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ABSTRACT

Internet of Things requires infrastructures capable of supporting multiple, scalable services, where
semantics and ontology play importantrole inthe interoperability of loT devices with other data
sources. Inthis study, | investigate acomplex web-based ecosystem, thatintegrates heterogeneous data
comingfromthe internet-enabled devices and otherservices to support the interactions of different
usergroups. | also presenta conceptual framework of the Unified Data Model (UDM) that servesasa
basis for such integrations and user activities. The UDM itself may imply entirely technical subject for
data management, butitisinaccurate because when UDM performed toits full potential, it can support
technology and business practices, as well as facilitate information creation process for non-expert end-
users. Despite the fact that the unified datamodels are nota new conceptand there are existing
proposalsforloT solutions, this study reveals the Unified Data Model thatis suitable forweb-based
platforms were its users create, manage and share information based on the Unified Data Model within
the context of the loT. The purpose of the researchis to outline how good data structure can solve some
of the Information Architecture challenges, such as findability of data, content organization, labelling
and navigation. Thisisrelevantin the loT context since more and more people nowadays are developing
new solutions athome, others considerthe possibility of monetising data, or justdemand a comfortable
living. Therefore, itisimportantto support their needs and tasks to help them create or find relevant
information.

The researchis based on the case study, where semanticloT Unified Data Mode | has found many
different application opportunities, helped development of business strategy, and continuously creates
new loT scenarios with peopleinvolvement. While working within the humanisticarea, the study was
created based on the personasand scenarios that served as a guideline throughout the analysis process
to describe the Unified Data Model application possibilities. In orderto develop reliable personas and

scenarios, | have also made the research on each of the user group, their needs, and how loTis adopted
inpeople lives.
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2 INTRODUCTION

Thisintroductory chapter presentsthe research background and challengesinthe research area. The

purpose here isto explain readerthe aim of the study, introduce the scope of the project, and possible
delimitations.

2.1 RESEARCH BACKGROUNDAND CHALLENGES

The Internet of Things has gained significantimportance ininnovative technology and economic
development. It has a variety of definitions due to distinctive use within various application domains, yet
a conceptof itisto connect physical objects (things) tothe internetin orderto enable anintelligent
exchange of datawith other physical or abstract things (Dictionary.com, 2018) at any time and place. In
the past decade, most known and advertised internet enabled things were part of ‘smart home’ and
‘personal healthcare’ sectors, some of which were thermostats, weather stations, smart sensors,
lighting, activity trackers and other wearables. Inrecentyears, it has created a lot of interestamong
companiesthreatened by the competition, consumers focused on energy savingandincreasing their
level of comfort and researchers analysing data, patterns and user behaviour. Research shows that loT
leads to multiple advantages, such as efficiency, automation of daily tasks, time and money saving,
improvement of the quality of life, new information and knowledge creation (Shetty & Manjaiah, 2017).
Thisemergingtechnologyis considered to have a bright future, yetitalso faces many challenges, such as
privacy and security, whichis caused by lack of expertise working with a massive amount of data;
interoperability and standardization - due to a large number of different manufacturers, communication
between devicesis very complicated, orin some cases impossible; Complexity brought by the diversity
of technologiesincluding hardware and software solutions makes integration very complex with a high
risk of failure (Rose, Eldridge, & Chapin, 2015; Shetty & Manjaiah, 2017). Asa matter of fact, close to
three-fourths of loT projects do not achieve the desired outcome due to technological complexity, lack
of expertise inthe area, lack of funding andignorance of human factor (Cisco, 2017). The prediction was
made that the growth of new users will generate device trafficthat will reach overtwenty-six billion by
2020, whichisthree times more compared to 2015, and machine-to-machine deviceamount will
increase by halfin the smart home sectorwithin five years (Cisco, 2016). Real-life loT projects have
difficulties testinginnovative solutions with the real userinvolvement and finding theirinformation
needs.

A vastamount of data that is transmitted from loT data sources needs to be presentedto peoplein
different ways depending onthe context. Itis still unclear what challenges willarise creating user
interfaces when the enormous amount of data will be used by users on a daily basis. The traffic
generated by devices and connected services may bring a lot of innovation and complexity to the
development process and design of user-centred solutions. As of now, the information-rich
environments thatintegrate multiple loT Platforms and web services will face the opportunity to handle
the enormous amount of data. Frominformation architecture perspective challenges such as ubiquitous
information access, content representation and findability /re-findability may create difficulties creating
usable and understandableinterfaces.



2.2 THE DOMAIN

This projectis carried outin collaboration with the small-sized company Seluxit, which is specializingin
embedded electronics, cloud solutions and software developmentin the field of loT fortwelve years and
has gained significant knowledge and experience within this area. Seluxit core businessisacloud service
solution, called Seluxit loT Platform, that consists of many components ensuring internet-enabled device
connectivity, fastand secure dataexchange between other physical things, abstract networks, and third-
party services. Based onthe experience and their customer needs, Seluxit has started its own-sponsored
projectat the beginning of 2016 called Wappsto - a web application store and data marketplace that
facilitates different service integration and data exchange. Wappsto is aweb-based platform that
combines servicesintegrated using Application Programming Interfaces (API) and other datathat can be
accessed through different user-oriented web applications, called wapps. (Seluxit, 2018) Figure 1
represents how datacoming from different sourcesis connected through APls and mappedintothe
Seluxit Unified Data Model (see Chapter: THE UNIFIED DATA MODEL ANALYSIS), which allows creating
complexintegrations, configurations in wapps, as well as create the possibility of information sharing
and exchange betweenits users.

IoT Platforms

0 Services . Dev1ces
® @D J

Figure 1: Wappsto Platform Overview: Interoperability of lIoT data and services using APIs into the Seluxit Unified
Data Model.

Wapps can be launched ina browserthrough Wappsto or run using Wappsto cloud services to ensure

constant functionality. The purpose of Wappsis to separate complexity of the whole system, by dividing
functionalityinto smaller parts that can be adjusted accordingly to aspecificcontextand adapted to the
end-userneeds. Such Wapps can create new data by integrating services through API’s, combine datato
produce new information or create configurations, manage automation processes, etc. An example of a
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Wapp functionality could be garden sprinkler automation based onthe weatherforecastorall light
control within abuilding despite their manufacturer orcommunication protocol. Anotherreason for

creating support of wapp is to allow Wappsto users to create theirown integrations and Wapp designs,
that would allow them to share or sell their solutions to other people.

The figure below (Figure 2) shows the relation between Seluxit loT Platform (Seluxit logo placed in the
shape of a cloud), Wappsto, third-party services, and devices. Icon on the left represents hardware (all
physical devices: sensors, light bulbs, gateways, actuators, etc.) that connect to the SeluxitloT Platform
cloud using API, while smartphone icon on the rightand below the cloud stands forapplications. This
representation showsaconnection toa single loT platform, yetit can be extended to support a diversity
of platform, which creates avastamount of possibilities to make datainteroperable.

API Seluxit API Wa Sto API
At

API APl 3rd Party API

O - O

3rd Party Databases and Services Services and Things with APls

Figure 2: Integration of Seluxit loT Platform and other services into Wappsto. (Seluxit, 2018)

Currently, Seluxitisintroducing a data marketfeatures that wouldincrease integration possibilities and
facilitate new information and knowledge creation. The long-term goal regarding Wappstois to

establish characteristics of an infrastructure (Star & Ruhleder, 1996) making platforminvisibleand
ubiquitous tothe users.

2.3 RESEARCH PROBLEM

The vast amount of data that comeswith loT makes it harderfor the usersto find relevantinformation
and things. Web-based platforms like Wappsto are the first movers to offer interaction for the diversity
of users, where people can develop and design for other people withinthe loT context. Nevertheless,
there are challengesthatare inevitable in such cases. First of all, there is a technological complexity that
such platforms need to hide to make interaction possibleand interfaces usable. That involves making
coherentinformation architecture among multiple web applications, recognizable content structures
and accessible information. Second, there are many loT assets that need to be linked togetherand be
maintainable. Lastly, there is achallenge on the conceptual level, which requires proper explanation and
a way to deliverrelevant contentto the right users within the appropriate context. It appears, that the
loT-derived Unified Data Model at Seluxitis a central touchpoint between the technology, the business
model and the users, which also connects loT device datatogetherwith other cloud-based services
creatingnew loT use cases with people involvement. That makesitinterestingto investigatefrom
information architecture perspective. Therefore, following research question was made:



How can loT-derived Seluxit Unified Data Model help to solve Information Architecture challengeson
the web-based ecosystems thatintegrate the vast amount of heterogeneous data?

2.4 PURPOSE OF THE STUDY AND CONTRIBUTION

The aim of this study is to explore and describe information creation and provision on the web-based
platform Wappsto where its users create, manage and share data based on the Unified Data Model
withinthe context of the loT. In this study, | will present the role, value and possible disadvantages of
using the Seluxit Unified Data Model from Information Architecture perspective based on the diversity
of examples.

The contributions of this study is a presentation and visualisation of the Seluxit Unified Data Model that
can serve as an example of structuring loT data on the application layer, and how it can be utilised to
solve datainteroperability and Information Architecture challenges such as content structure and
information findability and navigation, on the web-based, user-driven platforms.

2.5 DELIMITATIONS
Thissectionisintendedtoserve as an outline of things which the reader will not find in this report.

The data model presented here can be used for different projects and applied on different platforms,
yetthe angle of this studyis web-based platforms, where people design for people and face an
enormous amount of heterogeneous data. The datadescribed below isintended to serve as an example
of mapping datacomingfromdiverse internet-enabled devices, and web services that can communicate
using RESTful APIs, therefore |l will not provide technical reports or detailed documentation on how to
integrate the model into aweb-based platform. | also do not make an exhaustive comparison of the loT
unified datamodelsinthe way that others do, rather | am takingitfrom a humanistic perspective.

Eventhoughthere are manyareas thatcan be investigated, the examples of application in Information
architecture areawill be scoped down to content organisation and findability for the above-mentioned
usergroups.

Since the main purpose of this study isto explore the loT Unified Data Model from Information
Architecture angle, this reportdoes notinclude or describe following aspects:

Data access control and security;

User data privacy;

The Internet of Things device communication protocols;
The Internet of Things Platform architecture.

Figure 1 displaysintegration of devices that are connected using APls, loT Platforms and data services. In
this study, | will not exemplify the integration of loT Platforms due to higher complexity which does not
fitthe time scope of this research.

The possibility of applying this model to the Industrial loT will not be discussed since | am exploringonly
consumer-oriented web platform.



3 LITERATURE OVERVIEW

The literature reviewis formed based on the uppermostlayers of different fields since the aim of this
study isto give an overview ratherthan doingit exhaustive. As | have mentionedin the Delimitations
section, thisstudyis notinvolvingindustrialloT, therefore, most of the literatureinvolving this subject
was bypassed. Despite the fact that the Internet of Things, unified data modelsand complex web-based
ecosystems where people design for peopleare notnovel and have been investigated by many
researchers, the combination of all is not an easy subject to explore. The innovation involvedin the
Wappsto developmentand business strategy had animpact on the way this research was performed
and the literature review.

3.1 THE INTERNET OF THINGS AND PEOPLE AND DATA INTEROPERABILITY

The loT has no clearboundaries forits definition and application areasince it has a diversity of possible
relationships such as thing-to-person, person-to-thing and thing-to-thing that offers new ways of solving
problems and operating on a daily basis (Maciuliené, 2014). Technology requires developing suitable
mechanismsto properly adapt to people contextand work (Javier, etal., 2015). “Internet of People (1oP)
refers to the digital connectivity of people through the Internet infrastructure forming a network of
collective intelligence and stimulating interactive communication among people” (Maozhen, 2017).

Data semantisationisthe key to loT data interoperability which becomes an essential part of daily life
and creates possibilities for knowledge interaction and sharing (Feifei, Qingjuan, Tao, & Huansheng,
2018). The data processingandintegration can be done in different ways but due to the lack of
standards and the heterogeneity, the key role is played by the middleware that allows communication
between different applications. In platforms like Wappsto, alot of freedomis givento non-
professionals, to design and develop solutions that fit their needs. The tasks are performed by the
different usergroups and therefore alot of the complexities have to be hidden by the middlewareto
enable userstointegrate things and services, ensure findabilityof the dataand present contentin an
organised way. While there are papers presenting or researching middleware frameworks forloT (Park
& Song, 2015; Huacarpuma, etal., 2017; Chelloug, 2017; Maciuliené, 2014), there are few thatresearch
web-based middleware solutions from usability perspective (Mei & Huang, 2004) or Information
architecture perspective, especially forthe loTweb-based middleware.

3.2 DATA, INFORMATION, KNOWLEDGE
In this study, | explore how data is supplemented by meaningful userinput to create information, and

transforminto knowledge with the help of the unified data model and semantics. The three lower layers
displayedinthe figure (Figure 3) are used to adapt the meaningto the context of semanticloT.



Wisdom

Knowledge

Information

Data

Figure 3: The DIKW hierarchy. (Rowley, 2006)

The above terms— data, information and knowledge (Figure 3) have many definitions, yet Rowley (2006)
provides asummary of these definitions where datais described largely in terms of whatitlacks - the
meaningorvalue, itis unorganized and unprocessed and it serves as a foundation for defining
information. Inthis study, datastands forall data produced by loT devices orservices. “Information is
defined in terms of data and is seen to be organized or structured data. This processing lends the data
relevance for a specific purpose or context and thereby makes it meaningful, valuable, usefuland
relevant. [...] Knowledge is know-how, and is what makes possible the transformation of information into
instructions. Knowledge can be obtained either by transmission from another who has it, by instruction,
or by extracting it from experience.” (Rowley, 2006) The Unified Data Model provides the structure to
the raw data and means of processing, storingand retrieving the data. In orderto give meaningtothe
dataitisgiventothe platformusersin a different contexttoinclude existing and generate new
information. Knowledgeis all the experiences and userbackgrounds that are used to create new
information and knowledge.

3.3 INFORMATION ARCHITECTURE
There are many practices for designinginformation structures onthe web, yetitcan be a challenging
task when facing complex web-based platforms. Challenges of IA outlined by otherinformation
architects, such as content representation, findability/re-findability (Ding & Lin, 2010, pp. 133-140) may
also create difficulties creating user-friendly and understandable interfaces, especially due to the
heterogeneity of data. In this study, multiple theories are applied to support the analysis within the
Information Architecture framework. Ding and Lin define information architecture in the following way:
“Information architecture is about organizing and simplifying information, designing, integrating and
aggregating information spaces/systems; creating ways for people to find, understand, exchange and
manage information; and, therefore, stay on top of information and make right decisions” (2010, p. 2).
Morville, Rosenfeld and Arango (2015) present broader meaning of IA which revolves around:
e thestructural design of sharedinformation environments;
e thesynthesisof the organization, labelling, search, and navigation systems within digital,
physical, and cross-channel ecosystems;
e theart andscience of shapinginformation products and experiences to support usability,
findability, and understanding;
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e anemergingdiscipline and community of practice focused on bringing principles of design and
architecture to the digital landscape.

Moreover, Morville, Rosenfeld and Arango have presented information architecture ecology (2015, pp.
31-38), that can be vital almostin every study or project since it brings three important areas that need
to be takeninto perspective forwither developing strategy forinformation use orin this case, to present
ways how it can be applied.
Figure 4 illustrates how Information Architecturesis
approachedinthis project. The model is based on Context
information architecture ecology (Rosenfeld, Morville, &
Arango, 2015, p. 32), which brings Content (Wappsto
components, user-interface, etc.), Context (business
strategy, goals) and User (targetaudience and theirneeds).
That allows getting three different perspectives which are
equallyvitalininformation architecture strategy
development. The Data Structure is placed inthe middle
because itservesasa basisfor all three areas, which will be
presented based on examplesinthe following chapter.
In this project, | will focus only on the intersection where all
three areas of IA ecology intersect, taking data structure
(Seluxit UDM) as connecting part.
Context: Seluxit have developed two main products —loT Platform and Wappsto which have similar
technologies and both are based on the Seluxit Unified Data model, yet they have different business
strategies and offera different value proposition for their target groups, which I explainin the following
chapter.
Content: On one hand, the existing structure of Wappsto, its components and tools are constructinga
large part of the content. Onthe otherhand, the contentis created by the different user groups who
interact with the Seluxit Unified data model either directly or behind the scenes while integrating things,
creating metadata or new information. The analysis part will describe both occurrences that are based
on the Userinteractions, tasks they perform and theirinformation needs.
While some literature suggests ways of handlinginformation architecture for Big Dataand the loT
(Stackowiak, Licht, Mantha, & L., 2015) to support expert decisions and technical considerations, in case
of Wappsto, itis consumeroriented and the major part of the contentis created and used by the end-
users. Therefore, inthis study, the fourinformation architecture components (navigation, organisation,
labelling and search systems) are used forthe analysis of the application of the Unified Data Model since
they are directly related to the above-mentioned IA challenges and are central in IA framework.
The analysisisalso supported by othertheories like navigation thatis defined as a process of goal -
directed seekingand locating hyperlinked information which includes links labels and other elements
that help people orient themselves (Kalbach, 2008), therefore classification (Bowker & Star, 1999),
metadata (Wilson, 2012), taxonomies and facets (Tunkelang, 2009) will be appliedinthe examples.

Data
Structure

Content User

Figure 4: Data Structure as basis of
Information Architecture ecology.
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4 METHODOLOGY

This chapter describes methodological considerations and aspects of analysing data during this study. it

presents the research approach, design and methods for data collection and techniques used for the
analysis.

4.1 RESEARCH APPROACH AND DESIGN

The study is carried out within pragmatist research paradigm, therefore solving the real-life problem and
providing practical applicationis the centre of the research (Mackenzie & Knipe, 2006). The design of
thisresearch waschosento be a case study which can be defined as “astrategy for doingresearch
whichinvolves an empirical investigation of a particular contemporary phenomenon withinits real-life
contextusing multiple sources of evidence” (Robson, 1993, p. 146). This case study details are important
since itdevelops aview of reality and human behaviourand allows developing needed skills for the
researchers (Flyvbjerg, 2006). The type of this case study is mainly descriptive when presenting the
Seluxit UDMand exploratory whenitcomestoinvestigation of possible userinteractions and data
model application possibilities.

While working within the humanisticfield, in this study, | use an inductive approach (Bryman, 2016) to

investigate differenttheories and find the answerto the problem statement, and to provide the best
possible understanding of the subject.

4.2 EmPIRICAL DATA AND RESEARCH METHODS

In the study, multiple empirical data collection methods were used. The data collection method has
primarily been qualitative, however, some of the basis forthe analysis were quantitative, such as
statistics and analyticsfor Personaand Scenario creation which will be described in more detailsin
furthersections of this chapter. The table below represents the overview of the datacollection
methods, why they were usedin this study, and theirsources. The table includes primary, secondary
data and previously published studies.

Data usage Empirical data types Data sources

Investigation of present loT Collection of papers (McCool, 2017);

Unified Data Models and and Semantic Standardisation (1AB, 2016)

importance of semantics and workshop materials (Bajaj, Agarwal, Singh, Georgantas, & Issarny,
ontologyinthefield of loT. 2017);

(Ganzhaa, Paprzyckia, Pawlowski, Szmeja, &
Wasielewska, 2016)
(Bermudez-Edo, Elsaleh, Barnaghi, & Taylor, 2016)

Semi-structured interview Appendix4:Interview “The Unified Data Model
from a Business Perspective” transcript. (Lux,
2018);
The Seluxit Unified data model Reports, (Seluxit Platform Open APl Documentation, 2016);
description and explorationofits | Documentations, (LuxD., Seluxit REST-ful open API for Lemonbeat
usageinthe Seluxit1oT Platform Presentations devices, 2016);
and Wappsto. (Lemonbeat GmbH, 2017);

(Seluxit, Wappsto Documentation, 2018)
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Analysisof the Seluxit UDMfrom | Semi-structured interview Appendix4:Interview “The Unified Data Model
a businessperspective Presentations from a Business Perspective” transcript. (Lux,
Report 2018); Appendix 3: Wappsto Value Proposition
(Boyles & Tonnesen, 2018)
Marketinganalysis(Varjonen & Hasan, 2018)
Personal observations and notes based onthe discussions with Seluxit.

Persona description of different Reports/ Whitepapers (Stack Overflow, 2017); (Slashdata, 2016); (Schon,
usergroups, identification of user | Articles and presentations Ebner, & Kumar, 2014); (Gemalto, 2017); (1DC,
needs andscenarios 2015); (i-scoop, 2017); (Altimeter, 2017)
(VisionMobile, 2017)
Infographics, charts (Verizon, 2016) (Altimeter, 2017)
Community blogs (OpenHAB, 2018)

Personal observations and notes fromthe field and based on the discussions with
Seluxit.

Table 1: An overview of empirical data used in this study.

4.2.1 Understanding context through a semi-structured interview

A semi-structured interview was conducted with the member of Thing-to-Thing Research Group
(T2TRG)?, Seluxit CEO and co-founder - Daniel Lux (Seluxit, 2015). The purpose of the interview was to
elucidate understandingfrom a business perspective,explore the Unified Data Model history and
application overyears, as well as discover its benefits and disadvantages. The interview was semi-
structuredin orderto remainflexible and allow adapting my questions to get a deeper understanding of
the topic. The interview was performed at the office, where interviewee could feelcomfortableand
remain open duringthe conversationinaquiet surrounding for his reflections. (Kvale, 2007) The
interview was recorded for the easiness of transcription process and not to miss out on any important
information. The interview consisted of ten main questions and multiple sub-questions, which are

presentedinatable below. Inthe right column of the table, the reasoning for such questionsis
described.

Questions Reasoning

Question 1: As a member of the Thing2Thingresearch group, To find out a personal opinion of the loT

couldyou elaborateon the current state of the loT data model research group member to get another

standardisation? perspective that the availableinformation
Whatis your opinion aboutits future? on the internet.

Question 2: Whatis your opinion aboutstandardisationand To find out a personal opinion of the

generalisation of data? standardisation fromboth positiveand
What arethe positiveand negative aspects of that? negative sides.

Question 3: There are other unified data models thatare used by | To understand why the Seluxitdata model

largecommunities. Why not usingthe structure thatis approved | is preferred to other data models developed

by many other larger companies? by largecommunities and get insighton

how itis perceived inthe company.

Lhttps://irtf.org/t2trg
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Question4: Ifyou had to compare Seluxitunified data model to To learnaboutadvantages and

other loT data models, what would be the main benefits or disadvantages of the Seluxit data model
disadvantages of having your own data model? (E.g. IPSO) compared to other data models from
company’s perspective.

Question 5: Over twelve years you had many customers with To learnaboutadvantages and

different requirement. What was your experience? disadvantages of the Seluxit Unified Data
What arethe benefits/disadvantages of the UDM when Model when integrating new things based
integrating new devices intothe loT platform? on the experiences with customers.

Question 6: It was many years ago when the firstiterationofthe | To investigatereasoningfor the initial

data model was created at Seluxit. Whatwas the initialreason implementation of the Seluxit UDM,

for creatingitand hasitchanged? understandthe needs from business and
How isitused now? technology perspective, as well as find out if

it has changed over the years considering
that the business model has changed.
Question 7: How does itinfluence Seluxitbusiness strategy and To understand the influence of the Seluxit

development of services that are offered to your customers? data model on the business strategyand
IsitSeluxitbusiness model shapingthe unified data development of services. Find out whatisin
model or the other way around? the initial starting pointfor Seluxit current

business model.
Question 8: How the data model is used in Wappsto and why? To find the role of the data model in
Wappsto.
Question 9: What does it mean to baseeverything on the Data To investigaterisks thatmayappear.
Model?

Do you see any disadvantages of doing that?

Question 10: Whatbusiness opportunities does itopen? To find out about business perspectives that
1. .. for Seluxit? Seluxitis facingas well as investigate
2. .. fortargeted usergroups: business opportunities for Wappsto target
a. Manufacturers groups.

b. developers
Table 2: Interview “THE UNIFIED DATA MODEL FROM A BUSINESS PERSPECTIVE” questions and reasoning.

Due to the fact that some of the interviewee's answers may include subjective opinion, to avoid bias, in
the analysis, |am trying to engage also different opinions fromthe literature and make the case study
valid (Yin, 2014) andreliable. Moreover, with thisinterview | am not looking to prove ordisprove a
specificstatement, rather explore and try to understand.

4.22 Secondary research study and meta-study

Online documents, reports, published studies and statistics were collected and analysed to identify the
current state of loT data standardisation and existing unified data models, which led me to the topic of
the importance of semantisation and ontologies.

4.2.2.1 Gettingto know users — Personas

In orderto getto know the users of Wappstoand understand what role they play, Persona method was
applied based on the most recent data analytics, statistics and surveys, which is exemplified in the Data
Treatmentsection. Personas are representations of fictional users of the certain products and designs.
They describe real peoplewith theirlife backgrounds, values, and goals, which | used for picturing user
interactions and interface behaviours in Wappsto. In this project, personas were created based on
Nielsen’s (2013) guidelines to display three primary target groups of Wappsto —developers,
manufacturers, and homeowners. A detailed description of all the groups is presented in the analysis
part. In this study, Personas as a tool to focus on the real-world user expectations and uncovertheir
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needs, backgrounds, habits and interests whileinvestigating the application of the Seluxit Unified Data
Model (Snitker & Co., 2007; Nielsen, 2013; Harley, 2015).

The user groups are quite distinctfrom each other, therefore, forevery group, twotothree personas
were created in orderto distinguish specificuser needs and characteristics with regards to interaction
pointsin Wappsto. Developers were separated based on their level of advancementin programming,
and professional expertise. They consist of the very advanced developer, middlerange developer, and a
developerwho has limited knowledge in programming and specialising mainly in frontend development
and userinteractions. Manufacturer category consists of two personas. One of themisacorporate
persona, which represents manufacturers who wanttointegrate loT into their productand compared to
otherpersonas, it describes company’s weaknesses, advantages and motivation. Another personathat
fallsinto manufacturer groupis a maker type since these are the people who can perform similar actions
inorder to develop devices, prototypes, etc. Homeowner group consists of two Personas who have
different motivations for using such web platforms like Wappsto and therefore create adifferent kind of
interactions.

4.2.2.2 Scenarios

Scenarios were created to capture and summarise interactionsin of all three user groups. Scenarios help
visualize the environment and experience, as well as generate new ideas (Rosenfeld, Morville, & Arango,
2015). They are based on the Personas described in the analysis partto show how people needs are
involvedinthisstudy. “[...] needs are not only closely interlinked with the persona but also with the
situation that the persona experiences. The goalemerges from both the situations and needs of the
persona.” (Nielsen, 2013, p. 82) In the scenarios, Personas perform different search activities within
three higher-level informational needs such as Lookup, Learn and Investigate (Marchionini, 2006).
Casuallookup presented by Russel-Rose & Tate (2013, p. 224) is omitted in this study since there was no
possibility to retrieve the required type of datadue to the immaturity of Wappsto. Moreover, the
purpose of scenariosis notto cover all the possible use cases, butto create an overall image and help
thereader.

4.2.3 Observations

Some direct observationsin the field (Seluxit office, community forums (openHAB, 2018)) were also
used to understand the context of user group activities and getinsights of theirtasks and goals (Rogers,
Sharp, & Preece, 2011) which helped creatingrealisticscenarios. These observations were noted,

revised and redrafted to putintoideasand summarise scenarios. Some photos, drawings, and stickers
were used forthat purpose. An example of that can be found in the appendix (Appendix 8).

4.24 Datatreatment

Due to the fact that personas are fictitious characters, they are often criticised for not meetingreal
people needs. Toavoid this limitation of the method, | have based Personas on most recent statistics
from different sources (see chapter Personas). The table below describes some of the examples of what
information was takeninto consideration and how this quantitative datawas used in personas and
scenarios.

| Data | Data source | Data usage |
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Over 80% of developers are male.
Over 60% have a higher degree

Over 75% of developers are interested
innew job opportunities.

A bitover 13.1% of developers are
activelylookingfor a job.

Developer survey
results (Stack
Overflow, 2017)

All these facts arerespectivelyintegrated into
developer persona demographics. For
example, two out of three aremale and
employed. All of them have a higher
education degree and one of the personas is
unemployed.

The horizons of Home IoT Adoption

“State of Internet of
Things inthe Home”
(Appendix 1: Three
horizons of Home
loT Adoption
Anticipated)
(Altimeter, 2017)

Homeowner personas aredescribed basedon
two most adopted horizons sinceit
represents the current state of loT in Smart
Home sector.

29% of people areinterested in
monetizing their data in return for
offers

Survey “What do
consumers want
from their connected
future?” (Gemalto,
2017)

Inthe scenario, persona (Kent) wants to
exchange or sell his data in order to get
profit.

Table 3: Examples of data treatment in persona and scenario creation process.

4.25 Datalimitations

Besides having made qualitative research and collecting quantitative empirical data, it would still be
relevantto perform datacollection based on the real people input who have used the Seluxit Unified
Data Model in theirwork and spare time routines in orderto get more insights. Unfortunately, there are
not many users, in general, using the technology at this pointintime. Moreover, the datain Wappstois
anonymised for ethical and security reasons. Due to the fact that Wappstois still a new technology,
there is no data analytics thatisintegrated tolearn about the usage of the system.
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5 THE UNIFIED DATA MODEL ANALYSIS

In the |oT, a vast amount of “unstructured data” needs to be transmitted, adapted to contextand
stored. Therefore, NoSQLtype of databases is more accepted due to theirscalability and performance
compared to traditional relational databases (Techopedia, 2018) where the unified content metadata
models are used forfinding relevant content and relations (Coleman, 2015; Mallikaarachchi, 2010).
Some of the majorreasons behind unifying loT data are to reuse application functionality and
configurations, combine datainto meaningfuldatasets, and to develop machinelearning. Unification of
serviceisalsorequiredinordertocombine heterogeneous datasources and develop sophisticated
applications that allow combination orsuch servicesto loT devices. The advantage of having
interoperable platforms with unified data structure is a possibility to create complete automation, and
information exchange and sharing between different user groups.

The following sections will describe the importance of the semantics and ontology in the datastructures
and presentthe Seluxit Unified Data Model structure and components together with the examples of
data mappedinto the model. Afterwards, the data model business perspective willbe described and
analysed which will be followed by the application examples thatare based onthe humaninteractions
on the web-based platform Wappsto.

5.1 10T DATA SEMANTISATION

Recentresearch (Jara, etal., 2014; Dongmyoung, Yunchul, & Yonggeun, 2016; Murdock, etal., 2016)
outlinesimportance of semantics and ontology in loT systems as the key to interoperability of
heterogeneous devices and services to create infrastructures that bring value tothe end-users,
therefore datastructure based on ontology and semantics is needed. Raw data that comesfromany
source is meaningless without the metadata. The example below (Figure 5) depicts the increase on
meaningfulness with the increase of descriptions added to the data. Metadata is required on both levels
- data level and device level.

A Data Device Description
meaning

fulness

Room: bed MEEENCTL LI Device Type:
Thing Type oom~ slele temperature Temperature
emperature of bedroomA Sensor
nerature Measures a Manufacturer
Physical Type 0,5 ° temperature Energy
in Celsius Management
Data T Returns a
ata Type float value
Raw Data

Figure 5: “Meaningfulness of the data, increased with metadata” (Murdock, et al., 2016).

Semanticstructure and data ontology are the basis for creating the unified datamodel. They describe
the nature of data and itsrelationships, as well as create distinct, meaningful elements that can combine
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certain data sets. These important factors enable accurate interpretation of data, easy exchange across
platforms and promote platform continuous development and new integrations.

Duringthe interview, Daniel Lux (2018) has shared his opinion regarding the loT data models and their
standardisation process. Technologyis advancing due to use of microservices, and application of
ontology and semantics to facilitate interoperability. Despite the contribution brought by the research
group, during the conversation an observation was made regarding standardisation of the loT data
model by the Internet Engineering Task Force (IETF) research group. The critique was concerning the
research moving slow and beingslightly distant from the real world and lack of research applicationin
real use cases that can reveal some importantaspects. That can be explained that semantic ontologies
which are usedin practice are often proprietary and are closed withinindividual organisations, whi ch
limits researchers and engineers to access application specificontologies to be appliedin practice,
modify and extend (Ganzhaa, Paprzyckia, Pawlowski, Szmeja, & Wasielewska, 2016). Over the past two
years, different datamodels have emerged, yet most of them did not succeed due to the high
complexity of the things and because the specification of the model and operations related to the model
are notaligned. Major disadvantages of otherloT data models are lack of semantics ortheir misuse, that
can cause confusion fordifferent people, lack of ontology, and unclear naming due to the possible
misconception of technologies usedin the field of loT. (Lux, 2018)

5.2 THE SELUXIT UNIFIED DATA MODEL

In this section, | will explain the idea behind the Seluxit Unified Data model. The examples of how
heterogeneous and complexdata from different sources can be adoptedinthe platform will be
presentedinaform of figuresandtables.

5.2.1 Structure and Semantic Components

The basic structure of the model has derived from the loT context and consists of data setssuch as
Network, Device,Value and State which are marked as light blue onthe image below (Figure 6:
Components of the Unified Data Model.). In orderto support different 3rd party APls that do not
describe loTdevices (e.g. logor streaming data, calendars, messagefeeds, etc.) it can be expanded to
include Sets and Objects, which are marked as light green onthe figure below (Figure6).
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Network

Device

Value
[| set |f | / State

Object

Figure 6: Components of the Unified Data Model.

5.2.1.1 Network

A networkis a collection of information that can contain heterogeneous datathat comes froma cloud
service, loT device (gateway/bridge oranotherInternet-enabled thing), oreven otherthe loT platform.
Network groups underlying components such as devices and sets. The table below (Table 4) presents
attributes of the Network component, the explanation of these attributes and the examples.

Attribute Meaning Example

id Universally uniqueidentifier. <unique_id>

name Meaningful user-friendly name of a value. Philips Hue Bridge

device An arrayofa device connected to the network. See section Error! Reference s
ource not found.

created_by The creator of the network. Sincedata may come from <unique_id>

different sources and can be generated by web
applications, such parameter can be vital.

set An arrayofuniversally uniqueidentifiers thatgroup See section Set.
certain objects or the data model components.
Table 4: The Seluxit UDM Network component attributes.

5.2.1.2 Device

A device isagroup of values that describes them by providing valuable information to users and
machines. Metadatathat describes a device containsinformation about where device values came from,
how they were created, communication, protocol, description, etc. The table below (Table 5) presents
attributes of the Device component, the explanation of these attributes and the examples.

Attribute Meaning Example
id Universally uniqueidentifier. <unique_id>
name Meaningful user-friendly name of a value. Ceilinglamp
version A version of the device 1.3
description Meaningful user-friendly description of the deviceand | A smartsensordevice that
its purpose. measures humidity and
temperature every 15 minutes.
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manufacturer Manufacturer of the device Philips
serial Serial number 00984-62317-625
protocol Device communication protocol TCP/IP

communication

Device communication type

Always online

values

An arrayofvalues.

See section Error! Reference s
ource not found..

created_by The creator of the device. Since data may come from <unique_id>
different sources and can be generated by web
applications, such parameter can be vital.

set An arrayof universally uniqueidentifies thatgroup See section Set.

certain objects or the data model components.

Table 5: The Seluxit UDM Device component attributes.

5.2.1.3 Value

Value describes the actual datathat is produced by the device ora data source. The purpose of a Value
isto informwhatis the data, how itshould be displayed and treated. The table below contains an
attribute that describes data. The table below (Table 6) presents attributes of the Value component, the
explanation of theseattributes and the examples.

Attribute Meaning Example
id Universally uniqueidentifier. <unique_id>
name Meaningful user-friendly name of a value. Outdoors temperature
type Generic valuetype. temperature, humidity, camera,
etc.
permission Defines ifa valueis readableonlyoryou canwrite data Read, write, read and write
to it.
state An array of valuestates depending on the permission. See section State.
status Status of the value. pending, update, etc.
number Data type, which contains multipleattributes defining number: {min: 0, max: 100, step: 1,
string the data type. unit: “%"}
blob The number may have minimum and maximum allowed
xml number, step sizeand a unitof the measurement; String | string:{max: 50, encoding: “utf32”}
andblob —string encoding and maximum length of the
string; XML — xml schema definition and xml
namespace.
log Historical data. Log: {type: hour, timestamp: }
created_by The creator of this value.Since data may come from <unique_id>
different sources and can be generated by web
applications, such parameter can be vital.
set An arrayof universally uniqueidentifiers thatgroup See section Set.

certain objects or the data model components.

Table 6: The Seluxit UDM Value component attributes.

A value can have one or two states (See the following section) depending onits permission (read, write
or both). Valuesthat have only a'Report' state (e.g. Humidity sensorreports room relative humidity 15
minutes). If avalue has a 'Control'state, it can be controlled (e.g. Light bulb can be switched 'on'or
'off'). In other cases, the values will have both the control and the report states (e.g. Light bulb was
switched on and the report message was sent from a device confirming that the action was successful.)
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5.2.1.4 State

A stateisa child of a Value. Valueisan actual description of avaluable datathat comes froma certain
source, such as how itshould be treated, displayed, what permission does it have and whatiisits
purpose. The table below (Table 7) presents attributes of the State component, the explanation of these
attributes and the examples.

Attribute Meaning Example
id Universally uniqueidentifier. <unique_id>
type The type of the data (is itsend to the sourceor received from). | Report
Can be either “Report” or “Control”.
data The actual data, whichis either string, number, xml or a blob. 39
timestamp The time it was created (Unix timestamp or ISO format date) 2018-03-27T08:42:46.960Z
status Status of the data (was the data sent to the sourceor itfailed) Pending
created_by The creator of the state. Since data may come from different <unique_id>
sources and can be generated by web applications,such
parameter can be vital.
price The priceof the data. 0
set An arrayof universally uniqueidentifiers thatgroup certain See section Set.
objects or the data model components.

Table 7: The Seluxit UDM State component attributes.

5.2.1.5 Set

Setis an array of universally unique identifiers that can be classified as a group of related objects orthe
data model components thatare different from the above-mentioned metaattributes. The table below
(Table 8) presents attributes of the Set component, the explanation of these attributes and the
examples.

Attribute Meaning Example
id Universally uniqueidentifier. <unique_id>
name Meaningful user-friendly name of the group. Favourites
group An array of objects that define their type and [{“type”: “network”, “id”: [<unique_id>,
universally uniqueidentifier. ..., <unique_id>}, {“type”: “device”, “id":
[<unique_id>, ..., <unique_id>}]
description Meaningful user-friendly description of the group A group of favouritedevices and
andits purpose. networks.
created_by The creator of the state. Since data may come <unique_id>
from different sources and can be generated by
web applications, such parameter can be vital.

Table 8: The Seluxit UDM Set component attributes.

Setsallow grouping datathat is either domain or user specific, which allows creating new categories,
relations and creating new, processed information.

5.2.1.6 Object

The Objectis a combination of Values thatrequire different description than the example of the value
above. Some special type of datathat need to have particulartreatment can be mappedinto the Object
attributes displayedin the table below (Table9) together with the explanation of these attributes and
the examples.

| Attribute | Meaning | Example |
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id Universally uniqueidentifier. <unique_id>

name Meaningful user-friendly name of the object. Spatial coordinates
value An array of objects that have specific data description. [<custom_data_object>, ...,
<custom_data_object>]
description Meaningful user-friendly description of the group and its | A listofspatial coordinates that
purpose. describea pointinthe universe.
created_by The creator of the state. Since data may come from <unique_id>

different sources and can be generated by web
applications, such parameter can be vital.

set An arrayofuniversally uniqueidentifiers thatgroup See section Set.
certain objects or the data model components.
Table 9: The Seluxit UDM Object component attributes.

5.3 BUSINESS PERSPECTIVE

The statistics show, thatthe Internet of Things will giverise to new business models and bases of
competition, both for the companiesthat use loTsystems and forthose that supply loT technology
(McKinsey & Company, 2015). This section describes the Seluxit Unified Data Model from Seluxit
business perspective, giving insights on how it was putinto loT practice and what opportunitiesit has
open forthe company.

SeluxitwasinvolvedinloT projects for overtwelve years and overthese years the Unified Data Model
has beeniteratedand evolvinginto a mature datastructure that is now applicable in different solutions.
The unified data management promotes technical efficiencies and also supports strategic, data-oriented
business goals. (Russom, 2010) The model serves as a basis forthe Seluxit loT Platform which was
company’s main product, and recently it has given the opportunity to develop aninnovative web-based
platform Wappsto. Both technologies are using web service-based communication method that allows
data to be transmitted between two applications orelectronicdevices overthe World Wide Web
(TechTarget, 2016). The web services are developed using RESTful APIs approach which usesinternet
mechanisms based on the HTTP protocol. This gives an advantage for developers to understand, use and
make easierand fasterimplementations (RestCase, 2017). While both products share similar
technologies (Appendix6) and pricing model (Seluxit, 2018; Seluxit, 2018), their business strategy has
differences. Wappsto can be defined as platform ecosystem whichis driven by the Internet of Things
(Tiwana, 2013) The web-based platform software is extended through the diversity of APIs to extend its
functionalityand allow access of differentinterfaces based onthe context. “The three groups of
participants in a platform ecosystem—platform owners, app developers, and end-users—have unique
needs and motivations for participating in it” (Tiwana, 2013, p. 61). The table below describes value
proposition forthree Wappsto usergroups (Boyles & Tonnesen, 2018; Seluxit, 2018) that representthe
above app developersand end-user. The following groups are involved in the creation of the two-sided
marketplace (Varjonen & Hasan, 2018).

User Group Consumers Developers and makers Manufacturers and
service provider
Value Possibility to Get tools that allowcollaborating | A way to connect their
proposition e connect their things and make things smartand products to the internet and
together to build, services work together. connect them to other
personalised smartlife | Have access to other data that products andservices.
canenrich their solutions.
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e use free or buy ready A way to profit from smartthings | Have access to 3rd party
solutions, andservices. services and data that can
e buy, sell,shareand Do not need to worry about enrich their devices.
exchange data. receivingand managing Have access to generic user
micropayments, hosting interfaces that can remotely
solutions. control their devices out of
the box.

Table 10: Wappsto value proposition for the three user groups.

The research shows, that interoperability is critical for maximizing the value of the loTand on average,
40-percent of the total value that can be unlocked requires different loT systems to work together
(McKinsey & Company, 2015, p. 23). The benefits of having the Unified Data Model are to have
integrated solutions work out of the box with third-party services and devices, data privacy and security
(Lux, 2018) by reusingthe domain knowledge and userinterfaces that are based on the Seluxit UDM.
Whetheritisa protocol, service ora thingintegration can speed up some time inthe first steps. A data
modelisalsoa valuable tool to ensure thatthe needs of the business are met (CA Technologies, 2013).
Historical datacan enable identification of trends and patterns whichin the future can promote
businessintelligenceand business userinformation needs or help to make informed decisions (CA
Technologies, 2008). Nevertheless, there is always arisk of failure since such platforms require
engagementandsynergy between all three defined user groups. Platform ecosystemis user dependent
and without one of the user groups, Wappsto can become less interesting to otheruser groups which
can cause demotivation and usage termination.

5.4 EXAMPLES OF DATA MAPPING INTO THE MODEL
This section presents examples of how heterogeneous data can be mappedintothe data model.

As itwas mentioned earlier (Figure 1), Wappsto integrates three types of sources using APls —loT
platforms, loT devices and services. Below two examples of these integrations are mappedinto the
Seluxit Unified Data Model.Some of the attributes and value objects are omitted in this example to
simplify itand present general idea. The complete example can be found in JSON schemaformat inthe
Appendix (10and 11).

5.4.1 Mapping of the loT device.

An example below (Table 11) shows the mapping of one of the most popularsmart products on the
market - Philips Hue bridge? which has one deviceincluded —lightstrip and only limited amount of
valuesforthe simplicity of the example.

2 Bridge —This is used toenable yoursmart bulbs tocommunicate with each other and the Portalvia the internet. The main set of APIs are
those offered by the bridge. These allow you tocontrol all settings of the lights in your system. These APIs require direct access toyourbridge
soyou’ll only be able to access them when your app andbridge are on the same local network. (Philips, 2016)
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Network
Name: Philips Hue Bridge

Device
Name: Hue lightstrip
Manufacturer: Philips

Description: Philips Hue White and Colour Ambiance Lightstrip. Dimmable LED Smart Light

Value Value
Name:on, Name:brightness,
Type: Extended colour light, Type: Extended colour light,
Permission:r, Permission:r,
Status: ok, Status: ok,
Number: { Number: {
min:0, min:0,
max: 1, max: 255,
step:1 step:1
} }
State State
Type:Report, Type:Report,
Data:1, Data: 100,
Price:0, Price:0,
Timestamp: 2018-03-08T10:36:04.998Z Timestamp: 2018-03-08T710:36:05.424

Table 11: Mapping of the Philips Hue set of the device into the Seluxit Unified Data Model.

5.42 Mapping of the Service

The following example shows the mapping of the OpenWeatherMap data service?- current weather

(Table 12).

Network
Name: OpenWeatherMap

3 OpenWeatherMap —API that provides free access to current weatherdata for any location. The datais returned in JSON, XML, or HTML

formats (https://openweathermap.org/api).
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Device
Name: Current Weather
Manufacturer: OpenWeatherMap
Description: Provides current weather values based on specified | ocation.
Value Value
Name:city, Name:temperature,
Type:location, Type:temperature,
Permission:rw, Permission:r,
Status: ok, Status: ok,
String:{ Number: {
max: 99 min:-999,
} max: 999,
step:1,
State unit: K
Type:Report, }
Data:Aalborg,
Price:0, State
Timestamp:2018-03-12723:08:12.370Z Type:Report,
State Data:274.077,
Type: Control, Price:0,
Data:Aalborg, Timestamp:2018-03-12723:08:12.370Z
Price:0,
Timestamp: 2018-03-12723:08:12.370Z

Table 12: Mapping of the OpenWeatherMap weather service into the Seluxit Unified Data Model.

5.4.3 URI Hierarchy Example
The example below (Table 13) shows the Uniform Resource Identifier (URI) meaningful structure path
that provides access to the description data description.

https://<DOMAIN>/network/<NETWORK UUID>/device/<DEVICE UUID>/value/<VALUE UUID>/state/<STATE UUID>

Table 13: Complete URI hierarchy example.

5.5 APPLICATION EXAMPLES BASED ON USER INTERACTIONS

This chapter presents usergroups thatare playingan importantrole in Wappstoandin the field of loTin
general. Firstl will present the user groups and their possible activities in Wappsto. Afterwards, there
will be a description of Personas that represent people from each of the groups. As it was mentionedin
the methodology chapter, these personas are factious, but to make this study more reliable, they are
based on the research and statistics. This approach allowed me to create realisticscenarios that display
userinteractions based ontheirneeds. Atalaterstage of this chapter, | will analyse the Seluxit UDM

role inInformation Architecture and | will provide examples of how semantically structured data can
helpthe end-usersinteract with the diverseloT data.

5.5.1 User Groups and Their Needs

The main target groupsin this study are developers and manufacturers since those are peoplewho can
potentially generatevaluable content and information that eventually becomesinteresting for the
consumer market. Developersinthis contextare people orcompanies with differentlevels of
programming skills, who specialisein World Wide Web software application development or create and
maintain websites (Dictionary.com, 2018). Manufacturer group consists of companies that produce
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devicesthat can potentially be connectedtothe internet. This group contains companies that do not
have resources and/ortime to build theirown solutions and require expertise in the field of loT.
Homeowners are the consumers of products and solution developed by the developers and
manufacturers. Anotherimportant category of targeted people is makers. Maker Movement has an
ideology to create and develop new and challenging things using new tools. Makers could be hardware
or software developers, orenthusiast, who like innovation (Schén, Ebner, & Kumar, 2014). This group is
alsoimportant since these people are enthusiasticand have the need to experiment, create something
innovative and useful even though sometimes justforfun. The statistical datashows thatthey are likely
to begin start-ups. “Even if not everything and every action amongst makers is digitally driven, making
deeply builds on the development of the “Internet of Things” (loT). Small computers or digital devices and
tools, which are connected via the Internet, are built and used to create or produce new products.”
(Schon, Ebner, & Kumar, 2014).

The table below (Table 14: User groups and their activities which are possible because of the Seluxit
Unified Data Model.) outlines the user group general activities in Wappsto that are possible because of
the unified datastructure that creates new loT use case scenarios.

User group User groups general activities

Developers e Create functionality, configurations and automation for personal or commercialuse.
e Translate service data into the data model to make themavailable for other people.
e Connectthingsandservices.

e Create new information based on processed data

e Map loT devices intothe unified data model

e Create interactive and usable userinterfaces

Manufacturers e Create and connect new things based onthe unified data model
and Makers e Deliver new services based on user data
Homeowners e Buy, sell, share and exchange data

e Create new information

e Search fornewtools, information.

e Integrate solutions

e Create configurations and automation using applications developed by other people.

Table 14: User groups and their activities which arepossible because of the Seluxit Unified Data Model.

5.5.2 Personas

Accordingto the surveys and data analysis made by Stack Overflow (2017) and Vision Mobile (2016) the
majority of developers are male, and thereforetwo out of three developer personas are male, which are
comingfromdifferentregions, such as Europe, Asiaand North America, based on statistics. A major part
of developers who are working has side projects since representatives of this group are enthusiastic
aboutlearning new things and motivated toimprove theirskills. These facts and statisticdata (see
Methodology chapter) are adoptedin the following personas.

DeveloperPersona
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Derek works as a consultantina bank, wherein his daily
routine, he develops web-based userinterfacestoincrease
customerengagement. He islooking for otherjob
opportunities for professional development. Once inawhile,
Derek takesfreelance jobsforfunand new experiences, since

> heisinspiredtolearn new things.
3 , Derek appreciates good documentation and getsvery
Derek Belmont frustrated when the tools he is using are failing his

Age: 31 expectation.
Gender: Male

Civil status: Unmarried .
Education: Master’s degree in Software | friends.
Development

Occupation: Consultant Software

Developer

Social Media Channels: Facebook, Stack

Overflow, GitHub, LinkedIn

Table 15: Developer persona "Derek". (Photo source: Pexels.com)

In his spare time, he enjoys cooking and socialising with

DeveloperPersona

James currentlyis hired by a security company where he is
working part-time discovering potential malfunction or faults
inthe software.

James likes sharing his knowledge with peers, therefore he
contributes some ideas and solutions on different media
channels and participatesindiscussions, as well as meetups

e \ organised by the developer communityin his area.
James Reyes In his spare time of work and responsibilities athome, he
Age: 42 frequently explores new technologies available on the

G‘er.:der: Male . internet and finds tasks to challenge his brain ordevelop
Civil status: Married

Education: Master’s degree in Computer = somethinguseful. He isinterested invirtualreality gaming

Science, self-education and everything that goes beyond the daily routines.
Occupation: Certified Ethical Hacker

Social Media Channels: Stack Overflow,
GitHub, Meetup, Linkedin
Table 16: Developer persona "James". (Photo source: Pexels.com)

DeveloperPersona
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Mia Sato

Age: 23

Gender: Female

Civil status: Unmarried

Education: Bachelor’s degree in
Multimedia Design

Occupation: Interaction Designer and
Web Developer, freelancer

Social Media Channels: Stack Overflow,

Behance, Pinterest, Facebook, Instagram,

Snapchat

Sheisin herlast year of studying Web Development.Sheisa
fastlearner, butthe diversity of libraries and frameworks
usedfordeveloping web solutionsis overwhelming her.

She sometimes works as afreelance designerwhereshe
produces mock-ups and designsin Photoshop/Illustrator for
different projects. Nevertheless, herreal strengthis
interaction design. She does some client side coding
(HTML/CSS/1S) in orderto develop beautiful, yet usable
interactive elements.

All herfree time she spends on travelling and photography.

Table 17: Developer persona "Mia". (Photo source: Pexels.com)

Below table (Table 18) describes arepresentative of amaker movement.

Maker Persona

|
Frank Kroemer
Age: 28
Gender: Male
Civil status: Unmarried
Education: Master’s degree in Software
engineering
Occupation: Software engineer
Social Media Channels: Stack Overflow,
GitHub, Hackster.io, makerspace,
LinkedIn

Franksis workingina small company as a software engineer,
where he is constantly engaged with the software design,
development and testing. When he is off the work, he likes
developing hisown projects or be social and play board games
or role-playing with his friends. Together with friends he often
comes up with some crazy ideas for some events or occasions.
Frank is passionate about learning new things and developing
his creative ideas. He is a naturally curious person, yet he
hates repeating some actions, again and again, therefore, he
would rather develop atool that would work instead of him.
Thisis his main motivation to build home automation. He
wants to achieve convenientliving, as well as to impress his
friends, buthe is having challenges doing everything on his
own due to lack of free time and lack of expertise in some
areas. He tried opensource loT platforms yet none of them
offers a complete range of services and freedom to satisfy his
needs.

Table 18: Maker persona "Frank". (Photo source: Pexels.com)

The following personais company type of personawhich is based on statistics, reports and predictions
made inrecentyears (see Methodology chapter).

Manufacturer Persona
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]

Bright
BrightTech

Founded in: 1999

Employees: 150

Industry: Lightning and bulb
manufacturing

Strengths: quality products, great
customer engagement.
Weaknesses: large competition, no
knowledge about IoT solutions and
application development.

BrightTechis categorised as a small to a medium-sized company
whichis self-owned. Their products range from indoor light bulbs
and lamp designs to outdoorlighting.

Company’s current projectis to manufacture internet-enabled
products that would attract new customersand lowerthe risk of
losingtheircurrentusers. Since all their products are consumer-
oriented, they wantto deliver better customers service and
supportby increasing userexperience and introducinginnovative
ways to utilise their products. They also want to gaininsightsinto
user patternsto offer betterservices and improvetheir products.
In orderto create competitive advantage, they wanttoreduce
time to market and create feasible prices fortheir customers.The
challenge forthe companyisto achieve theirgoalssince loT
solutionsrequiretime, money and experience, which they do
not have in abundance.

Table 19: Manufacturer persona "BrightTech". (Photo source: Pexels.com)

The homeownertype of personas are based on the surveys that outline people needs and expectations
insmart home sectorand statistics on loT adoption (see Methodology chapter).

Homeowner Persona

Kent Dias

Age: 35

Gender: Male

Civil status: Unmarried
Occupation: CEO

Social Media Channels: LinkedIn,
Facebook, Twitter

Kenthas a chain of boutiques sellingleather good and designer
clothes. Itis his family business he inherited from his father. Kent
issoon getting married, therefore he recently has builtahouse
outside the town, where heis planning to live with his family. He
spenta lotof moneytoequipitwitha large numberof smart
things, such as smart meters, surveillance system, smartlocks,
high precision sensors measuring weather conditionsin the area
and home appliances. He is considered to be a first moversince
he always stays updated with newest technologies and trends,
therefore he is using Wappsto to connect all his things together.
Kenthas heard about people monetisingthe loT data. Kentis
considering thatthe data he obtains from his smart devicesand
his usage patterns can be interesting for the municipality, which
istryingto make a sustainable life inthe region, while weather
data can be useful forhis neighbours, who are farmers and can
benefitfrom precise measurements of the weather condition. He
would be willing to exchange his dataforsomethinginreturnifit
does not create too much hassle forhim.

Table 20: Homeowner persona "Kent". (Photo source: Pexels.com)
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HomeownerPersona

Andy Moor
Age: 53
Gender: Male

Civil status: Married

Education: Bachelor of Architecture
Occupation: Architect

Social Media Channels: LinkedIn,
Facebook

Andyisa family person wholivesin suburbs with his wifeand
fourkids. The house he livesinwith his family has abig garden
that they enjoytospendtimein. The problem withthe gardenis
that itis hard to maintain, especially in a hot season. Andy has
purchased smartirrigation systemthat waters it when the soil
sensors reportthatthe soil is gettingtoo dry. The application
made by the irrigation system manufactureris not usable andis
not complete. Italso does notallow connecting smart devices of
different manufacturers. He wants to connect hisintelligent
roboticlawnmower, sothatitcan cut the grass before the
wateringand connectthe weatherforecast data, in order to save
some money on wateringand ensure proper plantcare. Andyis
fine to pay any reasonable amount of money to make the setup
he wants to avoid the hassle and spend more time with the
family instead.

Table 21: Homeowner persona "Andy". (Photo source: Pexels.com)

5.5.3 Analysis Based on User Scenarios

This section describes userscenarios that are based on the Personas presented in the previous section.
The scenarios are made to demonstrate interactions of different users depending on their needsin
differentsituations and contexts. Considering that the scope of this project was focusing oninteractions
with all three usergroups, following scenarios are part of one bigger story that presents the interactions
of all three usergroups and uncover usage potential of the Seluxit Unified Data Model. The figure below
(Figure 7) displays ageneral overview of all the groups and data flow from one userto another. The
figure also displays how the Seluxit UDM allows connecting different data sources and bring people

together.
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Figure 7: Three different user group (Manufacturer, Developer and Homeowner) interactions which are possible by
as the result of the data structure. Large blue squares represent different web-based applications that are part of
the larger ecosystem. Triangular shapes represent data based on/converted into the unified data model.

The following scenarios will expose more detailed view and description of the above picture. Each of the
scenariosis supplemented with the additional usersteps thatare based on the Personas and collected
empirical data. Inthese scenarios, the “loT Platform” is already integrated loT Platform technologies
(Appendix 6:) developed by Seluxit, yet hypothetically can be any loT platform that allows the secure
data storage and transfer. When reading the following scenarios, itisimportantto take in consideration,
that some explanations and conclusions may appear ata later stage of this chapter because some of the
scenarios are linked to represent the diversity of use cases.

Manufacturing operationsin loT take more than a half of the money spentinthe loT in total (i-scoop,
2017). The results show that almost three-fourths of organisations feel that loTis critical to their
competitive advantage (Verizon, 2016; i-scoop, 2017). Demand from the customer side is the main
driverforthe manufacturersto investinthe Internet of Things (IDC, 2015), yet due to theirlack of
expertise, they seek for loT solutions/platforms to make their products connected. The first scenario
describes corporate persona—“BrightTech”, which goal is to create a competition onthe market by
creatinga smart solutioninashort time and at low cost. The scenario consists of multiple steps thatare
visually presentedin Figure 8.

Scenario A - BrightTech decides to connect their products to the internetto create the smart
lighting system.

BrightTech knows that their lack of expertise in this areais a large disadvantage. They want to announce about their
new loT products range alreadyina fewmonths, yet theyare afraid that without a concrete solutionthey mayfailand
lose customers. They are looking forinexpensive possibilitiesto develop first hardware and s oftware prototypesto have

a proof of concept. BrightTech’s project manager assigns a task to histeamto find multiple solutions and investigate
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them from different perspectives such as time, money, complexity, security, requirements from the technology side and

flexibility. The team doesresearch and finds different |oT prototyping solutions. The BrightTech team tries Wappsto as

one of the solutions.

(1)
(2)
3)

(4)

(5)

(6)

(7)
(8)

BrightTech employee searches for “loT rapid prototyping” on the internet.

He finds a tool called “IoT Rapid Prototyping” that allows creatinga device prototype fastand free of charge.

The linktakes himto Wappsto ecosystem, where heis required to register andinstall a prototyping tool to create
personalised data.

Aninstalled Wappallows the user to create abstract data structures (Appendix 5: “loT Rapid Prototyping”

Screenshots), which user uses to create a prototype.

Using provided userinterface, he fills out the forms (Figure 9) with the technical spedfications and other
information required to describe BrightTech’s future device (e.g. what is hisdevice, its name, whatis its purpose,
etc.)

He is pleasantlysurprised that he does not need to think of how to structure this type of informationandthe tool
automatically creates a structured data model and generates required certificates to ensure a secure connection.
(a) The tool alsoregisters the data onthe Seluxit 10T Platform (b) and generates the example code thatcanbe
uploadedto a Raspberry Pi4 oranother piece of hardware. The example code helps him develop desired
functionality faster than creating everything fromscratch.

The useruploads the requiredfileson the physical device.

A device communicateswith the loT Platform that stores that data and allows re mote control.

Table 22: Scenario A.

4Raspberry Pi -a tiny and affordable computer thatyou canuse toleam programming through fun, practical projects
(https://www.raspberrypi.org).
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Figure 8: Scenario A visualisation.

People with little programming knowledge or no knowledge atall have the possibility to develop loT

F@—' “loT Rapid Prototyping”
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physical device.

| provides device info |

=%

/
I\ D‘P, E! D rl
D
uploads code and — b
certificates Physical devices

cammunicate

solutions. The example below (Figure 9) allows creating and generating parts of the device code by filling
the device informationinto automated forms that prevent possible errors and can guide the user
throughthe processto increase understanding. Programming by the exampleis a basis for creating new

programs where modification of aworking example speeds up developmentasit provides stronger

settingthan writing code from start (Hartmann, Wu, Collins, & Klemmer, 2007). Having a developed data
structure simplifies the creation process since it does not require thinking of a number of possible ways

to describe data.
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Figure 9: "loT Rapid Prototyping" screenshot. Value editing panel of a Smart Light network. (Scenario A)

In this specificscenario, itis notrequiredto create acomplex loT platformto enable secure data
communication and storage. Another benefitis the choice of web solution that does not require the
development of mobile applications to support different mobile platforms like Android and iOS. Web-
based applications are cost-effectiveto develop, accessibleforarange of devicesand are easily
customisable. This hasaninfluence ontime to marketand allows focusing on the essential product of
the company (Cohen, Eliasberg, & Ho, 1996) and decreasingthe cost of the final product whichis the
key components that can accelerate loT adoption (McKinsey & Company, 2015).

While companies are forced to adopt new technologies, asit was mentioned in the previous chapter, it
doesnotalwaysturn out to be a success. Solutions that allow a vast amount of integrations and simplify
prototype creation allow manufacturers totest their productideas using agile culture and practices
(Beyer, 2010) withouttaking high risk and investing large amounts of moneyinto loT projects. That
means that smaller companies like BrightTech can benefit from multiple things, such as easy integration
of theirthingto the web-based platforms where they can be immediately controlled through the user
interface and tested. Moreover, manufacturertype of companies building specificdatamodels to
supporttheirown business strategy and products, lose the potential of integrating othersolutions (Lux,
2018), which complicates use cases and limits their customers to develop theirautomation setups with
devices of other manufacturers. For manufacturers, Wappsto opens new possibilities:

e to make theirsolutions more versatile,

e togetaccessto newservicesanddata,

e todecrease newinternet-enabled producttime to get onthe market,

e andto give freedom fortheir customers to fulfil their needs. (Lux, 2018)

All the following scenarios will give more details on these possibilities and involve other user groups.
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Scenario B: BrightTech hires a developerto create a web application that enables bulb remote
control.

BrightTech wants to offer their customers a smart solution that can enable automatic light bulb dimming based on the
daylight time and weather conditions. So that when outside is getting dark, the light would adjust brightness and when
itis cloudyoutside, the light would change the colour temperature to a warmer colour. To implement the solution, they
hire a web developerforthefirstiteration of a web application.

Derek is hiredbya recruiter on LinkedInfrom BrightTech as an external consultant-developer to develop a user-friendly
web app. His taskis to investigate technology and create first a pplication prototype based on the initial requirements.
BrightTech stilldoesnot have physical device prototypesto share with Derek, therefore they share with himthe device
data structure whichthey made using |oT Rapid Prototyping tool in Wappsto.

Derek needs to learn how Wappsto works so he reads available documentation about Wapp creationand the unified
data model. Derekcreates anaccountin Wappsto and installs development tools “Wapp Creator” (Appendix 7). He
starts the development process by using device structure received from BrightTech which heis familiar with since it
resembles the UDM he saw in the documentation. He notices that “Wa pp Creator” offers usable and intuitive functions
which ease his job of developing anapplication. To retrieve a network from a database he needs to use “getNetwork()”
function with the s pecific parameters, whichworks a similar way for retrieving devices, values and states. Having the
data to workwith, he implements initial means of controlling bulbs for testing purposes. In order to create a
configuration of the bulbs based onthe weather forecast, he connects 3rd-party service using APl and maps itinto same
data model (asitis shownin the section Mapping of the Service). That would allow the users, who installthe
application, automatic connectivity and setup oftheir preferredlocation (e.g. the townwhere his houseis located,

precise geographic coordinates).

Table 23: Scenario B.

The possibility formanufacturers to create an early prototype based on genericand tested data
structure has also other benefits than above-mentioned. In the Scenario B, the abstract data structure is
giventoa developer, which giveshimaclearideaaboutthe future device structure, possibilities and
limitations. First of all, it can increase understanding of the requirements on the early stage. Second, the
integrated development environmentthatis based on the Unified Data Model can utilise such datato
enhance development and create testing possibilities without having an actual physical device. Third,
sharing of the abstract data structure, like smartlight device metadata anditsrelations, can shorten
developmenttime, whichis crucial for manufacturing company marketing and business strategies
(Cohen, Eliasberg, & Ho, 1996).

Creating devices based onthe datamodel also allows integration and synchronisation of an other
abstract thing, for example, weather data, that allow to enrich the data, create intelligent configurations
and enhance automation (Scenario B). The following scenario describes the advancement of BrightTech
ideas based on the possibilities that arise with new dataand shows the need for developers whichis
followed by the interactions of adeveloper persona “Derek”.
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In the scenarios Aand B, the Unified Data Model is adopted to support reuse of domain knowledge and
advance end-user developmenttoolslike loT Rapid Prototyping (Figure 9; Appendix 5: “loT Rapid
Prototyping” Screenshots and Wapp Creator (Appendix 7:) by allowing automated userinterfaces to
generate the device code andincrease the speed of application development. Without the UDM, this
would not be possible. Well-defined semantics inthe data model ensures that platforms share the same
meaningforthe data they exchange and verify consistency. Metadata simplifies application
development and enablesinteroperability (Intel, 2017) especially whenintegrating multiple data
sources. The meaningfulness of the code is vital for developer understanding and development process.
Moreover, it can provide efficiency in the dataretrieval and increase dataintegrity. The table below
(Table 24: Example of the Unified Data Model adoptioninto IDE JavaScript functions to support
developers.) presents the examples of the Seluxit Unified Data Model adoption in the IDE — Wapp
Creator, that increases developerunderstanding when retrieving orintegrating data.

Functions based on the Seluxit UDM Explanation

Functions based on each of the Seluxit UDM
componentthatallows retrievingcomponents
getDevice(attributes, options) based on the parameters.

getNetwork (attributes, options)

getValue(attributes, options)
getState(attributes, options)

addNetwork (network, options)

Examples of functions with parameters Example of function usage

getDevice ({ This example allows toretrieve all user Devices
"manufacturer": " BrightTech " that are manufactured by “BrightTech”.

)

This function allows gettingall user Values that has
type “light” and are part of the device that is
manufactured by "BrightTech".

getValue({
"type": "light",

" parent": {
"manufacturer": "BrightTech"
}
)
getvalue({ Thisfunction al!ows retrieving all the userValues
tvpe®: "1ight" that has type “light” no matter who manufactured
e 1 . .
yP & it and what other parametersit has.
)

Table 24: Example of the Unified Data Model adoption into IDE JavaScript functions to support developers.

The example of the function shows the discovery of the databased on its properties, like manufacturer
or type, and relationships - parent/children. Such structures and relationships allowdataindexing which
can decrease information retrieval time and respectively create better userexperiences. Italso gives
flexibility forthe developers to limit or expand theirapplication functionality by specifying the data
parameters (see Table 24). Requesting data by the specificUDM parameter allows developers to create
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configurations with unlimited possibilities. Examples of that could be creatingrules forany light takingin
consideration only theirtechnical capabilities, creating abrand-specificapplication that manages setups
between different types of devices, oreven mixtures of both. Without generalised datastructure, it
would notbe possible orwould require doing functionality for supporting each of the things repeatedly
(IFTTT, 2018) or have predefined flows for creating functionality (Stringify, 2018). The major benefit that
can be outlined hereisthe reuse of some functionalities and givento people freedom, whichis
representedinthe following scenario.

Scenario C:Integration of open-source data for the common good.

James, during the last developer meetup on loT topic, was challenged to integrate an APl in Wappsto to evaluate the
technology. He choseto integrate an open source weatherforecast API. (1a) To make itavailable in the otheruser
context he hadto create a wappusingdevelopertools (Appendix 7) and retrieve service data using API. (1b)James
translates service data into the Unified Data Model (ina similar mannerasitis presentedin Table 11) using standard
web programming language. Once creatinga structure, he adds newly created Networkto his user context using
functions provided in the documentation (Table 24). (2) He publishes the application to the store so that other people
canuseitforfree.(3) Auserfinds andinstallsthe application. (4) The tasks inthe application background constantly

retrieve the data from the service and update the view on the user’s device. (5) The userinteracts withthe data and is

able (6) to integrateitintoother configurations.

Table 25: Scenario C.

Data service

Store

SN

Wappsto web-based ecosystem

User2 context

Userl context

Figure 10: Scenario C illustration.

The Scenario C shows how the data created in one applicationin the user context, can be used by
another application to combine functionality (Scenario C(6)) since programming resources (Table 24)
builtontop of the same data structure allow such data findability.
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The following scenario presents consumer side integrations and possibilities for the developers that
arise having accessible dataforthe development of new solutions. The scenariois supplemented by a
figure thatvisualises the useractions and information integration.

Scenario D: Diverse application possibilities by re-using the same data.

(1), (2) Mia’s parents have bought BrightTech starterkitina store and have followed the instructions to make their
devices connect to theinternet(3).In theinstructions, theyalso get guided through the steps to install an app in
Wappstostore to use BrightTech systemremotely (5) and benefit from the integrations with the weather data (5a).
Both Mia and her parents like the smart light solution and automation options that BrightTech is offering, but the bulb
control, andinteraction was unintuitive to them. Therefore, Mia decides to develop her own solutionthatis focused on
the applicationdesign.

Mia tries developertools (Appendix 7) in Wappsto and learns that she candevelop Wapps for herself using same bulbs
thatare installed in her user profile. All she needs to do is fromher wapp prototype to request the device using
getNetwork(“name”: “Smart Lights”) (Table 24). Mia then quickly creates a nice userinterface using web standards with
animations andinteractive elements to intuitively control the lamps.

Mia was pleasantly surprised that she could easily share her application with the family members without the need to
publishit. Everybodyin the family liked Mia’s solution and after using the application for some time, they encouraged
herto publish it to the Wapp store, so that other people can benefitfromittoo. When publishingthe app, Mia decides
toearn a bitofmoney, soshe sets a price for her beautiful userinterface. Now everytime someone purchases the app

forhis own home setup, Mia gets some moneyon heraccount.

Table 26: Scenario D.

Weather
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loT Platform
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Figure 11: Consumer integrates BrightTech devices.



The scenario D shows how the freedomis given to the customersto fulfil their needs. Moreover, the
common data structure allows the reuse of data and to build complex platform ecosystems thatforthe

developers save the hassle of complicated technology setup to host applications, create dataand
solution sharing with other people fortesting purposes, and even creating profit.

Scenario D: Making new things and creating automation.

Derek hasbeen using Philips Hue bulbs from overthe yearnowand now he has purchased cheaper alternative from
BrightTech to installlights inthe remainingparts of his apartment. He notices that BrightTech application for light
control is developed using Wappsto IDE. He checks Wappsto store out of curiosity and finds another applicationthat
can control lights from different manufacturers which fit his setup at home. He purchasesthe app and gets inspired by
the idea of connecting things together. He wants to make the lightsinthe corridor to switch onautomaticallywhen he
is coming home. He investigates how does BrightTech’s devices and application work and learns about the set of tools in
Wappsto. He purchasessome hardware components and sensors that detect move ment to make his own smarthome
solution. He searches for prototypingtools in Wappsto and does all the required steps to connect hissensor to the

platform using the UDM (see steps 3-8 inthe Scenario A).

Table 27: Scenario D.

For makers, as itis describedin the scenario D, the environments for making such actions like creation,
testingand development allows generatingideas and quickly adapttheminreal life. Without the
Unified Data Model such action would be impossible or limited. Rapid prototyping plays animportant
role inthe development, testingand evaluation of embedded technologies and creating interactions.
Research shows that prototypingtoolkits allow effectivelyexplore the design space, employ prototyping
toolsto create early prototypes of hardware and software components and accelerate presentation and
evaluation fordevelopers’ applicationideas (Kranz, Holleis, & Schmidt, 2009).

The following scenarios present the end-usersidewhich in this case are homeowners.

Scenario E: Monetising Data.

Kentis Wappsto user where he has all his automated devices configured. He saw a new feature that allows monetising
the loT data. Kent decides to share the data from his smart meters with the municipality, which is trying to make a
sustainablelifeinthe regionandexchange and hisusage patterns with the power utility to get energy price reductionin
the certainhours ofthe day.

Kentalso foundoutthat his neighbouris interested in the weather station readings, which he sells to the neighbour

Andyfora monthly micropayment while using his data.

Table 28: Scenario E.

Scenario F: Andy sets up the smart garden
Kentwants to pursue his smart gardenidea of connectingall devices such as lawn mower, soil sensors and irrigation

systemfrom different manufacturers together and connecting it to weather forecast data to save moneyon the
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wateringgardenandimproving his comfort of life. Andy finds Wappsto on the internet and triesto integrate his devices
to the internet. He searchesforapplications in Wappsto store that would support hisidea. In order to integrate hisall
his devices, he installs two apps that convert the data intothe UDM. To make automated configuration he finds a paid
applicationthat can combine anyservice ordevice data and make some simple rules. He purchasesthe applicationand
buys data from hisneighbourforareasonable price. Afterinstalling everything he hasallthe datain hisuser context
which allows him to make some rulessuch as: “ifitis goingto rain, orif the soil is wet, then do not water grass”, “ifthe

irrigation system ison,do notcutthe grass”.

Table 29: Scenario F.

For homeowners, combined solutions with adiversity of devices and data give complete freedom for
solution automation (Scenario F), but besides that users can also benefit from sharing data (Scenario E),
whichis normally a win-win situation. Taking data sharing perspective, the lowest Seluxit UDM
components such as Value or State that are shared can lose some of its meaning for the recipient since
the top-level metadatais notincluded. On one hand, this can cause confusion if the descriptionis not
provided and data afterwards is treated wrongly. On the other hand, this gives freedomtothe userto
share raw data without giving some of the private or unwanted details. This can be beneficial forthe
security reasons that allows collection of anonymised statistical data (like in the example with power
utilityinthe scenario E), or forthe data market whenitisvital to choose how much data should be
available foracertain price tag.

Allthe above scenarios gave aninsight into advantages and disadvantages of the unified data model
integration onthe web-based platform. The scenarios, also showed usertasks where one of themiis
information search. “Modeling needs and behaviours forces us to ask useful questions about what kind
of information users want, how much informationis enough, and how they actually interact with the
architecture.” (Rosenfeld, Morville, & Arango, 2015, p. 40) The chapter/A Components will continue the
analysis of information search activities based onthe theoriesin the area of Information Architecture.

5.54 The Seluxit Unified Data Model Critique

In orderto supportthe above scenarios, the translation of diverse metadataintoacommon formatis
required and that can create certainissues. Not all the datawould be possible tofit well into the model.
In some case, it may require compression (Lux, 2018) or generalisation which caninfluence the quality
and uniqueness of it. A disadvantage that may arise is missing semantics or possible inconsistencies in
semanticannotation when describing the data (e.g. Temperature versus temp, outdoorTemperature
versus temperatureOutdoors) since itis the responsibility of the usertofill outthe data. Such solution
requires the development of terminology and strict guidelines and suggestions to help the users creating
meaningful information setastrong base for the knowledge creation. Anotherissuefrom atechnology
perspective is the software maintenance sincethe logicand handling is made at the application level.
Drastic changesin the data model structure can also have an influence on all the existing data handling.

The current version of the UDM does not supportimportant variable such as geographical location of
that data which can be an important factor forthe data market. There are many devices equipped with
the Global Positioning System (GPS) and report theirlocation fortracking purposes. Such datais already
supported and can be mappedinto the Seluxit UDMvalue component, yet for the data market
purposes, geographical location metadatais missing. It could allow creating geographical schemesthat
could ease data search and findability based on user and data proximity. As it was mentioned above, the
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model has been evolving and shaping based on the business strategy, customer needs and technology
requirements, therefore, it may needto be expanded already in the nearfuture tofacilitate data
findability and enrich built-in tools.

5.5.5 I|A components
The challenges organising information increase correspondingly to the content growth. Eventhoughitis

not a new challenge, it stillremains a problem for Information Architects thatis caused by ambiguity,
heterogeneity and differences in perspectives of individuals (Rosenfeld, Morville, & Arango, 2015).

This section describes the application of the Seluxit Unified Data Model in IA components (Rosenfeld,
Morville, & Arango, 2015) to solve findability and content structure challenges.

5.5.5.1 Content Organisation

The Seluxit UDM provides organisation structure thatintroduces alogical grouping of the datasets
based on their characteristics. This playsimportantrole ininformation findability and understanding. It
israre that people know exactly what they are looking forand what questions to ask when searching for
information. The process of finding information is often not too-simple and involves multiple iterations
(Rosenfeld, Morville, & Arango, 2015, pp. 39-51). Therefore, to support people information needsitis
importantto design systems to be understandableand organised creating awareness of place in
information environments.

The Seluxit UDM can be classified asa metaphor-driven scheme for dataitem grouping since some of its
components may be physical things, while other—abstract and may not existinreal life, yet they both
share similar characteristics, which can help users to understand and relate to. Example of that can be
previously mentioned Open Weather Map service, where current weatherforecast was named adevice,
and current weatherdatasuch as temperature, humidity, etc. were mapped as values.

Organised, semantic structures besides influencing findability of information can also help users
understand new information and unfamiliar contents. Such structures reflect physical environments that
play placemakingrole. (Rosenfeld, Morville, & Arango, 2015) The order and hierarchy of the data model
components creates asense of place and adds meaningto the information. The figure below (Figure 12)
isa conceptual representation of the Seluxit UDM based on Philips Hue Bridge example, while Figure 13
representsreal lifedevice setup. The organisational structure in Figure 12 reflects the logical
representation of Network as a data source (bridge), Device— a physical device or machine which
containsome informationthatis groupedinto subsets called Values, which have two states Report State
and ControlState. Figure 13 shows physical device representation. Philips Hue Bridge serves as a
gateway, that connectstwo devices tothe internet — Light bulb and Hue lightstrip. Below the devices are
displayedtheirpossible states. The light bulbinthe current example has a current state that isset on
the device —“on”and a state “off”whichis upcoming state of the device beingset by the user, while the
lightstrip states may represent different colour hues (inthe exampleitis orange and blue).
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5.5.5.2 Navigation and labelling

Device 2 Device 1
| Value1 | Value2 1 Value1 ] Value2 1 Value3
State R State R State R | State R State R
State C State C State C State C State C

Figure 12: Example
of the Philips Hue
Bridge
organisational data
structure mapped
into the Seluxit
UDM.

Figure 13: Physical device representation: Philips Hue Bridge
with two devices that represent multiple states.

Every link in hypertext creates a category. That is, it reflects some judgment about two or more

objects: they are the same, oralike, or functionally linked, or linked as part of an unfolding series.
(Bowker & Star, 1999)

In information findability and creating navigation, the labelling systems are vital since they describe
categories, options,and linksin language thatis meaningful to users (Rosenfeld, Morville, & Arango,
2015). The Seluxit UDM main components togetherwith the metadatait contains, allow creating labels
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and categories thatare understandable and meaningful forthe user which can have an impact on the
data findability. The table below (Table 30) exemplifies such combinations.

Examples Description

Temperature in Celsius Values which are described as the temperature and produce data in
Celsius unit.

Philips device Devices of a specific manufacturer.

The temperatureinyourarea | Valueswhich are described as the temperature withinthe radius of
the userlocation.

Devices that contain Devices where one of its value types is temperature.
temperature
My temperature sensors All sensordevices thatinclude temperature measurements withina

specificuser context.
Table 30: Examples of categories and labels that are created based on the Seluxit Unified Data Model.

The above combinations and the UDM componentsitself can be used as hyperlinks, headings,
navigations and forindexing purposes. Moreover, on Wappsto with added user context, it allows
creating advanced navigation approaches (Rosenfeld, Morville, & Arango, 2015, p. 203), like
personalised recommendation list forthe data market. Personalised recommendations can be based on
the user existing device datathat can benefit from additional information (e.g.: energy consumption or
prices, suggestions on optimal usage of things, etc.)

5.5.5.3 Search systems

Search systems allow users to search the content and the Seluxit Unified Data Model can support search
systemsindifferent ways. The user context details and known data structures can add value to the
search queries which can expand orlimitsearch resultsin a shortertime frame. Parent-children
relationships allowsearching and retrievinginformation based on the parameters of the family
members.

Metadata can serve multiple purposes, and carry different functions (Wilson, 2012). It can be usedto
control search queries, give suggestions based on userinputand provide otherinformational support.
The example of that could be supporting Andy personain hisinformation needs. Andy goesto data
marketand wants to find an accurate temperature datain the local areato complete his setup.
Hierarchical categories and common data types (e.g.: temperature, motion sensor, etc.) give a way of
classifyinginformation to create facets (Tunkelang, 2009) and allow the user to refine his search and
find relevantinformation faster. Based on the userinput, the suggestion lists can be integrated into
search systems that are generated based on the known data model structure and indexes. Additional
data (e.g. geographical coordinates) gives different means of representing information (Figure 14) which
can reduce cognitive load and decrease time for finding relevantinformation, or data attributes like
minimum and maximum datavalue combined with datatype —temperature can also engage other
visual assets (diverse colours of the indicators in Figure 14).
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6 CONCLUSION

The broad aim of this study was to investigatethe significance and role of the Unified Data Model used
inloT context from different perspectives. The major purpose was to discover how itinfluences
Information Architecture when avastamountofinformationis given tothe users. | have explored and
visualisedinthis thesisloT data provision and structuration on the web-based platform Wappsto, where
the unified datamodel was used as a starting point for synthesis of numerous datasources. The analysis
of the Seluxit Unified Data Model has shown to have a big potential forenablinginformation creation
and exchange between users of the platform and creating the ground forthe data market.

Besidesthe factthat each of the above scenarios prese nts benefits and disadvantages, there are
possibilities for development of new loT scenarios which are only possible because of the user
involvement and quality of metadata. To supportall the above advantages, itrequires “control” of
integrated data. Having enough freedom for the users to describe their data cannot be left out of
control. People may misuse orignore the importance of providing good, meaningful description. Such
platform ecosystems would benefit from persuasive design concepts to create good development habits
and attitude towards the importance of semantic metadata.

6.1 SUMMARY

In orderto describe the datamodel and its application possibilities, first, | exemplified how can physical
and abstract things be integrated. Second, | used scenario-based analysis to uncover business
opportunities and userinformation needs based on the research data, as well as presentits value to the
end-user. Afterwards, | applied different theories to describe the importance of semantically meaningful
data structure based on fourInformation Architecture components.

The unified datamodel presented in this paper provides four major benefits. First of all, the model
already provides agood structure for basicloT data treatment such as storage, retrieval and proce ssing,
but more importantly, it can expand business opportunities by creating connected environment for
diverse useractivities and buildinginteraction tools to support these activities. It enables loT data
interoperability and cloud-based service data as the result of semantically meaningful hierarchical
structure which can easily be expanded and supports custom data. Interoperability on the web-
platforms, additionally, solves the problem of creating cross-platform, and cross-domain loT ecosystemes.
Second, the model focuses primarily on semantic constructs, which makes it understandableforboth —
machines and people from different domains. It helps to structure content based on logical categories,
meaningful forthe userlabels based onthe data meta descriptions and ontologies (Table 28) which is
essential tosupportusersearch behaviours and make them succeedin theirtasks of finding relevant
information. Meaningfullabels and predefined categories also allowthe creation of indexes and links for
building navigation or creating afaceted search that promote information findability. The UDM has a
structure resembles real-life things that have a positive effect of people perception and understanding,
which can help getfamiliar with the contentin ashortertime or even simplify Information Architect job
of visualising IA structures and components.
Third, the well-structured data model has the advantages for different target groups:

e Thedevelopersonlyneedtodevelopinterfacesand configurations without thinking of the

interoperability and learning new programming languages. By integrating the components of
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the data model into programmingresources can also give them the flexibility to create the
scope of the application and limit/expand the number of supported things (Table 24).

e Manufacturers have the opportunities to create prototypes that allow testing their solutions
and interact with the data. Moreover, integration of the UDM into end-user programming tools
can alsospeed up the development process of the devices. Automated tools that caninterpret
userinputs and generate example code with the built-in data structure and communication
capabilities have potential to decrease timeto market.

e Users have benefits of sharing ormonetizing data, as well as creating home automation
solutions.

Finally, all the above data produced by devices and enriched with meaning by different users can evolve
into knowledge that supports business intelligence and is useful for business strategy development.

6.2 RESEARCH LIMITATIONS AND FUTURE WORK

A majorlimitation of this research is lack of insight from users of Wappsto who have been working with
the Seluxit Unified Data Model which could give insights on the usability of the system and would allow
collectingadifferent kind of data. Anotherlimiting factorisinnovation. Wappstoisstill inthe
development process and not all the use cases have been uncovered which makesit challenging to
exemplify. Thatdid notallow to identify full potential of the model, which could solveinteroperability
issues caused by existing emerging loT platforms offering contrasting ways to access things and their
data.

Considering above-mentioned this study would benefit from additional datafrom the real end-users. It
would be interesting to find out about such technology appropriation and getinsights on how people
adapt itto their daily home and work routines. Anotherinteresting aspect to explorewould be data
personalisation and monetisation, as well as the impact it has from the ethical perspective
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9 APPENDICES

9.1 APPENDIX1: THREE HORIZONS OF HOME IOT ADOPTION ANTICIPATED
Image source: (Altimeter, 2017)

THREE HORIZONS OF HOME |IOT ADOPTION ANTICIPATED
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PRE-CONCEPT PURCHASE INTENT

Questions: Pre-concept Purchase Intent: “Which of the following Smart Home product categories are you aware of?7”
Post-concept Purchase Intent: Respondents were presented with an illustrative product category usage scenario, then asked, “"How interested are you in <product category> of
Smart Home products?”
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9.2 APPENDIX2: SELUXIT |IOT PLATFORM
Slides from the presentation. Source: (Lux, loT Rapid Prototyping, 2018)
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9.3 APPENDIX3: WAPPSTO VALUE PROPOSITION
Slides from the presentation. Source: (Boyles & Tonnesen, 2018)

wappsto

Sick of their smart things and services

Lack ways to profit from combining
not working together

smart things and services

Wappsto: Assembling their smart life Wappsto: Profit and glory

O —o—0-

Lack tools to collaborate to make smart
things and services work together

Wappsto: Building their smart life

wappsto
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9.4 APPENDIX4: INTERVIEW “THE UNIFIED DATA MODEL FROM A BUSINESS PERSPECTIVE”
TRANSCRIPT.

E: You being a member of the Thing2Thingresearch group, could you elaborate on the current state of the loT
data model standardization?

D: The current state..mm... Well,that's difficult. The main thing we cansee now is that from where we have
been a coupleof years ago we sawvery many different kinds of data models, it's slowly merging more. More
and more data models are merging to fewer solutions,and more and more are droppingaway.And from a
technical pointof view, it's going forwards microservices and semantic interoperability,and ontology is being
discussed quitea lot, but from our point of view, it's basically going where we have already been for quite some
time.

E: What will happen with thatinthe future inyour opinion?

D: In my opinion, the Thing2Thingresearch group is doing some good work, however, | thinkthey area bittoo
farremoved from reality. They will writeyet another standard which mostlikely will notbe used. | think
standardization will comefrom successful, largeimplementation which gains in the market. | think thisis nota
good subject to be standardized and then implemented. | think itwill come from being implemented and used
inthe market, and then afterwards you standardizeit.

E: Whatis your opinionaboutstandardizationin general,aboutgeneralization.

D: I think my view the most successful standardization projects arenormally where a company actually or very
few actors have control,and actually implement something and then itbecomes a standard rather than where
people sitdown andtry to specifya standard, and then you try to implement afterwards.And | mean, | have
been inISO standardization group and there we did the other thing where we actually wrotethe standard and
then started implementing, and it took two decades basically beforethe standard actually emerge, soit's
terribly slow. And this, | think itreally depends on the market. If the market is verysplinteredin many small
segments then this canbe a way forward, butit's no way a guarantee for success. But if the market is less
splintered then you will mostlikely see one winner emerge, but mm... yeah | mean insome few markets you
cansee that for example, inthe 3GPP standards for mobile phones. You canactually seethat there are onlyvery
few very strongplayers. They decide to work together becausethen the market is existingand bigand then
standardization can work, but I think if you have more than five companies are parts who are interested, it will
most likely not work the standardization, or bevery slow.

E: There areother unified data models developed by some communities, by larger companies. Why not using
that structure at Seluxit? Why did you have to implement a new one?

D: Because they did not existwhen we implemented our stuff, sowe are a firstmover, so we're ahead of the
curve andthey stillhavea lot of holes intheir data models. They have some use cases they cannotmap and
therefore for us as a small playerit's anadvantageto stayahead and to implement the functionality. Inthe
end, it's the functionality people want, not the data model. The data model is justthe means of the tool for
implementing the functionality.

E: Have you investigated other data models? Or have you considered implementing other models into your
system?

D: We canimplement basicallyany data model we want inthe system because we have generic objects, where
you canactually specify them. Data based on an XSD and thereby you canvery easily map them. We don't even
have to do itourselves our customers could do itthemselves. The thingis that when lookingat the other data
models, they lacka lotof features which | think areimportant, they lack sometimes the semantics, they lack
ontology, and very often they have the problem that they have bad namingbecaus e they come from domain
specific solutions, where people call somethinga servicebutit's notreallyaserviceinthe loT sidefor example,
where people more think of devices and values, and then a lot of confusion willarisebecause peoplejustdon't
understand what is meant, what the content is. Even the Restful APl you cansee thatit's quite a simpleway of
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describing, butstill, peopledon't even understand what you use the different operations for a PUT and a POST
and when to use what, what does it mean and it's implemented very often wrong. So | think there is a gap
between how you specify the data model and how you specify operations on the data model, soyou cannot just
specify the data model without the operations. And then | think that the high complexity of the things means
that people have difficulties makinga standard. Plus, they have no good use cases toactually try this standard.

E: What kind of use cases you can name?

D: I mean inprinciple, forloTyou cantake any loT device likefitness ora caror anindustrial loTyou whether
it's a machine or maybe even the whole factory, but the thingis thatthe loT cannotstandalone. It needs to be
integrated into ERP and CRM systems, and billing systems and maybe into data analysis systems and then all the
sudden the models become so complexand so complicated that no one understands them anymore and then
you alsodon'tget avery nice solutionanymore.

So | think, usecases...Inmy view we use cases arewhen you really build a solution with many devices and then
you look at the data. What canuseitfor? Like for example they... A power meter and where you want to have
the data, andinorder to get the data you need to offer some value.And the valuethat you could offer is, for
example, that you use the electricity meter as a means of the burglaryalarm,andthen people would be willing
to give the data ifthey get the burglaryalarminreturn orifthey get it for monitoring elderly people out they
grandmother. Then they can give the grandmothers power utility as meter data to the company, who wants the
dataandinreturn, they get a servicethat wants them ifthe grandma isill or maybe something more drastic has
happened.

E: Over 12 years you had many customers with different requirements. Can you elaborate on that experience?
D: Yeah inaway it was surprising how well conceived our firstmodel already was even though through the
years we could see requirements... there were some requirements which we could not easily map into our data
model and into the operations but we basically always were ableto adaptitwith small things which didn'tbreak
itandstill putnew functionality in. However, itbecame very cluttered and that's why inthe seconditeration,
basically, of the data model we moved to microservices where we splitthe concerns. Where we say okay, we
have parts of the data model they describethe data, semantic and maybe also the ontology, and other parts are
the data which arethe mere pieces of information the measurements and their actions. And by doingitlikethat
and by being able to add new microservices that's a very, very strong paradigmto use. And itmeans we are
more flexiblenow and we canbasicallyjustaddanythingontop likefor example now we have sets we have
generic objects and these additional small services thatwhen you design them you want to make them as
simpleas possible, butnot simpler.

E: | guess those are benefits of havinga unified data model. But are there any disadvantages?

D: Well,you need to always squeeze things a bitinto your data model where itvery explicitdata model can be
written down very explicitly whereyou say okay, this device is like this butthe problem inthat is then that you
need to... when you implement the code there's no generic code you need to make specific codefor every
specific thingso your code basebloats very much. But yeah, sometimes the squeezing into the data model takes
weird forms.

E: But | guess itcompensates on the benefit sideright?

D: Yes.

E: Could you tell me more about the integration time for the new product, new solutions?

D: Thatreally depends on the solution, because,ifitall...I mean how well do you want to integrate it? Do you
completely want to translateitinto our data model or not? If you justmap it rawthen it's easyto putitinbut
then the reuse value is very little. If you make a more advanced mapping, then you have better reuse, butif the
data model is very different from our data model, then more mapping will beneeded andin each mapping and
then each translation you add complexity and you losefunctionality or you might loseinformation.

E: As you said before, it was many years ago when the firstiteration of the data model was created at Seluxit.
What was the initial reason for creatingitand has itchanged over the years?
D: Has the data model changed or...?
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E: The reason.

D: The reason? Mm... No, | think the initial reason was that we wanted to create interoperability between
different things and we wanted... We called our firststandard, we called ita Meta standard from a kind of a...
something that can compriseall theother standards and we can always translateall the other ZigBee, Z-Wave
and wireless M-Bus, and whatever you have mapped the thingsin...so, but at that time we were reallyjust
focusingon devices, on smarthome mainlyactuallyatthattime. And from then to now, we still wantto do the
same thing we want to have the data model fixed and quite narrow but the services around them, they process
the information. So, you need to bridge the gap between the data and the semantic, the meaning of the data,
and then the relationship between the data things the ontology.

E: Does the data structurehave aninfluenceon Seluxitbusiness strategy? If so, how does itinfluenceit?

D: Well, the data structure ina way does have aninfluencebecause itmakes things possibleor doesn't make
things possible.If you have a big monolithic data structureand itis hard to shareof buy or sell and small bits of
data because you take them out of context and you cannot... then you need some programs that canactually
chop them up. By havinga data model whichiis filled with microservices with small pieces of information you
make that data much more versatileand younow canuseitto trade the data insmaller units thanyouwould in
a monolithic data model. So you can basically usethe divideand conquer strategy on your data and thatis
directly related to the data model sothe opportunities we have now for the data market would not be possible
if we didn't have such a data model.

E: Whatinfluencedoes it have on the development of services that you offer to your customers?

D: The data model or ...?

E: yes.

D: Well, it means becausewe have defined much more we have alsoa lotof services around these this data
model that we can... When we make an offer, we can make a better offer than competitors because we save
time, we don’t have to reinvent the wheel, we don't have to re-implement device management, user
management. Everythingis alreadythere and therefore we canjustreuse that andfocus on the essential things
which are specific to this customer’s solution, how to map itinto our model. The more we do this, the better we
get and the more easyit will beto map the next one insofurther developing their data model will alsoimprove
our speed.

E: Now a tricky question. Do you think it's the Seluxit business model that is shapingthe data model or the other
way around?

D: Well, I think it's both ways ina way, but of course, it’s the data model comes from the specific branch where
the industry that we work in sonow it's called the Internet of Things previouslyitwas Smart Meters, Smart
Cities, Smart Home and whatever you cancall it.So the specific requirements which came originally fromthe
Smart Home obviously, were decided before and then we made the data model after that, but now the business
requirements arechangingto alsosupportthe other web services like Twitter or Facebook, social media or
video or ERP/CRM systems, so they will put new requirements on this, on the system and thereby the data
model will need to change again.But the fundamental paradigmhow we builtitwith the microservices should
make itpossiblefor us to alsoimplement other types of services and maybe we will need some new
microservices, butthen we caneasily expand.

E: Is that how data model is used in Wappsto?

D: What do you mean?

E: Well.You were talkingmainlyaboutloT interoperability, but...

D: Yeah, in Wappsto where it's broader audience, broader use case which we will meet.

E: What does itmean to baseeverything on data model? Whatkind of advantages and disadvantages arebased
on that?

D: Well,advantages are thatifyou can map itintothe data model then and you cando that more quickly
normally. The disadvantageis thatsometimes you meet challenges where you cannoteasily mapitinto your
data model andthen you will need to change your data model and expands and the more code you have which
works on the existing data model, the more code you might have to rework in order to supportthe new feature.
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| mean there will always benew requirements which will meanthat you will need to change things on your code
basis.

E: Does it open new business opportunities for Seluxit?...the data model?

D: Ina way yes, because many of our competitors... or some of our competitors do not define a data model like
Amazon does not have a data model and Google 10T solution does not have a data model. That means when
two companies build somethingin Amazon or in Google, then they will mostlikely choosetwo different data
models and thereby they will notbe compatible. Because we always already dictatethe data model that means
that solutions builton our platform, if we have integrated this platformagainstthird-party services, then this
will already work with those as well out of the box. So inthat way, itis a benefit for the customer. Furthermore,
the customer does not need to think up of a data model, and we have a data model which has proven its worth
through 12 years.So we know it's alsoveryrobustandit canactually map manythings which are needed. So
that means the customer actually saves timethat he otherwise might lose. And even the data model is kind of
related to security even because we anonymize the data by means of you UUIDs of all data points.And this is
not something whichis commonly seen in many IoT platform. We really take a lot of problems that often are
seen and which causefailurein|oT projects we avoid them for the customer by havingmade them ourselves...
yeah... now putting them to their advantage.

E: In Wappsto you have outlined two major groups which canalso havea benefit from the data model. Could
you mention some of them? Whatare those business opportunities for them?

D: Yeah, | guess you mean the developers and the user...?

E: ..and manufacturers.

D: The manufacturers? Yeah, for manufacturers, ifthere aremore use cases for their products, so their
products can be used in more versatileand different ways that increasethe value of the product because there
are more customers who can get their desires fulfilled with their product. So for the developers the more
products they canactuallyeasilyintegrateinto a solution, the more versatilesolutionsthey can build. And since
in Wappsto they can decide themselves ifthey want to integrate, or what they want to integrate. As long as it's
somehow integratable, that gives a lotof freedom, but of course, with freedom, there is also...Ithas a dark
side, more freedom means more risk of failureand more yeah... more choicewhich can be a problem.
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9.5 APPENDIX5: “lOT RAPID PROTOTYPING” SCREENSHOTS

Screenshots of aweb-based wapp “loT Rapid Prototyping” that presents an example of ause case in the
Scenario A.

10T Rapid Prototyping s s | Sgrow B

Create network

Smart Light
73156009 03404643 6157-187cHd0ea4 [moe |

Create network

Your starting point s ta create a meaningful and semantically coorect
name for your network that will §roup Your devices.

# Rogseres O

Update device

Changes you make to your network or its underlying components will
automatically be applied to the registered network on the Seluxit 1oT
Platform. Remember to update code on the physical device.

Name

‘ Hue bulb

Manufacturer

‘ BrightTach

Communication

Description

‘ Hue bulb has RGB LEDs that allows bulb coler change creating special atmosphe

Serial

‘ 00120045053

Product

‘ product-1

Protocol

‘IP

Version
K

Included
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Update value

Changes you make to your network or its underlying components will
automatically be applied to the registered network on the Seluxit 10T
Platform. Remember to update code on the physical device.

Name

‘ RGB

Type

color

Permission

‘ Read/write

Data type

number

Min value

E

Max value

‘ 255

Step size

K

Unit

‘ hex

Initial value

E

Cancel
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Smart Light

7315b099-b84b-4643-bf57-187d3d93eaad

Edit H <& Download python code ‘

DELETE

Hue bulb

ID: f9c3fedb-2cbf-daae-al6f-361adfbb5ace
Wersion: 1

Serial: 00120045053

Manufacturer: BrightTech

Product: product-1

Communication:

Protocol: IP

Included: 1

Description: Hue bulb has RGB LEDs that allows bulb color change creating special atmosphere at home.

@ DELETE

RGB

1D:  dcf1af30-8456-495f-867c-Oefd5b733cec
Type: color
Status:
Data type: number
Min value: 0
Max value: 255
Step size: 1
Unit: hex
Permission: rw

@ DELETE

STATES (2)

Data: 0
Type: Report
Timestamp: 2018-04-27T16:10:15.110Z

1D: 1bf41d08-53407-425f-0800-8457d0b 76554

ID: aed81849-5a1d-4d4d-a08c-0816f3acefla
Data: 0

Type: Control

Timestamp: 2018-04-27T16:10:15.110Z

Brightness

ID: c72f4d1c-b%14-4225-87d8-01bb55d95f27
Type: brightness
Status:
Dats type: nUMber
Min value: 0
Max value: 100
Step size: 1
Unit: %
Permission: TW

o DELETE

STATES (2)

Cata: 100
Type: Report
Timestamp- 2018-04-27T16:11:20.8772

1D: 5336c032-c5c7-4099-b5af-1d2b21a5a581

1D0: 7251a2a5-53e6-4655-2401-eed8b680cded
Data: 100

Type: Control

Timestamp: 2018-04-27T16:11:20.8772
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9.6 APPENDIX6: AN OVERVIEW OF THE SELUXIT IOT PLATFORM TECHNOLOGIES

wappsto.com

app.wappsto.com

G

NGinNX

wappsto

G

1. wiell-known

kubernetes

HTTPS Loadbalancer

code.wappsto.com

Iservices

NGiNX

App Launcher
T

Let’siﬂi

Encrypt

Certbot

Ne
8-

Code Generator

docker wappsto.com / creatorwappsto.com

WebSocket

-

Coucnbase

seluxit

JSONRPC / VPN

Smart
Gateways

J JSONRPC / SSL J

JSONRPC / VPN

Data Collector
ssL

Data Collector
VPN

JSONRPC /ZMQ

docker.wappsto.com (internal)

OpenAPI J

creatorwappsto.com (internal)

° CoreOS d?*kw

Build on a CoreOS cluster with Docker Containers

ISON

Creator

- Sl

Docker

JSONRPC / SSL

N
PROXY

TCP Loadbalancer

loT Devices

JSONRPC/ SSL

All services have a discovery
service that update etcd with
their location in the cluster,
so that the load balancers

can find them. etcd
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9.7 APPENDIX7: INTEGRATED DEVELOPMENT ENVIRONMENTBASED ON THE UDM - “WaAPP
CREATOR” SCREENSHOTS

@

¢ Back Temperature to RGB light

es « | » Run || = Save || Reinstall || < Download |

Select file(s) to load

[2) indexhtm
[=) indexjs
[2) style.css
[ jqueryjs

E underscore js

+ Add new file(s)

?

& developer

ackground data

Update RGB lights based on location! "

Insert town:

Current temperature in -
°C

index himi())| index js()()

¢ sacx Temperature to RGB light

* Run ‘ ‘ - Save ‘ ‘ Reinstall |

& Download ‘

Background dat:

»

Update RGB lights based on location! .

? ‘ & developer

Y

W N o

load("jquery.js");
load("underscore.js");
load("style.css");

var lightDevice = getDevice({"manufacturer”: "BrightTech"})[8];

var weatherDevice = getDevice({"manufacturer”: "Open Weather Map"})[@];
war lightValues = lightDevice.get("value");

var weatherValues = weatherDevice.get("value");

var lightBriValue = lightValues.findWhere({"name": "prightnessLevel™});
war lightOnValue = lightValues.findiWhere({"name’ on"});

var lightHexvalue = lightValues.findWhere({"name": "color"}};

var lightXYValue = lightValues.findWhere({"name SN

var lightColerMode = lightValues.finduWhere({"name": "colormede”}};

war weatherTempWalue = weatherValues.findkhere({"nams":
war weatherPlaceValue = weatherValues.findWhere({"

name" :

globalColors = {
values: [-48,8,48],
colors: ["@@8BFF", "@0FFOR", "FFO00a"]

updateBrightness = true;

weatherCentrol = weatherPlaceVelue. get( state"). Findihere({type:

"Control"});

4 war weatherplaceReport = weatherPlaceValue.get("state").findihere({type:

“Report}l;
$("#chackBri”).on{"change”, function(event){
updateBrightness = lupdateBrightness;
var data = westherReport.get("data");
var rgb = getRGBColor(datal;
var opacity = getDetaPercent(data);
changeBackgroundColor(rgh, opacity);
H
var placeInput = $("#place"};
placeInput.keypress(function(event){

S 4 et aeiem 13 % e

weatherReport = weatherTempValue.get("state").findlhere({type: "Report”}};

Insert town:

Current temperature in :
°C

65



9.8 APPENDIX 8: AN EXAMPLE OF OBSERVATION DATA TREATMENT.
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9.9 APPENDIX9: GENERIC DATA CONTROL IN USER CONTEXT. WAPPSTO SCREENSHOTS

= o ”~
wappsto % ) Networks & Data x
(¢ ‘ @ Secure | hitps://wappsto.com/2a42f19e-9b8b-4590-8d43-0c0:
Networks&Data Alpha & developer

Networks oo

In this section you will find all the networks that you own or are shared with you. Every network contains devices, values and their states you can view and centrol (if you have the permission)

Hue Bridge 001788fffe2a2266 < delete

Open Weather Map < delete

CURRENT WEATHER [

Aalborg DK 284215 ‘473 1021.29 537 255.001 48 1524800436 = 1524855396

city country code || temperature | | humidity pressure wind speed | | wind direction || cloudiness sunrise sunset

1524840149

last updated

Open Weather Map < delete

Shared Devices e

In this section you will find all the devices that are shared with you

Networks&Data
Networks o= »
Current Weather
In this section you will find all t| MANUFACTURER: OPEN WEATHER MAP gve the permission)
city

Hue Bridge 0017 W
Permission: r
Update_value

Open Weather N
Report value: Aalborg
Report last_updated: an hour ago

CURRENT WEATHER
Aalborg DI 55396
city country Jset
1524840149 | country code
last updated

Type: location
Status:
P

Open Weather N ermissian
Update_value

6071aca9-46i4-4a11-8027-d71|

Report value: DK

Shared Device ® e

In this section you will find all the devices that are shared with you.




9.10 ArPPENDIX10: EXAMPLE OF IOT DEevICE DATA MAPPING INJSON FORMAT — PHILIPS HUE
The code example was created using Wappsto.

":type":"urn:seluxit:xml:g:network-1.2",
":id":"881463a9-000b0-4801-b6e8-78549103d965",
"name":"Philips Hue Bridge",

"created_by":{
"id":"975333b4-de85-4a3c-a28a-a7b28a584c40",
"type":"urn:seluxit:xml:g:installation-1.2"

b

"device": [

{

:"urn:seluxit:xml:qg:device-1.2",

9d86fc0f-24cl-4dc9-a04a-3405e077d1£1",

"name":"Hue white lamp",

"manufacturer":"Philips",

"product":"5",

"serial™:"00:17:88:01:10:29:ff:3c-0b",

"description":"",

"protocol":"hue",

"communication":"always",

"created_by":{
"id":"975333b4-de85-4a3c-a28a-a7b28a584c40",
"type":"urn:seluxit:xml:q:installation-1.2"

by

"value": [

{

":"urn:seluxit:xml:qg:value-1.2",

95bf507e-fd0d-4bf7-alcf-5ce30e%e4d49",
"on",
"Dimmable light",
"status":"ok",
"number" : {
"min": 0,
"max":1,
"step":1,
"unit":"int"
by
"created_by":{
"id":"975333b4-de85-4a3c-a28a-a7b28a584c40",
"type":"urn:seluxit:xml:qg:installation-1.2"

b
"state": [
{

":type":"urn:seluxit:xml:q:state-1.2",

":id":"6a207a2c-f87e-45a7-b5d2-£88586959607",

"timestamp":"2018-03-07T12:32:05.3552",

"data":"1",

"price":0,

"status_payment":"free",

"type":"Control",

"created by":{
"id":"975333b4-de85-4a3c-a28a-a7b28a584c40",
"type":"urn:seluxit:xml:qg:installation-1.2"

}

by

ype urn:seluxit:xml:qg:state-1.2",

d":"211b%e45-e868-42cf-94b7-4efdbb76464a",

imestamp":"2018-03-07T12:32:07.1312",

"data":"1",

"price":0,

"status_payment":"free",

"type":"Report",

"created by":{
"id":"975333b4-de85-4a3c-a28a-a7b28a584c40",

:"urn:seluxit:xml:qg:installation-1.2"

non

urn:seluxit:xml:qg:value-1.2",
:"d19b6668-el82-4b5e-b6fe-2616ale57150",
"bri",
"type":"Dimmable light",
"status":"ok",
"number" : {
"min":0,
"max":255,
"step":1,
"unit":"int"
by
"created by":{
"id":"975333b4-de85-4a3c-a28a-a7b28a584c40",
"type":"urn:seluxit:xml:q:installation-1.2"
by
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"state": [

{
":type":"urn:seluxit:xml:q:state-1.2",

d":"ad80£f530-d41f-4840-be87-c7504d7c690a",

"timestamp":"2018-03-07T12:32:05.3582",

"data":"254",

"price":0,

"status_payment":"free",

"type":"Control",

"created by":{
"id":"975333b4-de85-4a3c-a28a-a7b28a584c40",
"type":"urn:seluxit:xml:qg:installation-1.2"

:type urn:seluxit:xml:qg:state-1.2",

:1d":"649627c2-eccf-4cal-a7fc-01e5eb639dc5",

"timestamp":"2018-03-07T12:32:07.1672",

"data":"254",

"price":0,

"status_payment":"free",

"type":"Report",

"created by":{
"id":"975333b4-de85-4a3c-a28a-a7b28a584c40",
"type":"urn:seluxit:xml:q:installation-1.2"

:"d32ef324-bcb0-4clf-b877-c4el13149d22f",
alert",
:"Dimmable light",

status":"ok",
"string":{
"max":99

by

"created_by":{
"id":"975333b4-de85-4a3c-a28a-a7b28a584c40",
"type":"urn:seluxit:xml:qg:installation-1.2"

":type":"urn:seluxit:xml:q:state-1.2",

:id":"78616a82-bef6-496f-97b6-548de3374c0b",

"timestamp":"2018-03-07T12:32:05.3622",

"data":"none",

"price":0,

"status_payment":"free",

"type":"Control",

"created by":{
:"975333b4-de85-4a3c-a28a-a7b28a584c40",

urn:seluxit:xml:qg:installation-1.2"

":type":"urn:seluxit:xml:q:state-1.2",

d":"cf7a4208-23c2-487f-afe2-£d52e0c93f1£",

"timestamp":"2018-03-07T12:32:07.2122",

"data":"none",

"price":0,

"status_payment":"free",

"type":"Report",

"created by":{
"id":"975333b4-de85-4a3c-a28a-a7b28a584c40",
"type":"urn:seluxit:xml:qg:installation-1.2"

ype":"urn:seluxit:xml:q:value-1.2",

:"9efed616-edbl-41df-809f-b668b7£6928a",

"mode",

Dimmable light",

:"ok",

"string":{
"max":99

by

"created by":{
"id":"975333b4d-de85-4a3c-a28a-a7b28a584c40",
"type":"urn:seluxit:xml:q:installation-1.2"

by

"state": [

{

":type":"urn:seluxit:xml:q:state-1.2",
":id":"87e0d76d-c9eb-4de3-b63a-d70a9926£290",
"timestamp":"2018-03-07T12:32:05.3642",
"data":"\"homeautomation\"",

"price":0,

"status_payment":"free",

"type":"Control",
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"created by":{
"id":"975333b4-de85-4a3c-a28a-a7b28a584c40",
"type":"urn:seluxit:xml:qg:installation-1.2"

":type":"urn:seluxit:xml:q:state-1.2",
":id":"4767291f-9bde-449d-8c92-b69f3ceddell™,
"timestamp":"2018-03-07T12:32:07.084z2",

"data":"\"homeautomation\"",
"price":0,
"status_payment":"free",

"type":"Report",

"created by":{
"id":"975333b4-de85-4a3c-a28a-a7b28a584c40",
"type":"urn:seluxit:xml:qg:installation-1.2"

non

urn:seluxit:xml:qg:value-1.2",
fa4b0a94-7738-4099-80a0-94243d4c89e8",
"reachable",
"type":"Dimmable light",
"status":"ok",
"number" : {
"min":0,
"max":1,
"step":1,
"unit":"int"
by
"created by":{
"id":"975333b4-de85-4a3c-a28a-a7b28a584c40",
:"urn:seluxit:xml:g:installation-1.2"

"state": [
{

"itype":"urn:seluxit:xml:qg:state-1.2",
d":"660616dc-04b8-430b-99e8-3ee72a624361",
"timestamp":"2018-03-07T12:32:05.3662",
"data"™:"0",

"price":0,

"status_payment":"free",

"type":"Control",

"created by":{
"id":"975333b4-de85-4a3c-a28a-a7b28a584c40",
"type":"urn:seluxit:xml:qg:installation-1.2"

ype urn:seluxit:xml:q:state-1.2",

:id":"4edbbeld-f7aa-4278-9609-50d9f5d2allb",

"timestamp":"2018-03-07T12:32:07.2192",

"data":"0",

"price":0,

"status_payment":"free",

"type":"Report",

"created by":{
"id":"975333b4-de85-4a3c-a28a-a7b28a584c40",
"type":"urn:seluxit:xml:qg:installation-1.2"
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9.11 APPENDIX 11: EXAMPLE OF SERVICE DATA MAPPING INJSON FORMAT —

OPENWEATHERMAP
The code example was created using Wappsto.

type":"urn:seluxit:xml:q:network-1.2",

"1 "65c9ec40-d714-4155-9a36-70513333doab" ,
:"Open Weather Map",
"created_by":{
id" :"88f06aal-7627-40cO-b3f3-b4611c3fb53f",
:"urn:seluxit:xml:q:installation-1.2"

“device": [
{

":type" :"urn:seluxit:xml:q:device-1.2",

":id" :"9b50ef16-6676-4417 -bd8a -274d0e d30000",

"name": "Current Weather",

"manufacturer": "Open Weather Map",

"description

"communication

"created_by" :{
"id": "88f06aal-7627-40c0- b3f3-b4611c3fb53f",

"type":"urn:seluxit:xml:q:installation-1.2"

:"always",

":type":"urn:seluxit:xml:q:value-1.2",
9994e0f-4227-4230-aedf-65479d19e46b",
city",

location",

"permission": "rw",

"string" :{

s

"created_by": {
"id" :"88f06aal-7627-40c0-b3f3-b4611c3fb53f",
"type":"urn:seluxit:xml:q:installation-1.2"

s
"state": [
{

":type":"urn:seluxit:xml:q:state-1.2",

":id":"eala8f5e-8f79-4919-aldc-f45269417823",

"timestamp": "2018-03-12T723:08:12.370Z",

"data": "Aalborg",

"price":0,

"status_payment":"free",

“"type": "Report",

"created_by" :{
"id":"88f06aal-7627-40c0-b3f3-ba611c3fb53f",
"type":"urn:seluxit:xml:q:installation-1.2"

s
{
urn:seluxit:xml:q:state-1.2",
H fdc1847a-c9fa-49fd-a7le-d279b6f60712" ,

"timestamp": "2018-03-12T723:08:12.370Z",

"data"

"price":0,

"status_payment": "free",

"type":"Control”,

"created_by" :{

"id" 8f06aal-7627-40c0-b3f3-b4611c3fb53f",
"type":"urn:seluxit:xml:q:installation-1.2"
}
]
1

urn:seluxit:xml:q:value-1.2",
"9ecfcfd7-14ac-4950-8199- f6fa34aflef ",
:"country code",
"type" :"location",
"permission": "r"
"string" :{

"max":99,

"encoding": "ISO 3166"

" pr

s
"created_by": {
"id" :"88f06aal-7627-40c0-b3f3-b4611c3fb53f",
"type" :"urn:seluxit:xml:q:installation-1.2"

"state": [
":type" :"urn:seluxit:xml:q:state-1.2",

":id":"c3551f4e-1763-4459-b0d4-71f64f 25e6ee" ,
"timestamp": "2018-03-12T723:08:12.372Z2",

Provides current weather values based on specified location.

>
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"data": "DK",

"price":0,

"status_payment": "free",

"type": "Report",

"created_by" :{
"id":"88f06aal-7627-40cO-b3f3-ba611c3fb53f",

"type":"urn:seluxit:xml:q:installation-1.2"

urn:seluxit:xml:q:value-1.2",
5416d65-3754-4806- 89 c4-78014d63bfa7",
temperature”,

" :type

"unit" K"

s
"created_by": {
"id" :"88f06aal-7627-40c0-b3f3-b4611c3fb53f",
"type" :"urn:seluxit:xml:q:installation-1.2"
s
"state": [
{
":type" :"urn:seluxit:xml:q:state-1.2",
":id":"b5e70493-0dd7-4c49-9cd8-666bd32f50a3",
"timestamp": "2018-03-12T723:08:12.375Z",
"data":"274.077",
"price":0,
"status_payment": "free",
"type": "Report",
"created_by" : {
"id":"88f06aal-7627-40c0-b3f3-ba611c3fb53f",
"urn:seluxit:xml:q:installation-1.2"

"type":

"permission":

"number" :{
"min":-999,
"max":999,
"step":1,
“unit" %"

s

"created_by": {
"id" :"88f06aal-7627-40c0-b3f3-b4611c3fb53f",
"type":"urn:seluxit:xml:q:installation-1.2"

":type":"urn:seluxit:xml:q:state-1.2",

":id":"718f44f4-95ed-4e03-923d-7313f87402ed",

“timestamp": "2018-03-12T723:08:12.376Z",

"data":"93",

"price":0,

"status_payment":"free",

"type": "Report",

“"created_by" :{
"id":"88f06aal-7627-40c0-b3f3-b4611c3fb53f",
"type":"urn:seluxit:xml:q:installation-1.2"

"34edbd c4- 29aa-455c-9fc3-75e3d26eaf64 ",
"name" :"press
"permission":
"number" :{

"unit" :"hPa"

s

"created_by": {
"id" :"88f06aal-7627-40c0-b3f3-b4611c3fb53f",
"type":"urn:seluxit:xml:q:installation-1.2"

¥
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"state": [

":type":"urn:seluxit:xml:q:state-1.2",

“rid 7b7cff5f-803f-4f3d-ael2-bbc631be2162",

"timestamp": "2018-03-12T723:08:12.378Z",

"data":"1003.77",

"price":0,

"status_payment": "free",

"type": "Report",

"created_by" :{
"id":"88f06aal-7627-40c0-b3f3-ba611c3fb53f",
"type":"urn:seluxit:xml:q:installation-1.2"

":type":"urn:seluxit:xml:q:value-1.2",
429af58-a23c-472a-bclb-fe5a71e9b50b",
wind speed"”,
:"speed”,
"permission":"r’
"number" :{
"min":-999,
"max":999,
"step":1,
"unit":"m/s

s

"created_by": {
"id" :"88f06aal-7627-40c0-b3f3-b4611c3fb53f",
"type" :"urn:seluxit:xml:q:installation-1.2"

"state": [
{

":type" :"urn:seluxit:xml:q:state-1.2",

":id":"b12410b7-96ce-4d92-a339-a6bc7dda3lch",

"timestamp": "2018-03-12T723:08:12.380Z",

"data":"3.06",

"price":0,

"status_payment": "free",

"type": "Report",

"created_by" :{
"id":"88f06aal-7627-40c0-b3f3-ba611c3fb53f",
"type":"urn:seluxit:xml:q:installation-1.2"

urn:seluxit:xml:q:value-1.2",
'08cle90f-26a2-4a64-93af-5be70d7537ec",

wind direction",

"permission
"number" :{

“unit" :"deg"

s

"created_by": {
"id" :" 88f06aal-7627-40c0-b3f3-b4611c3fb53f",
"type":"urn:seluxit:xml:q:installation-1.2"

s
"state": [
{

":type":"urn:seluxit:xml:q:state-1.2",

":id":"1c81f3d5-33b8-4e22-adob-99b35f05d41b" ,

“timestamp": "2018-03-12T723:08:12.382Z",

"data":"335.005",

"price":0,

"status_payment":"free",

"type": "Report”,

"created_by" :{
"id":"88f06aal-7627-40c0-b3f3-b4611c3fb53f",
"type":"urn:seluxit:xml:q:installation-1.2"

}

}
]
1
{

":"urn:seluxit:xml:q:value-1.2",

'a2d7b5ca- f6d3-4f13-9c68-067c21344b67 ",
cloudiness",

:"clouds",

"permission":"r",
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Uit t%”

s
"created_by": {
"id" :"88f06aal-7627-40c0-b3f3-b4611c3fb53f",
"type" :"urn:seluxit:xml:q:installation-1.2"
TS
"state": [
{
":type":"urn:seluxit:xml:q:state-1.2",
":id":"db@2aa35-301e-43e9-be7f-1f616bf8d437",
"timestamp": "2018-03-12T23:08:12.384Z",
"data" 2",
"price":0,
"status_payment":"free",
"type": "Report”,
"created_by" :{
"id" 8f06aal-7627-40c0-b3f3-b4611c3fb53f",
"type":"urn:seluxit:xml:q:installation-1.2"
}
}
]
1

":type":"urn:seluxit:xml:q:value-1.2",
'b5aa92ab- f70e-450d-a914-51334566fee2",
sunrise",
timestamp”,
"permission":"r",

"string" :{
"max":99,
"encoding": "UTC"
s
"created_by": {
"id" :"88f06aal-7627-40c0-b3f3-b4611c3fb53f",
"type" :"urn:seluxit:xml:q:installation-1.2"
TS
"state": [
{
":"urn:seluxit:xml:q:state-1.2",
8d3c8eee-8dfa-4bed-bfcf-d34ad869128e",

"timestamp": "2018-03-12T23:08:12.3862",

"data":"1520833319",

“price":0,

"status_payment":"free",

"type": "Report”,

"created_by" :{
"id":"88f06aal-7627-40c0-b3f3-ba611c3fb53f",
"type":"urn:seluxit:xml:q:installation-1.2"

}

}
]

urn:seluxit:xml:q:value-1.2",
d897b86- f120-402d-9381-4e34f5082b73",
sunset",

timestamp",

"permission":"r",

"string" :{
"max":99,
"encoding": "UTC"
s
"created_by": {
"id" :"88f06aal-7627-40c0-b3f3-b4611c3fb53f",
"type" :"urn:seluxit:xml:q:installation-1.2"
TS
"state": [
{
":turn:iseluxit:xml:q: state-1.2",
:"c3bb9971-5088-41a8-927e-b48208c55289" ,

"timestamp": "2018-03-12T23:08:12.3872",

"data":"1520875127",

"price":0,

"status_payment":"free",

"type": "Report”,

"created_by" :{
"id":"88f06aal-7627-40c0-b3f3-ba611c3fb53f",
"type":"urn:seluxit:xml:q:installation-1.2"

}

}
]
1
{
":type":"urn:seluxit:xml:q:value-1.2",
"id" 471a95b-c95d-4d19-8a05- cc5378649dbe ",
"name’ last updated",
"type" :"timestamp",
"permission":"r",
"string" :{

"max":99,
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"encoding": "UTC"

"created_by": {
"id" :"88f06aal-7627-40c0-b3f3-b4611c3fb53f",

"type" :"urn:seluxit:xml:q:installation-1.2"

TS
"state": [
{
":type":"urn:seluxit:xml:q:state-1.2",
":id":"650754b4-9237-4f45-8a7b-ace1a5800319",
"timestamp": "2018-03-12T23:08:12.3892",
"data": "1520895294" ,
"price":0,
"status_payment":"free",
"type": "Report”,
"created_by" :{
"id" 8f06aal-7627-40c0-b3f3-b4611c3fb53f",
"type":"urn:seluxit:xml:q:installation-1.2"
}
}
]
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