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This deliverable presents the insights from broadcast, gaming and transwetigalsresulting from
the validation experimentsThRS SELISNRYSy G a dzaS FyR S@Ffdzr S C[! &
capabilities through experiments deployed at FLAME infratitres

This deliverable includes the presentation of highel insights developed by FLAME partners about
new mediaservices enabled by FLAMEhe highlevel insights summarise new media senti@nds

and motivate the consideration ofew media spacethat combine digital media with the physical
environment The conceptfiave inspired the validation experiments in the vertical media segments
described below.

Participatory Media for Interactive Raditommunities The frst experiment, on Mobile Journalism,
revealed the potential value of media creation and collaboration tools. Placing these tools on the
FLAME edge network enables the journalist to be quickly responsive to creative needs. This
experiment confirmed the value of a virtual director room to support the creative act of media
production. The second experiment demonstrated the value of deploying interactive media
experiences in a public place. The experiment demonstrated value with |lmkiigital social network

with a physical city space.

Personalized Media Mobility in Urban EnvironmeniExgeriments evaluatel how media service
providers can serve users on the go within a smart city. The FLAME platform automatically instantiates
content caches and adapts routing in media service chairdetiver the best streaming experience
while on the move. The experimentiemonstrated the ease of@ployment offered by the FLAME
platform as well as automatic loacdkancing offered byLIP$aseal service routing.

Collaborative Interactive Transmedia NarrativeBhe experiments on Ciyide Storytelling
demonstrate how the FLAME platform offers unique capabilities for intelligently and efficiently
delivering multimeda assets within an urban environment. The use of locabased augmented
reality provided a means to integrate digital content within physical spaces. The FLAME platform is
demonstrated to deliver digital content from these physical spaces and carchestrated to provide

these services only as required. The result not onlysaddue for the current application, but
demonstrate the potential for incorporating additional media service, such as state synchronisation
for shared media experiences.

Augmeried Reality Location Based Gaminflhe augmented reality locatidmased gaming
experiments demonstrated that the FLAME platform is capable of delivering 3D assets quickly and
efficiently for video game applications. The experiments specifically demoadtthé value of the
opportunistic multicasting capabilities of the FLAME platform. Players were immersed in the virtual
augmented reality environment and mostly unaware of the 3D asset loading in the background.

The four validation experiments have hetpérive the development of the FLAME platform and
processes. The validation experiments provided the first concrete requirements for the platform and
informed the technical roadmaps for the CLMC and FLIPS components. The experiments also helped
to informthe FMS roadmap, with several components initially tested by these validation experiments.
The validation experiments not only validated the technical capabilities, but validated and improved
the methodology, tools and documentation for delivering laoadi media serviceon FLAME.
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3GPP 3rd Generation Partnership Project
AR Augmented Reality

CLMC Cross Layer Management and Control
FMI Future Media Internet

FMS Foundational Media Service

HDR High Dynamic Range

KPI Key Performancéndicator

MEC Multi-access Edge Computing (formerly known as Mobile Edge Computing)
MR Mixed Reality

NFV Network Function Virtualisation

oTT Over The Top

PMM Personalized Media Mobility

QoE Quality of Experience

QoS Quality of Service

SDN Software Defined Networking

SFC Service Function Chain

VR Virtual Reality

WCG Wide ColourGamut
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This deliverable presents the insights from broadcast, gaming and transmedia expenredatsed

by the FLAMEvalidationpartners ¢ KS SELISNAYSy ii&a dza8S FyR S@ItdzZ GS
platform capabilitiesinvolving human participants at the FLAMEastructure locations in Bristol and

Barcelona. Additional insights werenformed byQuality of ServiceQoS experiments conducted in

the FLAMESandpitinfrastructurehostedat ITINNOVWh Southampton

This deliverable includes the presentation of highel insights developed by FLAME partners about
new media services enabled by FLAME (see SeZ}jadhosespecific insights demonstrated by the
validation experimets. The highevel insights summarise new media services and treftiesection

also presens the importance of considering new media spaces as a combination of media and the
utility it provides in the context of physical space3he conceptshave inspired the validation
experimensin the vertical media segments described below.

11+! [ L5! ¢.Lvatb! 5/ 1 {¢ +9we¢L/!|

Two pioneering FMI experiments were designed and implemented to explore the changing way that
consumers participate and access broadcast media on the move.

The validation scenarioc t I NIi A OA LI G 2 NB  a SR Eommani@iéNdsde ySacGosg} OG A &S
explores the innovative technical capabilities and value of the FLAME platform for developing new
media interaction inside the city. Experimentspbxed the potential of utilizing localized media
services to support mobile journalism activities and to support interactive media experiences that link
digital social networks with physical city spac&€he results informpublic broadcasters andivic

organizers about the potential symbiosis between local media interaction and city life.

The validation scenarigdit SNE 2y | f AT SR aSRAMGA MR ¥ (&K Batiord)y | ND |
evaluates how media service providers can serve users on the go within a smart city. The FLAME
platform automatically instantiates content caches and adapts routing in media service chains to
guarantee the best streaming experience lghion the move.The experiments explore the
LISNE2Y I f AT SR YSRAI Y2o0AftAide ayvye od@d&dolandFothed 26a Y
sharing of personal media in aggregation areas. The results inform media service providers of
interactive digital ptforms and personal media management systems to seamlessly deliver content

across physical locations.

12+! [L5!' ¢Lhb !.h5 Ddva'lLth{fDa @B LT {+9w¢

Two more pioneering FMI use cases were implemented to explore interactive media services for
storytelling and gaming.

The validation scenariod/ 2t f 02 NI G A GBS Ly SNI Oifsked Sectioh®l ya YSR.
demonstrates how the FLAME platform supports the delivery otimtdased augmented reality (AR)

stories within an urban environment. The aim is to augment physical locations allowing mobile users

to experience increasingly interactive and content rich spaces that bring together digital and physical
worlds. This regires new and advanced media services that are localized within the physical
environment. The FLAME platform enables intelligent orchestration and management of these media
services. The results inform media services providers intending to spatiallyitligér interactive
transmediacontentfor contextually appropriate delivery at physical locations within a city.

PageB of 44
Co-funded by the Horizon 2020 -
© CopyrightDRZand other members of the FLAME Consortium201 Framework Programme of the European Union



D5.5: Insights from Broadcast, Gaming and Transmedia Experirhéhiblic

The validation scenaria ! dzZ3YSy 4 SR w®Dll fAASIRE D{sevBbLidibSp presenteda
locationbasedurban gamethat usesFLAME to deliver conterthat transforms locations into an
interactive game.The FLAME platform transforms simultaneous requests for theesasset into one

single request, which is then sent to the 3D content database. The evaluation indicates that the FLAME
platform can deliver3D assets quickly and efficiently if the underlying code is tuned to benefit from
the multicasting capabilities.hE results inform media service providers aiming to deliver 3D game
assets to all players throughout the game play.

1.3hwD! bL%! ¢CLIBO[HL@ 9@l L{ 9

Sectiod b SIS RA L { SNBAOSaé¢ LINBPPARS AyaAirdakKida AyF2NNSR
media services enabled by FLAME. SecBor&present the outcomes of experiments conductad

FLAME infrastructures delivering insights into technical performance, user acceptance and wvfability

these FMI use cases. These experiments demonstrate examples of enhanced media products and
provide useful feedback to evaluate the FLAME platform.
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This section presentslentified FMI media service trends as well as the emerging conceapiedfa
spaceswhich combine physical with content interactioWe then contrast those new media trends
against the emerging 5G capabilities, readl through the FLAME platform, and how our validation
experiments utilise those capabilities to showcase some of the identified new media trends.

21b92 {9w+L/ 9{l !¢ows9 bas5%(5

Thecurrent media panorama is characterised by the creation and deploywfamtw mediaservices
jointly with new user habits and consumption patterns. Some of the most signifieanservices and
mediatrends, as described ifil], include the followingcategories

1. Demand forimproved quality, includingmore pixels(e.g. beyond 4K resolution) and alsetter
pixels (e.g., HDR or WCG). This category integrates characteristads asdynamic range
resolution frame rate, spatial audio and video colour gamut. This trend is consistent with the new
capabilities of cameras and acquisition equipmeifféring new capabiiiesto provide high quality
media materih The trend is also consistent witie features of consumer electronics according
to the manufacturing industry strategy. Thisedia trendimpacts the throughput required for
mediatransmission.

2. New technologiesthat provide an enriched user experiengebeyond the unidirectional
presentation of video and audi@aming, AR, VR and MiRe good examples of this trend. Users
look for more engaging, immersive and exciting experiencésr example360-degree media
enabling virtual reality (VR) and other immersive applicatiagasanother example of improved
experiencehat places new demands on media services

3. Localised contents and experiencean belinked to a physical or symbolic spasech as spors
match or a culture festival in the cityT his offers new opportunitige achieve a better enjoyment
or improved utility from linking digital and physical information.

4. QContent consumersare beconing content producers Modern mobile equipment enables quality
media acquisition and social networks enable the transmission in real time. This phenomenon is
also connected to the localised experiences described in the previous bullet: many users desire to
disseminate their participation in public events and social networks enable this desire
instantaneously.

5. Users wish to watchny content anywhere and at any timee.g.,as they navigate across a city or
during a daily commute

22092 a95L! {t!/9f{

Media servie providers are not simple OTT operators on FLAk#bled facilities: due to the
multilayer FLAME approach, the media provider not only uses the underlying network capabilities, but
the network is adaptive itself to optimise the new services quality, aliegrto the policies established

by the media service providdgH]
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The city is not only the place where media services are distributed and consumed. The city is a place
for experimentation, participation and interaction, which stimulates the contact among the citizens
and which links the citizens with urban symbolic valuike the city history.

The public space even stimulates a sort of city gamification. Citizens repurpose their surroundings for
playful behaviour: squares become the stage for a flasi, obstacles become a challenge for
Parkour runners, and lines ohd pavement become traps we should not step on. This kind of city
gamification can be partially shifted into the virtual woddespecially within a smart city, where
computational resources are readily available and data exchange between users istastewver.
Augmented Reality (AR) technologies enable mobile devices to recognize city features, overlay them
with fantastic 3D models, and allow virtual interactions with those objetherefore, AR is a key
technology to repurpose parts of the real dabinto an environment of play. Smart city infrastructure

can be used in a variety of ways: sensors, for example, can give input to the virtual representation and
local servers synchronize the state of the virtual augmentation for several players, atiaf tif them

can see the changes other people apply to the virtual world in-tiesd. A key factor for these
capabilities is speed. Not only from the mobile devices but also the server infrastructure.
Synchronization for several players must be instaataus to give the impression of the augmentation
being real.

The highlevel insights and examples presented above have guided the development of the FLAME
platform and new media services utilizing it. The following sections present specific insights
demondrated by the validation experiments.

23a!ttLbD hbe¢b pBOWDLDb. L[ LC¢CLO{

The advance oémerging 5G infrastructureand theprogrammability of thoseinfrastructuressees

the trend towards increasingly deployingchlsed infrastructurecapabilities in he form of secalled

Wrivate network deploymen®@ (G KI &G S@Sy Ay Of dzRS 20t A&aSR NI R
applications. Specificalljocal event sites such as squares (e.g., as in Bristol), cities (e.g., as in
Barcelona) or buildings (e.g., at K&LLondon)an therefore enter direct business relationships with

service platform providers as well as media service providers for optimised localised experiences along

the aforementioned trends for new media services.

The FLAME platfortargets such private network deployments, enablihg deployment of these new
media servicesocalisedon the city facilities while enabing the orchestration and management of
media services,optimising both compute and network resourcesThis is achied through a
distributed, virtualistion enabled platform capability that is being realized over the localised
infrastructure while aligning theore FLAME technologies with 5G standards and solutions, as outlined
in [1].

In order to supporwith the afoementioned media trendghe FLAME platfornallows foranintuitive

description of the network serviceas service function chains (Sfffering the programmability,

deployment and management of media servicebjle enabling a service DevOps processféster

YyS6 YSRALI &aSNIAOS ONSI (A Zgfvice ofeBtiorRiBRI & YEY 8 02 B KEK !
YtLA RSTAYSR o0& (KS 9dzNRPLISIY FpoNRB Vi tdin AKy2AdENEBI GUA2D Scp s
Through its infrastructure replication toolchaihe FLAMEplatform itself can be deployed within this

outlined KPI, while media services themselves are deployable in a few minutes. or less

The FLAME capabilitiegl0] optimise the performance of media services, includingimmovative
routing solution. The overall FLAME benefits for service deploymenti@aselatency compute and
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delivery (key to new interactive media services at the far edge of the network), fast and dynamic
service request routing (key to persdised and mobile services), multicast delivery of HTTP responses
(key to scalability), networlevel indirection (key to replication of content based on local relevance),
and more secure content objects (key to content replication while preserving cosgentity and end

user privacy).

24. wLbDLbD a95L!b5¢wdhDo 5! €hDO[EL ® w9

The FLAME validation scenari@emonstrate how the aforementioned platform capabilities are
impacting the creation and deployment of new media servidém FLAME validatioscenariosalso
present nanyof the characteristics and trends of media servidescribed aboveMoreover, FLAME
validation partners have identified additional use cases to be offered in the facilities, utilising FMS (or
Foundation Media Services, devetmhin FLAME) components to build more complex media services.

Furthermore,FLAME has produced a whitepafj@} that explores the intersections between 5G and
Future Media Internet (FMI) from the FLAME contribution perspective, to outline the drivers shared
by 5G and FLAME and the main contributions of FLAME to 5G developMbes& capabilities of the
FLAME platform to suppbmnew services and the set of FLAME benefits cannot be seen without
considering the close relationship between FLAME and 5G deployments in the city facilities. FLAME is
deploying the similar technological paradigms that are necessary for 5G to go for sivenas
deployment, such as software network virtualisation (NFV/SDN) and automated service deployments
as virtualised components that make the most of the edge network too (MEC scenarios).

The existence of deployments in realistic city facilities is esdent@der to test new services and to
extract measures and conclusions about the new service performance, supported by the FLAME
benefits and understand their impact. The extraction of measures and the generation of knowledge
about the performance of thaew services are key outcomes of the project. These service metrics and
their link with QoE and QoS parameters are especially profitable for media service proMedia.
service providers, which are responsible for the design and deployment of neweserfita crucial
capabilities in FLAME: a platform for the orchestration of media services; advanced foundation media
services (FMS) to tase; reallife city infrastructures for testing and validation; and suitable
measurement and knowledge about theirgiee performance.
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VRT Innovatiotas developed two qualitative user experiments to explore the innovative technical
capabilities and the value of the FLAME platform for developingmedia interactions inside the city.

In the first, we focussed on translating the local media production experience to developers and service
providers in order to create seamless quality of service. In the second, we further iterated upon the
learnings ofthe first user experiment and focussed more on the actual storytelling process when
producing in the physical world.

In a third "Urban Hacking in 5G" hackathon activity, VRT presented the design and outcomes of these
experiments as examples of how a puldioadcasting company searches for new interactive and
participative media experiences.

As an overall motivation for its work ithe FLAME project, VRT explores how it can improve the
engagement of city communities in producing media together.

In relationto the media service trends identified in Secti, we specifically aligned our experiments
with the desire to provide localised contents and experiences (tr8nhdn a context of content
consumers becoming content producers (trend 4), while providing an enriched experience beyond
G2RIFe8Qa YSRAI GSOKy2f23ASa O60UNBYR HUO
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3.2.1 Description of Experiment

In the first user experiment, on Mobile Joutisa, 12 participants were asked to join a rplay of a

fictive local media company. The play aimed to evoke a context where participants experience the
challenge of capturing compelling news stories and where they can experience newsroom time
pressure.Four teams were asked to create two short news bulletins storifying capturing citizens
thoughts on the current and the future City. All participants got an introductive course on mobile
journalism and storytelling. The newsroom editors guided the remotenalists using a live chat
channel, provided via a mobile application developed by VRT. Captured videos were sent to the
newsroom using the FLAME platform.
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Figurel. The journalist as a designer. Creating Figure2. Local news room activities. Incoming
tangibleconverssion openers used in interviews interview (Photo Marc Godon, VRT Innovation,
(Photo FLAME , 2018 ) 2018).

In the second experiment, VRT deployed an interactive media applidatitwe Millennium Square,
situated in Bristol, stimulating a debate on future city challenges. The FLAME platform was tested
regardingits capabilities of media distribution involvimgedia encoding, storage, and load balancing

at the edge of the network. 5 participants were asked to respond with their own made videos in 2
groups on several sustainability challenges posted at a particulairspia Millennium Square. Access

to media vas limited to the immediate surroundings of the squamuggesting a physical
experienceable media interaction zone. After this outdoor experiment, participants were asked to
envision their own desired media interaction system in a workshop.

Figure3. Students explore the interactive media tre Figure4.t | NG A OA LI y i & SELX | A

GAGK . NARaG2ftQa {dzzadl Ayl future and the role of new interactive media to

themes (Photo Marc Godon, VRT Innovation, 201 Smart City experts (Photo Marc Godon, VRT
Innovation, 2019).

The square was divided into 6 virtual zones, each corresponding to a certain topic. The topidersta

the big issues each transactional city is confronted with. In the edge was related content to each topic
stored which could be retrieved using the VRT app, so the pamitsigapuld get informedAlso,via

the app, participants could upload their oveontribution to the topic.

The content was delivered via the storage FMS and the adaptive streaming FMS. There was a failsafe
so the app could switch remotely between streaming over HLS or using progressive dodurddad
issues with the streaming sexvduring the tests leading up to the experiment.

Pagel4of 44
Co-funded by the Horizon 2020 -
© CopyrightDRZand other members of the FLAME Consortium201 Framework Programme of the European Union



D5.5: Insights from Broadcast, Gaming and Transmedia Experirhéhiblic 5

(N

FLA

FRONTEND Transcoding
static web hosting ATOS FMS
BACKEND Storage
nodejs server ATOS FMS (pre-filled)
Streaming
ATOS FMS
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3.2.2 Results

Figure8. A participant presents his learnings in the first experiment (Photo Sandy Claes, VRT Innovation, 2019).

After the first experiment, the four teams presented their learnings to the grdiyo of the three
studios asked permission to use a 3f€gree cameraln both teams, one person was experienced
with this technology, i.e. one vlogger and one entrepreneur irs@pported web browsers. We asked
them to think about if and how this would fit in their rtdown as we were aware that presenting a
journalistic iem in 36Gdegree video is not easy, even for professionals. Yet we were open for them to
bring in their expertise. All teams mentioned they were surprised how unpredictable the situation in
the city was, and how the content of the interviews steered thairk, ensuring the need to rework
their run-down on the spot. The studios that worked in 3@&€gree video, both mentioned how they
became aware how this technology mostly allows for focus on the surrounding context. Studio 2
reflectedon how 360degree vi@o, instead of being a presentation format, could be a producing tool
to help the edit producer to have an overview of the team on site, and spot interesting storytelling
angles or additional footage.

Three studio teams mentioned how media technology dti@upport journalists to focus on bringing
stories of citizens, and not to be distracted by the technology. Team 2 presented a solution to integrate
different tools. For instance, the chat application might be integrated with thedmnn of the
interviewto better allow for sudden changes or new storytelling angles. Also, in this integrated tool,
according to team 1, there should also be attention to the ethical aspects of capturing video. Moreover,
when filming in 360 degrees, passing citizens are na@rawheir presence is included, triggering new
ethical questions and consents.

In the second experiment, the two teams reflected on their experience throughdesign workshop
in which they iterated upon the improvement of the available service.

Some éechnical issues werexperiencedby the participantswhich impacted the Qokignificantly
Participants were informe@bout the hardware and software architecture of the experimenand

accepted the explanationegardingthe challening natureof these king of technical experiments.

Note they are all IT students except of for one mathematics student.

5dzNAyYy 3 (KS $2NJ] aKz2Ll GKS adGddzRSyidia 6SNB |ai{SR Gz
GAEAKEZ L 62yRSND YS bssigndheibidal ant imprév&déapplicatiSnrasdrpitch

this idea to the VRT team, assisted by Stephen Hilton, an international recognised smart cities expert.
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The review from the city expert was very positive:

1 Millennium Square as livingniversity or the City becomes the university. This should be
pitched to the head of University of Bristol.

f a.dzYLJ Ayid2 YSRAIFIéX (23SOGKSNE 20 G4AGSs AyaGSN
mechanisms for going from spaces to places.

The experimenconfirms:
9 Virtual layer can be an overlay to promote social interaction.

1 A physical square can be a virtual forum as long as there is an association or mapping between
them.

33Lb{LDI ¢{

The first experiment, on Mobile Journalism, revealed the potentialue of media creation and
collaboration tools those toolsproactivdy residing in the FLAME edge network, to assist the light
equipped journalist in his fagesponsive creative work. One team did experiments with-8é@ree
media and virtual reality tdmologies to illustrate the potential value of, e.g., remote directing.
Participants agreed on the importance and excitement of collaborative storytelling in the City and the
positive influence of high quality of service networks on distributed and caolidive media
production workflows enabled by the FLAME platform. The first experiment confirmed the valuable
idea of a virtual editor room, together with smart tools to support the creative act of making media,
deployed in the edge of the FLAME network.

The second experiment, on the Millennium Square, demonstrated the value of deploying an
interactive media experience in a public pladgsing this square asmiseen-scéneworked very well.
According to a historian: this should not be surprisiagblic places, such as the Millennium Square,
have always been the ultimate meeting place for commerce or entertainment. They are giving way to
meet other citizens or visitors and exchange stories. In the experiment, we link a digital social network
with a physical city space in a meaningful way. It fits, and it adds value. A close integration can be
done using the different service components deployed on the FLAME platform. Public broadcasters
should explore more this potential symbiosis between locatlimereation and city life.

One aspect, common to all experiments is the observation of the ease of imagination, the fluent
incorporation of design thinking and media creation technigues, and the ciwimdset of the

proposed applications leading to the ghing of a better understanding of their cify This could
O2YyFANY G(G(KS SEAaGSYyOS 2F | LRaAGADBS AYyUiSNFSNByC
transition with its need for innovations, and the FLAME platform which is supporting the easymrreatio

of local interactive media experiences.

1 https://www.ict-flame.eu/news/citizerservicesgamingandimmersivemediashowcaseebn-a-new-5¢g-platform-in-reak
life-trials/
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As stated in D5.2 the experiments of VRT conceptually focus on both sides of the news peltesy,
namelyingest of contenaind broadcast of content

What the experiments showed is that a conceptual levelthe ingest of media into the edge has
proven to be meaningfulWhile broadcasting content can make use of the platf@rmulticasing
capabilities, uploading content remains, naturally, a single connection operation. The benefit of using
the platform for content ingest lies in the use of future media services.

Because of the timing of both experiments and the readiness level oftbetplatform and the future
media services, ther@asno technical outcomdrom our experimenin the latency debatddowever,
this is being explored in the platform benchmarking tests reportdeliAMED5.6 [11].

It is clear to say that performing content analytics in the edge to filter the uploaded content before
transferring to the cloud, is more effective in termddatta transfer. Although we lack a real cost model

at this point, we carexpectthat this will have a positive influence on the cost, as transferring data
from A to B is the highest in the whole media chain. Also transcoding content first, therebyassingr

and reducing the amount of traffic from that point on is better to be done as early in the media chain
as possible.

The experiments made it clear that there is a heed from media companies on the ingest side of the

media chain and this need wilhly grow in the future with more media consumers becoming media
producers themselves
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During the last years/ie haveassistedto the huge growth of services that make video pervasive in
homes, public spaces and also on thaugmgpersonal and portable deviceBig broadcast companies

have invested in developing apps and services to make their contents available to their clients in an
moment and in any situation (e.g. Sky Go, DISH Anywhere, Netflix, Amazon Prime Video, NowTV, etc.).

In the meanwhile, users experice alack of solutions for accessing personal videos (e.g. digital
content in homebased Video on Demand (VoD) platformsidleosurveillance recording systemesy
anytime anywhere they wantThe realization of such services is dependent on atodbe personal
home network.As a direct consequence of that, also concurrkiifiiment of private contents by
multiple userds limited by the personal home hardware and network performances.

Addressing those needd)d Personalised Media MobiliffPMM) scenario experimented on top of the
FLAME infrastructure in the city of Barcelornastressedhe attention to Personalisatio, Interaction,
Mobility and Localisation (PIML) aspects of the media distributi@Smart City

The PMM experiment evaluadehow the FLAME platform allows media service providers to serve
users their personal content while they are movaigput within the topography covered b¥LAME
network. In particular the developed PMMcenariocexploits these key features offered by the FLAME
platform:

W CLMC alert triggering

w Intelligent service endpoint management

w Automatic load balancing and consequent QoE improvement

w Dynamic service routing to direct traffic to the most appropriate local service instance
w Reduction of network traffic through the dalization of traffic flows source and

destination, wherever possible, also addressing the aforementioned latency reduction

In relation to the media service trends identified in Secf2iah we specifically aligned our experiments
with

I Trend #1. Demand for improved qualitycluding more pixels (in our case up to 4K resolution
for streaming at home) at different resolution and encoding quality

1 Trend #5. Users widb watch any content anywhere and at any tijeeg., as they navigate
across a city or during a daily commuigth particular focus on personal media contents.
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4.2.1 Description of Experiment

Thet aa 2FFSNE |y SELISNASYOBIayg b&hOKI adridin O WB By Ky
smart city), from any device arfdr anyone with access to personal mediarver (typically family

members.

In our experiment wgresentedtwo scenarios:

1 PMM didribution in walking areas in BarcelonéseeFigure9): the maingoalis to validate
how uses canbe able to start stop and resuméhe playbackof audio/video content from
another place with another devicd'he consumption of thenediacontent continues while
the user isvalking in the Smart Cityithout losing bookmarks and preferences;

1 PMM for multiple concurrent streamsvithin the Smart City(seeFigurelQ): the QoE offered
by the platformis tested with multiple users, dislocated along the smart city area, aéongss
to the same personal contents.

FLAMEempowered
Smart City Infrastructure

FLAMEempowered
Smart City Infrastructure

Figure9: PMM Scenario Distribution of personal FigurelO: PMM Scaario 2- PMM for multiple
media in walking areas in Barcelona concurrent streams within the Smart City

The PMM experimens over the FLAME platform evaluate functions for media distributloat are
suitable for servinglispersedendpoints in the FLAMEmpowered Smart Cityndeed the evaluation
is focused onhow FLAME allosvto go beyond the traditionalContent Delivery Network (CDN)
architectures currently available for media distribution over IP

As shown irFigurell, the PMM Service Function Cha®H§, when the service iat first deployed,
consists of &ersonalised Media Origin Serybased on PLEXgployedin the core data centre of the
FLAME infrastructure in Barcelamaitially, the Origin Server &tive and connected throughe FLIPS
routing capability in ordetto be reachabléy the Access Hnts ofthe FLAME platform in the area of
Pere IV districtReplicas of the Origin server goacedbut not connected intad &eworks clusters
(street cabinet units for edge computing).

ThePLEXriginServer periodically sends data about streamingistias(bandwidth, number of active
AUNBFYAYy3A: (GeLIS 2F I OGAGS adNBIFIYAy3das SGiO0d0v (G2 CJ
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Figurell: PMM Trial Barcelonag Initial Deployment

Once hreeor more concurrent streaming sessions are detected on the servelCEMC triggerthe
scalingout of the PMM SFC (séggurel?).

Ll i
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S/ /o AN
<sarver mon=
¥
[a ‘CLMC MON network D
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Figurel22PMM Trial Barcelong Scaleout trigger condition
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Figurel3: PMM Trial Barcelona Scaleout configuration

After the scaleout has beerprocessedseeFigurel3), the PLEXOrigin ®rverand its replicasesult in
al Ol A @ Srall tiefeukclustersand the coredatacentre Each Origin Server instance is then
reachableviathe Service Function Routing (SFR) compofiEdit which determinewhich isthe most
convenientroute towards the activated replicas the various edge point€onsequentlyeachuseris
automatically served by the closest senad the load balancing amonghe PlexOrigin Servers is
managedautomatically and dynamicallyy the FLAME platform.

In the meanwhile,while the service is running and media streams are activated by the users,
monitoringdatais collected from the Origin Servers in order to be processe@lbMCTheanalysis of

the collected dataeventuallycantrigger the scalén alert; specifically, this operation is automatically
performedwhen no connectiosaredetected restoring the inital stateof the deployment, when only

the PLEX Origin Server in the cdagacentreA & a L OG A @S¢

ThePMM Trial executiorhas beerarticulated three Phases:

1. Dry Run without FLAME Scalet function activatedo verify correct operations and profile
Gy-20FtS 2dzié¢ v29
(Conducted by i2CAT and NX&/sonnel

2. Dry Run witiFLAME Scaleut function activatedo verify correct operations and profile
GaoltsS 2dzie v29
(Conducted by i2CAT and NX&/sonnél

3. Public trial to make a stress test of the platform and the PMM service and to collect data for

QOE post processing and analysis
(12 users and prscaledout service)
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Figurel4. PMM Trial Barcelona Map andcheckpoints.

As shown irFigurel4, the emulatedy | 2 Y S ¢

fvaxsilalceil & Baf Llacuna (Carrer de Pere IV and

Carrer Llacuna corner)at the Llacuna bar,aers were asked to register to the trial, to compile the
consent form and finally to check their UE termindlsen instructios and credentiad for accessing
the Servicavere given and usersere guided through the installation of the screen recordindityti
andthe MozillaFrefox browser forusing thePlexweb streamingclient.

For running the trial,Hree groups of 4 peoplsvere created Users of each groupere asked to first
startavideo recordingshow theircurrent position openingsoogleMapsand then tostart strearning
the first selectedvideo. The first stageallowed experimentersto check the correct configuration of
each devicethen wers (always divided in groupsg@quentially visieéd the three checkpointgVideo
Stand#1, #2 and #3and,in eachof them, theystreamed and recorad a plannedvidea.

After visiting all the video stands, thegme back tdhed | 2 Y S ¢

ardsS G2 akl NB

recordings.TheNextworks team then took care dfie post processing of the datay analysing CLMC
statistics andy performing an estimation of th@oE of the collected videos witthe VQ too?.

gAlK

On the Orign Server each streamed video was made available in three versions (4k, 1080p and 720p)
to meet most peopl@ device requirements without the need of transcoding.

2 ScreenCarfor Android, OBSor Windows
3 Video Quality (V(Qq See references [3] [4] [5] [6] [7] [8]
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4.2.2 Results

The first step of the trial consisted in a dry run conducted by NXW and I2CAT pdritsans started
investigating the SF working withousingthe optimizationinstrumentsoffered by FLAMBplatform:
the service was deployed leaving connected only the Bl&in ®rverplaced in the corelatacentre
whichsened all theincomingstreaming requests.

With this configuration, it wasiot possible to stream more than 2 videos concurrently. Starting the
third one, data traffic immediately stoppedaking impossible to continue trservicefulfilment for

all the 3 users. It waalso evident that a single transcoding session (duthéoclient requesting the
video in a format not available on the server) pudtliee CPUactivity of the server over th€0%.
Concurrent transcodingxecuted ona single serveis therefore impossiblavithout degrading the
streamingexperience.

From topleft, Figurel5shown in sequence:
9 Active streams (line 1)
9 Overall data traffic (line 1)
1 Requested bandwidth on the Origin Server (line 2)

1 CPU usage (line 2)

1 Data traffic perdatacentre it overlaps with theoverall data traffic, since just one Origin
Server is connected (line2)

Figurel5: Dry Run phase 1 (no scale out function)

After havng collectedthese insights the Aledescriptor wagefined anduploaded enablingthe SIE
able to take advantage of FLAME platform functionalitiewas then possible tealidatethe correct
behavingof Scaleout and Scalén operationsandto give a first evaluation dhe advantage derived
by the scaleebut configuration.

Figure 16 shows the platformbehaviourwhile performing the Scaleut after a third streamwas
started. Thenwith all the Plex Origin Servers connected (one on each clustegers were able to
stream up to 6 videos concurrentlt the endof the streaming sessionghen no usewasany longer
streaming for 20 secondthe Scalein wasperformed bringing the SFC back to its initciatfiguration.
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Figurel6: Dry Run phase 2 (scale out function activated)

After the Dry Rurstage certified the correct operations of theervice,a pre scaleebut SFCwas
deployed inorderto run the public trial and evaluate thgerformancesof the service over Barcelona

infrastructure.

Figurel?: Public Trial Active streams over gateworks

In Figurel?, itis possible tabservethe statistics collected from the differergroupswhile streaming
the media contents at the different Video Stand$ie pictures show how the various streams have
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