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Abstract— The paper deals with analysis of blockchain technology application in domain of products traceability in food supply chain. Patent databases are used as data information source. Analytical approach uses basic statistical procedures on patent bibliographic data as well as an international patent codes (IPC) processed with term frequency-inverse document frequency algorithm. The analysis, performed on the created patent portfolio, consists of the trend analysis, identification of technologies and application areas and detection of the most valuable patents. The portfolio analysis is used for better understanding of directions of applying blockchain technology in the food supply chains.
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I.  Introduction 

Patents are an important strategic company’s intangible asset. Moreover, patents are source of technical, legal, business and public policy related information. Technical information of patents is derived from the description and drawings of the invention; legal from the patent status and claims; business-relevant information from bibliographic data identifying the inventor, assignee, applications authorities, date of filing, etc.; and public policy relevant information from a filing trend. Various tools using statistical, text mining and visualization techniques have been developed to assist patent analysis. These techniques have a goal to support decision making process and present patent information in a pictorial and easily understandable way. More precisely, their tasks are to analyze technology trends or patenting trends, technology forecast or planning technology strategies, and patent quality classification or assessment [1-5]. 
Ensuring traceability during food production is one of the legal obligations for food producing entities [6, 7]. Primary role of traceability in food supply chain is to enable the withdrawal of products for which non-compliance with food safety standards is detected. The other goal of traceability monitoring is to provide necessary data required to determine where and why the non-compliance occurred in food supply chain.

Blockchain technology is developed to facilitate the process of data recording and product tracking ensuring data reliability. Although blockchain technology is initially developed for cryptocurrency operations, the same application could be used to secure all information during food production and distribution in a way that ensures its quality and safety. 

This paper analyses the current status of patents and the blockchain technology applications in domain of products traceability in food supply chain. The generated patent portfolio analysis consists of the trend analysis, identification of technologies used and application areas, along with detection of the most valuable patents.

Present paper is structured in several sections. The following one contains data acquisition and methodology that has been used for patent data analysis. Afterwards is given a detailed description of the characteristics of created patent portfolio for the products traceability in the food supply chain using blockchain technology. This section also contains the analysis of patent application trends in general and by the leading countries, as well as the analysis of technologies used and application areas using the most frequent IPC codes and identification of the most valuable patents. The last section of the paper gives appropriate conclusions.
II. Data collection and methodology
In the first step of this methodology, patents are extracted from commercial patent database available through PatSnap software platform [8]. In order to generate the patent portfolio, we extracted active granted patents and applications using search consisting of the following keywords: blockchain, traceability and food supply chain. We created a patent portfolio named Food Traceability and Safety using Blockchain – FoTSuB with 82 documents, consisting of 9 active granted patents, 9 utility models and 64 pending patent applications in different phases.

After the step of generating the patent portfolio, we continued with the analysis of the FoTSuB patent portfolio. The analysis consisted of evaluation of the following characteristics:

· Patent application trends by countries of application;

· Review of the most frequently used codes from International Patent Classification (IPC);

· Analysis of technologies used and application areas using the IPC codes; and
· Detection of the potentially most valuable patents or applications in the portfolio on the basis of patent family size and patent forward citation. 

III. Patent portfolio analysis
Aiming to describe a selected patent portfolio following features are presented: observed trends in applications of the patents, identification of technologies and their applications using the most frequent IPC codes, detection of the potentially most valuable patents or applications in the portfolio.

A. Patent applications trends

The total annual count of published patent applications of the portfolio points showed a significant increase from 2019 year onwards (Fig. 1). Considering that the practical application of the blockchain technology begins at the end of the first decade of this century, recorded trend is expected. Similar finding stated that increase of patenting trends in application of blockchain in providing traceability in supply, in general, started since 2017 [9]. 
The number of patent applications by countries (Fig. 1.), points out that the highest number of applications was filed in China and India. Number of filled applications in the US is significantly lower positioning this country only in third place. European Patent Office has only 7 % of initially filed applications. When looking at the application trends in the countries with the most applications (Fig. 1), India has the largest increase in last years.

High number of filed patents from China and India could be attributed to different factors related to socio/economic development in these parts of the world. Firstly, it might be the consequence of rapid economic development, development of GSM and satellite communication tools which enable overcoming a lack of missing “classic” infrastructures. At the other hand, increased consumption of processed food which increases awareness of food safety in these countries can also be a contributing factor to a higher interest for patenting in this field. The fact that China is striving towards its independence from foreign technology in IT sector it also might be listed as a reason explaining a higher patenting activity in this country and focused sector [10]. 
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Figure 1. Publication trend in countries with highest number of applications
B. Analysis of technologies used and application areas using the most frequent IPC codes
Patent documents in patent databases are classified into different classification systems that represent hierarchical organized structure of technical fields covering all technological areas. IPC classification system is the most frequently used. Every patent, depending on the technical broadness of the covered invention, may have several IPC codes assigned to it. In the IPC classification system, technological group codes were further separated in dozens more detailed subgroups. Our patent portfolio is characterized with eleven representative IPC subgroups. Table I contains an explanation of these eleven the most frequent IPC subgroups in the portfolio, together with an explanation of each code and a count of its appearance in the patents’ portfolio. From the code explanations given, it can be observed that these categories dominantly characterize logistics, e-commerce, resources management, agriculture, food, payment protocols, data encryption and secure transactions. If we more closely consider all IPC codes in all patents of the portfolio, it is possible to recognize most dominant technologies applied and its applications. The bar chart on Fig. 2 presents top technologies found in the portfolio including: food supply, food products, blockchain, traceability, etc.

In Tab. I and Fig. 3 can be seen that the observed patents are mostly focused on three application aspects. The most dominant application deals with food distribution and resources management. Second possible application can be the e-commerce. Third easily recognized application is securing and encrypting communication data needed for the payment transactions. Presented results of the frequent IPC codes analysis suggest that patents in our FoTSuB portfolio describe problems of traceability of food throughout the whole food chain and, therefore, represent appropriate selection. 
TABLE I.  Main IPC subgroups

	IPC code
	IPC subgroup code explanation
	# patents

	G06Q10/08
	Logistics, e.g. warehousing, loading, distribution or shipping; Inventory or stock management, e.g. order filling, procurement or balancing against orders
	34

	G06Q30/00
	Commerce, e.g. shopping or e-commerce
	19

	G06Q10/06
	Resources, workflows, human or project management, e.g. organising, planning, scheduling or allocating time, human or machine resources; Enterprise planning; Organisational models
	17

	G06Q50/02
	Agriculture; Fishing; Mining
	15

	G06Q30/06
	Buying, selling or leasing transactions
	9

	G01N33/02
	Food
	8

	G06Q20/38
	Payment protocols
	8

	H04L9/06
	The encryption apparatus using shift registers or memories for blockwise coding, e.g. D.E.S. systems
	7

	G06F21/64
	Protecting data integrity, e.g. using checksums, certificates or signatures
	5

	G06N20/00
	Machine learning
	5

	H04L9/32
	Cryptographic mechanisms or arrangements for secret or secure communications including means for verifying the identity or authority of a user of the system
	5
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Figure 2. The most dominant technologies in the FoTSuB porfolio
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Figure 3. The most dominant application domains of the FoTSuB porfolio
C. Identification of the most valuable patents

The most valuable patents from the FoTSuB portfolio, characterised with sum of family size and forwards citation over 15 is provided in Table II. 
TABLE II.  The most valauble patents with IPCs
	Application Number
	Title
	IPC
	Family size
	Citariom

	CA2776577
	A system and method establishing an agricultural pedigree for at least one agricultural product
	G06Q50/02
A01G7/00
A01K29/00
	13
	90

	EP2008875543
	High-reliability product/activity tracking system
	G01S5/00
G01S19/14
	10
	24

	EP2017761847
	System and method for determining or monitoring a process variable in an automation plant
	H04L29/06
	6
	22

	US16/386147
	DNA Based Bar Code for Improved Food Traceability
	G01N33/02 C12Q1/686 C12Q1/6806 A23L29/00 C12N15/10 C07H21/04 A23L35/00
	6
	19

	US17/159123
	Food Supply Tracking, Verification, and Feedback System
	A01K29/00 G06Q50/02 | H04L9/06  G06Q10/08
	8
	14

	AU2020203178
	A Machine Type Communication System or Device for Recording Supply Chain Information on a Distributed Ledger in a Peer to Peer Network
	G16Y40/35  G06Q10/08  H04L9/32 H04L12/46 H04L9/08
	4
	14

	EP2019823567
	Systems and methods for permissioned blockchain infrastructure with fine-grained access control and confidentiality-preserving publish/subscribe messaging
	H04L9/08 H04L9/06
	6
	10

	CN201811587331.4
	Food tracing and query analysis system and method based on an HACCP system
	G06Q10/06 G06F16/9038
	1
	15

	EP2019892440
	System, device, and process for tracking product
	G01N33/02 G06Q50/28 H04L9/06 H04L29/08 H04W4/35
	6
	9


The most valuable patent in FoTSuB patent portfolio is covers the application of blockchain technology in establishing the agricultural pedigree of products in food supply chain. This finding points out at high potential of blockchain technology in provision of reliable traceability data in the case of products for which origin is relevant for the final user, such in a case of organic products, Halal products, Kosher products, products with geographic identification etc. [11-14]. 

Remaining patents are related to different approaches, systems, and devices supporting establishment of traceability in food supply chain. However, their value in terms of forward citation and family size is significantly lower. The low value of forwards citation of patents in the portfolio is an obvious consequence of the fact that patenting has recently started in the field covered by FoTSuB portfolio. On the other hand, low values for family size point out that patenting in this field is still mostly targeting local markets and user. This fact is a consequence of the presence of multiple barriers for application of blockchain in food supply chain including: technical, organizational, regulatory as well as human resources [15-22]. 
IV. Conclusions

Application of blockchain technology in food (agriculture) production and food supply chain started to increase rapidly from 2019, with leading countries being India, China and USA. Majority of IPC patents are in domain of logistics, management, commerce, resources planning and agriculture, while most dominant technologies were food supply and production, blockchain and traceability. 
The analysis of the most relevant patent points out at high potential of blockchain technology in provision of reliable traceability data in the case of products for which it’s represents a crucial trait for the final consumer. 
Based on the analysis it can be concluded that application of blockchain technology in food traceability is a promising field which is expected to develop and expand in the future.
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