Primarily relevant to 
• Areas with large numbers of calibrations: Temperature, Pressure, IoT sensors
• Certificates with large amounts of data: CMM, BRDF, acoustics, …



Envisioned workflow for DCC’er
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Danish pharma requirements for DCC
A. Eliminate manual transfer of data from large amounts of certificates. 
B. A global standard/Harmonisation: standard = compliance & efficiency, 

international standards, data interoperability, data integrity, and quality. 
C. Scalable: Must be userfriendly for Accr. Cal. Labs to easily adopt. 
D. Auditable:  being able to identify errors, IT standards e.g. ISO/IEC 27001, 

ISO 8000, 16175, & common requirements for reporting (ISO-17025). 
E. Accreditation should be reliably identifiable in the DCC
F. Machine interoperable.
G. Preferably be based on PTB’s schema work, which has the high 

recognition in the international metrology community e.g. favoured by 
NIST, i.e. high likelihood to become a global ‘standard’



Client aspect of extracting data from DCC

- Cert. No
- Supplier Name
- Equipment Id no. 
- Calibration date 
- Error Results
- Uncertainty(ies)

Client database must have registry of:
• All instruments being calibrated.
• what they want to know/extract from 

a certificate for each instrument. 

Measurement Equipment Specification 
(MES): 
• Applies for similar equipment used 

for same purpose
• Specifies calibration requirements 

(Cal. Points, MPEs etc). 
• & other info e.g. QA approvals …
• Mapping table for Data extraction.

Often the client only need a few 
specific informations/data for their 
QMS in order to release their 
equipment.

Instrument 
Database:

Calibration 
Task list

Incoming

How?



PTB’s DCC website and documentation: www.ptb.de/dcc

Data types and structure are defined in 
XML-schema files: dcc.xsd and 
SI_Format.xsd. 
These are also used for validation of 
created DCC-xml-files.  



GEMIMEG Tool



Predefinions are in external documents



DCC-Good Practice : Enabling machine interpretability?
Special attributes for 
defining the content, 
and protocols for 
data arrangement. 

Calibration data in 
different units

Language 
support



Interpretation integrity of queried data
Xpath is the common tool for querying xml’s, but it is weaknesses. 
• Complexity: Challenging to understand, especially when dealing with nested 

structures. Writing and debugging becomes time-consuming and error-prone.
• Fragile: sensitive to changes in the document structure or layout. Even minor 

modifications can cause failure. 

To ensure data-integrity: Results Need to be machine interpretable.
⇒Protocols and convention need to be machine readably pre-defined. 

⇒ Preferably within the XML schema (usable for software routines)
⇒ Preferebly enabling simple validation routines.
⇒ Must Ensure data-integrity e.g.: declare number of elements in XMLlists, measurand 

names, etc.
⇒ Must clearly/easily provide relations between data and metadata.  

/dcc:digitalCalibrationCertificate/dcc:measurementResults/dcc:measurementResult/d
cc:results/dcc:result[1]/dcc:data/dcc:list/dcc:quantity[2]/si:hybrid/si:realListXMLList[2
]/si:valueXMLList
 
/dcc:digitalCalibrationCertificate/dcc:measurementResults/dcc:measurementResult/d
cc:results/dcc:result[1]/dcc:data/dcc:list/dcc:quantity[2]/si:hybrid/si:realListXMLList[2
]/si:expandedUncXMLList/si:uncertaintyXMLList 



Scalability

Requirements for  DCC 
exchange system is 
comparable to the 
interface requirements 
for a  relational 
database. 

Databases (e.g. SQL) 
are most commonly 
designed as relational 
structures rather than 
Hierachical structures

DCC’s needs to solve a many-to-many data transfer problem.



Main challenge
Extraction of data from DCC

• How to identify what 
data that is available

• How to extract the data 
relevant to the user

• How does the DCC structure best 
support that data is findable 
and extractable. 

• How easy is it for the cal.lab. to 
adjust for different orders.

• Restrictive structure ->
• The structure cannot support 

all scenarios and customer 
requests. 

• Flexible structure -> 
• Lots of implementation at the customer 

end to ensure valid extraction of data. 
• The Cal. Lab. has to support too many 

customer requirements. 
• Potential loss of data integrity 

A Restrictive Harmonized Protocol / Standard is needed

Structure of the DCC



Our own basic need in order to work with DCC:

If you can do it with Excel you can do it with any software

• Generating DCC: actually quite easy
• Making a general algorithm to load/query data: quite difficult

due to flexibility of complex tree structure 

Generate 
DCC

DCC
XML

Load/query 
DCC

User 
Interface

Calibration
Worksheet 
Database

Temperature

Mass, volume,   
density

Geometry

Flow

Pressure

Electric

Humidity, 
Force, torque

Broad coverage



Relational database architecture applied to DCC
As in a relational database – the data is structured into tables with predefined columns. 
All row entries in the tables have unique identifiers – which can be reference /linkedto as required or needed.
Id’s in the equipment, settings and results, are agreed with client and needed as parameters when doing a data lookup. 

Statements:
id
Category
Heading lang1
Text lang1
Heading lang2
Text lang2

Software:
swID
namerelease 
type
Description
content
file
formula

Equipment:
id 
Category
customerId
equipmentClass
description
swRef
manufacturer
productName
productNumber
serialNumber

Location:
id 
Category
Name1
Name2
Name3
Street
StreetNo
PostCode
City
CountryCode
further
GPS Latitude
GPS Longitude

Settings:
Id
Name lang1
Description lang1
Name lang2
Description lang2
Parameter 
Value
Unit
Software instruction

Accreditation:
id
Lab ID code
Accred. Body
Accred. Country
Accred. Norm
Accred. Applicability

Administrative:
DCC schema ver.
Certificate #
Order #
Arrival Date
Start Date
End Date
Performance Loc.
Issue Date
CalLab address
Customer address
Software ref. 

Result 1...N:
TableID 
ItemRef
settingRef
numRows
numColumns
Columns:
 scope
 DataCategory
 measurand
 metaDataCat.
 unit 
 Ref. Link ???
 Heading
 Data



Proposal to introduce new attribute types
At the int. DCC conference 2023 DFM recommended to split refId and refTypes into more specific types. 
We investigated this and came up with the following attribute splitting: 
• tableID: This is equivalent to a resultID. It could be a product id by the cal.lab. or be assigned by customer. 
• itemRef: This refers to the item being calibrated/testet. 
• settingsRef: This refers to the setttings being applied on the item being calibrated/testet. 
• metaDataCategory: Distinguish Data and Metadata
• scope: Specifies what the Information is about : item, reference, itemBias (relation btw. item & reference), datainfo

• dataCategory: Value, TargetValue, ExpandedUncertainty, …, accreditationApplies, Other

• measurand: Defines what kind of physical property is measured ( a finite list e.g. using BIPM service categories or NSCLI-MII) 

• unit: e.g. \kelvin, \kilogram, \metre, …
• row: index to point to a specific datapoint in the array. 

A. All 9 attributes has a finite set of predefined possible values, defined either by users or by schema (last 4 types)
B. Constitutes a finite set of query options:

(TableID, ItemRef, SettingsRef, MeataDataCategory, scope, dataCategory, measurand, unit, row)
C. Any combination attribute-parameter values is unique and provides: 

A. a relation between entities in DCC as well as
B. a unique location of where to find the data. 
C. The XML tree depth is fixed for each of the parameters



scopeTypes
-
reference
itemIndication
itemBias
environment

dataCategoryType
-
Value
TargetValue
ToleranceLimitUpper
ToleranceLimitUpper
AcceptanceLimitUpper
AcceptanceLimitUpper
Conformity
repeatability
Other
accreditationApplies
ExpandedUncertainty
UncertaintyCoverageFactor_k
UncertaintyCoverageProbability

metaDataType

Data
UsedReferenceId
UsedMethodId
UsedEquipmentId
customerTag
laboratoryTag
accreditationException
TimeStamp
Exception
Statement

measurandType
-
Measure.Conductance
Measure.Conductivity
Measure.Current.AC
Measure.Current.AC.Sinewave
Measure.Current.AC.Squarewave
Measure.Current.AC.Trianglewave
Measure.Current.DC
Measure.Density.Mass.Gas
Measure.Density.Mass.Liquid
Measure.Density.Mass.Solid
Measure.Force
Measure.Humidity.Absolute
Measure.Humidity.Relative
Measure.Frequency
…

Finite options for attribute values
are predefined in the Schema:



Demo 1 – An Excel User Interface
• search( TempCal, itemID1, settings01, reference, Value, temperature, \kelvin, T3_15_degC) -> 288.16

• search(TempCal, itemID1, settings01, itemBias, ExpandedUncertainty, temperature, \degreecelcius, T3_15_degC) -> 0.05

• search(TempCal, itemID1, settings01, itemBias, itemIndication, temperature, \degreecelcius, T3_25_degC) -> 25.2



Client aspect of extracting data from DCC

- Cert. No
- Supplier Name
- Equipment Id no. 
- Calibration date 
- Error Results
- Uncertainty(ies)

Instrument 
Database:

Sub 
elements

Column 
attributes

metaType main CalibrationPoint main main main main

colType customerTag referenceResult referenceResult referenceResult DUTIndication DUTBias

measurandType identification
temperatureAbsol
ute

temperatureAbsol
ute temperatureAbsolute

temperatureAbsolut
e

temperatureDif
ference

dcc:heading Calibration Point
Reference 
Temperature

Reference 
Temperature in 
instrument units

Instrument 
indication  

Instrument 
Error

si:unit \degreecelcius \kelvin \degreecelcius \degreecelcius \degreecelcius

T0_0_degC 0 273.16 0.01 -0.1 -0.1

T1_15_degC 15 288.16 15.01 15.1 0.1

T2_25_degC 25 298.17 25.02 25.2 0.2

T3_15_degC 15 288.16 15.01 15.2 0.2

T4_0_degC 0 273.16 0.01 0.0 0.0

dcc:column

XMLList

columns

Table: tableId=nn125 refId=item2

- Cert. No
- Supplier Name
- Equipment Id no. 
- Calibration date 
- Error Results
- Uncertainty(ies)

Instrument 
Database:

Sub 
elements

Column 
attributes

metaType main CalibrationPoint main main main main

colType customerTag referenceResult referenceResult referenceResult DUTIndication DUTBias

measurandType identification
temperatureAbsol
ute

temperatureAbsol
ute temperatureAbsolute

temperatureAbsolut
e

temperatureDif
ference

dcc:heading Calibration Point
Reference 
Temperature

Reference 
Temperature in 
instrument units

Instrument 
indication  

Instrument 
Error

si:unit \degreecelcius \kelvin \degreecelcius \degreecelcius \degreecelcius

T0_0_degC 0

T1_15_degC 15

T2_25_degC 25

T3_15_degC 15

T4_0_degC 0

dcc:column

XMLList

columns

Table: tableId=nn125 refId=item2

DCR generated by client DCC generated Cal. Lab.

DB_ID DCC_LOC

Cert. No XPath1/…

Meas.val. XPath2/…

Equip. ID XPath3/…

Result1 TableID,itemID, scope, category, measurand, unit, (row)

Uncert1 TableID, itemID, scope, category, measurand, unit, (row)

Mapping table

DCR send 
to Cal. Lab.

DCC Send to Client

Mapping is 
used to 
import data 
from DCC



Implementation
is available:

https://github.com/
TC-IM-1448/DCC-Tables

dcc.xsd  - Schema file.

3 python files implementing 
• the necessary functions to 

interface with Excel
• A python API to query data 

from DCC’s 

https://github.com/TC-IM-1448/DCC-Tables
https://github.com/TC-IM-1448/DCC-Tables


Next steps
International Harmonisation discussed in EURAMET 
Project TC-IM 1448 WP1.

Testing of DCC Tables and comparison to DCC 3.X is 
initiating this autumn. In collaborations between DFM, 
DTI FORCE Technology and Danish pharma-industry 
(Novo Nordisk) as well as accredited labs e.g. DANDIAG 
(pipettes). 

DCC2GO: https://github.com/DCC2GO-Project
Keep updated on the danish webpage to coordinate 
and disseminate information about DCC to Danish 
stakeholders. 

www.daniamet.dk/dcc

https://github.com/DCC2GO-Project


To TI for hosting todays event. 
To Danish collaborators, TI, FORCE, Novo Nordisk, DANDIAG etc. 
To International collaborators at PTB, TC-IM 1448, DCC2GO and other fora. 
To audience for listening.  

Contact: David Balslev-Harder (dbh@dfm.dk)
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