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Abstract 
 

The traceability of the measurement result as one of the foundations of trust in the measurement 
results, and thus metrology in general, is also exposed to the opportunities and challenges of 
information and communication technology, i.e. digital transformation. 

Namely, according to [1], some future trends are already apparent:  

- the move to an increasingly paperless world, including reduced use of paper money;  

- continued introduction of digitization in all areas;  

- redefinition of the SI is likely to lead to increased availability of intrinsic standards;  

- the “internet of things” will lead to increased size and complexity in measuring systems, with a 
proliferation of sensors; and 

- artificial intelligence will become an increasingly important feature in the software of measuring 
instruments. 

and is clear that in the future how calibration and verification is performed will have to adapt to meet 
these developments. 

According to [1], the digital transformation of scientific, industrial and legal metrology activities 
requires a holistic approach that includes all relevant aspects and activities: (re)calibration, (re)testing, 
(re)certification, (re)verification/inspection, market surveillance, accreditation, standardization.  

Thereby, the so-called FAIR+T approach is recommended for the data. It should be: Findable, 
Accessible, Interoperable, Re-usable, Traceable. Some issues must be resolved technically and the 
blockchain technology seems to have needed properties, Table I. 

Although not requested by digital transformation, there is also an inherent smart contracts mechanism 
in blockchain from which measurement traceability could profit. Namely, smart contracts are 
programs stored on a blockchain that run when predetermined conditions are met. They are typically 
used to automate an agreement's execution so that all participants can be immediately certain of the 
outcome, without an intermediary’s involvement or time loss. They can also automate a workflow, 
triggering the following action when conditions are met [2]. They could be used for automated 
decision-making about (un)successful calibration process, and for recording the decision on the 
blockchain in the form of a digital certificate. To be smart contract enabled, some technical 
prerequisites are imposed on measuring instruments and systems. 
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Conclusively, blockchain should ensure traceability of measurement results from the measured 
quantity and sensors up to the definition of the measurement unit, through all levels of the metrology 
pyramid, providing insight into the digital calibration documents as vertical links between adjacent 
pyramid levels. In addition, it is technically feasible to ensure horizontal traceability as well, i.e. provide 
insight into a chronological succession of reliable measurement results. 

 

Table I. Blockchain as an answer for digital representation in metrology processes 

Requirements for digital representation in 
metrology processes, [3] 

Blockchain properties Recommendations/possible 
issues 

Contain all relevant information for 
conformity assessment, verification, market 
surveillance in a machine-readable way 

Data comprised in 
blockchain transactions 

The amount of data could be a 
problem. It is needed to 
use/store data in databases 
outside the blockchain. 
 

Contain all relevant information for 
customers to gain trust and confidence in 
the products and quality measures 
Know the relevant standards and 
regulations, and provide machine-readable 
information about it 

Blockchain uses 
machine-readable 
information only 

It is necessary to make 
relevant standards and 
regulations also machine-
readable 

Provide machine-readable interfaces for 
users and manufacturers to enable „smart 
quality assurance“ 

- 

Combine machine-readable documents and 
certificates, enable automation of digital QI 
processes 
Are secured and validated to provide access 
to information only to eligible parties 

Blockchain uses 
asymmetric 
cryptography to grant 
access to users. 

To limit who can have access, 
a private blockchain network 
is recommended. 

Not requested, but could be an additional 
benefit 

Smart contracts as 
programs stored on a 
blockchain. 

Automated decision-making 
and recording of the decision 
on the blockchain 

 

Acknowledgements 
 
This lecture is fully supported by Croatian Science Foundation under the project: "Power system 
disturbance simulator and non-sinusoidal voltages and currents calibrator IP-2019-04-7292". 
 
The authors gratefully acknowledge also the contribution of the Trublo consortium, for additionally 
improving the lecture content through the Metroracle project activities. 

 

References used in abstract 
 

[1] OIML and BIPM, “National  Metrology  Systems: Developing  the institutional  and legislative 
framework”, 2021, https://www.bipm.org/documents/20126/42177518/National-Metrology-
Systems.pdf  

[2] IBM, “Smart contracts defined”, 2021, https://www.ibm.com/topics/smart-contracts  

https://www.bipm.org/documents/20126/42177518/National-Metrology-Systems.pdf
https://www.bipm.org/documents/20126/42177518/National-Metrology-Systems.pdf
https://www.ibm.com/topics/smart-contracts


[3] OIML, “Webinar: Digital Transformation in Legal Metrology”, 2021, 
https://www.oiml.org/en/events/oiml-seminars/digital-transformation/docs/oiml-digital-
transformation-webinar-presentations.pdf  

 

https://www.oiml.org/en/events/oiml-seminars/digital-transformation/docs/oiml-digital-transformation-webinar-presentations.pdf
https://www.oiml.org/en/events/oiml-seminars/digital-transformation/docs/oiml-digital-transformation-webinar-presentations.pdf


Other references that will be used for lecture (of course, it will be updated according to the 
final version of the lecture) 
 

[1] Wilson S. Melo, Luiz V.G. Tarelho, Bruno A. Rodrigues, Alysson N. Bessani, Luiz F.R.C. Carmo, Field 
surveillance of fuel dispensers using IoT-based metering and blockchains, Journal of Network and 
Computer Applications, Volume 175, 2021 

[2] Mammadzada K., Iqbal M., Milani F., García-Bañuelos L., Matulevičius R. (2020) Blockchain 
Oracles: A Framework for Blockchain-Based Applications. In: Asatiani A. et al. (eds) Business Process 
Management: Blockchain and Robotic Process Automation Forum. BPM 2020. Lecture Notes in 
Business Information Processing, vol 393. Springer 

[3] Na, D.; Park, S. Fusion Chain: A Decentralized Lightweight Blockchain for IoT Security and Privacy. 
Electronics 2021, 10, 391. https://doi.org/10.3390/electronics10040391 

[4] Toshiyuki Takatsuji, Hiroshi Watanabe, Yuichiro Yamashita, Blockchain technology to visualize the 
metrological traceability, Precision Engineering, Volume 58, 2019 

[5] W. S. Melo, A. Bessani, N. Neves, A. O. Santin and L. F. R. C. Carmo, Using Blockchains to 
Implement Distributed Measuring Systems, in IEEE Transactions on Instrumentation and 
Measurement, vol. 68, no. 5, pp. 1503-1514, May 2019 

[6] Oyinloye, D.P.; Teh, J.S.; Jamil, N.; Alawida, M. Blockchain Consensus: An Overview of Alternative 
Protocols. Symmetry 2021, 13, 1363 

[7] Md.A. Uddin, A. Stranieri, I. Gondal, V. Balasubramanian, A Survey on the Adoption of Blockchain 
in IoT: Challenges and Solutions, Blockchain: Research and Applications, 2021 

[8] Mohammed S. Gadelrab, Reham A. Abouhogail, Towards a new generation of digital calibration 
certificate: Analysis and survey, Measurement, Volume 181, 2021 

[9] D. Peters, J. Wetzlich, F. Thiel and J. Seifert, Blockchain applications for legal metrology, 2018 IEEE 
International Instrumentation and Measurement Technology Conference (I2MTC), 2018 

[10] S. Hackel, F. Hartig, J. Hornig, T. Wiedenhofer, The digital calibration certificate, PTB - 
Mitteilungen Forsch. Prufen 127 (Dec. 2017) 75–81. 

[11] Moni, M.; Melo, W., Jr.; Peters, D.; Machado, R. When Measurements Meet Blockchain: On 
Behalf of an Inter-NMI Network. Sensors 2021 

[12] W. Melo, R. C. S. Machado, D. Peters and M. Moni, Public-Key Infrastructure for Smart Meters 
using Blockchains, 2020 IEEE International Workshop on Metrology for Industry 4.0 & IoT, 2020 

[13] W. Melo, L. F. R. C. Carmo, A. Bessani, N. Neves and A. Santin, How blockchains can improve 
measuring instruments regulation and control, 2018 IEEE International Instrumentation and 
Measurement Technology Conference (I2MTC), 2018 


	Blockchain for digital transformation of metrology
	Abstract
	Acknowledgements
	References used in abstract
	Other references that will be used for lecture (of course, it will be updated according to the final version of the lecture)


	Recommendations/possible issues
	Blockchain properties
	Requirements for digital representation in metrology processes, [3]

