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ABSTRACT . .

In recent years, the developments in 3D technologies have initiated the commercialization of 3D services on mobile devices.
For this purpose, stereoscopic 3D technology is used, which enables 3D TV on mobile devices including smartphone with
glasses-free 3D viewing. As a result, the issues related with stereo imaging have been spotlighted greatly. Especially, three
MPEG coding standards are provided for mobile 3D services, namely H.264/AVC with and without SEI message and
H.264/MVC. In this respect, this paper presents an overview of developments in stereoscopic technologies for mobile devices
to gain some perspective on the changes and progress. in this paper, we verified the availability of android based stereoscipic
3D technology related with mobile 3D TV and Smartphone with special emphasis on 3D video format and 3D features by

various technollogy characteristics analysis.

I. Introduction

Recent developments on 3D technologies have made
3DTV and mobile 3DTV the most spotlighted technology
in the area of audio-video entertainment and multimedia.
This
glasses—free 3D viewing on smartphone even without

development  enables  auto-stereoscopy — or
glasses [1-3]. At the same time, there have been many
researches on various aspects of 3DTV content creation,
coding, delivery, and system integration. As of mobile TV,
standardization and legislation activities have lead to

creation of similar yet content or country specific

standards; for examples, the Korean 3D T-DMB
(Terrestrial Digital Multimedia Broadcasting) [4] and
Mohile3DTV delivered through DVB-H (Digital Video
Broadcasting—Handheld) [5].

Since different types of 3D displays can render 3D
video, there are many types of formats to realize 3D video
[6]. The principle of 3D video is based on the binocular
vision fused by the signals of both eyes. Therefore, the
simplest format for 3D video is the stereoscopic video
which contains two captured views [7]. Stereoscopic 3D
utilizes the human vision system of feeling the depth of
the scenes being viewed. It is the ability of our brain to
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fuse together the two images seen by the eyes (the stereo
image pair) to form a single image, named the cyclopean
image that contains embedded information about depth
and an improved resolution of detail [8]. Stereoscopic 3D
has its own distinct features, advantages and problems,
together with other 3D viewing technologies, holograph
and integrated 3D. Therefore, these technologies have
been significantly increasing both in research and
commercial communities. In the market, the first 3D
Android Smartphone, LG Optimus 3D [1], recording,
displaying, and shearing glasses-less 3D content, was
introduced in 2011.

In this paper, a brief overview of rapid developments in
stereoscopic technologies on mobile devices is introduced
to gain some perspective on the changes and progress
with special emphasis on mobile 3DTV. For this purpose,
this paper is organized as followings. Section 2 briefly
presents the concept of stereoscopic 3D and overviews the
overall structure of 3DTV system. Section 3 briefly
describes mobile 3DTV systems: DVB-H and T-DMB.
Section 4 concludes the recent status and points to the

future research.

I. Background

1. Stereoscopic 3D

Stereoscopic 3D system can be devised using two
cameras located at two different positions, which may
imitate the human visual system known as binocular
stereopsis that allows the visual sense to give an
immediate perception of depth on the basis of the
difference in points of view of the two eyes. It exists in
those animals with overlapping optical fields, acting as a
range finder for objects within reach. In stereo vision
system, the geometry associated with solving this problem
is simplified by assuming that the two cameras are
coplanar with aligned image coordinate systems.

Fig. 1 shows the basic structure for the stereo image
formation and the stereo camera geometry. The center of
the lens is called the camera focal center and the axis
extending from the focal center is referred to as the focal
axis. The line connecting the focal centers is called the
baseline, b. The plane passing through an object point and
the focal centers is the epipolar plane. The intersection of
two image planes with an epipolar plane makes the
epipolar line. Let (X, Y, Z) denote the real world
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coordinates of a point. The point is projected onto two
corresponding points, (x;, y») and (x, y»), in the left and
right images. The disparity is defined as the difference
vector between two points in the stereo images,
corresponding to the same point in an object, v = (g — x
i — yr) [9,10]. In the stereo vision, one of the most difficult
areas is to find matching points or features between the
left and right images. This is called stereo matching or
stereo correspondence problem and has been an intensive
area of research using several approaches of matching
primitives; area-based, feature-based, and phased-based
ones, for decades.

This kind of format can provide the 3D perception but
it cannot provide the parallax-adjustable 3D effect [11]
suitable for mobile 3D display. Therefore, it might need to
have an alternative of stereoscopic video. At the same
time, 3D video is mainly aiming at the home application
with high—definition (HD) formats which requires high
bandwidth.

communications, it is inevitable that we have limited

transmission However, in mobile
bandwidth and heterogeneous networks with different
quality. Therefore, for mobile 3D services, suitable 3D

video format is important issue.

Object point
(X, Y, 2)

Epipolar
plane

Focal axis|

Focal
center

Epipolar line

) *,»)

Base line b

Fig. 1. Basic structure for stereo image formation and

stereo camera geometry

2. Mobile 3D Service Systems

Typically, mobile 3D service systems can have several
stages from the contents generation to the display on
mobile 3D devices. Fig. 2 shows the overall process and
the scenario for DVB-H mobile TV can be expressed as
follows: stereoscopic video content is captured, properly
encoded, encapsulated and then broadcast over mobile TV
to be received, decoded and played by a DVB-H enabled
portable device.

The first stage is 3D contents generation section with
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three main approaches: live camera capture, computer
generated 1magery, and 2D to 3D conversion. For
distribution of contents, it may be a way of sending left
and right views independently. However, it might be
wasteful in terms of bandwidth and packaging for
encoding. There are four methods for 3D content encoding:
spatial compression, temporal interleaving, 2D plus some
form of metadata, and color shifting. There are a number
of transmission platforms where 3D content may be
deployed: terrestrial broadcast, cable, satellite, packaged
material, IPTV, internet download, and mobile TV. In
decoding, there are several options and they depend on the
encoding, the delivery platform chosen and the display of
choice. The following is a list of options as presented by
a transcoder manufacturer: external hardware (Set-top
boxes, Blu-ray players, DVD players, gaming consoles,
decoders), internal hardware (inside the TV or inside the
Decoder), firm—ware update to existing devices (Chipsets
/ STB / Decoders), new hardware (updated chipsets), and
software update/download (PC, IPTV). The technology
used to simulate the depth presence in a scene influences
the type of display used to provide the 3D content. 3D
include: anaglyph,

display technologies stereoscopy,

auto—stereoscopy, holography, and volumetric displays [9].

3D contents
generation

Fig. 2. Overall process of mobile 3D system

Delivery

Encoding —»| Transmission —» Decoding

+—» 3D display

I. Mobile 3D Systems

1. DVH-T and T-DMD

Mobile 3DTV system was developed by European
consortium over DVB-H channel. It naturally consists of
different components in which stereo video content is
captured, effectively encoded, and then robustly
transmitted over DVB-H to be received, decoded and
played by a DVB-H enabled handheld [13].

Here, the stereo video framework was adopted while
providing comfortable 3D experience to the user with
acceptable spatial resolution and frame rate. At the stage
of 3D content creation and coding, currently there is no
single and generally adopted representation format for

stereo video, taking specific mobile channel conditions into
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account. Most natural is to have two—channel stereo video.
Capture of such video by synchronized cameras is
relatively easy and the coding can be done efficiently, e.g.
by the techniques of the emerging multi-view coding
(MVC) amendment of the H264 AVC standard [14].
Another way for two—channel stereo video is 2D video
plus depth format, already standardized under the notion
of MPEG-C, Part 3 [14]. This allows good compressibility
but requires additional techniques for depth estimation at
the content creation side and depth image based rendering
at the receiving side [14].

T-DMB, launched in Korea, is MMB Multimedia
Mobile multimedia
broadcasting services to mobile receivers, handheld
receivers, and vehicular receivers even at high speeds
matching at least IMT-2000 characteristics. T-DMB data

service with video associated data service can provide

Broadcasting), which delivers

static or dynamic image, 2D/3D graphics and text data
associated to a specific video program using MPEG-4
BIFS, shown in Fig. 3 [15], which is a flexible scene
description tool that allows synchronous representation of
audio—visual objects in a scene. The BIFS includes
information about visual properties of objects for
rendering, spatial position of objects and relative time for
rendering. Specifically, the proposed 3D T-DMB receiver
adopts a look-up table (LUT)-based simultaneous method
to accomplish the real time implementation of DIBR
algorithms, hole
interleaving. Moreover, we establish the parameter values
that are needed for generating the LUT based on
theoretical analysis [15].

including  warping, filling, and
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Fig. 3. 3D T-DMB data service based on MPEG—4 BIFS
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In addition, the 3rd Generation Partnership Project
(3GPP) [16] defined a multimedia container format, known
as 3GP (3GPP file format) for 3G UMTS multimedia
services and also allowed 3D services. The 3GP file

formats is structurally based on the ISO base media file
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format defined in ISO/IEC 14496-12 - MPEG—4 Part 12;

Table 2. 3D Android smartphones

3GP is similar to MPEG—4 Part 14 (MP4), which is also LG Optimus Aquos Sony
sp  |TCEVOD  oyioc | Xperia arc S
based on MPEG—4 Part 12. The 3GP and 3G2 file format
were designed to decrease storage and bandwidth System Qualcomm | Qualcomm | Qualcomm
. . . oo | TT OMAP 430 Snapdragon S3| MSMB2SS(MS | MSMBZ(MS
requirements in order to accommodate mobile phones. chp MSMR650 MRY) MRY)
Table 1 shows its summary. Dual corel000 Dual 1200 Single core Single core
Processor | MHz ARM l\mggim 1400 MIZ | 1400 MLz
Cortex-A9 Scorpi Scorpi
Table 1. Comparison between MP4 and 3GP ~ on on
Graphics PowerVR
MP4 3GP processor SGXBA0 Adreno 220 Adreno 206 Adreno 206
Spec MPEG-4 Part 14 | MPEG-4 Part 12 Resolution | XX &0 | S0xH0 | S0x K0 | 450 X 84
pixels pixels pixels pixels
. H.263, H.2€34/AVC, H.263, HI64/AVC, Technology TFT S-1LCD LCD TFT
Video stream MPEG-2, )
MPEG-1 MPEG—4 Part 2 Glasses—free | Glasses—free | Glasses—free | Glasses—free
3D (Parallax (Parallax (Parallax (Parallax
AAC, MP3, MPEG-4 AMR-(NB, WB, barrier) barrier) barrier) barrier)
Audio Stream Part 3, WB+}, - 5 megapixels | 5 megapixels | 8 megapixels |81 megapixels
MP2, CELP AAC-LC Dual-lens 3D | Dual-lens 3D | Dual-lens 3D | Dual-lens 3D
3D H.264/AVC MVC &%lg)
Camcorder (24fps) 1280x720 1280x720 1280x720
EIC MPEG—4 Part 14 inf:ludes Part 12 / 3GP, MP4 1280X720‘ (70 (720pHD) (720pHD) (720pHD)
Scalable. HD) (30fps)
PhOtO.S: 3 Photos: 2 Photos: 2 Photos: 2
megapixels ixels apixels apixels
2. 3D Smartphone Videos: [ICBADIXCIS | MCGADIXELS | MERAPXES
3D capture 12R0x70 Videos: Videos: Videos:
. . . . 1280x720 1280x720 1280x720
In accordance with the increasing popularity of (720p) ¢
_ _ . (Bps) 720p) (720p) (720p)
smartphone, mobile phone has been quickly evolving from

a communications device to multimedia platform. As a
result,
stereoscopic 3D services for the development of new
technologies and in 2011 the first 3D Smartphone with
dual camera system was introduced. It supports 3D video

a significant interest was on focused on

playback as well as records in 3D. It allows the
compatibility with YouTube so that users can post 3D
home movies directly to YouTube where they can be
viewed in 3D right from your handset itself. Also, via an
HDMI connection, they can be streamed to any 3D TV.

Table 2 describes various 3D smartphones which were
developed on a commercially available mobile hardware
platform. This is consisting of four models from LG
Optimus 3D [1], HTC EVO 3D [2], Sharp Aquos SH-12C,
and Sony FEricsson Xperia Arc [17]. They are Android
smartphones and bring visual 3D experiences without
glasses. As for application processors, most of them used
a dual-core Qualcomm Snapdragon [18] processor except
LG Optimus 3D with TI OMAP 4 [19]. Table 3 shows
some specification comparisons between major application
processors focusing on multimedia and graphics features
including 3D codec performance.
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3. OMAP 4 Platforms

This section introduces TI OMAP 4430 [19] platform by
Texas Instruments which is used for LG Optimus 3D for
the
integrates PowerVR SGXbx cores for

stereo-video decoding and playing. Specifically,
OMAP 4430
superior 2D and 3D graphics rendering by Imagination
Technologies [20]. Furthermore, Video capture and
playback are both accelerated by the platform's IVA-HD
hardware engine. Fig. 3 and Fig. 4 show the block
of
respectively.

diagrams stereoscopic recording and playback,
The procedure of stereoscopic recording is as follows:
-Dual cameras capture left and right views of the scene
-Camera mechanical misalignment correction and
autoconvergence applied on left and right views
-H264 encoder with SEI header

management and storage of 3D content

for efficient

-Live view of recording is rendered in 3D on selected
display terminal

The stereoscopic playback follows the bellowing

procedure:
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-H.264 SEI decoder reconstructs the 3D packed frames
from file system or remote streaming

-JPEG encoder reconstructs the 3D packed image from
file system or remote streaming

-Display Subsystem renders 3D content based on the

rendering option on selected display terminal

Table 3 summarized the stereoscopic support
OMAP4430  features  combining  with  hardware
components.

Table 3. Applications processors
Application |y reprasey | omAP4 | Msmezs | Rockehip
Processor 2918
. Dual . Cortex A8
CPU Scorpion Cortex A9 Scorpion core
CPU Clock 1.2GHz 1GHz 1.4GHz 1.2GHz
. QDSP-400 IVA-HD QDSP-25% | IVA-HD -
Codec DSP Mhz - 306Mhz Mhz 306Mhz
MPEG-AM | VPEGH, | MPEGAM | op) e
3 \ MPEG-2, PEG-2H2
Supported PEG-2H.26 H2BAH26 | 6AT263V RV, WMV,
Codecs 4H263VC o PN AVS, H.263,
-1,DivX SV, “l, MPEG4. et
Y DivX DivX - e
Full-HD@3 | Full-HD@ Full-HD@3
Encoder Ofps 30fps }(H];ai%gnfp; Ofps
Performance (Baseline (Baseline cofile - (Baseline
(2D) profile + profile + Bl?*frames) profile +
B-frames) | B-frames) B-frames)
Decoder
_ ) = @) — )
Perfo o Full-HD@3 | Full-HD@ HD@30fps Full-HD@3
Ofps 30fps Ofps
(2D)
3D Codec
Support NA Support N/A Support
Possible 3D
Codec 720P@30fps (Side-by-Side Based)
Performance
OMAP4430
JPEG Encoder
(SIMCOP)
m P . ,,)A;t;m P wl [ @
I - ] (VA-D) (2Dﬂnduu.to
MAGER CSl (I5P) ¥
i Homil, | HOWV
" JPEG Encoder (2Dand 3D)
(SMCOP)
Fig. 3. Stereoscopic recording
LCD
J:: (2D and auto
File Svste[rx F{MSK;") Protocol Vi: ef([il‘:csfdler QDFL?‘LV:;D]

(VA-HD)

Image Decoder
(SIMCOP)

OMAP4430

Fig. 4. Stereoscopic playback
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IV. Conclusion

In this paper, we briefly verifiedd the current thenology
stage of stereoscopic 3D technologies on mobile with
examples of mobile 3DTV systems and 3D smartphones.
Due to the rapid technical evolution on mobile industry,
the optimal platform for 3D services is evolving
continuously with various acceleration features both in
software and hardware. Therefore, there will be more
possihilities to expand stereoscopic 3D mobile application.
Future work will cover more detailed works considering

power—constrained mobile platform.
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