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We propose a thin and compact integral imaging systemusing electroluminescent (EL) films as backlight.
EL film has the advantage that it can operate continuously even when it is cut or punctured. Using this
characteristic, we generate an array of pinholes on EL film to form a point light-source array for recon-
structing three-dimensional (3D) images based on integral imaging. The EL pinhole film is attached on
another EL film and they are electrically controlled to generate a point light-source array or a surface
light source; hence, the system converts between 3D and two-dimensional (2D) modes. Taking advantage
of the flexibility of EL films, we also propose a flexible 3D/2D convertible integral imaging system with a
wide viewing angle using a curved EL film. We explain the principle of the proposedmethods and present
experimental results. © 2009 Optical Society of America

OCIS codes: 110.2990, 100.6890.

1. Introduction

A three-dimensional (3D) display, which shows var-
ious views of an object, is thought of as the ultimate
form of display. In recent years, due to the develop-
ment of the display technique, many kinds of 3D dis-
play have been proposed [1]. Among them, integral
imaging (or integral photography), which was in-
vented by Lippmann 100 years ago [2], is one of
the most attractive methods. Integral imaging can
display 3D images using a two-dimensional (2D) lens
array and a 2D display system that provides elemen-
tal images. It has many advantages, such as full par-
allax, quasi-continuous view points, and the ability
to show moving color images [3–14]. However, inte-
gral imaging still has some problems, such as limited
depth cues, resolution limitation, pseudoscopic
problems, and a narrow viewing angle. Also, the
amount of 3D animation or video content is remark-

ably low compared with 2D content. Because of these
problems, integral imaging has not yet been commer-
cialized; it needs a complementary type of display.
This situation has instigated the research on a 3D/
2D convertible integral imaging system.

Several methods of a 3D/2D convertible integral
imaging system have been devised [15–21]. Themain
idea in most systems is a light-source converting
layer (LCL), which is a convertible light source that
can be either a surface light source or a point light-
source array, as shown in Fig. 1. This system oper-
ates in two modes, point light-source array mode
for 3D images and surface light-source mode for
2D images. In the 3D mode, the system shows a
3D image to an observer by displaying elemental
images on a transmission-type display panel when
the LCL is operated in the point light-source mode.
In the other mode, the observer can see 2D images
using the surface light-source mode of the LCL.

The attention of research on 3D/2D convertible in-
tegral imaging systems has been on a method to gen-
erate a more efficient LCL. Many methods for a
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convertible light source have been proposed
[15–21], for example, a polymer-dispersed liquid
crystal (PDLC), a pinhole array on a polarizer
(PAP), and an organic light-emitting diode (OLED)
panel were fabricated as LCLs. These systems might
be suitable for cellular phones or other mobile
devices because they have small system sizes and
simple structures.
However, each one has some disadvantage. The

method using a PDLC has a complex structure
and the gap between the lens array and the display
panel should be adjusted precisely to twice the focal
length of the lens array [15]. In the method using
PAP, although it has a thin structure and is a simple
method, the brightness of the 3D image is degraded
by using a polarizer [17]. The latest proposed method
used an OLED panel for LCL [20]. This method also
has a simple structure and is thin. Nevertheless, an

OLED panel with high resolution and a small pixel
size is expensive and difficult to produce. In addition,
it has color separation problems because of the sepa-
rated red/green/blue pixels of the OLED panel.

To solve these disadvantages in conventional
methods, we propose an electroluminescent (EL) film
LCL using EL film and EL pinhole film. The use of an
EL film LCL in a 3D/2D convertible integral imaging
system makes reduction of the system thickness and
operation voltage possible, while keeping a simple
structure. Moreover, the characteristics of the EL
film LCL can improve conventional integral imaging
systems. In 3D/2D convertible integral imaging, we
propose a selectively convertible system using a mul-
tidomain EL film LCL with segmented EL pinhole
film. It enhances the image expression because it
can display 3D and 2D images at once. Using the
flexibility of the EL film LCL, we also implement
a viewing-angle-enhanced curved integral imaging
system. This system has potential as a flexible 3D/
2D convertible integral imaging system if a flexible
transmission-type spatial light modulator (SLM)
could be used together with this backlight unit
(BLU).

2. Principle of the Proposed Method

A. Light Source Converting Layer Using
Electroluminescent Films

We use EL films to improve on the recent research on
3D/2D convertible integral imaging systems. The EL
film is a self-light-emitting device using electrolumi-
nescence, which is a nonthermal generation of light
resulting from the application of an electric field to a
substance [22]. The EL film has many kinds of struc-
ture, such as the ac thin-film type, the ac powder
type, the dc thin-film type, and the dc powder type.
They have advantages such as a thin structure, low
power consumption, fewer heating problems, and low
cost. Among the many kinds of EL film, only powder-
type EL films have the important advantage that
they can operate continuously, even when cut or
punctured. We use the ac powder EL film to fabricate
the EL pinhole film because the dc powder type is not
yet developed.

The ac powder EL film is used as a BLU of a liquid-
crystal display (LCD). It relies on phosphorescent
powder materials that glow when exposed to small
electrical currents. As shown in Fig. 2, the source
of light is a phosphorous mixture powder that is
spread onto a transparent conductive indium tin
oxide (ITO) film and then covered with another thin
film of conductive material. The phosphor layer con-
sists of a suitably doped zinc sulfide (ZnS) powder
suspended in a dielectric, which acts as a binder
as well. The phosphor layer is sandwiched between
two electrodes; one is transparent and the other is
supported by a substrate, which is flexible plastic.
The ac powder EL film has the important advantage
that it can emit light even when it is cut or punctu-
red, because the phosphorescent layer consists of

Fig. 1. (Color online) Concept of the 3D/2D convertible integral
imaging system: (a) 3D mode and (b) 2D mode.
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powder materials and other layers have flexibility.
Since the phosphorescent layer consists of powder
materials and the substrates are flexible, it has flex-
ibility and can emit light even when it is cut or punc-
tured. We take advantage of these features in this
research. We use two kinds of EL film, one punctured
in the shape of a pinhole array and the other without
puncturing. We call the former EL pinhole film and
the latter EL film. The EL film LCL is created by
stacking the EL pinhole film on the EL film. The
EL film LCL can change between two light-source
modes by switching the EL pinhole film. In the point
light-source array mode, EL pinhole film acts like a
pinhole film (by cutting off electrical currents) while
EL film shines behind the EL pinhole film. The rays
from the EL film are blocked by the EL pinhole film,
except at the pinhole area. Hence, these pinhole
areas act like a point light-source array for generat-
ing 3D images based on integral imaging. In the
surface light-source mode, the EL film and the EL
pinhole film are both switched on to produce a sur-
face light source with uniform intensity. As a conse-
quence, a thin and compact LCL can be realized
using EL film and EL pinhole film.
The above-mentioned EL film LCL can evolve to a

selectively convertible EL film LCL that generates a
light source whose certain area becomes a point
light-source array and the other area becomes a sur-
face light source at once by segmenting EL film LCL
to multiple domains. As shown in Fig. 3, the EL pin-
hole film in the EL film LCL can be segmented to
multiple domains of controllable pinholes. In this si-
tuation, the pinhole domains can be independently
controlled by switching each electrical current. A
two-domain EL film LCL can be operated in point
light-source array mode, surface light-source mode,
and an additional selective light-source generation
mode where one pinhole domain generates a point
light-source array and the other domain generates
the surface light source. The selective light-source
generation mode is adopted as a 3D/2D convertible
integral imaging system and it can be possible to re-
construct 3D and 2D images at once, which is called a
mixed 3D/2D mode or a partial 3D mode.

B. 3D/2D Convertible Integral Imaging System Using
an EL Film LCL

The overall structure of the proposed 3D/2D conver-
tible integral imaging system using an EL film LCL
is shown in Fig. 4. In the proposed method, we use

only the EL film LCL and a transmission-type dis-
play panel. The use of the EL film LCL provides
many improvements over previous methods. The
EL film LCL can reduce the system thickness be-
cause the thickness of commercial ac powder EL film
is about 400 μm. The system structure is also simpli-
fied. The EL film LCL has the advantages of low
power consumption, fewer heat problems, and low
cost. Above all, it has flexibility. Because of the char-
acteristics of ac powder EL film, a 3D/2D convertible
integral imaging system using an EL film LCL has
the same advantages.

In the principle of the proposed method, the 3D/2D
convertible integral imaging system operates in two
modes. The EL pinhole film and the EL film in the
EL film LCL should be synchronized with the dis-
played image on a transmission-type display panel.

In the 3D mode, the EL film LCL generates a point
light-source array by turning the EL film on and the
EL pinhole film off while a transmission-type display
panel shows the elemental image for the 3D image.
Resolution of the 3D mode in the proposed method is
proportional to the number of point light sources
when the size of each point light source and the pixel
pitch of the transmission-type display panel are ide-
ally small [19]. However, the pixel pitch of a trans-
mission-type display panel has some nonzero size
in real experiments, and the resolution of the 3D im-
age is influenced by the pixel pitch because the rays

Fig. 2. (Color online) Structure of ac powder EL film.

Fig. 3. (Color online) Multidomain EL film LCL: (a) one-domain,
(b) two-domain, and (c) four-domain structures.
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are modulated by the transmission-type display pa-
nel. When the pixel pitch of the transmission-type
display panel is small, the resolution of the 3D image
is improved because the light rays are modulated
more finely.
In the 2D mode, the EL film and the EL pinhole

film in the EL film LCL both emit light, and the ob-
server can see the 2D image on the transmission-
type display panel with its full resolution [21].
To evolve the proposed method, a multidomain EL

film LCL can be applied to the system. By selectively
converting the mode of each domain, a 3D image and
a 2D image can be implemented simultaneously. The
3D/2D selectively convertible integral imaging sys-
tem using a multidomain EL film LCL is shown in
Fig. 5. If the number of EL film domains is increased
by more segmentation of the EL pinhole film, the
selective reconstruction area will be broadened.

C. Flexible Integral Imaging System Using EL Film LCL

The most important advantage of EL film is that it is
a flexible self-light-emitting device. This advantage
allows improving the viewing angle of integral ima-
ging by using a curved structure. The previously
reported curved structure uses a lens array arranged
in a curved plane to enhance the viewing angle
[23–25]. However, in these systems, it is difficult to
make the curved lens array and 3D/2D conversion
is impossible. To solve these problems, we propose
a flexible 3D/2D convertible integral imaging system
with a wide viewing angle using a curved EL film
LCL. Making a curved structure using an EL film
LCL is easier than using a lens array because of
the EL film’s flexibility. In addition, use of an EL film
LCL enables the system to evolve to the 3D/2D con-
vertible display system. Using this improved perfor-
mance of integral imaging, the curved structure with
a transmission-type flexible display panel might be
adopted to various 3D display applications, such as
3D television, 3D theater, and 3D signboards with
wide viewing angles. Above all, the proposed method
is suitable for mobile 3D display because of its
flexibility and 3D/2D convertibility.

Figure 6 shows the configuration of the flexible
3D/2D convertible integral imaging systemwith wide
viewing angle using a curved EL film LCL. The sys-
tem has two types of structure for displaying real or
virtual 3D images, as shown in Figs. 6(a) and 6(b).

The EL film LCL is curved with a radius of curva-
ture r, and it is located behind the transmission-
type flexible display panel at a distance of gap g.
In the point light-source array mode of the LCL,
the transmission-type flexible display panel displays
elemental images for a curved pinhole array, and
rays from the point light sources pass through each
elemental image region of the transmission-type
flexible display panel. A 3D object is integrated
and shown in front of the observer with an enhanced

Fig. 4. (Color online) Principle of the 3D/2D convertible integral
imaging system using EL film LCL: (a) 3D mode and (b) 2D mode.

Fig. 5. (Color online) Concept of the 3D/2D selectively convertible
integral imaging system using a multidomain EL film LCL.

10 February 2009 / Vol. 48, No. 5 / APPLIED OPTICS 1001



viewing angle. On the other hand, 2D images on
the transmission-type flexible display panel are dis-
played in the surface light-source mode LCL.

D. Analysis on the Viewing Angle of the Flexible 3D/2D
Convertible Integral Imaging System

For amore detailed principle of the proposedmethod,
the maximum number of pinholes in one direction
nmax is determined by consideration of radius of cur-
vature r, pinhole interval φ, and gap g. In Fig. 6(a),
the curved EL film LCL generates 2nmax þ 1 point
light sources in an array on a curved plane and each
point light source reconstructs the 3D image around
the central point of a curved structure with maxi-
mum viewing angle Ωmax. The maximum viewing
angle Ωmax can be derived as follows:

Ωmax ¼ 2 × 2nmaxθ ¼ 4nmax arctan
�φ
2r

�
: ð1Þ

The maximum viewing angle is achieved when the
integrated 3D image is located around the central
point of the curve. For a more detailed analysis of
viewing angle in more general cases, the distance
from the integrated 3D image to the pinhole array
must be considered. In Fig. 7, object 1, object 2,
and object 3 are integrated on positions off the cen-
tral point. In the case of object 1, the 3D image is lo-
cated at the nearest position among the three to the
central point, and all elemental image regions are
used to integrate the 3D image without the intrusion
of rays into the neighboring elemental image regions;
the observer sees it with the widest viewing angle Ω1.

When decreasing the distance from the object to the
middle pinhole of pinhole array P0, some rays pass
through adjacent elemental image regions that cor-
respond to other pinholes and cause the flipped im-
age problem. In the case of object 2, the ray from P6 to
object 2 passes its own elemental image region cor-
rectly, but the ray from P7 intrudes into the elemen-
tal image region of P6, so the maximum number of
pinholes in one direction, n, is 6. Likewise, n is 1
in the case of object 1, which has the narrowest view-
ing angle. This condition can be expressed as follows:

ðr − gÞ sinð2nþ 1Þθ
ðr − gÞ cosð2nþ 1Þθ − ðr − dÞ ≥

r sinð2nθÞ
r cosð2nθÞ − ðr − dÞ ;

ð2Þ

where d is the 3D image distance from P0. The max-
imumnumber of pinholes in one direction is the high-
est value of n satisfying Eq. (2). With n acquired from
the above condition, themaximum viewing angle,Ωn,
can be derived as follows:

Ωn ¼ 2 arctan
�

r sinð2nθÞ
r cosð2nθÞ − ðr − dÞ

�
: ð3Þ

If the curved structure is for a virtual 3D image,
as shown in Fig. 6(b), Eqs. (2) and (3) are derived
as follows:

ðrþ gÞ sinð2nþ 1Þθ
ðrþ gÞ cosð2nþ 1Þθ − ðrþ g − dÞ

≥
r sinð2nθÞ

r cosð2nθÞ − ðrþ g − dÞ ; ð4Þ

Ωn ¼ 2 arctan
�

r sinð2nθÞ
r cosð2nθÞ − ðrþ g − dÞ

�
: ð5Þ

Figure 8 shows viewing angle versus image dis-
tance for different gaps using Eq. (3) when the EL
film LCL’s radius of curvature r is set to 80mm
and the pinhole interval φ is 1mm. As shown in
Fig. 8, the maximum viewing angle is 180° when
the integrated 3D image is located near the central
point of the curve. However, it decreases rapidly as
the integrated 3D image goes far from the central

Fig. 7. (Color online) Viewing angles depending on object
locations in the proposed system.

Fig. 6. (Color online) Configuration of the flexible 3D/2D conver-
tible integral imaging system with wide viewing angle using a
curved EL film LCL: (a) real mode and (b) virtual mode.
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point. The distribution of viewing angle is calculated
with various gaps between the EL film LCL and the
transmission-type flexible display panel, as shown in
Fig. 8. When the gap becomes wider, the viewing
angle changes rapidly while the image distance in-
creases. The viewing angle can be enhanced as the
gap becomes narrower or as the position of the inte-
grated 3D image approaches the central point. From
viewing-angle analysis, the viewing zone, which is
the feasible region where the integrated 3D image
can be shown with a wide viewing angle, is limited
around the central point O in Fig. 9. As shown in
Fig. 9, the integrated 3D image in the viewing zone
can be shown to the observer with the widest
viewing angle.
The viewing zone is actually limited by the inten-

sity of the point light-source array. Although the 3D
image in the viewing zone has the widest viewing an-
gle, the observer cannot see it clearly when the ra-
dius of curvature is sufficiently large because the
intensity of a point light source is proportional to
the inverse square of the distance. Moreover, the rays
from one point light source can diverge in all direc-
tions, so they intrude on neighboring elemental
image regions and induce a flipped image. As a

consequence, the 3D image can be seen with a wide
viewing angle and clearness when it is located at the
nearest position from the pinhole array in the view-
ing zone with a barrier.

3. Experimental Results

We performed experiments to verify the feasibility of
the proposed methods. Here we present two experi-
mental results; one shows the 3D/2D convertible in-
tegral imaging system using the EL film LCL and the
other shows the flexible 3D/2D convertible integral
imaging system with a wide viewing angle using a
curved EL film LCL. For the experiments, the EL
film LCL, which is the main component of the pro-
posed method, is composed of commercial ac powder
EL films. For the EL film LCL in the 3D/2D conver-
tible integral imaging system, we used a commercial
ac powder EL film that is 50mm × 50mm in size and
400 μm thick. The EL pinhole film is fabricated
by using a drilling machine to have 40 × 40
pinholes whose diameter is 200 μmwith a separation
of 1mm between neighboring pinholes. For the mul-
tidomain EL film LCL, we cut the one-domain EL
pinhole film to two domains. Each domain has 20 ×
40 pinholes. For the other proposed method, we used
170mm × 70mm EL film and generated 150 × 50
pinholes on it with the same pinhole specification.
The EL film and the EL pinhole film are operated
by ac voltage of 110V, 400Hz that is generated by
the inverter using an input voltage of dc 3V.

As shown in Fig. 10, the EL film LCL is composed
of two-domain EL pinhole film and EL film. The

Fig. 8. (Color online) Viewing angle versus image distance for
different gaps in the proposed system.

Fig. 9. (Color online) Vewing zone limitation in the proposed
system.

Fig. 10. (Color online) Light-source conversion of a two-domain
EL film LCL: (a) surface light-source mode and (b) point light-
source array mode, (c) selective light-source generation mode.
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luminance of the EL film LCL is 150 cd=m2 in surface
light-source mode and 100 cd=m2 in point light-
source array mode. With the control of each domain
of the EL pinhole film, the selective light-source
generation mode is possible and the light source is
partially converted.
We built the proposed 3D/2D convertible integral

imaging system using the EL film LCL, as shown
in Fig. 11. The experimental setup consists of a
two-domain EL film LCL and a transmission-type
display panel. As a transmission-type display panel,
we used an SLM that has a 36 μm pixel pitch in the
horizontal and vertical directions with a 37mm ×
28mm active area and resolution of Extended
Graphics Array (XGA) (1024 × 768). The thickness
of the SLM is 360 μm. The total thickness of the pro-
posed system is about 2:8mm, including the thick-
ness of the EL film LCL, the gap between the EL
film LCL and the SLM, and the thickness of the
SLM. With this specification, EL film enables a thin
and compact 3D/2D convertible integral imaging
system.
In the 3D mode, we used the computer-generated

elemental image to reconstruct the 3D image.
Integral imaging has a pseudoscopic problem, which
is the fundamental problem in the pickup process of
integral imaging, and it needs pseudoscopic-to-
orthoscopic conversion [26,27]. We used computer-
generated elemental images to avoid the
pseudoscopic problem [28]. The computer-generated
elemental image enables the image of the letters “O”

and “E” to form at 20mm in front of and behind the
point light-source array. The experimental results in
3D mode are shown in Fig. 12. The directional rays
are generated from the point light-source array in
the diverging angle passing through pixels of the
SLM in front of the EL pinhole film and form the

3D image of the letters. We can see different perspec-
tives from different viewing positions, as shown in
Fig. 12. The viewing angle is approximately 18:54°
in the experiment. In this experiment, we see the
discontinuity of the integrated image and image de-
gradation at the edge of the image. That is the multi-
facet effect, which is caused by inappropriate
overlapping of elemental images in the field of view
of each pinhole. This is a fundamental problem of the
pinhole array structure [29]. The multifacet effect
can be reduced by using the moving pinhole array
technique [30].

In the 2D mode, the EL film LCL generates the
surface light source because we provide electrical
currents to the EL pinhole film. The SLM displays
the 2D image, a sea turtle, with the full resolution
of XGA on it, as shown in Fig. 13. As shown in
Fig. 13(a), a problem is the difference in brightness
of the EL pinhole film and the rays that pass through
the pinhole array from the EL film. To solve this un-
even brightness problem, we increase the
voltage of the EL pinhole film and adjust it to the sui-
table voltage to emit light of the same brightness. In
the experiment, we adjusted the output voltage of the
inverter from 123.5 to 128:5V. We can then see the
2D image clearly, as shown in Fig. 13(b).

In addition to 3D and 2D modes, the 3D/2D selec-
tively convertible mode in the 3D/2D convertible

Fig. 11. (Color online) Experimental setup of the 3D/2D conver-
tible integral imaging system using an EL film LCL.

Fig. 12. (Color online) Experimental results: 3D images observed
from different viewing directions.

Fig. 13. (Color online) Experimental results in 2D mode:
(a) before brightness adjustment and (b) after brightness
adjustment.
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integral imaging system was tested by using the two-
domain EL film LCL. 3D and 2D images can be dis-
played at once by controlling each domain as shown
in Fig. 14.
We also experimented with the other proposed

method, which is the flexible 3D/2D convertible inte-
gral imaging system with a wide viewing angle using
a curved EL film LCL. The proposed system consists
of an EL film LCL and a transmission-type flexible

display panel. However, the transmission-type flex-
ible display panel is not yet developed and commer-
cialized. Hence, we used an overhead projector
(OHP) film and printed elemental images on it using
a laser printer. The printed elemental image resolu-
tion is 1200 DPI. In this situation, although OHP
film cannot display a moving image or change the
elemental image, it can verify the possibility of the
proposed method. The actual experimental setup is
shown in Fig. 15. It simply consists of a curved EL
film LCL, OHP film, and a transparent curved-acryl
structure. The transparent curved-acryl structure
maintains the correct gap between the curved EL
film LCL and the OHP film, and sustains the whole
system structure. We also used a barrier array to pre-
vent a flipped 3D image and enhanced the brightness
of the 3D image. We experimented with two different
types of curved structure for displaying real and vir-
tual 3D images, as shown in Figs. 15(a) and 15(b).

The elemental image for the proposed method on
OHP film is generated by ray-tracing calculation
using computer-generated integral imaging. It
reconstructed two 3D images, the letters “O” and
“E” at two different positions, 60 and 40mm. As

Fig. 14. (Color online) Experimental results in 3D/2D selectively
convertible mode.

Fig. 15. (Color online) Experimental setup of the flexible 3D/2D
convertible integral imaging system with a wide viewing angle
using a curved EL film LCL: (a) real 3D mode and (b) virtual
3D mode.

Fig. 16. (Color online) Experimental results of the flexible 3D/2D
convertible integral imaging system with a wide viewing angle
using a curved EL film LCL: (a) real 3D mode, (b) virtual 3Dmode,
and (c) 2D mode.
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shown in Figs. 16(a) and 16(b), the results show a re-
markable enhancement of the viewing angle in the
proposed method. The viewing angle of the proposed
curved pinhole system is about 48:46° in the real 3D
mode and 41:08° in the virtual 3Dmode. The viewing
angle of the conventional method is about 18.54
18:54°, so the enhancement of viewing angle in the
proposed method is certainly verified. In addition
to the viewing-angle enhancement, the proposed
method can convert display modes between 3D and
2D using the EL film LCL. As shown in Fig. 16(c), a
2D image on OHP film can be seen clearly by an
observer.

4. Conclusion

We proposed a thin and compact EL film LCL. The
EL film LCL has the advantage of being thin, having
a compact structure, low power consumption, fewer
heating problems, low cost, and flexibility. We pro-
posed two types of integral imaging system using
an EL film LCL. One is a 3D/2D selectively conver-
tible integral imaging system. By using a multi-
domain EL film LCL, 3D and 2D images are dis-
played simultaneously. Because of the use of the
EL film LCL, the proposed system is thinner and
more compact than other systems in recent research.
The other proposed method is the flexible 3D/2D con-
vertible integral imaging system with a wide viewing
angle using a curved EL film LCL. It is based on the
flexibility of the EL film LCL. Even though the trans-
mission-type flexible display panel is not yet com-
mercialized, this method shows the feasibility of a
simple and thin flexible 3D/2D convertible integral
imaging system with a wide viewing angle. Because
of the thinness, low power consumption, and flexibil-
ity of the EL film LCL, we expect our proposed
methods to have applications in mobile displays,
cellular phones, or other portable displays.

This research was supported by the Korea Science
and Engineering Foundation (KOSEF) and the Min-
istry of Education, Science and Technology (MEST)
of Korea through the National Creative Research
Initiative Center Program (R16-2007-030-01001-0).
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