International Journal of Engineering Research & Technology (1JERT)
NCITSF 14 Conference Proceedings
ISSN: 2278-0181

Energy Efficient Cloud based Smart MOV
(Mobile social TV system)

Pradecp B.M’

Diept of compuler science and enginecring,
(355 Institute of technology,
Bangalore, Karnataka, India.

'"Tawrus. bmpig gmail com.

Abstract— The rapidly increasing power of personal mobile
devices such as smart phones, tablets, ete. is providing much
richer contents and sucial interactions to users on the move. This
trend however is throttled by the limited battery life of mobile
deviees and unstable wireless connectivity, achicving the highest
possible quality of service experienced by mobile vsers not
feasible. In this paper, we propose the design of a Clond-based,
Mobile Swarr MOV, This system effectively utilizes both Saa¥
{Saftware-as-a-Service) and Pua¥ (Plaiform-as-a-Sevvice) cloud
delivery services to offer the living-room experience of video
watching to a group of disparate mobile users who can interact
socially while watching and sharving the video. We employ a
surrogate for each user in the SaaS cloud for video downloading
and social cxchanges on behalf of the wser, These various designs
for flexible ranscoding capabilities, battery efficiency of mobile
devices and spontanesus social interactivity together provide an
ideal platform for smart MOV services,
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. [INTRODUCTTION

THAMKS to the revolutionary “reinventing the phone”
Campaigns initiated by Apple Tnc. In 2007, Smartphones and
Tablets nowadays are shipped with multiple microprocessor
cores and gigabyle RAMs; they possess more computation
povwer than personal computers of a few vyears agn. On the
other hand, the wide deployment of 3G broadband cellular
infrastructures further fuels the rend. Apart irom common
productivity tasks like emails and weh surfing, smartphones
are flexing their strength in more challenging scenarios such
as real time video streaming and online gaming, as well as
serving as a main tool for social exchanges. It is natural to
resort to cloud computing, the newly-emerged computing
paradigm for low-cost agile, scalable resource supply, to
support power-cfficient mobile data communication. With
virtually infinite hardware and software resources, the cloud
can offfoad the computation and other tasks involved n a
mobile application and may significantly reduce battery
consumption of the mobile devices, it a proper design is in
place. Tough challenge in front of us is how 1o effectively
exploit cloud services to facilitate mobile applications. In this
paper, we describe the design of a novel mobile social TV
system, “Smart MOV”, which can effectively utilize the cloud
computing paradigm to offer a living-room experience of
video watching to disparate mobile users with spontaneous
social interactions, In Smwart MOV, mobile users can import a
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live or on-demand video to waich from any video streaming
site, invite their friends o watch the video concwrently, and
chat with their friends while watching the video. As opposed
o traditional TV watching, mobile social TV is well suited o
today’s Traditional life stvle, where family and [riends may be
distributed geographically but hope to share a co-viewing
experience. We design Smart MO 1o seamlessly utilize agile
resource support and rich functionalities offered by both an
SaaS  (Infrastructure-  as-a-Service) cloud and a  PaaS
{Platform-as-a-Service) cloud. Our  design  achieves the
following goals.

A Encoding Flexibilite:

Different maobile devices have wvarious sized displavs,
customized plavback  hardwares, and  various  codecs,
Tradivional solutions would adopl a lew encoding Tormats
ahead of the release of a video program. But even the mast
generous content providers would not be able to attend to all
possible mobile platlorms, if’ nol only 0 the current hottest
models, Smart MOV customizes the streams for different
devices in real time, by offloading the transcoding tasks to an
Saas cloud.

B, Barery Efficiency:

A breakdown analysis conducted by Carroll and . Heiser [6]
indicates that the network modules (such as Wi-Fi and 3G)
and the display contribute o a signilficant portion of the
overall power consumption in a mobile device, dwarfing
usages from other hardware modules including CPU, memory,
ele. We targel al energy saving coming [rom the network
module of smart phones through an efficient data transmission
mechanism desizgn. We focus on 30 wireless networking as it
is getting more widely used and challenging in our design than
Wi-Fi based transmissions.

O Spontaneous Social Interactivity:

Multiple mechanisms are included in the design of Shart
MOV o enable spontanecus social interactivity, co-viewing
experience. Fivst, efficient synchronization mechanisms are
proposed to guarantee that friends joining in a video program
may watch the same portion (if they choose 10), and share
immediate reactions and comments. Although synchronized
playback s inherently a feature of traditional TV, the current
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Internet video services (e.g., Web 2.0 TV) rarely offer such a
service,  Secomd,  efficient  message  communication
mechanisms are designed [or social, textual interactions
among friends, and different types of messages are prioritized
in  their rewieval freguencies to  avoid  unnecessary
interruptions of the viewing progress.

D Portability:

A prototype Smart MOV system is implemented lollowing the
philosophy of “Write Once, Run Anywhere™ (WORA) = 100%
Pure Java™ platform used to implement both the froni-end
mobile modules and the back-end server modules.

I1. RELATED WORK

A huge amount of mobile TV systems has sprung up in recent
vears, driven by both hardware and soliware advances in
mobile devices. Some early systems bring the “living-room™
experience to small sereens on the move. But they focus more
on barrier clearance in order to realize the convergence of the
mobile network and the television network, rather than
exploring the demand of “social interactions™ among mobile
users. Coppens ef al [4] wy to add rich social interactions to
TV, bul their design is limited to raditional broadeast program
chamnels. Though inspiring, these designs are not that suitable
for being applied directly in a mobile environment. Chuah er
al. [6] extend the social experiences ol viewing waditional
broadceast programs to mobile devices, but have yet to deliver
a well integrated framework, Schatz er af [7], [8] have
designed a mobile social TV system, which is customized for
DVB-H networks and Symbian devices as opposed to a wider
audience, Compared to these prior work and systems, we
target at a design for a generic, portable mobile social TV
framework, featuring “co-viewing experiences” among friends
over seographical separations through mobile devices, Our
framework 15 open Lo all Intermet-based video programs, either
live or on-demand, and supports a wide range of devices with
HTMILS compatible browsers installed, without any other
mandatory component on the devices. For any application
targeted at mobile devices, consumes less power is perennially
one of the major concerns and challenges. Owr waorle is able to
achieve a significant (about 30%) power saving, by
opportunistically switching the device between low-power and
high-power transmission modes during streaming.  Some
existing work {e.g., Anastasi ef al. [9]) have provided valuable
guidelines for energy saving over WiFi transmissions; our
work focuses on 3G cellular transmissions which have
significantly different power maodels; 3G s a more practical
wireless conmection technology for mobile TVs on the zo at
the present time. Cloud computing had its debut with much
fanfare and 15 now deemed a most powerful hosting platform
in many areas including mobile computing. Satyanarayan an ef
all [1] suggest offloading mobile devices computation
workload to a nearby resource-rich infrastructure (ie.,
Cloudlers) by dynamic VM synthesis. Kosta er all [2] propose
a virtualization framework for mobile code offloading to the
cloud. Zhang er al. [10] introduce an elastic mobile application
model by ollloading part of the appheatuons (weblets) w an
Saas cloud. Recently, attentions have been drawn to enabling

media applications using the cloud, for both media storage
[11] and processing [12] Conversely, the protolype we
implement is browser-based and platform independent; it
supports both  live channels, VoD channels and personal
channels hosted by any wser, with wider usage ranges and
Mexible extensibility.

Fig 12 The architecture of Swears MOV
[ Smart MOV: ARCHITECTURE AND DESIGN

As a novel Cloud-based Mohile Smart MOV system, Smart
MOV provides two major functionalities to participating
mobile users:

1) Universal streaming: A user can stream a live or on-
demand video from any video sources he chooses, such as a
TV program provider or an Internet video streaming site, with
tailored encoding formats and rates for the device each time.
2) Co-viewing with social exchanges: A user can invite
multiple Iriends to watch the same video, and exchange text
messages while watching. The group of friends watching the
same video is referred (o as a session.

Key Modules:

Figl gives an overview of the architecture of Smaer MOV, A
suerrogate (Le, a virlual machine (VM) mstance), or a FM
surragate equivalently, is created for each online mobile user
in an SaaS cloud infrastructure. The surrogaie acts as a proxy
between the mobile device and the video sources, providing
transcoding services as well as segmenting the streaming
traffic for burst transmission to the user. The swrogates
exchange social messages via a back-end PaaS cloud, which
adds scalability and robustness to the system, There is a
gateway server in Smigrt MOV that keeps track of participating
users and their VM swrogates, which can be implemented by
a standalone server or VMs in the Saa8S cloud. The design of
Smiagrt MOV can be divided mto the following major functional
modules.

* Transcoder: It resides in each swrogate, and is responsible
for dynamically deciding how to encode the video stream from
the video source m the recommended (ormal, dimension, and
bit rate. Before deliver to the user, the video stream is further
encapsulated  into a  proper  transport  stream.  In our
implementation, each video is exported as MPEG-2 wransport
streams, which is the de-facto standard nowadays to deliver
digital video and audio streams over lossy medium,
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+ Reshaper: The reshaper in each surrogate reccives the
encoded transport stream from the wanscoder, chops it into
Segments, and then sends each segment in a burst to the
maobile device upon its request (fe, a bwrst transmission
mechanism), to achieve the best power efficiency of the
device.

= Messenger: The messenger is the client part of the social
cloud, residing in each surrogate in the SaaS cloud. The
Messenger periodically gueries the social cloud for the social
data on behall of the mobile user and pre-processes the dala
into a light-weighted format (plain text files), at a much lower
tfrequency, The plain text files (in XML formais) are
asynchronously delivered from the swrogate o the user in a
traffic-triendly manner, i.e., little trafiic is incunred.

= Syncer: The syneer on a surrogate guarantees that viewing
progress of this user is within a time window of other uscrs in
the same session (if the user chooses to synchronize with
others). To achieve this, the syncer periodically retrieves the
curtent playback progress of the session host and instructs its
mahile user to adjust its playback position. In this way, friends
can enjoy the “sitting together” viewing experience.

= Gateway: The gateway provides authentication services for
users to log in to the Smart TV system, and stores users
credentials in a permanent table of a MySOQL database it has
installed,

A Loosely Coupled Interfaces

Similar in spirit to web services, the interfaces between
different modules . Smart MOV, ie, maobile users, VM
swrrogates, and the social cloud, are based on HITP, a
universal standard for all Internet=connected  devices or
platforms, Thanks to the loose coupling between users and the
infrastructure, almost any mobile device is ready to gain
access to the Smart MOV services, as long as it is installed
with an HTTPS browser,

B, Pipelined Video Processing

Both live streaming of real tme contents and on-demand
streaming of stored contents are supported in Skt MOV
Viden processing in each swrrogate is designed to work on the
fly, ie., the transcoder conducts real time encoding from the
video source, the encoded wvideo is fed immediately o the
reshaper for segmentation and transmission, and a mobile user
can start viewing the video as soon as the first segment 18
received. To support dynamic bit rate switch, the transcoder
launches multiple threads to transcode the video into multiple
bit rates once the connection speed between the surrogate and
the mobile user changes.

£ Burst Size:

To decide the burst size, ie, the size of the segment
transmitied in one burst, we need to take into consideration
characteristics of mobile streaming and enerpy consumpiion
during state transitions. For video streaming using a fixed
device without power concerns, it is desirable 1o download as
much ol a video as whatl the commechion bandwidth allows;
however, for streaming over a cellular network, leading to a
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waste of the battery power and the cellular data fee due to
their download, Hence, the burst size should be kept small, 1o
minimize battery consumption and walfic charges.

[V, Smart MOV: PROTOTYPE IMPLEMENTATION

Following the design guidelines in Section III, we have
implemented a real-world mobile social TV system, and
deployed it on the Google App Engine {GAE) and Amazon
EC2 clouds, which are the two most widely used public PaaSs
and SaaS cloud platorms. GAE, as a PaaS cloud, provides
rich services on top of Google’s data centers and enables rapid
deployment of Java-based and Python-based applications,
Hence, GAE is an ideal platform for implementing owr social
clond, which dynamically handles large volumes of messages.
On the other hand, GAE imposes many constraints on
application  deployment, eg., lack of support for mulii-
threading, file storage, elc.

A Client Use of Smart MOV

All mobile devices installed with HTMLS compatible
browsers can use Smart MOV services, as long as the HTTP
Live Streaming (HLS) [13] protocol is supported. The user
first connects to his Gmail page from Smarr MOV, as
illustrated i the top lefl corner of Fig 2{a). Aller the user
successiilly Ings in through the gateway, he is assigned a VM
surrngate from the WM pool (the hostnames of available Vs,
e 2. ec2-50-16-xx-xx. compute- | amazonaws.com, maintained
i an in-memory lable of @ MySQL database deployed in the
gateway). Then the user is automatically redirected to the
assigned VM surrogate, and welcomed by a portal page as
shaoram on the right-hand side of Fig. 2. Upon user login, the
portal  collects the device configuration  information by
examining the “User-Agent” header wvalues, and this
information will be sent toits surrogate for decision making of
the video encoding formats, The user can enter the URL of the
video or live broadcast he wishes to watch. on the “Subscribe™
tab of the portal. after he clicks the “Subscribe” button. the
address of the video 15 sent to the VM surrogate, which
doswnloads the stream on the user’s behalf, transcodes and
sends properly encoded segments 1o the user. Invile one or
more friends to join him in watching the viden. Users in the
same session can exchange opinions and comments on the
“Chat™ tab (a snapshot is given in Fig, 3{a) and (b)), where
new chat messages can be entered and the chat history of the
session is shown,

B. VM Swrrogates

All the WM surrogates are provisioned from Amazon EC2 web
services and tracked by the gateway. We create our own AMI
(ami-haf220dN) based on Linux kernel 2,6.35.14, the default
image Amazon provides. Due to the inlensive computation
mwolved, we propose to implement all the video processing
reflated tasks using ANSI C, to guarantee the performance. We
have also installed a Tomcat web server {version 6.5) Lo serve
as a Servlet container and a file server on each swrrogate. Both
FFmpeg and Tomeat are open source projects, Once a VM
surrogale receives a video subsceription reguest (rom the user,
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it downloads the video from the source TJRL, and processes
the video stream by transcoding and segmentation, based on
the collected deviee conligurations by the portal.
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C. Data Models in the Social Clond':

We nuse GAE mamnly as the back-end data store to keep the
Transient states and data of Smart MOV, including users
onlineg presence status, social messages (invitation and chat
messages) in all the sessioms. With Jetty as the underlying
Servlet container, most lava-based applicalions can be easily
migrated 1o GAE, under limited usage constraints, where no
platform-specific APls are enforced for the deployment. GAE
provides both its Java Persistence API,

Internet TV,
] Videns

( Mobile Useﬂ's

- :ﬂg ( Java 5erulet]

-m3ug Tomcat_

_arrier Info r){;\.rl[[‘ Inl'
: .tS( Fncapsulatlon# raﬁscadurﬁg]
AP API AP‘I
( Libavcodec )
ami-baef220df@Amazon EC2
Elg 4: Streaming architecture in each customized VM image |ami-h¢":ll§ﬂdﬁ.

V. REAL-WORLD EXPERIMENTS

We carry oul both unit tests and performance evaluations off
Smart MOV, The experiments are conducted over the 3G
cellular network of 3HEK, which is one of the largest Telecom
operators in Hong Kong, Fig. 5 shows the power consumplion
lewels on the phone over ume, in terms ol portions of the
highest device power level. The red vertical lines represent the
starting points of playback periods when the Safari runs in the
foreground, and the green lines represent the [inish limes of
playback periods when the Safari is suspended in the
background. When there is data transmission, the device
operates al the high power mode: when data ransmission
stops, the ransmission power of the device tirst decreases to
an intermediate level, and then to a very low level.

Power (Propartion)
o
4}

0 100 " 200 300 400
Timea(seconds)
Fig 52 Poweer consumgtion over ume on an iPhone 45,

VI CONCLUDING REMARKS AND FUTURE WORK

This paper presents our view ol whal might become a trend

for mohile TV, i.e, mobile social TV based on agile resource
supports and rich functionalities of cloud computing services.
We introduce a generic and portable mobile social TV
framework, Smart MOV that makes use of both an Saa8 cloud
and a PaaS cloud. The framework provides efficient
transcoding services for most platforms under various network
comditions and supports for co-viewing experiences through
timely chat  exchanges among the viewing users. By
employing one surrogate VM for cach mobile user, we
achieve ultimate scalability ot the system. Through an in-
depth investigation of the power states in commercial 3G
cellular networks, we then propose an energy- efficient burst
transmission mechanism that can effectively increase the
battery lifetime of user devices. We have implemented
realistic prototype of Smart MOV, deployed on Amaezon EC2
and Gongle App Engine, where EC2 instances serve as the
mobile users” sorrogates and GAE as the social cloud 10
handle the large volumes of social message exchanges, The
experimental results prove the superior perlormance of Smart
MOV, in terms of transcoding efficiency, power saving, timely
social interaction, and scalability. In our future work, such
sharing can be cnabled and carmed out i a peer-lo-peer
fashion, ez, the surrogate of a newly joined user may fetch
the transcoded streams directly from other surrogates, if they
are encoded in the format/bit rate that the new user wants. For
implementing social interactions, most BigTable- like data
stores (including GAE) support memcache  which is a highly
efficient secondary storage on the data stores.
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