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Abstract  

This document presents the preliminary implementation and methodology pertaining to the services of 

Hyper360’s Work Package 4, which deals with personalisation of immersive experiences. To this end, 

herewith is detailed the methodology and preliminary implementation for: a) semantically interpreting 

content pertaining to, or overlaid on 360o content, b) extracting, understanding, learning and representing 

user preferences, c) matching available content to user preferences and thus ultimately deciding on the how 

to present content, which content to present and how the user can be guided more efficiently within the 

360o video, and d) navigating through different interrelated 360o videos, creating a seamless cross-content 

viewing experience. 
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EXECUTIVE SUMMARY 

This is the first deliverable of Work Package 4 “Personalisation”, which deals with the methodology 

and core developments regarding capturing user preferences and influencing content consumption, 

whether that involves navigation/guidance through a core 360o video itself or recommendation of 

additional content, superimposed on the 360o video.  

To this end, the document describes the initial version of the Profiling Engine (Section 4) and the 

Recommendation Engine (Section 5), both of which will be based on the efficient and coherent 

semantic interpretation of multi-faceted content (Section 3).  

More particularly, Section 3 presents the third edition of an ontology, LUMO, which has already 

served as the conceptual and vocabulary backbone for personalising multimedia content 

consumption. LUMO is a mid-level, cross-domain ontology pertaining to the user-pertinent “view” of 

media content. In addition, Section 3 will present the baseline methodology for semantically 

interpreting free-form media metadata to comprehensive LUMO representations. 

Section 4 goes through the initial approach towards implicitly understanding user interest and 

disinterest according to their viewing and interaction behaviour with 360o core and additional content, 

the means to learn long- and short- term preferences based on this behaviour and the semantic 

representation of these preferences.  

Section 5 details the latest version of the LiFR reasoner, a multi-purpose inference engine able to 

perform matchmaking and decision-making, therefore able to discover correlations between user 

preferences and media content and the degree of correlation thereof, i.e. how much a content item 

is interesting or not interesting to a user. The technical means by which this information is 

communicated to the OmniPlayer and how this information will be used in the personalised Hyper360 

viewing experiences is also described in this Section. 

Finally, Section 6 presents the initial methodology regarding media navigation graphs, i.e. graphs of 

interconnected 360 videos and the procedure that will enable navigation from one video to the other, 

putting together however a coherent, seamless viewing experience.  

This document references and has relations with Hyper360 deliverables D5.1 Preliminary Player 

Technology and D6.2 Integration Plan. 
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1. INTRODUCTION  

Each user is considered an entity that has specific characteristics such as taste, age, viewing history 

etc. In order to make meaningful recommendations, accurate modelling of such preferences of the 

users is key. In order to collect the appropriate data two methods are available: 1) the explicit way 

where the user is supposed to explicitly state his\her interests and 2) the implicit way by using 

information collected from the observable behaviour of the user. The explicit way is presumably be 

more accurate but is more difficult to collect since the user typically is reluctant to release any explicit 

feedback. On the other hand, the implicit way is more error-prone, but at the same time it is 

unobtrusive and is able to reveal intrinsic, tacit information about the user and about the semantic 

relationships within the content itself. 

Within Hyper360, the implicit feedback route is opted, in order to allow for seamless personalised 

content delivery and navigation through omnidirectional videos. Without requiring any manual effort 

on their side, the user’s state of immersion and engagement is further heightened through an 

experience that is more relevant to their preferences and unburdened by the information overload of 

inapt content. Therefore, the personalisation services in Hyper360 deal with implicit user preference 

capturing and learning, in order to ultimately recommend the most relevant content and storylines 

for each particular user. 

Such services include influencing the way the viewers consume the 360o video itself, in terms of the 

navigating through the video, selecting the appropriate 3D content (Mentor narratives) to be 

presented to the viewer, as well as selecting/highlighting appropriate video enrichments, i.e. objects 

and/or hyperlinks (advertisements). 

Pivotal to an effective implicit personalisation strategy are the potentials that the 360o video format 

offers regarding understanding what the user is interested (or uninterested) in. While traditional video 

offers little to no insight as to what topics, objects or activities captures the viewers’ attention the 

most, free viewpoint video offers the unique opportunity to recognise areas of interest and disinterest, 

according to the viewpoints that the user focus in (or completely disregards) during video 

consumption. In addition, since within omnidirectional video users may interact with superimposed 

objects and/or hyperlinks (e.g. ad links), explicit interactions like click-through also provide an 

important role in preference understanding.  

To this end, the viewing behaviour of the user, as captured through OmniPlayer, coupled with the 

information of what the interesting content is about, as characterised by content metadata authored 

through OmniConnect and stored in the video annotation DB, are the most pivotal aspects that 

ensure effectively personalised, highly immersive viewing experiences. The logical flow between 

these tools and the personalisation services is portrayed in Figure 1. 
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Figure 1 Logical flow of the Hyper360 personalization services 
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2. ESTABLISHING DOMAINS FOR PERSONALIZATION IN HYPER360 

Personalization can be considered as a key element to increase both revenue and customer base 

because it allows broadcasters to distinguish the individual needs of its audience and tailor the 

content to present accordingly.  

This section will present the Hyper360 scenarios elected by the consortium’s user partners, namely 

RBB and RTI, as most interesting for personalizing their audience’s viewing experience and the way 

they consume enrichment content over the video. In this regard, the selection has taken into account 

the particular services and/or products that the broadcasters’ promote in their immersive experiences 

as well as the potentials of achieving optimal immersion, and thus engagement of their end-users 

towards the offered content.  

To this end, the Immersive Journalism use case will focus on helping the viewers’ navigate through 

the core 360 video(s) pertaining to complex and multi-faceted experiences, while the Targeted 

Advertising use case will focus on guiding the users through additional content (ads) placed within 

the core 360 video, which will ultimately facilitate and potentially enhance their interaction with 

commercial goods.  

In addition, the section goes through the technical requirements and capacities that each user 

partner’s company may already have available or considers deploying in order to enable 

personalization in their immersive experiences.  

Finally, as a preparatory step, while establishing the personalisation scenarios/domains, the users 

have provided as a preparatory step several online sites with freely available content that pertains 

to the domains defined. These websites were used directly or indirectly, as examples, towards 

establishing a conceptual understanding of each (sub)domain, in a manner that will be further 

analysed in Section 3.2. 

2.1.  PERSONALIZATION FOR IMMERSIVE JOURNALISM 

For the evaluation and demonstration of the added value of personalisation in interactive 360o videos 

for immersive journalism, RBB chose two pilot applications: the Event Scenario “Fritz 

Deutschpoeten” and the Educational Scenario “Fontane360”. Both present a variety of choices for 

end users navigating the interactive experience as described in the rest of this subsection. 

“Fritz Deutschpoeten” covers an annual music festival which is organised and promoted by RBB’s 

youth radio Fritz. The experience welcomes virtual visitors on the festival grounds and guides them 

between varies on site spots and activities. Users cannot only explore the festival grounds freely; by 

highlighting available on-video hotspots and/or adapting Mentor’s behaviour will actually guide them 

to areas of interest, with a special focus on live music acts, backstage videos and interviews that will 

be available at different spots. This will also cover different types of music, spanning from rock via 

pop to hip-hop, all performed in German. Personalisation features will help to highlight areas of 

interest to the user, the term “areas” covering not only actual location but also thematic areas (topics). 

“Fontane360” is an interactive add-on to RBB’s vast multimedia coverage of the national 

celebrations of the 200th anniversary of the German Writer Theodor Fontane. Fontane had lived in 

Berlin and Brandenburg and his famous travelogue "Walks through the March of Brandenburg" 

(“Wanderungen durch die Mark Brandenburg”),  originally published in 1862–1889. The interactive 

experience “Fontane360” follows Fontane on these walks in the area of Lake Ruppin in Brandenburg 

https://en.wikipedia.org/wiki/Margraviate_of_Brandenburg
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and offers a plethora of information on the geography, history, art, architecture and literature of 

Brandenburg seen through Fontane’s eyes. 

Both experiences offer a variety of topics and fields of interest and thus prove very good examples 

to explore the potential and added value of personalisation for affecting navigation and/or providing 

personalised guidance throughout a plethora of different and disparate points of interest within the 

360o content. 

To this end, Table 1 lists available online materials, pertaining to the content relevant to the two 

aforementioned scenarios. This content will be used as basis for the semantic population of 

knowledge pertaining to the two domains, as will be further detailed in Section 3.2. 

Website Description Justification 

Deutschpoeten (Music Festival // Event Scenario) 

https://www.roskil

de-

festival.dk/news/2

018 

Website of a music festival in English Covers the usual categories of 

information needed for festivals 

https://www.wacken

.com/en/ 
Website of a music festival in English Covers the usual categories of 

information needed for festivals 

https://www.lollap

alooza.com/ 
Website of a music festival in English Covers the usual categories of 

information needed for festivals 

https://en.wikiped

ia.org/wiki/Rock_a

m_Ring_and_Rock_im

_Park 

Website of a music festival in English Covers the usual categories of 

information needed for festivals 

https://en.wikiped

ia.org/wiki/James_

Bay_(singer) 

Encyclopedic entry of an artist  Music similar to what is performed at 

Deutschpoeten Festival 

https://en.wikiped

ia.org/wiki/Ed_She

eran 

Encyclopedic entry of an artist Music similar to what is performed at 

Deutschpoeten Festival 

https://en.wikiped

ia.org/wiki/Mark_R

onson 

Encyclopedic entry of an artist Music similar to what is performed at 

Deutschpoeten Festival 

https://en.wikiped

ia.org/wiki/Yungbl

ud 

Encyclopedic entry of an artist Music similar to what is performed at 

Deutschpoeten Festival 

https://en.wikiped

ia.org/wiki/David_

Guetta 

Encyclopedic entry of an artist Music similar to what is performed at 

Deutschpoeten Festival 

https://en.wikiped

ia.org/wiki/Ariana

_Grande 

Encyclopedic entry of an artist Music similar to what is performed at 

Deutschpoeten Festival 

Fontane360 (Education Scenario) 

https://fontane-

200.de/en/  
Background information about 

locations in the context of the 

anniversary celebrations 

This website covers a number of 

activities that touch upon the various 

fields of interest of the Fontane360 

experience 

https://www.roskilde-festival.dk/news/2018
https://www.roskilde-festival.dk/news/2018
https://www.roskilde-festival.dk/news/2018
https://www.roskilde-festival.dk/news/2018
https://www.wacken.com/en/
https://www.wacken.com/en/
https://www.lollapalooza.com/
https://www.lollapalooza.com/
https://en.wikipedia.org/wiki/Rock_am_Ring_and_Rock_im_Park
https://en.wikipedia.org/wiki/Rock_am_Ring_and_Rock_im_Park
https://en.wikipedia.org/wiki/Rock_am_Ring_and_Rock_im_Park
https://en.wikipedia.org/wiki/Rock_am_Ring_and_Rock_im_Park
https://en.wikipedia.org/wiki/James_Bay_(singer)
https://en.wikipedia.org/wiki/James_Bay_(singer)
https://en.wikipedia.org/wiki/James_Bay_(singer)
https://en.wikipedia.org/wiki/Ed_Sheeran
https://en.wikipedia.org/wiki/Ed_Sheeran
https://en.wikipedia.org/wiki/Ed_Sheeran
https://en.wikipedia.org/wiki/Mark_Ronson
https://en.wikipedia.org/wiki/Mark_Ronson
https://en.wikipedia.org/wiki/Mark_Ronson
https://en.wikipedia.org/wiki/Yungblud
https://en.wikipedia.org/wiki/Yungblud
https://en.wikipedia.org/wiki/Yungblud
https://en.wikipedia.org/wiki/David_Guetta
https://en.wikipedia.org/wiki/David_Guetta
https://en.wikipedia.org/wiki/David_Guetta
https://en.wikipedia.org/wiki/Ariana_Grande
https://en.wikipedia.org/wiki/Ariana_Grande
https://en.wikipedia.org/wiki/Ariana_Grande
https://fontane-200.de/en/
https://fontane-200.de/en/
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http://www.ohio.ed

u/chastain/ip/prus

sia.htm  

History of Prussia Brandenburg had been a part of 

Prussia since the early 17th century and 

history is one of the main topics of 

Fontane’s texts used for the experience 

https://words.from

oldbooks.org/Wood-

NuttallEncyclopaed

ia/z/ziethenjohann

joachimvon.html  

Short encyclopedic text on J.J. von 

Zieten 

The selected Fontane text circles 

around this figure of political interest 

and influence, the “Old Zieten”  

http://www.history

files.co.uk/KingLi

stsEurope/GermanyB

randenburg.htm  

History of Brandenburg One of the main topics of Fontane’s 

texts used for the experience 

http://www.barrier

efreie-

reiseziele.de/en/d

iscover-all-our-

regions/ruppin-

lakes/  

About Ruppiner Lake The experience was shot in this area 

https://www.brande

nburg-

tourism.com/detail

/id/7586/theme/a-

z.html  

About Ruppiner Lake and the major 

city at the lake, Neuruppin 

Geographical information about the 

area 

https://www.britan

nica.com/art/Baroq

ue-art-and-

architecture  

Encyclopedic information about 

Baroque 

The church and its interior art are in 

baroque style 

http://www.interlu

de.hk/front/the-

baroque-era-the-

golden-age-of-the-

organ/  

About baroque organs (instruments 

and music) 

There is such an instrument in Wustrau 

church 

http://www.visual-

arts-

cork.com/sculpture

/baroque-

sculpture.htm  

Encyclopedic article about baroque 

sculpture 

The interior of Wustrau church has 

baroque sculpture which is explicitly 

mentioned in the Fontane audio reading 

in the experience 

Table 1 Online content relevant to the Immersive Journalism scenario domains 

The interaction targeted with the two aforementioned scenarios spans from smartphones, to Head-

Mounted Displays (HMD) and web browsers on PC and laptop. As for smartphones, the project will 

provide apps for iOS and Android which will offer only Hyper360 services, while the web browser 

applications will be embedded in the relevant websites of the responsible editing department’s 

kulturradio (www.kulturradio.de ) and Radio Fritz (www.fritz.de). 

http://www.ohio.edu/chastain/ip/prussia.htm
http://www.ohio.edu/chastain/ip/prussia.htm
http://www.ohio.edu/chastain/ip/prussia.htm
https://words.fromoldbooks.org/Wood-NuttallEncyclopaedia/z/ziethenjohannjoachimvon.html
https://words.fromoldbooks.org/Wood-NuttallEncyclopaedia/z/ziethenjohannjoachimvon.html
https://words.fromoldbooks.org/Wood-NuttallEncyclopaedia/z/ziethenjohannjoachimvon.html
https://words.fromoldbooks.org/Wood-NuttallEncyclopaedia/z/ziethenjohannjoachimvon.html
https://words.fromoldbooks.org/Wood-NuttallEncyclopaedia/z/ziethenjohannjoachimvon.html
http://www.historyfiles.co.uk/KingListsEurope/GermanyBrandenburg.htm
http://www.historyfiles.co.uk/KingListsEurope/GermanyBrandenburg.htm
http://www.historyfiles.co.uk/KingListsEurope/GermanyBrandenburg.htm
http://www.historyfiles.co.uk/KingListsEurope/GermanyBrandenburg.htm
http://www.barrierefreie-reiseziele.de/en/discover-all-our-regions/ruppin-lakes/
http://www.barrierefreie-reiseziele.de/en/discover-all-our-regions/ruppin-lakes/
http://www.barrierefreie-reiseziele.de/en/discover-all-our-regions/ruppin-lakes/
http://www.barrierefreie-reiseziele.de/en/discover-all-our-regions/ruppin-lakes/
http://www.barrierefreie-reiseziele.de/en/discover-all-our-regions/ruppin-lakes/
http://www.barrierefreie-reiseziele.de/en/discover-all-our-regions/ruppin-lakes/
https://www.brandenburg-tourism.com/detail/id/7586/theme/a-z.html
https://www.brandenburg-tourism.com/detail/id/7586/theme/a-z.html
https://www.brandenburg-tourism.com/detail/id/7586/theme/a-z.html
https://www.brandenburg-tourism.com/detail/id/7586/theme/a-z.html
https://www.brandenburg-tourism.com/detail/id/7586/theme/a-z.html
https://www.britannica.com/art/Baroque-art-and-architecture
https://www.britannica.com/art/Baroque-art-and-architecture
https://www.britannica.com/art/Baroque-art-and-architecture
https://www.britannica.com/art/Baroque-art-and-architecture
http://www.interlude.hk/front/the-baroque-era-the-golden-age-of-the-organ/
http://www.interlude.hk/front/the-baroque-era-the-golden-age-of-the-organ/
http://www.interlude.hk/front/the-baroque-era-the-golden-age-of-the-organ/
http://www.interlude.hk/front/the-baroque-era-the-golden-age-of-the-organ/
http://www.interlude.hk/front/the-baroque-era-the-golden-age-of-the-organ/
http://www.visual-arts-cork.com/sculpture/baroque-sculpture.htm
http://www.visual-arts-cork.com/sculpture/baroque-sculpture.htm
http://www.visual-arts-cork.com/sculpture/baroque-sculpture.htm
http://www.visual-arts-cork.com/sculpture/baroque-sculpture.htm
http://www.visual-arts-cork.com/sculpture/baroque-sculpture.htm
http://www.kulturradio.de/
http://www.fritz.de/
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2.2. PERSONALIZATION FOR TARGETED ADVERTISING  

As investment in digital advertisement and competition among product/service providers continues 
to rise, advertisers are looking for new ways to grow profit, especially so in the emerging interactive 
and immersive media paradigm. At the same time, consumers are demanding shopping experiences 
that are catered to their unique needs and interests. Through “intelligent” personalisation methods, 
brands can achieve both. On one hand, personalised ads tend to draw higher attention than generic 
ones, while increasing revenues of companies and reducing their expenditure. On the other end, 
consumers benefit from personalised product placement through the minimisation of ad information 
overload, with receiving fewer ads, better geared towards their needs and interests.  

Therefore, the personalization mechanism’s goal in Hyper 360 with regard to targeted advertising is 
to provide tailored advertisements (product placement), superimposed over or embedded into the 
core 360 videos, which meet with the individual viewer’s needs and interests, while taking provision 
not to serve ads that do not interest the viewers.  

If properly orchestrated, Hyper360’s personalization services can have a great impact on the 
effectiveness of the product placement strategy and ultimately on the overall viewing experience. 
Personalization “intelligence” can guide consumers to discover new products and consequently to 
foster unplanned purchases, while providing a “mentoring” service that can make their own purchase 
experience more efficient.  

RTI has identified six conceptual domains that can be considered suitable in the pilot exploration 
phase, since they are related to sectors accounting for a significant portion of RTI’s advertising 
collection by its advertising unit Publitalia: 

• Fitness 
• MediaShopping (Consumer Goods) 
• Automotive 
• Travel 
• Animals 
• Social Event  

 
During the lifespan of the project and most importantly the piloting phase, these domains may 
potentially be reduced to the ones that prove to be benefitted more by the personalisation 
“intelligence”, or that prove more interesting to the advertising unit. In brief, such domains were 
selected by RTI for 2 main reasons:  

1. They account for several all-purpose products and services already sponsored in TV and 
already invested in by Publitalia. Figure 2 presents the most recent data released by 
Publitalia about advertising investment breakdown by sector: “Automotive” and “large 
consumption goods different from food” are among those that account for the most. Food can 
also become an interesting domain but it is, at the moment, more difficult to engage investors 
in such area.  

2. They are addressed to “digital-driven” young commercial target audiences (fitness addicted, 
shopaholic, animal or travel lovers etc.). The Publitalia advertising unit is more likely to be 
able to engage brands from these sectors for the pilot activity also because relevant 
consumers themselves are more sensitive to “digital transformation” and new innovative 

http://www.publitalia.it/
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content. fruition. 

 

Figure 2 Advertising breakdown by sector, MEDIASET FY 2017 (vs FY 2016) 

To this end, and in order to facilitate the creation of datasets for these domains that will enable 
semantic classification of content, (see details in Section 3.2), RTI has identified several online sites 
that include relevant content per each of the aforementioned domains, presented in Table 2. These 
sites have been used either as direct input to the dataset creation process of Section 3.2 or as 
pointers to other crawl-able online resources containing similar content.   

Website Description Justification Relevant 
keywords 

Website Technogym: 

https://www.technogym.com/it/ 

Fitness - Technogym 
was the first 
“new client” 
brand to be 
interested and 
willing to 
participate to 
360 pilot 
(despite they 
were not 
Publitalia 
investors on 
TV, they 
became only 
afterwards). 

- They are a 
suitable brand 
because 
targeted to 
young and 
technology-
friend 
commercial 
target 

- Content can 
be used 

Products 
Technogym:  

Tapis Roulant, 
Bike, Elliptical 
Cross Trainer, 
Rowers, Stair 
Climbers, 
Multigym & 
Cable Stations, 
Stretching, 
Functional 
training tools, 
gymweight, 
benches and 
racks 

Supplements 
for muscle 
mass: Creatine, 
Protein 
supplements, 
Weight Gainers, 
Beta-Alanine, 
Branched-Chain 
Amino Acids, 
HMB 

https://www.technogym.com/it/
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directly into a 
Hyper360 
experience 

Website MediaShopping: 
https://www.mediashopping.it/ 

MediaShoppin
g (Consumer 
Goods) 

- MediaShoppin
g is already 
investing on 
TV advertising 
and this e-
commerce 
website sells 
various 
consumer 
goods which 
can be used 
with different 
scenario 
concepts and 
product 
placement 
(multibrand) 

- Content can 
be used 
directly into a 
Hyper360 
experience 

 

Products 
MediaShoppin
g: 

Sport & Fitness, 
Health & Beauty, 
House, Cooking, 
DVD & TV 
Sport & Fitness: 
Bowflex, Fitness 
accessories 
Health & Beauty: 
Clothing, body 
care 
House: Pets 
accessories, 
household 
products 
Cooking: 
household 
electrical 
appliance, 
kitchen utensils, 
pots 
DVD & TV: DVD, 
Books, T-shirt, 
Accessories, 
Gadget 

Website all auto brand:  
https://www.alvolante.it/listino_au

to 

 

Website Volkswagen:  
https://www.volkswagen.it/it.html 

Website FIAT:  
https://www.fiat.com/ 

Website AlfaRomeo: 
http://www.alfaromeo.com/ 

Website Audi: 
https://www.audi.com/en.html 

Automotive - After having 
proposed the 
generic 
domain about 
the automotive 
topic, RTI 
selected those 
website which 
has been 
identified as 
most suitable 
for this domain 
and those 
brands which 
are already 
investing on 

Auto 
accessories: 
radio, air 
conditioning, 
airbag, steering 
wheel controls  

https://www.mediashopping.it/
https://www.alvolante.it/listino_auto
https://www.alvolante.it/listino_auto
https://www.volkswagen.it/it.html
https://www.volkswagen.it/it.html
https://www.fiat.com/
https://www.fiat.com/
http://www.alfaromeo.com/
https://www.audi.com/en.html
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Mediaset TV 
advertising. 

- Content can 
be used into a 
Hyper360 
experience 
following 
permission 
from the 
brands 

 

Pet food:  
https://www.zooplus.com/ 

 

Online store about pet food and pet 
accessories: 
https://www.arcaplanet.it/ 

Animals (Pets) - RTI identified 
these 
websites for 
the animals 
domain 
because they 
provide 
generalised 
products 
allowing RTI to 
select the 
specific brand 
at a later time 

- Content can 
be used into a 
Hyper360 
experience 
following 
permission 
from the 
brands 

Pet products: 
Leash, clothing, 
food, games, 
bowls, dog 
kennels and bed 

Website Costa Crociere: 
https://www.costacrociere.it/ 

Travel - Costa 
Crociere is 
already 
investing on 
TV advertising 
and can be 
used with 
different 
scenario 
concepts and 
product 
placement 
(multibrand) 

- Content can 
be used into a 
Hyper360 
experience 
following 
permission 
from the 
brands 

Services: 
Restaurant, bar, 
gym, health 
centre 

Website Cattolica University: 
https://www.ucsc.it/  

Social Event - In the Social 
Event domain 
RTI selected 

Keywords: 
University, 
event, social, 
students, 

https://www.zooplus.com/
https://www.arcaplanet.it/
https://www.costacrociere.it/
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brand 
UNICATT 
(Università 
Cattolica del 
Sacro Cuore), 
one of the 
most important 
university in 
Milan as an 
example of an 
event-
immersive 
participation to 
promote the 
university 
enrolment  

professors, 
classes, 
courses, 
degree, 
graduation 

Table 2 Online content relevant to the Targeted Advertising scenario domains 

RTI, as a commercial broadcaster company, draws its audience mainly in front of the TV screen 
where mass-market attention can be converted into advertising revenues.  

Despite one might observe that traditional TV cannot provide a real immersive experience as the 
one offered by head-mounted devices, a 360 experience on TV could be used as an “appetizer” to 
audience and possibly make them want to follow up on immersive devices, where all interaction 
options are fully exploited. In such a platform, tracking and profiling is even more effective and where 
RTI could even think of creating its own VR platform for content delivery.   

In order to involve this slice of media-market in Hyper360 technologies, RTI explored new 
possibilities to extend the usual TV fruition and provide a new kind of TV experience through the 
recently adopted hybrid standard broadcast-broadband TV - HBBTV. 

HbbTV is a mature and widely-deployed technology offering new types of services directly interlinked 
with the currently-viewed TV programme. Additional content provided by these services can be 
accessed on the user’s TV itself as well as on any personal devices. However, even for large media 
companies, the creation process required for exploitation of these features, and for the creation of 
the relevant additional content which these services deliver, is prohibitively expensive. This is 
especially the case for smaller media companies.  

In this scenario RTI is ready to use MPAT (Multi-Platform Application Toolkit), an intuitive editorial 
tool to create interactive HbbTV based applications. Such toolkit was developed during a two-year 
European project which saw Mediaset working alongside leading businesses and research institutes. 

With Hyper 360, RTI is very willing to enrich such innovative experience through an implicit 
identification of end-user preferences and content recommendation about specific products or 
services. 

For instance, considering fitness scenario, two different user profile can be detected and two different 
paths can then be offered: 

1. a trained person who wants to build his/her muscles 
2. an obese person who wants to lose weight. 

Considering the same scenario, their 360 experience might follow a different path: the first user will 
be attracted by the weight room while the second one more by aerobics activities. 
Thanks to analytic systems, their behaviours can be tracked, and  RTI can be able to recommend 
them different products according to their interests. In case of a possible supplementary experience 
with 360 video, the system will be trained to provide different interactive elements according to the 
previous preferences. This means that muscle mass supplements (i.e. Creatine, Protein 
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supplements, Weight Gainers etc.) can be suggested to the first user while weight-loss products to 
the second one. 
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3. DOMAIN KNOWLEDGE IN HYPER360  

The heterogeneity of content imposed by the variety of cross-domain media, even more so apparent 

in the diverse Hyper360 use cases, the overflow of disparate, often synonymous or analogous, 

metadata and the lack of a vocabulary that properly models the user-pertinent perspective of media 

consumption have long led to the need of expressing user preferences in a homogeneous, user-

centric reference knowledge base for the media domain. 

Such a knowledge base can serve as the backbone to represent not only user preferences in the 

vast, cross-discipline, media super-domain, but also allow for integrating the viewing context of the 

user, as well as the spatio-temporal context of either the user or the content itself. The ultimate goal 

of this semantic approach within Hyper360 is to have a holistic, slim vocabulary that represents the 

“world” from the user perspective, concerning the content they consume, while on the other hand 

expressive enough to model complex associations within different media aspects, as well as 

pertaining to the user preferences themselves. Ultimately, this knowledge base will allow for 

machine-understandable formalizations of the above requirements and thus enable logical 

inferencing over complex domain knowledge, situational context and disparate content descriptions. 

3.1.  LUMO ONTOLOGY  

LUMO or the Linked User Model Ontology1,2 [1] , is a cross-discipline, mid-level ontology that was 

initially engineered exactly to cover the deficits described before, for the linked media super-domain. 

The core purpose was to model vast and heterogeneous media domain content, but from the 

perspective of the content consumer, not the curator or archiver, nor the technology expert, whose 

knowledge representation needs and goals may significantly differ.  

To this end, it maintains a balance between common-sense understanding of content, colloquial 

content characterisation and expert-authored metadata standards, the latter supported by mappings 

to popular and widely used LOD vocabularies (e.g. DBPedia3, YAGO4, schema.org5), while the two 

former are supported inherently by design.  

An important aspect of the user-pertinent design of LUMO is the incorporation of contextual attributes 

that pertain to the media consumer, apart from the domain-related dimensions. Such aspects include 

the type of media that the user can consume, the methods that the user may interact and interface 

with media as well as relative spatio-temporal aspects that occur during content consumption (e.g. 

if they are at home, at work, etc., the time of day, season, etc. a viewing experience takes place, 

etc.).  

LUMO has been extended to version 3.0 in the first year of Hyper360, significantly increasing 

concepts and relations regarding Products, Events and Context Dimensions, along with other 

satellite aspects, to better support the use cases described in Section 2. It was also expanded with 

respect to the contextual premises of omnidirectional content and the reaction/interactions of viewers 

in immersive, free-viewpoint experiences, enriched with 3D material and hyperlinks, to better align 

with Hyper360 experiences. 

                                                           
1 Previously known as LinkedTV User Model Ontology 
2 https://github.com/linkedusermodelontology  
3 https://wiki.dbpedia.org/services-resources/ontology  
4 https://datahub.io/collections/yago  
5 https://schema.org/  

https://github.com/linkedusermodelontology
https://wiki.dbpedia.org/services-resources/ontology
https://datahub.io/collections/yago
https://schema.org/
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LUMO now models more than 1000 classes and more than 1200 hierarchical and non-hierarchical 

relations between them, with the latter support by around 40 object properties. A snapshot of LUMO 

v3 can be seen in Figure 3. 

  

 

 

Figure 3 LUMO v3 snapshot 

In more detail, the core of LUMO consists of four main axes that interconnect where appropriate: 

Agents (e.g. People and Organisations), Context Dimensions (including media and user context), 

Spatio-temporal aspects (both universal, pertaining to the content itself as well as relative pertaining 

to the user context) and lastly Domain-dependent dimensions. The latter is used to represent the 

semantics of content items and is categorised based on Topics, non-topic Intangible aspects (e.g. 

events), and Tangible objects. This top-level hierarchy is displayed in Figure 4.  

Core to the non-hierarchical relations in the ontology is the connection of Intangible aspects and 

Tangible objects to respective Topics (and sub-topics) through corresponding axioms taking 

advantage of appropriate object properties. These relations help estimate the overarching theme of 

a particular media item based on (automatically or manually) annotated objects in a scene, or vice 

versa, more accurately identify generic objects and activities based on potential curator-originated 

thematic annotations of scenes.  
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Figure 4: LUMO top level hierarchy 

To this end, Figures Figure 5, Figure 6 and Figure 7 focus on new aspects of the domain-dependent 

dimensions in LUMO v3, pertaining to the Hyper360 use cases described in Section 2. Blue edges 

denote Subclass relationships, yellow edges denote ‘hasSubTopic’ relationships and brown edges 

denote ‘hasTopic’ relationships. 

 

Figure 5: Close-up of Exercise and Training products  
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Figure 6: Close-up of products relating to Pets  

 

Figure 7: Close-up of aspects relating to Music Events 

Lastly, Figure 8 offers a closer look to the contextual attributes, extended to support omnidirectional 

media consumption, along with super-imposed 3D and 2D interactive elements – along with 

corresponding interactions. 
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Figure 8: LUMO v3 Context Attributes 

3.2. SEMANTIC KNOWLEDGE POPULATION  

In order to have slim and meaningful representations of both user preferences as well as content 

characterisations, thus avoid information scatter and enable efficient inferencing over complex 

domain aspects, context aspects and user profiles, it is vital that content items are semantically 

interpreted into the vocabulary that represents the media consumers’ “world”, i.e. LUMO. 

In the previous use of LUMO as the backbone vocabulary in networked media recommendations, 

this was achieved by manually mapping LOD metadata annotating media content. However, this 

would pertain to either arduous manual curating work or strenuous and potentially lossy automatic 

term disambiguation through a plethora of LOD vocabularies, tracing back to LUMO. 

To this end, semantic interpretation of content within Hyper360 has taken a much more 

straightforward approach, which takes advantage of the plethora of freely available textual 

information regarding multimedia content. To this end, 360 video along with accompanying 

enrichment content (hotspots, Mentor layers, hyperlinks, automatically detected objects, etc.) may 

be annotated and described with free-form textual information, either manually in the curation phase 

(though OmniConnect) or automatically through the object detection solution described in D5.1.  

A lexical graph-based approach is able to interpret such disparate textual metadata into 

comprehensive, context-appropriate, semantic descriptions of content based on the LUMO ontology. 

This approach potentially loses the richness of explicit information that may have been provided by 

expert-curated, LOD-enabled content descriptions, however it makes up for a more fluent, natural 

curation process and alleviated the strain of conducting tedious and time-consuming content 

curation. It also allows for incorporation of machine-learning based automatic object or event 

detection, without depending directly on supporting each particular algorithm’s recognition classes. 

Lastly, its biggest advantage lies in the ability to incorporate tacit interrelations between metadata 

tokens and expand minimal content descriptions with richer information through the aforementioned 

interrelations. The latter was experimentally substantiated in the past for a minimal, very particular 
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domain in [3] , while current developments focus on the intricacies of delving into a much vaster, 

cross-domain reference knowledge base, and multimedia (instead of purely textual) content.  

More specifically, the baseline methodology developed in Hyper360 for semantic interpretation, 

which is based on [3]  and extended within Hyper360 to support cross-domain problems, pertains to 

tokenizing text (such as in articles) and short textual descriptions, as well as retrieving minimal 

metadata tags in media content and training lexical graphs with a corpus of such tokenized text.  

Such graphs enclose the significance of each lexical token to each respective domain, as well as 

the relations (and strength thereof) among different tokens. These relations are determined by the 

co-occurrence of terms within the same sentence (for long texts), within the same short textual 

description, as well as within metadata characterising a single content item. Relations are 

represented in the lexical graphs as edges that interconnect co-occurring terms, while edge weights 

denote the strength of their interrelation.  

Moreover, the significance of a term within the domain in question is transcoded in the graph’s nodes, 

based on the term’s frequency within a single content item (Term Frequency or TF) in relation with 

the frequency within all the media items (or ‘documents’) that comprise the training corpus 

(Document Frequency or DF), i.e. by estimating each term’s TFIDF (Term Frequency/Inverse 

Document Frequency).   

For Hyper360, three lexical graphs have been trained until now, for the Music Festival domain, the 

Exercise and Training (Technogym) domain and for the festive and social events in relation to 

education domain (relevant to both Fontane and Cattolica scenarios). Through different time 

intervals throughout August-October 2018, relevant freely available content has been automatically 

crawled from the Web, either by crawling directly the relevant websites listed in Section 26, or by 

using these online resources as contextual references and crawling relevant content from similar 

websites. 

Figures Figure 9: Semantic graph for the (Music) Festival sub-domain and Figure 10 display the graphs 

trained for the ‘Music Event/Festival’ and ‘Exercise & Training’ domains respectively. Part-of-Speech 

(POS) tagging, useful in the latter stages of the semantic interpretation process, is also transcoded 

in the graph nodes, with purple nodes depicting nouns, cyan nodes depicting adjectives, red nodes 

depicting named entities (NEs) classified as persons, blue nodes depicting organisation NEs and 

green nodes depicting location NEs. 

                                                           
6 Not all websites allowed crawling or included crawl-able content.  
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Figure 9: Semantic graph for the (Music) Festival sub-domain 
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Figure 10: Semantic graph for the Exercise & Training (Gym) sub-domain 
 

The prominent terms identified for each domain and their interrelations in each graph are used to 

populate semantic descriptions for each LUMO ontology concept and object property. More 

precisely, for each use case, concept vectors are created for each ontology concept and object 

property, with each vector including lexical terms that ‘point to’ the particular concept, along with the 

degree ( [0,1]) by which each term relates to the concept/property. The process is as follows: 

1. A single concept vector is created for each ontology concept/property (hereafter called 

‘ontology entity’). For each vector: 

2. Each ontology entity’s own proper lexical representation is inserted to the concept vector with 

a degree = 1.0. 

3. If the lexical representation of the entity is a noun or an adjective, plural/singular inflection is 

imposed in order to group scattered representations of the semantically same term under a 

single common token. Node importance (TFIDF) and co-occurrence strength (edge 

connections and weight) of all grouped tokens are aggregated under the common token. 
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4. If the lexical representation of the entity is a noun or an adjective, each Wordnet-retrieved 

synonym of the entity is inserted to the concept vector by a degree = 0.9. 

5. Each entity’s lexical representation and synonym (where applicable) is sought after within 

the corresponding lexical graph (per use case). 

6. If the entity or a synonym is present in the graph, all terms in the immediate neighbourhood 

(interconnected terms) of the entity are inserted in the concept vector with a degree that 

depends on each neighbour’s TFIDF in conjunction with the edge weight that relates the 

neighbour with the seed node.  

Exemplary concept vectors for entities per each of the three trained domains are presented in Table 

3. Rows marked in grey may be considered as semantically trivial, as they pertain to low correlation 

weights, and thus may be considered for pruning off the respective concept vectors. 

Exercise (Gym Domain) Photograph (Social Event 
domain) 

Concert (Music Festival 
domain) 

exercise: 1.0 photograph: 1.0 concert: 1.0 

practice: 0.9 photo: 0.9 audience: 0.78 

drill: 0.9 exposure: 0.9 line: 0.67 

practice session: 0.9 pic: 0.9 band: 0.49 

recitation: 0.9 gallery: 0.77 artist: 0.49 

fitness: 0.85 camera: 0.53 school of music: 0.34 

workout: 0.85 interview: 0.53 song: 0.34 

wellness: 0.73 street: 0.44 tracklists: 0.3 

training: 0.73  first: 0.24 

cardio: 0.55  arts: 0.24 

movement: 0.47  great: 0.24 

health: 0.47  debut: 0.24 

performance: 0.47   

strength: 0.47   

gym: 0.47   

physical: 0.47   

elliptical cross trainers: 0.32   

cable stations: 0.32   

functional training equipment: 
0.32 

  

equipment: 0.32   

treadmill: 0.32   

experience: 0.32   

disease: 0.27   

phase: 0.27   

prevention: 0.27   

measurement: 0.18   

disorder: 0.18   

functionality: 0.18   

goal: 0.18   

Table 3 Example concept vectors for LUMO concepts, from different trained domains 
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3.3. SEMANTIC CONTENT INTERPRETATION 

The goal of the aforementioned population of ontology entities with related lexical terms per domain 

is to be able to classify media items to ontology entities based on the terms in each entity’s concept 

vector. This process is needed for both semantically interpreting user preferences, as well as for 

semantically characterizing media items within a video that are candidate for recommendation.  

To this end, whenever semantic interpretation is sought after for a particular media item, the 

tokenized terms from description of the item and its metadata tags, stemming from the item’s 

annotation though OmniConnect, are looked up in all the concept vectors per use case/domain. 

This reverse look-up classification process pertains to the following consensus: 

• If during the look-up process, a single term is retrieved in one of the concept vectors with a 

weight of e.g. 0,8, then the content item is thought to be semantically characterised by the 

corresponding ontology concept with a degree of confidence of 0.8.  

• If a single term is retrieved in more than one concept vectors with the same or different 

weights, then all corresponding concepts are classified as semantic characterisations of the 

content item, with each concept assigned a different degree of confidence, depending on the 

weight that the term had in each of the concept vectors.  

• If more than one terms in the metadata/annotation classify under the same concept, then the 

classified concept bears the average degree among the weights of all the terms that classified 

under this concept. 

4. PROFILING ENGINE  

The primary task of the profiling engine is to handle the basic behaviour information about the user, 

as it can be derived from the information captured by the 360° player in its various versions (HMD, 

smartphone, tablet, TV) and derive meaningful representations concerning the user’s preferences 

from that information.  

Conceptually, the Profiling Engine can also take information outside of the Hyper360 tool set into 

account (such as a Facebook profile or the training data from a health club). At the moment, however, 

there are no plans to do so in the project and none of the planned use cases requires this 

functionality. 

The representations are based on mapping the user behaviour to weighted ontology-based metadata 

terms, derived from the process. As aforementioned, primary source of the semantic metadata are 

the tags associated with the elements (such as hotspots or links) in the Hyper360 authoring tool.  

The engine takes into account various types of user behaviour and prioritizes metadata tags 

accordingly. For example, an object that is in the centre of the user’s viewing area will be considered 

more significant to the user than an object at the edge of the viewing area. An object a user interacts 

with, like by accessing a link, will be even higher prioritized. 

The workflow pertaining to the user profiling, portrayed in Figure 11, concerns the event-based 

transmission of content consumption information from to the OmniPlayer to the Profiling Engine, 

through the OmniCloud/Deployment, which couples OmniPlayer information with all annotation 

information attached to the consumed content (through OmniConnect). The annotation/metadata 

are interpreted internally by the semantic interpreter described in Section 3.3. 
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Figure 11: Profiling Engine Workflow 

 

4.1.  CAPTURING USER PREFERENCE FROM 360O VIDEO CONSUMPTION  

As described in Deliverable D5.1 Preliminary Player Technology, Section 2.6, the OmniPlayer 

records user interaction data to facilitate user preference capturing. This data will be passed on to 

the Profiling Engine through appropriate interfaces (RESTful API). Triggering Profiling Engine will be 

a continuous, event-based process, where viewing behaviour data will be transmitted to the Profiling 

Engine as soon as the user performs a predefined ‘important’ action, such as their gaze “leaving” an 

area of interest. In this case 

As described in D5.1, the OmniPlayer can report the viewing direction and field of view of the camera 

from Raw Data, the Panel being looked at with contextual information from Panel Exposure Data 

and viewing experience characteristics from Compound Data. This information, along with the 

annotation information from the OmniConnect consist the basic premise upon which user 

preferences may be captured. 

To formulate preferences from the user behaviour/actions, we extract important information from the 

received data. The extracted information can be further categorized into the following types as 

described below for better input to the Profiling Engine: 

1. Metadata: The metadata related to a specific video or a specific object which can make user 

behavior/actions meaningful e.g. tags, title, descriptions etc. 

2. Field of View (FoV): The part of the 360° content the user is currently looking at, normally taken 

as horizontal and vertical angles (phi, theta). It explains user’s viewing behaviour over time i.e. 

during 360° video playout the user can navigate within the content and watches portions of the 

content which appeal him the most. 

3. Interaction Events: It will exhibit user’s interaction with the content e.g. clicking a hotspot, 

selecting an object or switching between the content. 

4. Passive Events: Media playback events e.g. loadedmetadata, play, pause, seek, stop, end etc. 
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Once received from the OmniPlayer/OmniCloud, the metadata will be semantically interpreted 

according to the process described in Section 3.3. For each transaction (whereby with transaction 

we denote here all information in each OmniPlayer ‘interesting behaviour’ transmission), the 

interpreted data are stored in the User database, to populate the user’s transaction history.  

Per each transaction, the Profiling Engine will perform various analysis on it such as, determine the 

focus point of user’s field of view and how long the user has retained a certain field of view, which 

provides understanding of the content parts the user is most interested in. We can also determine 

which objects in a certain field of view the user has interacted with, which tells us about the most 

interested items for the user.  

On the other hand, the objects which were only focused (not interacted) show less interest and there 

might be some objects totally ignored, meaning disinterest of the user. As the objects have the 

semantic descriptions as well which provide meaning to them, we can correlate that information to 

learn a user’s preferences. Let us take the following scenario to realize how the above described 

analysis works. 

Example: A user watches an auto showroom video for 3 minutes, which displays different car brands 

like Mercedes, BMW and Porsche. At start of the video, it shows models of BMW as default field of 

view but after 30 seconds the user navigates and changes the view to the part where Porsche models 

are displayed. The user retains that view for 2 minutes and sees different models from Porsche with 

focus point on 718 Boxster. Moreover, the user clicks on an overlay icon (for more info) which takes 

the user to the official website of Porsche where detailed specifications for 718 Boxster are listed. 

From the above example scenario, we know that the user watched the video for 3 minutes (user 

viewing session). During this viewing experience the user has not seen Mercedes models but spent 

only 30 seconds for viewing BMW models and 2 minutes for viewing Porsche models. If we calculate 

percentages based on the user viewing session which is Mercedes 0%, BMW 17%, Porsche 67%, 

we can conclude that the user does not like Mercedes has a little interest in BMW but likes Porsche 

the most. Any interaction with video overlay objects (click, hover, switching content etc.) will be 

interpreted as highest priority for the user. We also know from the example scenario that the focus 

point was on 718 Boxster model and an object (overlay icon with URL behind) was also clicked, 

shows the highest item of interest for the user. Lastly, we will assign weights based on the user 

interaction (highest) and session time percentages calculated before to form meaningful input for the 

Recommendation Engine as described below: 

• Porsche and 718 Boxster: 1 

• Porsche: 0.67 

• BMW: 0.17 

• Mercedes: 0.0 

4.2.  LEARNING USER PREFERENCES  

To build a user profile, after semantically interpreting consumed content and understanding the 

user’s interesting and uninteresting aspects over consumed content, the Profiling Engine will learn 

from this data long and short term user preferences. There would be two separate database 

collections to store both types of preferences. The difference between long and short-term 

preferences is described below: 

1. Long Term Preferences 
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These preferences represent a user’s interest over a long period, the frequency of 

updates will be less and spans over a viewing session or long time duration compared 

to short-term preferences. The entire user transaction history will be employed in order 

to learn these preferences. There would be a single record per user which will ideally 

be updated after a predefined time interval (will include multiple viewing sessions) or 

might be at the end of each viewing session of user. 

2. Short Term Preferences 

These preferences represent a user’s interest during a particular session with the 

OmniPlayer, which pertains that the frequency of updates will be high (whenever the 

data is captured and sent by the OmniPlayer) meaning updates will be done while a 

viewing session is in progress. Only in-session data will be taken into consideration from 

the entirety of the user’s transaction history. There will be multiple records per user per 

viewing session. 

In addition, both in the cases of long- and short-term data, association mining is employed in order 

to learn persistent correlations between atomic preferences. E.g. after several user transactions, it 

may become apparent that the user is regularly interested in ‘Pop_Music’ only in the premise of a 

‘Music_Festival’ or other ‘Concert’, while they are interested in ‘Jazz_Music’ but only in the context 

of viewing commercial ‘Product’s, such as ‘Album’s.  

4.3.  SEMANTIC USER PROFILING   

The results of the aforementioned preference learning process are fed to the semantic profile 

generator which reformulated them into an axiomatic, ontological user profile within the LUMO 

concept space. 

The semantic LUMO-based content annotation profile would therefore be of the form: 

∃hasInterest.(wA·A ⊔ wB·B ⊔ wC·C ⊔...) ⊑ UIC 

∃hasInterest.(wD·D ⊔ wE·E ⊔...) ⊑ UDC 

where A,B,C,D are concepts that denote user interests, wA, wB, wC, correspond to their preference 

weight for the specific user, which has been learned after the process of Section 4.2, hasInterest is 

a LUMO object property connecting by default the preferences with the UIC (User Interest Concept) 

and UDC (User Disinterest Concept) concepts and UIC, UDC are manufactured concepts which 

correspond to the user ID with the suffix “pos_” and “neg_” respectively.  

It should be noted that A,B,C,D, E can either be atomic concepts, i.e. LUMO classes, or complex 

concepts, i.e. association axioms between concepts, for example: 

∃R.A ⊑ C 

B ⊓ E ⊑ D 

where R is a LUMO property. 
. 
UDC and its respective axiom denoting user disinterests is created separately. It holds that it is 
disjoint with UIC, such that: 

UIC ⊓ UDC ⊑ ⊥ 
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While a single semantic profile will be produced for a user at the end of a Profiling Engine Trigger, it 

will incorporate both long- and short-term preferences. Short-term preferences will be given a weight 

boost, in order to harmonise recommendation with the user’s current mood and situational context. 

At the same time, a decay factor will be imposed on long-term preferences’ weights, with an interest 

in gradually phasing out older preferences that may have been circumstantial or ultimately discarded 

through time.   

4.4.  TECHNICAL IMPLEMENTATION   

A centralised strategy for learning and storing user profiles will be followed within Hyper360, in order 

to enable users to receive personalised services from every device and any embodiment of the 

OmniPlayer toolset, To this end, RESTful services are implemented in order to support both user 

and session/transaction registration, as well as user profile data storage and retrieval.  

The current implementation of the user profiling which is linked with HbbTV player, developed by 

FOKUS, contains a 360° playout tracking library written in Javascript which is configurable and 

extendable. The configuration includes different options which can be enabled or disabled, for 

example, whether to enable/disable tracking user field of view (FoV), user interactions with video 

overlay objects and media events (loadedmetadata, play, seek, pause, stop etc). We can also define 

tracking interval for automatic media events tracking, whether to persist this data in the database or 

report it to some external applications (if endpoints are defined). Moreover, the library is extendable 

to handle custom needs and different use cases and the different OmniPlayer video players, 

described in D5.1. The basic structure of the configuration set is given in Annex I – Technical 

Implementation Details. 

For persistent user data, Elasticsearch database is being integrated with tracking library. The figure 

below describes the database structure for now which includes user id, video id, object id (any 

overlay element on top of the video with which user has interacted), media event, video time when 

entry is logged, current timestamp and user FoV (phi, theta). 
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When the user starts watching or interacting with the 360° content, the library tracks active and 

passive events and stores generated data in the database. Later, we can write custom queries to 

filter data as per different scenarios. 

For the Profiling Engine implementation for Hyper360, we will use MongoDB as persistence layer 

with Node.js backend as described in D6.2 (Section 2.6.1). The backend will expose a REST API to 

communicate with OmniCloud as depicted in Figure 11. The Profiling Engine has three different 

Entities, which can be created, updated or requested, namely User, Session and Session Item, as 

detailed in Annex I – Technical Implementation Details. In addition, regarding preference tracking and 

profile learning, relevant calls that route the workflow presented in Figure 11 have been prototyped, 

resulting to the following API calls available through the Profiling Engine: 

Call  URI Description Input Accept
s 

Output Produce
s 

GET 
POST 
DELET
E  

/api/users Creates, updates, 
retrieves, deletes 
a user from the 
DB (details in 

Annex I – 
Technical 
Implementatio
n Details) 

User ID ; 
Optional 
user info 

JSON (GET only) 
A user entry 

(GET only) 
JSON 

GET 
POST 
DELET
E 

/api/sessions Creates, updates, 
retrieves, deletes 
a viewing session 
from the DB 
(details in Annex 

I – Technical 

User ID, 
session ID 

JSON (GET only) 
A session 
entry 

(GET only) 
JSON 
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Implementatio
n Details) 

GET 
POST 
DELET
E 

/api/items Creates, updates, 
retrieves, deletes 
a content item 
viewed during a 
particular session 
from the DB 
(details in Annex 

I – Technical 
Implementatio
n Details) 

Session ID, 
media item 
info 
(metadata, 
viewports, 
time, etc.). 
Records 
transaction 
history 

JSON (GET only) 
A media item 
entry for the 
particular 
session 

(GET only) 
JSON 

GET 
POST 
DELET
E 

/api/preferences/long Creates, updates, 
retrieves, deletes 
long-term user 
preferences from 
the DB 

User ID; 
(POST only)  
captured, 
interpreted 
preferences 
per 
transaction 

JSON (GET only) 
The user’s 
long-term 

preferences 
record 

(GET ONLY) 
JSON 

GET 
POST 
DELET
E 

/api/preferences/short Creates, updates, 
retrieves, deletes 
short-term user 
preferences from 
the DB 

User ID; 
Session ID; 
(POST only)  
captured, 
interpreted 
preferences 
per 
transaction 

JSON (GET only) 
The user’s 
short-term 
preferences 
record for a 
particular 

session 

(GET ONLY) 
JSON 

GET 
POST 
DELET
E 

/api/semantic/profile Creates, updates, 
retrieves, deletes 
a semantic user 
profile from the 
DB 

User ID; 
Session ID; 
(POST only)  
A formal 
ontological, 
axiomatic 
user profile 

JSON (GET only) 
The user’s 
semantic 

profile 

(GET ONLY) 
JSON 

POST /api/interpret/transactio
n 

Semantically 
interprets all 
content items 
consumed by a 
user to weighted 
LUMO-based 
concept and 
properties.  
Triggers 
preference 
capturing (next). 

A single 
content 
item’s 
information 
as retrieved 
by 
OmniPlayer
/ 
OmniCloud 
(ID, 
metadata, 
description, 
Viewing 
behaviour, 
interaction 
behaviour) 

JSON A single axiom 
pertaining to 
the LUMO-
based 
representatio
n of the 
content item’s 
metadata.  

JSON 

POST /api/recog/behaviour Recognizes 
concepts and 
properties of 
interest in a 

A single 
content 
item’s 
information 
as retrieved 

JSON A single axiom 
pertaining to 
the LUMO-
based 
representatio

JSON 
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user’s 
transaction.  
Updates 
transaction 
history 
(/api/items) 
Triggers 
preference 
learning/ update 
(next). 

by 
OmniPlayer
/ 
OmniCloud, 
semanticall
y 
interpreted 
(ID, 
metadata, 
description, 
Concepts, 
Viewing 
behaviour, 
interaction 
behaviour) 

n of the 
content item’s 
metadata.  

POST /api/learn Updates long- 
and short-term 
use preference 
records in DB 
(/api/ 
preferences/).  
 
Triggers 
semantic profiler 
user 
(/api/semantic/ 
profile). 

Export of 
behaviour 
recognition 
call. 

JSON A single axiom 
pertaining to 
the LUMO-
based 
representatio
n of the 
content item’s 
metadata.  

JSON 

Table 4: Profiling Engine RESTful API 

 

5. RECOMMENDATION ENGINE  

The goal of the recommendation engine within Hyper360 is to determine the significance of media 

items based on each viewer’s preference. Given the semantic interpretation of content items (re 

Section 3.3), any type of content item within the 360 video can be prioritized based on user 

preferences, whether that may pertain embedded, superimposed content (e.g. Mentor layers, visible 

hotspots, objects, hyperlinks) or innate video attributes (e.g. camera paths).  

Given the recommendation service’s content prioritization, the following activities may ultimately take 

place on the OmniPlayer for each omnidirectional video viewing experience: 

• Visible embedded content can be highlighted (more interesting) or faded out (less interesting) 

• Visible embedded content can be completely hidden (disinterests) 

• Messages may draw user’s attention to something interesting beyond their current viewpoint 

• Navigating through the source content (video) segments can be ordered, not only as per in-

scene object saliency (re D5.1), but also in conjunction to the user’s particular preferences  

• Mentor sub-narratives may be ordered or put together in order to create highly personalized 

storylines for the user 

The workflow pertaining to recommendation, portrayed in Figure 12, pertains to the OmniPlayer 

triggering the Recommendation Engine, while at the same time passing information about the current 

video and its enrichment content through the OmniCloud/Deployment, which couples OmniPlayer 
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information with all annotation information attached to the available content (through 

OmniConnect). This trigger by default taking place upon the initiation of a video and may be updated 

(re-triggered) dynamically during the experience, either per some time interval or based the 

completion of an interesting event (i.e. at the same time the Profiling Engine is triggered to update 

the user profile). Similarly, depending on the trigger event (once or dynamic), the OmniPlayer may 

transmit all candidate recommendation items’ information for the entire video (initial 

recommendation) or only the information that are spatially or temporally relevant  at the given 

moment. The annotation/metadata of recommendation candidates are again interpreted internally 

by the semantic interpreter described in Section 3.3.  

 

Figure 12: Recommendation Engine Workflow 

5.2.  LIFR REASONER  

A fuzzy semantic inference engine, namely LiFR [2] , is used for media item recommendation. LiFR 

is a first-order model generating reasoner with a supporting DL (Description Logic) interface, with its 

expressivity lying initially within the tractable f-DLP (Description Logic programming) fragment, which 

involves the intersection of highly expressive DLs and decide-able (rule-like) Logic Programming 

(LP). One of the few fuzzy reasoners and evidently one of the most robust, fast, and able to 

pragmatically conduct real-time inferencing in complex fuzzy knowledge bases, LiFR can effectively 

deal with uncertainty in semantic interpretations and priority in user preferences in real world 

environments and even in limited-resource devices [2] .  

LiFR’s expressivity has been extended in the premises of Hyper360 to support negation, in order to 

effectively express non-explicit disinterests. For example, a user may be interested in rock music, 

but there is no comprehensive information about particular other types of music they may dislike. 

However, there is a clear indication that they do not want to consume content about any other type 

of music. This can be easily expressed in the user disinterests as the complement (negation) of rock 

music such that: 

∃hasInterest.(wA·Rock_Music) ⊑ UDC 

With negation support, LiFR now moves beyond f-DLP, to a more expressive knowledge 

representation fragment, coined f-DLP –. With the current extension, LiFR is sound within this 
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fragment, but not complete, since completeness would pertain to including all complements7 of 

concepts (atomic or complex) in the knowledge base. I.e. for each axiom of the sort A ⊑ B, the 

knowledge base must include its complement B ⊑ A and for each instance (fact) <a : A> ≥ d, the 

knowledge base must include its complement <a : A> < -d. This is the subject of the immediate 

extension plan for LiFR within Hyper360. 

Recommendation of media items or navigation paths within Hyper360 takes place based on 
semantic matchmaking of user preferences against candidate media items, i.e. all hotspots, Mentor 
layers, hyperlinks, etc. enriching a core 360 video. After semantic interpretation of all candidates, all 
tokens/tags annotating the item are transcoded as instances of LUMO classes, thus populating the 
facts that hold true for each particular content item, such that: 

<a: A> ≥ d 
<a, b : R> ≥ 1 

where a, b are instances (in this case, the raw textual terms in the metadata), A is a concept from 

LUMO, R is an object property from LUMO and d  [0, 1] is the degree of confidence as to which a 

has been found to instantiate A after the interpretation process. Although LiFR supports fuzzy 

concept assertions, it does not yet support relationship assertions, thus a weight of ≥ 1 is imposed 
for all relationship assertions (thus rendering them crisp). 

The purpose of matchmaking is to determine whether UIC is satisfied by a given content item. For 
this purpose, the reasoner runs once per content item in a list of candidate content items. If UIC is 
satisfied then the candidate matches the user profile and accordingly an entry of the match is stored 
internally until all candidates are examined. The process continues for all items in the candidates 

list, resulting in a prioritized list of candidates, along with their respective priority degree ([0,1]). 

The match (priority) degree is defined as the degree of the fuzzy entailment of UIC. If UIC is not 
satisfied, then no match is made and the content item is given a priority degree of 0.0. If UIC is 
satisfied but also UDC is satisfied, then the reasoner will result in a refutation, since the two concepts 
are disjoint. This serves for rejecting content that the user positively dislikes, even if at some level it 
contains interesting material.  

Matchmaking takes as input the semantic knowledge base for each problem, i.e. the aggregation of: 

– the reference knowledge base (LUMO), which constitutes the domain schema or otherwise global 

TBox8, applicable for the entire media domain; 

– the semantic user profile (cf. Section 4.3), which constitutes the user’s own premise(s) or otherwise 

problem TBox9; 

– the semantic interpretation of the metadata for a single content item (cf. Section 3.3) from the list 

of candidates within a 360o video, which constitutes the ABox10, i.e. the facts for the current content 

item. 

                                                           
7 A complement A of a concept A constitutes all that is not A (within the domain).  
8 A Tbox or Terminological Box in logic programming comprises the set of terminological premises that govern the domain 
or problem of interest. Such premises include the entities (concepts, relations, etc.) and axiomatic conditions 
(hierarchical & non-hierarchical relations, rules, etc.) that represent the domain or problem of interest. 
9 The ‘problem’ in the the case of personalisation in Hyper360 is to recognize what the user prefers to see most and 
least, i.e. to satisfy the user’s own axiomatic premise(s) of how he behaves and what he expects within the domain of 
interest. 
10 An ABox or Assertion Box contitutes the facts that apply in a particular instance of the problem. 
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5.3. TECHNICAL IMPLEMENTATION  

LiFR is a Java standalone tool that may run independently and locally in any Java-enabled machine. 

However, for the purposes of Hyper360, a centralised strategy has been opted, therefore RESTful 

services are implemented in order to support both on-the-fly content item semantic interpretation 

(and creation of temporary semantic content profiles to be fed to the reasoner), as well as a RESTful 

interface in order to evoke the reasoner’s matchmaking service. The services run on Apache Tomcat 

on the OmniCloud/Development.  

To this end, the API calls available through the Recommendation Engine are: 

Call  URI Description Input Accepts Output Produces 
POST /api/recom11 Triggers the 

recommendation 
engine.  
Internally GETs 
the semantic 
user profile. 
Internally GETs 
or produces on 
the fly semantic 
descriptions for 
all candidate 
content items. 
Internally 
retrieves LUMO 
from DB. 

User ID; 
List of 
candidate 
content items 
(IDs) 

JSON List of 
candidate 
content items, 
prioritised + 
degree of 
priority 

JSON 

POST /api/interpret/content Semantically 
interprets a 
content item to a 
LUMO-based 
axiom.  
May store on 
memory for 
single use or 
store in Video 
Annotation DB 
for future re-use. 

A single 
content 
item’s 
information 
(ID, 
metadata, 
description) 

JSON A single axiom 
pertaining to 
the LUMO-
based 
representation 
of the content 
item’s 
metadata.  

JSON 

GET 
POST 
DELETE 

/api/semantic/item (Optional) 
Store, retrieve, 
update a 
semantic content 
item profile from 
the DB 

Content item 
ID; 
(POST only) 
The results of 
the 
interpretation 
process 
 

JSON A single axiom 
pertaining to 
the LUMO-
based 
representation 
of the content 
item’s 
metadata.  

JSON 

Table 5: Recommendation Engine RESTful API 

 

                                                           
11 Corresponds to D6.2’s /getRecommendationDetails call – renamed for usability. The details of the payload and 
response of the call can be seen in D6.2’s Appendix.  
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6. MEDIA NAVIGATION GRAPHS  

A Media Navigation Graph is a graph of content pieces that most likely match the users’ interest. A 

path through this graph represents the sequence in which the content is being played. This can be 

seen as a lean-back experience since the user can consume one video after the other without having 

to search for the content. Depending on how the user interacts with the current content and the 

respective objects in it the next video gets chosen. To generate a personalized Media Navigation 

Graph we need the User Preferences from the user DB. While the general set of available content 

(i.e. the full graph) is generated from the User Preferences, the path is chosen from the most recent 

interactions in the videos of this path. 

The generated graph consists essentially of recommendations as a result of a Content-based-

filtering approach. Content-based filtering, also referred to as cognitive filtering, recommends items 

based on a comparison between the content of the items and a user profile. The content of each 

item is represented as a set of descriptors or terms, in our case the metadata of objects in the 360° 

videos. The user profile is represented with the same terms and built up by analyzing the content of 

items which have been seen by the user or which he has interacted with.  

 

Figure 13: Example of a personalized Media Navigation Graph 

Example: The user starts with Video X (genres: Drama, Comedy; Contains his favourite actor; 

contains favourite animals (cats and dogs)). The interaction by the user in this video is more solid in 

the funny parts and where Actor Y is visible. The next video in the graph to be chosen then tries to 

go to a video where this Actor Y is playing and which is of the genre Comedy. 

7. CONCLUSIONS  

This document has presented the preliminary technologies for user preference recognition, user 

preference learning and immersive media content recommendation, powered by efficient and 
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effortless semantic interpretation of content under a holistic, expressive ontology modelling the user-

pertinent aspect of the diverse and disparate media super-domain. 

Future extensions of the preliminary, baseline user profiling technologies will involve evolving the 

semantic interpretation process through deep learning enabled classification of semantic content, 

further extensions of the LUMO ontology towards more completely covering the media super-domain 

and individual domains that pertain to the Hyper360 use case. In addition, enhancements on the 

preference capturing and learning techniques will be pursued, especially so with respect to learning 

complex, associative preferences and also to effectively learn user disinterests.  

Finally, the recommendation engine will be further extended in order to automatically incorporate 

concept complements in the input knowledge base upon reasoning, i.e. to incorporate for each 

atomic or complex concept the counterpart of all that is not that concept. This will render the 

knowledge base complete within the domain of discourse and significantly benefit inferencing over 

user disinterests, even when little information is available through the profiling process. Moreover, 

recommendation will delve in to optimization techniques in order to boost inference speed and 

support instantaneous update of recommendations upon interesting user behaviour events.   
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ANNEX I – TECHNICAL IMPLEMENTATION DETAILS  

HBBTV PLAYOUT TRACKING LIBRARY STRUCTURE CONFIGURATION: 

// Set tracking configuration 

    const trackingConfig = { 

      trackFOV: ...., 

      trackPlayback: ...., 

      trackInteraction: ...., 

      elasticsearch: ...., 

      trackingInterval: ...., 

      indexName: ...., 

      typeFOV: ...., 

      typePlayback: ...., 

      typeInteraction: ...., 

      pipeline: ...., 

      externalReporting: ...., 

      externalEndpoints: { 

        tool: ...., 

        epWatch: ...., 

        epAction: ...., 

        epUserProfile: .... 

      } 

    }; 

 

HBBTV-PLAYER RELATED USER AND SESSION REGISTERING REST API DETAILS 

1. USER 

This entity represents a User in the real world and has the following interfaces: 

 

1.1. POST /api/users 

Creates a user 

Request 
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Accept: application/json 

Body: 

{ "name": “abc” // optional } 

Response 

Content-Type: application/json 

{ 

"_id": "6sewl430dsdssdk", // internal MongoDB id 

"name": “ abc”, // optional 

"createdAt": “2017-08-23T17:34:27.537Z”, // timestamp when the user is created 

"updatedAt": “2017-08-23T17:34:27.537Z” // timestamp when the user is updated (will be the same as 

createdAt if not updated) 

} 

 

1.2. GET /api/users/{_id} 

Returns a specific user 

Request 

Accept: application/json 

Parameters: 

• _id: unique identifier of the user // internal MongoDB id 

Response 

Content-Type: application/json 

{ 

"_id": "6sewl430dsdssdk", 

"name": “abc”, // user name (optional) 

"createdAt": “2017-08-23T17:34:27.537Z”, // timestamp when the user is created 

"updatedAt": “2017-08-23T17:34:27.537Z” // timestamp when the user is updated (will be the same as 

createdAt if not updated) 

} 

 

1.3. GET /api/users?{query} 

Returns users that match with the query string parameter 

Request 

Accept: Query 

Parameters: 
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• _id: unique identifier of the user // internal MongoDB id 

• name: user name // optional 

Response 

Content-Type: application/json 

{ 

[{ 

"_id": "6sewl430dsdssdk", 

"name": “abc“, 

"createdAt": “2017-08-23T17:34:27.537Z”, // timestamp when the user is created 

"updatedAt": “2017-08-23T17:34:27.537Z” // timestamp when the user is updated (will be the same as 

createdAt if not updated) 

}, { 

"_id": "3490dsk433490d34",   

"name": “xyz“, 

"createdAt": “2017-08-23T17:35:27.537Z”, 

"updatedAt": “352017-08-23T17:35:27.537Z335” 

}] 

} 

 

1.4. POST /api/users/{_id} 

Updates a specific user’s data with new JSON data 

Request 

Accept: application/json 

Parameters: 

• _id: unique identifier of the user // internal MongoDB id 

Body: 

{"name": “def”} 

Response 

Content-Type: application/json 

{ 

"_id": "6sewl430dsdssdk", 

"name": “def”, 

"createdAt": “2017-08-23T17:34:27.537Z”, // filled with the timestamp when the user is created 

"updatedAt": “2017-08-23T17:36:27.537Z” // filled with the timestamp when the user is updated  
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} 

 

1.5. DELETE /api/users/{_id} 

Deletes a specific user 

Request 

Accept: application/json 

Parameters: 

• _id: unique identifier of the user // internal MongoDB id 

Response 

Content-Type: application/json 

{ 

“ok”: 1, 

“n”: 1 

} 

 

2. SESSION 

This entity represents a session which can be optionally linked to a user and has the following 

interfaces: 

 

2.1. POST /api/sessions 

Creates a session 

Request 

Accept: application/json 

Body: 

{"uid": “ ” // will be empty if the session is not linked to any user otherwise “_id” from USER entity} 

Response 

Content-Type: application/json 

{ 

"_id": "76sewl430dsdssdk", // internal MongoDB id 

"uid": “ ”, 

"createdAt": “2017-08-23T17:34:27.537Z”, // timestamp when the session is created 

"updatedAt": “2017-08-23T17:34:27.537Z” // timestamp when the session is updated (will be the same 

as createdAt if not updated) 

} 
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2.2. GET /api/sessions/{_id} 

Returns a specific session 

Request 

Accept: application/json 

Parameters: 

• _id: unique identifier of the session // internal MongoDB id 

Response 

Content-Type: application/json 

{ 

"_id": "76sewl430dsdssdk", 

"uid": “ ”, // will be empty if the session is not linked to any user otherwise “_id” from USER entity 

"createdAt": “2017-08-23T17:34:27.537Z”, // timestamp when the session is created 

"updatedAt": “2017-08-23T17:34:27.537Z” // timestamp when the session is updated (will be the same 

as createdAt if not updated) 

} 

 

1.3. GET /api/sessions?{query} 

Returns sessions that match with the query string parameter 

Request 

Accept: Query 

Parameters: 

• _id: unique identifier of the session // internal MongoDB id 

• uid: “_id” of the USER entity // optional 

Response 

Content-Type: application/json 

{ 

[{ 

"_id": "76sewl430dsdssdk", 

"uid": “ ”, 

"createdAt": “2017-08-23T17:34:27.537Z”, // timestamp when the session is created 

"updatedAt": “2017-08-23T17:34:27.537Z” // timestamp when the session is updated (will be the same 

as createdAt if not updated) 

}, { 
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"_id": "3490dsk433490d34", 

"uid": “ ”, 

"createdAt": “2017-08-23T17:35:27.537Z”, 

"updatedAt": “2017-08-23T17:35:27.537Z” 

}] 

} 

 

1.4. POST /api/sessions/{_id} 

Updates a specific session data with new JSON data 

Request 

Accept: application/json 

Parameters: 

• _id: unique identifier of the session // internal MongoDB id 

Body: 

{"uid": “ ”, // will be empty if the session is not linked to any user otherwise “_id” from USER entity} 

Response 

Content-Type: application/json 

{ 

"_id": "76sewl430dsdssdk", 

"uid": “ ”, // will be empty if the session is not linked to any user otherwise “_id” from USER entity 

"createdAt": “2017-08-23T17:34:27.537Z”, // timestamp when the session is created 

"updatedAt": “2017-08-23T17:35:27.537Z” // timestamp when the session is updated  

} 

 

1.5. DELETE /api/sessions/{_id} 

Deletes a specific session 

Request 

Accept: application/json 

Parameters: 

• _id: unique identifier of the session // internal MongoDB id 

Response 

Content-Type: application/json 

{ 
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“ok”: 1, 

“n”: 1 

} 

 

3. SESSION ITEM 

This entity tracks a single user activity in a session and has the following interfaces: 

 

3.1. POST /api/items 

Creates a session item 

Request 

Accept: application/json 

Body: 

{ 

“sid”: “76sewl430dsdssdk”, // “_id” of the SESSION entity this item is related to 

“type”: “ fov”, // type of the activity e.g. (fov, click, playback, or show) 

“video”: “_xs239lsd”, // unique identifier of the video this item is related to 

“videoMetadata”: {...}, // metadata related to that specific video 

“startTime”: “124521”, // start time of the activity in the video in milliseconds 

“endTime”: “545150”, // end time of the activity in the video in milliseconds 

“object”: “_k329dk3”, // unique identifier of the object clicked or displayed to the user 

“objectMetadata”: {...}, // metadata related to that specific object 

“phi”: “30”, // FoV horizontal angle in degree (only for type=fov) 

“theta”: “60”, // FoV angle vertical angle in degree (only for type=fov) 

“width”: “300”, // width of the FoV on degree (only for type=fov) 

“height”: “400” // height of the FoV in degree (only for type=fov) 

} 

Response 

Content-Type: application/json 

{ 

“_id”: “25dr85dfer11a2suii”, // internal MongoDB id 

“sid”: “76sewl430dsdssdk”, 

“type”: “ fov”, 

“video”: “_xs239lsd”, 

“videoMetadata”: {...}, 
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“startTime”: “124521”, 

“endTime”: “545150”, 

“object”: “_k329dk3”, 

“objectMetadata”: {...}, 

“phi”: “30”, 

“theta”: “60”, 

“width”: “300”, 

“height”: “400”, 

"createdAt": “2017-08-23T17:35:27.537Z”, // timestamp when the session item is created 

"updatedAt": “2017-08-23T17:35:27.537Z” // timestamp when the session item is updated (will be the 

same as createdAt if not updated) 

} 

 

3.2. GET /api/items/{_id} 

Returns a specific session item 

Request 

Accept: application/json 

Parameters: 

• _id: unique identifier of the session item // internal MongoDB id 

Response 

Content-Type: application/json 

{ 

“_id”: “25dr85dfer11a2suii”, // internal MongoDB id 

“sid”: “76sewl430dsdssdk”, 

“type”: “ fov”, 

“video”: “_xs239lsd”, 

“videoMetadata”: {...}, 

“startTime”: “124521”, 

“endTime”: “545150”, 

“object”: “_k329dk3”, 

“objectMetadata”: {...}, 

“phi”: “30”, 

“theta”: “60”, 

“width”: “300”, 
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“height”: “400”, 

"createdAt": “2017-08-23T17:35:27.537Z”, // timestamp when the session item is created 

"updatedAt": “2017-08-23T17:35:27.537Z” // timestamp when the session item is updated (will be the 

same as createdAt if not updated) 

} 

 

3.3. GET /api/items?{query} 

Returns session items that match with the query string parameter 

Request 

Accept: Query 

Parameters: 

• _id: unique identifier of the session item // internal MongoDB id 

• sid: “_id” of the SESSION entity, this item is related to 

• type: type of the activity // possible values “fov”, “click”, “playback”, or “show” 

• video: unique identifier of the video this item is related to 

• videoMetadata: metadata related to that specific video 

• object: unique identifier of the object clicked or displayed to the user 

• objectMetadata: metadata related to that specific object 

Response 

Content-Type: application/json 

{ 

[{ 

“_id”: “25dr85dfer11a2suii”, // internal MongoDB id 

“sid”: “76sewl430dsdssdk”, 

“type”: “ fov”, 

“video”: “_xs239lsd”, 

“videoMetadata”: {...}, 

“startTime”: “124521”, 

“endTime”: “545150”, 

“object”: “_k329dk3”, 

“objectMetadata”: {...}, 

“phi”: “30”, 

“theta”: “60”, 

“width”: “300”, 
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“height”: “400”, 

"createdAt": “2017-08-23T17:35:27.537Z”, // timestamp when the session item is created 

"updatedAt": “2017-08-23T17:35:27.537Z” // timestamp when the session item is updated (will be the 

same as createdAt if not updated) 

}, { 

"_id": "1e45fg56fukkkg", // internal MongoDB id 

“sid”: “9sd329k4ldsod”, 

“type”: “click”, 

“video”: “_v8s4Fos”, 

“videoMetadata”: {...}, 

“startTime”: “365455”, 

“endTime”: “854212”, 

“object”: “_h521dk1”, 

“objectMetadata”: {...}, 

“phi”: “60”, 

“theta”: “90”, 

“width”: “200”, 

“height”: “300”, 

"createdAt": “2017-08-23T17:36:27.537Z”, // timestamp when the session item is created 

"updatedAt": “2017-08-23T17:36:27.537Z” // timestamp when the session item is updated (will be the 

same as createdAt if not updated) 

}] 

} 

 

3.4. POST /api/items/{_id} 

Updates a specific session item data with new JSON data 

Request 

Accept: application/json 

Parameters: 

• _id: unique identifier of the session item // internal MongoDB 

Body: 

{ 

“sid”: “76sewl430dsdssdk”, // “_id” of the SESSION entity this item is related to 

“type”: “ fov”, // type of the activity e.g. (fov, click, playback, or show) 
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“video”: “_xs239lsd”, // unique identifier of the video this item is related to 

“videoMetadata”: {...}, // metadata related to that specific video 

“startTime”: “124521”, // start time of the activity in the video in milliseconds 

“endTime”: “545150”, // end time of the activity in the video in milliseconds 

“object”: “_k329dk3”, // unique identifier of the object clicked or displayed to the user 

“objectMetadata”: {...}, // metadata related to that specific object 

“phi”: “30”, // FoV horizontal angle in degree (only for type=fov) 

“theta”: “60”, // FoV angle vertical angle in degree (only for type=fov) 

“width”: “300”, // width of the FoV on degree (only for type=fov) 

“height”: “400” // height of the FoV in degree (only for type=fov) 

} 

Response 

Content-Type: application/json 

{ 

“_id”: “25dr85dfer11a2suii”, // internal MongoDB id" 

“sid”: “76sewl430dsdssdk”, 

“type”: “ fov”, 

“video”: “_xs239lsd”, // unique identifier of the video this item is related to 

“videoMetadata”: {...}, 

“startTime”: “124521”, 

“endTime”: “545150”, 

“object”: “_k329dk3”, 

“objectMetadata”: {...}, 

“phi”: “30”, 

“theta”: “60”, 

“width”: “300”, 

“height”: “400” 

"createdAt": “2017-08-23T17:36:27.537Z”, // timestamp when the session item is created 

"updatedAt": “2017-08-23T17:39:27.537Z” // timestamp when the session item is updated 

} 

 

3.5. DELETE /api/items/{_id} 

Deletes a specific session item 
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Request 

Accept: application/json 

Parameters: 

• _id: unique identifier of the session item // internal MongoDB id 

Response 

Content-Type: application/json 

{“ok”: 1, “n”: 1} 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


