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The developed flexible 3D display requires only a 2D projector, a special micro-lens sheet and
computed 3d scene data. The user can view the 3D scene of size 20cm x 10cm x 5cm(depth) without
technical skill. It can be used as 3D head-up displays in car wind shield, home windows (smart
windows) etc.

Curved light field 3D displays were developed and tested. An animated
3D-scene of size 20cm x 10cm x 5cm (depth) can be successfully viewed in 3D using naked eye for a
viewing angle of 10-degrees. The display system is very simple and consists of only a commercial
projector and holographic micro-lens array sheet (fabricated by us). The key achievements are 1)
development of a fully automatic calibration method that can be used by any one, 2) printing
holographic lens array sheet as a curved screen using home-grown printing system, 3) new algorithm
for computing data to be displayed on the 2D projector from a 3D-scene.
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Light field displays are promising candidate for next generation 3D displays. Light field
displays combine a 2D display with a lens array sheet to generate the 3D images. The main
issues that block the commercial success of light field displays are i) the difficulty in
fabricating large-size lens array sheet to ideal specifications, ii) complex nature of the 3D
display system itself. We have developed new method of fabricating lens-array sheets using
‘digital hologram printing technique’, which could be fabricated to very large size (30 cm x 30
cm) with each elemental lens having a focal length of 2.15mm. This helped to overcome the
issue (i). The micro-lens arrays (hologram sheet) were fabricated not only with micro-lens
functions but with a variety of other optical functions as well (multifunctional lens array
sheet). This complex nature of lens array significantly reduced the complexity of the display
system and hence aided as a solution to issue(ii). But the hologram screen was flat which
limited its viewing angle and adaptability to arbitrary usage environment (eg. on the wind
shield of a car whichis curved). So, it is necessary to investigate the possibilities of realizing
a curved light field display by fabricating a micro-lens array sheet in curved form. This will
open several possibilities for light field displays to satisfy future 3D display requirements,
especially in Augmented reality and Virtual reality arena.

2. WEDB

To realize a curved 3D display, it is required to re-investigate and develop all the modules of
the display system from scratch. This involves a) fabricating a multifunctional holographic
micro-lens array sheet in curved from, b) rendering elemental images from a 3D-scene in
accordance with the curved lens array screen, ¢) development of a calibration procedure that
aligns the projector pixels with lens-array positions and d) building of the display system and
testing the results. Realizing the above mentioned four-steps will be the original contribution
from this research.

3. WHEDTTE

The above mentioned four-steps in the proposed research were
completed as follows,

a) Fabrication of curved lens-array screen: The hologram data '
required to fabricate the micro-lens array screen was calculated. This Elﬁ‘;gfdrjpli%}fgf;;;;zm‘;f
calculation included the lens function + various tilt functions + curved
display specifications. The complex hologram data was then used to
print the micro lens array screen using a home-grown dedicated
hologram printing system shown in Figure.1. The holographic micro-
lens array sheets were fabricated on a flexible photopolymer sheet
(purchased from Covestro co. Ltd.). Initially flat lens-array sheets of
size 20 cm x 10 cm were fabricated for testing purposes. These sheets
had 200x200 elemental micror-lenses, each with a size of 1mm x
0.5mm and focal length of 2.15mm. The flat lens array-sheets were
then bent into a curved configuration by placing it in a curved isure 2. Photograph of
enclosure as shown in Figure.2 Several fabrication trials had to be Fabricated —curved = lens-
conducted to reach a better-quality lens array sheet.

b) Rendering integral images from 3D-
scene: The 3D-scene to be display is
modelled in the computer (Figure.3a) and
the 3D rendering software 'Blender' was
used to render the integral (IP) images
(Figure-3b). The rendering engine of
Blender was customized according to the . =
curved display reqUirementS~ This made the Figure 3. a) The modeled 3D-scene, b) the rendered IP image
rendering slow which took 48-hrs to render

a 90-frame animation with a frame size of 2180 x 4096 pixels. So, we developed a dedicated




GPU algorithm that could complete the same task in 2-hrs by utilizing parallel rendering
capabilities. The computed IP images were then displayed on a 2D projector and projected on
the lens-array screen.

¢) Calibration of display system: Light from e e "

& a camera view point

each projector pixel must reach the pre-
destined position on each micro lenses for an
accurate reconstruction of 3D-scene. This was
the most difficult step among all since the
projector display was flat, but the lens-array
screen was curved. A camera (canon EOS | Proiector
Mark-1T) was used for calibration as L
shown in Figure.4 (a). We implemented

the novel idea of printing
small diffuse areas on the
corners of each elemental
lenses which acts as markers
in the calibration process
(Figure-4.b). The developed
method was robust and fully

automatic and does not % —-—

require any manual Figure 5. a) Reconstructed image before calibration, b) Reconstructed image
after calibration using diffuse corners as markers.
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ure 4. a) Schematic of the calibration setup, b) Diffuse areas
ens array screen serve as markers for robust calibration.

intervention during
calibration. The effects of calibration are shown in Figure.5

d) Build display system: The 3D display system is simple
and consisted of a commercial 2D projector with 4096 x
2180 pixels. A camera was placed in the view zone to
calibrate the projector with respect to lens-array screen.
Once the calibration is over, the IP images rendered from
3D scene are displayed on the 2D projector. The light rays
from the 2D projector fall on the micro-lens array screen
which converts the 2D information into 3D light-field
images. A photograph of the display system is shown in
Figure.6

Figure 6. Photograph of the display system

4. WFIEERS

3D-scene of size 10cm x 10cm and 20cm x
10cm were successfully reconstructed for a \wf‘”“'”““W"’”'!’Hi‘

viewing angle of 20-degrees and 10-degrees \j‘”‘H‘ il ""“'Wﬂu”
respectively. The scene depth was around 5 | s | wmumﬁ“mi
cm and further increase in scene depth i '.H;{‘IHI
caused blurring. The 3D reconstructions ‘
could be viewed freely by naked eye. This is
the first time such a curved display has been
realized using such a simple setup (only a

. . Figure 7. a) Reconstructed image before calibration, b)
commercial projector and lens-array). The Reconstructed image after calibration using diffuse corners

reconstructions are shown in Figure.7 as markers.
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