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Abstract Media content has become the major traffic of Internet and will keep on
increasing rapidly. Various innovative media applications, services, devices have emerged
and people tend to consume more media contents. We are meeting a media revolution. But
to maintain the sustainability of the tremendous media consumption, it requires great
capability of media processing, which demands huge amount of computing resources.
Meanwhile cloud computing has emerged as a prosperous technology and the cloud
computing platform has become a fundamental facility providing various services, great
computing power, massive storage and bandwidth with modest cost. The integration of
cloud computing and media processing is therefore a natural choice for both of them, and
hence comes forth the media cloud. In this paper we make a comprehensive overview on
the recent media cloud research work. We first discuss the challenges of the media cloud,
and then summarize its architecture, the processing, and its storage, delivery and resource
management mechanisms. As the result, we propose a new architecture for the media
cloud. At the end of this paper, we make suggestions on building media clouds and propose
several future research topics as the conclusion.
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1

Introduction

We are witnessing a media revolution. Not only the rich and varied types of
media are being used, but also the enormous tide of media utilization is coming.
Today’s users take the advantage of the rapid growth in Wi-Fi, 3G, 4G, fiber to
the home and so on to access and share various resources through Internet at anytime,
from anywhere in high speed. It has changed and is changing users’ life style and
their pattern of information acquisition. They use social networks, internet radio and
television, on-demand video, eBook, online or mobile instant text, voice and video
message, and other plenty of newly emerging media. “They are increasingly willing
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to sample and consume both new and traditional types of content online and on-thego”[1] . It seems that digital media and the Internet have already begun to challenge
the conventional media.
As a result, this trend makes explosive and possibly long-term changes to the
contents being exchanged over the Internet. In “Cisco Visual Networking Index –
Forecast and Methodology, 2010–2015”[2] , it states that the global Internet video
traffic, for the first time, surpassed the global peer-to-peer (P2P) traffic in 2010. Not
including the amount of video exchanged through P2P file sharing, nowadays Internet
video is 40 percent of consumer Internet traffic. By 2012, it will be over 50 percent
and will reach 62 percent by the end of 2015. If counting in all forms of video, this
number will be approximately 90 percent by 2015[2] .
To meet the great opportunities and challenges coming along with media
revolution, the new technologies and fundamental facilities with more powerful
capability have become the most urgent demands. Simultaneously the adjustments
of commercial model and industry strategy are automatically necessary to adapt to
these changes.
Fortunately, here comes the cloud computing just in time. Cloud computing
emerged as a promising technology and advanced rapidly in the very recent years.
Generally it can be seen as the integration of Software as a Service (SaaS), Platform
as a Service (PaaS), Infrastructure as a Service (IaaS), and Hardware as a Service
(HaaS)[3-5] . Cloud computing platform usually provides a shared pool of highly
scalable, manageable and schedulable virtual/physical servers, storage, computing
power, network bandwidth and so on with modest price. It has the greatest
potential to provide a long term package solution for the media revolution if it
deliberately designed, deployed and integrated with the advanced technologies on
media storing, processing and transmission, along with the rational commercial
model and industry strategy.
Media cloud[1] or multimedia cloud[6] hereby presents when media revolution
meets the rise of cloud computing. The emergence of media cloud has great impacts
not only on the related researches and technologies such as the architecture of the
cloud computing platform, media processing, storing, delivery, and sharing, but on
the commercial model, the industry strategy, and even the society.
To deliberately consider all of these aspects and propose the overall solution
would be the ultimate goal but is beyond the scope of this paper. Here our discussion
of the media cloud mainly focuses on the related researches and technologies. The
objective of this paper is introducing the recent research work on media cloud, so
as providing an overview of current research progresses and directions. We seek
offering some perspectives and opinions for further research directions and industry
implementations based on the summaries and discussions.
In the following of this paper, we first discuss the challenges of the media cloud,
and then introduce the recent research work in a top-down manner. We start from
introducing media cloud architectures proposed in different research work, and then
discuss the researchs on media processing, storage, delivery and resource management.
Some distinctive media cloud platforms, related applications, technologies and services
are analyzed and compared to address their features. Also, we have an outlook of the
promising technologies and research directions. Based on the discussion and analysis,
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finally we propose a media cloud architecture and describe the major techniques to
achieve high performance at modest cost.
2

Challenges of Media Cloud

While trying to seize the great opportunities from media cloud, we are also
confronting great challenges. Different researches address the fundamental problems
and challenges from different angles, and focus on different directions. But overall,
the following could summarize the fundamental challenges:
2.1

Seamless integrating existing systems to the media cloud

As a newly emerged technology, media cloud is competing with the existing media
technologies and systems. The better way is being integrated smoothly and evolving
continuously instead of smashing and rebuilding. To do so, various heterogeneities
need to be dealt with[6] :
• The heterogeneity of media types.
• The heterogeneity of services/clients.
• The heterogeneity of networks and devices.
• The heterogeneity of QoS requirements.
• The heterogeneity of Applications.
• Others heterogeneities.
2.2

Exerting the power of media cloud

Media storage, processing, delivery, media applications, and related user behavior
patterns have their own specific characteristics. Many of these characteristics could
be used to tap the potential of cloud computing. Besides great capacity, scalability,
etc, there are more of them waiting for our discovery. In fact, most of the previous
work focused on this.
2.3

Making the media cloud highly scalable to adapt to new services and applications

Besides the heterogeneities that have already existing, the media cloud needs to
be able to deal with the dramatically increasing video contents: in every second, 1
million minutes of video content will cross the network in 2015[2] . Therefore, to be
a successful media cloud platform, its architecture must be designed carefully to be
able to adapt the continuously increasing amount of media content, and needs to be
adaptable for the new applications and services. Migrating a large-scale system with
poor scalability to a new architecture in the future should always be avoided since it
could end up with an unbearable cost hence not an option.
2.4

Finding innovative and suitable applications for media cloud

The applications around media cloud involve in various types of media services,
including TV, movies, music, games, and other information and multimedia services.
The most important goal of an application is to provide excellent user experience
to consumers. Specifically, the following experiences[1,7] are more important for a
successful applications in today:
• The informative experience.
• The ubiquitous experience.
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• The personalized experience.
• The social experience.
These experiences are correlating to each other and particular suitable for media
cloud. imagining a system which has implemented all the functionalities of CNN’s
news[8] , NBC’s TV[9] , Google’s search[10] , Facebook’s social network[11] , Hulu’s video
streaming[12] , and Last.fm’s music[13] . Such an imaginary giant monster seems being
able to cover all of them after tremendous efforts and investment. But still consumers
might not like it because each service actually has its own target group of consumers.
Large and comprehensive system does not mean success. The quality of experience
(QoE)[14] might be more important. Finding suitable and innovative applications,
implementing the system at modest cost, and attracting the specific target consumers
might be a smarter way.
2.5

Making the media cloud profitable

This challenge is more complicated than all of the others. It involves in too many
factors other than only the technologies. It is not rare that a technically good product
fails in market, especially in IT industry. And even a popular product doesn’t mean
profitable. But a good product can definitely decrease the risk of failure in the market
and increase the chance to be profitable. However, we don’t intend to address the
commercial model and industry strategy here. Instead, from the perspective of the
technology, what we should do is to design the architecture well, compare and choose
the suitable technologies carefully, implement them in high quality, and finally achieve
high performance with modest price.
The previous work focuses on different challenges and objectives towards different
directions. Here we list some of the scopes of the previous work in Table 1, and then
will make discussion in the following sections.
Table 1

Research scope of recent research work

Section

Explainations

Explainations

3

Architecture

[1][6][15–25]

4

Processing

[24–29]

5

Storage

[6][30, 31]

6

Delivery

[18, 19][31–34]

7

QoS and Resource Management

[35–39]

8

Other

[18][22, 40, 41] (Mobile)

Research

[30] (Social Media)

Directions

[32, 42] (Entertainment)
[43] (Search)
[44] (Energy)
[45,46] (e-Learning)
a. Some of the work involves multiple scopes

3

Architechture of Media Cloud

Originated from different backgrounds, researchers have proposed architecture
blueprints for the media cloud from different points of view[1,6,15-25] .
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Reference [1] provides a comprehensive industrial overview on the media cloud.
In this article, Steve Poehlein and et al. point out that media cloud is a solution to
suffice the dramatically increasing trends of media content and media consumption.
They indicate the key elements of a media cloud should include IPTV, three and
N-screen delivery, time and place shifting, value-added services, personalized
channel, and video analytics. Besides, the media cloud needs support the various
services: storage and infrastructure management, cluster and grid management,
workflow automation, state-of-the–art capabilities in a multitenant cloud
environment. This work proposes a Media cloud architecture consisting of five
components:
• Cloud administrative services.
• Ingest services which accept media input from a wide range of sources.
• Streaming services.
• Video services which manage and deliver videos across media channels to
various clients.
• Storage subsystems for content cache and movement, storage, and asset
management.

Figure 1.

Functional components archticture of media cloud in Ref. [1]

To reduce delay and jitter of media streaming, hence providing better QoS of
multimedia services, Ref. [6] proposes a media-edge cloud (MEC) architecture. In this
architecture, an MEC is a cloudlet which locates at the edge of the cloud. Within an
MEC, it uses P2P technology for distributed media data storage and computation.
It’s composed of storage, central processing unit (CPU), and graphics processing unit
(GPU) clusters. The MEC stores, processes, and transmits media data at the edge,
thus achieving a samll delay. In turn the media cloud is composed of MECs, which
can be managed in a centralized or peer-to-peer (P2P) manner as showed in Fig. 2. In
both models, MEC distributedly holds all the content data. But with the P2P based
MEC architecture, all users’ media data are stored in MECs and the associated users,
whereas each node uses P2P to exchange content heads and then get the location of
the content. Opposite to this, the central-controlled MEC architecture has a central
master to maintain all the information of the associated users and the location of
content.
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Architecture of (a) P2P-based MEC computing and (b) central-controlled MEC
computing[6]

Figure 3.

Client proxy and server proxy in Ref. [15]

This architecture has three major features: 1) MECs at the edge of media cloud
to reduce the delay; 2) P2P technology is used both intra and inter (in P2P mode)
MECs to provide scalability; 3) the proxy at the edge of the MEC or in the gateway
is used to perform multimedia and caching to compensate for mobile devices since
they have limited computational power and battery life.
It is not unique that proxy is adopted to integrate media cloud seamlessly with
the outside world, hence provides a solution for some of the heterogeneity problems.
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Reference [15] proposes to use a pair of proxy (a client proxy at the user side and
a server proxy at the cloud side) to integrate the cloud to the wireless applications.
Daniel Diaz-Sanchez et al. in their work[16, 17] also take the proxy as a bridge to share
the home cloud to the other home cloud and the public media cloud.
Besides sharing large amount of media with families and friends through proxy or
gateway, in Refs. [16, 17] the proxy makes the content in the home cloud being able to
be indexed under authorization, so that the public cloud can build the search database
and do the content classification. Then the media cloud is able to provides discovery
service. So that the family members, the friends and other users can search and find
the interesting media content and access them through the proxy. Moreover, when
sharing the commercial content, the media cloud can also act as discovery service and
license proxy[16, 17] .

Figure 4.

Home cloud proxy in Ref. [16]

Reference [28] also brings forward a proxy scheme to transcode and deliver the
media content, which will be introduced in section 4.
Another frequently used technology is P2P. In Ref. [6], P2P is used intra and
inter MEC to provide scalability. Whereas some other work, for example Ref. [18]
and Ref. [19], use P2P to deliver the media stream to the outside. They simply treat
the cloud as a server with immense capacity and capability to assist the P2P media
streaming, hence build a hybrid architecture, i.e. P2P plus media cloud. Since it
more relevant to delivery, we will discuss them more in section 6.
Media processing requires extensive computing resources, especially for
encoding and compression. A lot of work tried to exert the distributed parallelism of
the cloud computing, Ref. [24] and Ref. [25] provide a typical example. Figure 5
shows its architecture. It adopts Map-Reduce model[47] : splits the input media
content, dispatches to processing nodes, and merges the processed media content. In
this example, Amazon’s web service(AWS)[48] with Elastic Cloud Computing
(EC2)[49] and Simple Storage Service (S3)[50] are used. Its result shows that by
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using this distributed video compression process, it could reduce the H.264[51]
base-line encoding/compressing times greatly for high definition videos. More about
cloud media processing will be discussed in section 4.

Figure 5.

Split and merge architecture within public cloud in Ref. [24]

In the work of Ref. [20], it states that the fundamental question of the media cloud
is to configure the cloud utility to meet the highly dynamic demands of applications
at a modest cost. Taking VoD as an example, it proposes a queuing network based
model, and does theoretical analysis to characterize user’s behaviors. It finds the
must-have capacity of the media cloud. It does extensive evaluation for the proposed
model and algorithm, and concludes that combination of cloud and P2P paradigm
can achieve ultimate scalability with minimum operational costs. This paper extends
the analysis results from client-server and p2p to cloud platform and proposes the
algorithms for VM provisioning and storage rental. However, the strong connections
to the cloud computing and how to utilize the power of cloud computing are not fully
addressed.
Other work related to media cloud architecture including but not limited to:
Ref. [21] proposes the concept of stream-oriented cloud and stream-oriented object,
and introduces the stream-oriented cloud with a high-level description; Ref. [22]
provides a high-level perspectives about mobile multimedia broadcast over cloud
computing and proposes several principles on what is needed to build such a
platform; and Ref. [23] describes an ongoing developing system and the preliminary
work for personal rich media information management, searching and sharing.
4

Cloud Media Processing

As introduced in sections 1 and 2, the media content over the internet tends to
explosively increase in the next few years. As a solution, media cloud will be the
main source and provider of media content in the near future. To deal with various
heterogeneities, hence reducing the complexity and cost of the system, media cloud
should transform the text, pictures, audio, video and other multimedia types into
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several few standard types, and then deliver the transformed media contents to the
consumers in uniform formats. But taking the video processing as an example, it is
a data intensive, time and resource consuming procedure. Therefore lots of research
work tries to utilize the power of media cloud efficiently while trying to minimize the
cost.
Fortunately, there have been great efforts on exploring the potential parallelism
in the media processing and defining the corresponding standard. For example, the
H.264 standard[51] has defined the parallel decoding information. Meanwhile parallel
decoding and encoding schemes for H.264 have been developed (e.g. Refs. [52, 53]).
But most of this work explores and makes use of the low-level parallelism. For
example, the parallelism in the Macroblock[51] (MB) level and Group of Picture[51]
(GOP) level. These parallelisms often need to be implemented with multi-core
processor or multi-threads. However, according to the H.264 standard, it is feasible
to split the video into segments, then transcode the segments and merge the
transcoded content. Although this might lead to slightly larger size of the final
result, yet it provides a node-level parallelism which can be utilized by media cloud
to greatly speedup the processing.
As an example of the low-level parallelism exploration, the work of Ref. [29]
takes the processing speed as the challenge. So it makes a comprehensive analysis on
different potential parallelisms, including data parallelism, pipeline parallelism, and
task parallelism at both scale level[54] and block level. Its experimental results show
that block level parallelism is more efficient and scalable than the others, and the
combination of block level parallelism and pipeline parallelism is the most efficient
parallelizing method for the image retrieval. This doesn’t seem to be very much
relevant to the media cloud computing, but it actually does. First the image
retrieval algorithm is important for deep media processing, such as search,
matching, copyright protection, and so on. Based on the image retrieval algorithm,
many fantastic applications can be worked out. Furthermore, we can devolve the
special media cloud nodes composing of Graphics Processing Unit (GPU) and even
Video Processing Unit (VPU) which implement the low-level parallelism, and then
the processing speed can be greatly improved. Using these GPU&VPU nodes to
build the GPU&VPU farm within the media cloud can greatly enhance the
efficiency to process the massive media contents at lower cost.
For the high-level parallelism, lots of work takes the advantage of the Map-reduce
model[47] to process the media content with distributed parallelism. As described
previously, the media content is first split into segments, usually with equal durations,
and then dispatched/mapped to the processing nodes. After the media cloud nodes
finished the processing, the results are reordered according to their original sequence
since the processing time might vary, and then merged into the final results. For some
real-time streaming applications, once a segment is processed, its result might be sent
out to the clients immediately with or without reordering.
In Ref. [28], the concepts of intra-node parallelism and inter-node parallelism for
SVC coding[51] are proposed. Actually these two parallelisms are respectively the
low-level and high level parallelisms we mentioned above. To be consistent, we use
the term intra-node and inter-node in the rest of this paper.
The paper shows that for given jobs, if their deadlines and processing time are

178

International Journal of Software and Informatics, Volume 7, Issue 2 (2013)

known, to find the minimal nodes meanwhile minimizing the lateness is a NP-Hard
problem. To optimize transcoding speed and reduce transcoding jitter while
preserving the quality of the encoded video, the paper proposes a multi-level
transcoding parallelization framework.
By using the two proposed mapping
algorithms: hallsh-based mapping and lateness-first mapping, the paper finds out
the approximate solutions.
As introduced in section 3, Ref. [24] and Ref. [25] adopt Map-Reduce model[47]
in its architecture and are implemented in both private cloud and public cloud. For
public cloud, AWS[48] , EC2[49] and S3[50] are used. It proves that the H.264[51] baseline encoding/compressing time can be reduced greatly for the high definition video.
In Refs. [26, 27], they also use Map-Reduce model[47] and Apache Hadoop[55]
to build a small private x264[56] farm to transcode the DVD video and streaming
the media for the mobile devices. By utilizing the distributed parallel ability of this
architecture, some transcoding experiments on DVD video are made. They split
the DVD video into temporal-sequential segments, transcode them, and then merge
the transcoded media. The test results show the improvements of the transcoding
performance within the cloud. And the system has the potential to reduce the storage
usage and adapt to various clients’ requirements.
5

Cloud Media Storage

The research on cloud media storage is not abundant. Little work uses only
simple storage schemes. For the most of the other work on media cloud research, the
Hadoop Distributed File System (HDFS)[57] is widely used.
The HDFS was originally designed as infrastructure for the Apache Nutch web
search engine[58] . For this purpose, it has many wonderful features that are suitable
for media cloud, including[57] :
• Highly fault-tolerant
• Is designed to be deployed on low-cost hardware.
• Is suitable for applications that have large data sets and is designed to support
very large files.
• Provides high throughput access to application data
• It stores each file as a sequence of blocks; the blocks of a file are replicated for
fault tolerance. The block size and replication factor are configurable per file.
The replication factor can be specified at file creation time and can be changed
later
• To minimize global bandwidth consumption and read latency, HDFS tries to
respond a read request from a replica closest to the reader by using Hadoop
Rack Awareness
• Meanwhile it also has some major restrictions:
• The emphasis is on high throughput of data access rather than low latency of
data access.
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• The HDFS architecture is compatible with data rebalancing schemes, but it does
not support some very important features yet: dynamically creating additional
replicas and rebalancing other data in the event of a sudden high demand for a
particular file; automatically moving data from one data node to another if the
free space on a data node falls below a certain threshold.
• Applications that run on HDFS need streaming access to their data sets. They
are not general purpose applications that usually run on general purpose file
systems.
• HDFS is designed more for batch processing rather than interactive use by users.
• Files in HDFS are write-once and have strictly one writer at any time.
Due to the above restrictions, for some media cloud applications that require
real-time processing-then-delivery, HDFS might not be the best choice. In addition,
currently HDFS does not support some important data rebalancing schemes so that
dynamic load-balance might not be done very well.
To solve this problem, one option is to keep on researching/developing HDFS and
make it fully meet the requirement of media cloud. Another is to turn to different
approach. For example, Zhu Wenwu et al.[6] proposes to use Distributed Hash Table
(DHT)[59] in media cloud for data storage.
The DHT was partially motivated by P2P systems. In a DHT system, <key,
value> pairs are stored in the distributed DHT tables residing on nodes. A node
only keeps part of the overall DHT and only needs to coordinate with a few other
neighboring nodes to retrieve any of the value associated with a given key. Here for
the cloud media storage, the <key, value> could be the <hash key of file name (or
block Id), file (or block) data or location>. Files or their blocks are distributedly
stored in the data nodes corresponding to the keyspace partition and the key value.
DHT has the features of decentralization, fault tolerance and scalability. But DHT
still needs to deal with the traditional distributed systems issues, such as data
integrity, routing/retrieval/storage performance, and load balancing. To support the
data rebalancing in media cloud, it needs the help of intelligent assessment and
management systems to decide where to place and how to move the media content.
The work of Ref. [30] targets social networks in cloud and focuses on load
balancing. It partitions and then stores the whole social content into cloud while
preserving the social relationships. The spot of light is that it analyzes the user
access pattern and the social relationship, then partitions and stores the social
content accordingly to decrease the deviation of access in each cluster, so that load
balancing is achieved.
Another technique for load balancing is to build multiple cache servers[60-66]
and deploy them at the edge of Internet, or at least at the edge of the media cloud.
Reference [31] observed that Hadoop can run space sharing of multiple servers,
through iSCSI[67] target software and the cache server to establish IP Storage Area
Network (IPSAN). When the load is heavy, extra data storage can be added to the
server without changing the structure of system, and the space of storage server
cluster can be used by more than one cache servers. But as we pointed out
previously, Hadoop does not support dynamically creating additional replicas and
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rebalancing other data or automatically moving data from one data node to another
if the free space on a data node falls below a certain threshold. So additional
mechanism must be provided to monitor the work load and initiatively replicate the
data— and the system has to know this data is the replica of the original one.
6

Cloud Media Delivery

There can be serveral types of transmissions from the media cloud to the outside
world: direct transmission, transmission through the cache server, and transmission
through P2P. There have been a lot of work on building cache server[60-66] , but seldom
they combined the features of media cloud computing. Some of the recent work focuses
on P2P transmission.
It is interesting but natural that a lot of work uses P2P network to transmit the
media content inside the cloud and to the outside world. As we mentioned in section
1, before video content surpassed P2P to be the primary traffic over Interment, P2P
was the number one. The most part of the P2P traffic is also video content. Besides,
some very successful online video on demand services are originally based on P2P
technology, such as PPLive[68] . Many features of P2P meet the requirement of the
cloud media transmission very well. Most advantageously, it can greatly reduce the
transmission cost for the media cloud.
In Ref. [18], it takes the media cloud to be responsible for storage and
computation demanding tasks, and makes the mobile devices cooperate as peers to
distribute the media contents. Models based on game theory are proposed to
analyze the interaction among mobile devices, and to optimize the chunk retrieval.
In addition, it uses Autoregressive Integrated Moving Average model (ARIMA) to
predict the co-location duration. In this work, media cloud is treated more like a
powerful server to assist P2P media streaming. Reference [19] proposes a joined
peer-to-peer and cloud computing into new architecture for multimedia streaming.
And Ref. [31] aims to use P2P to solve the communication blocking issues when
users try to access the video. It states that in such a hybrid system, when the
number of P2P clients in a session is not large enough, the work load of server will
become heavy, hence will increase the buffer size and buffering time. To solve this
problem, it proposes a scheme to use P2P for stream delivery, and use cloud as the
storage and cache server. The cloud splits and stores segments of the media content.
The client can get the stream directly from media cloud storage, from the cache
server residing in the cloud, or from the other peers.
Reference [33] proposed and implemented a cloud download system for the
unpopular vedio. It states that CDN might not be cost-effective for replicating
unpopular videos to edge. Therefore hence build a system allowing user to download
video files via P2P to the cloud which acts as a file catch. And then user can access
the video files from any other supported clients. In this mechanism, multiple users
might download same file to the cloud, hence the cloud only needs to keep single
copy of the file.
Also Ref. [32] uses a hybrid P2P cloud to serve MMOG (massive multiplayer
online game). In the proposed architecture, a game server cloud is used to serve
players. A game server in the cloud consists of a number of game servers. Each
game server has a number of virtual machines. Game servers use a P2P protocol to
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exchange load information, player’s information and game region data. Game servers
also use the P2P protocol to exchange the information of players. The load of a
game region changes when players move into/out the game region. By P2P flooding,
each game server can know the other game servers’ load. When a game server is
overloaded, some players will migrate to other game servers by the game server load
management.

Figure 6.

Hybrid P2P MMOG Cloud in Ref. [32]

Other examples of delivering the media content inside the cloud, for example,
from media provider to subscriber across the media cloud, the work in Ref. [34] tries
to transfer the deferent SVC[51] layers of the vedio through multiple path inside the
cloud. In this work, the cloud is merely used as a fully meshed relay network.
Comparing to the single path deliver, the multi-path strategy can achieve less jitter
of the latency according to its simulation results. However, it would bring more
value if the computation power and other features of the cloud computing are used,
and the performance under concutrrent scenario is evaluated. In another work[6] as
introduced in previous secion, the uses P2P technology in P2P based MEC
architecture to exchanged the media content among MECs and the associated users.
7

Qos and Resource Management

For Media cloud, there could be different QoS perspectives depend on the
positioning of the cloud computing environment: the “internal perspective” which
focuses on providing QoS service to the outside clients, and the “external
perspective” which treats media clouds as service providers and tries to achieve QoS
goals by utilizing the resources of the clouds.
As an example of the internal perspective, Ref. [39] proposed an architecture of
private cloud for media computing. It addresses the QoS provision mechanisms at the
virtualized infrastructure. To achieve QoS goals, serveral components are needed:
Monitoring: The framework monitors the resource usage and the performance
• Load balancing: Load balancing determines the best physical server and virtual
server to host the application.
• Traffic management: Bandwidth allocation and scheduling are used to allocate
the networking resources.
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• Security: It provides the security for the infrastructure, platform and software,
which includes the identity and access management.

Figure 7.

Architecture of Multimedia cloud computing in Ref. [39]

For the external perspective, bandwidth allocation and reservation are also
crucial to multimedia data’s QoS which provides the end-to-end delay and bitrate
guarantee. Di Niu and et al.[36, 37] take the cloud merely as a bandwidth provider,
and try to minimize the cost of reserving bandwidth from different cloud services for
a Vod provider. First in their work[36] , it tries to use time-series forecasting to
automatically predict the bandwith demand of a Vod provider, hence reserves the
minimum necessary bandwidth at lower cost. And then Ref. [37] tries to reserve
bandwidth for a Vod provider from different cloud service providers with a lower
overall price, and model the senario to be an optmization problem. Considering
different users would bid for the bandwith, game thoery is introduced in the model.
It proves that the market price will converge to the lower border of the good pricing
region, and the cost of a VoD provider critically depends on its demand burstiness
and correlation to the market demand. Besides, its simulation verified that: given
the same demands, the presence of a broker can significantly lower the market price
for cloud bandwidth reservations by around 50% on average.
Reference [38] has similar goals with the work in Ref. [37]. It tries to adaptively
lease and adjusts cloud server resources in a fine granularity to accommodate temporal
and spatial dynamics of demands from live streaming users. It build a optimization
model to predict the capacity of live media streaming and minimize the cost of leasing
the cloud services. It further tries to localize the service and data transfering, so as
to reduce the impact of service globalization.
As a brief summary, the main target of Refs. [36-38] is to maximize the profit
for the media content provider under the constraint that the bandwidth requiements
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must be satisfied. Similarly, it would be interesting to consider from another angle:
to gain the best profit for the cloud providers. In this case, both the conclusions and
the strategies need to change in the game. Further more, in this scenario, not only
different media content providers compete to each other and try to obtain adquate
service from the cloud providers with lowest price, but also different cloud providers
compete to each other to sell their cloud services to the media content providers and
try to make the best profit for their own. That would be a more complicate game
and some interesting conclusions might be found.
8

Others Research Directions

In addition to the media cloud architecture, cloud media processing, storage and
delivery, research work has been done in various directions, such as:
8.1

Mobile

In the work of “Cloud Mobile Media: Opportunities, Challenges, and
Directions”[40] , it states that there are serveral challenges in Cloud Mobile Media:
• Wireless network factors and impact on user experience
• Cloud service cost and scalability
And then it proposed several potential research directions:
• Cloud delay and response time management techniques
• Network and device aware scalable cloud mobile media
• Cloud QoE modeling and Measurement
• Wireless cloud: extending cloud to wireless networks
But besides these, the shortage of mobile devices’ battery life also needs to be
considered. Reference [41] propose a cloud-assisted scheme for supporting low-latency
mobile media streaming applications. In this scheme, a media proxy or agent resides
in the cloud is uesd to calculate the optimal media adaptation decisions on behalf
of the mobile sender. However the actual adaptation actions of skipping a frame for
encoding and transcoding are still performed at the mobile sender.
Some research on mobile media cloud foucs on delivery. As mentioned in previous
section, Ref. [18] uses P2P to deliver the media stream outside the media cloud. It
simply treats the cloud as a server to assist the P2P media streaming, hence building
the hybrid architectures, i.e. P2P plus media cloud. And Ref. [22] provides an
overview about the mobile multimedia broadcast over cloud computing. It proposes
some principles on what is needed to build such a platform. Reference [18] is another
work related to mobile environments. To take advantage of media cloud and P2P,
it has analyzed the interaction among mobile devices based on game theory and
proposed a model to optimize chunk retrieval.
8.2

Social media

Reference [30] points out that when migrating the social networks to the cloud,
some previous work focuses only on preserving the social relationship, but has
neglected user access patterns. This in turn would lead to unbalanced partitions in
terms of access. So this work analyzes the social relationship and the user access
patterns at the same time, formulates the problem as a constrained k-medoids
clustering problem[69] , and proposes a solution to migrate the social networks to the
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cloud with decreased access deviation in each cloud server while preserving the
social relationship.
8.3

Entertainment

As described previously, Ref. [32] uses hybrid P2P cloud to serve MMOG (massive
multiplayer online game). When a game server in the cloud is overloaded, some players
will migrate to other game servers by the game server load management.
Besides, Ref. [42] points out that “some signification trends related to the
Internet and Bcloud computing that will change the way entertainment is delivered
and experienced”. To explain the extrapolated trends, the author proposed two
interesting scenarios: 1) Augmented reality: with the help of powerful capability of
cloud computing to build enhanced virtual reality, by using technologies such as
video eyeglasses, cloud image analysis, video overlay rendering, wireless network,
Global Positioning System (GPS), voice recognition, eye tracking, gesture
recognition and so on. This infrastructure can be used for productivity and for
entertainment as well. 2) Cloud-resident personal agent: visible/audible from all
Internet devices once you authenticate, adapted and adapting to your activities and
preferences.
8.4

Media mining, search and retrieval

Reference [43] proposes a scheme to take video or photos with mobile devices,
and then sends them to cloud. The cloud then uses the proposed algorithm to do
pattern recognition, hence provides rich location-based information services besides
the GPS service.
8.5

Energy efficiency

Reference [44] makes an interesting forecast about the energy consumption for
the media transmission. Based on the power consumption level of the average
westerner’s online media usage and some assumptions, it estimates that the average
power required to support media consumption by the world population would be
1175GW at current levels of efficiency, and this would be reached around 2021 if the
trends continue. This paper hence outlines behavior change strategies to reduce the
overall demand for bandwidth.
8.6

E-Learning

Reference [45] introduces an interactive mobile live video learning tool with the
help of media cloud. It takes the cloud environment as a streaming server. Reference
[46] takes the studies on the online education with the assistance of cloud environment.
It then compares the leaning performance with the traditional method. It shows that
good teaching sites with good computer-assisted teaching methods can indeed increase
student motivation to learn the subjects, stimulate their curiosity, and improve their
learning achievements. The results don’t quantify how much benefit come from the
adoption of cloud computing, but at least it establishes that e-learning can be a good
application of the media cloud.
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Putting It All Together: Yet Another Architecture of Media Cloud

In section 2, we summarized the challenges that media cloud is confronting. After
taking an overview of recent work on media cloud, we find that each work has made
great efforts on solving one or several of them. But no solution works well all the
time as the design of such solutions involves many other aspects, sometimes beyond
technologies. We can anticipate that as media cloud is evolving with the changes
of Internet and the advancement of the technologies, more challenges would come.
However, based on the previous analysis and current state-of-art technologies of media
processing and cloud computing, here we propose a simple and general architecture
of media cloud as an extra option for tackling these challenges.
Figure 8 shows the hierarchical view of the architecture. As the blue part shows,
the ingress adaptor connects to and accepts the media content from the media content
provider, such as the TV broadcast company, the music station, home media cloud,
mobile devices and PCs that are ready to upload and share the media content. After
the upload request passed the authentication, the media content will be dispatched
to processing nodes. Taking video processing as an example, the video clip is split to
segments, and then dispatched to processing nodes. The processing nodes are GPUs
or VPUs which are specially developed to process picture or videos more efficiently
and less energy hungry.

Figure 8.

Hierarchical view of the architecture. The arrows are the directions of the flow
of information/data/request/command

Here the processing nodes transcode the video segments into H.264 Scalable Video
Coding (SVC)[51] format. The advantages of adopting H.264 SVC include:
• H.264 is currently one of the most commonly used formats for recording,
compression, and distribution of high definition video.
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• H.264 can provide good video quality at half or lower rate than previous
standards such as MPEG-2, H.263, or MPEG-4 Part 2.
• According to the comparison in Ref. [70], H.264 has better performance than
VP8[71] proposed by Google.
• H.264 supports SVC that allows its bitstream containing sub-bitstreams known
as “layers”. Different layers have different bit rates and different visual qualities.
Higher layers depend on the lower layers. Hence the server can send the layers
to the client according to client’s capability, and also the client can decide
which layers to be decoded, hence replay the video smoothly and reduce power
consumption. In this way, we are able to encode the video content into H.264
SVC only once, and then play the encoded video on all the H.264 devices with
different video resolutions and qualities.
• Just in May 2011, “RTP Payload Format for Scalable Video Coding” has been
accepted by IETF as RFC 6190[72] , along with other related standards[70, 73-77] .
It allows different layers be sent through RTP[74] , either in unicast or multicast.
The multicast mode can greatly reduce the work load of the streaming server
when the number of the clients is large.
• H.264 supports Multiview Video Coding (MVC). It enables more than one view
of a video scene. This feature can be used for stereoscopic 3D video coding. And
nowadays 3D TV and 3D mobile phone are becoming more and more popular.
H.264 SVC is a good solution to address the heterogeneity requirements. It has
great performance and great potential for the fantastic future applications. That’s
why we decide to use it.
During SVC transcoding, some intermediate results of H.264 coding can be
used to build the media retrieval database. These results include motion estimation,
macroblock/frame/layer compression information, and so on. The retrieval database
is built and then stored in distributed file system.
After transcoding, the transcoded H.264 clips need to be reordered according to
their original sequence and then merged into the final H.264 SVC file. Finally the
merged file will be stored in the distributed file system in the cloud.
When a user request comes, a request adaptor is used to eliminate the
heterogeneity. Then the request dispatcher decides who needs to execute the
request. It always looks up the cache server in the first step. If the requested
content is found, then let the egress proxy deliver the content. If not, then it will
dispatch the request to the corresponding agent to get the result, and then send the
content to the user through direct transmission, multicast, or P2P.
All the user requests, the usage of the media files, storage usage, computing
resource usage, bandwidth usage, locations of the resources need to be monitored by
the Intelligent Resource Monitoring/ Assessment/ Management/ Provision
(IRMAMP) subsystem, and it will reschedule and rebalance the system so that the
system can run in high efficiency and consume less energy.
In the high level overview of the architecture showed in Fig. 9, the cache servers
are located at the edge of the cloud; the GPU/VPU nodes also have their own storage;

Mingfeng Tan, et al.: Media cloud: when media revolution meets ...

187

and the GPU/VPU farm is close to the data node farm as necessary. The storage of
data nodes, the storage of GPU/VPU, and the cache server constitutes the hierarchical
storage/cache architecture. Each of them can provide data delivery services to the
outside. The IRMAMP does the rescheduling and rebalancing jobs. The users can use
PCs to download the media content through P2P, watch the TV show through RTP
broadcast, watch the video clip through RTP unicast, and have the video conference
via assistance of the media cloud. Many other users, such as home cloud, social media
users can also use the media cloud to access and share the media content anytime and
anywhere. In this setting, the cloud itself and all the clients together make a more
general and wider media cloud.

Figure 9.

10

Overview of the architecture

Concludsions

Media cloud provides a cost-effective and powerful solution for the coming tide
of the media consumption. Based on previous summary of the recent work on media
cloud research, in this section, we first make some suggestions on how to build the
media cloud, and then propose some potentially promising topics for future research.
10.1
10.1.1

Building media cloud
Deliberately considering the design of the media cloud architecture

When designing the architecture of a media cloud, the designer needs to be more
careful about the scalability. At the beginning of building the content database for
the media cloud, all the media contents need to be processed. But after that, only
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incremental processing is needed for the newly incoming media. Therefore massive
computing power is required at the initiation but might not be so urgent after building
the initial cloud media database.
The media services would be changing with the changing of media technology and
users’ behavior. The usage of some type of media services may increase dramaticly
while some others decrease rapidly. This means when considering scalability, designers
not only need to consider the increasing scale of a sub-system, but also need to consider
reducing the scale of the sub-system reusing to release resources when this sub-systems
are under-utilized.
10.1.2

Choosing scalable coding for media format

The scalability of the media format must be considered deliberately. Since
changing the format means all the media content stored in the cloud media must be
transcoded tot the new format. But it requires tremendous computation resources
and time. So always try to avoid this and choose the scalable format of the media at
the very beginning.
10.1.3

Hybrid cloud computing and P2P

Things are different for the bandwidth usage: at the beginning of the system
deployment, the bandwidth usage might not be too much; but it might be dramatically
increasing after a while. In this case, the scalability of the resource rescheduling and
allocation, especially for the bandwidth, must be considered carefully even before
building the system. According the previous studies, the hybrid media cloud using
cloud computing and P2P has more potentials. It builds more generalized, crossinternet cloud computing environment where the peers can be seen as its elastic
nodes and the extension of the media cloud. The P2P technology not only can be
used to deliver the media content, but also can be used to process the media content,
such as transcoding, and some further processing like media character extraction for
media recognition usage.
10.1.4

Improving media cloud by specializing the process unit

Like a PC, the media cloud has its own storage units, process units, graphic
process units, transmission units, and so on. In some general purpose cloud platforms,
a node can be used as arbitrary type. But in media cloud, different units have very
different characteristics:
• The storage unit stores the media content distributedly hence reduces the
latency for different users located at different physical locations.
• The process unit uses computing power, and does data processing. Hence the
process unit must be close to corresponding data storage so that it can reduce
the latency, energy consumption and bandwidth/coast of the transmission.
• The graphics/video process unit can greatly reduce the processing time of
transcoding and further processing of the media content. Similar to the
process unit, it needs to be close to the media content.
• Different architectures requires different numbers of these units.
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Different units have different requirements on computation power, memory,
storage, and network bandwidth. To specialize the nodes for different usage, we can
greatly improve the performance while reducing the power consumption and waste
of the resources, hence improving the performance and reducing the cost.
10.1.5

Using hierarchial cache or pushing the frequently accessed media content
to the edge of the media cloud

To improve the overall performance of the media cloud, and to reduce the
latency and improve user experience, it is best to use hierarchical cache, or push the
frequently accessed media content to the edge. If possible, distributed cache servers
or datacenters should be deployed at the different location of the Internet to reduce
the access latency.
10.1.6

Building a profitable media cloud? Consider more!

To make media cloud profitable, one needs to consider not only technologies and
research issues, but also the business model and industry strategy.
10.2

Future research topics

During the study of recent research works on media cloud, we find that there
might be increasing disconnection between research on media cloud and business
models and industrial deployment. There are many media cloud system already
deployed in practice. For example, although many details of Google TV[78] , Apple
TV[79] , Hulu[12] , YouTube[80] , Netflix[81] , last.FM[13] , and PPLive[68] , UltraViolet[82]
are not revealed, we can conjecture that they are evolving and migrating to media
cloud. But the related research work seems to lag behind the development in
industry. This could be at least partially explained by the following statements:
“The challenge now is to get ahead of that change and to meet the consumption
requirements of the future.”[1] , and “In the coming content-driven world, smart
companies are moving their media to the cloud.”[1] . So this time the industry
companies seem to be faster than our researchers.
However, there are still many stimulating and challenging research topics in this
area to be investigated. Besides the topics and directions we discussed previously, we
will list some other potentially promising directions:
10.2.1

Infrastructure

• Intelligent assessment, management and provision.
• Proxy/adaptor/agent at the application level.
• Scalable and parallel encoding & protocol.
10.2.2

Innovative applications

• Home media cloud, using P2P and proxy to access and share with the world.
• 3D reconstruction, including the 3D construction of picture and 3D video
reconstruction, which will definitely require tremendous computing resources
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and is very suitable for media cloud. But the result will be very fascinating:
we can build a world of the “real” virtual reality by several video cameras and
video clips.
• Content based search and retrieval. Google has recently deployed its voice
search. We believe that it first translates voice to text and then performs the
search. Some content based multimedia search engine uses digital fingerprint
(hash value of the content) to do matching. The work in [43] uses photo to find
locations. There is a lot more to do along these directions, such as using photo
or video to search related photos, videos, products, and people.
10.2.3

Protocol and standard

There are many media cloud platforms as we described above. It is better if
there are standards or specifications to define the essential functions, interfaces,
components, and protocols, so that the third-party developers and the end users
(including companies and individuals), can easily develop the compatible modules
and applications for the media cloud, and also can easily migrate their media data,
applications and services to different platforms.
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