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Abstract—In order to access trends on defined topics of 

interest, analysis of patent databases is becoming everyday 

practice. In addition, companies analyse patent data and use 

the obtained results for making market strategies and R&D 

plans. As food storage safety is one of the most arguable 

topics in the last decade, this paper shows qualitative and 

quantitative analysis of patent portfolio created on this topic 

using publicly available patent search engines. Conducted 

patent analytics can be used by not only marketing function 

in the food safety industry, but also to determine trends 

driven by customers’ demands on food traceability.  

Keywords— food quality, food safety, food storage, patent 

analysis, text mining, technology analysis 

I. INTRODUCTION 

Limited natural resources (land, water, energy) and 

cost-effective solutions, capable to produce sufficient, 

safe and nutritious food for all, are priorities of the 

modern world [1]. Another important problem, with 

which modern society has to deal with, is food waste. 

Conducted studies suggest that the largest part of food 

waste occurs at the consumer level [2], which can happen 

due to various reasons like: shopping and consumption 

behaviour (especially the weekly grocery shopping habit) 

to food safety issues. Also, during all phases of food 

product life cycle, large amount of food waste can occur, 

which is a fact that can not be ignored. Regarding food 

safety, critical factors are: poor and unhygienic handling 

as well as inappropriate storage conditions [3]. Improper 

storage is one of the top factors of major routes of food 

handling failures [4]. Many people are not aware of the 

importance of storing food at the right temperature [3]. 

Another problem are also food storage places 

(refrigerators, etc.) which are often too warm [5], [6]. In 

order to improve food storage quality there are different 

patents that can be used, but first, patent analytics should 

be done in order to be aware of the technology status.  

 

 

Patent analytics can help companies involved in 

different phases of food product life cycle (production, 

distribution, processing, sale of food products, etc.) to 

improve their practice. By carrying out the analysis of 

patent historical data, its citations, relations in complex 

citation trees, and International Patent Classification (IPC) 

for technologically similar assignees, the firms can 

develop their own R&D directions.  

There are several research papers that use patents as a 

proxy of agriculture subfields. For example, one study 

found that innovators are clustered in agriculture, water, 

food, and bioenergy innovation ecosystems in Colorado 

using patent data [7]. Investigation on quality, and 

composition of agricultural biotechnology intellectual 

property rights of major agricultural biotechnology firms 

and their subsidiaries (Dow, DuPont, Monsanto, BASF, 

Bayer, and Syngenta) were done according to the patents 

from the USDAERS and the Agricultural Biotechnology 

Intellectual Property Database [8]. Also, a thorough 

survey of the food safety innovation case studies is 

represented in [9]. 

This paper analyses the current patent status in the 

food storage safety field. Patent portfolio consists of 

patents in the domain of food storage safety. Patents are 

extracted by using Espacenet (EPO) and Google patent 

search engines. The generated patent portfolio analysis 

consists of the trend analysis, favour technology fields 

identification, classification and visualisation of 

application groups in technology space, as well as patent 

quality valuation.  

The paper is structured as following: Data acquisition 

and the methodology that has been used for patent 

bibliographic data research, including classification of 

technology applications, is given in the second section. 

Analysis of the generated food storage safety patent 

portfolio is presented in the third section. Discussion and 

conclusion make the last section, which explains the 

obtained results and gives appropriate conclusions. 
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II. DATA ACQUISITION AND METHODOLOGY 

The subject of this paper is the patent portfolio 

consisting of patents focused in the domain of food 

storage quality. This patent portfolio was generated by 

browsing with publicly available patent search engines, 

including Espacenet (EPO) and Google patent search. 

Firstly, a set of keywords was defined and applied on the 

abstract section of patents. Each selected abstract had to 

have at least one term from the keywords set, which 

contained required terms such as: food, quality, storage; 

and optional terms: monitoring, tracking, analysis, IoT 

(Internet of Things), wireless, and similar. Besides, we 

have implemented an additional keyword set that consists 

of terms such as: not bacteria, not gene, not acid, etc., in 

order to exclude patents that mentioned these less 

relevant subjects and more related to health or pharmacy. 

Finally, we filtered out all inactive patents. As a result, 

we created a patent portfolio named FSS (Food Storage 

Safety) with 31 documents, consisting of either granted 

patents or pending patent applications. 

The generated FSS patent portfolio is further 

classified according to the domain of the application 

criteria. This classification is based on an engineer 

specialist review of the most frequent terms found in the 

patents’ abstracts. The classification of the portfolio 

according to the domain of application has four groups:   

1) Food monitoring; 2) Food control systems; 3) Storage 

control, and 4) Food analysis. 

Analysis of the FSS patent portfolio consists of 

evaluation of the following characteristics: 

 Patent applications trend; 

 Most frequent IPC groups and subgroups used; 

 Patent quality valuation using citations, family size 

and the first claim’s length; 

 Classification of patents into technology 

application groups; 

 Visualization of patent application groups in the 

technology space. 

Except the last one, all evaluation steps of the FSS 

patent portfolio analysis use simple statistical procedures. 

However, the preparation of visualization for patent 

application groups in the technology space requires the 

usage of an automated text mining procedure. Only the 

first independent claims from each patent document were 

used for text mining purposes. The claims represent the 

most important section of the patent document. Their 

purpose is to define the subject matter and the scope of 

the invention. The independent claim contains all 

essential features necessary to satisfy the legal 

requirements of novelty and inventive steps of the 

invention.  

This automated processing of the FSS patent dataset 

is implemented using the Python programming language 

and consists of the following main phases: text 

preparation, text pre-processing, text transformation into 

vector representation and vector dimension reduction. 

During text preparation, claims were extracted from a 

publicly available patent database. Text pre-processing 

from the claim list includes removing punctuation marks, 

removing all words and tags shorter than three characters, 

excluding all tags containing digits, converting all letters 

in words to lowercase letters and filtering “stop” words. 

Besides the usual “stop” words like conjunctions, 

pronouns, and suggestions, specific words that are 

characteristic for claim language, such 

as ’method’, ’system’, ’comprising’, ’wherein’, etc., are 

also filtered out. Each individual claim was transformed 

into a single vector using a neural network, resulting in a 

series of numerical vectors, where each vector represents 

a corresponding claim. This transformation was 

conducted using a learning technique called Paragraph 

Vector (PV) [10], which can be utilized on text of 

arbitrary length. This way, models for predicting the next 

word were formed, depending on its preceding words that 

maximize log probability, while their combination 

generated a vector representation of the segments in the 

text. Resulting vectors have had large dimensions not 

suitable for graphic presentation. For this reason, the 

dimension of the PV abstraction vector was reduced to 

only two coordinates. The reduction of PV abstraction 

vectors was performed using Multidimensional scaling 

(MDS) [11]. The inputs of the MDS were proximity data 

between PV items given by a dissimilarity matrix. MDS 

mapped PV items to a two-dimensional embedding space 

in a way that the given dissimilarities became well 

approximated inter-item distances. The two-dimensional 

coordinate space output of MDS mapping was used for 

visualization of the patent set. 

III. THE FOOD STORAGE SAFETY PORTFOLIO ANALYSIS 

A. Patent applications trend 

Monitoring, analysis and control of food quality using 

primary wireless technologies is a new concept. For the 

observed period (2011-2017), an annual count of filed 

patent applications for the FSS portfolio is shown in Fig. 

1. In the last four years (2014-2017), the number of 

patents in this area has shown an increase. However, the 

last observed year has experienced a significant leap, 

which confirms growth in the attractiveness and research 

efforts in this field. 

 

Fig. 1 The annual application trend of patents in the FSS portfolio 

The countries with the higher number of submitted 

patent applications in the period from 2010 to 2017 are 

shown in Fig. 2. The presented bar chart shows that the 

majority of patent applications are being submitted in 

China and United States. This fact is expected because 

the majority of patent assignees from FSS portfolio are 

companies from China. 
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Fig. 2 Main countries of submitted patent applications in FSS portfolio 

B. Most frequent IPC groups and subgroups 

Patent documents in patent databases are sorted into 

technical fields covering all technological areas. Patents 

are sorted by different classification systems, from which 

the IPC system is most frequently used. Currently, IPC 

divides technology into approximately 70,000 sub-areas. 

Every patent, depending on the technical broadness of the 

covered invention, may have several IPC codes assigned 

to it. The FSS patent portfolio is characterized with six 

representative IPC groups. Table I shows these main six 

IPC groups, together with an explanation of each code 

and a count of its appearance in the portfolio’s patents. 

From the code explanations given in the table, it can be 

observed that the first four categories are dominantly 

represented in this portfolio. They characterize systems 

that are being used for administration, management and 

commercial purposes, and also systems that can analyse, 

and monitor the given input information. 

TABLE I MAIN IPC GROUPS 

IPC 

group 

Code explanation # patents 

G06Q10 
Administration; Management 

[2012.01] 
7 

G01N33 

Investigating or analysing materials 

by specific methods not covered by 

groups G01N1/00-G01N31/00 

[2006.01] 

6 

G06Q30 
Commerce, e.g. shopping or e-

commerce [2012.01] 
6 

G06Q50 

Systems or methods specially adapted 

for specific business sectors, e.g. 

utilities or tourism (healthcare 

informatics G16H) [2012.01] 

6 

 

In the IPC classification system, technological group 

codes were further separated in dozens more detailed 

subgroups. A precise overview of technological fields is 

visible through IPC subgroups present in the FSS 

portfolio. Table II contains an explanation of the most 

frequent IPC subgroups in the portfolio. From Table II 

and Fig. 3, we can see that the observed patents are 

mostly focused on three aspects. The most dominant 

aspect covers food shopping, commerce and logistics, 

including time management, and management of human 

or machine resources. Another topic is the measurement, 

monitoring, analysis and information retrieval. This topic 

is uniformly distributed over the portfolio. However, the 

third topic is given in even more detail, specifying the use 

of different digital communication networks and analysis 

by optical means that produce a change of colour. 

TABLE II IPC SUBGROUPS 

IPC code Code explanation # patents 

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

commerce 
8 

G01N33/02 Food  6 

G06Q10/08 

Logistics, e.g. warehousing, 

loading, distribution or shipping; 

Inventory or stock management, e.g. 

order filling, procurement or 

balancing against orders 

4 

G06F17/30 
Information retrieval; Database 

structures therefor 
4 

G01D21/02 

Measuring two or more variables by 

means not covered by a single other 

subclass 

3 

G06Q10/06 

Resources, workflows, human or 

project management, e.g. 

organizing, planning, scheduling or 

allocating time, human or machine 

resources; Enterprise planning; 

Organizational models 

3 

G06Q50/02 Agriculture; Fishing; Mining 3 

F25D29/00 
Arrangement or mounting of control 

or safety devices 
3 

G05B19/048 Monitoring; Safety 3 

G01N21/78 ... producing a change of colour 2 

H04L12/28 

... characterized by path 

configuration, e.g. local area 

networks [LAN], wide area 

networks [WAN] 

2 

 

 

Fig. 3 IPC subgroups Data Chart 

C. Technology application classification and 

visualization 

Thanks to the review of IPC groups and subgroups 

found in the portfolio, one can easily identify the major 

topic covered by the contributing patents. Still, this 

analysis cannot find the answer to the question: Which 

main technology applications are present? We can reach 

the solution using two different approaches: computer 

based automatic procedure using text mining and 

documents’ reviewing by engineers – specialists in the 

field. We realized that both approaches are based on the 

idea to use the results of specialist patents’ grouping as a 

tool for verification of classification quality of the 

algorithmic approach. Specialist’s classification is done 
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based on quick reviewing of patents’ abstract and the first 

claim. The automatic procedure, which is described in the 

second section, only uses the text of the first claim as its 

input, from all patents from the FSS portfolio. The 

specialists review resulted in classification of patents into 

four groups: 1) Food monitoring; 2) Food control systems; 

3) Storage control, and 4) Food analysis. Fig. 4 shows the 

percentage representation of these four groups, 

considering the 31 patents of the FSS portfolio. The food 

control systems is the smallest group, while the other 

three groups have a more or less balanced size. 

 

Fig. 4 Percentage shares of technology application groups in the FSS 
portfolio 

Visualization of technology space transformed into a 

two-dimensional space is shown on Fig. 5. The scatter 

diagram represents 31 patents in the technology space 

obtained by the described semantic text analysis 

procedure. Groups for storage control and food control 

systems are separated and clustered in their technological 

space. Food monitoring and food analysis groups are 

represented as partially covered clusters. Having in mind 

that most of the patents from food analysis groups 

contain monitoring functions, the concentration of the 

food monitoring group inside of the food analysis cluster 

is expected. 

 

 

Fig. 5 Distribution of the FSS patent portfolio by technology application 
groups 

In order to present the content more closely, 

functionality and applicability of each application group, 

as well as the selected representative patent of each group 

are shortly described. Positions of selected patents are 

marked on Fig. 5. The food monitoring group is 

represented by the CN107944719 patent application titled 

“Food supply and quality supervision and tracing system”, 

filed in 2017. The application describes food quality 

supervision and a traceability system with information 

management platform comprising food quality, 

traceability and purchase of related information that 

covers food from raw material cultivation to processing 

and sales. The food control group is covered by the utility 

patent application CN206863556U titled as “Grain depot 

intelligent management device” from 2017. This 

application discloses an intelligent management device 

for grain storage, which comprises a real-time monitor, 

and control and quality inspection of the whole grain 

warehousing process. As a representative of the storage 

control group, US 9,279,611 patent “Intelligent 

refrigerator based on internet of things and application 

system thereof” was selected, filed 2012. The patent 

claims an intelligent refrigerator based on Internet of 

Things, comprising a control, processing and touch 

display module for man-machine interaction. Finally, the 

food analysis group is represented by the 

US20130214938A1 patent application titled “Method and 

system for monitoring quality of food”, filed in 2010. It 

discloses a method for monitoring food quality using a 

sensor tag attached to a container or palette, measuring 

the quality index of items and distributing the quality 

index and price to the distribution company server. 

D. Patent quality valuation 

In the literature [12], [13], it has been highlighted that 

there is correlation between the value of a patent and the 

number of citations of the patents. Moreover, there is a 

positive correlation between the applicability of a patent 

and the number of its citations. A patent citation can 

distinguish those patents that are influential, that have a 

dominant technology, or to point out the most important 

companies. Due to these reasons, forward citations have 

been used as a predictor of patent’s technological 

significance.  

The length of the first claim and the patent family size 

are yet another bibliographic data useful in the patent 

quality assessment process. The simple patent family is a 

set of patents taken in various countries to protect a single 

invention [14]. Size of the patent family represents the 

importance of a technology and reveals potential markets 

[15], [16]. Consequently, if a patent has a larger family, 

we may assume that attractiveness of the protected 

invention / technology is higher.  

The claim length can be proposed to serve as an initial 

measurement in determining the scope of claims [17]. 

From a legal point of view, each word in a claim 

introduces a further legal limitation upon its scope [18]. 

The longer claims often contain a greater number of 

specific technical characteristics that require a higher 

level of complexity and realization efforts. From previous 

researches we may conclude that simplicity of the patent, 

https://en.wikipedia.org/wiki/Patent
https://en.wikipedia.org/wiki/Invention
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i.e. patented invention is inversely proportional to the 

length of the independent claim. 

Table III shows four patents in the FSS portfolio that 

have been cited by other patents in the past years. In 

order to take into account the patent duration, citation per 

year is calculated as a ratio between the total count of 

citations and patent duration in years. The most cited and 

the most influencing patent is US 6,609,078. It claims a 

system and method for determining a food product index 

of products contained within many refrigeration cases. 

Furthermore, from the title of the listed patents in Table 

III, we can conclude that all of them are focused on food 

quality monitoring. Also, it is interesting to note that the 

assigned country of all cited patents is always United 

States.  

Besides citations data, Table III contains data about 

the length of the first claim (in characters) and the patent 

family size. The average length of the first claim for all 

patents in the FSS portfolio is 1525 characters. It should 

be noted that the length of all cited patents is significantly 

smaller than the portfolio average. 

The relation between the simple family size and the 

first independent claim length of patents in the FSS 

portfolio is shown in Fig. 6, from which we may observe 

that patents with shorter claims have a larger family size. 

In other words, the simpler patents are present at more 

potential markets. Three most cited patents are marked on 

Fig. 6. As expected, all three patents are placed in the 

lower part of the plot. We may conclude that highly cited 

patents are patents characterized as the simple ones, i.e. 

patents which protect less complex and easier to realize 

inventions. 

IV. DISCUSSION AND CONCLUSION 

Through analysing of the food storage safety patent 

portfolio patents’ data, we come to a conclusion that 

China and the United States are the two main countries, 

when concerning patent applications in this field. We 

demonstrated that the biggest and most increasing 

number of patents for food storage safety is in the last 

four years. Also, IPC group codes proved that this 

portfolio covers systems used for commercial and 

management purposes, and also systems that can analyse 

and monitor the given input data. The most dominant 

topic extracted from IPC subgroups covers food shopping 

and logistics, including resource management. 

Technology applications presented in the food storage 

safety patent portfolio are analysed using two different 

approaches: 1) a computer based automatic procedure 

using text mining of the first claim in each patent; and 2) 

a quick patent documents’ reviewing by an engineer – 

specialists in the field. As a result of the specialists 

review, the patent portfolio is divided into four almost 

balanced groups. The visualisation of the patent 

application groups in the technology space obtained by 

the described semantic text analysis shown very good 

matching between two analytical approaches. 

Moreover, the citation analysis identified a highly cited 

patent that claims a system and method for dynamic 

quality tracking of food products contained within 

refrigeration cases. Finally, we found proof to claim that 

highly cited patents are patents characterized by their 

claim simplicity. 

Although the created food storage safety patent portfolio 

is small and highly specialised, there are traces of 

significant increases of patent applications and industrial 

attractiveness. This trend is driven by customers’ 

demands on food traceability and the rising involvement 

of wireless and IoT technologies.  

 

Fig. 6 Family size vs. 1st claim length: the FSS patent portfolio 

 

TABLE III FORWARD CITATION OF PATENTS FROM THE FSS PORTFOLIO 

Patent number Title Year 

Family 

size 

1st claim 

length 

[char] 

# 

citations 

Cited 

per 

year 

US6609078 Food quality and safety monitoring system 2001 4 891 62 3.6 

US20130214938

A1 
Method and system for monitoring quality of food 2011 

8 1020 
20 2.8 

US20050028539

A1 

System for remote refrigeration monitoring and 

diagnostics 
2004 

9 386 
23 1.6 

US9477962 Monitoring food products 2014 2 1141 1 0.3 
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