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“The advance of technology is based on making it fit in so that you don't really even notice it, 
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ABSTRACT 

It is mandatory to understand the customer in any process of product creation, and the process 

of developing new, innovative, and smart furniture is no exception to the rule. As a possible 

solution to achieve this understanding, an intelligent relational tagging system makes total 

sense, even because it is a process that involves not only the customer and experts but many 

interactions between them. These interactions require an intelligent system that can make rel-

evant suggestions based on similar problems of other users, thus saving time and resources. 

The furniture it-self has already been invented, that said, the goal of this work is not to re-

invent the design but to re-invent furniture functionality. 

This thesis proposes the development of a web interface and an intelligent classification system 

to apply tags (taxonomy and folksonomy) to understand the user's needs for smart furniture, 

namely the application and integration of IoT systems in the furniture creation and manufac-

ture process. The system will be developed to recognize a pre-existent classification associated 

with smart furniture solutions and allow the user to collaborate by classifying new solutions. 

After understanding what the customer is looking for, these classifications will be used by the 

system to make suggestions of possible solutions.  

Satisfying the needs of the user and helping in the process of creating furniture utterly ade-

quate to the user is the goal that this web interface and the tagging system aim to achieve. 

Keywords: Smartification, Taxonomy, Folksonomy, Tagging, Knowledge Base, IoT
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RESUMO 

Entender o cliente é obrigatório em qualquer tipo de criação de um produto e o processo de 

desenvolver mobília nova, inovadora e inteligente não foge à regra. Como possível solução, 

em relação a perceber o cliente, um sistema relacional inteligente de tags parece fazer todo o 

sentido, até por ser um processo que envolve não só o cliente e especialistas, mas também 

muitas interações entre eles. Essas interações requerem assim um sistema inteligente com a 

capacidade de fazer sugestões relevantes com base em problemas semelhantes de outros cli-

entes, economizando assim tempo e recursos. A mobília em si já foi inventada, ou seja, o obje-

tivo deste trabalho não é reinventar o design, mas sim reinventar a funcionalidade da mobília. 

O propósito desta tese é, desenvolver uma interface web e um sistema de classificação inteli-

gente, para aplicação de tags (taxonomia e folksonomia), com vista a perceber as necessidades 

do utilizador em "smartificar" mobiliário, nomeadamente a aplicação e a integração de siste-

mas IoT no processo de criação e manufatura da mobília. O sistema será desenvolvido para 

reconhecer uma classificação pré-existente associado a soluções de mobília inteligente e per-

mitir que os clientes colaborem classificando soluções depois de desenvolvidas.  

Satisfazer as necessidades e ajudar no processo de criação de mobiliário, completamente ade-

quado ao utilizador, é o objetivo que a interface web e o sistema de tags a desenvolver espera 

atingir.  

Palavas chave: Smartificação, Taxonomia, Folksonomia, Tagging, Base do conhecimento, IoT
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1  

 

INTRODUCTION 

With technology evolving in a way that is becoming part of people’s lives, making the daily 

routine easier must be the primary goal. Although almost everything in our world is changing 

to have technology embedded, furniture is not yet one of them. 

In 1965 the co-founder of Intel said that the number of transistors packed into a given unit of 

space would double every two years. However, nowadays it is even faster [1]. From this fact, it 

can be inferred that with more transistors, a device can do more operations and that transistors 

are becoming smaller. With this statement established, we can acknowledge that with faster, 

smaller, and cheaper devices, it makes sense that sectors like health care, transportation, and 

education are including these devices to improve efficiency. This integration of technology in 

these sectors has already shown the benefits it brings to people’s lives, so we can only assume 

that if we integrate technology in people’s houses, in this case, in their furniture, there will be 

more benefits than disadvantages. In re-flection, if people look around, they see that they are 

surrounded by technology. However, that disappears in their homes only to be present in their 

devices or household appliances. 

Since this integration between technology and furniture aims to help people in their daily rou-

tine, all these devices embedded in furniture must be connected to the Internet, falling into 

the Internet of Things technologies category. This type of technology seems to be the most 

evolving technology of our time, allowing users to be constantly connected to devices that 

surround them. Therefore, it is possible and makes all the sense to assume that giving furniture 

the possibility to collect, monitor, and analyze data from their surroundings in real time only 

brings benefits. 
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Smartification refers to the digital refinement of an existing product by embedding digital 

technologies and intelligent services [2]. However, the existing offer related to “smart” furniture 

is exclusive, costly, and does not allow much customization. The European project in which this 

thesis is involved aims to create a “do it together” ecosystem for the sustainable creation of 

furniture. Ideas for “smart” furniture can come from customers or inside the company. Sustain-

ability, as it should be in further projects in any area, is also a significant concern, aiming to 

reduce the amount of CO2 produced and create and maintain job opportunities.  

This thesis plays a role in the project by developing an intelligent relational tagging system to 

be applied in an app/website that extracts information from customers relative to what they 

want to “smart”. 

1.1 Motivation 

Aiming to make daily life more accessible has been the focus of the new technologies inte-

grated into the life of human beings, and smart furniture works in the same direction. However, 

it is challenging to have standardized smart furniture that fits everyone, which can only be 

achieved if each customer develops their solution. This is where this works by understanding 

the user's needs and helping to find and develop the right solution. 

Consider Bob, a middle-aged man furnishing the house that he just bought. Bob’s objective is 

to have everything smart in his home. Besides the usual smart devices that nowadays are com-

mon, like a TV, a fridge, a washer, etc. Bob started to think about what more he could get smart 

in his home.  

A pantry with a barcode reader so that every time he puts groceries there, the pantry keeps 

track of the expiration date, thus being possible to warn him if a grocery expiration date is 

running out. A table in his living room has a built-in wireless charger and charging cables for 

mobile phones. Kitchen cabinets with built-in lights inside and outside only turn on when he 

opens the cabinets or is nearby the cabinets, saving him much energy. Bob looked on the 

internet for options to accomplish what he imagined and realized that everything he found 

was not very customizable and did not go entirely with the idea he had pictured. 

Bob’s problem has two ways to be approached: what he searched on the internet does not 

exist or the words written do not match the idea in mind, which is very common when looking 
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for something new. This thesis and the project involving it respond to these problems by giving 

the possibility to the customer to create and shape the product in his way. 

However, guessing with precision what the user is searching for raises many challenges. Taking 

the Google search engine, for example [3]. If a user types in “new furniture” the search engine 

searches the index to find every page that includes those words. This algorithm starts by ana-

lyzing the words because understanding their meaning is essential to return good results. Be-

sides, the algorithm tries to understand the category of information it is searching for since 

this categorization leads to different results with the exact words in a slightly different phrase. 

A slightly similar approach can be made to understand and suggest solutions to the customer 

by developing an intelligent relational tagging system. A good and efficient system that an-

swers all the difficulties of developing a solution for each customer can easily be applied and 

integrated into other technologies with standardized solutions to have personalized solutions. 

1.2 Research Question and Hypothesis 

Taking into consideration the development of an intelligent relational tagging system to help 

users find what they are searching to develop a piece of smart furniture, a research question 

like the following can occur: 

• In a furniture smartification project, how can a UI be employed to formalize and classify 

the customers’ requirements/needs? 

If a system can extract information using semantic deconstruction, then it is possible to help 

customers to find the right smart furniture solution and use that information to enrich a 

knowledge base (KB) for future use cases. 

1.3 Objectives 

This thesis aims to develop a web interface capable of identifying user needs related to projects 

of developing smart furniture. This web interface will use an intelligent classification system 

based on tags to understand what the user is trying to search.  

The website will try to lead the user to the solution that he was looking for without much 

typing. However, if the user does not find what he is looking for, he can also write it down on 
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the website, and the intelligent classification system will do the rest and show a possible solu-

tion to the user based on what is in the KB.  

This KB will be fed with the relation between the solution developed, the user search, and the 

choices made on the website that guided the user. Hardware companies will be able to insert 

hardware on the website, which will be inserted in the KB to be available as a possible solution 

to the customer. The hardware specialist will also feed the KB with suggestions and/or feed-

back. The system will also show possible configurations to the solution found, leaving the end 

choice always to the user. 

The manufacturing process starts if the user is happy with the solution presented and the func-

tionalities are validated. After the product is delivered, the user will be invited to answer a brief 

survey giving feedback about the whole process and going to the KB. 

1.4 Dissertation Organization 

This dissertation proposes an intelligent relational tagging system that helps the customer in 

the smartification process by providing suggestions. The organization is the following: 

- 1. Introduction– This is where the problem is introduced, with the motivation, research 

question, hypothesis, and organization of the research work also being approached. 

- 2. State of the Art – It states the current research work that already exists alongside 

definitions that are in some form related to the tagging system developed in the dissertation. 

- 3. Scenarios and Case Studies – Introduces the scenarios that the tagging system 

needs to approach. It also exposes real-life case studies that can be used to test the system. 

- 4. Architecture for the Tagging Process – Explains the system architecture and com-

pares the proposed system with the existing one. Describes the system's flow and explains the 

chosen technology for the different parts of the system. 

- 5. Implementation – Describes the whole system, the specifications, and features be-

hind the application, created to support the Smartification process and the intelligent relational 

tagging system. Ultimately, it shows a real-life case using the application with the results 

achieved alongside each interface's purpose. 
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- 6. Conclusion - Concludes the work done in this dissertation, approaching what went 

well and wrong in a critical way. Defines the work that can be done to continue the investiga-

tion. 

1.5 Original Contributions 

The smartification and the scenarios in chapter 3 were inspired by the work already developed 

by the INEDIT project. The scenarios from chapter 3, the database, and the states diagram from 

chapter 5 are contributions from all the smartification systems that worked together so that 

the smartification process can be as fluid as possible. Some systems independently created 

some database tables, however tagging_project, tagging, and tags_relations tables are original 

contributions of this dissertation. The Prototyping System influenced the instructions regarding 

the idea, the detailed solution, and the prototype information since this system is responsible 

for creating the smart furniture details. 

The tagging system implementation was based on implementations already done for other 

tagging systems. However, the original contribution of this dissertation was adapting those 

systems to be more specific for tagging information regarding furniture smartification. The 

smartification service architecture and implementation, including the interfaces, are all original 

contributions of this dissertation.
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2  

STATE OF THE ART 

In this chapter, the main concepts will be clarified based on definitions of other authors that 

have relevant work in similar subjects, helping to understand better the technology developed. 

It will also be reviewed and analyze some of the solutions already available with similar pur-

poses to this thesis. 

2.1 Internet of Things 

In 1999, Kevin Ashton introduced the Internet of Things to the world in a presentation. Since 

then, the term's popularity has been skyrocketing and, for most experts, is the most evolving 

technology of this era. Kevin reflected that computers and, therefore, the internet depend en-

tirely on humans to have information [1]. Connected to this issue, people, in general, are not 

very good at capturing data about the world. With this reflection came the idea of enabling 

computers or any other device to gather information and use this data for the benefit of hu-

manity.  

IoT can be defined as a network of objects that usually have integrated technology that enables 

collecting data from their internal or external environment to communicate with a manufac-

turer, a maker, or even connected objects. Objects that are controlled by mobile applications 

(watches, fridges, stoves, cookers, etc.) and that are not connected to the internet and use 

other communications instead can also be included in the category of IoT [2].  

This technology needs devices to sense, process, and communicate. With the sensors and ac-

tuators becoming more powerful, cheap, and smaller to fit discreetly in almost all devices, it is 

typical for interest in this type of technology to increase in people and various industries. It is 

already possible to see this technology in various industries.  
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In transportation and logistics, tracking the object's route in real-time with more objects con-

taining bar codes, RFID tags, or sensors is possible. Such as tracking vehicles, monitoring the 

vehicle movement, or even predicting the vehicle location can help avoid crashes [3]. It has 

already been applied in the healthcare industry by collecting, managing, and sharing user in-

formation, reducing bureaucracy. However, in this industry, security and privacy are major con-

cerns. 

The concept of having all connected can easily be shifted to this thesis. In smart furniture, this 

type of technology should be present. This technology allows the user to control the smart 

functionalities of his furniture through the smartphone, tablet, or even smartwatch.  

The integration of this technology is an advantage not only to the furniture owner but also to 

those who manage data collected through the sensors and actuators in the furniture. With the 

data collected, it is possible to understand what needs to be improved and even update soft-

ware without being present. However, integrating this technology is a consumer choice and 

does not define whether the furniture is smart or not, being only an add-on to the solution. 

However, to understand the specific technology that the customer wants to integrate in the 

furniture, it is necessary to understand the smartification need of the customer. Since this is a 

recent topic, the customer might not know exactly how to describe the smartification need. 

That is where it can be handy to use taxonomy and taxonomy algorithms. 

2.2 Taxonomy 

Taxonomy is a concept that has been studied more and more in recent years by computer 

science, and it can be considered a list of keywords that obeys in some way a logical condition 

[4]. Analyzing etymologically, taxonomy comes from the Greek taxis = ordering and nomos = 

rule, so we can define taxonomy as a classification system that orders information in a 

class/subclass by a set of rules, representing a simple tree structure [5].  

The most general category of this tree is at the top, and it is considered the root node. In this 

type of tree, a node can be a parent and/or a child, except the root node, which is always a 

parent node. A parent node is always a more general category than a child node. At the bottom 

of the tree, the node is only a child node and cannot be more specific considering the concepts 
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it is organizing [5]. An excellent and relatable example of a taxonomy construction is presented 

in Figure 2.1. 

There are two ways of taxonomy construction: manual and automatic. The manual approach 

was the most used a few years ago when the domain experts were the ones that created the 

taxonomy [6]. However, this approach limits who can create an ontology, and since it is human-

dependent, it is exhaustive labor when the dataset is huge. That is, it is not able to scale up. On 

the other hand, the automatic approach seems to be rising in the last few years, especially with 

the raising of Natural Language Processing techniques, Machine Learning algorithms, and Ar-

tificial Intelligence. Several automatic approaches have the advantage of handling large vol-

umes of data, which is pretty easy to manage. However, some of them lack accuracy [6]. 

 Taxonomy Construction 

Regarding taxonomy construction, two techniques are used in almost every algorithm/ap-

proach: Top-Down and Bottom-Up [6]. 

The top-down technique uses the selection of a few numbers of higher categories reaching 

more specific levels of lower subcategories. This technique is primarily common in taxonomies 

created manually, which will not be the case in this dissertation. However, the bottom-up 

Figure 2.1 – Taxonomy construction.  
Figure 2.1 - Taxonomy Construction. 
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technique is typically used to construct automatic taxonomies. Again, the idea is to select a 

specific level of categories and try to reach the higher categories. 

In order to create taxonomies, another common technique is the approach of clustering. Clus-

ter approaches aim to find the similarity between objects clustered via data segmentation into 

groups. In [6], there are presented three clustering approaches: Formal Concept Analysis (FCA), 

Hierarchical Agglomerative Clustering (HCA), and Bi-Section K-Means Clustering (Bi-Section K-

Means). Even though these approaches have different ways of creating algorithms, there is a 

way of comparing them in terms of effectiveness, complexity, and traceability. In terms of ef-

fectiveness, it is possible to consider the three algorithms at the same level, good. For the 

complexity, there are already differences since the FCA has O(2^n) while HAC and Bi-Section 

K-Means have the same complexity, O(n^2). For traceability, the FCA is good, while the other 

two have poorer traceability. From this, it is possible to understand that the FCA is the best [7]. 

In [8], it uses clustering approaches together with adaptive term embedding to create the Tax-

ogen algorithm. This algorithm joins all the concept terms into a latent space to extract their 

semantics and then uses them to build the taxonomy recursively. The result from this algorithm 

shows that compared to other taxonomy creation algorithms, Taxogen provides better relation 

accuracy and term coherency, creating a better taxonomy. 

Regarding automatic taxonomy construction, the authors of the referenced paper [9] sug-

gested obtaining knowledge and contexts related to the keywords. This is done using a known 

technique called Short Text Conceptualization and a general purpose knowledgebase called 

Probase[9]. This technique detects and maps terms in short text to instances and attributes in 

the knowledge base. Then, the new taxonomy is induced with the help of Bayesian inference 

and through the nearest-neighborhood-based methods to be more efficient and faster. Bayes-

ian inference is a method of statistical inference that uses Bayes's theorem to evaluate the 

probability of a hypothesis over time, and new information stays available [10]. Therefore, this 

is a fantastic approach when aiming to develop a taxonomy that can be used to extract valuable 

information as well as make valuable suggestions. Over time, there will be more and more 

smartification projects, which will use the full potential of this algorithm, because it will evaluate 

with higher accuracy the taxonomy of each one of them and then make more accurate sug-

gestions. 

Another common approach to constructing taxonomy is using WordNet, a semi-supervised 

approach that creates from scratch taxonomies through the web hyponym-hypernym pairs. 



 11 

These approaches learn automatically from the hyponym and hypernym using the root con-

cept, which is a fundamental concept and recursive surface patterns [6]. 

In [11] it is introduced the tax2vec algorithm. This is an algorithm that builds a semantic feature 

vector that can be used to enrich vectors constructed by text processing methods such as term 

frequency-inverse document frequency (TF-IDF). TF-IDF is a statistical measure that evaluates 

how relevant a word is to a document in a collection of documents. This algorithm takes input 

documents and a word taxonomy and outputs a matrix of semantic feature vectors [11]. Fur-

thermore, this algorithm implements multiple feature selection heuristics to show only a num-

ber defined by the user of relevant features only to show potentially relevant features. This is 

an approach that can be turned into something helpful for this thesis by using the algorithm 

in order to propose to the user relevant content based on the information provided by the 

user.  

Besides algorithms and relevant approaches, some software already exists in the market in-

volving taxonomy, ontologies, and the respective management. For example, one of the solu-

tions of the company TopQuadrant is managing ontologies and taxonomies. This technology 

allows organizations to use standard industry taxonomies or develop their own, enriching their 

KB with concepts, terms, relationships, and rules. Furthermore, this solution makes part of the 

vocabulary management product TopQuadrant offers that focus on improving search and en-

suring proper delivery and navigation of information through creating knowledge graphs of 

vocabularies and associated resources [12]. 

This categorization of information help organizations organizes their information. When run-

ning a website/application, having this type of organization is an important feature to make 

relevant suggestions to the user based on what he is seeing or looking for. 

 Taxonomy algorithms comparison 

The previous sub-chapters presented various algorithms and software that could be used in 

this dissertation to achieve one of the goals: extracting the smartification need. It was acknowl-

edged that there are two ways of constructing taxonomies, automatically and manually, each 

of them having advantages and disadvantages. However, it can be concluded that the auto-

matic way seems to be the more efficient way because it would not be practical to create 

taxonomies for each smartification project manually. 
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With this statement established, it was presented the two techniques that are usually used to 

construct taxonomies: Top-Down and Bottom-Up. Since top-down is usually used for manually 

constructed taxonomies, the logical technique to adopt in this dissertation is the bottom-up 

technique. From the clustering techniques presented, it is possible to understand that the FCA 

is the best technique but is the one that has the most complexity. However, since taxonomies 

is not a new subject, some algorithms already incorporate several techniques in creating tax-

onomies. For example, the way suggested in [8] Taxogen algorithm produced better results in 

creating taxonomies than other topic modeling and embedding-based methods. However, this 

algorithm has the limitation of requiring pre-specified numbers of clusters when splitting a 

topic. When compared to [9], which uses the Short Text Conceptualization technique, the Tax-

ogen algorithm is not the best option if the idea is to have a way to construct a taxonomy that 

gets better over time and utilization.  

Tax2vec algorithm shows another approach to the problem by using statistical measurements 

with semantic feature vectors to evaluate the importance of a word to a document in a collec-

tion of documents. This is also an exciting and helpful approach. However, it is more focused 

on documents that need more effort to implement.  

2.3 Folksonomy 

A concept that has been growing in the last two decades is folksonomy, mainly because of the 

appearance of social networks with the possibility of users sharing information, photos, videos, 

etc. With this possibility came the suggestion of describing or identifying, through words, the 

content shared to reach more people. 

So, folksonomy, which comes from folk and taxonomy, can also be called social classification, 

collaborative tagging, social tagging, and social indexing is the organization and categorization 

of content that a community of users tagged related to that [13]. In other words, it is an asso-

ciation that a community of users makes between annotations they find pertinent and content 

or web pages [14].  

This type of tagging became very popular with the website del.icio.us, allowing users to save 

their favorite websites and associate tags with them. Besides that, it also made it possible for 

users to search for tags, resulting in more efficient results [13]. 
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The idea behind folksonomy is to allow the user to create his tags, which are free of choice and 

not restricted by any vocabulary. With this, users that use the content can now categorize that 

same content, helping searches become more efficient and accurate. Furthermore, this type of 

tagging also makes it possible to suggest more efficient results related to what the user sees. 

This possibility can easily be shifted to this thesis since one of the objectives of this work is that 

the user is the one that is giving relevant information in order to use that information to make 

suggestions. 

 Folksonomy construction and algorithms 

Since this is a topic that cannot be considered new these days, numerous folksonomy algo-

rithms can be used. However, since one of this thesis aims is to guide and help the user find 

the right smartification solution through the extraction of information and the suggestion of 

similar projects, it makes total sense to choose the best folksonomy algorithm and tune it in 

for this thesis purpose.  

In [15], it is evaluated state-of-the-art folksonomy algorithms. To do this, a subset was selected 

and applied to 20 folksonomies created from 5 social tagging system datasets. This experience 

showed that folksonomy algorithms developed for social tagging systems outperform tradi-

tional mechanisms [15]. With this experience, it is possible to start having an idea of the algo-

rithm that this thesis will lean on since it is proven that some are more efficient than others. 

Regarding folksonomies algorithms developed for social tagging systems, [16] proposed a 

method to disambiguate tags and incorporate knowledge from Wikipedia to build folksonomy 

ontologies for social tagging systems. The method applied showed that the created ontology 

was more effective in a search personalized task and that similar tags were clustered in high 

proximity [16]. As future work, which is in line with the objective of this thesis, is planned to 

apply information extraction/summarization technologies to focus on sentences provided from 

a dataset with relevant information on a subject.  

This is fully aligned with the purpose of this thesis since it will be needed to extract valuable 

information from the user sentences to categorize them. The value extracted from this catego-

rization can then be used to make relevant suggestions since it will be associated with high 

proximity to the clustered tags. Higher proximity tags will then be used to search for projects 

with those same tags, enabling the suggestions made to the user to be relevant and accurate. 
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Xu, Shengliang et al. (2008) presented a “personalized search framework in which the users 

and the web pages are associated by a topic space”. This works by mapping into vectors the 

interests of the users and the topics of each web page. The topics in a topic space are very 

similar to the categories of a web page classification. The personalized search ranked the web 

pages by term matching and topic matching, so when a user searches for something, a web 

page is ranked by term similarity and topic similarity [14].  

This work relates to web pages and users. This thesis focus is slightly different, although the 

main idea is the same, proposing a personalized search system where folksonomy helps deliver 

an excellent result to a search/query. 

Another work worth to be mentioned is from Chen, Jie, et al. (2014). The main idea of this work 

is to consider the user's motivation. By retrieving the user motivation and adding it to the 

algorithm, it was possible to achieve higher accuracy and more stability than the traditional 

algorithms [17]. To achieve that higher accuracy, they compared the resources tagged by the 

users with the same motivation and recommended the same resources. Their experimental 

results showed higher accuracy and stability when recommending resources to users. 

In [18], the FolkRank ranking algorithm is suggested aiming to generate personalized rankings 

of the items in a specific folksonomy as well as to recommend users, tags, and resources. This 

is an algorithm that, in his calculations, considers the structure of folksonomies and the results 

of an evaluation on a large-scale dataset. The results found with this algorithm are that the top 

folksonomy elements typically fall into a coherent topic area, which can be interpreted as ex-

tracting communities of interest from the folksonomy. 

In [19], it is proposed that algorithms will be built upon cognitive-inspired tag recommendation 

to overcome the imbalance between tag recommendation approaches and folksonomy struc-

tures with cognitive-inspired algorithms. Although the results presented in this paper are pre-

cise, there is an evident difference between these two approaches since the algorithms are 

designed for dense structures while most social tagging systems are not [19]. The suggested 

solution here is having cognitive-inspired algorithms capable of modeling the tags vocabulary 

of a user in a cognitive-plausible way. This solution can be constructive when aiming to develop 

a tagging system that will partly interfere with folksonomies, which is the case of this thesis. 

As it was said before, folksonomy is not a new topic. Much investigation has already been done, 

and many platforms are running software that answers most of the needs in this area. 
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There are already some systems in the market, such as Bismart Folksonomy. Bismart is a com-

pany that offers solutions in the integration, management, and analysis of data [20]. Folkson-

omy text analytics is one of the systems they offer and the most relevant technology for this 

thesis. 

This software merges synonyms, separates homonyms, adds a technical or customized diction-

ary, reduces tags through blocklists, and even considers account errors and duplicate content 

[21]. In addition, it enables structuring data, analyzing text in real-time and data discovery by 

highlighting tags from texts, images, videos, and audio. However, this technology focuses more 

on big data sets, and this thesis focuses more on real-time searches [22].  

The Bismart company already installed this type of technology in other companies in different 

areas, such as tourism, energy, insurance, public administration, etc., all with great success, 

which indicates that the same success can be achieved in this area. 

It is possible to start organizing information from a large dataset or customer-written sen-

tences from concepts such as taxonomy and folksonomy. However, tagging is another method 

to retrieve and organize information from large datasets or minor sentences. 

 Folksonomy algorithm comparison 

To develop the right system to approach customer smartification, an analysis of the previously 

presented algorithms must be done to find the right solution.   

The algorithm in [16] presented a method that incorporates knowledge from Wikipedia to build 

folksonomy ontologies for social tagging systems. Complemented with the conclusions re-

trieved in [15], folksonomy algorithms built for social tagging systems work better than the 

others, this seems to be the suitable algorithm for folksonomy. 

The FolkRank ranking algorithm aims to generate personalized rankings of the items in a spe-

cific folksonomy and recommend user tags and resources. However, as concluded in [23], this 

moderate old algorithm cannot use the user-user, item-item relationship very well and lacks 

results compared to newer ones.  

The personalized search framework in which the users and the web pages are associated by a 

topic space presented in [14] seems to be a way that will only start making good recommen-

dations after some use cases. Since there are other ways to make suitable recommendations, 

the framework presented lacks efficiency initially. The work done by Chen, Jie et al. (2014) 
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seems to overcome the previous framework. The presented tool showed higher accuracy and 

stability when recommending resources to users when considering the user's motivation. This 

tool is relevant to this dissertation since the proposed system considers the user’s motivation 

to do the tagging. 

2.4 Tagging 

To understand tagging process, it is necessary first to understand what a tag is. A tag is a user-

generated keyword that has become a way to improve descriptions of online information re-

sources [24]. The growth of this topic is explained by the considerable rise in popularity and 

use of social networks.  

The process of tagging is a procedure that annotates various types of content, such as images, 

videos, books, etc., through web-based services, thus ensuring the effective organization of 

large amounts of information [25]. 

Although this is mainly used in social media, tagging can be convenient when searching for 

something. The primary purpose that users use tags is that they can label or categorize re-

sources in a shared environment, doing that without realizing that with tags, they effectively 

share and organize a vast amount of data.  

From the point of view of a developer, tagging is beneficial because the users classify each 

piece of resource with a tag becoming easier to organize information. From this organized 

information that the users voluntarily create, it is possible to retrieve valuable associations that 

are not visible to the naked eye. These associations can be low-level, such as color or visual 

element, or more complex, like a specific tag that from the begging has nothing to do with the 

content but several users have associated [26]. Recognize and use these associations, and fa-

cilitate the index of webpages and associated content that search engines like Google use to 

show the information to the user. 

For the context of this thesis, the dataset that will be tagged is the information collected from 

the surveys that will enter the KB. In addition, the sentences written by the user to explain the 

problem will also be tagged to search the similar tag solution in the KB. 
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 Tagging Algorithms Comparison 

To process the information written by the user, it is possible to use Part of Speech (POS) tag-

ging. POS tagging associates each word in a sentence with a POS tag. This type of tagging is 

mandatory for a standard set of tags to work. The standard set of tags chosen is the Nouns, 

Verbs, Adjectives, etc., although in this case, it makes sense to choose tags as furniture, solu-

tion, problem, etc. [27]. 

POS tagging has three approaches: rule-based, statistical, and hybrid.  

In rule-based tagging, a set of rules is applied along with the contextual information to assign 

tags to words. In this approach, in order to be efficient, a large number of rules must be used.  

In the statistical tagging approach, frequency and probability must be considered. This ap-

proach checks the most frequently tag associated with a word in a text that already used this 

software and uses this information to associate a tag to a word in a text that is running this 

software for the first time.  

In [28] it is presented an evaluation of different methods for unsupervised POS tagging through 

various variations of hidden Markov model taggers. Hidden Markov model generates a se-

quence of states and then generates each word conditioned on the corresponding state[29]. 

With these variations, it was discovered that ‘the quality of the lexicon made available to un-

supervised learner made the most significant difference to tagging accuracy. So, by this, it is 

concluded that the bigger the context size, the higher performance of these models. The ref-

erenced paper also clarified the importance of clean dictionaries/datasets. 

However, other papers refer to some algorithms that show better efficiency when compared 

to Hidden Markov Models. For example, in [30], the results clearly show that the Viterbi algo-

rithm is more accurate than the Hidden Markov Models. Viterbi algorithm is a dynamic algo-

rithm in POS tagging that finds the order of the word class – tag.  

The hybrid approach first uses the statistical approach and then the hand-coded rules [27]. A 

hybrid approach was used in [34] to build a tag hierarchy. First, the steps were extracting data 

from communities, defining computational methods for co-occurrence, and proposing an un-

supervised hierarchical building algorithm. Secondly, design a set of optimization algorithms 

to get a more accurate hierarchy. The results are precise, after the optimization, the hierarchy 

construction is so much more accurate than compared without the optimization [31]. This type 
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of optimization can easily be applied to the final tagging system that this thesis uses. Since the 

tagging system will be used to tag user information, it makes sense to have a better hierarchy 

in which each node of the hierarchy tree can be a possible suggestion to the user. 

MonkeyLearn seems to be the company with the most exciting technology relative to this sub-

ject. Their API brings fast and robust text analysis into apps, as they promise, which is the critical 

technology here. They offer the possibility of building custom topic classification, importing 

data, defining tags, and instantly making the trained model available for production. Using 

pre-trained classifiers is also an option instead of creating one [32].  

Their technology enables developers to make a custom classifier and implement it in whatever 

the developer wants, as long as it makes sense. It starts by asking what kind of classifier is 

desired, topic classification, sentiment analysis, or intent classification [32].  

Being a pre-dataset imported, it is time to define tags and train the model by associating the 

tags chosen to some sentences from the imported text data. After finishing this association, 

the model is already smart enough to classify text input with the selected tags. 

Figure 2.2 - MonkeyLearn Software. 
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Figure 2.2 is a downloaded photo from the MonkeyLearn website showing the result of their 

text analysis software. As it is possible to see, the software can categorize information into 

chosen tags from written sentences. 

This is a perfect example of one of the features this thesis aims to develop, making it possible 

to extract valuable information from customer-written sentences and transform that infor-

mation into the best solution possible. 

Companies like DELL, Drift or Promoter.io are already using MonkeyLearn technology for a 

purpose similar to this thesis, classifying and analyzing text. To this thesis, it makes all the sense 

to have this kind of technology in the search engine that the customer will write to expose the 

problem and possible solutions. With a well-trained classifier with the correct tags, the ex-

tracted information from the customer’s sentences is the indicator of developing a proper so-

lution. 

Regarding the implementation in this dissertation and for the end goal of this work, the major 

downside of this technology is that it is paid. Nevertheless, the tagging flow that is possible to 

retrieve from their technology can be a model to follow. With a process flow defined to follow, 

it is possible to make minor changes appropriate for the objective of the proposed system in 

this dissertation. 

Another solution that can be used to interpret what the customer is writing is some of the 

existing tagging software, such as the PoolParty technology solutions. PoolParty is a company 

that allows organizations/projects/companies to organize and manage their knowledge 

through their “PoolParty Semantic Suite” [33].  

PoolParty PowerTagging technology promises, through a combination of semantic search and 

artificial intelligence, to get documents better classified and relationships created between 

documents, thus providing more relevant content to the user. The important thing to retain 

from this technology is the workflow used to tag. They start by enabling the user to select 

documents to be tagged by the PoolParty extractor. Then return the tags and save those same 

tags to the content management system (CMS). 

The flows presented in MonkeyLearn and PoolParty PowerTagging technologies can serve as 

a base model to develop this dissertation's tagging system. 
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However, it also exists some free tools that can be used. Of course, these systems/algorithms 

are not expected to have as many tools and accuracy as MonkeyLearn or PoolParty PowerTag-

ging technologies. 

In [15] is presented the TreeTagger. This probabilistic tagger differs from the others because 

the transition probabilities are estimated in a decision tree here. The results there show higher 

accuracy compared to the standard trigram taggers. From that, it was concluded that this tool 

is a fast and high-quality tool for annotating corpora for POS tagging. Based on this algorithm, 

the RNNTAgger was presented as an evolution of TreeTagger. Even though compared to Tree-

Tagger, it has higher accuracy, lemmatizes all tokes, is slower, requires an improved GPU speed, 

and larger parameter files. 

Similar to RNNTagger but with more analysis and information exists TextInspector. TextInspec-

tor is a web-based language analysis tool that gives detailed information regarding readability, 

complexity, lexical diversity, and critical statistics [15]. 

Figure 2.3 exemplifies the end work of an algorithm like TextInspector, which classifies each 

word of a sentence into the tags chosen, which are, in this case, Noun, Verb, Pronoun, Deter-

miner, and Adjective. 

Figure 2.3 - POS Tagger example, created based on Text Inspector software. 
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Much valuable information is expected to be extracted and created from tagging, folksonomy, 

and taxonomy, so it makes sense to store that information somewhere so that the whole pro-

cess does not have to be repeated. So that is where the KB enters. 

2.5 Knowledge Base 

The knowledge base (KB) is a term that has changed and evolved over the years. It started as 

a term to describe systems that were more complicated than simple relational databases. Now-

adays, a KB can be considered self-service storage of information that is easy to extract about 

a product, service, department, or topic. Basically, it is a knowledge hub containing information 

that can be used to provide good customer service and help the employees find the infor-

mation they need, quickly and efficiently. The knowledge bases can be internal, external, or 

both [34]. 

Internal knowledge bases are created to be used only by a company's employees to help them 

be more efficient in their tasks or find needed information. Coding practices for developers, 

company policies, and guidelines for creating content are often resources introduced in inter-

nal knowledge bases [35]. Fundamentally, anything that can and should be shared by all the 

employees is introduced in the KB for easier access. 

Unlike the internal ones, external knowledge bases focus on the public and serving existing 

customers or someone looking for information about the company [35]. Usually, the FAQ or 

Help and Documentation sections are the external bases of the companies. 

For the context of this thesis, using a KB makes total sense because since it is part of a project 

involving other intervenients, having everyone working with the same guidelines and on the 

same database brings efficiency to the process. 

Several companies owe their success to top-notch knowledge bases. Spotify is a model in this 

case. Their help center is helpful, organized, and extremely simple. It also offers a great way to 

value the user’s feedback by asking questions that can quickly be answered with Yes or No 

[35]. This is also an essential feature of this thesis, where besides helping the user find the right 

solution, it will also value the user's after-sale feedback. 

Knowledge-based systems (KBS), or knowledge base software, can be defined as computer 

program that captures and uses knowledge to solve complex problems and extract relevant 

information for users [36]. Learning is a fundamental element of a KBS because it improves the 
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system over time, thus delivering better responses to the user. To improve the accuracy of this 

responses, artificial intelligence is used [37]. These systems are generally designed with the 

same architecture: User Interface, Inference Engine, and Knowledge Base [38]. 

The user interface is the component that the users interact with to retrieve information stored 

in the KB. The logic rules and the coding applied to the KBS to retrieve answers from the 

knowledge base are made in the inference engine. This engine is the key to providing good 

answers to the user because all the information and decisions are based on these rules. Finally, 

as explained in this topic, the KB is where the actual knowledge is stored [36]. 

However, this knowledge must be structured and modeled to be stored in the KB. Data mod-

eling is the process of creating a data model so that it is possible to store data in a database 

by defining the conceptual representation of data objects, associations between them, and 

rules. The main focus of the data models is on what data is needed and how it is needed to 

organize data. 

There are three main types of data models: Conceptual data model, logical data model, and 

physical data model. Typically, these types follow a sequential path with the objective that it is 

possible to implement the data model. 

The conceptual data model maps out the types of data needed regarding the business appli-

cation process. It is in this model that the rules and concepts are defined [39]. When finished, 

it can be used to create a logical data model. This model shows how the data entities are 

related, and the data is described from a technical perspective, which is used to understand 

the required application and database designs. Logical and conceptual data models are not 

connected to any specific technology platform. Once these two are defined, creating the phys-

ical data model is possible. This model defines the structure of the database or the file system 

in order to store and manage data. This includes defining tables, columns, constraints, etc. [40].  

Several data modeling techniques define these types of data models: Hierarchical Technique, 

Object-Oriented model, Network Technique, Entity-relationship model, and Relational Tech-

nique[39]. 

The hierarchical Technique aims to organize data in a tree-like structure. In this technique, a 

child node can only have one parent, which makes this method a one-to-many method. This 

technique is not very used nowadays however, it served as a base model for the very used 

method today, XML, Extensible Markup Language. 
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Network Technique was also a very used data modeling technique that nowadays is not very 

used. This evolution of hierarchical modeling allowed child nodes to be connected to multiple 

parent records. 

Aiming to have a more flexible technique than the two above, it came up Relational Data Tech-

nique. This technique maps the relationship between data elements stored in different tables. 

As an evolution of this technique, it came Entity-Relationship data modeling. This allows the 

mapping of entities, attributes, and relations between them visually. It is considered one of the 

most efficient ways to capture data and update processes by providing a better view of the 

data. This was the technique used to create the data model for the implementation of this 

system, which allowed the several systems involved in the implementation to get a better over-

view of the data process. 

Another benefit of data modeling, when aiming to create a knowledge base that will be ex-

tended to multiple systems, is that it is possible to agree on data definitions and standards, 

thus facilitating the implementation of each of these systems. Another benefit of doing this, 

focusing more on the objective of this thesis, is the better use of available data assets. This is 

a fundamental goal regarding this dissertation because it is mandatory to use the data in the 

knowledge base provided by the other users to make good and relevant suggestions to the 

customer need. However, since this is a new project with an innovative goal, some require-

ments that can directly interfere with and ultimately change the current knowledge base data 

model might be missing. 

 Knowledge Base Software 

Besides this being a technology that is evolving, already exists some paid software that is worth 

mentioning. 

Document360 is a company faced with helping companies build their KB. They offer a KB site 

for users and employees in their technology, a KB assistant, a KB portal, an Application Pro-

gramming Interface (API), and integrations and extensions. Their solution is already imple-

mented in several companies, such as Spryker, Mambu, or Customer.io, covering different mar-

ket areas [41]. 

Stonly is another company that offers a technology solution worth mentioning. They offer the 

solution of building interactive guides to lead the users to the solution and the possibility of 

launching a knowledge platform quickly. To make the guides as effective as they can be to 
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each user, their KB can learn and show solutions to the users instead of articles. This guide aims 

to lead the user to a solution by narrowing it down hypothesis [42]. 

The GuruScan company also has a technology that must be taken into consideration. They 

guide themselves by the slogan “Find knowledge in your organization” which says a lot about 

the technology they offer. Helping to find hidden knowledge in an organization is one of the 

features they offer with their technology, which is a pretty relevant topic for this thesis, knowing 

that it will involve many people. GuruScan’s technology also allows the integration of other 

departments or companies into one KB without much effort. This is also an exciting feature 

compared to this thesis because it allows the project to scale up, which is one of the goals of 

this thesis project. 

HelpSite is also a simple knowledge base software that can help publish a Knowledge Base 

with FAQs and articles by allowing the user to create a knowledge base fully customized and 

hosted on a specific domain name. The benefits of using this software are: It is effortless to 

use; the user can select the content to be public, partial public, or entirely internal; the layout 

of the KB is also fully customizable and also provides a smart contract form that automatically 

suggests information as the user types the message. 

Helpjuice is a software-as-a-service platform that provides a beginner-friendly knowledge 

management system with excellent customer support. It also provides free customization to 

set up the knowledge base quickly and easily. In addition, this is a cloud-based knowledge 

base system that enables the possibility of having a self-host Helpjuice on the server. 

Comparing them, some of them may have more advantages than others. For example, Docu-

ment360 and HelpSite offer a very easy-to-use interface and the option of having the 

knowledge base public, semi-public or private. However, Document 360 offers analytics, while 

the HelpSite does not. On the other hand, Helpjuice is very similar to Document360 by offering 

a simple-to-use interface alongside the analytics tool. However, it is much more expensive than 

the offers of the Document360 software. 

Like the software described above, extensions or features have many similarities and differ-

ences. However, since they all are paid software, the companies never genuinely share the 

technology that made their software work. Therefore, one of this thesis focuses on achieving 

similar software to be applied in the project, aiming to have all the knowledge in one place, 

making it easier to develop the product, help the customer and find the right solution. 
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Besides introducing valuable information from customers through processes like tagging into 

the KB, valuable information can also be extracted from experts or documents written by ex-

perts, which is the theme of the next sub-chapter. 

2.6 Knowledge Elicitation 

With the idea in mind to enrich the KB, it is necessary to introduce valuable knowledge to have 

better solutions for the customers. Therefore, acquiring that knowledge from the experts in the 

areas that matter to this thesis is necessary. 

Getting information from experts can be called knowledge elicitation (KE). KE can be defined 

as a group of techniques and methods to extract knowledge, by direct interaction, from an 

expert in a specific domain [43]. Although this is not a trivial task, there is no defined method-

ology to do this it will be presented as the most common technique. A little exercise can be 

done to understand the difficulty of doing this, it is needed to put ourselves in the position of 

a specialist in a subject and formalize all the knowledge we have on the subject [44]. Not an 

easy task. 

The efficiency of the methods and techniques used to elicit knowledge varies depending on 

the knowledge domain's complexity and the problem's size. Some of the methods are appro-

priate for certain domains but not for others. However, if the goal is to obtain knowledge ask-

ing directly to an expert or a group of experts is an obvious method, and it can be called an 

interview [45]. The success of this type of interview depends on the questions asked and on 

the ability of the expert to explicit their knowledge [46].  

Another frequently used technique is protocol analysis, where the expert is asked to perform 

a task while thinking aloud. It is known that experts find it easier to talk about specific examples 

than abstract terms, thus becoming a way to reduce the inherent problems of interviews [46]. 

In addition, by concentrating on real cases and talking about them with the experts, the con-

versation is generally more centralized in only one subject, and the expert opinion is more 

coherent and structured [45]. 

Induction is another method, however, a controversial one. Induction is the opposite of deduc-

tion since it is possible to deduce facts about specific cases in a deduction from a general rule. 

In induction from specific cases, rules can be induced [45]. This method is objective, repeatable, 

and consistent, making conclusions from the results more accessible. Several algorithms that 
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induce rules from data sets are inherent to this method, usually used in machine learning and 

natural language processes [29].  

Like these methods described, many more can be applied to extract knowledge from the ex-

perts. Retrieving this knowledge is an essential part of this thesis because smartification is not 

an easy subject in which anyone can give a valid opinion. Even though the customer is the 

person that is going to suggest the smartification solution, the expert is the one that decides 

if it is possible to perform or not. Therefore, even though they are not experts, retrieving the 

proper knowledge from the customer is also an important task related to this topic. 

However, this knowledge extraction is something that nowadays machines can already do by 

us humans, and typically faster and with higher accuracy. In the following subchapter, a way of 

extracting information will be presented as well as several techniques. 

2.7 Natural Language Processing (NLP) 

NLP started to be approached in the early ’50s as an intersection between artificial intelligence 

and linguistics [47]. NLP is a branch of computer science concerned with understanding text 

and spoken words in the same way and as quickly as humans do. 

This technology combines computational linguistics with statistical, machine learning, and 

deep learning models to enable machines to process human language [47]. Nowadays, this 

process can already be done in the form of text or voice data and even make suggestions 

based on the speaker/writer's sentiment. 

Four key factors enabled the quick incorporation of this technology in the most used devices: 

the quick increase of computer power, availability of a large amount of linguistics data, high 

accuracy ML methods, and a better understanding of the structure of human language [48]. 

The first approaches to computational linguistics were to write down the rules and vocabularies 

of human language for computers. However, it has proven to be a very time expensive and 

difficult task, mainly due to the variability, ambiguity, and context dependency. 

Nowadays, the best systems use advanced Machine Learning (ML) algorithms as the primary 

approach to identify syntactic and semantic information about the context of each sentence.  
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The application of this technology can be extensive. However, the most common applications 

are Information Retrieval, Information Extraction, Question-Answering, Summarization, Ma-

chine Translation, and Dialogue Systems [49]. 

By the described applications, it is possible to conclude that this is an exciting technology 

regarding the aim of this dissertation. Ultimately, NLP must extract meaning (‘semantics’) from 

text or voice data, extracting relations between sentence elements like nouns, verbs, adjectives, 

etc., which goes in the same direction as this dissertation. 

 NLP Tools 

The Natural Language Toolkit (NLTK) is one of the leading platforms regarding NLP tools. It 

uses python language in order to handle human language data. It has more than 50 trained 

models that can be used alongside a large panoply of libraries that can be used for classifica-

tion, tokenization, tagging, etc. 

NLTK is also a free, open-source, and community-driven project that can be considered the 

most robust tool referenced in this work and an excellent candidate to be applied in this thesis. 

Furthermore, this tool can easily be used in several cases for this thesis, enabling the POS tag-

ging system to work together with a similarity algorithm, thus creating a folksonomy [50]. 

The major drawback of NLTK is that it requires significant resources if the dataset is a massive 

amount of data, which can be a problem for future work in this dissertation. 

For this level of implementation complexity and considering all of the benefits mentioned 

about NLTK, this seems to be the platform that best fits this thesis, checking many of the re-

quirements necessary to achieve the final objective of this thesis. 

A similar NLP tool is the CoreNLP. This tool runs in Java programming language and enables 

users to derive linguistic annotations for texts, including token and sentence boundaries [50].  

CoreNLP is also a free and open-source tool with the significant advantage of high scalability, 

unlike NLTK. As a result, this is an excellent tool to scrap information from open sources, ana-

lyze the sentiment in sentences, and an excellent option for text processing and generation. 

A more straightforward tool that has fewer additions and fewer features when compared to 

CoreNLP and NLTK is OpenNLP. This tool is a machine learning-based toolkit with the same 

goal as the others, to process natural language text [50]. It supports most of the everyday NLP 
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tasks and is the right solution for tokenization, POS tagging, and sentence detection when 

aiming for a more simple but valuable and accurate tool for NLP. 

 GPT-3 

The company OpenAI has its mission to guarantee that Artificial Intelligence benefits all hu-

manity. From multiple software developed by this company, Generative Pre-trained Trans-

former 3 (GPT-3) is a deep learning model capable of producing human-like text. GPT-3 is the 

third generation of GPT language models that have as main functions the capabilities of clas-

sifying text, generating text, summarizing text, or even question answering [51]. The main dif-

ference of this third model from the previous is the contained mode size, being 100 times 

larger than the previous model in terms of parameters. This is considered by many the cutting 

edge of NLP. 

The code is unavailable to the public, as the model is only available through a provided API. 

Besides that, the model is still in beta, and it is necessary to fill out a form to join the waitlist.  

Through the use of semantic analytics, the model is capable of having a conversation by cre-

ating entire sentences. The model does this by considering the words and their significance 

and analyzing each word's context in the sentence [52]. 

With particular adaptations, this model could be advantageous in this dissertation. By having 

a model that can perform reading comprehension with a vast dataset of 175 billion parameters, 

this comprehension would be perfect for interpreting user sentences. This would then be used 

to provide functionalities suggestions and filter the suggested projects. 

However, this model, like all other machine learning models, has certain limitations that must 

be considered. This model's slow inference time is one of them [51]. The model takes quite a 

long time to produce predictions which can be a negative point when using it alongside re-

sponsive interfaces where the user expects to have a dynamic and fast interaction. Besides that, 

GPT-3 has a lack of interpretability, which is a common problem of models that have massive 

datasets. 

2.8 Accessibility and Usability 

When designing a website or a web tool that everyone with access to the internet will use is 

essential to have in mind people with disabilities, and that is where accessibility and usability 
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are essential. Web Accessibility is the practice of making the website more usable by as many 

people as possible. This covers not only people with disabilities but also people with any hard-

ware, software, language, location, or even ability to browse the web [53].   

That is why there are four principles of accessibility, which, if followed, serve as guidelines to 

guarantee the possibility of using websites and web tools to everyone: Perceivable, Operable, 

Understandable, and Robust [54]. 

Perceivable is the capability of having the information as easy as possible to be processed. In 

other words, having the information available not only in one format provides for those who 

cannot read the option of listening and for those who cannot listen to the option of reading 

the information. So if a person cannot comprehend the content, the website or web tool cannot 

be considered perceivable [55]. 

Operable is the necessity of providing different ways of using the website or the web tool. The 

most common tool to browse through a website is the mouse. However, alternatives such as 

the keyboard can be used to navigate. This principle also covers the idea of providing a gen-

erous amount of time to perform tasks, be possible to control animations and media, and 

provide instructions [56]. 

Understandable is having the information crystal clear because the website/web tool can be 

perceivable and operable but not understandable. To achieve this, the information must be 

readable through clear, objective, and easy-to-comprehend language. To consider a web-

site/web tool understandable, it is also necessary to behave as it is supposed to be predictable 

and help people not make mistakes through input assistance [57]. 

Robust is the need to have a technology that can be used by anyone, by any browser, any 

device, and that works well across platforms, of course, within reasonable limits. Although er-

rors are inevitable and are part of the creation process, following development standards and 

conventions when writing code is a way of reducing the possibility of these occurring [58]. 

Allied to accessibility and the need for an interface that everyone can use comes the term 

usability. Usability is one relevant factor of a Web application quality that aims to provide a 

solution to the problem that is the interaction between technology and some users.[59] The 

standard defines usability as “the extent to which a product can be used by specified users to 

achieve specified goals with effectiveness, efficiency, and satisfaction in a specified context of 

use” [60]. This standard was defined in ISO-9241-1, however the definition that the community 
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adopted is the one introduced by Nielsen. Nielsen referred to usability using five concepts 

necessary to have in consideration when developing a user interface: Learnability, Efficiency, 

Memorability, Errors, and Satisfaction [59]. 

Learnability can be verified by evaluating how easy it is for users to do basic tasks and learning 

how the system behaves. 

Efficiency is how fast and productive the user can perform the tasks once he/she has learned 

how the system works. 

Memorability refers to how fast a user remembers how the system works after a long time of 

not using it. 

Errors are the capability of having a system with few errors to support the errors that users 

usually make and recover quickly. 

The satisfaction measures how much the user found the system easy and pleasant to use. 

Regarding these accessibility and usability subjects, one organization is mandatory to talk 

about. World Wide Web Consortium (W3C) is an international community that works to de-

velop web standards to lead the Web to its full potential [30].  

In order to create these standards, the main activity of this organization is to develop protocols 

and guidelines to ensure the growth of the Web. When designing these principles, one princi-

pal goal is to make the Web available to all people, 'whatever their hardware, software, network 

infrastructure, native language, culture, geographical solution, or physical or mental ability. 

For these purposes, a list of accessibility requirements for websites, web applications, browsers, 

etc. must be followed when developing one of these technologies. Therefore, IEEE, which also 

has one of the missions to provide an accessible web presence to all people, decided to follow 

the W3C 2.0 Level A accessibility encouraging the web publishers to follow even higher acces-

sibility levels. 

As is expected, the biggest technology companies in the world have been adapting and creat-

ing their accessibility standards and best practices, giving the developers a structure to follow 

when developing interfaces. 

In this article [61], Microsoft gave an overview of concepts and technologies related to acces-

sibility that must be taken into consideration when developing Windows apps. It is demanded 
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that support for keyboard interactions and screen readers, support for user customization, such 

as font, zoom, color, and high contrast settings, as well as alternatives or supplements for parts 

of the UI. This article also gives examples of assistive technologies, screen reader supports, and 

keyboard support controls, followed by what are the main aspects of accessible texts and how 

to support high-contrast themes. Even though these are all principles and standards that must 

be considered when developing Windows apps, some concerns are transversal to all develop-

ment of UI. 

Apple had the same idea as Microsoft and presented its access best practices to developers. In 

[39], Apple defines the main priorities, in app design, as simplicity and perceivability. Simplicity 

is defined as enabling familiar with consistent interactions that make complex tasks simple, 

and perceivability as making sure that all content is achievable by everyone. Their best practices 

also mention that personalization must be supported to personalize their user experience. An 

inspector tool is also available that helps the developer audit, test, and fix the application re-

garding accessibility features. The conclusion made from the presented Microsoft principles 

can also be applied here. Even though these guidelines are for apple apps, they can be ex-

tended to other use environments. 

In order to explain why the use of accessibility guidelines, Google referenced ‘The World Bank’ 

research that states that 15% of the world population has some disability and that accessibility 

concerns can improve the app's versatility [47]. The suggested guidelines from Google when 

building applications were to Increase Text Visibility, Use Large and Simple Controls, and De-

scribe each UI element. In order to facilitate the developer's work of testing accessibility, 

Google also presents an Accessibility Scanner app and a way to integrate an Accessibility Test 

Framework in the code. 

Multiple frameworks began to be developed to address all the challenges of developing an 

accessible web. All these frameworks address a way to solve the most common difficulty when 

delivering web accessibility: clarity [62]. 

The Accessibility Roles and Responsibilities Mapping (ARRM) framework is worth mentioning. 

This framework was created by W3C, aiming to facilitate the process of web accessibility in the 

context of organizations/companies. ARRM proposes a decision tree method that helps the 

teams sort out the tasks for each team member based on their roles and skills [62]. The defined 

framework is mainly composed of three steps. It starts by identifying team roles based on 

ARRM role definitions, and then accessibility tasks are distributed based on these roles 
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concluding with making a checklist of actions to implement [62]. Adapting this framework usu-

ally leads to a great collaboration of the team and knowledge between it. In addition, this leads 

to clear documentation of each team member's responsibilities and tasks, resulting in greater 

team efficiency. 

Another framework worth mentioning is the USEFul framework. USEFul leans more towards the 

automation part of testing the web accessibility development. This framework aims to achieve 

a fully automated usability evaluation process to facilitate a usually forgiven task when web 

development [63]. This proposed autonomous process is done by analyzing the frontend code 

of the website and crossing that information with accessibility principles. Besides that, it also 

inspects the website to check for any violation of the usability guidelines [63]. 

These are all concepts and information that must be considered when developing a GUI that 

can be used by anyone who wants to design smart furniture. Not being possible to adopt all 

this information and frameworks in the development phase of this dissertation, they are all 

essential to address and consider. The relevance of these topics becomes even more critical 

when it comes to such a difficult and abstract topic that it is smart furniture. For that, it is 

necessary to have all of these concepts well defined and try to apply them in developing this 

technology. 
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3  

 

SCENARIO AND CASE STUDIES 

This chapter presents the scenarios that support the development of this smartification system 

and the case studies that will serve to test it. There is also going to be presented the context 

of the scenario and the direct intervenients, as well as the principal scenarios. 

3.1 Scenarios 

This dissertation is part of a more significant European project called INEDIT. This project tar-

gets the creation of an Open Innovation European “Do It Together” ecosystem to co-create 

sustainable furniture [30]. The project also wants to explore the innovation around Social Man-

ufacturing within the Circular Economy with global design but local production. The idea is to 

enable the consumers' creativity, go through the designers’ professional skills to shape the 

product and then deliver a sustainable, smart, personalized new product quickly. 

INEDIT project will demonstrate the “Do It Together” approach through four use cases: Sus-

tainable wood panels manufacturing, 3D printing of wood, 3D printing of recycled plastic, and 

Smartification. The Intelligent Relational Tagging System for Smartification Based Dashboard 

dissertation is directly involved with the Smartification use case, where the objective is to study 

and create smart furniture pieces to improve the user’s quality of life. This smart furniture can 

be achieved by integrating a panoply of devices that can sense and act accordingly. 

Before starting the smartification process, the consumer must choose between "smartify" an 

existing piece of furniture or requesting a new piece of furniture. The whole smartification pro-

cess comprises several sub-processes that can sometimes run in parallel. This will request many 

interactions between the customer and the “smartification team”. Defining each intervenient is 

a fundamental step to understanding the work that will be developed in this dissertation. 

The consumer is the one that has a problem that requires smartification. It involves several 

steps, making most of the interactions with the web interface. First, it explains the problem, 

specifies the furniture that requires smartification and the solutions in mind, and is suggested 
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possible solutions and relevant functionalities from the web interface. User confirmation is al-

ways necessary, and it also can reconfigure the solution. After receiving the solution user, 

through the web interface, can give some feedback about the smartification process. 

A furniture designer is responsible for designing the furniture if the user does not want to 

choose every detail of the solution. Depending on the type of customer, this might be the 

entity that directly interacts with the user interface system. 

The user interface system is responsible for developing the web interface that will be used by 

the user and for developing the tagging system to be integrated into the interface to help the 

user find the right solution. It is directly involved with the user and the system engineer. 

The prototyping system is responsible for creating a hardware list to be introduced in the KB, 

which the web interface will use to suggest smartification ideas to the user. It is also responsible 

for validating or creating the solution and the respective development instructions. Therefore, 

it is involved more directly with the development and quality engineers. 

The quality assurance system is responsible for validating the hardware list. It is also this sys-

tem's job to validate the 3D dimensions of the solution to fit the solution in the desired furni-

ture. In the process, the quality engineer is the most direct connection to the furniture manu-

facturer and is responsible for reporting the solution and the technical specifications. It is also 

responsible for reporting the geometrical solution to the system engineer. 

The runtime system has two primary responsibilities. First, along with the system, the engineer 

is responsible for creating the technical specifications of the solution. However, the main work 

of this system is to deal with the runtime process, in other words, process the data acquired, 

maintain, and update the smart furniture developed. 

The furniture manufacturers are responsible for reporting the dimensions to the quality assur-

ance system and developing and modifying the solution to meet the needs defined by the 

customer. 

As seen in Figure 3.1, the proposed system presented in this dissertation has five main tasks 

the system must accomplish. 
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As said, the user interface system will interact with the customer and the other intervenients in 

the smartification process. The main tasks that this system purposes to achieve are: 

- The extraction of the customer smartification needs; 

- Tag that same extracted information and insert it into the KB; 

- Propose solutions and functionalities with the help of tags associated; 

- Guide the customer through the smartification process since it is not an easy topic; 

- Enable after-sale feedback. 

 

 

Figure 3.1 - User Interface System Tasks. 
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3.2 Main Scenario 

The main scenario is where it is represented as an overview of the User Interface System in the 

smartification project. The interactions between the different intervenients entities are identi-

fied, and the most important tasks that each one of them has regarding the User Interface 

System. 

In Figure 3.2, it is possible to see all the stages the User Interface System will get through in 

the blue vertical rectangle. The yellow vertical rectangle shows all the user actions, and the 

green vertical rectangle shows the actions of all the other intervenients in the smartification 

Figure 3.2 - Main Scenario Flow. 
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process. Since the smartification project is a continuous process involving many intervenients, 

some steps depend on others. Not all of the steps are mandatory in every smartification pro-

ject. The mandatory steps are represented with continuous traces, while the optional ones are 

represented in dashed lines. The order of steps in a smartification project are: 

- Step 0 is a fundamental step for the excellent function of the whole User Interface Sys-

tem. In this step, the database is populated with associated projects and associated 

tags, allowing the tagging system to make suggestions. 

- Step 1 comprises the introduction of the customer's smartification needs in the GUI. 

After that, the User Interface System will extract the information regarding the custom-

er's need. 

- In step 2, the User Interface System will suggest functionalities and similar projects re-

garding the smartification need extracted in the previous step. Then, the suggestions 

will appear as a possibility to the customer, allowing the customer to choose the addi-

tion of the suggested functionalities to the project. 

- During step 3, the customer is invited to describe the smartification solution that the 

User Interface System will extract and send to the smartification process. 

- Step 4 involves the validation of the smartification by the Prototyping System and cre-

ating a good solution presented to the customer through the User Interface System. 

- Step 5 is an optional stage that is dependent on the approval or reconfiguration request 

of the solution by the customer. 

- Once the customer approves the solution, the manufacturing of the prototype starts in 

step 6. At the same time, the customer is redirected to an optional survey about the 

smartification process. 

This is an overview of the steps meaning that the complexity of each step is much greater than 

described above. In order to have a better understanding of this process and the interactions 

between systems, secondary scenarios are going to be described in the next sub-chapter. 
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3.3 User Story 

As said before, an accessible and easy-to-understand GUI is also a significant target in this 

thesis. By reaching this target, the process becomes user-friendly. Furthermore, since the sys-

tem proposed in this thesis is integrated into a more extensive process, it is crucial to consider 

the user experience by avoiding significant differences when jumping between platforms/ser-

vices. 

Retaking the Bob example.  

Before interacting with the service presented in this thesis, Bob will interact with the INEDIT 

platform. In the INEDIT platform, Bob will create and configure an account, defining the furni-

ture details. Afterward, the smartification project begins, and Bob is redirected to the system 

this thesis proposes.  

Bob will be invited to answer some questions during the first interactions with this system. 

From Bob's answers, the system retrieved “bed”, "led", "lights", “warm” and “massages” tags. 

These tags are essential to success because the system uses them to search for other projects 

with equal/similar tags, which are shown to the user. These tags will also be used to suggest 

functionalities that Bob can add to his project. From Bob's perspective, he will start by answer-

ing a question and be helped from that point forward at every step of the process. 

Besides the concerns with the tagging system and with the GUI, it is also necessary to consider 

the data models and the design of the database. These are also essential for the proper func-

tioning of all the systems combined. Moreover, since the system proposed in this thesis will 

have multiple interactions, the agreement between all data models and database designs is 

mandatory for all systems.
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4  

 

ARCHITECTURE FOR THE TAGGING PROCESS 

This chapter proposes the architecture for the tagging process, explaining the structure and 

technologies that should be used to implement the hypothesis that this dissertation presents.  

4.1 Architecture Overview 

In order to develop an intelligent relational tagging system that enriches a knowledge base to 

guide users to the right smartification solution, this dissertation proposes an architecture to 

use in the smartification process. This architecture comprises multiple technologies and com-

ponents that create the Intelligent Relational Tagging System for Smartification Based Dash-

board proposed in this dissertation.  

The smartification process uses a panoply of available devices to provide awareness of objects 

and their environment. This process is extendable to several different utilizations, and, in this 

dissertation, context is applied to furniture. To achieve smartification, the customer must have 

a smartification need, even if it is not well defined in the customer's mind. In this context, the 

system suggested by this dissertation can be applied. This system does not aim to solve the 

furniture smartification process but to help the user through that process by providing func-

tionality suggestions and a similar projects catalog. 

This architecture was developed considering the scenario presented in the previous chapter. 

However, the utilization of this system can have further implementations beyond furniture 

smartification. The proposed architecture comprises multiple technologies/components: Sur-

vey/Research, Knowledge Base, Tagging System, and GUI. The function of each of them will be 

explained further in the document. However, the GUI is the only one the user will interact with. 
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Typically, this User will be a customer however the architecture was created so that the smarti-

fication expert can also use the system. 

Figure 4.1 illustrates an overview of the proposed architecture. 

One of the keys to the success of this framework, and the first entry point of data, is the sur-

veys/researches that will feed the knowledge base. These surveys will provide an initial dataset 

in the knowledge base, which projects created by customers will further enrich.  

The knowledge base contains all the information and data. It has the function of receiving 

information from the surveys/research and the tagging system, as well as providing data to the 

GUI and the tagging system.   

Figure 4.1 - Architecture Overview. 
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The tagging system is responsible for tagging the information provided by the user through 

the GUI. This system interacts directly with the GUI and knowledge base and is part of the 

smartification service. From the GUI, the tagging system receives smartification needs, specifi-

cations, possible solutions, and feedback regarding smart furniture and provides solutions, 

functionalities, and possible reconfigurations to the GUI. The interaction with the knowledge 

base is to store the tagged information and, through Queries, retrieve data to be handled and 

analyzed so that it can be presented in the GUI. 

The GUI is what the user can see and interact with. Here, the user will have the possibility to 

detail the smartification needs and specifications, give feedback, and access the product cata-

log and suggested functionalities. For the design of this GUI, usability and accessibility stand-

ards were considered.  

The following subchapter gives a more detailed explanation of the proposed architecture and 

the interaction between the different components. 

4.2 Scenarios Instantiation 

Chapter 4.1 presented an overview of this dissertation's architecture for the tagging process, 

developed by contemplating the scenarios presented in chapter 3.  In this section, the archi-

tecture followed to implement the solution explained in the chapter 5 will be detailed. This 

architecture is specifically designed to match the customer needs in the furniture smartification 

process, however it can be easily shifted to be applied to another end objective. It aims to 

achieve the main tasks presented in chapter 3. Figure 4.2 shows an overview of the architecture 

instances organized accordingly to the flow of interactions, which can be divided into smaller 

steps explored in this section. 
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 Figure 4.2 - Overview illustration of architecture instances organized accordingly to the flow of interactions. 
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As explained in the Scenarios sub-chapter, the architecture needs to fulfill some requirements. 

First, there is the User Interface System, which is the system presented in this dissertation, but 

there is also a Prototyping System, a Customer, a Quality Assurance System, a Runtime System, 

and the Furniture Manufacturers. This illustration mainly shows the flow of the User Interface 

System. Figure 4.2 exhibits the interactions between this system and others, represented by 

the smartification process icon. The illustration explanation will detail each interaction between 

the different systems. 

From an implementation perspective, the starting point is the feed of the knowledge base with 

surveys. These surveys are google forms specifically created aiming to extract knowledge from 

the user. These surveys were developed for a better understating of the questions and exam-

ples to be given in the GUI. Creating these surveys was an iterative process, allowing expert 

and non-expert users to understand and answer the questions, which provides feedback from 

a larger group of people. 

Since the user is redirected from another platform where some of the furniture information is 

already defined, the first interaction with this system is answering about the context of use for 

the furniture piece. The tagging system will analyze this description and then insert it into the 

knowledge base as tagged and non-tagged information. 

  

Figure 4.3 - Architecture instance applied. Part 1/5. 
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From the first interaction, the smartification service can retrieve functionalities and projects 

related to the current project due to the tags. This can be done by analyzing the tags associated 

with the current project, which will be used to select similar projects and functionalities. There-

fore, in this system's first uses, the surveys previously inserted in the knowledge base have such 

importance. These retrieved projects will be presented to the user through the GUI. In this 

second interaction, the user can select a project to add functionalities to the current project 

and answer two more questions to specify the desired smartification solution better. 

From the interface, the data will go through the tagging system to be stored in the knowledge 

base. Figure 4.4 represents the smartification information sent to the smartification process to 

develop the solution. However, this information is also stored in the knowledge base, and the 

systems in charge of the solution development step can retrieve it from there. Once the solu-

tion is developed, all the details are inserted into the knowledge base. 

 

Figure 4.4 - Architecture instance applied. Part 2/5. 
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After solution development by the Prototyping System and validation by the Quality Assurance 

System, some details are shown to the user as it can be seen in Figure 4.5. Then, the recurring 

interaction between the user and the smartification project can start. First, the smartification 

service selects the suitable solution information available in the knowledge base created in the 

solution development step. Afterward, this solution information is presented to the user 

through the GUI. Then, the user can either click to approve the solution or request changes in 

this interface. 

By requesting changes, the user is redirected to another interface where the possibility to write 

the desired changes is enabled. This information will be processed by the tagging system and 

inserted into the knowledge base. At this point, the smartification process will develop another 

solution, and this step will be repeated until the user approves the proposed solution. 

Figure 4.5 - Architecture instance applied. Part 3/5. 
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This step represented in Figure 4.6 is expected to be iterative since user approval will only 

happen after meeting all user smartification needs. Once approved, the smartification process 

continues by the initiation of prototype development. 

The prototype development can be long and repetitive since it depends on user approval. Once 

the smartification process finishes developing the prototype, the related information will be 

inserted into the knowledge base alongside possible reconfigurations to the developed solu-

tion. The proposed Smartification Service will extract the data, which will be presented to the 

user in the GUI. In this GUI, the user can see all the detailed information alongside a video of 

the developed prototype. At this point, the user can either accept the prototype or request 

reconfigurations.  

If the user request reconfigurations, the information is tagged by the tagging system and in-

serted into the knowledge base associated with the current project. This is a helpful feature for 

future users because these reconfigurations can be presented in future projects. Furthermore, 

requesting reconfigurations restarts this process because the prototype developed will be ad-

justed to customer desires. 

 

Figure 4.6 - Architecture instance applied. Part 4/5. 
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However, if the user agrees with the prototype, it will be approved trough the GUI, and the 

smartification process will begin the Deliver Smart Furniture process. 

The delivery of the smart furniture piece closes the smartification process cycle, as it can be 

seen in Figure 4.7. However, the interaction between the user and the smartification process 

continues. Once the Deliver Smart Furniture process starts, the user is redirected to a feedback 

survey. Here the user can give input about the smartification service, and the obtained data 

will be processed by the tagging system and inserted into the knowledge base. 

As it was possible to observe in the figures above, the service that this dissertation proposes is 

composed of several components, like the database, the tagging system and the GUI. Next, 

each of them will be reviewed in detail and explain why the specific software was chosen. 

During the implementation stage of the project, some changes might happen. However, this 

architecture will always be true and can be implemented if the objective is to help a customer 

in a smartification project. 

 GUI 

A GUI, a graphical user interface, is computer software that allows a person to interact with a 

computer through symbols, images, pointing devices, or visual metaphors [64]. Alongside tech-

nology in general, the GUIs also evolved over time.  

It started with a few buttons to allow the user to navigate and have minimal interactions and 

evolved to modern interfaces that can be navigated through voice commands. The GUI is con-

sidered a key feature to the success of any software program that requires user interactions. 

This thesis is not an exception because most interactions between the customer and the smarti-

fication project are through the GUI. 

Figure 4.7 - Architecture instance applied. Part 5/5. 
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The frontend part of this dissertation proposes using the flutter framework [65] for interface 

development. 

Flutter is a free and open-source UI framework created by Google for building applications 

from a single codebase. One programming language and one code base can be used to create 

different apps. Originally it was meant for mobile application development, but later on, it was 

extended to support platforms like the web, Windows, and Linux [65]. 

The choice of the flutter framework is influenced by the fact that this is faster than many other 

application development frameworks, especially with the “hot reload” feature, where it is faster 

to build the project, test, and fix bugs [10]. Furthermore, with the concerns of accessibility and 

usability for interface development, flutter allows the developer to control every aspect and 

every pixel on the screen, thus enabling customization in every aspect. 

The dart language is another benefit of the flutter framework. Dart programming language, 

developed by Google, is a language targeting fast-performing apps on multiple platforms. 

Even though flutter is a current framework, there is already some excellent documentation with 

easy examples for different use cases and a growing and robust community. The cherry on top 

of the cake is that this is an open and free source [66]. This framework is already very concerned 

and well prepared for the accessibility principles, which is a bonus to this thesis.  

Chapter 5 will explain all created interfaces and the reasons behind their nature. In order to 

store and retrieve information, it is necessary to have a database. 

 Database 

A database is an organized collection of structured information, or data, typically stored elec-

tronically in a computer system [67]. The information is stored in an organized way through 

tables, rows, columns, and indexes. Due to this type of organization, the data is easy to access, 

manage, modify, and update. 

Almost every database uses a structured query language (SQL) to write and query data. SQL is 

considered a programming language used by almost all relational databases to manipulate 

data. Via this programming language, it is possible to query, update and reorganize data, as 

well as to create and change the structure of a database system. 
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Typically, a database is controlled by a database management system (DBMS) that serves as 

an intermediary interface between the user, or other programs, and the database itself. In this 

interface, it is possible to use SQL to manage the data in the database. 

Considering the wide range of existing database types, this thesis requires utilizing a relational 

database. This type can be defined as a database that stores and provides access to data points 

related to one another. It is a straightforward way of representing information in a table, in 

which each row is a record with a unique ID and each column holds the data's attribute [68]. 

The benefits of having relational databases are the possibility to manage data in a secure and 

rule-based way, presenting a consistent method of information that specific points relate to 

other information [68].  

In this thesis, the PostgreSQL[69] was adopted due to all the inherently attached benefits. This 

is an open-source relational database that supports both relational and non-relational query-

ing. Furthermore, it is a reliable, stable, and resilient database management system, offering 

more than two decades of community development, and is used from web applications to 

analytic applications [70]. 

PostgreSQL is a project created by Michael Stonebreaker in 1986, aiming to add to the previous 

project, POSTGRES, the features needed to support various data types in its entirety. This evo-

lution brought several benefits, such as the rich features and extensions supported, thus being 

highly scalable in the quantity of data and the number of concurrent users it can accommodate. 

PostgreSQL also has suitable reliability, following good database management practices. 

Moreover, the fact that PostgreSQL has an open-source license presents one of the most im-

portant benefits. Having the source code available under an open source license makes it pos-

sible to use at no charge, which is a great asset when associated with high scalability [70]. 

 Tagging System 

The definition of a tagging system depends on understanding the tag concept. As explained 

in Tagging sub-chapter, a tag is a user-generated keyword that has become a way to improve 

descriptions of online information resources [24]. In this context, these tags must be generated 

from the customer's answers and associated with the project. Once this association is done, 

each project will contain valuable information that can be used to suggest smartification func-

tionalities and to give a catalog of similar projects to the customer. These suggestions will 

simplify the smartification process by providing meaningful help to the customer. 
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The relationship between the tagging system and the previously defined taxonomy and folk-

sonomy concepts becomes evident, with the system leaning more towards the folksonomy 

approach. This system enables collaborative tagging in a different approach to the common 

folksonomy. This is done by allowing the users to remove tags that they might consider useless 

to the project but blocking them from adding tags. The tags are created/generated and asso-

ciated with the project by the tagging system, allowing users to check them before the final 

association. Even though this system leans more towards folksonomy, taxonomy is also present 

by categorizing the projects initially by type of furniture and then by smartification functional-

ities. Therefore, it becomes easier to use finished projects to make functionalities suggestions 

and to populate the suggested project's catalog. 

The proposed tagging system will run on an API used by the frontend part of the project to 

generate the tags and get the similarity between tags. This system will be a web application 

that the GUI will consume. The system will be built as a web application using Flask [71], a 

python module that facilitates the development of web applications [71]. 

This tagging system will have a main file that handles the requests done by the Inter-

face/Frontend part of the project. This main file then calls the appropriate functions accordingly 

to the requests done. This is the tagging system flow: 

 - The Information sent by the Interface System is the input parameter of TagsFunction 

function. 

 - TagsFunction handles the input and returns a response. 

 - This response is then the input parameter of checkTags function. 

 - checkTags function iterates through the input parameter vector and acts accordingly 

by calling or not calling the similarity function. 

  - If similarity function is called, the return of this function is then used to the 

return of checkTags function. 

What each function does and returns will be explained in more detail in the following sub-

sections. Following the flow of tagging system, the first function explained is TagsFunction. 
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4.2.3.1 TagsFunction 

TagsFunction is a function that receives sentences as an input parameter and returns a list of 

the tags generated in those sentences. This starts by tokenizing the received sentence by using 

NLTK’s recommended tokenizer. Then the generated tokens are iterated. Each token will go 

through an NLTK POS algorithm that returns the part of speech of each word in the given 

sentence. From the study, the most valuable information in the customers' sentences for a 

smartification process are nouns, adjectives, verbs, and numerals. Therefore, every word that 

matches one of these POS fields selected is added to the response vector of the function. 

Before sending the response, this list is iterated to check if each entry is one of the most com-

mon words that have no value to the tagging system. Therefore, this function returns in a list 

all the words from a given sentence that are part of the grammatical field and have valuable 

information to the project. 

As an example, let us use the sentences: "I want my bed to have a charger that can charge two 

devices at the same time. I want to lay down my phone on the bed and it starts to charge but 

also to have a cable to charge overnight.” as the input of the TagsFunction. 

Figure 4.8 details the function working. Firstly, it recognizes that the input has two sentences 

because of the dot and separates them into two sentences that the algorithm has to go 

Figure 4.8 - TagsFunction working overview. 
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through. Then, it starts by making a clean-up in the sentence by only saving words that fit in 

POS. 

Sentence 1:  

Words: 

['I', 'want', 'bed', 'charger', 'charge', 'two', 'devices', 'time', '.'] 

POS: 

['PRON', 'VERB', 'NOUN', 'VERB', 'NOUN', 'NUM', 'NOUN', 'NOUN', '.'] 

Sentence 2: 

Words: 

['I', 'want', 'lay', 'phone', 'bed', 'starts', 'charge', 'also', 'cable', 'charge', 

'overnight', '.'] 

POS: 

['PRON', 'VERB', 'VERB', 'NOUN', 'NOUN', 'VERB', 'NOUN', 'ADV', 'NOUN', 

'NOUN', 'NOUN', '.'] 

Then the algorithm goes through this first list of words and adds to the response list of the 

function the ones that match the POS identified as valuable to the smartification process. Be-

fore returning the response, the algorithm goes through this response list and removes the 

words that match the POS selected but are considered useless to be added as project tags. 

This is done by having a pre-defined list of useless and meaningless words that the algorithm 

will go through and compare to the words in the response list. The algorithm is also prepared 

to deal with equal tags in different sentences by only allowing unique words in the response 

list. 

Response vector: 

['bed', 'charger', 'charge', 'two', 'devices', 'time', 'lay', 'phone', 'starts', 'cable', 

'overnight'] 
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Still following the tagging system flow, this response will be the input parameter of the 

checkTags function. However, since the checkTags function calls the similarity function, it is 

easier to understand first the similarity function and then the checkTags function. 

4.2.3.2 Similarity 

This function has one word as the input parameter and returns a list with only one word. Typ-

ically, the input parameter will be the iteratively each of the tags present in the input parameter 

list of the checkTags function, previously generated from the TagsFunction. The idea here is to 

select all the tags already in the database and compare them with the input word. The one with 

the highest similarity is the one that is returned by the function. 

The function starts by retrieving from the database all the tags generated by the other projects 

and putting them separately in a list. Then it goes through this list of tags and compares the 

similarity with the function's input parameter. This similarity is created by encoding through a 

SenteceTransformer model the tags that will be compared and using the cosine function to 

return a level of similarity. The function then compares each tag's similarity level in the data-

base with the input word and finds the tag more similar to the input word. However, this sim-

ilarity must be higher than 85% to retrieve the tag from the database. If it is lower than 85%, 

which means that the similarity between the input word and all of the generated tags until now 

in the database is not enough, this new tag must be inserted into the database. After several 

attempts to check the algorithm's working, the 85% threshold was selected.  

This allows the creation of a word cloud, where a tag can be associated with multiple words. 

This reduces the number of tags in the database but increases the accuracy of suggested pro-

jects and suggested functionalities. Different expressions and explanations of the same action 

or thing will lead to the same suggested functionalities and projects. 

A database simulation was created to check the similarity function in action to understand the 

similarity function better. For the example, consider the following list as the database the func-

tion will look at.  
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Database Example: 

- bed 

- couch 

- chair 

- door 

- cabinet 

- desk 

- closet 

- recliner 

Figure 4.9 presents the result of the function working alongside the dataset used. For example, 

the function's input parameter is the word “bedroom”. The algorithm compares that word with 

all the tags in the example database and returns the one with the higher similarity level, in this 

case, "bed". However, sometimes the database will not contain any tag that matches the de-

sired similarity level regarding the input word. In these cases, the function's return will be the 

same input word, as it is possible to see in Figure 4.10. 

Figure 4.9 - Similarity function returning a tag from the database. 

Figure 4.10 - Similarity function returning the inpt word as tag. 
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When this happens, a new tag is inserted into the database as a new entry. This new entry will 

increase the types of associations that can be done in future cases, creating a new cloud word 

associated with "commands" in this particular case. As expected, this algorithm does not work 

correctly 100% of the time, causing some associations that are not correct. 

 

Figure 4.11 is an example retrieved from the tagging system already running with real smarti-

fication projects. In this case, the database used was from the production environment. 

As it is possible to see, with the input "starts" the similarity level reached with the tag "number" 

is almost 86%. Even though the similarity level was above the defined threshold, the association 

does not make sense. Of course, this can be solved by setting a higher level of similarity to 

match input words with tags from the database. However, increasing the threshold would re-

sult in the loss of valuable matches. The 85% was not chosen randomly, but it came from an 

iterative process of checking matches between input words and tags from the database. This 

process started with 70% as the accepted similarity level, and from errors like Figure 4.11, this 

level was redefined to 85%, which was found to be the perfect combination. At this level, the 

similarity errors are shallow, and the value matches are very high, which was not occurring with 

similarities above 85%. 

As explained, this function does not have to be executed with every tag generated from the 

TagsFunction because the system is prepared to save relationships between tags and words: 

saving execution time and machine resources. The function checks if this similarity function 

needs to be executed in the checkTags function. 

  

Figure 4.11 - Similarity function creating wrong 

associations. 



 56 

4.2.3.3 checkTags 

The checktags function receives as an input parameter a list, the result of the TagsFunction, 

and returns a list of tags. The purpose of this function is to choose if it is needed to call the 

similarity function or not. This is done by going through the input list and comparing those 

words/tags with those already stored in the database.  

Going iteratively through the input list, the flow of this function is: 

 - Check if the word retrieved from the input list is already present in the database with 

a tag related. 

  - If yes, the tag related is retrieved and added to the output list of tags. 

  - If not, the similarity function is called.  

The tag and the similarity level come from the result of the similarity function. If this similarity 

level is higher than 85%, the relation between the input word and the tag from the database is 

saved so that it can be used next time. 

Saving these relations between tags and words saves a lot of function execution time and 

computer resources. In the first instances of this tagging system, these relations were not 

saved, and with this improvement, the application's execution time was reduced to almost half 

of the time. 

The presented functions will work alongside the frontend part of the project to suggest func-

tionalities and projects to the user. The presented functions will work as a web application that 

the frontend with HTTP [72] requests will consume. HTTP or Hypertext Transfer Protocol (HTTP) 

is the foundation of what the Internet is. It is an application layer protocol that was conceived 

to transfer data between devices connected to a network. An HTTP request is what is done 

between applications to ask for information to load interfaces [71].   

JSON [66], which stands for JavaScript Object Notation, was the chosen data model format 

adopted to interchange data between platforms. It is a lightweight data-interchange format 

usually used to send data between computers and is language-independent. This format is 

syntactically similar to the code for creating JavaScript objects, which makes it easy to convert 

JSON data into JavaScript objects and vice-versa [66].  
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Via FLASK, a micro framework that uses Python to build Web applications, the backend/tagging 

system is always running, which can be accessed by the frontend via predefined URL addresses. 

This way, it is easier to debug in the creation process of this system, but it also enables other 

projects to use this system. 
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5  

 

IMPLEMENTATION 

The architecture presented in the previous section serves as a model for the application's im-

plementation. This application will guide the customer through the smartification process, as 

well as aid in extracting the customer's smartification need. The application comprises three 

backend components: the Knowledge base, the RESTful API [73], the Python application, and 

one frontend component, the GUI. In this chapter, all of these components will be explained in 

detail, as well as the connections between them. 

5.1 Application Structure 

The application contains four major components, the database, the RESTful API, the tagging 

system, and the GUI. Each has different objectives, although they all work together to bring 

this application alive. 

The database is running in the PostgreSQL cloud service provided by ElephantSQL. It is used 

to store all the information about the smartification projects, the different states of the project, 

and all the information that changes along the smartification process. ElephantSQL was the 

chosen cloud service mainly because it has free storage until 20MB, which is enough for testing 

several smartification projects. It also offers good quality servers, such as Amazon Web Services 

[69]. As mentioned before, the data management selected was PostgreSQL, which supports 

ElephantSQL, and JSON, being free and open-source. In order to retrieve and change the data 

in the database, it is necessary to use an intermediary service between the frontend, backend, 

and the database. Glitch was the tool chosen to create a free web app that can run the RESTful 

API with Node.js, which runs as the intermediary service. This service is explained in detail in 

the RESTful API sub-section. The tagging system, or backend, was made with Python using 

Flask framework to create a Web application that the interface can consume. The interface, or 

frontend, was developed with the Flutter framework, which uses the Dart programming lan-

guage. It is possible to see the relationship between all the components of this application in 

Figure 5.1. 
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As it is possible to observe, to have any type of interaction with the database, it is necessary to 

go through the RESTful API by an HTTP request. Then the API deals with the request and com-

municates with the database via SQL commands. Finally, information returned from the data-

base goes by the API, redirecting the answer for the requested component. Besides these in-

teractions, the interface and the tagging system can also interact via HTTP requests. 

5.2 Database and State Diagrams 

For developing a software application project, one of the most critical structures to define is 

the data. All the data needed to develop a smartification project is stored in the database, 

which follows a structure shared by the different systems involved in the smartification devel-

opment process. It happens so that every system knows the purpose of each field in the data-

base and that every system can have an overview of the process of a specific smartification 

project. 

 Project State 

As mentioned in the Database sub-chapter, the table Project has a field project_state repre-

senting the project's current state. The following diagram represents the different states of the 

project and their meanings.  

Figure 5.1 - Application Structure. 
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Figure 5.2 - Values of project_state field. 
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This is a significant field because, as mentioned, each smartification project has the intervention 

of several independent systems. With this value, every system can keep track of the evolution 

of the project. 

The “start” state sets the beginning of this diagram. However, since this diagram represents 

the field project_state from the database, the first effective state of this field is New Problem 

(0). This state represents the moment of furniture smartification need and context description 

by the customer through the User Interface System. Afterward, the Quality Assurance System 

will validate the smartification need and the context of the furniture, reaching the Problem 

Validation state (1). If everything is valid, the project state goes to Idea Creation (2). If invalid, 

returns to state 0. This can be easily seen in Figure 5.3. 

In state 2, the Prototyping System will create a new idea to propose to the customer based on 

the information provided in state 0. Once the idea is created, the project_state goes to the User 

Approves Idea (3) state, where the customer will review the suggested idea via the User Inter-

face System. If the customer approves the idea, the state goes to Created Detailed Solution (4). 

However, if not approved, the state returns to 2, and due to the User Interface System, the 

customer can also provide reasons for reproval. 

In state 4, the Prototyping System creates a detailed solution to propose to the customer. Then, 

if needed, the project state goes to Runtime (5). In this state, the Runtime System can edit the 

detailed solution to add the runtime specifications leading to state 4. If it is not needed to go 

to state 5, the state will be Detailed Solution Validations (6), which can be seen in Figure 5.4. 

 

Figure 5.3 - Values of project_state (0-5). 
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In state 6, the Quality Assurance System will validate the proposed detailed solution, leading 

the project_state to different values. If valid, it will go to state Prototyping (7). On the other 

hand, if something is invalid in the detailed solution, it will return to state 4. 

In state 7, the Prototyping System will start creating the prototype, and once it finishes, the 

state will go to Customer Check (9). Here, the User Interface System will show the customer a 

video of the prototype and a brief description. In this state, the customer can either not ap-

prove and provide feedback or approve, leading to state 7 again. This loop can happen several 

times until the customer and the Prototyping System find an agreement about the prototype. 

Once this happens, the state goes to Prototype Validation (8), where the Quality Assurance 

System validates the prototype. The outcome of this validation can lead to End Prototype (10) 

or, once again, back to state 6. 

State 10 is where the Prototyping System finishes the development of the prototype and adds 

possible reconfigurations to the solution, leading the state to Customer Final Check (11). 

Figure 5.4 - Values of project_state (6-11). 
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In state 11, the User Interface System shows the customer the final details of the prototype and 

enables the customer to see the associated reconfigurations. In this state, there are two out-

comes. First, if the customer refuses the prototype, the state returns to 10. Customers approv-

ing the prototype or requesting one of the reconfigurations lead the state to Electronic Inte-

gration Details (12), which can be seen in more detail in Figure 5.5. 

In state 12, the Prototyping System creates a document to guide the electronic integration 

done in the prototype. When finished, the state goes to Customer Product Feedback (13). At 

this state, the user is enabled by the User Interface System to give feedback about the smarti-

fication process. 

To finish the diagram, if runtime exists on the smartification piece that the customer is using, 

the state will change from 13 to Runtime (14), which will be the end state of the project_state 

field. However, if runtime does not exist, state 13 is the final state. 

 Database 

The database is where all the smartification projects and all the project-related data are stored. 

The design in this database enables the customer to have more than one project associated 

and allows multiple projects running simultaneously. Another concern considered in the data-

base's design phase is allowing all the systems involved in the smartification process to know 

the stage of each smartification project. The database is divided into ten main tables repre-

senting the users, project, ideas, tagging, furniture specifications, detailed solutions, ideas, pro-

totypes, reconfigurations, and hardware list. Three additional tables represent the connection 

between some of the main tables. It is possible to see the entire database in Figure 5.6. 

Figure 5.5 - Values of project_state (12-14). 
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Figure 5.6 - Database. 
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The user table is on the left upper side of the image, representing the user in the smartification 

process, who will have a user_id, class, username, apis_token, and key. These last two are only 

for authentication purposes to connect to other systems. The user_id defines the unique ID 

that each user has. The username is self-explanatory, representing the name that the user has 

associated. Finally, the class field identifies the type of user. For example, class 1 represents 

Quality Assurance System, class 2 Prototyping and Runtime Systems, and class 3 Customers 

who interact through the User Interface System.  

The design allows one user to have multiple smartification projects, and that is what represents 

the Project_user table. It contains the user_id that comes from the User table, the project_id 

that comes from the Project table, and the project_user_id. 

The Project table is the main table in the smartification project since it is associated with almost 

all of the other tables and can be seen in more detail in Figure 5.7. The project_id is a primary 

Figure 5.7 - Project table. 
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key that identifies each project. In the Project table, the customer will directly impact name 

(changeable at the beginning of the process), furniture_context, smartification_need, and 

smartification_context, by answering the questions in the interface. The project_state and vali-

dation_state_problem are both fields used to control the project's progress. The valida-

tion_state_problem field can have three different values, 0 if the project is pending validation, 

1 if it is validated, and 2 if it is invalid. The Quality Assurance System gives this value. The 

project_state values are going to be explained in detail after presenting this overview of the 

database.   

As shown in Figure 5.6, the Project table is related to multiple tables.  

The Idea table is where the first idea will be drawn to present to the user. Each idea has an 

idea_id associated with a project_id and contains a JSON file (idea_specifications) detailed in 

the Idea Specifications sub-chapter. Additionally, each idea has an invalid_idea_feedback, and 

a customer_state_idea, to control the idea status. Customer_state_idea can have values from 1 

to 6: 1- Idea suggested by the Prototyping System; 2- New idea requested by the customer; 3- 

Idea invalidated by the prototyping system; 4- Idea validated by the prototyping system ac-

cordingly to idea specifications; 5- Idea validated by the customer; 6- Idea invalidated by the 

customer.  

The Detailed_Solution table is also associated with the Project table. This table gives the user 

a more specific view of the solution before it goes to prototyping. Together with the tables 

Detailed_solution_hardware_component_list and Hardware_Component_List, it is here that the 

pieces of hardware will start to be integrated into the furniture. Regarding this dissertation, the 

Customer will only impact some fields of the detailed_solution_specifications JSON file, which 

will be explained in more detail in the Detailed Solution Specifications sub-chapter. 

Following the smartification process detailed in the Architecture Overview sub-chapter, the 

Prototype table is where all the information about the prototype being developed is saved. 

This table has the prototype_id as the Primary Key and retrieves project_id and reconfigura-

tion_id from Project and Reconfiguration tables, respectively. Both customer_state_prototype 

and validation_state_prototoye control the progress of the project. Customer_sate_prototype 

can go from 0 to 6: 0- the prototype needs customer feedback; 1- the customer approves the 

prototype; 2- the customer reproves the prototype; 3- prototype in final stage pending final 

feedback; 4- customer accepts the final stage of the prototype; 5- customer rejects the final 

stage of the prototype; 6- customer requests reconfiguration. 
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The validation_state_prototoye depends on the Quality Assurance System and does not impact 

this dissertation. Connected to the Prototype table is the Reconfiguration table, which enables 

the interface to show reconfigurations to the customer. The reconfiguration field is where the 

reconfiguration is explained and has the prototype_id as the foreign key and reconfiguration_id 

as the primary key. 

The Furniture_Specification table is where the information about the furniture is stored. This 

table has furniture_id as the Primary Key, which identifies each piece of furniture, and the For-

eign Key is project_id, which comes from the Project table. In addition, this table has the name 

field, which is the name attributed to the furniture; the category, the field that defines if it is a 

bed, sofa, chair, etc.; and the dimensions field, which gives information about the height, width, 

and depth of the furniture. 
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Figure 5.8 - Tagging_project, tagging, and tags_relations tables. 

The last three tables, Tagging_project, Tagging, and tags_relations, are considered the most 

important to this dissertation since they enable the ability to suggest projects and functional-

ities to the customer. Tagging table contains the tag_id, an id unique for each tag(Primary Key); 

the tag; the occurrences that count how many times each tag has occurred; and the type of 

tag, which can be context, reconfigurations, and functionalities. This table connects to the Pro-

ject table with the Tagging_project table, which receives the tag_id from the Tagging table and 

project_id from the tagging_project, and has Primary Key project_tagging_id. 

Regarding tags_realations table, it has: relation_id, an unique id for each relation(Primary Key); 

the tag_id that comes from tagging table, which identifies the tag associated with the word; 

and the expression, which is the word associated with the tag. By associating expressions 
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(words from the customer sentence) with tags, it was possible to reduce the execution time of 

tags generation. This table is relevant to this dissertation because it saves the words written by 

the customer through the GUI and associates those words with a tag, generating a word cloud 

around some tags. This table can have multiple expressions associated with just one tag. What 

defines if this association between a word and a tag is inserted in this table is the tagging 

system explained in the Tagging System sub-chapter, precisely the Similarity function. 

5.3 Specifications Documents 

As mentioned in this thesis, multiple systems work together to develop smart furniture for the 

customer. With this goal in mind, it is mandatory to have specifications that every system fol-

lows so that the work between systems flows in the best way possible. Therefore, in this section, 

the specifications impacting the User Interface System are detailed, starting with the Idea Spec-

ifications, then the Detailed Solution Specifications, and finally Eco Prototype. 

All of these documents are going to follow the JSON format. JSON stands for JavaScript Object 

Notation. It is a lightweight data-interchange format usually used to send data between com-

puters and is language-independent. This format is syntactically similar to the code for creating 

JavaScript objects, which makes it easy to convert JSON data into JavaScript objects and vice-

versa. 

 Idea Specifications 

Besides aiming for the harmony of all systems when developing smart furniture, these docu-

ments also aim to reduce database size and complexity. As illustrated in Figure 5.6, the 

idea_specifications field is present in the idea table. This document is where the customer's 

ideas, requirements, and functionalities will be inserted. This document will also explain the 

project overview to the customer before the detailed solution is developed. 

As explained before, the customer can refuse the idea specifications and propose changes to 

the Prototyping System, so this document requires different versions. Therefore, the document 

has three main fields: the version, the date_time, and specifications. The version indicates how 

many iterations the document has. The date_time field represents the date and the time of the 
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version creation. Finally, the specifications contain an object with all the requirements related 

to the idea. In Figure 5.9, it is possible to see the JSON structure adopted in more detail. 

Concerning this dissertation, the most important fields are inside the specifications object. In-

side this object, there are five other objects: context, furniture_specifications, requirements, 

feedback, and other. 

The "context" object contains the description of the problem (problem_description), the solu-

tion idea described by the customer (customer_solution_description), and the description of 

the solution provided by the Prototyping System (solution_description). This last field will be 

Figure 5.9 - JSON format of idea_specifications. 
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shown to the customer via the User Interface System developed in this dissertation, allowing 

the customer decision about idea approval.  

The "furniture_specifications" object contains the furniture description and a link to the 3D 

furniture model (3d_model_file). However, the "furniture_specifications" object does not di-

rectly impact this dissertation. 

"Requirements" is a different object because it is an array. There can be multiple requirements 

in the "requirements" object, each with a user_type, need, and goal. The user_type indicates 

the type of user; the need field identifies the necessity to apply the requirement; the goal ex-

plains the expected outcome.  

As explained in the Project State sub-chapter, the customer can approve or refuse the idea. If 

the idea is refused, the customer is required to provide feedback for idea improvement. The 

"feedback" object allows this to happen. This object contains the customer_state_idea, a field 

that represents the state of the idea specifications, and the customer_feedback_idea, the field 

that saves customer feedback provided via the User Interface System. The invalid_idea_feed-

back saves feedback from the Prototyping System when something in the idea is not valid. 

The "other" field saves the information regarding the selected functionalities by the customer 

amongst the suggestions from the tagging system. Additionally, this field saves any other in-

formation that does not fit the structure. 

 Detailed Solution Specifications 

Following the Idea Specifications structure, the Detailed Solution Specifications contain the 

version, date_time, and specifications objects. To the specifications object from the Idea Spec-

ifications structure, new fields/objects were added. Therefore, in addition to context, furni-

ture_specifications, feedback, and other fields/objects, were added the non_functional_require-

ments, detailed_solution_descriptions, technical_specifications, runtime_specifications, and in-

structions fields/objects.  

Following the Idea Specifications document, all information was grouped in one document to 

have all systems working harmoniously, reducing complexity and saving space in the database. 

This document is stored in the detailed_solution table, and the document's structure can be 

seen in detail in Figure 5.10. 
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Figure 5.10 presents part of the structure of the detailed_solution_specification JSON to high-

light the fields critical to the smartification service developed in this dissertation. The version 

and date_time objects follow the same structure as the other documents. Following that, it is 

Figure 5.10 - JSON format of detailed_solution_specifications. 
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possible to see one big object, specifications, cut into multiple small objects. However, the 

objects not referenced here are also essential to develop smart furniture but are referent to 

the other systems involved.  

The "context" object is the first to appear in the specifications object that contains cus-

tomer_solution_description, problem_description, and solution_description. These three fields 

refer to customer answers during the smartification process's initial steps.  

The "technical_specifications" object contains three other small objects, hardware, elec-

tronic_diagram, and functional_requirements. Among these, the functional_requirements ob-

ject is relevant within this dissertation scope. The proposed service retrieves the information 

from the goal field to make suggestions and retrieve functionalities from other existent pro-

jects. These functionalities are suggested to the customer in the GUI. 

Following the smartification process, after the creation of the detailed solution, the systems 

start to develop the prototype. For that, a document is needed to keep track of the changes 

occurring. 

 Prototype Specifications 

The prototype specifications also use the JSON data format for all other specifications. This 

specification is stored in the prototype table, as shown in Figure 5.6. The prototype specifica-

tions have two versions, the eco_prototype, and the final_prototype. Even though, eco_proto-

type and final_prototype have the same structure, eco_prototype is developed to present to 

the customer a more environmentally friendly prototype, while final_prototype presents the 

standard prototype without the same environment concerns. This enables the customer to 

choose between multiple solutions that have different building materials with different envi-

ronmental sustainability concerns. 
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The version and the date_time fields inside the final_prototype structure follow the same struc-

ture as the previously explained specifications. Then it has the prototype object. This is where 

the video link of the prototype is stored, so it can be easily changed over the iterations that 

the prototype will suffer.  The description field of the prototype object will be used to describe 

the changes to the customer. When the user approves the last version of the prototype, this 

description will be updated and available for future projects.  

Inside the prototype object, it also exists the feedback object that contains cus-

tomer_state_prototype, customer_feedback_prototype, validations_state_prototype and vali-

dation_feedback_prototype. The customer_state_prototype is an integer that will vary between 

0 and 6, corresponding to the change in states 7 and 9 in project_state explained in the Project 

State sub-chapter. The validation_state_prototype will vary between 0 and 2 to keep track of 

the changes in the Quality Assurance System, meaning a minor impact on this dissertation. 

The customer_feedback_prototype allows customer feedback about the prototype during the 

development stages, enabling constant interaction between the furniture development sys-

tems and the customer. This field can be changed multiple times, depending on the iterations, 

until the smartification process finishes the prototype development.  

  

Figure 5.11 - JSON format of prototype_specifications. 
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5.4 RESTful API 

Following the application structure presented in Figure 5.1, it is necessary to connect with the 

database to save and load information. This is done via an API, in this case, a RESTful API. This 

is based on representational state transfer, REST, an approach commonly used in developing 

web services for communication. There are several options to have this running in the cloud. 

However, the Glitch website, which allocates in its cloud, was used to have the RESTful API 

running. Glitch is the platform the provides the infrastructure to build web applications by 

supporting frameworks like React and Node.js that ease the process of having web app's up 

and running [69]. 

This was written in Node.js, open-source software that allows the execution of JavaScript code 

outside of the browser. One of the many reasons to choose this framework is because Node.js 

is well known for handling multiple requests simultaneously with high performance. This needs 

to be considered when one of the goals of the INEDIT project is to have this service up and 

running with multiple smartification projects running simultaneously. For example, to connect 

to the PostgreSQL database, node-Postgres was used, a collection of modules allowing inter-

facing with PostgreSQL. 

The implemented methods in this RESTful API followed the CRUD system, which allows making 

the four basic operations: Create resources (POST), Reading resources (GET), Update resources 

(PUT), and Deleting resources (DELETE). 
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Figure 5.12 presents the RESTful API model in the smartification service developed in this dis-

sertation. The RESTful API communicates with all the systems and handles all requests. How-

ever, to save energy, the API is asleep whenever it does not receive HTTP requests. The typically 

flow is that the CRUD methods come from both Interface and the Tagging System as HTTP 

requests to the API. Then, the API process these requests into queries for the database engine 

as an HTPP request, answering the result of the query as an HTTP response. The API deal with 

this response, returning a file in JSON format as an HTTP response to the system that made 

the request, either the Tagging System or the GUI. 

  

Figure 5.12 - RESTful API model. 
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5.5 Interface 

The application is composed of several systems described in the previous sections. However, 

since this is a more consumer-oriented service, the interface is essential to work as desired. 

As the previous chapters explained, the interface interacts directly with the tagging system, or 

backend, and with the RESTful API. The customer uses the interface to develop the smartifica-

tion piece, often called the application's frontend. While developing one, the developer must 

get into the user’s skin and provide controls that make this experience as smooth, easy, and 

accessible as possible. This is done to allow every user with whatever device and whatever 

capability to use the interface. With these concerns and goals in mind, these interfaces were 

developed to maximize the development of the smartification project by the customer. How-

ever, a connection to the Internet is always needed since the interface runs on a web applica-

tion, which is a good choice considering that it reaches around 60% of the global population 

[74]. This interface was mainly developed to run as a web application, however the choice of 

the Flutter framework was considered due to the possibility of scaling the interface into a mo-

bile app. 

The Flutter framework uses the programming language Dart to allow the developer to build 

mobile, web, and desktop apps. This allows the creation of unique looks with the User Interface 

that have a normal behavior across platforms with the same code. Adding to these benefits, it 

has high-speed testing, which every developer desires, a growing community, and rich libraries. 

The built-in HTTP library is one of them, which in this case, helps communicate with the 

backend service and the RESTful API. 

Designing User Interfaces is focused on two objectives. First, it predicts the user's possible 

needs. Secondly, it ensures that the interface elements are accessible, understandable, and 

usable. Nowadays, Interface design is more straightforward due to the abundance of interfaces 

users have been subjected to in recent years, which makes them expect certain elements to 

have a specific behavior. Elements can be considered buttons, checkboxes, text boxes, hyper-

links, etc. In a general way, we can define three major categories of elements: Input Elements, 

Output Elements, and Helper Elements. In addition to designing an appealing interface, it is 

more important to give the user the expected behavior for each element in terms of function-

ality. 
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 User Journey 

User Journey is the steps users take through the GUI to reach their goal. This journey involves 

multiple interfaces, interactions, and decisions by the user, each leading to different paths. The 

user journey can be seen in detail in Figure 5.13. 

Figure 5.13 - User Journey. 
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The user journey gives an overview of all the interfaces in the smartification service and the 

available options. Figure 5.13 does not have step 13, jumping from 12 to 14. This happens on 

purpose because step 13 was regarding the reconfigurations page which was not implemented 

in this dissertation. As expected, building a good interface from scratch is challenging, and this 

dissertation was no exception.  

 Interface Creation Process 

To obtain the final interfaces, several processes and countless changes were made. It started 

with drawings in notebooks, and from constant feedback to improve little details, it was pos-

sible to end with a user-friendly interface. This evolution is shown in Figure 5.14. 

Figure 5.14 - Interface creation process for Projects Catalog interface. 
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From Figure 5.13, Step 5.B.1 interface was selected because it shows the process done in all 

interfaces and the backend (tagging system) working with the frontend. 

 

In Figure 5.15, it is possible to see the Projects Catalog interface's first version. In this version, 

the top of the screen contained the title, and the username, followed by the furniture. The rest 

of the page would contain clickable boxes with an explanation of the project and a photo. 

These clickable boxes would lead the user to a page with detailed information about the 

selected smartification project. From surveys requesting interface opinions, the tittle was 

changed alongside the username field at the top of the page. Specifying the users' project 

furniture was found pointless and removed. However, the idea of the clickable boxes was 

Figure 5.15 - First draft version of Projects Catalog interface. 
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maintained with minor adjustments. From this first draft, removing what was not desired was 

possible, and moving from drawing the interface to coding it. 

Figure 5.16 is considered the second iteration of the Products Catalog Interface. However, the 

first code implementation for this interface shows the differences between the first draft and 

the implementation. In this stage, the project was focused on developing for mobile. However, 

it was decided to develop a web-oriented interface. Since Flutter supports one codebase for 

all devices, the change of direction of the project did not impact the interface development.  

From the first draft, the username was replaced by the “i” icon (upper right side of the interface), 

which opens the project details when clicked. The center of the page followed the draft idea 

by implementing the clickable boxes. Once again, when the first implementation of the 

Figure 5.16 - First implementation of the Projects Cat-

alog interface. 
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interface finished, that same interface was shown and discussed, leading to multiple changes. 

These iterations happened multiple times, with constant feedback leading to several changes 

in the interface. The following Figure 5.17 shows the last version of the interface. 

In this last version, the “i” icon was removed because it was found useless, and the tittle of the 

page was changed to ease the user's understanding. In addition, the clickable boxes were 

changed to a different style to make all the box areas clickable and user-friendly. The arrow on 

the left upside of the interface present in the first implementation was also removed and re-

placed by a button at the end of the page to return to the previous page, in this case, “Home 

Page”. All of these changes focused on user usability and accessibility, which are once again 

fundamental concepts when developing interfaces. This process was done in all the twenty-

one interfaces developed for the frontend part of the smartification service.  

As previously mentioned, this smartification service comprises several systems that communi-

cate. The outcome of these interactions between the systems can be seen in several interfaces. 

To show everything in motion and working, a use case scenario will be presented along with 

an explanation of each interface. The steps described here are shown in Figure 5.13. 

Figure 5.17 - Projects catalog interface. 
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The Bob example from the User Story sub-chapter will be adapted to better understand this 

process's details. In addition, some interfaces presented were cropped to improve the reada-

bility of this dissertation and to enhance some essential details to understand the smartification 

service working. 

 Step 1 - Landing Page 

This interface shows a video explaining smartification and a text explanation. This video starts 

by itself when the customer arrives at this interface. The text is necessary due to accessibil-

ity/usability concerns. This interface has two buttons that lead the user to different pages. The 

“No, I need help” button leads the user to Optional Step 2.B - Contacts Page, while the “I 

understood the concepts and I am ready to start the smartification process!” button leads the 

user to Step 2.A - Confirmation Page.  

Optional Step 2.B interface is not shown in this dissertation. However, this is a simple interface 

where the user can click a button and gets redirected to the INEDIT Contacts page. 

 

Figure 5.18 - Landing page interface. 
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Bob arrives at this page after being redirected from the INEDIT platform. Bob checks the video 

and reads the explanation, understanding the smartification process. Then, Bob presses, “I un-

derstood the concepts, and I am ready to start the smartification process!” and proceeds to 

Step2.A – Confirmation Page. 

 Step 2.A - Confirmation Page 

Before the customer starts the smartification process, the possibility to confirm project infor-

mation previously inserted at the INEDIT platform is provided. Here the user can change the 

project name and proceed, leading him to Step 3 - First Question Page. 

Bob had already specified the furniture, dimensions, and project name, as it is possible to see 

in Figure 5.19. He is comfortable with the project name and clicks “Proceed” leading him to 

Step 3. 

Figure 5.19 - Confirmation page interface. 
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 Step 3 - First Question Page 

From this interface forward, it is possible to see the tagging system working. Here the customer 

is questioned about the furniture using context followed by two answer examples. These an-

swer examples were studied and improved over time to influence the customer to give similar 

answers. With this, preparing the backend to receive answers with a specific structure was also 

possible. This step comprises two interfaces, the first that requires an answer from the user to 

proceed and the following interface, which can be seen in Figure 5.21. 

In this first interface of this step, Bob inserts the answer, “My bed is for my wife and me. I would 

like to have this for a long time, and it would be used every day since it is in my main bedroom.” 

and clicks “Proceed”. By clicking “Proceed”, the backend part is called, and the tag generation 

begins, appearing a loading message while this happens. Once it is finished, the interface 

changes to the following. 

 

Figure 5.20 - First question page interface 1/2. 
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The interface changes, but the customer stays on the same page. A new message appears at 

the top of the interface explaining the available options. The answer given by the customer 

remains visible, not editable, and can only be changed if the customer press the "Change 

Figure 5.21 - First question page Interface 2/2. 
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Description" button. The tags generated by the backend also appear in this interface associated 

with a button enabling their removal from the project. The options in this interface are: “Pro-

ceed”, leading the user to Step 4 - Menu Page, or “Change Description”, which deletes the tags 

generated and allows the customer to change his answer, leading the customer to the previous 

interface. 

Bob removed the “long” and “times” tags, maintained the “bed”, “commands” and “center" 

tags associated with the project, and clicked the “Proceed” button, leading him to Step 4. 

 Step 4 - Menu Page 

This interface presents information about customer options at the top of the screen. Here the 

customer can choose between three buttons, redirecting to different pages. However, to start 

the Smartification process, it is always necessary to click the green button. Bellow each button, 

there is a brief explanation of what the customer will find. For example, the first button leads 

the user to the Optional Step 5.C- Suggested Smartification Functionalities, the second one to 

the Optional Step 5.B.1 - Suggested Projects, and the third button leads the user to Step 5.A - 

Second Question Page.  

Bob started by clicking “Suggested Smartification Functionalities”. 

Figure 5.22 - Menu page interface. 
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 Optional Step 5.C- Suggested Smartification Functionalities 

This interface further illustrates the backend system working. Here, it is possible to see a list of 

functionalities retrieved from finished smartification projects. All of these are functionalities 

that were implemented due to other customers' requests. These functionalities are not ran-

domly presented but retrieved from projects containing the same tags as this project. The tags 

used to search for functionalities were generated in Step 3 - First Question Page. Customers 

can add functionalities to their projects in this interface by pressing the "+" icon below each 

proposed functionality. The button "Back to home page" leads the user to Step 4 - Menu Page 

again. 

Figure 5.23 - Optional step 5.C interface. 
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From this list, Bob added the functionality “Wireless charger incorporated in a shelf” and “Lights 

turn on when someone gets up”. Every time the user adds functionality, the message in Figure 

5.24 pops up. The functionality is added to Bob projects and removed from the list in Figure 

5.23. 

Then, Bob presses the button “Back to home page” which leads him again to Step 4 - Menu 

Page. Finally, in the interface from Figure 5.22, Bob decided to explore other smartification 

projects and pressed the button “Suggested Projects Catalog” leading him to Step 5.B.1 – Sug-

gested Projects.  

Figure 5.24 - Optional step 5.C pop-up. 
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 Optional Step 5.B.1 - Suggested Projects 

Here it is possible to check other smartification projects with similar furniture. This list of sug-

gested projects is not static and depends on the projects present in the database. Over time, 

the Projects Catalog will increase in size, enabling customers to have more projects to check 

and retrieve functionalities. In this interface, the smartification need was added below the pro-

ject's name. The user has two options, check one or multiple projects by clicking on the click-

able area of each project, or return to Step 4 - Menu Page by clicking on the “Back to Home 

Page” button. 

Bob clicks on the Sleep Tracking Bed project to get ideas for his bed project, leading to 

Optional Step 5.B.2 - Project Information. 

Figure 5.25 - Optional step 5.B.1 interface. 



 92 

 Optional Step 5.B.2 - Project Information 

This page enables the customer to check several details about the selected project. This page 

structure was designed and imagined to be as simple as possible and to highlight the essen-

tials: the possibility to check a video of the finished smart furniture, the associated functional-

ities, and the description used by the customer for smartification needs. These functionalities 

Figure 5.26 - Optional step 5.B.2 interface. 
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also follow the idea of not showing already added functionalities. In this case, if Bob already 

added “Track sleeping status via heartbeat sensor.” in Optional Step 5.C- Suggested Smartifi-

cation Functionalities, this functionality would not appear even if it was part of the selected 

project. A message appears as a pop-up when the user presses the ‘+’ button, like in Figure 

5.24 . 

Bob checked the project video by pressing the “Open Video” button. Then, Bob checked the 

prototype description and the project functionalities. He added “Alarm incorporated on the 

bed frame” to his project and returned to Step 4 - Menu Page, where he started the smartifi-

cation process by pressing the “Start Smartification Process” button. Leading Bob to step 5.A – 

Second Question Page. 
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 Step 5.A - Second Question Page 

Almost all the working pieces of this smartification service are in action on this page, which can 

be considered the most important page for this dissertation. Consequently, this page is the 

Figure 5.27 - Step 5.A interface 1/2. 
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one that helps the customer the most by providing several functionalities before and after the 

smartification need description. 

Before the customer writes the smartification need, the functionalities provided are the same 

as shown in Optional Step 5.C- Suggested Smartification Functionalities, without the ones al-

ready added to the project. This page follows the structure used in Step 3 - First Question Page, 

which is also used in Step 6 - Third Question Page. It starts with a question followed by two 

answer examples and a text box enabling the customer to describe the smartification need. 

The customer is asked to specify the functionalities desired for the furniture piece. Then, the 

associated tags are displayed just for the user information, followed by the suggested func-

tionalities. These suggested functionalities follow the same idea of Optional Step 5.C- Sug-

gested Smartification Functionalities, meaning that the displayed functionalities are retrieved 

from projects with at least a similar tag to the user’s project. Again, to have an intuitive inter-

face, a message pops up on the screen when the user adds a functionality, as shown in Figure 

5.24. The “Proceed” button triggers the tagging system and generates the tags from the cus-

tomer's answer. These new tags will instantly benefit the customer because they will contribute 

to suggesting fitting functionalities in the following interface.  

Bob checked the examples, wrote his smartification need, and before clicking “Proceed” added 

the functionality “Activate functions through voice.”. Once the “Proceed” button is clicked, a 

waiting message appears while the tagging system generates the tags. When this is over, the 

interface is updated, but the user remains in the same step. The following interface appears. 
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Figure 5.28 - Step 5.A interface 2/2. 
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The user has multiple options in this interface, as described at the top. It is possible to: 

- Remove the newly generated tags. 

- Add more functionalities to the project  

- Change the idea description, which consequently changes the new tags generated 

and the suggested functionalities, by clicking “Change Description”. This leads the 

user to the previous interface. 

- Continue with the smartification process by clicking “Proceed”, which leads the user 

to Step 6 – Third Question Page. 

When Bob arrives at this interface, he cleans up the newly generated tags, leaving only the 

ones present in Figure 5.28 and then clicks “Proceed”, advancing to Step 6. 

 Step 6 - Third Question Page 

Following the same structure as Step 3 - First Question Page and Step 5.A - Second Question 

Page, the interface at the top has a question regarding the smartification piece utilization con-

text, two answer examples, a text box, the tags associated with the project, and the “Proceed” 

button. This interface is the third and last question to the user before sending all the 

Figure 5.29 - Step 6 interface 1/2. 



 98 

information about the smartification project to the other system directly involved in the smarti-

fication process. As with all the answer examples, the sentence structure was studied to sub-

consciously influence the user in their answer. This was done to prepare the tagging system to 

receive the sentences a certain way and quickly identify the correct tags, as previously men-

tioned. 

Bob checked the examples, wrote his smartification piece utilization context, and clicked “Pro-

ceed”. This triggered the tagging system and instantly showed a loading message on the 

screen. Once the tagging system process finishes tagging all the information, the interface is 

updated, showing a different interface but maintaining the user on the same page. The inter-

face presented is shown below. 
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This is the last interface where the work of the tagging system can be seen. The tags are gen-

erated from the user’s answers, and the possibility to choose which ones are adequate for the 

smartification project is enabled by the user. Finally, the available options are presented at the 

top of the interface. As in Step 3 - First Question Page and Step 5.A - Second Question Page, 

the user can either change the answer by clicking “Change Description” which leads to the 

Figure 5.30 - Step 6 interface 2/2. 
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previous interfaces, or continue the smartification process by clicking the “Proceed” button, 

which leads to Step 7 – Info Page. 

Bob removed the unwanted tags for his project, maintaining the ones shown in Figure 5.30, 

and then clicked on the “Proceed” button. 

 Step 7 - Info Page 

 

This interface is shared for steps 7, 9.A and 11.A. It was created as the middle step between the 

different stages of a smartification project. As explained before, in some parts of the process, 

the user will have to wait for information from the other systems, being at this point that this 

interface enters. A message is displayed in the middle of the interface, followed by the “Check 

for Updates” button. This button can be clicked to check the project status. This interface will 

show up every time the project state, previously referenced in the sub-chapter Project State, 

has the values 1, 2, 4, 5, 6, 7, 8, 10, or 12. 

Following the Bob example, once the other systems come up with a solution and this solution 

is inserted in the database, the project state will be updated, and Bob will go to Step 8 – Pro-

posed Solution Page. 

Figure 5.31 - Step 7, 9.A and 11.A and interface. 
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 Step 8 - Proposed Solution Page 

Based on the user’s answers and the functionalities added to the project by the user, the Pro-

totyping System, the Quality Assurance System, and other Smartification experts work together 

to propose a solution. In this interface, the proposed solution is shown. Here, the user can 

check several project details, like the furniture and the furniture dimensions. These details can 

be changed if all smartification experts consider them necessary. This interface also displays 

the description made about the proposed solution. This interface has two options, request 

changes about the proposed solution by clicking the “Change Solution” button or accept the 

proposed solutions and continue the smartification process by clicking “Accept Solution”. The 

“Change Solution” button leads the user to Optional Step 9.B - Change Solution Page, while 

Figure 5.32 - Step 8 interface. 
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the “Accept Solution” leads the user to Step 9.A – Info Page. Since Step 9.A – Info Page has the 

same interface as Step 7 - Info Page, this page will not be presented in this dissertation. 

Bob checked all the project details and read the proposed solution description, founding some 

changes he would like to inform. Then, since he wanted to change the solution, Bob clicked on 

“Change Solution” button leading him to Optional Step 9.B – Change Solution Page. 



 103 

 Optional Step 9.B - Change Solution Page 

This interface follows the same structure as Step 8 - Proposed Solution Page, which allows a 

similar user experience throughout the smartification process. Project details and the proposed 

solution description are visible as in the interface in Step 8, with the addition of a text box 

where the user can write the requested changes regarding the proposed solution. The only 

way to get to this interface is through the “Change Solution” button present in the interface of 

Figure 5.33 - Optional Step 9.B interface. 
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Step 8. To return to Step 8, the customer can click on the “Back to the previous page” button. 

However, if requesting changes is really what the user wants, those changes must be written 

in the textbox and then press the “Submit” button. This button will lead the customer to Step 

7 – Info Page, where the smartification experts will validate the requested changes and propose 

a new solution to the user, which can be seen again in Step 8. The process will stay in this loop 

until the user is happy with the solution description and presses the “Accept Solution” button 

in Step 8. 

Bob had some ideas that, for him, were mandatory for his smartification project. He wrote his 

ideas, which can be seen in Figure 5.33, and clicked the “Submit” button. The interface reacted, 

and he was redirected to Step 7, where the smartification experts evaluated the requested 

changes. Those changes were considered, and a new solution was proposed, taking Bob to 

Step 8 again. With the proposed solution updated with Bob's requested changes, he clicked 

“Accept Solution,” and the smartification process entered a new stage, taking Bob to Step 9- 

Info Page. Once again, the interface of Step 9 is the same as that of Step 7. At this stage, the 

smartification experts started to create a prototype. When that first iteration of the prototype 

was finished, the project state changed, leading to a new step in the frontend, Step 10 – Solu-

tion in Development Page.  
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 Step 10 - Solution in Development Page 

This interface will be shown several times to the customer because of the necessary iterations 

to involve the customer in the development process. This step aims to show the latest updates 

of the smartification process to the customer via text and video, enabling the customer to 

accept or request changes in the prototype. As aforementioned, some interfaces follow the 

same structure to ease and facilitate the interaction between the user and the GUI. The inter-

face in this step is no exception and follows the structure of Step 8 - Proposed Solution Page 

with only one change besides the titles. The main difference between this interface and the 

Step 8 interface is the possibility of pressing a new button that opens a video showing the 

current state of the prototype. In this interface, it is also possible to see the project details, such 

as the project name, furniture, and dimensions, as well as the prototype description. The user 

Figure 5.34 - Step 10 interface. 
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has two options: request changes in the prototype by pressing “Change Solution” button or 

accept the prototype's current state by pressing the “Accept Solution” button. The “Change 

Solution” button leads the user to Optional Step 11.B – Change Solution Page, which follows 

the same structure as Optional Step 9.B - Change Solution Page. Optional Step 11.B will not be 

presented because it has the same objective as Optional Step 9. The only difference is that the 

smartification project is in the prototype stage instead of the proposed solution stage. The 

“Accept Solution” button leads the user to Step 11.A – Info Page, that has the same content as 

Step 7 - Info Page. 

Since this step will happen multiple times during prototype development, not all of the itera-

tions will be shown. Bob started by checking the video and the prototype and then requested 

a change in the solution by pressing the “Change Solution” button, leading him to Optional 

Step 11.B – Change Solution Page. Then, Bob raised some concerns about the strength of the 

bed because he and his wife have around 200kg of combined weight, submitting that infor-

mation in Optional Step 11.B, which led him to step 9.A. Next, the smartification experts up-

dated the prototype description and the video, which can be seen in Figure 5.34. Here, Bob 

saw the video, read the description, accepted the solution to his concerns, and clicked “Accept 

Solution” to proceed with the smartification process, leading him to Step 11.A – Info Page. This 

interface will show up until the prototype is considered finished by both the Prototyping Sys-

tem and the user. Once that happens, one last confirmation is needed, which can be done in 

Step 12 – Final Approve Page.  
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 Step 12 - Final Approval Page 

This confirmation page lets the customer check all final prototype details and watch a video 

about the prototype itself. In this step, the interface has the same structure as in Step 8 - Pro-

posed Solution Page and Step 10 - Solution in Development Page, aiming to facilitate the 

customer utilization of the GUI. The interface will show the project information, the latest so-

lution description, the button that opens up the video, and information before the “Approve 

Final Solution” about the next steps of the smartification process. This is the last developed 

Figure 5.35 - Step 12 interface. 
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interface regarding the smartification service presented in this dissertation, however, clicking 

“Approve Final Solution” will lead the user to a survey created in Google Forms about the 

smartification project process. Even though it is not a developed interface, it is considered the 

last step of the smartification service. As explained in the survey, these answers will be used to 

improve the smartification project through the adjustment and improvement of aspects that 

users considered that can be improved. 

At this stage, Bob already knew what to expect from the video and the description, so in this 

interface, he confirmed that information and clicked “Approve Final Solution”. Bob was redi-

rected to the survey, where he answered all the questions, providing feedback to improve the 

smartification process. 

5.6 Results 

The application provides helpful suggestions by extracting valuable information from the user’s 

sentences. The Interface sub-chapter provides a detailed explanation of almost all of the de-

veloped interfaces. It also presents an example of a customer using the interface. Through this 

example, it is possible to assess the application performance and the practical results obtained 

by the customer. 

Bob started by answering the first question, helped by the answer examples provided by the 

application. From this point forward, the application will constantly extract information from 

the user sentences, as shown in Figure 5.21. The tags are the result of the extracted information 

from Bob's sentences. Even though the smartification need is asked in the second question, 

the tags from the first question are used to start providing suggestions. These suggestions can 

be checked in two different steps, Optional Step 5.B.1 - Suggested Projects (providing similar 

projects) and Optional Step 5.C- Suggested Smartification Functionalities (displaying relevant 

smartification functionalities). However, these functionalities are also suggested in Step 5.A - 

Second Question Page, before and after Bob answers about the smartification need. When Bob 

answers the second question, new tags will be generated, and consequently, the suggested 

functionalities are updated, typically increasing the list size of suggested functionalities. 

The suggestions provided by the smartification service greatly help the user and dramatically 

increase the ease of the smartification process. This is proven in Optional Step 5.C- Suggested 

Smartification Functionalities, where Bob adds functionality from the list of suggested func-

tionalities even before providing his smartification need to the system. Moreover, the GUI was 
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proven effective during the different stages of the smartification process. Through the GUI, 

constant interaction between the customer and the prototyping system is allowed, thus facili-

tating the user's active voice in the furniture idealization and prototyping process. 

The obtained results from the development of the application were expected. It was possible 

to extract information from the user sentences and provide meaningful help through the sug-

gestion of smartification functionalities and the suggestion of similar projects. These results 

elevate the furniture smartification process to another level by transforming this process, from 

the customer's view, into a more autonomous and easier one. 

By categorizing information, it was possible to differentiate functionalities and use that differ-

ence to adjust the suggested functionalities for each project. Besides that, the development of 

a GUI considering the guidelines for developing accessible and usable interfaces resulted in 

the user's guidance through the smartification process. To analyze the ease the interface intro-

duces to the user in describing smartification needs, ten people were asked to answer the 

questionnaire and then use the interface to express their smartification needs simulating the 

smartification process. This group of people had the ages between 26 and 40. 66% of this 

group graduated in technology, while 34% had no related studies. The actions of the other 

systems present during the smartification process were simulated to enable the test group to 

achieve the final steps of the smartification process without really creating smart furniture so-

lutions. When asked if they liked the smartification process with an evaluation between 1-5, 

10% gave a 3, 60% considered a 4, and 30% a 5, with all respondents considering the smartifi-

cation process not a hard process, as can be seen in Annex A. From that survey results, it was 

also possible to conclude that the tags generated, the suggestion of functionalities and pro-

jects, and the capability of achieving a suitable smart furniture solution were among the most 

liked features of this application. However, from several suggestions to improve this applica-

tion, the most common were miss-generated tags and a lack of projects in the project's catalog. 

An approach to improve the miss-generated tags will be discussed in the Future Work sub-

chapter. The lack of projects could be resolved by increasing the number of projects stored in 

the database, which will eventually happen if this service starts being used for the INEDIT pro-

ject production environment.  

All users who tested this application found it quite interesting that it is possible to actively 

participate in the various stages of furniture smartification. Although this is not the main focus 

of the work developed, this was considered to be present during the application development. 
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This possibility follows the same line of thought as the concept of co-creation referenced by 

the INEDIT project. 
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6  

 

CONCLUSION 

The dissertation aimed to create an intelligent relation tagging system for a smartification-

based dashboard. The hypothesis proposed, “If a system can extract information using seman-

tic deconstruction, then it is possible to help customers to find the right smart furniture solution 

and use that information to enrich a knowledge base (KB) for future use cases.", was supported 

with the creation of a Smartification Service. This intelligent relational tagging system, com-

posed of two main parts, frontend, and backend, proved to help achieve a suitable smart fur-

niture solution. The developed system extracted valuable information from the customer sen-

tences through semantic deconstruction to help the customer through the smartification pro-

cess. Additionally, the extracted information was treated to populate a knowledge base to be 

used for future utilization cases. Therefore, the developed tagging system that handles the 

information extraction can be used in further applications, not being restricted to smart furni-

ture projects. 

The work developed in this dissertation is usable by everyone that wants to change a piece of 

existing furniture into a piece of smart furniture. Furniture smartification is a relatively recent 

topic, and not everyone has the creativity and imagination to create functionalities for furniture. 

Therefore, the significant advantage of using the developed work is that this service helps the 

user go through a process that can be difficult for most people.  

Taking advantage of others' ideas often leads to faster innovation and more creative ideas. The 

work developed enhances this theory, with the users reaching more detailed and creative ideas 

based on suggested functionalities and similar projects. As exemplified in the Interface sub-

chapter, the user can start the smartification process with preconceived ideas; throughout the 

process, these ideas might change, and new ones emerge. This is mainly due to the user seeing 

suggested functionalities and interacting with other previous smartification projects completed 

with this service. 
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Changing existing furniture into a smart piece can significantly impact most people’s lives. 

However, it can be a life changer for the elderly and the disabled since it allows the different 

types of users to have furniture adapted to their needs with specific functionalities. Once again, 

these adaptations can be a solution hard to achieve when thinking alone, and that is what the 

developed work in this dissertation achieves, providing the customer with helpful suggestions 

of functionalities. 

The research work done in this dissertation is the first step toward an area that can and should 

be further investigated. The co-creation of smart furniture is still a recent area, but this tech-

nology field can significantly impact the world by providing furniture adjusted to all types of 

people's needs. 

In summary, the scientific knowledge achieved during this dissertation can be considered rel-

evant because of the effective development of an intelligent relational tagging system for a 

smartification-based dashboard. Therefore, this tool may achieve a sociological relevant status 

due to its life-enhancing potential by helping adapt existing furniture to any user requirements. 

Furthermore, this tool can be helpful in an increasingly technological world due to the ability 

to potentially transform any furniture into smart furniture independently of the customer's 

knowledge. 

6.1 Future Work 

Several paths can be taken to improve the current state of the work developed in this disser-

tation. The application presented is composed of multiple systems that can be improved. 

Therefore, various scenarios can be considered for each system to improve the work. 

Regarding the database, some aspects were considered in the design phase but not explored 

in the application's development phase. As it is possible to see in Figure 5.6, the Tagging table 

has a field regarding the number of occurrences of a tag. Despite the application incrementing 

this number with each generated tag, almost nothing is done with this information. Occur-

rences can be used to improve the project's catalog accuracy by using that number to rank the 

most critical projects regarding the user project. Together with occurrences, the type field in 

the tagging table can be used to improve the accuracy of the suggested functionalities. Con-

sidering both these fields (occurrences and type), better functionalities can be suggested in 

the different interfaces. With these changes, the functionalities suggested, and the project cat-

alog will be even more appropriate to the users’ needs. Still, regarding the database, improving 
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the amount of smartification projects in the database might contribute to better suggestions. 

This improvement would have a considerable impact in the early days of the application, at a 

stage where there would be few completed projects to serve as an example. This could be done 

by having more people answer the surveys and creating more smartification projects. 

Regarding the tagging system or backend, some aspects can be addressed to improve the 

quality of this system. For example, improving the list of words by restricting unnecessary 

words regarding furniture smartification projects would result in a more efficient tagging sys-

tem. The process in the developed work was analyzing the tags with the most occurrences and 

checking if they are helpful regarding smartification projects. One way to improve this process 

is by considering the context of the sentences. Thus, despite being tags that fall within the 

criterion of proper tags, they would be ignored for being useless. This enhanced feature could 

be implemented by adding a more efficient and intelligent NLP tag-generating system, like 

GPT-3 mentioned in the State-of-the-Art chapter. This system would improve the semantic 

deconstruction efficiency of the user sentences, achieving more accurate tags and conse-

quently resulting in better suggestions. However, GPT-3 only gained more relevance during 

the mid-stages of the development done in this dissertation, with the required software pre-

senting several issues related to uncertain availability due to access authorizations during the 

effective timeline of this work. This dissertation can be considered a proof of concept of the 

work that can be done and improved regarding extracting the user needs with the semantic 

deconstruction of sentences.  

Some adjustments can be made to have more accessibility and usability features for the GUI 

part of the application. This will ease the user experience through the GUI, consequently im-

proving the effectiveness of all the other systems and reaching more people. Another useful 

feature that could be added to the GUI is the dynamic examples for the interfaces with ques-

tions. This could be done by checking the user project, retrieving similar projects, and conse-

quently withdrawing the users' answers to these questions, using them as examples. 

The intention of writing and publishing a paper with the results achieved in this dissertation 

exists. 

The results of this dissertation will be presented to the INEDIT project, which will deliberate 

about implementing this service in their smartification system. If accepted, the intelligent rela-

tional tagging system developed in this dissertation will go live around November 2022, help-

ing customers in their furniture smartification process in real-life scenarios. This can lead to 
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more feedback to improve the current system. However, some initial approaches on how to 

improve were already discussed in this section. 

This work is a foundation regarding furniture smartification guidance that can be improved by 

implementing the extra features suggested in this section and others. 
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