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ABSTRACT
Recent trends on emerging market [1], [2] shows that the
connected TV is becoming very popular in developing coun-
tries like India, Philippines. Connected TV can be described
as an Internet enabled TV. One such product, referred as
Home Infotainment Platform (HIP) [3], combines the func-
tions of a television and a computer, by allowing customers
to use their television sets for low-bandwidth video chats
and access internet websites. It is now commercially avail-
able in India [4] and Philippines [5]. The research presented
in this thesis is motivated by the business need to implement
some value added services, hereinafter referred as VAS, on
top of this product which can work as the Unique Selling
Point for the above mentioned product. Main motivation
behind the research described in this thesis is to develop
some interesting VAS for the product of the company using
frugal computing. As a result of that the thesis is not very
focused to a particular problem, instead provides a frugal
solution for several goals need to be achieved to develop the
VAS for the global product. Some of such planned VAS for
those connected TVs are video conferencing, Video encryp-
tion and watermarking, context based web and TV mash up,
video summarization and Electronic Program Guide (EPG)
for cable feed channels [8]. This thesis is devoted to the
development of those above mentioned VAS for connected
TV. As all these services need to be developed on an em-
bedded platform, the primary task is to realize the required
video CODEC on the target DSP platform. As H.264 is ad-
judged as the best video CODEC of the day [9] because of
its compression efficiency, video quality, and network friend-
liness, we have developed most of the VAS on top of H.264
CODEC. Security can be ensured by either encrypting the
video or putting a watermark in the video. Context can be
extracted at top level by recognizing the channel the user
is viewing and then getting the relevant information from
the website of that particular channel. On the other hand,
textual information in a TV show provide some information
related to the show at any particular instant of time.
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1. INTRODUCTION
The total media viewing and sharing experience is changing
and getting richer everyday, as videos, music and other mul-
timedia content flood the Internet. The main reason behind
the popularity of this product (HIP) in developing countries
is that the Internet penetration in those countries is signifi-
cantly low [6] compared to the penetration of Television. As
per the report [7], 75% of the population of India owns a
TV. TV has been a favored device of home infotainment for
decades. In order to provide an unified Internet Experience
on TV, it is imperative that the Internet experience blends
into the TV experience. This in turn means that it is neces-
sary to create novel VAS that enrich the standard broadcast
TV watching experience through Internet capability. This
necessity is eventually translated into the need for different
applications like secured distribution of multimedia content,
communication using video chat over TV, and applications
that can understand what the user is watching on broad-
cast TV (referred to as TV-context) and provide user with
additional information/interactivity on the same context us-
ing the Internet Connectivity. Understanding the basic TV
context is quite simple for digital TV broadcast (cable or
satellite) using metadata provided in the digital TV stream.
But in developing countries, digital TV penetration is quite
low. For example, in India, more than 90% TV households
still have analog broadcast cable TV. Understanding the TV
context in the analog broadcast scenario is really a big chal-
lenge. Even for the small percentage of homes where satellite
TV has penetrated in form of Direct-to-Home (DTH) ser-
vice, almost all of them lack in back-channel connectivity
for proving true interactivity.

2. REVIEW OF RELATED WORKS
In this section a brief overview of the state of the art in
the related field is given. Realization of Video CODEC on
Embedded Platform : In the literature [9] it is reported that
the improvement in video quality and compression ratio for
H.264 is obtained at the cost of increase in computational
complexity and memory requirement. So the State of the
art is analyzed in light of these challenges. Detail discussion
can not provided here because of the page constraint and so
we are providing the gist of the analysis here. Reduction of
Computational Complexity : Two different approaches were
taken to reduce the computational complexity which can



be measured in terms of Mega Cycles Per Second (MCPS).
These approaches are (i) Platform independent optimization
and (ii) Platform specific optimization. Some approaches are
also there who had described the optimization of the encoder
execution time as a whole like [10], [11]. Memory Optimiza-
tion: In [12] authors have proposed a novel near-optimal fil-
tering order so that significant reduction in memory require-
ment is achieved. This work also gives significant reduction
reduces MCPS. However, their methodology is applicable to
an FPGA prototype. It cannot be used in a commercially
available DSP platform, where the user does not have the
flexibility to modify the hardware architecture. The above
state of the art reveals some limitations like the platform
independent optimization techniques gives good optimiza-
tion but at the cost of coding efficiency. Moreover some
of these algorithms are sub optimal and not compliant to
the standard. These algorithms are generic and thus can
be applied to any type of videos. As the target application
is mainly video telephone and video conference, the motion
in the videos are very less. So if the nature of video can
be exploited, more optimization can be obtained. Thus in
this thesis an optimization technique is proposed based on
the statistical analysis of the selected mode for these type
of videos. On the other hand, the platform specific opti-
mizations are not suited for our choice of video conferenc-
ing/video telephone. No literature also focuses on efficient
rate control at low cost to get a better video quality.

A comprehensive survey on the H.264 video security is de-
scribed in [13], [14]. As the video security itself is a vast field
of research, we have restricted the State of the Art analy-
sis to the study of encryption and watermarking for videos
and more specifically for H.264 compressed domain videos.
Encryption: Description of video encryption can be found
in [15] - [18]. Some of such techniques are (i) Encrypt the
motion vector, (ii) Encrypt the entropy coded stream or (iii)
Scramble the prediction modes to achieve encryption. But to
the best of our knowledge only two such work can be found
in [16], [17]. Watermarking: Different classifications for wa-
termarking technology is described in [14]. Broadly video
watermarking techniques can be classified in two types of ap-
proaches namely (i) Pixel Domain where watermark can be
directly inserted in the raw video data and (ii) Compressed
domain where watermark is integrated during encoding pro-
cess or implemented by partially decoding the compressed
video data. The major problem of implementing the pixel
based approaches in the proposed solution is that there is
an additional overhead of decoding the compressed video.
Moreover the watermarking technique for the proposed sys-
tem should be compliant to compressed H.264 video format
which differs from the previous video codecs in different as-
pects as described in [9]. We have also described the dif-
ferences between H.264 and other video codecs in chapter
2.

Text Information Extraction from Video: The input video
format for the proposed system is different for different sources
of input signal. The input video may come from a Direct To
Home (DTH) service or in form of Radio Frequency (RF) ca-
ble. In case of DTH, the input video is in H.264 or MPEG or
any other compressed digital video format and on the other
hand in case of video RF cable, the input is an analog video
signal. In the second case initially the video is digitized for

further processing. The Text Information Extraction (TIE)
module localizes the candidate text regions from the video.
The state of the art shows that the approaches for TIE can
be classified broadly in two sets of solution: (i) Using pixel
domain information when the input video is in raw format
and (ii) Using the compressed domain information when the
input video is in compressed format. A comprehensive sur-
vey on TIE is described in the paper [19] where all differ-
ent techniques in the literature between 1994 and 2004 have
been discussed. A survey on the recent works in this field
can be found from [20].

EPG for RF Enabled TV: Some related work on the chan-
nel logo recognition can be found in [21] - [24]. The best
performance is observed in x86 platform for the approaches
described in [24]. But the approaches taken in [24] involve
PCA and ICA which is very much computationally expen-
sive and thus is difficult to be realized in the said DSP plat-
form to get a real time performance. So there is no solution
is available in the literature that can recognize the channel
logos realtime and can provide the EPG for RF feed TVs.

3. MOTIVATION FOR THE PRESENT WORK
Review of the previous works on VAS for HIP like systems
reveals that most of the studies concentrate on different sub-
problems instead of providing a complete end to end solu-
tion. The work embodied in this thesis is motivated to fill
this gap. The major challenge in developing such a product
is the resource constraint namely CPU speed and memory
of the target hardware. Some of these algorithms describe
a good solution for some of the sub-problems in PC envi-
ronment. But these solutions cannot be implemented on a
fixed point DSP platform. The proposed study is focused on
developing the following VAS like (i) security of the broad-
cast video, (ii) context information extraction from streamed
video. Moreover all of those solutions need to be deployed
in the target hardware. So we have a plan to incorporate
the following VAS as a feature for the HIP.

Low bandwidth video applications: This feature enables the
user to do video conferencing with another person having
the similar HIP installed in his/her home while watching
TV. The basic motivation behind this feature is that the
TV screen would be minimized to a lower resolution and
the user can use the rest part of the TV screen for video
conferencing. This feature comes as the wish list from the
customers of urban area of India whose wards are working
abroad. Another such solution based on low bandwidth re-
quirement is place shifting solution. This solution enables
the user to access the home video content over broadband.
But both of these solutions can be implemented when there
is an efficient video CODEC, satisfying the requirement of
high video quality at a low bandwidth, is realized on a DSP
platform. As H.264 is proved to be the best video CODEC
of the day, we have implemented H.264 on a low cost DSP
platform.

Video Encryption: This feature was motivated by the de-
mand from the TV Channel agencies when the PVR was set
in the market. The video encryption algorithm allows the
user to record the video content using the key which can be
derived from the hardware identification number of the PVR
or HIP. As a consequence the user can be tracked if he/she



wants to use the recorded content for some illegal business
purpose.

Video Watermarking: The need for video watermarking was
motivated by the need of one of the major content provider
company. They had a need to insert watermark to the con-
tent provided by them in a content delivery network (CDN).
The same algorithm can be extended for streaming video
applications like video on demand (VoD) services provided
by the DTH service providers. They also looked for a wa-
termarking evaluation system that can evaluate any water-
marking system.

Mash up of TV context and Internet information: Living
in a generation of Google TV, Yahoo Connected TV, it is
impossible to sustain in the market of connected TV without
providing the mash up feature. But as in India most of the
people are using analog cable TV and all of those above
mentioned products are based on Digital videos only, there
is a need to develop such system to address this variation
of input, too. Moreover the quality of the videos obtained
from analog feed video is quite poor in comparison to those
obtained from the DTH service.

EPG for RF feed TVs: The same gap in technology arising
from the source of video content motivates us to develop
such a service of EPG for the users using RF feed signal for
TV.

We have proposed the solutions that can perform at per
of the 80% accuracy and efficiency of the related best PC
based solution at a 20% cost in terms of execution time and
hardware cost. This concept, commonly known as froogle
computing, is mainly targeted for the CE products in de-
veloping countries. Current thesis is mainly motivated to
provide such froogle solutions that can be deployed on the
top of the HIP product already developed by the organiza-
tion.

4. SCOPE OF FUTURE RESEARCH

The study presented here can be extended in several direc-
tions. Some of them are highlighted below:

• Video Screen Layout Segmentation: The layout of a
video is very complex. We have tried to run different
document page layout segmentation techniques on dif-
ferent video frames of news video. But none of these
methods can produce a significant result.

• Frame by frame annotation of video frame using mul-
timodal cues: The proposed method for mash up of
web information and TV context is based on textual
content of video only. But a better result perhaps can
perhaps be obtained if multimodal cues like audio and
image can be used. This can be used for annotating
the frames and indexing the video.

• Cross lingual Information Retrieval: The textual con-
tent from the news video can be further used to retrieve
related information from other languages. Script iden-
tification and subsequently Cross lingual Information

Retrieval (CLIR) are further research issues involved
with this problem.

• Automatic channel logo region identification: We have
found that the channel logo region identification for
the animated channels is a challenge. Automatic lo-
calization for these channels (like 9xM) is a possible
future extension of the present research.

5. CONTRIBUTION OF THE THESIS
As far the state of the art is concerned, this thesis has several
contributions for development of some VAS for a connected
Television. Some of the major contributions are briefly dis-
cussed below:

• In this thesis some novel approaches to provide bet-
ter video quality, coding efficiency and reduced MCPS
even under the constraint of target hardware has been
proposed. Improvement in video quality and coding ef-
ficiency under a constant bit rate is achieved by imple-
menting a novel algorithm for adaptively selecting the
basic unit for rate controlling. The proposed method
also reduces the computational complexity using plat-
form independent and platform specific optimization
techniques and yet meets the very low memory con-
straint of the target processor for a standard H.264
baseline encoder without sacrificing the rate-distortion
performance. The platform independent optimizations
are useful as this version of the code can be ported to
any DSP platform for further platform specific opti-
mizations. Almost 40% MCPS reduction with respect
to optimized reference code is achieved at the cost of
less than 1% reduction in Peak Signal to Noise Ratio
(PSNR).

• This thesis deals with an encryption scheme for H.264
video that can be implemented on a DSP platform.
In case of Personal Video Recorder (PVR) enabled
STBs and connected TVs any user can easily store
any TV program. The proposed technique is capable
to protect illegal distribution of video content stored
in PVR. This thesis presents a fast yet robust video
encryption algorithm that performs real-time encryp-
tion of the video in H.264 format on a commercially
available DSP platform. This algorithm is applied in
a real-time place-shifting solution on DSP platform,
too. However, the approach has no negative effect as
far as compression ratio and video quality are con-
cerned. Mathematically, it can be shown that the pro-
posed method is more robust than those methods for
encrypting H.264 video described in the state of the
art analysis.

• With the advent of high-speed machine, a hacker, now
a day, finds it less difficult to break any encryption key
even though it may require large number of attempts.
Therefore, an encryption method alone is not sufficient
for copyright protection and ownership authentication
of stored and streamed videos. In this thesis digital
watermarking techniques has been proposed for this
purpose. A fast method of watermarking of streamed
H.264 video data is proposed in the thesis to meet the
real time criteria of a streaming video. This solution



was deployed in a content delivery network (CDN) en-
vironment, too.

• In this thesis a novel TV and web mash-up applica-
tion is described. This application initially extract the
relevant textual information from the TV video com-
ing in either analog or digital format and then mash
up the related information from the web to provide a
true connected TV experience to the viewers. Unlike
digital TV transmission it is not possible to automati-
cally get contextual information of TV programs from
any Meta data. The text in a TV channel is extracted
by text region identification followed by pre-processing
of the text regions and performing Optical Character
Recognition (OCR) on the text regions. The appli-
cations are presented for x86 based PC platform and
ARM based dual-core platform. This type of system
is not available in the literature.

• The thesis presents a novel method for recognizing the
channel logos from the streamed videos in real time,
which has various applications for VAS in the con-
nected TV space. The prototype is developed in X86
platform and then ported on a commercially available
DSP with nearly 100% accuracy in real time. In India,
where most of the people are still watching TV using
Radio Frequency (RF) feed cable, this image process-
ing based approach solution for providing EPG is novel
in nature.
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