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Abstract. Growing popularity and richer functionality of contemporary mobile
handheld devices such as PDAs and smart phones have enabled emerging video
streaming applications to these devices via various wireless networks. However,
these handheld devices are significantly constrained by limited resources avail-
able to them for some sophisticated operations. Among these limitations, the
available processing power has limited these devices to perform full scale de-
coding of the video compressed with H.264 standard [1], [2]. The typically
small display size of the handheld devices has been imposing significant barri-
ers for the devices users to enjoy high-resolution videos. This paper presents
some challenges in design decoding algorithm for smart phones, in video adap-
tation to suit heterogeneous devises, in browsing videos via handheld devices
by diverse mobile device users. Several approaches will be proposed to meet
these challenges and to offer the mobile device users an enhanced experience in
these emerging mobile video applications.
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1 Introduction

Recent advances in wireless communication and networking have enabled an entire
new array of applications in multimedia over wireless networks beyond traditional
applications in voice and text. Among these real-time multimedia applications, video
streaming to mobile handheld devices has become feasible under various wireless
environments. In particular, with the growing popularity of mobile devices, users can
enjoy videos in almost anyplace and at anytime. For video streaming applications in
the wired networking environment, the videos stored in the video server are generally
encoded at high-resolution (HR) and high bitrate streaming is generally able to guar-
antee users’ access and browsing experiences.

There are several fundamental difficulties in enjoying these videos with mobile de-
vices over wireless networks. The first critical constraint is the necessity of the low
power operations for all the mobile handheld devices driven by the battery. These
battery driven devices have limited processing power and memory size that generally
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Video Streaming to Mobile Handheld Devices 43

prevent the implementation of computationally complex algorithms. The second criti-
cal constraint is that the wireless links for mobile handheld devices to access the
video data are usually band-limited and error prone. Transmission of compressed
video over such links presents significant challenges. The third essential constraint is
the limited display size of mobile devices, which often hinders the users to fully enjoy
the video scene. It is very much desired for mobile users to access videos with current
display size but with an enhanced viewing experience.

In this paper, we will present some challenges to overcome these fundamental con-
straints in order for the users of mobile handheld devices to enjoy a true universal
multimedia access (UMA) experience under the pervasive media environment. UMA
refers to the user experiences in which access and consumption of multimedia content
over heterogeneous networks have been accomplished using diverse terminals in a
seamless and transparent way [3]. We will then address the technical issues aiming at
overcoming some fundamental constraints in video streaming to mobile devices. In
particular, we will discuss the decoding of the compressed video on the smart phone,
adaptation of video streams at the edge servers for heterogeneous mobile devices, and
the browsing of streaming video by a diverse class of mobile device users.

The rest of this paper is organized as follows. Section 2 presents in some detail the
challenges that stem from various physical constraints of the wireless networks or
mobile devices. Section 3 introduces several key technologies that have recently been
developed to address the challenges in order to provide enhanced UMA experiences
to mobile device users. These technologies include video decoding, video adaptation,
and video browsing for streaming to mobile devices. Section 4 concludes this paper
with a summary and a discussion of future technology trends.

2 Challenges in Video Streaming to Mobile Handheld Devices

Mobile handheld devices are inherently resource constrained because they need to be
portable and powered by battery. The first challenge for video streaming to the mobile
devices is to design a suitable video encoding and decoding algorithm for mobile
video applications. In general, portable, battery operated mobile devices pose the
following particular constraints [4] that need to be carefully taken care of when
implementing a video coding scheme:

1) Power (battery life)

2) Memory size

3) Cache size/memory bandwidth
4) CPU speed

5) Display Resolution

6) Bandwidth

As a result, we believe that the desirable attributes of a video coding scheme de-
veloped for mobile device applications should include:

1) High coding efficiency to meet the limited bandwidth constraints.
2) Balance of coding efficiency and complexity of implementation geared
towards inexpensive consumer-level appliances.
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3) Low cost implementation of decoder, considering the limited CPU power
and the limited cache/memory.

4) Massive deployment in vast numbers of consumer-level mobile receivers

5) Coding tools included should provide significant coding gain relative to the
cost for their decoder implementation.

Considering the current video streaming applications, the first step towards UMA
through mobile devices is to enable seamless implementation of state-of-the-art video
decoder on the mobile devices so as to allow the users to decode and display the re-
ceived video bitstreams. This is particularly challenging when the cellular phone is
used as the mobile device for video streaming and display. This is because the capac-
ity left to implement video streaming is quite limited after the essential services of
voice calling are implemented on the phone.

The second challenge for video streaming to the mobile devices is to design some
video adaptation schemes in order to meet the requirements of seamless services for
an array of heterogeneous mobile devices having diverse functionality and capability
differences. In particular, the display size of these devices can be quite different and
the display resolution of these devices is usually much smaller than the resolution of
original video. Video adaptation with reduced spatial resolution is therefore necessary
in order to stream the appropriate amount of bitstreams to the mobile devices whose
link capacity is constrained by the bandwidth of wireless access networks.

In recent years, some video transcoding schemes [5], [6] have been developed to
achieve the spatial resolution reduction. These traditional spatial transcoding schemes
are usually based on spatial downsizing by the factor of two or power of two. Consid-
ering perceptual results, excessive resolution reduction will cause significant loss of
desired information. More recently, some researchers proposed an automatic model-
ing approach to crop a most informative region within the original image and assign
the cropped region a proper scaling ratio according to a certain display size [7]. Simi-
larly, an attention based video adaptation solution [8] was developed for better
perceptual results in small displays. However, these schemes adopt the pixel-domain
approach that the original videos are decoded and then fully encoded after processing.
This is often very costly in terms of computational complexity and is not suitable for
mobile devices in practice.

Traditionally, the video adaptation operations are implemented at the proxy server
linking between the wired networks and the mobile devices. One such example will
be the access point for wireless local area networks (WLAN). When the access point
receives the spatial resolution and other parameters from the mobile devices, these
parameters will be utilized to design an appropriate adaptation scheme for this par-
ticular device. Every time a different request may be received from heterogeneous
mobile devices diverse, the video adaptation scheme will needed re-designed. This
creates significant burden at the proxy server such as access point in the WLAN
which may become the bottleneck in implementing the UMA environments [3].

This technical issue constitutes the third challenge for video streaming to mobile
devices. It is the best interest of any UMA service provider to shift the computational
burden from proxy server to the original server which in general enjoys significantly
more resources than the proxy servers. The shift of some key video adaptation opera-
tions from proxy server to original video server can be made possible as long as the
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desired video adaptation for heterogeneous mobile devices can be appropriately pa-
rameterized and these parameters can be embedded into the compressed video bit-
streams to be utilized by the proxy servers.

3 Key Technologies for Seamless Video Streaming to Mobiles

In the following, we shall discuss several key technologies that have been developed
recently to address the technical issues in providing seamless video streaming services
to mobile handheld devices. We will start with the most essential operations for such
service in terms of reduced complexity video decoding on the mobile devices. We
will then examine the video adaptation schemes that are necessary for streaming re-
duced spatial resolution video for small display size of the mobile devices. Finally, we
will present an innovative approach that is able to shift the burden of extensive video
adaptations at the proxy server to the original server to allow light operations at the
proxy servers so as to enable a seamless video streaming from the server to proxy and
to the mobile users.

3.1 Reduced Complexity Video Decoding for Mobile Devices

We consider implementing the video coding scheme on the mobiles to be compliance
with the current H.264/AVC standard [1], [2]. H.264/AVC is the powerful and state-of-
the-art video compression standard that has recently been developed by the ITU-
T/ISO/TEC Joint Video Team consisting of experts from ITU-T’s Video Coding Expert
Group (VCEG) and ISO/IEC’s Moving Picture Experts Group (MPEG) [10]. The
H.264/AVC standard represents a delicate balance between coding gain, implementation
complexity, and costs based on state of VLSI design technology.

To develop a reduced complexity video coding scheme based on H.264/AVC stan-
dard, we need to investigate each component of the video encoding and decoding in
terms of its contribution to coding efficiency against its induced implementation com-
plexity. Since this reduced complexity video decoding scheme is designed for local
playback on mobile device, we focus on those coding modules that are adopted by
both encoder and decoder. This is because these modules have greatest impact on
both coding efficiency at the encoder and the implementation complexity at the de-
coder. However, when a module is included only at the encoder, we shall adopt a high
coding efficiency coding technique even though the module is high in implementation
complexity. Such coding module will not impact the mobile devices since these mod-
ules will not be implemented at the decoder.

The implementation has been focused on several key modules in video coding.
One important common feature of these implementations is that the key components
have been enforced to be compliance with the H.264/AVC standard. We shall use
Nokia 6600 as an example to illustrate the principles behind the design. However, we
the principles of implementation enable the potential widespread adoption of pro-
posed scheme on other mobile devices from different manufacturers.

We have considered the following key modules for the potential reduction of
implementation complexity:
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1) Inter Mode

2) Intra Mode

3) Quarter-sample-accurate motion compensation
4) Rate Distortion Optimization

5) Transform and quantization [11]

6) Interpolation

7) Entropy coding [12]

8) In-the-loop deblocking filter [13]

9) Frame drop

For each of these modules, we investigate how the reduction of complexity can be
accomplished with minimum loss of coding efficiency. When certain reduction causes
substantial loss in coding efficiency, such reduction will not be carried out. The follow-
ing table lists the modules we considered with a comparison between the H.264 Refer-
ence Software JM76 [14] and the proposed scheme. Notice that many modules remain
unchanged because the gain in complexity reduction is out weighted by the loss in
coding efficiency. On average, the loss of coding efficiency is under 0.5dB in PSNR
caused by complexity reduction. However, the complexity reduced codec can now be
implemented on the Nokia 6600 for decoding H.264 video bitstreams. The following
table summarizes the results and implementation details can be found in [15].

four for macroblock

Module H.264 Ref. SW JM76 The Proposed Scheme
Inter Mode seven seven
Intra Mode nine for Intra4x4 and five for Intra4x4

Motion Vector

quarter-accuracy

quarter-accuracy

RDO enabled enabled

Transform 4x4 integer transform, 4x4 integer transform

Quantization 52 steps 52 steps

Interpolation 6-tap for half-pix and 4-tap for half-pix and
bilinear for quarter-pix bilinear for quarter-pix

Entropy Coding CAVLC Exp-Golomb

Loop filter enabled enabled

Reference frame | two two

3.2 Attention-Based Video Adaptation for Mobile Devices

As we indicated in Section 1, there have been numerous research activities in spatial
resolution reduction for displaying video at mobile devices with small display size.
Majority of traditional simple transcoding techniques have been on spatial downsizing
by the factor of two or power of two [5], [6]. Considering the perceptual results, ex-
cessive resolution reduction will cause significant loss of detailed information. There-
fore, for video streaming to mobile devices, a better way to solve this problem is to
identify the most informative regions within the original video frame and crop an
appropriate portion of the video frame containing the informative region for the small
display at the mobile devices.
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Once again, we consider the H.264/AVC standard as the default video coding
scheme for these applications because of its efficient coding performance and its
widespread adoption by the applications community. A typical approach for video
adaptation would be to generate a new bitstream with the direct method. In this case,
the scheme re-encodes each new frame of the sequence after full decoding of the
received data. However, full-scale motion estimation and full modes decision will
result in unaccepted complexity at the mobile devices. Therefore, we need to develop
several techniques in order to reduce encoding complexity, including techniques in
motion reuse and simple mode decision [16], [17].

One major issue needs to be resolved is how to identify the informative region
within a video frame for the generation of reduced resolution video streaming and
display at the mobile devices. The approach we developed is to determine the most
informative region in the decoded frames by an attention based modeling. As shown
in Definition 1, a set of information carriers — attention objects ( AOs ) [7] are defined
in our method.

Definitionl : {AO,} ={(SR.,AV,,MPS )},1<i< N (1)

Each AO owns three attributes: SR, AV and MPS. SR is referred as a spatial region
corresponding to an AO. The attention value (AV) indicates the weight of each AO in
contribution to the information contained in the image. Since the delivery of informa-
tion is significantly dependent on the dimension of presentation, minimal perceptible
size (MPS) is introduced as an approximate threshold to avoid excessively sub-
sampling during the reduction of display size.

Accordingly, three attributes of AOs will be measured by an automatic modeling
method. We have taken into account four types of attention objects in the proposed
model: motion objects, face objects, text objects and saliency objects. Since we study
video streaming, the modeling is different from that of the static pictures [8] in that
motion information with in a video frame carries significant information. For H.264
video format, the Motion Vector Field (MVF) of a frame is able to measure the mo-
tion information well.

After we extract the attention areas from the video frames, we are faced another
technical challenge in generating the reduced resolution smooth video frames from
the extracted attention areas. A straightforward approach is to directly present the
focus regions to the user. However, this naive approach will cause jitters in the video
sequences since such frames will be discontinuous after cropping. We notice that in
some tracking systems [18], virtual camera control is introduced to smooth the track-
ing process. Therefore, we assume that there is also a virtual video camera steered to
pan and zoom in the video frames. Two types of focuses are introduced to implement
virtual camera control: Camera Focus (CF) and Target Focus (TF). Camera Focus
represents the focus displayed to the users and Target Focus represents the destination
focus that can either be assigned manually or determined automatically. Correspond-
ing display ratios of the two types of focus regions are defined as Camera Ratio (CR)
and Target Ratio (TR), respectively. The Euclidean distance between CF and TF is
denoted as Ad and the difference of CR and TR is defined as Ar. The direct focus
shifting is substituted for a smooth following process from the current focus region
to the target focus region, with a set of pan and zoom operations. As a result of a
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sequence of fixation, following, and shifting operations, the output of adjusted
cropped regions will be a smooth sequence. Such a rectangle region after adjustment
will be noted as the attention area in video adaptation. The detailed implementation
on attention information-based video adaptation for mobile devices can be found in
[19]. Yet, there are still open issues in video adaptation [20].

3.3 Embedded Intelligent Video Adaptation for Browsing Via Mobiles

Although the attention area extraction-based video adaptation is able to generate
reduced resolution video for mobile devices with small display, this region-of-
interest (ROI) based transcoding at proxy has two critical shortcomings that need to
be overcome to maximize mobile video browsing experiences. The first shortcoming
of the ROI-based transcoding is the need to perform the detection of four types of
attention areas separately in order to obtain a robust ROI within a given video. The
computational operations to perform these detections and to combine the detection
results shall become a significant burden for either edge server or proxy. The second
shortcoming of the ROI-based transcoding is the need to perform ROI detection for
heterogeneous users every time a user requests the video browsing service. Such
repeated operations will sometimes overwhelm the proxy server.

These shortcomings can be overcome if the compressed video at the original server
can be augmented with ROI information for proxy server to access. If we are able to
embed the ROI information into the bitstream of compressed video to be extracted by
the proxy server, the burden of the computational complexity can be shifted from the
transcoding at proxy server to encoding at the original server. It is this analysis of shift-
ing the operations from proxy server to original server that motivates us to design an
attention-information-based video adaptation for browsing video via mobile devices.

This intelligent design of video spatial adaptation is based on the assumption that
the videos stored in the original video server are usually off-line generated and the
computational complexity is not an issue with off-line operations. Furthermore, we
also assume that the attention objects in each video frame may remain the same even
for different mobile users. This is because the attention model we adopted is quite
generic for a wide variety of users. If we are able to shift the attention detection op-
erations from the transcoding process to the encoding process, then, we will be able to
shift the complexity from proxy to the video server.

Based on the above analysis, we have recently developed an intelligent spatial ad-
aptation framework as shown in Figure 1. This framework has two parts: video con-
tent generation and video adaptation operation. During the generation of compressed
video bitstreams, the attention information will be detected from the video simultane-
ously. Then the bitstreams and the attention information will be stored together in the
video server. When the server offers services for mobile devices users, the adaptation
system placed on a proxy or server will perform adaptation manipulation on the origi-
nal high resolution video by making use of the attention information in the video to
meet the display constraint of the mobile devices.

The separation of attention information detection and adaptation operation has two
benefits. First, since the detection process need be performed only once and the
detected attention information can be used for heterogeneous users, the workload of
this new adaptation system will be reduced greatly while the system still remains
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flexible. This intelligent adaptation system only needs to complete the function in
transforming high resolution videos into low resolution videos for mobile devices.
This will greatly facilitates the potential implementation of real-time adaptation proc-
ess for mobile devices. The second benefit of the proposed scheme is that we can
actually improve the video adaptation performance by fully utilizing the pre-detected
attention information.

Since original sequences are unavailable in the transcoding or video adaptation
process, reconstructed frames after decoding have to be used as the input video to
transcoding. The better quality the reconstructed original video frames, the higher
performance the transcoder will be able to achieve. In browsing video via mobile
devices, the new video sequence generated by the transcoding or video adaptation
suitable for the target mobile device will consist of mostly attention areas in each
frame. Therefore, if we can adjust the bit allocation strategy in the original encoding
for attention and non-attention areas, we shall be able to improve the quality of low
resolution adapted videos. That is to say, if it is known to us that the majority of the
clients are mobile device users, we can move some bits allocated for non-attention
areas to attention areas when we encode the original video.

-

Video Content Generation

/

Video Adaptation System

\

/

.

N L
bitst;
—» encoder ceream proxy/
\ ‘ _ server )
video \- — ; _ - > HR - display
_sequences| _encoding ( bi R video video | adaptation | Siz¢
information combiner > |
A L/,Swr\ system LR
I ~— - 2
( attention\ R— video
| detector | attention
N information

Fig. 1. The structure of attention-information-based spatial adaptation framework

We have implemented several strategies in motion estimation and mode decision to
achieve a high performance transcoding [21], [22], [23]. We tested the proposed intel-
ligent video adaptation with several standard video sequences at a variety of bitrates
in which the original CIF bitstreams are transcoded into QCIF bitstreams containing
attention areas. Comparing with the simple video adaptation scheme we presented in
Section 3.2, this embedded intelligent video adaptation is able to obtain R-D perform-
ance improvement at all bitrates and the improvement can be as high as 0.5dB. The
details of this intelligent video browsing scheme can be found in [24].

4 Summary and Future Technology Trends

In this paper, we have presented several fundamental constraints in order for the users
of mobile handheld devices to enjoy true universal multimedia access experiences
under the pervasive media environment. These fundamental constraints are originated
from the inherent physical limitations of either wireless access links or mobile device
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operations. We then addressed several technical issues aiming at overcoming some
fundamental constraints in order to provide seamless video streaming to mobile de-
vices. In particular, we discussed the decoding of the compressed video on the smart
phone, adaptation of video streams at the edge servers for heterogeneous mobile de-
vices, and the browsing of streaming video by a diverse class of mobile device users
via the wireless access links.

One recent emerging mobile video application is the mobile Internet TV (IPTV)
which has attracted significant attention from both research community and service
providers. In this application, the consumers are expecting seamless streaming of
broadcasting video contents to the mobile receiving devices. Although the content
creators may produce some special programs targeting only mobile reception devices
with low spatial resolution, many broadcasting video programs need to be adapted
from high resolution originals produced for high end users to low resolution videos
for reception by mobile devices. In this case, all three technical approaches presented
in this paper are applicable to mobile IPTV applications.

Another future technology trend is in the application of video adaptation in peer-to-
peer (P2P) video streaming to and from mobile devices. Video adaptation becomes
necessary when the video data stored in your peers have significant resolution mis-
match because simple streaming of original data cannot be implemented. In this case,
we will need to integrate the video adaptation with protocol designs for the seamless
P2P streaming of video data to and from mobile device peers.

Finally, the visual attention-based video adaptation has been based on the basic as-
sumption that human attention tends to remain similar when viewing entertainment
video. This assumption is not applicable to special circumstances in which we seek
unique visual information within a video frame that cannot be easily characterized by
generic human visual attention attributes. Special design is needed for these unique
cases, including surveillance and tactical video for security and defense applications.
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