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Abstract

OSIRIS brings out new generations of 2D and 3D projection systems with the help of innovative component
technologies (LED, Laser, Holographic and Interference Lithographic screens). 3D multi view acquisition has
been studied by single-lens (plenoptic) and multi cameras approaches.

This document reports the main achievements and the dissemination activities of the project.
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Glossary
3DTV: Three Dimensional Television
AV: Audio Video
BDA: Blu-ray Disc Association
BRDF: Bidirectional Reflectance Distribution Function
CAD: Computer Aided Design
CCD: Charge Coupled Device
CuP: Copper Tungsten
CRT: Cathode Ray Tube
CTE: Thermal Expansion Coefficient
DE: Depth Estimation
DLP: Digital Light Processing
DPSSL: Diode-Pumped Solid State Laser
DVI: Digital Visual Interface
DVB: Digital Video Broadcasting
EBU: European Broadcasting Union
FOV: Field of View
FWHM: Full Width Half Maximum
GaAs: Gallium Arsenide
GPU: Graphics Processing Unit
HD: High Definition
HDMI: High definition Multimedia Interface
HDTV: High Definition Television
IEC: International Electrotechnical Commission
INnGaAIP: Aluminium Gallium Indium Phosphide
InGaN: Indium gallium nitride
ITU: International Telecommunication Union
KTP: Potassium Titanyl Phosphate (KTiOPO4)
LCD: Liquid Crystal Display
LED: Light Emitting Diode
LCD: Liquid Crystal Display
LCOS: Liquid Crystal on Silicon
MPEG: Moving Picture Experts Group
MQW: Multi Quantum Well structures
RGB: Red Green Blue
RPTV: Rear Projection Television
RP: Rear Projection
SEM: Scanning Electronic Microscope
SMPTE: Society of Motion Picture and Television Engineers
VoD: Video on Demand
VR: Virtual Reality

VS: View synthesis
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1  Project execution

1.1 Summary of project objectives

Technologies based on projection are particularly suitable to display large pictures. Traditional Cinema is the
prototype of projection technology, but a recent approach making use of rear projection and highly compact
optical engines has also led to a family of slim displays intended for home use. Moreover, projection
technology features characteristics that allow easily designing systems where each pixel can emit different
light information for different angles; this can be exploited to render 3-dimentional pictures™.

The display projection technology is based on the construction of a system using a light emitting source, an
illumination system, a solid state micro-display, projection optics (lenses, mirrors) and screen(s). Advances in
any of those components are beneficial for the performance and/or the cost of the whole display.

Compared to other technologies, projection requires lower industrial investment to produce those
components. This makes projection a good candidate for, in addition to consumer, specific or highly
professional display applications such as advertisement, medicine, control rooms or monitoring, computer
aided design or cinema.

The objectives of OSIRIS are precisely to carry out new generations of 2D and 3D projection systems,
with the help of innovative components technologies. This includes the realisation of a common
technological platform aiming at providing solutions for a broad range of applications.

The common technological platform will include:
o novel light source based on LED or Laser diodes (and associated primary illumination
systems) to replace the lamp.
0 new screen approaches based on interference lithography and holography.
0 technologies to capture and render 3D natural scenes.

OSIRIS also intends to integrate the most recent technologies in terms of microdisplays like HDTV LCOS
components from external suppliers or developed in other projects.

The considered applications rank from consumer to digital cinema, advertising, control rooms, CAD, games
and medicine. More precisely the project will address part of these applications by including the following
prototypes:

e RPTV (approx : 500) display with a very slim form factor : this display targets the markets of
consumer and professional monitors. This display will make use of new approaches in terms of light
source (LED replacing the lamp) and of screens (holographic screen, microstructure screen).

e Auto-stereoscopic 3-D RPTV system, glasses-less, multiviewer (high number of views and a wide
viewing field) capabilities. The cost of that display will be made much lower than what could exist
today. This device addresses the professional applications (medical, CAD), advertisement and
entertainment (games)

e Glasses-less 3-D Cinema display: this prototype aims at applying to cinema the recent progress
obtained in 3-D restitution on monitors, and to pave the way to new 3D cinema concept with a
comfortable viewing environment.

e Large format display (approx : >4 m) for ambient light. This display will be based either on front
projection technology or on slim rear projection wall and could make use of standard professional
front projectors coupled with innovative screens. This display is intended for applications similar to
advertisement, control rooms or design centers. Some studies will be launched to integrate laser-
diode components.

I'n these cases, pi xels are usually named fAvoxel so
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1.2 Contractors involved
Participant Participant _ Participant Date enter Date exit
Participant name Country . .
role no. short name project project
CO 1 Thomson THO France M1 M40
CR 2 Barco BRC Belgium M1 M40
CR 3 Fraunhofer Institute ISE Germany M1 M40
CR 4 Holografika HGK Hungary M1 M40
CR 5 Holotools HLT Germany M1 M40
CR 6 OSRAM Opto OSR Germany M1 M40
Semiconductors

CR 7 Oxxius OXX France M1 M40
CR 8 Sax3d.com SAX Germany M1 M40
CR 9 SYPRO-Optics SYO Germany M1 M40

1.3 Work performed and end results

1.3.1 Novel Light sources LED

The objectives of the project was to enable highly efficient red, green and blue LED light sources with

highest luminance, best thermal performance and adapted étendue of light sources to be used in RPTV or

3D displays. In order to reach the objectives, work packages in the different chip technology sectors,

InGaAIP for red and InGaN for green and blue and in the assembly technology were necessary. At the

beginning of the project, it was observed that the total quantum efficiency was lower than estimated
theoretically. Moreover the ampacity of the diodes was quite low. At a current density of only 1.5A/mm?2 the

INGaAIP diodes showed alre ady a #dr ol | over o0, t hat means an increas
current was not possible. With several iterating simulation and experimental steps the chip structure was

optimized. Today the diodes can be driven with 3A/mm?2 as shown in the figure 1 below.

400 I T T

‘ —— Improved technology

—  Status start of the project /

300 -

Figure 1: Current carrying capacity of
INnGaAIP diodes at the start of the
project and after some optimization
steps

200 // I"nhm:rmmem—
100 / -——‘—.\\\
\\

1} 05 1 15 2 24 3

Current density (A/mm?)

Luminous flux (arbitrary units)

During the project time frame further improvements of the electrical contact area and design, including the
characteristics of the contact materials were performed. Reduction of internal absorption and also doping
optimization increased the total brightness efficacy and reduced the forward voltage at highest currents to a
reasonable value.

On the InGaN side, the main limiting factor for projection light sources was the maximum available green
flux. Therefore the focus was set on the optimization of the green epi-structure, especially of the quantum
wel | design of the active region. A substanti al i mit.
where the efficiency is decreasing with the current density. This effect is even more pronounced at higher
wavelengths. In detailed simulations and investigation, Auger recombination could be identified as a main
contributing factor. To avoid this effect, a reduction of carrier density in the active zone and multi quantum
well structures (MQW) were performed. Originally a proper MQW operating mode was not possible.
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However, new epi-structures and an improved crystal quality made it possible. A schematic view of old and
new MQW structure is shown in figure 2. The droop of the MQW diodes is improved, which leads to much
higher optical power and efficiency at high driving currents.

In old MQWVs hole- injection
Y /\ /\A was only in the frist QW realised.
The barriers between the QW
Old MQW stopped the hole current:

Structure N / P Only one emitting Qw
/ (e.g. Ref. David et al.*)

barriers
Improved MQW |—°—| Real MQWY operation
structure n p due to improved
material quality in the barriers
| ) | | [ ) | ‘ I (Peter et al.™)

* A David, et al. APL 92, 053502 (2008)
" M Peter et Al to be published in PSS (2008)

Figure 2: Effectiveness of old and new MQW-structures

By simulations, the chip design was also tailored to the specific needs. The optimization was done between
the contradicting requirements of optimum current spreading and light extraction. With several iteration
steps, the final chip design and structure could be worked out.

In addition to these activities, studies to improve the light outcoupling direction and to generate a completely
novel chip architecture were performed.

The objective for the assembly technology was to maximize the driving mode potential and to reach the
highest possible luminance. Therefore LED projection modules for RPTV and 3D RPTV were worked out
with lowest thermal resistance, optimum die placement and sufficient current carrying capacity. Simulations
to find adequate materials and designs were performed. A special solder process was developed to minimize
the gap between the dies. The novel RPTV LED module is shown figure 3. Six high power LED chips are
mounted on one copper heat sink. The direct solder attach reduces the thermal resistance to only 0.5 K/W,
which is best in class and allows a peak power load densities of 15 W/mm?2 in pulse mode or 10 W/mm?2 in
average. The almost gapless configuration minimizes the irregularities in homogeneity between the
individual LED chips. An antireflection coated window is protecting the dies and the construction.

Figure 3: RPTV LED module

Intensive lifetime and robustness test with both chip technologies in the above module were performed. Only
minimal degradation was observed. So a potential lifetime of more than 5 years at continuous pulsed
operation can be expected for the system.

At the beginning of the project the brightness performance of a RPTV LED module with 12 mm2 chip area
was 1100 Im in red, 1650 Im in green and 590 Im in blue. Towards the end of the project the power for red
could be tripled to max 4000Ilm, green doubled to 3800Im and blue increased to 24W respectively.

Besides the direct generation of green light, a second method to increase light output for green light was
investigated. A near UV-emitter with a very linear current 7 brightness behavior was combined with high
efficient green phosphors. Prototypes have demonstrated a huge potential to further increase the brightness
in green. More than 7500lm could be achieved.
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Within the OSIRIS project, OSRAM succeeded to demonstrate best in class LED light sources for high

luminance projection systems. All milestones and deliverables were fulfiled on time. Even the changed
specification mid of the project to double the brightness requirement, could be met. With this outstanding

progress, projectors in the kilo | umen range are now possible. aW&ERAMOSs
packaging solutions as well as continuous breakthroughs in light emitting chip development is proven again.

1.3.2 Novel Light sources: LASER

OSRAMb6s | aser Il i ght sources are excel |l usingtLCdSiingabets. sour c
Lasers provide polarized light that is best suitable for the use of low cost LCoS imagers. They have lifetime

of several thousand hours exceeding discharge lamps by far and they do have a large color gamut because

they are on the rim of the color space. Within OSIRIS OSRAM developed red and green high power lasers

that were integrated by Barco into a 300Im laser front projector demonstrator.

Red Laser

The red laser consists of an InGaAIP laser diode array. The laser diode array is soldered on an innovative
expansion matched heat spreader in a compact, small footprint copper package including primary optics as
well. The module design and assembly process is tailored to enable low cost high volume manufacturing.
The figure below shows the typical optical output power of the red laser array as well as a picture of the
compact package. Seven emitters are included in this package.

4000
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current [mA]
Figure 4: Pl-curve of multi emitter array at 640nm; layout of laser package, size 10x10x5 mm?®

The required output power can be reached over a wide temperature range up to 40°C. This reduces the
effort for cooling the device. Lifetime tests have been carried out. After 3000h at an operation current of 1A
at a single emitter one can hardly reckon any degradation of the device. A degradation of about 5% in
10.000h can be extrapolated.

Green Laser

For the green laser an array of diode pumped frequency doubled solid state lasers is used. The laser crystal
is a highly efficient compound crystal consisting of a Nd:YVO, as active medium and a KTP crystal for
frequency doubling pumped by one of OSRAM6és high power
To achieve the required power levels five emitters were integrated into a single laser package. The layout of
this compact green high power laser can be seen in Figure 6 (next page).
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Figure 5: layout of laser
package, size 45x45x10 mm?
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Figure 6: stabilized output power of multi emitter array at
532nm in pulsed mode (right)

The challenge of frequency doubled DPSSL is the stabilization of the

output power. Figure 5 on page 10 shows a measurement on our laser

for a typical driving time of a projector. By driving the lasers in a pulsed

mode that can be adapted to the frame rate of the projector we were

able to stabilize the green power to 1.5% at a power level much higher

than necessary for the application. Lifetime experiments have been
carried out. The pump diode is one of
have lifetimes of several ten thousand hours. No degradation of the

laser crystal has been discovered either.

Within the OSIRIS project OSRAM succeeded to demonstrate best in class laser light sources for high
| umi nance projection systems. OSRAMO6s proven track of
latest emitter chip developments allowed to exceed the required brightness levels and life time requirements.

The main mission of Oxxius in this project was to bring its laser expertise to assess the right technologies for
the laser display. The secondary mission was to provide to Barco demonstrators of green and blue laser
sources compatible with 300 Im RGB projection requirements. With the help of OSRAM we made a review of
best technologies for 3 major applications of laser display: pico-projection, retro-projection TV and high
quality cinema. We demonstrated that semiconductor sources will be suitable for the 3 colours of pico-
projection and blue and red colours of RPTV. Frequency doubled diode pumped lasers will be needed for
green colour of RPTV and probably for the three colours of the cinema application. Technologies for the
latter applications are however less mature.

Green Laser

The concept of the green laser cavity is slightly more complex (4 crystals) than conventional lasers (2
crystals) made by OSRAM. The main difference comes from the insertion of a strong mode filter. The latter
ensures that wavelength and power are stable over time. We have built several 100s of such cavities over
the last 18 months. The beam quality is excellent. Thanks to the single frequency operation, noise is low
(<0.2% rms). This could be useful if GLV modulation was used instead of LCOS. Lifetime is excellent and
more than 10,000 hours of operation were already demonstrated on a few samples. Pumping with an array
of 3 diodes could lead to a compact 1.5W. However, we have decided to offer to Barco 3 separated plug and
play green modules so that Barco could work earlier on the laser integration.
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Figure 8: Power stability of the green laser (<1% pk-pk variation) under
thermal cycling and 2.6A diode pumping
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Blue Laser

The initial plan was to build a 457 nm diode pumped frequency doubled laser on the same design as the
green laser. The increase of the power level requirement and the new availability of high power 448 nm
InGaN diodes pushed us to build a single emitter 1W 445nm InGaN diode module. We have included a
collimating lens and a power tap in order to stabilize the output power. Lifetime announced by Nichia (diode
manufacturer) should exceed 10,000 hours. The InGaN technology allows a shift of the wavelength towards
460 nm without major degradation. This wavelength is however still not commercially available although
Sony has access to such components.
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Figure 9: 448nm diode module

Time, hrs

Figure 10: 60-hr power stability test (<1% pk-pk variation)

In order to include the blue CRT point in our laser gamut, we have proposed to Barco to add 440 mW at
473 nm. The 473 nm laser was based on the same technology as the green laser.

In conclusion, OSRAM and Oxxius have delivered blue, green and red laser demonstrators to Barco with

power s compatible with Barcods requirements. I n addi
technologies for the projection display application, which are diodes for blue and red and diode pumped

lasers for green. So, most of the issues to be faced by laser projection display could be analyzed by Barco.

1.3.3 Innovative Screens Interference Lithography

Achievements

Project objectives for Fraunhofer ISE and Holotools were to develop innovative screen technologies based
on interference lithography for the following applications: RPTV, 3D RPTV and 3D cinema. Here are the
achievements in a nutshell:

Screen for RPTV | e Diffuser with asymmetric scattering angle distribution successfully manufactured
on 500. Horizontal scattering angle |

e Contrast enhancement (black matrix) technologies evaluated. Most promising
approach: asymmetric microlenses with matrix in focal plane. Feasibility study on
size 150x150mm2.

3D RPTV e Highly asymmetric diffuser successful

scattering angle lower than specified (not critical), FWHM reached in horizontal

dimension, but with too sharp profile shape.

3D cinema e Highly asymmetric reflective diffuser
(not in original originated in Photoresist, then replicated on film, then metal coating applied on
work plan, backside). Shape of horizontal scattering angle distribution could be improved
added later) compared to 3D RPTV. Final evaluation pending (30‘h April 2010)

Fresnel lens o Feasibility study for originating interference lithography Fresnel lens carried out.

Circular patterns successfully originated, but with major problems: No sufficient
profile blazing, strong parasitic interference effects. Result: approach not feasible
on large substrates.
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Technologies

The manufacture of the screens by interference lithography is based on the optical interferece of UV waves.
Photoresist is exposed the resulting interference pattern. Subsequently, the local modulation of the exposure
dose is transformed into a surface relief structure which represents an optically active surface.

The targeted screen sizeswere500 di agonal . Homogeneously coated subst
large area spin coater was built up in order to achieve homogeneous coatings by usage of a thick-film
photoresist. A special coating/drying/preconditioning process was developed by Holotools for this purpose.
For all screen types, asymmetric diffusion characteristics were defined. Especially for the 3D applications, a
highly asymmetric diffusion shape is needed. In order to achieve the desired scattering angles and shapes,
multiple exposure processes (with combinations of periodic and aperiodic patterns) were conducted
subsequently. Resulting in a large set of parameters to be optimized. The resulting diffusion characteristic is
combined in only one functional surface.

Scaling the functional structures onto the desired substrate size was T with respect to the origination
technology 1 a further challenge. The exposure stability and, consequently, the large area homogeneity of
the diffuser structures was ensured by an extension of the active phase stabilization. Stable phases are
necessary to achieve the desired surface structure. Equipment was designed and set up to measure the
phases at multiple points over the whole substrate area. Finally, feed back over control loops was
implemented.

The RPTV application needs a contrast enhancement as additional functionality. Within the project, this
contrast enhancement could be principially shown on small scale, only. Astigmatic microlenses were
manufactured by a process which uses the interference of three waves. To this end, also the active phase
stabilization was extended to lock the phases of three waves. Finally, a black matrix film was applied in the
focal plane. The used technology has the potential for the origination of large area diffusion and contrast
enhancement films.

Highlights

Coating of thick photoresist films on large substrates

To meet the high demands of surface quality, reproducibility and a challenging thickness of the photoresist

material given by the interference lithography, a spin coating process for large substrates had to be
developed. The result was, concerning the homogeneity and reproducibility, very good. Concerning the
surface quality, defects couldndét be completely avoide

34,2um
Fate format:
1200*700mm?

Figure 11: Spin coater for large area substrates with photoresist plate. Indicated are film thicknesses,
measured by SEM, showing the homogeneity of the photoresist coating.

Origination of asymmetric diffusers

Large area screens with asymmetric scattering angle distributions were manufactured in photoresist and
replicated in plastic films. According to the specifications of the various applications, the diffusion angles
(FWHM as well as shape of the scattering angle profile) were adjusted individually in horizontal and vertical
direction. (Figure 12 left)
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Origination of astigmatic microlenses

Asticmatic microlenses were manufactured by the use of interference lithography. The microlenses guide the

light into the desired directions. Test samples sized 150mm sq. were produced and replicated into polymer

matoerials. (Figure 12 right)
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Figure 12: Left: Scattering angle profiles (transmission) in horizontal (upper) and vertical (lower)
direction measured of a diffuser structure in photoresist. Right: SEM image of an astigmatic
microlens structure in photoresist.

1.3.4 Innovative Screens: Holography

Holographic projection screens, produced by sax3d since 10 years, are a combination of million several
optical elements exposed in one homogeneous volumetric hologram. An off-axis fresnel function is combined
with horizontal and vertical cylindrical lenses, so that the screen appears transparent and has asymmetric
viewing angles. Due to our long experience in this topics it was obvious to adapt our knowledge to the
development of the different screen types within the project.

One of the most challenging developments was the asymmetric diffusor for the 3D RPTV. Here it was
necessary to achieve 100% diffraction efficiency to avoid hot spots which would disturb the 3D impression.
After many iteration steps and close contact to the system integrator Holografika we found the final
specifications of the horizontal scattering angle.

—Sample 1
Sample 2
Sample 3

s— Sample 4

Figure 13: Measurement of scattering angles from different samples

As the result of our new devel oped exposure technol og
delivered to the integrator based on the best fitting sample.
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The second part of our work package were holographic fresnel screens for large format rear projection and
RPTV. Therefore small fresnel samples have been delivered. They showed high diffraction efficiency but
unfortunately also colour dispersion due to the different diffraction angles for different wavelengths. To
reduce this effects a stack of three holograms was exposed, one for each wavelength (RBG). The colour
dispersion could be reduced and the diffraction efficiency could be more increased. Due to the high colour
requirements the specifications were hard to reach so a software for simulating holograms with respect to
diffraction efficiency and bandwidth was created. Now the best fitting holograms for this application could be

calculated.
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Figure 15: High efficiency for shorter wavelengths (e.g. 470 nm)
Figure 16: High efficiency efficient for longer wavelength (e.g. 630nm)
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Figure 17: Ideal candidate for the green hologram but the thickness is not possible to coat. The
hologram works very well for 540 nm and not for 470 nm and 630 nm
Figure 18: Good compromise between wavelength separation and thickness
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Further practical investigations at this topic were inhibited because of technical problems with the exposure
equipment. Due to the changed optical design of the RPTV the use of a commercial low cost fresnel lens
was possible.

The third kind of screen we had to develop was a holographic front projection screen. Its advantage is
resulting from high angular selectivity. Only light from the projector is affected by the screen and redirected
to the viewer and so a very high contrast can be achieved.

The first 532 nm sample which was evaluated by Barco has shown a high contrast but the specular reflection
had to be reduced to obtain a more lambertian scattering distribution and the overall reflectivity had to be

increased.
The first three samples showed the feasibility to make different colors with the same reconstruction angles
exposed with different setups and wavelengths. The way

the wavelengths of the laser projector the screen was intended for.

Figure 19: First samples for RGB front projection screen

It was the challenge to tune the reconstruction wavelengths to the projector. The major achievement of the
project was the totally new ddéfuserisooepmbased on vofumethblegrar® 0 6 a s
with the possibility to seal the hologram without losing the optical function. Well known surface holographic

diffusers cannot be sealed because they need the direct contact of the structure to air.

The research for other types of screens gave us important knowledge for further developments in the field of
holographic optical elements. So it can be stated that the overall work gave significant results.
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1.3.5 3D Multi View Capture : Plenoptic approach

Displays . Acquisition
Autostereoscopic WP 5 -3D

Natural Content

Figure 20: Multi View workflow

Auto-stereoscopic displays can render 3D content to eye-wear free viewers. As these displays are using
multiple views they need either specific image processing or specific acquisition systems. The most used
acquisition system for 3D is a stereo pair of cameras. In that case, only two views are available, the left and
the right one, all the others need to be interpolated through a time consuming disparity estimation in real time
if the video is streaming. Moreover, a stereo rig is bulky and heavy equipment. The left and right cameras
need to be calibrated, which is time consuming, both streams need to be rectified for the sake of disparity
calculation .On the other hand the idea of the plenoptic camera is that this device is multi-view capable by
nature, it does not require calibration nor disparity calculation.

The basic principle of the camera is schematically shown on the next figure. It illustrates the plenoptic
principle with 5 different views and shows how points [xJof the object space are seen under five different
parallaxes by the sensor. The view rendering is very simple and the principle is just a reorganization of the
pixels. The baseline is limited by the aperture of the main lens, hence the 3D effect is less pronounced than
with a stereo camera pair, but basic calculation have shown that its depth sectioning can be precise enough
if designed according to some optimizing rules.
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Figure 21: Basic principle of a plenoptic camera
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In the frame of the OSIRIS project a demonstrator of a plenoptic camera has been built. The micro lens array
could not be set directly on the sensor, so an external mechanical adaptor was developed. The plenoptic
image is relayed on the sensor of a high resolution 4k video camera with a 1:1 macro relaying lens.

Redone camera
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Figure 22: The 5 view demonstrator

We were able to show video captured content on 5-view auto-stereoscopic displays. Even though, the
demonstrator has a poor 3D effect due to the quality of the relay lens which would require very tough optical
specifications for relaying an image without distortion on a APS-C sized, high resolution sensor. The last
figure in this section shows two of the captured views and a disparity map calculated out of them in order to
stress the evidence of two different point of views between the two images.

‘ J
Figure 23: View number 2 and 5 and the calculated disparity map
The realized demonstrator is a premiere since there is no state of the art system capable of delivering 5

views of 820x410 pixels video without any other processing than the classical de-bayering and an extremely
simple view de-multiplexing.
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1.3.6 3D Multi View Capture : Multi camera rig
Displays Acgwsntlo
WP 7 -3D RPTV WP 5 - 3D

| Natural Content

Holovizio from Holografika is another type of display that needs proper content and it is very challenging
since it needs multiple cameras for covering a very broad angle of view and short distance acquisition which
result in big disparities between adjacent cameras. Here two different systems have been developed. One
using few cameras with depth maps, the other one is using only video image date but out of numerous low-
cost cameras.

Figure 24: Multi Camera Workflow

1.3.6.1 Multi camera image and depth

View 8 View 5 View 1

\/\/\/\/VV\/
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-

Figure 25: Configuration of Multi-camerarig

As already mentioned above, the principal difficulty is here the very big disparity range due to big baseline to
focusing distance ratio. The baseline is 1 meter and the scene is from 1 to 3 meters deep. The camera
system needs to undergo a multi-camera calibration procedure, and a rectification. Due to the light-field
nature of the display, the cameras need to be color equalized, otherwise patches of different color would be
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seen on uniform objects. The depth maps need to be consistent also and indicate the same disparity for the
same object point. A video capture of 2000 frames has been entirely acquired, calibrated, rectified, color
equalized and disparity maps have been generated for each one of the 8 cameras and the whole set of 16
streams has been rendered on the Holovizio display.

Figure 27: Frame grabber and 16 HDD Raid storae

1.3.6.2 Large camera array

To capture wide Field Of View (FOV) light-field content without the need to generate depth maps,
Holografika has developed a camera array consisting of 27 cameras (capturing 18 Million light rays), making
up dense light field data. The camera system can be connected to existing and new HoloVizio 3D displays
with various geometry settings, thanks to the flexibility of the software system, it can handle an arbitrary
number of incoming and outgoing light rays in practically any camera and display configuration. The
captured natural content is processed and displayed in real time. Storage and playback of captured 3D
content is also possible with the system.

For the task of dense light field displaying a massively parallel reordering and filtering of the original camera
images is required. On one hand, based on camera calibration information, we know which light rays of the
scene are captured exactly. On the other hand, it is known which light rays are emitted from the display,
based on the arrangement of the optical engines and the display calibration information. Thus, it can be
calculated which incoming light rays will be used for the generation of each outgoing light ray. Once that
mapping is obtained, the reordering of pixels can happen on the GPU very rapidly. The light-field conversion
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and reordering, filtering and the YUV-RGB conversion is performed on the GPU. The additional advantage is
that camera and display-specific calibration are handled in the same step, resulting in single filtering.

The wide base line compact camera array and software capable of capturing and rendering light-field in real-
time, finally opens up the world of live 3D imagery in light-field format, fulfilling an old desire to display live 3D
video, not just computer generated synthetic content. The complete system can be utilized to end-to-end,
live, wide FOV 3D video transmission and rendering, which shows the way to the future of 3DTV.

Such a system can also be used to implement the most realistic 3D Telepresence system ever made, which
being three dimensional and providing very fine angular resolution, also overcomes the problem of missing
eye contact, showing directive gestures between participants

\

Figure 28: 27 camera rig and 3d display shown at SPIE Photonics exhibition in Brussels

1.3.7 Ultra Slim RPTV

Within the Osiris project we developed an ultra slim rear projection unit with highly innovative design
comprising an LED based illumination system. The general feasibility of such ultra slim design was
demonstrated.

The demonstration unit fulfils the requirements of extended lifetime (LEDs provided from WP 2 with a lifetime
of more than 20.000 hours) and lower power consumption (less than 150 watts due to highly efficient
projection technology).

By replacing the traditional lamp the colour gamut could be extended. It is superior to lamp based LCD TV.
The achieved colour space exceeds NTSC colour space by 16 percent. Images appear more realistic
especially due to a wider range of available green shades. LEDs provide light with a high degree of colour
purity leading to increased colour saturation and colour contrast in the image. Consequently, the visual
impression is brighter than the actual measured values because discernability is enhanced.

LEDs require no colour wheel for colour separation. Combined with a new temperature management system
we could reduce the noise level considerably compared to lamp-based RP units. The environmental stability
is better, and the projection unit can be used at lower ambient temperatures, making it fit for outside
applications like advertisement in pedestrian zones. High pressure lamps as well as liquid crystal imagers
(LCD, LCoS) suffer from low temperatures i start-up time increases, lifetime decreases, and the LC material
is becoming slower and less efficient.

The volume of the cabinet is less than the requested volume of standard RP-TVs due to the ultra slim
design. The unit needs no additional mechanical elements as like foot or wall bracket/holder as most of the
ultra flat LCD panels have still today. These mechanical elements often need depth of more than 10 inch.

LCD TVs are rarely wall-mounted. This would require a special bracket or even a change of the wall itself
conceal bracket and cables. Most people prefer to replace the classical TV in the same place and same way,
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often using the same furniture for support. Despite the low relevance of the wall-hanging feature this is still
an effective marketing claim for very slim LCD panels.

Therefore the achieved 6 inch depth for the complete rear projection cabinet is really innovative. In addition,
the achieved knowhow can be transferred to other short throw applications.

The dominant disadvantages of the standard RP-TV can be overcome with the new concept:

- Lamp and lamp replacement (together with the related costs)
C using LEDs now

- Moving parts and noise (from colour wheel and fans)
C No colour wheel required, water cooling concept with heat dissipating interface to cabinet
- Bulky appearance (big depth, big chin height, big volume)
C 6inch depth achieved and innovative design of the cabinet
- High screen gain (dependency of viewerdés position)

(Screen gain of 2 can be used, good visibility)

This could be achieved by a combination of a highly efficient LED-based illumination system and an
innovative projection system comprising aspherical, imaging mirrors instead of the classical flat folding
mirrors. Usage of aspherical mirrors also has a big potential for other short throw applications where the
projection distance is limited (including front projection applications). The significantly improved LEDs from
WP2 added to the improvements.

Nevertheless the business perspective for rear projection TVs in the consumer market has declined
dramatically because of the heavy price erosion all over the market. This is not due to purely technical
reasons but more due to the overall difficult market situation and huge overcapacity of big LCD panel fabs in
Asia.

Theoretically t he iifgwercempanentshess paveetcensumption, sigaificantly lower
investments necessary for production i should help DLP-based rear projection technology in the consumer
market. However, it is not clear today if this will happen.

Therefore this innovative design has more potential in industrial and smaller niche applications. Volumes will
be significantly lower but the potential margins will be interesting. Advantages of low depth, environmental
stability and high uniformity are promising for industrial applications such as control rooms or advertisement.
The technology could be expanded to 3D imaging systems for CAD systems or real-colour imaging for
printing industry.

Conceptual design of the imaging system

Slim RP-TV : conceptual design

New approach: Big curved mirror

* the mirror performs an additional
optical function

= optical depth of about 6”

= chin-height can be reduced to an
acceptable level

Figure 29: RPTV slim design Figure 30 : RPTV imaging system
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1.3.8 3D Rear Projection w/o glasses

It is evident that the next step in the TV and display technologies is 3D. This can clearly be seen in line with
the latest developments, the way 3D came into the mainstream, especially through Hollywood 3D movies.
The focus now is shifted to the home platform, to potential technologies delivering 3D content to the homes.
Stereoscopic glasses based systems suffer several optical contradictions by principle. Moreover home TV
watching behavior is different and there are several concerns, whether glasses 3DTV systems will be
accepted on the long term in terms of limitations relative to conventional TV and the use comfort in everyday
scenarios.

While stereo represent 2x (L&R) image information, at glasses-free systems, with reasonable field-of-view,
much more information should be processed and true 3D displays control much more pixels to provide high-
quality 3D view without compromises. To build such high pixel-count 3D systems, projection technologies

offer the most effective solut i on i n terms of pixel/ 0 rate and technic
novel projection technology components and the development of prototypes based on that technology
platform.

One of the key results of the project was the development of a Rear-Projection type 3D TV Prototype that
was conceived to display high resolution 3D images for simultaneous viewers in a wide field of view, a
screen size of 4306 with relatively slim body design. T
with proper viewing & use comfort for home and office applications, capable of real time playback of live
content and with interface for 3D computer applications.

The optical system of the 3D RPTV is based on the latest microdisplay and LED technology. The optical
system is responsible for generating the necessary light beams, projected to the holographic screen, to form
the 3D image for a viewer by reconstructing the 3D light field.

The 3D optical engine is consisting of large number of optical modules arranged in a special geometry. The
projection modules use high-brightness LED components that were developed in cooperation with other
partners. The imaging system responsible for spatial light modulation is using LCoS microdisplay technology.
The requirements for the microdisplay are set for high pixel count, fast switching speed and image quality.
The target was to realize the optical system in the smallest possible volume and as a result of the dedicated
optical design, the smallest known form factor high-resolution wide-angle optical cores were developed for
the purpose.

The applied screen technology is an asymmetric holographic diffuser structure with special diffusion profile
and achromatic character.

The final mechanics is a new open
architecture system, based on a self-
supporting framework of welded profiles,
ensuring the stiffness of the housing. The
screen appears as a super thin display
surface of 10mm, while the 3D optical
engine is hidden in the slim supporting
body. A foldable metal frame holds the
holographic screen, which can position
the screen in its intended location, but
can also be folded on top of the body of
the display during transportation. For a
later product it is prepared for motorized
screen lift on/off functionality.

The display has a high performance
modular control system, having approx.
40Gbyte internal parallel bandwidth. The
electronic system control the optical
Figure 31: 3D RPTV w/o glasses engineg,_ incl_. h_igh precision ultra-fast
LED driving circuitry, process the 3D data
for ~60 million pixels, coming from the render cluster customized for 3D computations.
The task of the cluster is to host the software system, which presents an interface towards external
applications, and to process and transfer 3D content towards the optical system. Processed data must pass
through a calibration module that has direct connection to the optical modules.
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The software system has two major components. The external application interface, which contains
converters and an OpenGL wrapper, and a 3D video playback software that is capable of real time playback
of captured 3D content. The software system runs on the render cluster and process 3D information in a
distributed manner.

The actual system parameters of the 3D RPTV are as follows:
single panel architecture, 64 channel, system

109 ¢cm / 4306 diagonal

16:9 aspect ratio

59 Mpixel system

65 degrees of FOV

1280x720 HD ready 2D image equivalent resolution
vivid LED colors

16 Dual-DVI input

full support of 3D light field format, 2D compatibility
open architecture design, 10 mm screen depth, separate 3D projection engine in the slim body

The display is capable to show life-like 3D images in a reasonable FOV with continuous horizontal motion
parallax enabling look around capability. Viewers can freely move in the viewing area without any limitations,
invalid zones. The displayed objects can float behind or in front of the screen, details, highlights, shadows
appear as in the natural view and move according to the normal perspective, providing total view-comfort
without glasses.

3D displaying will open up a new possibility for projection based technologies, as flat panel display cannot

keep up with 3D display requirements in terms of pixel count which i being not scalable T poses a major

problem. While a resolution step-upto HDis a maj or i nvestment on the manuf a
market, it is still far away from the resolution level that is needed to generate a high quality continuous

motion parallax 3D image, as a true 3D image with continuous motion parallax requires hundred to two-

hundred times higher resolution compares to commercially available 2D television panels. The projection

based 3D RPTV is well scalable by introducing as many optical modules in the display as the application

requires and with decreasing component prices with the rise of the pico-projector segment, it can be a
candidate for the glasses-f r ee home technologi es. On the short term
customers in the CAD design (industrial, architectural, etc.) segments and also in simulation, entertainment,

medical, VR, video communication, control room applications, scientific visualization and other professional

markets. Customers on these markets are more interested in the 3D quality of the display and less

concerned about other parameters.

1.3.9 3D Digital Cinema w/o glasses

The other ambitious 3D objective of the project was to create a large-scale 3D display prototype to fit cinema
room scenarios. The OSIRIS 3D-Cinema approach exploits the same projection based principle and the core
technologies developed in the technology platform and specifically for the 3D RPTV. Theoretically
transmissive and reflective arrangements are optically equivalent, however in the practice there are
significant differences. The 3D-Cinema prototype is based on front-projection architecture and large
reflective holographic screen conception. The major challenges lie in the infrastructure design, in the
dimensions with large-scale optical layout geometry and the applied screen technology.

Like the 3D RPTV, the main components of the 3D Cinema prototype are the optical, mechanical, electronic,
and software systems. The optical system realizes a distributed image generation principle, instead of using
one high-end digital cinema projector, it uses large number of compact projectors along with a sophisticated
control and calibration system, altogether supplying more pixels and lumens. For the multi-channel 3D
projection engine, small form factor, uniform, low maintenance, LED projectors were systematically
investigated. First of all the latest LED based higher resolution & brightness compact projectors were
considered and selected to build the 3D Cinema prototype.
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The screen technology applies
holographic pattern with a reflective
layer, the reflective layer being light
mirror  sheet (retro reflective
structure was also considered).
The overall screen size is an
outstanding 2,5m x 1,5m, which is
a kind of "world first" today,
combined of four tiled, reflective
holo-screen panels, with the option
of further scalability.
To optimize  geometry the
mechanics is designed to allow
continuous adjustment for concave
surfaces of various radiuses,
matching different room sizes.
The design was started with setting
the overall optical lay-out of a small
room 3D cinema, considering all
parameters, like front-projection
distances to match the projector
Figure 32: 3D cinema w/o glasses dimensions,  projection  angle,
screen curvature, etc. The 3D
projection engine arrangement were set, considering the projector stack-ability, cooling directions, cabling,
control features, etc. The mechanical system of the prototype uses a variable metal truss system, holding the
3D projection unit and the screen mechanics, allowing easy installation at various sites.
The control system contains the vegetative electronics and the render cluster for rendering 3D scenes. The
vegetative electronics controls the cinema system as a whole: it supplies the power with proper safety
features to the projection unit and the PC cluster, it controls switch on/off sequences, monitors system
parameters, like temperature, cooling and the smooth operation.
The render cluster, incl. the GPUs, hosts the software system that is responsible for the geometry
transformations, calibration and for real time playback of natural 3D content. The cluster has been enhanced
to provide a flexible architecture in terms of performance and optical engines driven. A rendering node can
drive from 2 to 8 optical engines simultaneously depending on performance needs i having 1 to 4 GPUs
installed per node. The nodes are interconnected with Gigabit Ethernet and run Linux-based cluster
software.

The software system evolved together with the 3D RPTV software system. Unified software components
(OpenGL wrapper, a modified automatic calibration system, 3D converter and video player) were targeted
during the development to be used here, as well, with the option that the front projection displaying and other
parameters needs to be configured in the geometry core before compiling, but otherwise the system is
flexible and compatible with other light field displays.

As of content, the optimal representation candidates of the 3D video were selected. The conclusion was that
multiple image based (high number of input views) or depth map based (low number of image+ depth)
streams were the best candidates in terms of quality and speed, in both wide and narrow FOV case.

With the current design it is possible display narrow angle content, as well, in a periodic way, as an option.
This way the seats can be positioned for periodic or freely arranged for non-periodic arrangement (in the
periodic arrangement the seats have to be positioned in the valid zones, determined by the screen and the
projectors relative position & parameters, in which the users receive the same content in continuous 3D
parallax). In the non-periodic arrangement the seats are arranged in a larger area, with no specific seat
zones of given size, limiting the number of audience, and no repetition of the content. In this arrangement the
3D cinema functions similarly as a theatre, as a continuous parallax glasses-free front projection system.

During the development phase in the project, a smaller 24 channel test system was built, that was first
publicly shown in 2008 at ICT Lyon with success, winning the Best Exhibit Award Silver Prize based on

visitors votes.
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Derivates of the 3D cinema prototype are expected to be used in areas where a large screen is desirable but
there is not room for a back-projected system i but there is available room above viewers, on the ceiling for
example. All such scenarios can represent potential applications, where conventional projection is used
today and not possible to give out, collect/clean glasses. Typical examples include meeting rooms, 3D
cinemas, location based entertainment and theme parks, visualization centers, museums, exhibitions, sport
simulators, where space is at a premium.

1.3.10 Tiled Projection System

For tiled projection systems used in professional applications like in control rooms the usage of high power
LED is of major advantage. Especially the long life time and the brilliant colors make the LEDs very attractive
for this market. The high power LEDs from Osram open the way for a new generation of tiled rear projection
modules with features, far beyond of former limitations:

e atrouble free runtime of more than 5 years in 24/7 operation

e acolor space that exceeds the EBU reference standard
e means to calibrate brightness and color uniformity in a multi channel display with extreme accuracy
e solid state device reliability for the entire product

Within the Osiris project it was possible to investigate and develop necessary new technologies to use LEDs
as an illumination source in the rear projection cubes. Three fundamental problems were handled and
solved.

1.3.10.1 LED cooling

The heat dissipation of a LED module is about 80W.Cool i ng fiawayo 8O0W i sbutathequi t e
challenge is that the heat source is a semiconductor with less than 3x5 mm. Standard cooling systems like

heat pipes can not cool a small concentrated heat source effectively. A liquid cooling cycle with forced
circulation was proposed and realized, seen as the most reliable and most professional way of efficient

cooling. Each LED plate is directly cooled at the rear side by a stream of coolant. A circulation pump ensures

the flow of heated liquid to the fan cooled radiator. Finally the cooled liquid will again enter the heat
exchanger at the LEDs.

1
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Figure 33: Liquid cooling cycle
with forced circulation
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With this highly efficient cooling the temperature at the exit of the last LED heat exchanger is kept only 10
degrees above ambient temperature. This is also possible because the LED carrier plate is directly cooled
with no insulation barrier from thermal bonding. The velocity of water jet defines cooling capacity
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Figure 34: Direct cooling of LED carrier plate

This low temperature design is key for the reliable long term operation of the LEDs. On top of all it is realized
with >>5 years without maintenance actions required at 24/7 operation. That was possible by reaching
extreme low system permeability and by high stability of the used components. Superior technology, that
directly pays back in less operational cost and a more ergonomic usage.

1.3.10.2 Color Measurement

The aim in Osiris was to find a measurement system which detects the color of an LED projector with
sufficient accuracy for a tiled projection application and which can be integrated into a projector design.

The LED spectrum has a different behavior than both phosphors and lamps. With temperature changes and
aging the spectral peaks will shift and the width of the peaks will change. Moreover the only way to control of
the LED brightness is by changing the LED current. But different current means a different local temperature,
so this again changes the spectrum.

+“—>
Figure 35: LED spectrum /]\\ J\\
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The investigations within Osiris showed clearly that with that behavior a conventional tristimuli sensor can not
deliver accurate color measurement. Therefore a solution with a spectrometer was selected, qualified and
implemented in an LED projector. A online calibration procedure guarantees that the measured color is in
coincidence with the image color. Accurate permanent adjustment of the colors will be possible with this
build-in spectrometer for worry free long term operation.

1.3.10.3 Color Management

Color control for lamp systems followed a simple principle: Cut off light until you reach the target. There was
no way to manipulate the color spectrum of the lamp itself.

In the Osiris project a different path was followed for LED DLP projectors. Color correction by adding light.
The LED sequence comprises of a red strobe, a green strobe and a blue strobe. Additionally to this primary
color adjustment some of the complementary colors can be added. This means if the red color is too strong it
will be weakened by adding a little of green and blue during the dominant red strobe. Same principle is used
for the blue and the green strobe. A positive side effect of this is, the more correction is done, the more total
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light can be available. Seen over the duration of a complete sequence the image gets brighter. The input for
that algorithm is delivered by the spectrometer measurement. The measurement sequence was optimized in
a way that disturbance of the image and the influence of temperature changes on the measurement result is
minimized.

With this method it is possible to achieve outstanding uniformity of tiled displays just by adaptation of the
LED sequence. This means color deviations of the LEDs are corrected at the LED unit and not at the DLP
chip with compromises in the image processing.

1.3.104 Integration

The Osiris project allowed the integration of the mentioned technologies into a Barco LED light engine, and
to setup prototypes of tiled rear projection systems. All these prototypes demonstrate the strength of the new
technology and the reached outstanding picture performance.

|

Figure 36: Barco tiled rear projection system integrating LED light engine
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1.3.11 Laser Projector

It is admitted that laser-based video projection could overcome most limits of today state of the art high
brightness projectors, by having the potential to:
o reduce the cost of ownership, by improving the energy efficiency especially for 3D operation
and solving the issue of arc lamp aging/lifetime,
o extend the limits in terms of brightness levels,
0 extend the limits in terms of image quality, especially in terms of contrast ratio and colour
gamut

Laser-based projectors with decent brightness levels for professional applications should be 2D micro-
display based to ensure full compliance to laser safety regulations. Within Osiris, such approach has been
investigated.

Barco has built a laser projector (lab-prototype) using the laser sources supplied by the partners Oxxius and

Osram OS. A picture of the projector is shown in Figure 37. The projector uses 0.820 QXGA ( 2«
LCOS panels and is capable of producing a 310 Im D65 white balanced image. The brightness level is

determined by the laser power, rather than by limitations in the optics. The optical efficiency of the projector

is different for the three primaries and lies between 19% and 30%. The color gamut covers about twice the

area of the EBU color gamut, as is shown in Figure 38. Color corrections have to be applied to the highly

saturated primaries of the projector in order to be able to display standard video signals with correct colors.

The contrast ratio is 8.000:1, which is good because the engine is not sealed and dust particles could enter

the setup. The whole setup is mounted on an optical breadboard and measures 90 x 60 x 33 cm?®, except for

an external power supply for the red diode bar.

Figure 37 : OSIRIS laser projector
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Figure 38: Laser color gamut 03
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The laser beams are homogenized for each color individually and color combining is done after the imagers
by means of a crossed pair of dichroic mirrors (X-cube). Homogenization of the illumination is performed by
the combination of lenses, a diffusing surface, and a light pipe integrator. Both beam homogenizers and
relay optics were optimized to achieve an F/8 illumination of the LCoS panels.
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Laser safety is an important requirement for each product based on laser sources. The IEC-60825 safety
standard explains all laser related safety risks and defines the regulations that should be followed in order to
take all precautions to avoid laser related injuries. Based on our safety calculations, the Osiris laser projector
is classified as a Class 2M laser product.

Despeckling is performed by angular diversity, which includes the use of multiple incoherent emitters and a
rotating diffuser to break the coherence of the laser light. The spectral width of the diodes yields an
additional speckle reduction by wavelength diversity. As the LCoS needs polarized light, polarization
diversity is only exploited by using a depolarizing screen. The observed speckle contrasts of the projected
image depend on the central wavelength and the spectral width of the laser source. We measured values on
the projector from 8% for the blue diode to 18% for the green and blue frequency doubled DPSS laser. The
speckle of the red diode bar was about 11%. These levels of speckle are visible, especially for green and
red, whereas it is much harder to perceive the speckle in a purely blue image. In order to reduce speckle
further a special screen was developed that allows horizontal in-plane motion of the screen.

Speckle measurements were performed by taking a picture of the screen with a CCD camera. A high-pass
filter was applied to the recorded speckle patterns before calculating the contrast in the image. It has to be
noted that speckle measurements are very difficult, as the result depends on many parameters. Therefore, it
is not trivial to compare the results of different speckle measurements, which were performed with a different
setup. We used a black and white camera with a CCD-sensor of 1024 x 768 pixels, having a diagonal of 6.0
mm and a pixel size of 4.65 x 4.65 pm®. A 12 mm lens with f-number F/4 was mounted on the camera and
focused on the screen made out of paper. This camera was positioned at a distance from the screen equal
to the height of the image. A part of the effort in WP9 was dedicated to identifying the main parameters that
influence speckle. This will in the future allow defining a standardized speckle measurement setup.

Figure 39: Demonstration of Laser based prototype at SPIE Photonics Europe
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2 Dissemination and use

2.1 Exploitable knowledge and its Use

2.1.1 Overview of exploitable results

The following table provides an overview of the main exploitable results.
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Exploitable Exploitable Timetable Owner & Other
No. Sector(s) of for Patents or
Knowledge product(s) or application commercial | other IPR Partner(s)
(description) measure(s) pp . involved
use protection
1 | view Stereo to multi view | digital signage, 2011-2012 no Technicolor
interpolation content creation.for events,
via created auto stereoscopic communication,
disparity maps | displays CAD, medical use
Cinema lobbyes
2 Disparity map | 3D effect adjustment | 3D at Home 2011 ff yes Technicolor
creation on consumer device | Postproduction
3D Subtitle
management
V3D Visual Effects
3D Commercial
insertion
3 Cooling Projection displays Professional Ready for Secret Barco
system for visualization market know how
LED-based markets
projection
optical engine
4 System for Projection displays Professional Ready for Secret Barco
color visualization market know how
measurement markets
&
management
of LED-based
projection
engine
5 Deeper all LED diodes industrial 2010 ff no IP OSRAM
knowledge in consumer
epitaxial automotive
growth
6 Optimized INnGaAIP & InGaN industrial 2010 ff no IP OSRAM
diode structure | power chips consumer
for high automotive
currenty
carrrying
capacity
7 Mounting & Power LEDs Industrial 2010 ff No IP OSRAM
driving and automotive
testing of high
power diodes
for extreme
conditions
8 mounting of all laser products industrial 2010 ff no IP, OSRAM, transfer
laser chips process to german
and bars optimizatio | partner under
n discussion
9 use and green laser product consumer 2010 ff n.a. OSRAM
mounting of PL530 and future
micro optics laser modules
for high
volume
applications
10 | Origination of | Asymmetric diffusers | Projection Ready for no Fraunhofer ISE
Asymmetric on large areas displays, display market 2010 & Holotools
diffusers on backlighting,
large areas luminaire lighting
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Exploitable Exploitable Timetable Owner & Other
No. Sector(s) of for Patents or
Knowledge product(s) or application commercial | other IPR Partner(s)
(description) measure(s) pp . involved
use protection
11 | Active phase Technology for high end With no Fraunhofer ISE
stabilization for | phase stabilization interference adaptions
large area (hardware + control lithography or ready for
exposures system) holography labs market 2011
12 | Origination of | Tailored microlens Projection 2011-2012 no Fraunhofer ISE
asymmetric structures, with or displays, & Holotools
microlenses by | without matrix layer photovoltaics,
interference laser optics,
lithography OLEDs
13 | Construction Large area Large area 2011-2012 No Holotools
of large area photoresist plates mastering
coating technologies
equipment
14 | Process Thick film photoresist | Interference Ready for No Holotools
development plates of large area lithography market Fraunhofer
for thick film
photoresist
plates
15 | Reflection type | High contrast front Small front 20117 2012 No Sax3d
holograms for | Projection projection screens
different colors for pocket
projectors
16 | Large scale Asymmetric diffusors | 3D i screens Ready for No Sax3d
holographic with customized 2D - screens market Holografika
asymmetric scattering angles lighting
diffusors
17 Design of film Low cost Large scale Ready for No Sax3d
coating Holographic Film holograms market
machine and (dicromated gelatin)
process 1,1m wide
development
18 | Wavelength Concentrator optics Photo - voltaic 20117 2012 No Sax3d
selective for photo i voltaic
holograms modules
with high
diffraction
efficiency
19 | Glassless 3D | A new light-field 3D | Medical imaging, 2010 Yes Holografika
RPTV design | display model that | oil&gas
& prototype (or itods exploration, CAD
version) supersedes | design, 3D
the previous desktop | gaming, digital
light-field displays sighage
20 | Glassless 3D | Novel front-projected | Location based 2010 Yes Holografika
cinema design | light-field display | entertainment,
& prototype using a retro- | Home 3D cinema,
reflective screen, to | Sport simulators
be used in cinema-
like configurations
21 Real-time 3D | 3D light-field camera | 3D movie making, 2010 No Holografika
light-field for capturing wide- | 3D scene capture,
capturing baseline 3D content | tele-presence,
for recording / real- | measurement
time transmission
purposes




OSIRIS 1 Publishable Final Activity Report

May 2010

Page 34 of 55

Exploitable Exploitable Timetable Owner & Other
No. Sector(s) of for Patents or
Knowledge product(s) or application commercial | other IPR Partner(s)
(description) measure(s) pp . involved
use protection
22 | Real-time Real-time rendering | Design 2010 No Holografika
light-field 3D | capability for | visualization, real-
rendering structured & | time ray tracing,
unstructured light | 3D video
fields rendering
23 | Advanced HoloVizio  OpenGL | Real-time Ready for No Holografika
OpenGL Wrapper visualization, market
wrapping & CAD, oil&gas,
rendering medical imaging,
simulation, VR
24 | Highly efficient | In all potential | Consumer Potential No Sypro Optics
LED-based projection units Industrial usage now Barco
illumination Digital signage and in future
system
25 | Ultra short | Ultra slim projection | Consumer Potential No Sypro Optics
throw optical | application (front and | Industrial usage now Barco
architecture rear projection) Digital sighage and in future

Table 1: Overview of exploitable results
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2.1.2 Thomson/Technicolor

Throughout the last months Thomson is following a new strategy to become the worldwide leader in services

for content creators and distributors. The company name has been changed to Technicolor, a former
subsidiary, to emphasize the focus on Creating, Managing and Delivering content. A primary objective for the

Group is to help their customers from the entertainment, software, and gaming industry in their transition to

digital distribution.

3D is in the focus of the Technicolor Research & Innovation program. A worldwide research project on

Content for 3D has been put in place to serve our customers and to prepare the near and far future of 3D-

related offerings.

Within this new Technicolor strategy it was decided to sell the Grass Valley business unit (Broadcast
equipments). Today there is no plan to integrate the plenoptic sensor technology in a Grass Valley product. It

has the potential of an innovative camera product but
on stereo camera rigs to satisfy the growing demand.

However, the general plenoptic design approach (as it will be presented at the ICME 2010 in Singapore
under t Optimal depth eesoldtion in plenoptic imaging6 ) is very wuseful for f
development of depth sensing. Cameras with big sensors and high resolution as proposed by RED are

optimal candidates to integrate plenoptic technology. These sensors allow multi view + depth sensing in HD
resolution.

To optimize the picture quality it is recommended to integrate the micro lenses directly on the CMOS chip. All

optics in between will lower the picture quality (MTF) with the result of mixing up the individual views and

reduce the final 3D effect.

Technicolor has a great interest in using a depth capable camera even for standard 2D post production like
segmentation for color correction, object tracking or synthetic object mixing in a real scene.

Next to the plenoptic design Thomson focused their work in OSIRIS on algorithms to extract disparity maps
from multi view pictures. This work has proved to be very valuable for the new Technicolor 3D business.
There are a variety of applications in the near and far future.

Two specific use cases can be exploited in short term applications:
1. Case 1l - Stereo to multi view content creation for auto stereoscopic displays

Today, most of the 3D content is created in stereo with two views for dedicated displays with glasses. Newly
developed techniques allow the rendering of multiple video streams on so called auto stereoscopic displays
to watch 3D w/o glasses. The multi view content can be generated by a complex multi camera system or by
generating n views out of 2 stereo views.

To generate the views we have to calculate good quality disparity maps from the existing video streams. In a
second step we interpolate the necessary n views (e.g. from 2 to 8 views as shown below in Figure 40)

Figure 40: Stereo to Multiple View for rendering on auto stereoscopic displays.

Stereo ) Disparity map View Multiple View rendering on
Content extraction mterpolatlon 3D display w/o glasses
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right view
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Auto stereoscopic displays are available on the market and employed for instance in digital signage, for
events, in communication or for medical use. There is immediate need to provide software and services
which enable the creation of the adapted multi view content. Furthermore, In 5 to 10 years from now, it is
likely that Auto-stereoscopic displays are going to enter the consumer market, since it is clear for most of the
3D industry actors that, to view 3D everyday at home, consumers want to get rid of the glasses. On the other
hand the 3D content production process will still be based on 2 cameras only for a long time in order to make
the 3D workflow easier and cost effective

2. Case 2 - 3D effect adjustment on consumer device

3D is coming to our homes as new 03D Readydé television
are working hard to allow a quick introduction and adaptation to this new stereo content. So did for example

the Blu-ray Association (BDA) in publishing their 3D specifications in December 2009.

People will need to be educated in how to watch 3D at home as the experience will be different to what they

know from the cinema. The perception at home is not only different when changing the screen size, it is also

perceived very individually from one person to another. Technicolor can help to optimize the 3D experience

at home in adjusting the 3D depth.

Figure 41 shows the principle workflow. A disparity map is calculated from the existing left and right view.
Depth can now be calculated and rendered according to the adjustments made on the consumer display.
The depth calculation can be done in post-production and transmitted together with the content or calculated

inside Technicolorés set top boxes once t1Hhe computing
Stereo Disparity View Adjusted Depth
Content map ) interpolation )

left view

Medlum

ri ht view

Mlld

Figure 41: 3D effect adjustment on consumer device.

3D Ready TV sets start to appear on the market in 2010. Technicolor will soon implement their newest 3D
features in their STB to provide these adjustments.

Further complementary services and products on the whole 3D image chain are in discussion like 3D DVD
services, 3D VoD or 3D on Mobile.

More general we can state that the OSIRIS project had a stimulating effect on the 3D R&D efforts within
Technicolor including the work on capture, compression, transmission and rendering. As a direct consequent
we have a stronger involvement in the standardization bodies such as DVB, SMPTE, BDA, MPEG and HDMI
showing already good outcome.
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2.1.3

Barco

Barco designs and develops visualization solutions for a variety of selected professional markets: medical
imaging, media & entertainment, infrastructure & utilities, traffic & transportation, defense & security,
education & training and corporate AV. In these markets Barco offers user-friendly imaging products that
optimize productivity and business efficiency.

It is expected that the following markets could be impacted by the Osiris developments: Control Room
market for what regards tiled displays 1 short term, and high end projection markets, such as Digital Cinema,
Simulation or Events for what regards laser projection i medium to long term (>3 yrs)

Knowledge No.3-4 (of Table 1):

For tiled projection systems used in professional applications like in control rooms the usage of high
power LED is of major advantage. Especially the long life time and the brilliant colors make the LEDs
very attractive for this market. The high power LEDs open the way for a new generation of tiled rear
projection modules with features, far beyond of former limitations: a trouble free runtime of more than 5
years in 24/7 operation, a color space that exceeds the EBU reference standard, means to calibrate
brightness and color uniformity in a multi channel display with extreme accuracy, solid state device
reliability for the entire product, etc. Within the Osiris project it was possible to investigate and develop
necessary new technologies to use LEDs as an illumination source in the rear projection cubes:

(0]

LED cooling: The heat dissipation of a LED module is about 80W, but the challenge is that
the heat source is a semiconductor with less than 3x5 mm. A liquid cooling cycle with forced
circulation was proposed and realized, seen as the most reliable and most professional way
of efficient cooling.

Color measurement & management: The aim in Osiris was to find a measurement system
which detects the color of an LED projector with sufficient accuracy for a tiled projection
application and which can be integrated into a projector design. A solution with a
spectrometer was selected, qualified and implemented in an LED projector. A online
calibration procedure guarantees that the measured color is in coincidence with the image
color.

Color control for lamp systems followed a simple principle: Cut off light until you reach the
target. There was not way to manipulate the color spectrum of the lamp itself. In the Osiris
project a different path was followed for LED DLP projectors: color correction by adding light.
The LED sequence comprises of a red strobe, a green strobe and a blue strobe. In addition
the sequence to adjust the primary colors by adding some of the complementary color. This
means if the red color is too strong it will be weakened by adding a little of green and blue
during the dominant red strobe. Same principle is used for the blue and the green strobe. A
positive side effect of this is, the more correction is done, the more total light can be
available. Seen over the duration of a complete sequence the image gets brighter. The input
for that algorithm is delivered by the spectrometer measurement. The measurement
sequence was optimized in a way that disturbance of the image and the influence of
temperature changes on the measurement result is minimized. With this method it is
possible to achieve outstanding uniformity of tiled displays just by adaptation of the LED
sequence. This means color deviations of the LEDs are corrected at the LED unit and not at
the DLP chip with compromises in the image processing.

This knowledge is now being integrated in Barco product lines for Control Room rear projection
displays.
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2.1.4

Fraunhofer

The focus of Fraunhofer ISE technology is the design and manufacture of optically functional micro-
and nano-structures on large areas. In order to strengthen the leading position in this sector,
continuous developments of the optical modeling capabilities and the interference lithography process
are vital. In this context, the design of new functional structures with dimensions between 10um and
100um, the development of processes with thick film photoresists (positive tone as well as negative
tone resists), and the up-scaling of these processes to areas of more than 1 m2 are research
objectives of strategic importance. This coincides with the major tasks for Fraunhofer within the
OSIRIS project.

Major exploitable results are:

Origination of Asymmetric diffusers on large areas

We succeeded in originating structures for asymmetric diffusers on large areas. This was
possible by a combination of exposures with periodic and aperiodic interference patterns and
an optimization of the overall process chain. The group of asymmetric diffusers includes
diffusers with a moderate variation of scattering angles between horizontal and vertical,
diffusers with strong scattering in one direction and extremely small scattering angles in the
other direction, as wel!/ as fAbat wingo str
the normal direction.

Partners involved: Fraunhofer ISE and Holotools

Markets for such diffuser structures are displays (projection screens, backlight diffusers) and
luminaire lighting. An exploitation might happen in collaboration between Fraunhofer ISE and
Holotools, e.g. sale of master structures by Holotools, technology licensed by Fraunhofer ISE.
Potential customers are integrators (display, luminaires) or manufacturers of functional
components (structured films or plastic sheets).

So far, several companiwéd ngodhawdd uisretresr.est i

Active phase stabilization for large area exposures

We succeeded in implementing an active phase stabilization which can be applied for large
area exposures, for interference of up to three waves and for several hours exposure time.
The result is a combination of Know-how, control strategy and hardware realization.

Partners involved: Fraunhofer ISE

Markets for such diffuser structures are high end interference lithography or holography labs.
An exploitation might happen by licensing the technology to a customer.

So far, no exploitation/marketing activities have been started.

Origination of asymmetric microlenses by interference lithography

We succeeded in originating microlens structures. This was possible by an advanced three
wave interference process. With this technology, tailored and asymmetric microlenses with
small pith can be manufactured, with or without a matrix layer in the focal plane.

Partners involved: Fraunhofer ISE and Holotools

Markets for such microlens structures are projection screens, photovoltaic systems (light
trapping by use of front textures, angular selective film and concentration), laser optics (beam
shaping) or OLEDs (outcoupling). An exploitation might happen in collaboration between
Fraunhofer ISE and Holotools, e.g. sale of master structures by Holotools, technology licensed
by Fraunhofer ISE. Potential customers are integrators (display, photovoltaics) or
manufacturers of functional components (structured films or plastic sheets).

So far, such microlens structures could be originated on areas of size 150x150mm?. Further
development will be necessary in order to upscale this size. For this upscaling step, a
component manufacturer would be a good partner.

The basic results have been published, several companies showed interest.

uctures

n fbat



OSIRIS Publishable Final Activity Report Page 39 of 55

2.15 Holografika

Glassless 3D RPTV design & prototype

The 3D RPTV prototype is a ready to use light-field 3D display capable of visualizing complex 3D data

floating in space, providing consistent 3D view for multiple users without wearing 3D glasses. This

display prototype has been developed by Holografika, using components from several OSIRIS

parthers. Consumer customer6s acceptance of rear projecti ol
the last years. On the other hand we are convinced that 3D displaying will open up a new possibility

for projection based technologies, as flat panel display cannot keep up with 3D display requirements in

terms of pixel count which i being not scalable i poses a major problem. While a resolution step-up to

HD is a major i nvest mesidéonadhe 2DtTN enarketainisustilldac awayrfrem thes

resolution level that is needed to generate a high quality continuous motion parallax 3D image as a 3D

image with continuous motion parallax requires hundred to two-hundred times higher resolution

compares to commercially available 2D television panels. The projection based 3D RPTV on the other

hand, is well scalable by introducing as many optical modules in the display as the application

requires. Hol ogr afi kabs 3D display mai nly addresses cust
architectural, etc.) segments and also in simulation, entertainment, medical, VR, video communication,

control room applications, scientific visualization and other markets. Customers on these markets are

more interested in the 3D quality of the display and less concerned about other parameters as for

example the display size.

Glassless 3D cinema design & prototype

Back-projected 3D light-field displays are not practical is some cases due to space constraints (i.e. the
display is too deep to fit conveniently). This limitation can be overcome is either of two ways: folding
the light path, or employing front projection. The first solution has been implemented in the 24-module
HoloVizio display prototype, achieving a decrease in depth from 2 m to 70 cm using two mirrors.

The front-projected 3D light-field display on the other hand do not require even that depth available
behind the screen, instead they require a reflection holographic screen i the development of which
was one of the target outcomes of the OSIRIS project. Ho | o gr af i k aofotype deémonstratas ap
3D projection system where projectors are arranged in the way to be able to project high FOV 3D
images T much higher than the eye distance of the viewer. The system is able to address seating
zones on a periodic method or generate the high FOV 3D imagery for a nonperiodic view. This
solution ensures that the 3D Cinema room can be used in the most possible cases when 3D projection
is needed. Derivates of the cinema prototype are expected to be used in areas where a large screen is
desirable but there is not room for a back-projected system i but there is available room above
viewers, on the ceiling for example. Typical examples include meeting rooms, 3D cinemas, location
based entertainment and theme parks, visualization centers, museums, exhibitions, sport simulators
where space is at a premium.

Real-time light-field capturing and Real-time light-field rendering

The equipment and software capable of capturing and rendering light-fields in real-time finally opens

up the world of live 3D imagery in light-field format, fulfilling an old desire to display live 3D video i not

just computer generated synthetic content. The complete system can be utilized end-to-end, that is,

live, wide FOV 3D video transmission and rendering, which on one hand shows the way to the future

of 3DTV; on the other hand is usable for high-end 3D teleconferencing after partnering with a provider

of 2D teleconferencing systems. The conversation of the latter has already started with multiple big

players in the videoconferencing field.

The two results can be utilized separately as well, the capturing system is capable of capturing 3D

scenes with precise calibration data 1 which can be used to reconstruct a 3D scene from multiple

images, or the recorded datacanalsobeused for displaying on other 3D di
is not I|Iimited to Holografikads displays.

The rendering can as well be utilized separately, as the system practically implements to former 3D

light-field converter, but now in real-time. This means t hat any 3D data source
convenient to emit image-based data than 3D geometry for some reason, can be to directly interfaced

to the display. 3D images from high-end real-time ray tracers used on the automotive industry or

product design visualization can now be easily visualized on the fly with all the visualized images

rendered in the original application i with no intervention on the display side.
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Advanced OpenGL wrapping & rendering

In most use cases the simplest way of displaying 3D data on the HoloVizio (at least from the user
point of view) is interfacing existing interactive graphics applications to the holographic displays,
displaying light-field data, and creating images directly for the HoloVizio optical modules. This
practically allows users to continue working with the applcation they are used to work with, and
introducing true 3D visualization in their applications with a single click i all without changing the
original application in any way.

The OpenGL wrapper library intercepts all calls and related the application sends to OpenGL and
transfers them through the network for replaying on the rendering nodes inside the HoloVizio. The
OpenGL wrapper supports most of the usual features of the OpenGL 2.0 standard. It has been
successfully used with various industrial applications (including Autodesk Inventor 11 and several
Oil&Gas exploration applications), games (Warcraft 1ll, Quake) and is compatible with applications
based on common OpenGL-based visualization libraries such as: Openinventor, Coin3D,
OpenSceneGraph, AVS/Express.

This component has been successfully integrated in the HoloVizio Software Pack, used by a number
of existing and new HoloVizio users.

2.1.6 Holotools

The contribution of Holotools in the project was to develop a process for the photoresist coating of
large area substrates with homogeneous coatings of thick photoresist layers. The availability of such
blanks was essential for the development of projection screens containing micro-/nanostructured
surfaces produced on the basis of interference lithography with purpose for follow-up mass-replication
processes. Standard photoresist coating techniques were at the technological limits and there is still
no source for large format blanks with thick photoresist coatings. Knowing the worldwide market
situation of photoresist blanks due to market research over the last years, Holotools has taken the
strategic decision to invest into integration of photoresist coating. Holotools™ intention was to supply
our consortium partners with large area substrates for the origination of photoresist master structures,
as well as to supply its own requirements for large area substrates and for further potential customers
in future.

With respect to the aspects mentioned above the following exploitable results were reached during the
OSIRIS project:

Construction of large area equipment

e We succeeded in constructing and building-up a large area coating equipment which could be
used for processing large area plates. After preliminary tests further constructive
improvements were realized, especially in terms of health and safety issues, but also to avoid
resist defects and therefore to enhance the cosmetic quality.

e This equipment isn’t suited for mass fabrication of photoresist plate, but shows the potential
for fabricating small, custom-specified volumes. So far only plates for our partners within the
OSIRIS project have been fabricated. The expand to further potential external customers in
terms of commercialization, additional effort to enhance the cosmetic quality might be
necessary, but this would assume to work under clean room conditions, means further
investments into environmental boundaries would be necessary first.

Process development for thick film photoresist plates

e After evaluating process parameters on small scales those results had been adapted to large
format coatings. A lot of basic knowledge concerning the large format coating technology (spin
speed for different viscosities and different materials) as well as concerning reproducibility
(drying, baking and storage procedures) and cosmetic quality (pre-conditioning and handling)
was generated. For thick film photoresist applications a high homogeneity and reproducibility
was reached.

e Partners involved: Holotools and Fraunhofer ISE

e This knowledge for thick film applications could perspectively be adapted to thin film
processes in future. Thin film photoresist plates are partly available in overseas, but this is
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related with several difficulties (guaranteed reproducibility for interference lithography
processes, limitations in terms of quality also due to shipping issues, slow response times due
to large distances, availability of mater.i
for commercialization if there is a demand to expand the current coating capabilities and is
able to react quickly in future. Potential markets for such demands are all large scale
lithographic mastering technologies (interference lithography, standard UV-lithography,
holographic lithography) looking for markets in the display industry, lighting industry, solar
industry, and also in the holographic packaging industry.

OSRAM Opto Semiconductors

With the project Osiris OSRAM pushed the development of high efficient and high current sustainable
light emitting diodes. The performed work packages showed improvements in two aspects, first in the
general efficacy of red, green and blue LEDs, secondly in the creation of diodes and packages which
can be driven to extreme current densities by meeting requested life times. Even the changed targets
from WP6 (RPTV) to double the LED brightness could be met within the project timeline.

Projector solutions with LED light sources are possible today. Rear-projection video walls with LED-
based illumination are already on the market. First front projection prototypes with more than 1000Im
on the wall are presented for the first time.

Moreover, the new chip technology can be used for small projectors. With only one set of red, green,
blue 2mm2 dies pocket projectors with 100Im light output can be produced. Since these dies belong to
the surface emitting Thinfilm technology they can be scaled in terms of size. This also means that the
die technology can be used for different chip geometries and different applications. It also allows the
ampacity of smaller dies to be increased, wh i
mobile phone accessories or embedded projectors. The first batch of models is already on the market
and in the near foreseeable future a high volume increase is expected. The graph below shows the
growth in worldwide shipment - volume of front projection units by applications from 2008 to 2013.
Here, the strong increase especially for consumer application can be seen.

Units
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Figure 42: Growth in worldwide shipping i volume of front projection units

Beside projection, chips with a high current carrying capacity can also be mounted in LED headlamp
solutions or in day time running lights. More and more car models will be launched with LED front
lighting. In general small and high efficient chips help to reduce the required chip area - surface and
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the cost for LEDTV packagi ng. On the same time this increase b
other exterior automotive applications, e.g. turn indicator, rear combination light and general lighting.
The new improved assembly technologies and optimized materials for high power application enable
optimal usage of high current sustainable diodes and above described applications.

With the new power LEDO&s with highevightLED lighhsoorces s i nt en
became possible and new volume markets for LEDOG6s bec
capacity for epitaxial growth and chip production and helps to increase and secure jobs in the LED
business in Europe.

Besides LEDs, OSRAM analyzed the use of laser as light sources for front and rear projection
systems within the OSIRIS project. OSRAM provided red and green lasers for this application.

For the red laser, a direct emitting diode laser is the most suitable option. It will be the cheapest and
most compact solution. All other possible solutions like fiber lasers or frequency doubled infrared
lasers need more optical components in addition to a bare laser chip. OSRAM developed a red laser
package which was provided to a partner for testing and further system development. As a product in
this point of time the market opportunity is small. The rear projection market is in rapid decline
whereas front projection is bound to a niche market due to laser safety regulations. Furthermore the
brightness levels of 300Im in the laser systems developed within OSIRIS can be easily covered by
LED light sources as mentioned previously. Within the project, much was learnt about laser chip
mounting on the soldering and analysis aspects. For example the best results were not achieved with
a CuW heatsink which has a matched CTE to the GaAs substrate of the red laser chip but with a
CuDia heat sink for the higher thermal conductivity. In terms of analysis the team discovered that
optical power should not be the sole focus as a measure for excellent mounting. It is also important to
optimize parameter like polarization contrast. Thes e new techniques wil/l be used
laser products to keep us in a superior position in this field.

For the green laser, a diode pumped solid state laser with KTP as a frequency doubling element was
chosen. Such lasers were yet on the market at the beginning of the OSIRIS project and it appeared to
be possible to build the most efficient, cheapest and most compact systems. Project OSIRIS made for
the first time able to analyze this kind of lasers. Keeping high volume manufacturing ability in mind, a
small package including a pump diode, micro optics for beam transformation and the laser crystal was
developed. Nevertheless results showed that these lasers have a drawback in short term and long
term stability, i.e. noise and power fluctuations. It is only possible to stabilize these lasers with a
considerable decrease in wall-plug-efficiency. Furthermore the team concluded that KTP as a
frequency doubling material has temperature range, which is too low and with that increases the
efforts on system level much.

Based on these results the project team decided that a different approach for a green laser for pico
projectors is needed. Therefore a semiconductor instead of a solid state laser and periodically poled
Lithium Niobate instead of KTP for frequency doubling will be used. The experiences derived from
pump optics design during OSIRIS made it possible to design the smallest direct modulatable green
laser on the market.

Currently the market for front and rear projection is on the move. LEDs will take over the market in the
power levels developed within OSIRIS. In the meantime new technologies have also emerged. Casio
recently launched a product where they frequency shifted a direct blue laser diode with a phosphor to
the green spectral range. Moreover direct green diode lasers will be available in the next years. Both
of these technologies have the advantage of a broader wavelength spectrum than the frequency
doubled DPSSL to relax the speckle problem which is the biggest issue with respect to image quality
for laser projectors.

2.1.8 Oxxius

Oxxius will benefit from the work undertaken in this project by expanding its product line. When
OSIRIS started, Oxxius had just finished the development of the SLIM-473, 50 mW and of the SLIM-
532, 150 mW. These products were operating single frequency but they were suffuring from mode
hop. We have completely suppressed mode hops and reached a high degree of wavelength stability
(<2pml/year drift). Thanks to the project, we could increase the power of SLIM532 to 300 mW and we
should release soon the 500 mW version. The interest generated by these lasers has opened the
doors to several major accounts, in domains as varied as Raman spectroscopy, frequency-doubling
(generation of UV-266 nm light), or DNA sequencing. These applications all require high-end,
extremely stable lasers with output powers of 500 mW and above. The work done within OSIRIS
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places Oxxius in a leading position for these opportunities, representing sales greater than 15 Million
US dollars.

Besides this interest in high power green lasers, Oxxius has been applying the first year
devel opment s r esul t stline.oNehadveeintrodeced SLIM5S61 takees with pawdrs
up to 300 mW (leading power in the market) and SLIM-550 up to 200 mW. These lasers also generate
significant interest in Raman spectroscopy and biophotonics applications, and place Oxxius at the
leading edge of worldwide commercial laser competition.

In the realm of display applications, we believe that we need to finalize the development & integration
work to figure out whether our technology would indeed find a place in a niche. However, the
knowledge acquired already helps us understand better the constraints and requirements of the
mar ket and OSI RIS is clearly an outstanding opportuni
requirement and available technology.

2.19 SAX3D

Sax3d is manufacturing and selling transparent holographic rear projection screens for the AV market.
The portfolio comprises different projection angles and touch screen functionality.

Reflection type holograms for different colors

Front projection screens (based on reflection holograms) which are black instead of white because
they only reflect light from a determined angle and determined wavelength would be a good alternative
to state of the art screens for home cinema applications. This is because they are mostly unaffected
by daylight and would have a better contrast. The new pocket projectors, especially those for mobile
phones, could provide a big market for small (20 cm x 30 cm) front projection screens. In this case the
absolute true color reproduction is not as important as a high contrast. The wavelengths could have a
bandwidth of +- 25 nm per color (for lamp or LED projectors) or +- 3 nm (for laser projectors). This is
important for applications in the automotive sector which is increasingly interested in head up displays
since small RGB laser projectors are becoming available (Microvision, Explay, Light Blue Optics).
Because of this we can adapt the experience from OSIRIS for development in this fields.

Large scale holographic asymmetric diffusors

Asymmetric diffusors are interesting for different applications.

For the auto stereoscopic 3D function - separating the information for the eyes - it is important to
adjust the horizontal scattering angle exact to the projection - design. With the new developed
technology for asymmetric holographic diffusor structures we have the opportunity to fine tune the
scattering angle between 0,9° and 3°. The most auto stereoscopic rear projection designs are within
this range. The development of the asymmetric holographic diffusor for Holografika would open a new
market for Sax3d, if we achieve all parameters at affordable prices.

In comparison to state of the art diffusor screens (2D) with equal horizontal and vertical scattering
angles the holographic asymmetric diffusors have a higher gain because of the reduced vertical
viewing (scattering) angle. Good values are 100° horizontal and 30° vertical scattering angle.

Design of film coating machine and process development

For different kinds of holograms special film regarding thickness, concentration of sensitizer and
hardness is required.

The film coater finished within OSIRIS can produce layer thicknesses between 5 and 18 um. The
amount of Ammonium Dichromate can be adapted to the recording wavelength.

In result we are able to produce holographic film for different requirements in a cost effective way.

Wavelength selective holograms with high diffraction efficiency

The strong color selective properties of holograms with high diffraction efficiencies may be killing
factors for high end projection applications, but it is a good method to separate the useful wavelengths
in the field of concentrating photo-voltaic modules, because the infrared part of the sunlight only
causes heating of crystalline cell material.

So far, several companies showed interest.
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2.1.10 SYPRO Optics

Within the Osiris project we developed an ultra slim rear projection unit with highly innovative design
comprising an LED based illumination system. The general feasibility of such ultra slim design was
demonstrated.

During the whole project we permanently reviewed the technical status and commercial impacts of our

work. As already explained to the commission there were dramatically changes during the last years in

respect of market perspective of DLP-basedrearproj ect i on TVds. Not only DLP ba:
|l ost significantly market shares, also the plasma dis
situation. The reasons are miscellaneous but not purely explainable with technical issues. Main

reasons were heavy price erosion all over the market and also overall difficult market situation and

huge overcapacity of big LCD panel fabs in Asia.

Nevertheless in a TV market where "big-screen" increasingly means "flat-panel," rear projection
remains as an excellent alternative if someone do not require an extremely shallow profile or wall
mounting.

Considering all this changes we have adjusted our target specifications especially for the depth of the
cabinet (from 10 inch to 6 inch depth) and finally achieved this target. The extremely small and long
design of the optical engine is outstanding and was done to reduce chin height and depth of the TV.
These were two main requirements from potential TV makers.

Although we have achieved this innovative design advantages especially in the design of the optical
engine and the usage of the big aspheric mirror as part of the imaging system we could not win a
partner for a TV product development so far. As we are no product company and do not have an own
brand we would need such a partner to bring our product to the market.

Due to the difficulties in consumer market this innovative design has more potential in industrial and
smaller niche applications. Advantages of low depth, environmental stability and high uniformity are
promising for industrial applications such as control rooms or advertisement. The technology could be
expanded to 3D imaging systems for CAD systems or real-colour imaging for printing industry.

Highly efficient LED-based illumination systems as developed in the Osiris project could be used in all
potential projection units not only in the consumer industry. This know how can be used when creating
innovative new illumination concepts.

Ultra short throw optical architecture can support the design of new slim projection applications for
front and rear projection systems. There is a wide range of potential applications as like as control
room applications or advertisement. Everywhere where the projection distance is limited and the
projection itself has advantages against LCD technology as like environmental stability and high
uniformity there is a potential application case.
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2.2 Dissemination of knowledge

2.2.1 Publications / papers

Nearly 30 presentations have been given on
national and international conferences
covering components (screen, laser, LED) or
systems (rear projection, laser projection, 3D
light field system, multi view capturing).
Demonstrations accompanied some of the
presentations as listed in the tables below.

Figure 43: Screen presentation .

No Title of the article Nameof event Partner

1 HoloVizio 3D Display System Immerscom 2007 HGK

2 3D video visialization on the HoloVi z i 0 E sy s| 3DTV Conference 2008 HGK

3 | True 3D Displays PEACH Industry Event HGK

4 Green ThinGaN Power - LED demonstrates 100Im ICNS 07 Las Vegas OSR

5 New developments in green LEDs IWN 2008, Montreux OSR

6 ::r’]ol\:]vgral_NEDs: Highlighting technology improvements Euroled 2008, Coventry OSR

7 [E)lijsrglgiz/an Project OSIRIS: MultiView Acquisition and Dimension3-expo, Chalon s Sadne, F THO
Performance requirements for the use of fiber lasers 4™ International Workshop on Fibre

8 C o BRC
in display applications Lasers 5-6 Nov.08
Presentation of Osiris objectives to 3D@Home 3D@Home Quaterly Meeting 1 L.A.

9 - THO
Consortium July 2008

10 | Future prospects of high-end laser projectors SPIE Photonic West 2009, San José BRC

. - Dimension3-expo, June 2-4, 2009, Seine-

11 | Innovative 3D acquisition systems Saint-Denis, F THO

12 | New 3D Acquisition Systems Dimension3-Expo June 2nd 2009 THO

13 | LCoS Laser Projector SID Europe, Rome, Sept.14-17, 2009 BRC

14 | Laser projector speckle measurements SID Europe, Rome, Sept.14-17, 2010 BRC

15 Real—'ljr_ne I_\Iatural 3D Content Displaying with SID Europe, Rome, Sept.14-17, 2009 HGK
HoloVizio displays

16 | The new role of LED light source in projection Projection Summit 2009 OSR

17 OSIRIS white paper - 3D Multi View capture and OSIRIS web site THO
rendering

18 | OSIRIS White Paper - New Screen Approaches OSIRIS web site ISE

19 OS_IRIS_ white paper - Novel light sources for OSIRIS web site OSR
projection

20 Innovative chip technology enabling the next Strategies in Light; Santa Clara 10-12 OSR
generation of SSL applications Feb 2010
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L . o EOS Topical Meeting on Diffractive
21 | Speckle suppression in laser projectors i Invited talk Optics, Koli, Finland, 17/02/2010 BRC
. . . . ) Fachtagung ATranspar
22 Eﬂr']lér%sigﬂfu:;iﬁﬁif unststoffoberflachen in Solar des Suddeutschen Kunststoffzentrums, ISE
playt 9.-10.3.10
23 | Recent Advances in LED Technology Lighting Japan, Japan, 14 - 16 April 2010 | OSR
24 | LED light sources for emedded pico projection igrl:lz |32r(1)olt8n|cs Europe, Brussels 12- 16 OSR
. . , o SPIE Photonics Europe, Brussels 12- 16
25 | Real-time 3D light field transmission April, 2010 HGK
. . . . ) Wo r k s h oisplay3udd
26 E:résgtéil;n|I|<6:osstruktur|erter funktionaler Oberflachen Projektionstechni kf |ISE
play Photonics BW, 29.4.10
. o . . Accepted paper: ICME 2010 Singapore,
27 | Optimal depth resolution in plenoptic imaging July 19-23 2010 THO
. . i . Planned: IS&T/SPIE Electronic Imaging,
28 | Single lens Multiview Adapter - Plenoptic Approach 23.97 Jan 2011 THO
2.2.2 Publications / articles
No Title of the article Journal Date
Osram explores the route to high : Vol. 14 Nr. 5
1 P 9 Compund Semiconductors
performance green June 2008
5 Thomson, Barco and others in GlasFree Larae Displav Report May 2008
3D effort g play Rep (C.Chinnock)
FKT (German Journal for
. S . 63. Jahrgang
3 | 3D-Aufnahmetechnik und Kameras television, Film and
. . - 4/2009
electronic media)
4 Customised Optical Diffusers Annual report FraunhofelSIE | April 2010
over Large Areas 2009
5 | LED rear projection (planned) InAVate Magazine 2010
2.2.3 Press releases

Press releases can be found on our web page at http://www.osiris-project.eu/press.php.

October 2009: Barco launches LED rear-projection video walls for 24/7 control room applications
Barco website http://www.barco.com/en/controlrooms/pressrelease/2410/

2.2.4 Demonstrations
No Title of the demo Name of event Date
1 | Slim RPTV: Private presentation of concept | CES (Las Vegas) January-08
5 _SI|m RPTV:Information and discussion with CEBIT (Hannover)
integrators March-08
Slim RPTV:Information and discussion with
3 integrators SID (Los Angeles) May-08
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3D Light Field Display 3DTV Conf (Istanbul, Turkey) May-08
. : . VRGeo consortium event, Sankt
3D Light Field Display Augustin, Germany June-08
. : . EAGE visualisation workshop, Rome,
6 | 3D Light Field Display Italy June-08
7 | 3D Light Field Display EADMFR, Budapest June-08
8 | 3D Light Field Display EUROGIA event, Schlumberger, Paris July-08
9 | 3D Light Field Display TCA workshop, Taipei September-08
10 | 3D Light Field Display GITEX Dubai October-08
11 | OSIRIS components and 3D Display ICT (Lyon) November-08
12 Light Field displaying - presentation (Tibor | 3D@Home Consortium Meeting
Balogh) (London) February-09
13 | 3D Light Field Display CEBIT (Hannover) March-09
14 3D Cinema, 3D RPTV: Discussion with EIS, Microsoft European Investor
potentional customers Summit (Prague) May-09
15 | 3D Light Field Display at ENI HQ, Milano In-house demonstration
June-09
16 3D Display Presentation at the Meeting Innovation Conference,
Innovationsforum, Berlin Collegium Hungaricum Berlin June-09
17 3D Clr_\ema, 3D RPTV: Discussion with NVIDIA round table discussions (Bonn)
potentional customers June-09
18 | 3D Light Field Display presentation Digital Taipei (Taipei, Taiwan) September-09
Demonstration at the Center for
19 | 3D Light Field Display Advanced Studies, Research and September-09
Development in Sardinia
20 | 3D Light Field Display demonstration GITEX Dubai October-09
21 | LED rear-projection cubes for tiled displays | GITEX Dubai October-09
22 | LED rear-projection cubes for tiled displays | ISE, Amsterdam February 2010
OSIRIS - 3D RPTV - Laser Projector - Innovation Village at SPIE Photonics April 12-16,
23
Components Europe (Brussels) 2010
24 | 3D Cinema presentation NAB, Digital Cinema Summit April-2010
25 | LED rear-projection cubes for tiled displays | NAB, Las Vegas April-2010
26 | LED rear-projection cubes for tiled displays | Hannover Messe Industrie April-2010
27 | 3D Light Field Display demonstration Infocomm 3D Pavilion (forthcoming) June-2010

The main important events in terms of Osiris result demonstration were:

V

ICT 2008, Lyon France

2 booths have been set up presenting different achievements of the OSIRIS project:

In addition to posters, the goals, objectives and structure of the project
were presented through an interactive show with Powerpoints and videos

0 3D Cinema prototype without glasses (See WP8)

U  Simulation of Plenoptic Multi-View picture acquisition on a
auto-stereoscopic display

U Red, Green & Blue last
generation lasers

U  High lumen RGB LED modules

U  Holographic screen samples

U  Microstructure screen sample
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on the Sax3Dés HOPS display ( Projector + holographic
A lot of visitors came to our booths and the 3D cinema preliminary prototype won the second Best
Exhibit Award in ICT 2008 exhibition in Lyon, France

V SPIE Photonics Europe 2010, Brussels Belgium

Final results were shown in the Innovation Village on posters and two demonstrators:

—

1. Rear Projection glassless 3D Display (HoloWiib)3D light
field capture camera system.
Holografika demonstrated a retime capture with their
multi-camera array (WP5). The image was shown on a-bacl
projected prototype of the 3D cinema design (WP8).

2. Laser illuminatedrront projector (WP9) p
Forthis demonstration Barco uses the OSIRIS Lasers from " ey
Oxxius and Osram to replace the conventional short arc lanm: i1/
in the projector.The brightness is around@ Im, the power ;
of the lasers being the limiting factd8peckle contrast
reduction was shown onbrating screen.

Both demonstrators attracted a bunch of people who were interes
to know how the photonics components like lasers, LCOS and LEDs were integrated in the projection
systems. The 3D multi view real time capture and rendering was a eirgmonstration not yet

done before. In addition Holografika presented a paper at the SPIE conference explaining the whole
4 @ & ( S Y Realtinfe BSlight fidld transmissidh @

HOL cRueay

- o=
= Fraunhofe,

holo

Figure 44: Flyer and posters presented at the Innovation Village

2.25 Osiris Web

The OSIRIS web site at http://www.osiris-project.eu/ has been proven to be an effective tool in
communication for internal purpose of data exchanges between partners and for external use to
publish results and to inform about recent events. Most of the conference papers and articles as well
as white papers are accessible for the public and can be downloaded from the web site.



http://www.osiris-project.eu/
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JJ' Original System for Image Rendition via Innovative Screens

Project

- OSIRIS Project

Welcome to the OSIRIS project, an IST-FP6 Integrated Project (IST-33799 IP)
Original System for Image Rendition via Innovative Screens

The objectives of OSIRIS are to carry out new generations of 2D and 3D projection systems,
with the help of innovative components technologies. This includes the realization of a
common technological platform aiming at providing solutions for a broad range of
applications. (TV, Cinema, Games, Advertising, Design Centers,...)

OSIRIS has started in January 2007 and will end in April 2010.

It is the ONLY research Programme Worldwide targeting a full range of innovative projection
systems:

e Free view point 3D projection technologies
O 3D RPTV prototype with continuous parallax in 700 Field Of View w/o glasses
3D Digital Cinema equivalent to 10-15 views w/o glasses

3D Multi view Acquisition systems
O Next generation 3D cameras
O To feed content to above displays

Ultra Slim RPTV concepts
O 50 inch Screen size
O HD resolution =
O 6 inch depth
O 500 Im Brightness SP'E

Tiled Projection Systems ) . >
O Using innovative screen technologies from OSIRIS PIWO{OD]CS EL“ Ofae
o And developing new concepts for reducing screen gaps

Laser Projectors

Figure 45: OSIRIS web site http://www.osiris-project.eu/




