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Abstract—This survey/position paper gives an overview of the
state-of-the art multimedia communications technologies and
services, analyses their present significance and expected future
role, and attempts to identify development trends. The paper
analyses the evolution of networking infrastructure and multi-
media services over the last decade and identifies future direc-
tions. It consists of two parts. Part I, published in the preceding
issue of this journal, dealt with the technologies and systems for
multimedia delivery, and covered the dedicated networks such as
digital broadcasting systems and IPTV and the technologies of
Internet based multimedia delivery. The present paper, Part II,
addresses applications, services and future directions.

Index Terms—Multimedia communication, IP networks, Inter-
net, mobile communications.

I. INTRODUCTION

The survey paper, written a decade ago by Stephen
Weinstein and Alexander Gelman [1], was cited in detail in
Part 1 [2] since one of the objectives of the paper was to
analyse the state-of-the-art and to see what trends could be
observed, after ten years since the paper was published. It was
shown how the networking infrastructures and services have
developed, and now in this paper we want to show whether the
forecasted applications have gained wide acceptance and
implementations and what new trends can be identified that
were not foreseen that time by Weinstein and Gelman.

The paper is organized as follows.

In Sections 2.1 and 2.2, we come back to digital broad-
casting and IPTV, with short comments on the service aspects.

In Section 2.3, the technology as well as service-related
issues around the emerging Internet TV and OTT — Over-The-
Top content services will be addressed.

The social element is gaining increasing role and import-
ance in media consumption. In Section 3, dealing with “social
media” and “social TV”, we look into issues around these
terms and point out to the importance of social network based
interactions among users of multimedia services.
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Section 4 deals with key application areas such as enter-
tainment, e-health and telemedicine, visual collaboration and
e-learning, and smart city applications and services.

Our concluding Section 5 outlines some promising direc-
tions including multi-screen TV, Free-viewpoint TV and the
trend of moving from traditional broadcasting platforms to
wireless broadband Internet.)

II. TELEVISION SERVICES PROVIDED OVER DEDICATED
NETWORKS

A. Digital television broadcasting

In Part I, we discussed the technologies of digital television
systems. While the technical solutions are interesting for
engineers, the question is what do they mean for consumers.
The short answer is: improved picture quality including HD.
This is not too much, given the expenses the customers need
to bear by buying a digital TV set or a set-top box that allows
for using the existing analogue receiver and a new rooftop
antenna. Additional benefit is a greater choice of channels. A
digital multiplex as it is called, a package in which TV chan-
nels are grouped, usually contains up to 8 TV channels and
several radio channels, and is being provided for free. Addi-
tional multiplexes are included in a paid monthly subscription.

We should mention the importance of digital terrestrial
broadcasting for low-income population groups, living in rural
areas, in less developed countries. For them, the digital
switchover means that the terrestrial broadcasting will survive
in its new form, and thus their only way of accessing news,
entertainment programs and taking part in educational prog-
rams will remain available in the foreseeable future.

Interestingly enough, the transition from analogue to digital
broadcasting paves the way towards replacing this relatively
new (since it is digital) but at the same time old (since it uses
dedicated broadcasting systems) method by a new one: distri-
buting and consuming TV programs using the public Internet.
This is because, as a result of the analogue-to-digital switch-
over, a considerable amount of bandwidth within the so-called
digital dividend has been/will be freed up and will be available
for other purposes. There are several applicants for these fre-
quencies, and most likely a great deal of it will be allocated to
mobile cellular service providers, which then will use it for
expanding their new generation services, and first of all
mobile broadband Internet access. This process could even-
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tually lead to the decline of digital broadcasting, although it
may be too early to say that. We shall come back to this issue
later in this paper.

B. IPTV

In Part I, the technology and architecture of IPTV systems
were briefly presented. Although the term IPTV itself denotes
TV delivery over any IP network, the most common form is
the existing last mile network, the subscriber loop, of the
telecom service providers. Thus it is obvious that IPTV is an
excellent opportunity for telecom operators to enter into
broadcasting business without having to build a new network
infrastructure for it. In addition to the original telephone
service, and the already provided Internet access over xDSL,
TV distribution becomes the third component of their , triple
play* — voice + Internet + TV — offering.

C. Internet TV and OTT

Currently we use two distinct ways of media consumption.
On the one hand, we have the linear media consumption which
is the traditional TV broadcasting, with its edited programmes,
that are broadcasted and distributed based on a schedule
known in advance. On the other hand, non-linear media
consumption has been gaining increasing importance during
the last years. Consumers use their desktops or laptops with
Internet access to access and download media they choose to
watch/listen, whenever they want, repeatedly or in parts if they
wish so, very similarly to the old VHS or the recent DVD
players. Non-linear way of accessing content is preferred by
young generations, although the principle itself should not be
unfamiliar also to non-Internet generations: after all books are
a non-linear content, too.

OTT or Over-the-Top Content can be seen as an effort to
bridge this gap. Rigid boundaries seem to be ceasing anyway.
Non-linear content coming from home media players are
being consumed on TV sets. Linear content can be viewed
also on desktops, laptops or smartphones. Smart TVs are
penetrating, they seem to be the device to combine these two
media consumption ways. Smart TVs or connected TVs or
hybrid TVs integrate Internet and Web2.0 capabilities into TV
sets and set-top boxes. Currently, about 10 percent of the total
Internet video traffic is being delivered to TV sets and this
number will grow to 14 percent by 2017, according to [3].

What does the term OTT cover? Technically, it is content
distribution over the unmanaged public Internet. From the
business and service model point of view it is about separating
the content provider and distributor/network service provider
roles (the latter are the ISPs). This model is fundamentally
different from that of the traditional broadcasting companies
or of the majority of IPTV providers (who can be called
“vertical” service providers). OTT could be called Internet TV
as opposed to IPTV that uses a dedicated, managed IP
network. On the other hand, it is more adequate not to call it
Internet TV, since this term is too general and only refers to
the technical side, while OTT is also a service/business model.
Table 1 compares OTT and IPTV.
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Delivery Over the open Using a proprietary
method Internet network
Network No, network Usually the content
ownership provider and distributor owns the
by the content provider delivery network
content roles are separated
provider/
aggregator
Quality of In general, best QoS can be guaranteed
Service effort provided by
an ISP, a CDN
may be used to
improve it
Protocol for HTTP/TCP, Transport
media adaptive streaming stream over
transport like HLS is RTP/UDP
emerging
Routing Unicast Multicast
topology

Table 1 Comparison of OTT and IPTV

The components of the OTT “ecosystem” are the following
entities:

e Content providers. Example: BBC (UK).

e Content aggregators and distributors. Example: Netflix
(USA, UK).

o [SP — Internet Service Providers. Examples: Verizon
(USA), T-Home (in many European countries).

e CDN — Content Delivery/Distribution network provider.
Examples: Akamai (USA), StreamZilla (The Netherlands).

e Access/core network provider. Examples: most traditio-
nal telecom service providers and mobile operators.

Most well known OTT service providers are Amazon,
Apple, Hulu, Netflix [4], [5], [6], [7]-

How can the service provider ensure QoS without owning
the distribution network or having access to it (because the
distribution network is the Internet)? Only monitoring and
collecting information at the receiver side is possible, without
intervention. ISPs cannot monitor the content of the IP packets
(otherwise they would violate the “network neutrality” prin-
ciple). Fortunately, broadband Internet is penetrating, with
increasing quality and reliability. In EU countries the goal is to
grant at least 100 Mbps access data rate for the whole po-
pulation by 2020. Also the inclusion of a CDN (Content
Delivery Network) provider into the delivery process supports
quality of service.

Can we combine IPTV, the TV broadcasting technology
over dedicated, managed IP networks and the OTT? It seems
yes, the term Hybrid TV refers to a consumer TV set where
TV content is delivered by digital television technology
(DVB/T/S/C), or, by an IPTV service, and, since the set is
connected to the public Internet, all kind of multimedia
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content, including TV programs, can be accessed. Current
hybrid TV platforms of leading vendors (Samsung, LG, Sony)
are proprietary ones, thus standardization is a prerequisite for
penetration.

HbbTV (Hybrid Broadcast Broadband TV) is a new
standard providing an open and neutral technology platform
that seamlessly combines TV services delivered via broadcast
with services delivered via broadband and also enables access
to Internet only services for consumers using connected TVs
and set-top boxes. Founders are European telecom and
broadcasting companies, TV equipment vendors and other
organizations [8]. It is an ETSI standard [9]. As for the current
status, HbbTV has been deployed, among others, in Germany,
Austria, Switzerland, France, and is being tested in many other
countries in Europe. Analysts predict a distribution of 23
million HbbTV-capable devices by 2014 [10]. Nevertheless its
future depends on whether it remains a pure European
initiative or it will gain acceptance by and support of the US
entertainment industry to ensure worldwide penetration.

III. THE SOCIAL ELEMENT IN NETWORKED MULTIMEDIA
APPLICATIONS

A. Social media

Social media is exactly what the two words suggest: it is an
intersection of social networks and personal media. On the one
hand, social networks have become an integral part of our
everyday life, we exchange information and communicate to a
large extent through FaceBook and similar networks. On the
other hand, personal media is becoming more and more social.
Let us consider photos as an example. Old ways of collecting
and storing of personal photos about ourselves, family events,
travels and presenting them to family members and friends are
being replaced by doing the same via photo and video sharing
sites on the Web. Replacing our paper boxes at home where
we used to store photos by ,.electronic boxes* like the hard
drive of our laptop or external storage devices is just the first
step. We use new ways of ,,showing* them to all people who
might be interested, and given the enormous amount of photos
we take, due to the ubiquitous use of digital cameras,
smartphones and tablets equipped with cameras, we really
need new ways for the storage and presentation. We can easily
select photos we would like to share and upload them to some
sharing site, and we can select photos that we want to see from
those available on these sites. Moreover, we can use social
networks to disseminate information about our personal
media, and to search for the desired content on these sites. So,
social media is also a new approach to multimedia content
search that uses collaborative annotations of the members of
social networks.

Ramesh Jain, Univ. of California at Irvine, in his lecture at a
meeting of the European project ,,nextMEDIA” defined the
characteristics of social media as follows [11]:

- it is produced and consumed by many,

- production and consumption is democratized,

- sharing plays an essential role,
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- media is multimedia content (today: picture, video, voice,
data, in the future: smell, tactile info etc.).

We started to talk about photos as an example of personal
media, which is just one kind of UGC — User Generated
Content. Another example is digital storytelling, which is a
combination of narrative with digital content, including
images, sound, and video, to produce a short movie, typically
with a strong personal character and usually with emotional
component. Who is doing digital storytelling? BBC was
pioneering in helping digital storytelling to penetrate, by
encouraging and sponsoring people all around the UK to
capture videos on local histories and cultures. Another early
example is the San Francisco broadcasting station KQED
which solicited high school students to shoot stories about
how they are living in California. Digital storytelling has a
great significance as an educational tool, as well.

It is very little what people need to produce a digital
storytelling video: a script and some hardware and software,
including a capturing device (video camera, smartphone, iPad
etc.) and an editing environment (a desktop or laptop with the
necessary inputs and with an editing software, e.g. Apple
iMovie, Microsoft MovieMaker).

Since it is so easy to produce some video clips or sound
recordings, and, even more importantly, there are always
people around when something interesting and surprising
happens, UGC is a part of professional media production these
days. Mobile users frequently generate content for broad-
casters and news portals. Watching a TV news channel, we
often see inserts produced by people who were just there
where something happened before the TV team could have
arrived at the spot.

B. Social television

Today’s media consumption is characterized by three
independently developed and operated systems/environments/
opportunities [12]:

- Home living room environment. It is characterized by
large plasma, LCD or LED screens, HD and 3D presentation,
with high-fidelity sound system are the main components.
Content comes (i) from the Internet and presented on living
room equipment (supported by proprietary ,media center
type solutions), and (ii) from air or cable as before, and more
recently, via IPTV. This set-up can be called a , linear” media
consumption environment, with limited interaction possibi-
lities.

- Desktop environment. Since people spend long hours in
front of the screen of their PCs or notebooks, both in the office
and at home, no wonder that this environment is used more
and more also for media consumption. Numerous TV and
radio broadcasting programs are directly available on the
Internet, but content can be acquired from the social sites
(Facebook, YouTube) where content consumption is often
accompanied by annotation and recommendation services,
thus bringing more interactivity than can be achieved in the
living room environment.

- Mobile media consumption. As we discussed earlier,
people use their mobile and portable devices (smartphones,
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tablets) for media consumption, production and interactions
within their communities. Radio broadcasting receivers are
often built in smartphones. TV channels are accessible via
Internet, alternatively DVB-H broadcasts can be received
where available. Internet connectivity is available almost
everywhere at high speed via Wi-Fi and 3G/4G mobile.
Interactivity is supported by the inherent communication
capabilities: voice calls, SMS, MMS, video calls. Users
generate personal content and share it via social networks.

If we combine the three settings and use the social networks
for tagging, recommendations etc. we can create community
interactions in the context of viewing TV programs. For
example, users can collect multimedia information related to
the piece of media just being watched/listened to. Another
example is collecting and presenting multimedia information
related to the geographical location the user is currently
visiting. In general, we can make decisions on what to watch
based on peers; share programs or edited versions, directly
communicate via chat, audio, or video with other peers and
comment about a television program within a (possibly) large
community, and make available to others what we are
watching.

In the yearly publication of MIT, social TV was listed
among the ,,10 most important emerging technologies” in
2010 [13], see also [14] . The prototype developed at MIT was
built around a central database that aggregated video from
online sources like YouTube, shares user-specified data with
social networks, delivers video to the user's TV, lets users and
the people in their networks send comments and ratings via an
iPhone app. On social TV, see also [15] and [16].

IV. MAIN APPLICATION AREAS OF MULTIMEDIA
COMMUNICATIONS

A. Entertainment

By 2017, the total spending on online games will reach the
amount spent on offline console games [17]. The latter is a
huge industry, for global data see [18].

According to Spilgames, a Dutch-based global provider of
online gaming platforms, the percentage of online population
who plays online games is 44%. [19]. Out of roughly 1.2
billion gaming users 700 million was playing online games in
2013. This activity is on the 2 place among online activities
after watching videos, and before watching TV and radio
programs and movies. The share of gaming traffic on the
Internet is even more significant if we take into account the
time spent on gaming compared with other activities. Ac-
cording to the aforementioned report, the average session
duration is 40 min for games, 15 min for YouTube and 5 min
for news portals. Cisco forecasts that in 2017, the amount of
gaming traffic is expected to be 59 petabytes, compared to
around 53 pB of video traffic, around 15 pB of web, e-mail
and data traffic and 9 pB of file transfer traffic (data from [3],
rounded figures).

Online games on mobile devices is a new but potentially
very large market and a fast growth is expected in terms of
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time subscribers spent on games and the traffic generated.
There are technical challenges such as ensuring adequate QoE.

The Entertainment Software Association, ESA, provides
data on what people play. About one-third, 34%, is the group
containing puzzle, board game, game show, card games, trivia.
26% of games played fall into the category of action, sports,
strategy and role-playing. Social games is an increasing group,
currently (2013) it constitutes 19%.

The massively multiplayer online role-playing game
(MMORPG) is a specific genre characterized by a very large
number of players, usually in the order of several thousands in
one server. The most popular ones are World of Warcraft, that
has close to ten million subscribers or Star Wars: The Old
Republic, which, after its release in 2011, became the world's
fastest-growing MMO after gaining 1 million subscribers
within the first three days of its launch. Guild Wars is also
among the most popular ones.

The business models of MMORPGs are based on monthly
subscription fee, or one-time fee, and users have to purchase
the client software as well. An increasing trend is to use web
browsers as clients. There are different additional fees to be
paid for access to extended areas of the game, for example.
There are games available free of charge too.

The share of the game traffic on the Internet, although
growing, is still and for some time remains to be a small
fraction of the total Internet traffic, due to the nature of data
transmitted while gaming (as compared with other web app-
lications, file sharing, voice and video applications). Gaming
data include the inputs of the players, chats among players,
virtual world updates etc. The reason is that most popular
games were developed long ago when bandwidth was scarce
and access was mostly dial up at low speed. The second ge-
neration of game software will make use of the since then
dramatically improved access bandwidth and will possibly
generate significantly larger data traffic.

As for the technology aspects, most MMORPGs, as other
kinds of online games, are based on a client—server system
architecture. The server software generates the environment,
the virtual world, and players connect to it via client software.
A game is usually hosted by several servers in parallel so that
the number of players does not exceeds a few thousand, al-
though there are exceptions when a server hosts several tens of
thousand users. P2P architecture plays a negligible role and is
currently a research issue. Game development technology is
about 3D modeling, graphics, animation and games program-
ming.

Finally, let us mention a related area, serious games which
have been used for quite a long time as educational tool sin
different areas. Currently the majority of serious games app-
lications are being used off-line but the on-line share is grow-
ing due to the high demand for flexible forms of education.

B. Health care

The use of information technology in health care, briefly
called e-health is another rapidly growing application area
these days. It includes telemedicine and home health care
services. Telemedicine is about providing health care services
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to distant locations. According to ATA (American Tele-
medicine Association) telemedicine is “exchange of medical
information by telecommunications means to improve treat-
ment”. The first documented telemedicine service dates back
to late ‘60s when a microwave link between the Logan airport
in Boston and the Massachusetts General Hospital was
installed for transmission of diagnostic data from the emer-
gency room of the airport to the hospital for remote con-
sultation. Already this set-up consisted of the two main
components of a telemedicine system: a store-and-forward
transmission of diagnostic picture and video and live audio/
video communications for medical consultation.

M-health or mobile health solutions are of great importance
where wireline communications is missing or of bad quality
(there are many such areas and not only in developing
countries), and are useful for patient monitoring at home and
while the patient is moving (e.g., permanent remote ECG
monitoring). Portable screening stations make mass screening
possible in remote, sparsely populated areas. Medical services
can be provided to disaster areas where the wireline infra-
structure is usually damaged.

An ongoing European m-health project addresses scenarios
like the following [20]. A young man is jogging in a park.
Suddenly he falls down and remains laying, apparently he
cannot move, possibly also collapsed. His cellphone (a smart-
phone) detects the event, searches for mobiles in the vicinity,
founds one, sends a message to it, and its owner, a lady runs to
the young man. She recognises that the young man collapsed,
alarms the emergency service. Contacts the emergency center
and using her smartphone, transmits pictures and videos of the
patient, and also describes verbally what she sees. Based on
this preliminary information, the emergency center decides
which hospital the young man shall be delivered. In the emer-
gency car, hearth ultrasound pictures are taken and transmitted
to the hospital using a wireless link between the car and the
hospital. Then the doctors in the hospital can plan what the
best treatment shall be.

An important area of telemedicine where networked multi-
media plays a key role is telesurgery. There have been tele-
surgery experiments for more than a decade. Since the first
experiments, the robotic surgery has developed significantly
and the Da Vinci robots [21] have become standard techno-
logy in developed countries. Telesurgery is just one step from
the Da Vinci robotic surgery room: the workstation has to be
displaced from the operation room to a large distance. Of
course this simple step poses serious challenges in the design
and implementation of the communication system: to ensure
the required quality of service for video transmission over
various telecommunications links, including wireless and mo-
bile systems and services. Space surgery presents additional
challenges because of the large propagation times, smaller
available bandwidth, and lower reliability.

Some methods, solutions and systems developed for tele-
medicine purposes have been implemented in a slightly
different and highly significant area, namely in providing
health care and in general, providing ambient assisted living
(AAL) services to elderly people in their homes. According to
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a EU statistics, the percentage of citizen over 65 years in the
27 European Union member countries is expected to become
25% by 2020 [22]. The majority of elderly live alone at home,
thus the various means helping them are of paramount im-
portance. Solutions include regular or permanent monitoring
of important vital parameters and transmission of these data to
a health care provider site, or monitoring the everyday activity
within the homes and outside the homes to detect unusual and
dangerous situations such as a sudden fall. Since home health
care and AAL are highly important for society, governments
and international organizations allocate significant funds for
the research, development, implementation and operation of
such services. An example is the Ambient Assisted Living
Joint Programme of the European Union [23].

C. Audio-visual collaboration and e-learning

Interactive audio-visual communications is a basis for many
important applications including virtual meetings, virtual
conferences, and e-learning. The technology is based on the
call control protocols. Currently two call/session control pro-
tocols co-exist: the H.323 (“umbrella standard”), developed in
the telecom world and standardized by ITU [24] and SIP —
Session Initiation Protocol, developed almost in parallel in the
Internet world and standardized by IETF [25]. (SIP was dealt
with in Sub-section 3.2.3 within the context of IMS.) Based on
these protocols as well as on sophisticated audio/video com-
pression methods, a large variety of audio-visual collaboration
systems (also called video conferencing systems) have been
developed, ranging from soft clients for personal computers
through the different kinds of conference room systems to
multi-screen “video walls”. Example is the widely used is
TelePresence systems by Cisco [26].

Videoconference systems are the technical means for
“virtual classroom”-type distance learning, one of the two
main methods used for distance learning. As the name sug-
gests, it is about delivering a lecture to a remote lecture hall or
halls. Thus the goal is to bridge large geographical distances.
A related application is the “extended” lecture hall, meaning
the extension of the real lecture hall, where the presenter gives
a live lecture to the participants, to additional (remote) rooms.
Examples are conferences with a large number of participants
or inter-university lectures.

The other main method, gaining increasing importance, is
web-based learning, or e-learning, which is based on hyper-
media learning materials accessed over the public Internet or
on the intranet of a company or institution. In addition to
complete on-line courses, shorter forms such as webinars and
webcasts can be used in web-based learning. The advantages
are obvious: it provides personalized learning from any place
and time. Instructors still play an important role, their active
help (e.g., tutoring via e-mail, phone, Skype, video confe-
rence) is an integral part of the learning process.

E-learning is a fast growing Internet application area due to
strong interests both from the learners as well as from the
educational institutions. Learners are interested in flexible
forms of learning. They want to obtain additional degrees
while working which often requires enrollments in programs
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of distance universities. Educational institutions can make
their programs accessible for a wider population at lower
costs.

Online courses are provided either by universities them-
selves (a well known example is MIT - Massachussetts Insti-
tute of Technology - with its OpenCourseWare program) or by
independent organizations that are still connected to and based
on the offering of a university or several universities. edX is a
non-profit organization established by the Gates Foundation
and is based on a cooperation with leading US universities
such as MIT, Harward, University of California at Berkeley
and University of Texas [27]. Another major player in the so-
called MOOC - Massive Open Online Courses — business is
Udacity, founded by Harvard University [28]. The largest is
perhaps Coursera, established by two Stanford professors,
with its 22 million enrollments from over 190 countries across
571 courses [29].

Discussing the issues of educational methodology related to
open courses is outside of our scope. Let us only mention that
providing course materials in the form of video lectures
(which is currently the most common format, and, from
educational methodology point of view, does not really differ
from classroom lectures) is just one component of the learning
process. One needs to add tools and create environment for the
whole distance or on-line learning process, e.g. consultations
with the professors, tutoring, certification of courses and
programs, examination, etc. There are also organizational and
legal issues such as how the participation in open lectures can
lead to degrees, and also what are the suitable business
models. Most of these and the like are unanswered questions
at the time of writing of this paper.

D. Smart environments

Networked multimedia plays a central role in another
emerging application area which can be broadly denoted by
the term ,smart environments“. Related terms are, in the
context of cities: ,digital cities”, ,digital communities®,
,smart cities” [30], in the context of the citizens‘ immediate
environments: ,,smart homes* or ,,intelligent” homes or ,,am-
bient assisted living“, in the context of exhibitions and other
mass events: ,,smart spaces. In general, we are talking about
new applications and services for the benefit of citizens, or-
ganizations and businesses. For example, in the context of
cities, let us have a brief look at the most important smart city
application areas.

Smart metering and control for utility services.

Smart metering or automatic meter reading (AMR) is the
technology of automatically collecting consumption, diag-
nostic, and status data from different utility metering devices
such as water, gas, electricity and heat meters and transferring
that data to a central database for billing, analysing and
troubleshooting. Using an AMR system, failures or misuses
can be detected immediately, making possible instant inter-
vention. Billing can be based on near real-time consumption to
better control the production and consumption of public utility
services.
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Parking is a big problem in most modern cities in particular
in downtown areas, and many cars are looking for parking lots
in every moment, resulting in waste of time, fuel, increasing
air pollution and noise load. Assisting drivers in finding
parking places is similarly important in parking garages. An
intelligent parking assistance system navigates cars to the
appropriate available parking lots, navigates drivers back to
their cars, and, among other related applications, supports
billing.

Let us only list some otherequally important application areas:

o Smart city transportation

o Ubiquitous access to government and community portals

o Smart applications for tourists

o Meeting the needs of elderly people

o Urban safety

o Public health applications

Key technologies for smart cities are (i) a networking infra-
structure, mostly wireless, and (ii) sensors installed every-
where, in parking lots (infrared sensing of occupancy), on
buildings (e.g. surveillance cameras), in citizens homes (me-
tering devices), just to mention a few examples. Multimedia
communications plays a key role on most of the afore-
mentioned applications.

[oT — Internet of Things is a frequently used term to denote
the system of networked sensors embedded in physical objects
and machines. ,Internet” because this network operates using
the same TCP/IP protocols stack as the public Internet, and
uses Internet infrastructure as well.

V. OUTLOOK AND SUMMARY

In this paper, we gave an overview of the state-of-the art
networked multimedia technologies and services.

As for the future, it is impossible to identify a single unified
direction where multimedia services are developing. Instead,
in this concluding section, we briefly address some interesting
and promising approaches, including solving challenges in
providing broadband access, novel multimedia technologies,
and new business models for providing multimedia services.

A. Multi-screen TV

While until recently the term multi-screen denoted different
kinds of video walls with several screens, for example dis-
playing the participants of a video conference plus presen-
tations and videos delivered by participants, different stake-
holders of the TV and mobile industry gave it a different
meaning. For TV service providers, it means extending the
viewing experience of customers from smart TV sets to a
second device such as a table PC or a smartphone, basically
adding tablet and smartphone participation to classical TV
viewing. The terms “Companion TV®, ,second screen TV
refer to the same thing.

In general, multi-screen TV means enabling the ser-
vice providers to deliver any content to any screen via any
network within the framework of a single integrated system
(“TV anywhere®). It seems that while smart TV offers a
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combination of traditional broadcasting content and interactive
content accessible from the Internet, there is a significant
demand for an application where second-screen or multiple-
screen viewing can be delivered and customized via a mobile
handheld device, as a flexible extension to the primary large-
screen TV set.

As an example, WatchON™ of Samsung [31] allows for
accessing content across different Samsung devices. With
WatchON, a mobile smartphone or tablet PC can be paired
with the main smart TV, and the selection of content and
device is controlled via a smartphone application. In addition
to multi-screen viewing, this application provides intelligent
program search, personalized recommendations, complemen-
tary content and social network sharing.

Ericsson claims that “TV consumers today demand a seam-
less way to consume any content, on any screen, anywhere.
They want to have a social experience while watching TV.
They want personalized and rich experience across devices.”
[32] Ericsson’s ,Multiscreen TV Solution” is a complete
system consisting of Multi-screen clients and Multi-screen
Core Platforms. The core functionality includes content mana-
gement, middleware, VOD backoffice, digital rights manage-
ment among others. The client functionality includes common
client framework, SDK and portals.

B. Future 3D Media Internet

As it was discussed in Part I, there have been important
research initiatives on both sides of the Atlantic to support
research of Future Internet network architectures. Several
directions have been listed in which new solutions were re-
quired to meet the new demands. Perhaps the most important
challenge is to support 3D media delivery on the Future
Internet, and the solutions embedded in the Future Internet to
meet this challenge are denoted by the term ,Future 3D
Media Internet [33].

Requirements toward the Future Media Internet, listed and
analysed in [34], [35], and [36] include coding, transmission
and presentation of 3D audio/video + additional sensorial
information (pressure, vibration, smells etc.), interactivity with
3D media from any user devices, inclusion of 3D handling
capability in browsers.

The main challenge is transmission and delivery of 3D
information while meeting the desired QoS and QoE re-
quirements. There are several directions in which the current
Internet should evolve to become Future Media Internet. Just
to mention one: 3D media transport. The current protocol
stack of RTP/UDP/IP will most likely be replaced by RTP/
DCCP/IP. TCP is usually not an option in most media appli-
cations (streaming, interactive media, online games) because
fast delivery is needed and the reliable transport mechanism of
TCP causes unaffordable delays. On the other hand, UDP
lacks a congestion control feature which is important for the
transmission of large amounts of multiview 3D video. DCCP
or Datagram Congestion Control Protocol seems to be a solu-
tion. DCCP provides congestion control for datagrams in
bidirectional unicast connections. The transmission of data-
grams occurs unreliably just as with UDP.
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C. Free viewpoint 3D TV

As it was noted earlier in this paper, current 3D stereo-
scopic technologies, used in cinemas and blue-ray players, are
not attractive enough for 3D television due to the reasons
mentioned above. Besides some limitations of the current
technologies, such as specific glasses or the limitations of the
current displays, it seems that viewers are not enthusiastic
enough just about some depth experience, rather many prefer
2D viewing but with increased resolution. The main reason
maybe is that these technologies provide only a single 3D
view and the viewers cannot control their viewpoint.

A breakthrough technology could be free-viewpoint TV, a
multiview system where the user can freely choose the view-
point he/she wants to watch a scene from. The basic techno-
logy is the free viewpoint video, or FVV, which has been
around for several years as a novel production and repro-
duction technology. In FVV, the scene is recorded simultan-
eously by several cameras. The recording is controlled by the
master camera and the operator, who selects a part of scene to
focus on and all other cameras are directed to the same part of
the scene, but each from different location/angle, in a compu-
ter controlled way. The resulting multiple video stream is
processed by appropriate coding technologies, transmitted to
the receiver side, where it is decoded and rendered to a special
display. So far this technology was commercially utilized
mainly on the production side, examples being the stop-
motion animation in the movie "Matrix” or in the “Eyevision”
system for sport effects [37].

According to [38], the world’s first real-time free-viewpoint
TV system, including the complete chain of operation from
image capture to display, was constructed by Masayuki
Tanimoto and his team.

Part of this complicated chain, namely, the multiview co-
ding, has been already standardized. The Multi-view video
coding (MVC) standard is an extension of H.264/AVC, and is
based on exploiting the redundancies not only between frames
of a given view but also between frames of different views
[39]. MPEG is now (in 2013) engaged in the third phase of
FTV standardization, with the objective of establishing a new
FTV framework. The first document [40] deals with use cases
and requirements. There are important developments in the
other elements of the FTV chain, e.g. in multiview 3D dis-
plays, so one can expect the appearance of the first com-
mercial TV applications in the near future.

D. OTT vs digital broadcasting

We noted earlier that the transition from analogue to digital
terrestrial broadcasting has been recently completed in most
countries worldwide. Analogue TV distribution in CATV net-
works will be terminated also soon. But what will be the
future of digital TV broadcasting? As we also mentioned, the
bandwidth savings due to digital switchover will help the
penetration of wireless broadband Internet access which is
going to be increasingly used by customers for enjoying TV
content as opposed to using traditional digital broadcasting
and distribution services. Many think — and the authors belong
to them - that the days of DVB-T are numbered. This service
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will probably continue to grow in the next few years but then a
decrease will likely start. IP-based TV distribution over
dedicated networks — IPTV - will remain significant in the
next few years. And mobile broadband Internet access will
grow due to reuse of the digital dividend and later due to
freeing up new bands. Consequently the share of the non-
linear media consumption will grow. In the near future,
customers will use a multiplicity of platforms, interfaces etc.,
no universal worldwide standard is expected to be established.
As we already noted, the future of HbbTV is unclear.

This trend was recognized by the Communications Com-
mittee of the British Parliament. In their recent document [41],
it is stated: “We recommend that the Government, Ofcom and
the industry begin to consider the desirability of the transfer of
terrestrial broadcast content from spectrum to the Internet and
the consequent switching off of broadcast transmission over
spectrum, and in particular what the consequences of this
might be and how we ought to begin to prepare.”

The development in the mobile broadband technologies
seems to be supporting this trend. Existing HSDPA and LTE
technologies already offer significant download speeds as
compared with 3G services. And the move to the next ge-
neration is underway. Ericsson, one of the market leaders in
mobile system technology, a company investing a lot in
related research, is talking about 5G as evolution of existing
standards plus complementary new technologies. They say
“5G will enable the Networked Society and realize the vision
of unlimited access to information for anyone and anything.
This vision will be achieved by combining evolved versions of
today’s radio-access technologies (RATS), including LTE and
HSPA, with complementary RATs for specific use cases, not
by replacing existing technologies. Future mobile broadband
users will expect “unlimited” performance from the network.”
[42]. Moving to new generation mobile broadband services is
also in the focus of the recently launched program, 5G PPP,
within the new Horizon 2020 framework program of the Euro-
pean Union. According to [43] the 5G PPP will deliver solu-
tions, architectures, technologies and standards for the ubi-
quitous next generation communication infrastructures of the
coming decade. It will provide such advancements as 1000
times increase in wireless capacity serving over 7 billion
people (while connecting 7 trillion “things”), saving 90% of
energy per service provided, and creating a secure, reliable
and dependable Internet with zero perceived downtime for
services.

To sum up what was outlined in this concluding section, it
is likely that we will be witnessing dramatic changes in
networked multimedia to take place in the near future: a move
from the present digital broadcasting to mobile broadband
Internet, at the same time a transition from linear to non-linear
media consumption, and the commercial introduction of novel
3D technologies that will provide unprecedented viewing and
listening experience.
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