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Abstract. Sustainable issues have become more serious due to the rapid devel-

opment of the global economy. Sustainable design is an approach for designing 

or creating sustainable products/solutions based on sustainable development 

principles. Patent documents contain a lot of useful inventive information which 

will be useful for sustainable product design. However, they are dense and 

lengthy due to excessive overladen technical terminology. Automatic text mining 

tool in patent analysis is therefore, in great demand to assist innovators or patent 

engineers in their patent search. The main focus of this work is to develop a patent 

mining prototype to extract sustainable design information from the patent data-

base and recommend potential solutions to the user by using Patent Mining and 

TRIZ. The TRIZ problem solving process and details of patent mining will be 

described in this paper. Patent mining techniques include tokenization, stop 

words filtering, stemming, lemmatization and classification. The patent mining 

techniques were implemented together with relevant sustainable design indica-

tors to identify patent documents that contained the most relevant sustainable de-

sign solution or suggestions. A sustainable design problem is illustrated in this 

paper to demonstrate how a TRIZ user can utilize the implemented patent mining 

techniques and sustainable design indicators to obtain a sustainable solution for 

a design problem. 
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1 Introduction 

With rapid development of the global economy, issues such as resource shortages, air 

pollution , etc., have become more prevalent [1, 2] and are major causes for sustaina-

bility-related problems. It has been suggested that AI be employed for sustainability 

and innovation [3] to support UN 2030 sustainable development goals [4]. Sustainable 

product innovation (to support sustainable development) is necessary to effectively ad-

dress such sustainability problem. Sustainable development includes ecological design, 

green or environmental design, and sustainable design [5]. Sustainable design is the 
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higher level of green and environmentally friendly design evolution with an end goal 

developing a sustainable product or solution [2]. The entire process encompasses a sys-

tematic adaptation or embedment of sustainable development principles [6].  However, 

challenges faced by designers stem from the lack of suitable design tools during con-

ceptual design phase [2, 7].  

Theory of Inventive Problem Solving (TRIZ) is an innovative problem-solving tool 

that fosters a systematic study of patterns of invention in the global patent literature [8]. 

It eliminates the need for compromise and trade-off caused by conflicts as well as con-

tradictions amongst different performance measures. Genrich Altshuller developed 

TRIZ in Russia [9] by analyzing huge amounts of patent documents because he recog-

nized the fact that ideas of invention and new concepts were in published inventions. 

Product innovation connotes a solved problem that we are trying to solve.  

Patent analysis [10-14] in high-tech management has become more prominent as the 

innovation process and innovation cycle becomes more complex and shorter, and there-

fore, resulting in an unpredictable and unstable market demand. Patents contain a lot of 

technical information which is a source for technological-scientific innovations. How-

ever, they are dense and lengthy due to verbose technical terminology and details. Such 

documents requires extensive as well as intensive manual analysis. The method of read-

ing or scanning the indexed patent documents to extract information from a long list of 

unprocessed results is a very time-consuming and is not a trivial process that involves 

careful manual selection. Data mining can be used to address this problem. Data mining 

is a system that automatically extract useful information from massive databases. Text 

mining of patent information or patent mining is similar to data mining, but for the full-

text patent analysis, it specifically  extracts useful knowledge from patent documents 

which typically comprises  poorly structured texts [15]. Automatic text mining tool in 

patent analysis is therefore, in great demand to assist innovators or patent engineers. 

A patent mining prototype is developed in this work to extract sustainability design 

information from a patent database and recommends Patent Mining and TRIZ solutions 

to potential users. . The focus would be primarily on the methodology of extracting 

textual information from patent documents using Python. In this paper, the TRIZ prob-

lem solving process, and patent mining which mainly focus on text mining process will 

be introduced in Section 1 and Section 2. The details of the implemented patent mining 

process such as tokenization, filtering, stemming and lemmatization and classification 

will be elaborated in Section 3. In section 4, sample results of the sustainable design 

recommendations will be displayed and discussed. This paper demonstrates how TRIZ 

can be applied together with patent mining in a consumer product example in Section 

5. Finally, this paper is concluded with some future work in Section 6.  

2 TRIZ Problem Solving Process 

The general process of solving an engineering problem is shown in Fig. 1. Engineers 

utilize all their knowledge and expertise to translate an engineering problem (specific 

problem) to a specific solution. In applying TRIZ problem solving, the TRIZ engineer-

ing contradiction is applied by defining an engineering problem in the form of 
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contradicting features (general problem) which will then propose a list of possible gen-

eral solutions in the form of inventive principles which are derived from learning re-

peating patterns of problems and solutions from patent information. From the suggested 

inventive principles which are actually general solution, the engineer will have to trans-

late these inventive principles into specific solutions for the engineering problem as 

shown in Fig. 2. However, it is a not an easy task to define the contradiction features 

i.e. map a specific problem to 39 improving and worsening features [7]. In other words, 

it remains a very challenging task for an engineer to translate the inventive principles 

(general solutions) to specific solutions. However, with some general ideas from the 

inventive principles, the task of finding a specific solution based on the inventive prin-

ciples is relatively easier compared to the problem solving process without TRIZ. How-

ever, this approach might not work in cases when there are contradictions or conflicts 

that are difficult to be resolved before the generation of good solutions [16]. 

 

 

Fig. 1. The general process of problem solving without TRIZ. 

For the TRIZ problem solving approach shown in Fig. 2, engineers need to analyze a 

specific problem encountered. Subsequently, they map the problem into a general prob-

lem in TRIZ. The general problem will have some general TRIZ solutions generated 

through the application of TRIZ tools including contradiction matrix, substance-field 

modelling, and even ARIZ (a Russian acronym for the TRIZ tool, “Algorithm for In-

ventive Problem Solving”). However, it is common for engineers to struggle to translate 

general TRIZ solutions to specific solutions as the general TRIZ solutions are in the 

form of inventive principles which are very abstract and require in-depth domain 

knowledge and expertise. Based on this identified gap, in this research, a patent mining 

system has been developed to assist engineers in the translation of general TRIZ solu-

tions. Patents related to the inventive principles will be identified and further manually 

examined to provide more specific ideas to engineers.  

 

 

 

 

Fig. 2. The general process of problem solving with TRIZ. 

Thus, with the help of patent mining as illustrated in Fig. 3, engineers can speed up 

the process of devising specific solutions by reviewing relevant patent documents in a 

shorter time span before deciding on which patent they should further examine in detail. 

By incorporating patent mining in the TRIZ engineering contradiction framework, it 

will facilitate an engineer’s task of designing a specific solution for an engineering 

problem. Undeniably, the work entailed will be much easier compared to manual 
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individual patent search or standalone TRIZ engineering contradiction tools. Although 

TRIZ tools are not specifically created for sustainable design, these tools can be applied 

to sustainable design if engineers applied the inventive principles grounded on sustain-

ability. 

Thus, with the incorporation of patent mining, our proposed patent mining system 

can assist engineers consider sustainability in their specific solutions based on the rec-

ommended inventive principles. This is because patent mining is a computational ap-

proach that can facilitate a faster and more focused search of large patent databases.  

Large amount of relevant and specific information (e.g. information related to sustain-

ability or specific solutions) could be retrieved easily and quickly to support engineers 

in their sustainable solution designs.  

 

 

 

  

 

 

 

Fig. 3. TRIZ problem solving process with the help of Patent Mining. 

3 Patent Mining 

Patent documents are divided into two categories namely structured and unstructured 

data [12]. Structured data refers to information that are well organized such as patent 

number, assignees or filing date [11]. For unstructured data, they are not well organized 

and normally, they are full texts of various lengths and contains, such as Title, Abstract, 

Claims and Descriptions [11]. Abstract, Claims and Descriptions contain useful infor-

mation such as the technical features of an invention. 

There are 3 main stages of Patent Mining for this research work (see Fig. 4). The 

first stage is patent information extraction, which includes downloading related patent 

documents from USPTO and extract unstructured data from all the documents. After 

extracting all useful unstructured data from the patent document, information that are 

related to sustainability will be further extracted. Relevant sustainability information 

will be fed into the design conceptualization process. The detail patent mining process 

expanded from these main stages is shown in Fig. 5. 

 

 

 

 

 

 

 

Fig. 4. Patent Mining Framework. 
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Fig. 5. Patent Mining Workflow. 

3.1 Extraction of Patent Information 

The data source is patent information which is a key element of patent data analysis. 

Care must be taken to ensure a sizeable dataset viewing the fact that large amount of 

data could be messy.  Therefore, it is necessary to provide scope and boundaries of the 

research, only relevant design criteria and context of interest are considered. Next, pa-

tent documents are retrieved from suitable open online patent databases such as 

USPTO, Google Patent, SIPO, EPO, etc..  

In this work, patent information that are related to sustainability and design is mainly 

obtained from USPTO. This is facilitated by developing an automated search program 

for USPTO advanced search facility. The information that is retrieved from USPTO is 

in a HTML format, where only title, abstract, claims and description are extracted and 

stored in a CSV format. Subsequently, the patent document is imported into a Python 

workspace and store in a dictionary format with data for the patent number, title, and 

abstract. A total of 22281 patent documents related to sustainability have been extracted 

in this research work. These patent documents are stored as csv files for further search 

based on sustainable design indicators. Processes encompass tokenization, stopwords 

filtering, and stemming as well as lemmatization.  

3.2 Data Pre-processing 

Extracted information from the unstructured data from all relevant patent documents 

are lengthy. Therefore, data pre-processing is required to reduce the size of the dataset 

to transform them to structured data for easy analysis. In this research work, there are 

3 main processes in the data pre-processing, namely Tokenization, Filtering and Stem-

ming as well as Lemmatization. 
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Natural Language Toolkit (NLTK) is a Python library that work with human lan-

guage data for the application in statistical Natural Language Processing (NLP) [17]. It 

contains text processing libraries for parsing, tokenization, stemming, semantic reason-

ing, classification and tagging. Therefore, the imported patent information which is 

stored in the Python dictionary will undergo pre-processing before classification. This 

is to remove unrelated information from the corpus and improve the search results 

through the extraction of more relevant design suggestions. 

A.  Text Segmentation (Tokenization). Tokenization is one of the text mining tech-

niques that is used to split text into smaller units which is known as tokens. The non-

text characters in the patent information such as tabs, punctuation, etc.  are removed in 

this process. Tokens can be individual word, phrases or even a whole sentence. The 

unstructured data are segmented into smaller units for summarization [11]. Addition-

ally, the tokens can be further processed by filtering process. 

NLTK provides a tokenization module which can be used to divide a text into tokens 

which are “word_tokenize()” and “sent_tokenize()”. Word_tokenize() is used to break 

the text data into each word with punctuation. Sent_tokenize() is used to partition the 

text data into sentences. In this work, sent_tokenize() has been used to split the patent 

information. This is to present  the result of a  potential solution in the form of a sentence 

instead of some single words because a sentence will make more sense than words. 

B. Stopwords Filtering. Filtering is a process to remove words from a document. Term 

Frequency – Inverse Document Frequency (TF-IDF) is a numerical statistic that indi-

cates the importance of a word which relate to a text document or corpus and is widely 

used in text filtering process. Words with low TF and IDF are removed in indexing of 

a collection. However, using TF-IDF alone does not prevent undesirable words such as 

function words from being calculated. Therefore, stop words filtering is added into the 

process. 

Stopwords are words that do not contain any significant meaning to search queries 

and stopwords are commonly used in English, such as “as, the, be, are” etc. Stopwords 

are normally filtered out before the processing of natural language data in operation 

because they appear too frequently in the patent text and lose their purpose as search 

terms. 

Each programming language will provide its own list of stopwords for deployment 

because there is no universal list of stop words used by all the natural language pro-

cessing tools and not all the tools use that list at all. USPTO has its own list of stopwords 

which can be found in USPTO official website. NLTK has its own list of stopwords too 

which can be imported from “nltk.corpus”. 

C. Stemming and Lemmatization. In a full text of extracted information, there are 

words, which has similar meaning but in different form, which need to be reduced to 

its base (root) form. For example, the word “play” is the root form of “plays”, “playing” 

and “played”. This could be problematic for text data analysis, and it can be solved by 

applying stemming and lemmatization. 



7 

Stemming is a process of removing affixes from the word and transforming the word 

into its root form. Sometimes the root is not an actual word but might be part of the 

word. Lemmatization is a process of reducing the inflected words to its actual base form 

of word which is known as the Lemma. Lemma is the root word in lemmatization. 

WordNet Lemmatizer is a Python NLTK package that is used to lookup lemmas of 

words using the WordNet database. 

Lemmatization is used in this work because it returns the actual word, which is more 

accurate than stemming. However, lemmatization has consumed higher processing time 

compared to stemming. WordNet Lemmatizer can be imported from NLTK to the 

workspace using “nltk.stem”. 

3.3 Classification 

Study on sustainable design indicators is very important because it can render design 

suggestions more related to the sustainability problem. Sustainable design indicators 

have been classified into three groups which are environmental, economic, and social. 

Sustainable design indicators are used in the extraction process to extract the most sim-

ilar sentence and classified into these 3 groups. 

A. Sustainable Design Indicators. In order to obtain suggestions that are related to 

sustainable design, relevant design indicators have been extracted from literature and 

articles. Sustainable design indicators selected  for this research work is shown in Table 

1 [5]. 

Table 1. Sustainable Design Indicators [5]. 

Environmental Economic Social 

High material utilization Low Production Costs Practicability 

Energy and resource conservation Low Transportation Costs High Degree of Intelligence 

Biodegradable Material Low Recovery Costs Security 

Material Easy Recovery Low Maintenance Costs High Reliability 

Identifiable Material Low Using Costs Ease of Use 

Material of low pollution High Economic Benefits High Capacity Utilization 

B. Gensim. Gensim (Generate Similarity) is a topic detection modelling which is a 

technique that is very apt for this work. It determines the similarity between a pair of 

documents or at least two sets documents.  Cosine Similarity and Vector Space model-

ling are used in Gensim. 

Vector Space modelling is a model for representing text document as vectors [18]. 

Bag-of-Words is a document representation which is used to convert document to vec-

tors as depicted in Fig. 6. After pre-processing, the documents will retain the meaning-

ful words with the corpus converted to vectors for future use. All the words in the Bag-

of-Words are allocated a specific integer ID as illustrated in Fig. 7. 
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Fig. 6. Example of Bag-of-Words. 

 

Fig. 7. Unique ID assigned to all words in Bag-of- Words. 

the function “doc2bow()” is used  to convert the tokenized documents to vectors. This 

function calculates the number of occurrences of every word before transforming a 

word into its integer word id and a sparse vector is returned as a result. 

The sparse vector is used as a representation of a document and it assumes the form 

(“word id”, “Occurrences”). Therefore, it is read as the word “a” (id 0) and word “b” 

(id 1) appearing once. 

Cosine similarity is used to measure and make comparisons of  documents similarity 

or ascribe a rank to the documents with respect to a given vector of query words [19]. 

The Cosine similarity approach involves the computation of the cosine of the angle 

between vectors x and y. The similarity between two term-frequency vectors can be 

calculated using the equation 1 below. 

 

(1) 

 

 

where |𝑥| = The Euclidean distance of vector x; |y| = The Euclidean distance of vector 

y. 

In Cosine similarity, when both the vectors are orthogonal (i.e. at 90 degrees to each 

other) then the cosine value is zero, which implies they are not a match. If the angle is 

very small, the cosine value will be very close to 1, which means the vectors have 

greater match [17]. To prepare for similarity queries, all collected data documents are 

imported into Python workspace to compare against subsequent queries. A user types 

in the query and uses it to search for a related sentence by comparing it against a pool 

of collated data documents. To reiterate, an initial search based on the word ‘sustaina-

bility’ yields a search results of 22281 patent documents. Next, sustainable design in-

dicators are used as query inputs for further search on this pool of retrieved documents.  

The final search results are grouped under the sustainable design indicators as shown 

in Fig. 8.  

 

 

 

 

 

 

 

 

Fig. 8. The user interface for Sustainable Patent Mining before search (top) and after search (bot-

tom) 
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The results retrieved using the sustainable design indicators are subsequently sorted 

in a decreasing order of relevance to the query and are displayed in a new pop-up win-

dow (only top 20 patents with the highest similarity are listed for each sustainable de-

sign indicator) when a sustainable design indicator button is clicked as shown in Fig. 9. 

This is unlike modern search engines which only focuses on only a single aspect of 

potential similarities (e.g.  semantic relations amongst pieces of texts (words)).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. The user interface for Sustainable Patent Mining after the “Biodegradable” button is 

clicked 

4 The Application of Sustainable Product Innovation using 

Patent Mining and TRIZ 

To reiterate a framework which integrates TRIZ, and patent mining aims to support 

engineers to design sustainable products or solutions. A case study has been conducted 

to derive a sustainable solution for home liquid detergents (with containers of diverse 

sizes and made of different materials) which are widely sold in the market. After use, 

most of these containers are not recycled nor reused and thus, causes environmental 

issues in the long run due to its non-biodegradable materials (i.e. polymers). Hence, the 

essential requirement for the design of a liquid detergent container is to facilitate recy-

cle or reuse (duration of action of stationary object feature) to conserve resources. How-

ever, the container will not be able to accommodate different detergent volume (adapt-

ability or versatility feature). The inventive principles can be identified using a TRIZ 

contradiction matrix table and the recommended inventive principle is ‘Taking Out’ 
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which easily implicates the replacement of the existing container of various sizes and 

material to a re-usable or recyclable type. However, this leads to the pertinent question 

on how to design a re-usable and sustainable container that could accommodate differ-

ent volumes of liquid detergent. 

 With this inventive principle as a guide, engineers can start looking for specific so-

lution ideas through the patent documents recommended by a patent mining system 

based on sustainable design indicators shown in Table 1. Engineers can explore the 

search results of patent mining to elicit design suggestions which are related to the rec-

ommended inventive principle. For example, in the results of “Bio-degradable mate-

rial”, the design suggestion with patent number 8567660 is a patent that describes a 

“multi-layer packaging design that can be used to contain liquid” which can be adapted 

and applied to replace the existing container that concurs with the inventive principle 

#2 (Taking Out) which is shown in Fig. 10. Therefore, the designer can study the details 

of the patent which will assist engineers derive a specific solution to solve the liquid 

detergent container problem. This demonstrates how patent mining and TRIZ can be 

combined to help engineers to find solutions to the problem. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10.   Suggestion which relates to Inventive Principle 2 (Taking Out) assisted with a result 

from patent mining system. 

5 Results and Discussions 

Fig. 9 shows the results of the potential suggestions for sustainable design with the 20 

top similarity results of patent documents to the sustainable design indicator “Biode-

gradable material”, patent number, and patent title. The listing of these top similarity 

results of patent documents are based on their score in similarity calculated by Cosine 

measure (-1 to 1) where the similarity result of 1.0 is highest in regard to the sentences 

in the patent titles and abstracts. The search results only show the top 20 results sorted 

in descending order to reduce computational time. Engineers can also explore other 

sustainable design indicators to explore the details of potential solutions for finding 

specific solutions to replace the liquid detergent container. To reiterate, with the ideas 

from specific solution of patent 8567660 as shown in Fig. 11, a novel re-usable 

General Problem formulation based 

on Engineering Contradiction  

 

 

Mining 

 

 

General Solution: Inventive Princi-

ple #2 Taking Out 
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container can be designed with a rigid recyclable material such as kenaf as the outer 

container with an internal detachable bag made of biodegradable plastics that is water-

proof of different sizes to cater for varying volume of liquid detergent. 

 

 

 

 

 

 

 

 

 

Fig. 11. Results of specific solution from USPTO Patent No. 8567660 (left) that inspire the sus-

tainable design (right)  

6 CONCLUSION AND FUTURE WORK  

In this paper, a methodology of patent mining that used to analyze patent documents 

for TRIZ users is presented. Firstly, the patent document is retrieved from USPTO with 

HTML format and imported into Python workspace. Next the database is pre-processed 

to segment the lengthy database into tokens and the stopwords are filtered out. Subse-

quently, every individual word is normalized into its base form so that the size of the 

dataset can be reduced. The patent mining results are discussed and shown with an 

example of how patent mining result can be linked with the inventive principle of TRIZ. 

For future work, the current algorithms could be further improved for enhancing the 

performance of document classification algorithms. Claims or descriptions can be used 

as the corpus because the abstracts contain less technical detail information. 
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