ushing the 3DTV frontier
- 3D holoscopy

Creating a truly realistic 3D real-time viewing experience in an ergonomic
and cost-effective manner is a fundamental engineering challenge. Dr AMAR

AGGOUN, Reader in Information and Communication Technology at Brunel
University, describes the EU-funded 3D VIVANT project he coordinates which

seeks to advance the 3D holoscopic imaging technology.

reating 3D content has been the goal

ol many researchers in academia and

industry as well as arlists for many years
in cinema, TV and performing arts. Today's
digital era is characterised by a userled
digital media renaissance that expands from

laking photos and video to producing 3D
content.

Crealors always look for new forms and
ways of improving their content and adding
new sensations fo the viewing experience.
High definition video has been the latest

innovation in the area ot content enrichment.

3D is the next single greatest innovation in
hll“‘.ﬁl"."lﬂl&i?"l&’_l‘l-.

Film such as Avatar have revolutionalised
cinema through the extensive use of 3D
technology and 3D content production along

with real actors, and in d-':;ing sO creating a
new genre at the outset of the 2010s,

The success of 3D cinema has led major
consumer electronics manutacturers and
broadcasters to launch 3D-capable TVs and
otter 3D content. 3DTV will require the

ir“u’rr_—“:grnrir.'zl'l of a di-.-'erﬁiry of key techno

ogies
from computing o E]rnpﬂ‘uia‘ﬁ imaging fo
display, and signal processing to
communications

There are a number of competing 3D
lechnologies available, and the decision fo
support 3D will require an understanding ol
the relative merits and drawbacks ot each

techno gy in the context of the home. The

provision of 3D confent into the home wi
require :.igj;|||i':i:j::'_1r'|1 cooperation between
content p-lc';x-fir::Jn:—:.'&_. service ;_'}'I:j:-*-.fid[%r:-a and
consumer electronics manutacturers to ensure

consumer confidence in the fechnology and
avoid a repetition of the confusion
surrounding the introduction of HD
lechn ologies.

Today's 3DTV technology is based on
stereo vision, where lefteye and righteye

images are p'f’_-:.‘nf_?ﬂlr.'_?:_‘] fo the viewer Ihr:::-ug_'jh

tlemporal or spatial multiplexing by wearing a

pair ot glasses. Usually, the content is
I:;'u[_m,lrf_?-:_i uaing hwo cameras mounted on a
r'g_,; Nevertheless, there are now
manufacturers that F_m_:x-idf: a 5i*15__3h:-f_'r;rr|-:?|c_1

sefup for the capture of the lefteye and right

eye images.

The next step in 3DTV development could
be the multiview auto-stereoscopic imaging
system, where a large number of pairs of
video signals are recorded and presented
on a display that does not require g
for viewing.
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Although, several auto-stereoscopic
displays have arrived on the market, there
are sfill limitations on resolution and viewing

position. Furthermore, stereo and multiview

techno
disparate images to create the 3D immersion.

ogies rely upon the brain o fuse two

As a result, such systems tend to cause eye
Qnged
viewing as users are required to focus on the

strain, fatigue and headaches after pro

screen plane [accommodation), but o
converge their eyes to a point in space in a
|

different F}lﬂr":l'.'—.‘ -,f:{?-lTu,-'ﬂ'gn;—“:'u'.e:-_ ;Jlf}d-.Jf_irg
unnatural viewing.

techno

which result in eye latigue, have been

ogy, some of these human tactors,

eliminated. However, some

infrinsic eye fatigue tactors will
always exist in slereoscopic 3D
techno

ogy.

The 3D holoscopic
solution

Creating a tuly realistic 3D
realime viewing experience in
an ergonomic and costefteclive

manner is a tundamenia
-:%llgir'u_—zeﬁ!‘u:_'; {_:}‘ut'_1||e”5:;f—_?. Future
3D technology should seek to

advance the current :—‘rx'slir"urc';

lechno ogies, nol i_':llll‘:,f' in
capturing and manipulating 3D
content, but also in ¢ realing @
new 3D content tormat which
otters ;-:11ig:]|_|f:-l|ﬁnr_t- viewing tor

more 1:H':_]‘.I e F_:'t'J'.':S-':_';f'l
Screen

iﬂrjf{_'.-pn:_'rrw_':'r_?r'.'ile-' of the viewer's S

position,
3D holoscopy and
ography are two

ho

- - II - " -
rf;--:_'hr'-:_:- ogies fhat overcome the

shoricomings ol siereoscopic

imaging, but their adoplions
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T

D TV in the home are still in their infancy.

e nextgeneration 3D TV systems will

require the creation, development and
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both technologies.

A project tunded by the European Union -

EU-FF/ ICT-4-1 5
3D Internet, entitled

Networked Media and

3D Live Immerse Video

Audio Interactive Multimedia” (30 VIVANT]

attempts o make o number of advances in

the 3D ho

OsCopic Imaging techno

ogy tor

caplure, representation, manipulation and

display of 3D content.
3D ho

oscopic imaging |also referred fo

as Integral Imaging) is a technique that is

capable of creating and representing @

volume spatial optical mode
scene in the form of a 'planar infensiby
disiribution, by using unique optical
components.

It is akin to ho

IL'JQI'{"J[;‘_‘.}T-:,-' in that 3D

rue

ol the objeci

information recorded on a 20 medium can

.--\.. .II & _.|
2D optical mode

be replayed as a tul

Screen Plane
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However, in contrast to holography, coherent
light sources are not required. This
conveniently allows more conventional live
capture and display procedures fo be
adopted.

Furthermore, 3D holoscopic imaging offers
fatigue-free viewing to more than one person,
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Figure 1. Recording of Integral Photogrophy

independently of the viewer's position. With
recent progress in the theory and microlens
manufacturing, 3D holoscopic imaging is
becoming a practical and prospective 3D

viewer's position;

W the original scenes are replayed in full
colour and with continuous parallax in all
directions [both horizontal and vertical).

The first 3D holoscopic imaging method is
'Integral Photography.” The recording of an
integral photograph use a regularly-spaced
array of small lenslets closely packed together
in contact with a recording medium (Figure 1).
Each lenslet views the scene at a slightly
difterent angle fo its neighbour and therefore o
scene is caplured from many viewpoints and
the parallax information is recorded (Figure 2).

Alter processing, if the photographic
ransparency is re-registered with the original
recording array and illuminated by ditfuse
white light from the rear, the object will be
constructed in space by the intersection of ray
bundles emanating from each of the lenslets.

Optical and digital techniques to convert
the pseudoscopic image fo an orthoscopic
image [i.e., with correct depth) have been
proposed over the last two decades. The 3D
VIVANT project is investigating a number of
solutions fo provide a 3D holoscopic camera
which can capture 3D video in realime and
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Figure 3. 3D holoscopic cameras

the microlens array used in the capture.

One of the aims of 3D VIVANT project is
to investigate the possibility to display 3D
holoscopic content on commercially available
aulostereoscopic displays. Currently there are
a number of auto-stereoscopic displays avail-
able on the market which uses the combina-
fion of lenticular optics in combination with
LCD panels.

In current aulo-stereoscopic displays, the
lenticular elements are positioned at an angle
to the LCD pixel array (Figure 4). This mixes
adjacent views reducing image flipping prob-
lems and spreading the effect of the black

display technology and is
attracting much interest in the 3D
areqa. It is now accepted as a
sfrong candidate for next-
generation 3D TV.

The merits of 3D holoscopic
imaging technology can be
summarise as follow:

B 3D holoscopic imaging
methodology uses the principle
of ‘Fly's eye’ and hence allows

natural viewing of objects i.e.

fatiguefree viewing);

W it is based on physics, duplication of light
field, true 3D technique;

M it uses incoherent radiation and forms an
image that is a sampled representation of the
original object space, to scale and in full
colour;

W ihe 3D confent is captured using a single-
aperture camera in reaHime;

W the 3D content can be viewed by more
than one person and independently of the

Figure 2. Microlens panel and magnified section

with correct depth perception. 3D holoscopic
camera systems comprising microlens array,
relay lens and digital camera sensor have
been constructed (Figure 3).

The microlens array has a hexagonal
arrangement of lenses to maximise the fill
factor. The system will record live images in a
regular block pixel pattern. The planar
intensity distribution representing a 3D
holoscopic image is comprised of a 2D array
of MxN micro-images due fo the structure of

S
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mask making it less visible. The other benefit
of this design is that each view has a better
aspect rafio, rather than splitting the display
horizontally into many views both horizontal
and vertical directions are split.

To adapt a 3D holoscopic content fo be
viewed on an autostereoscopic display, uni-
directional 3D holoscopic images are used.
These images are obtained using a special
case of the 3D holoscopic imaging system
where 1D cylindrical microlens array is used
for capture and replay instead of a 2D array
of microlenses. The resulting images contain
parallox in the horizontal direction only and
can be disployed using a lenticular sheet in
association with an LCD panel.
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