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(57) ABSTRACT 

A two dimensional/three dimensional (2D/3D) digital acqui 
sition and display device for enabling users to capture 3D 
information using a single device. In an embodiment, the 
device has a single movable lens with a sensor. In another 
embodiment, the device has a single lens with a beam splitter 
and multiple sensors. In another embodiment, the device has 
multiple lenses and multiple sensors. In yet another embodi 
ment, the device is a standard digital camera with additional 
3D software. In some embodiments, 3D information is gen 
erated from 2D information using a depth map generated 
from the 2D information. In some embodiments, 3D infor 
mation is acquired directly using the hardware configuration 
of the camera. The 3D information is thenable to be displayed 
on the device, sent to another device to be displayed or 
printed. 
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TWO DIMIENSIONAL/THREE DIMIENSIONAL 
DIGITAL INFORMATION ACQUISITION AND 

DISPLAY DEVICE 

FIELD OF THE INVENTION 

0001. The present invention relates to the field of two 
dimensional/three dimensional (2D/3D) imaging. More spe 
cifically, the present invention relates to a personal electronic 
device for 2D/3D acquisition and display. 

BACKGROUND OF THE INVENTION 

0002 Three dimensional technology has been developing 
for over a century, yet has never been able to establish itselfin 
the mainstream generally due to complexity and cost for the 
average user. The emergence of Liquid Crystal Display 
(LCD) and Plasma screens which are better suited to render 
ing three dimensional (3D) images than traditional Cathode 
Ray Tube (CRT) monitors and televisions in both consumer 
electronics and the computer world has spurred interest in the 
technology. 3D Systems have progressed from being techni 
cal curiosities and are now becoming practical acquisition 
and display Systems for entertainment, commercial and sci 
entific applications. With the boost in interest, many hardware 
and Software companies are collaborating on 3D products. 
0003 Recently, NTT DoCoMo unveiled the Sharp mova 
SH251 iS handset which is the first to feature a color screen 
capable of rendering 3D images. A single digital camera 
allows its user to take two dimensional (2D) images and, then 
using an editing system, convert them into 3D. The 3D images 
are sent to other phones with the recipient able to see the 3D 
images if they own a similarly equipped handset. No special 
glasses are required to view the 3D images on the auto 
stereoscopic system. There are a number of problems with 
this technology though. In order to see quality 3D images, the 
user has to be positioned directly in front of the phone and 
approximately one foot away from its screen. If the user then 
moves slightly he will lose focus of the image. Furthermore, 
since only one camera is utilized, it can only take a 2D image 
and then via the 3D editor, the image is artificially turned into 
a 3D image. Quality of the image is therefore an issue. 
0004 One method of producing a stereoscopic image 
from a 2D image has been patented in U.S. Pat. No. 6,477.267 
to Richards whereby at least one object is identified in the 
original image; the object or objects are outlined; a depth 
characteristic is defined for each object; and selected areas of 
the image are displaced accordingly. As discussed above 
though, converting a 2D image into a 3D image has a number 
of problems, most importantly, the quality of the resulting 3D 
image. 
0005 Instead of capturing a 2D image with one camera, 
U.S. Pat. No. 6,664,531 to Gartner et al., discloses a possible 
configuration to capture a pair of images using two cameras, 
which observe the parallax effect of an object. Then the left 
eye will view one image of this pair of stereoscopic images 
and the right eye will view the other. The human brain is able 
to easily merge this pair of images so that the object is viewed 
as a 3D image. 
0006 Another example of acquiring a 3D image with two 
cameras is disclosed in U.S. Pat. No. 6.512,892 to Montgom 
ery et al. which includes a 3D camera with at least two 
moveable parallel detector heads. 
0007 As described for the DoCoMo product, a user must 
stay essentially still while viewing a 3D image otherwise he 

Sep. 25, 2008 

will lose focus. One reason for Such an issue is that the image 
is a multi-image display. Multi-image displays include dif 
ferent images interleaved into a single display medium. The 
simplest implementation of multi-image displays includes 
repeating a sequence of left-right images. The distance 
between each Successive image is 65 mm which is equal to the 
average distance between the viewer's eyes. However, if the 
viewer moves left or right more than 32 mm, then the viewer 
will see a reverse 3D image. The reverse 3D image is uncom 
fortable to view and will cause headaches and pain after a 
while. 

0008. The multi-image display can be improved by utiliz 
ing a number of images, each spaced apart by 65 mm. With a 
number of images, the viewer can move his head left or right 
and will still see a correct image. However, there are addi 
tional problems with this technique. The number of cameras 
required increases. For example, to have four views, four 
cameras are needed. Also, since the sets of numbers are 
repeating, there will still be a position that results in a reverse 
3D image, just fewer of them. The reverse image can be 
overcome by inserting a null or black field between the 
repeating sets. The black field will remove the reverse 3D 
issue, but then there are positions where the image is no 
longer 3D. Furthermore, the number of black fields required 
is inversely proportional to the number of cameras utilized 
such that the more cameras used, the fewer black fields 
required. Hence, the multi-image display has a number of 
issues that need to be overcome for the viewer to enjoy his 3D 
experience. 
0009. There are a wide variety of viewing apparatuses 
presently available for viewing 3D images. One type includes 
viewing apparatuses which require lenses, prisms, or mirrors 
held in proximity with the viewer's eyes, which are generally 
less convenient than alternatives which do not require special 
eyewear. A second type includes lenticular systems which are 
relatively difficult and expensive to manufacture for high 
quality image presentation due to the amount of precision 
associated with their production, if high-resolution images 
are desired. Moreover lenticular systems will always present 
images having a lower resolution than the resolution of which 
the display device to which the lenticular array is attached to 
is inherently capable. Furthermore, lenticular systems are not 
well adapted for viewing systems such as computer displays 
and television, and are therefore not in wide use. 
0010. A third type of 3D image viewing apparatus 
includes parallax barriers for 3D viewing. The systems are 
grids consisting of transparent sections interspersed with 
opaque sections that are placed in various relationships to the 
image being seen or projected, the image is an interspersed 
composition of regions taken from the left image (to be even 
tually seen only by the left eye of the viewer) and regions 
taken from the right image (to be eventually seen only by the 
right eye of the viewer), the grid or grids being placed in 
positions which hide regions of the right image from the left 
eye and hide regions of the left image from the right eye, while 
allowing each eye to see sections of the display which are 
showing regions originating from its appropriate image. In 
Such a system, roughly half of the display contains no image. 
0011. A fourth type of 3D image viewing apparatus dis 
closed in U.S. Pat. No. 6.252,707 to Keinberger et al., 
includes a system for viewing and projection of full-color 
flat-screen binocular stereoscopic viewing without the use of 
eyeglasses. Various combinations of light polarizing layers 
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and layers of light rotating means or color filters are used to 
display a left and right image to the appropriate left or right 
eye. 
0012. One possible option for solving the problems 
described regarding the multi-image display is a tracking 
system. U.S. Pat. No. 6,163,336 to Richards discloses an 
auto-stereoscopic display system with a tracking system. 
Richards teaches a tracking system that is aware of the posi 
tion of the viewer and can instruct the display unit to move the 
position of the displayed images so that they correspond to the 
correct position of the viewer. 
0013 Another problem is the Passive Auto Focus system 
used in modern digital cameras which function based on 
measuring the high frequency content of the picture and 
changing the focus setting until this measure reaches the 
maximum. Such a method is slow and fails frequently. U.S. 
Pat. No. 6,616,347 to Dougherty discloses a number of dual 
camera systems for autofocusing as prior art, although they 
all have problems including being too bulky, costly, and 
heavy. Furthermore, there were difficulties aligning parts of 
the images from the two cameras. U.S. Pat. No. 6,611,268 to 
Szeliski et al. discloses utilizing two video cameras where at 
least one of the cameras is a video camera to estimate the 
depth map of a scene. 
0014 Furthermore, while a number of wireless hand-held 
digital cameras exist as disclosed in U.S. Pat. No. 6,535.243 
to Tullis, such wireless devices are devoid of 3D capabilities. 
Hence the need to explore such possibilities further. 
00.15 Projection of 3D images has also been developed in 
the past, but there is a need for advancement. U.S. Pat. No. 
6.252,707 to Kleinberger et al. discloses a 3D projector sys 
tem that comprises of two projectors which project a 3D 
image on a screen without the need for special eyewear. The 
projectors have been a motion picture projector, a television 
projector, a computer-driven projection device, a slide pro 
jector, or some other equipment similar in size, hence the size 
of these projectors is quite large. 
0016. Additional technologies have also been developed. 
Disney created what is called Disney Digital 3D which pre 
sents a CGI movie in 3D using special technology that 
requires only one digital projector. 
0017 Philips has developed an auto-stereoscopic lenticu 
lar LCD monitor that displays both 2D and 3D images where 
people at different angles are able to view the screen without 
special viewing glasses. Philips has also developed a signal 
processing processor for mobile phones that enables 3D to be 
rendered in real time. 

SUMMARY OF THE INVENTION 

0018. A two dimensional/three dimensional (2D/3D) digi 
tal acquisition and display device for enabling users to cap 
ture 3D information using a single device. In an embodiment, 
the device has a single movable lens with a sensor. In another 
embodiment, the device has a single lens with a beam splitter 
and multiple sensors. In another embodiment, the device has 
multiple lenses and multiple sensors. In yet another embodi 
ment, the device is a standard digital camera with additional 
3D software. In all of the embodiments, 3D information is 
generated from 2D information using a depth map generated 
from the 2D information. The 3D information is then able to 
be displayed on the device, sent to another device to be 
displayed or printed. 
0019. In one aspect, a digital imaging device comprises a 
lens, a sensor positioned to acquire two dimensional infor 
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mation through the lens, a processor for computing three 
dimensional information from the two dimensional informa 
tion and a display coupled to the processor for displaying the 
three dimensional information. At least one of the lens and the 
sensor is movable. The two dimensional information is used 
to generate a real depth map. The digital imaging device is 
selected from the group consisting of a digital still camera and 
a digital camcorder. The two dimensional information 
includes a set of images. The sensor is selected from the group 
consisting of a charge coupled device and a complementary 
metal-oxide-semiconductor. The two dimensional informa 
tion is processed including compression, formatting, resolu 
tion enhancement, color enhancement and distortion correc 
tion. The three dimensional information is stored in a local 
memory in a stereo format. The Stereo format is one or more 
of above-below, line-alternate, side-by-side, cyberscope, 
squashed side-by-side, JPS stereoscopic JPEG and 2D-plus 
depth. The display displays two dimensional information. 
The three dimensional information is viewed without a view 
ing aid. Alternatively, a viewing aid is needed to view the 
three-dimensional information. The device further comprises 
a communication interface for communicating with one or 
more other devices to transmit and receive the three dimen 
sional information. The communication interface communi 
cates wirelessly. The device further comprises a control inter 
face coupled to the processor for controlling the display. 
0020. In another aspect, a digital imaging device com 
prises a lens, a beam splitter positioned proximate to the lens, 
a plurality of sensors positioned proximate to the beam split 
ter for acquiring two dimensional information, a processor 
coupled to the plurality of sensors for computing three dimen 
sional information from the two dimensional information and 
a display coupled to the processor for displaying the three 
dimensional information. The two dimensional information 
is used to generate a real depth map. The digital imaging 
device is selected from the group consisting of a digital still 
camera and a digital camcorder. The two dimensional infor 
mation includes a set of images. The plurality of sensors are 
each selected from the group consisting of a charge coupled 
device and a complementary metal-oxide-semiconductor. 
The two dimensional information is processed including 
compression, formatting, resolution enhancement, color 
enhancement and distortion correction. The three dimen 
sional information is stored in a local memory in a stereo 
format. The stereo format is one or more of above-below, 
line-alternate, side-by-side, cyberScope, squashed side-by 
side, JPS stereoscopic JPEG and 2D-plus-depth. The display 
displays two dimensional information. The three dimensional 
information is viewed without a viewing aid. Alternatively, a 
viewing aid is needed to view the three-dimensional informa 
tion. The device further comprises a communication interface 
for communicating with one or more other devices to transmit 
and receive the three dimensional information. The commu 
nication interface communicates wirelessly. The device fur 
ther comprises a control interface coupled to the processor for 
controlling the display. 
0021. In another aspect, a digital imaging device com 
prises a first lens, a second lens, a first sensor positioned to 
acquire three dimensional information through the first lens, 
a second sensor positioned to acquire the three dimensional 
information through the second lens, a processor coupled to 
the first sensor and the second sensor for processing the three 
dimensional information and a display coupled to the proces 
sor for displaying the three dimensional information. The 
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digital imaging device is selected from the group consisting 
of a digital still camera and a digital camcorder. The three 
dimensional information includes a set of images. The first 
sensor and the second sensor are each selected from the group 
consisting of a charge coupled device and a complementary 
metal-oxide-semiconductor. The three dimensional informa 
tion is processed including compression, formatting, resolu 
tion enhancement, color enhancement and distortion correc 
tion. The three dimensional information is stored in a local 
memory in a stereo format. The Stereo format is one or more 
of above-below, line-alternate, side-by-side, cyberscope, 
squashed side-by-side, JPS stereoscopic JPEG and 2D-plus 
depth. The display displays two dimensional information. 
The three dimensional information is viewed without a view 
ing aid. Alternatively, a viewing aid is needed to view the 
three-dimensional information. The device further comprises 
a communication interface for communicating with one or 
more other devices to transmit and receive the three dimen 
sional information. The communication interface communi 
cates wirelessly. The device further comprises a control inter 
face coupled to the processor for controlling the display. 
0022. In another aspect, a digital imaging device com 
prises a lens, a sensor positioned to acquire two dimensional 
information through the lens, a processor for implementing 
an application for computing three dimensional information 
from the two dimensional information and a display coupled 
to the processor for displaying the three dimensional infor 
mation. The application is preloaded. Alternatively, the appli 
cation is available as an add-on. A plurality of images are 
acquired by the sensor. An angle and/or position relative to a 
Scene is changed to acquire a second image after acquiring a 
first image. The angle and/or position is changed by freehand. 
A burst mode can be used to acquire the two dimensional 
information. The processor implements a distortion correc 
tion. The two dimensional information is used to generate a 
real depth map. The digital imaging device is selected from 
the group consisting of a digital still camera and a digital 
camcorder. The two dimensional information includes a set of 
images. The sensor is selected from the group consisting of a 
charge coupled device and a complementary metal-oxide 
semiconductor. The two dimensional information is pro 
cessed including compression, formatting, resolution 
enhancement, and color enhancement. The three dimensional 
information is stored in a local memory in a stereo format. 
The stereo format is one or more of above-below, line-alter 
nate, side-by-side, cyberScope, squashed side-by-side, JPS 
stereoscopic JPEG and 2D-plus-depth. The display displays 
two dimensional information. The three dimensional infor 
mation is viewed without a viewing aid. Alternatively, a view 
ing aid is needed to view the three-dimensional information. 
The device further comprises a communication interface for 
communicating with one or more other devices to transmit 
and receive the three dimensional information. The commu 
nication interface communicates wirelessly. The device fur 
ther comprises a control interface coupled to the processor for 
controlling the display. 
0023. In yet another aspect, a method of acquiring, gener 
ating and displaying three dimensional information com 
prises acquiring two dimensional information, generating a 
depth map from the two dimensional information, generating 
three dimensional information from the two dimensional 
information and the depth map and displaying the three 
dimensional information. The three dimensional information 
is displayed on a display on an acquisition device. Alterna 
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tively, the three dimensional information is displayed on a 
display on a secondary device. Alternatively, the three dimen 
sional information is displayed by printing. The two dimen 
sional information is acquired by moving at least one of a 
movable lens and movable sensor. Alternatively, the two 
dimensional information is acquired with a beam splitter and 
a plurality of sensors. Alternatively, the two dimensional 
information is acquired with a plurality of lenses and a plu 
rality of sensors. Alternatively, the two dimensional informa 
tion is acquired by taking a plurality of pictures from different 
angles and/or positions. The plurality of pictures are taken 
freehand. The plurality of pictures are taken using burst 
mode. An application is utilized to generate the three dimen 
sional information from the two dimensional information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024 FIG. 1 illustrates a block diagram of an embodiment 
of a 2D/3D acquisition and display device. 
0025 FIG. 2 illustrates a block diagram of an embodiment 
of a 2D/3D acquisition and display device. 
0026 FIG.3 illustrates a block diagram of an embodiment 
of a 2D/3D acquisition and display device. 
0027 FIG. 4 illustrates a block diagram of an embodiment 
of a 2D/3D acquisition and display device. 
(0028 FIG. 5 illustrates a flowchart of a method imple 
mented by a 2D/3D acquisition and display device. 
0029 FIG. 6 illustrates a flowchart of a method imple 
mented by a 2D/3D acquisition and display device. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0030 A2D/3D acquisition and display device is described 
herein. The 2D/3D acquisition and display device allows a 
user to capture 2D information and transform the 2D infor 
mation into 3D information such as a 3D image. The 2D/3D 
acquisition and display device is preferably implemented as a 
Digital Still Camera (DSC) or a digital camcorder. 
0031 FIG. 1 illustrates a block diagram of an embodiment 
of the 2D/3D acquisition and display device 100. The 2D/3D 
acquisition and display device 100 includes a number of 
components to ensure proper functionality of the device. A 
movable lens 102 and a sensor 104 are utilized in the process 
of acquiring 2D information. Although the lens 102 is 
described as movable herein, in some embodiments, the lens 
102 and/or the sensor 104 are movable. The sensor 104 is able 
to be any digital imagery sensor Such as a Charge Coupled 
Device (CCD) or CMOS imaging device. The movable lens 
102 enables the capture of multiple 2D images at different 
depths, and then a real depth map is generated using the 2D 
information as described in U.S. patent application Ser. No. 
1 1/473,694 filed Jun. 22, 2006, entitled, “Method of and 
Apparatus for Generating a Depth Map Utilized in Autofo 
cusing, which is also incorporated by reference herein. Pref 
erably, a processor 106 generates the real depth map from the 
2D information. The depth map is able to be utilized for 
autofocusing. The depth map is a real depth map because 
there is enough information based on the acquired images to 
determine how near or far objects really are. The processor 
106 is also utilized to process the 2D information further, 
including compression, formatting, generating 3D informa 
tion from the 2D information and the real depth map, resolu 
tion enhancement, color enhancement, distortion correction 
and eventually storage of the 2D and 3D information in a local 
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memory 108. Software and/or additional hardware are also 
utilized in generating 3D information from the 2D informa 
tion and the real depth map. The 3D information is stored in 
one or more of a variety of formats including, but not limited 
to, above-below, line-alternate, side-by-side, cyberScope, 
squashed side-by-side, JPS stereoscopic JPEG and 2D-plus 
depth. 
0032. A transmitter 110 is optionally available for trans 
mitting the 3D information to one or more other electronic 
devices, for example, a display device, and a receiver 112 is 
optionally included to receive 3D information from another 
electronic device. The 3D information is transmitted to the 
electronic device by any appropriate means, including but not 
limited to, wired, wireless, infrared, radio-frequency, cellular 
and satellite transmission. There are many possibilities for 
display devices to display the 3D information. One display 
device utilizes a parallax barrier technology which is used as 
a 3D autostereoscopic display or a 2D display. The parallax 
barrier comprises an array of slits spaced at a defined distance 
from a pixel plane. The intensity distribution across the win 
dow is modeled as a convolution of the detailed pixel struc 
ture and the near field diffraction through the aperture of the 
slit which results in an intensity variation at the window 
plane. Further, parallax barriers need to be aligned to the LCD 
with a high degree of precision. The parallax barrier is able to 
be made transparent to allow conversion between 2D and 3D. 
0033. Another display device utilizes lenticular elements 

to display the 3D information. Lenticular elements are typi 
cally cylindrical lenses arranged vertically with respect to a 
2D display such as an LCD. The cylindrical lenses direct 
diffuse light from a pixel So it is only seen at a limited angle 
in front of the display. Thus, different pixels are directed to 
either left or right viewing angles. A 2D/3D switching dif 
fuser is coupled to the front of the lenticular element to allow 
the viewer to Switch between 2D and 3D. When the 2D/3D 
switching diffuser is off it scatters light and prevents the light 
from reaching the lenticular lens which results in similar 
performance to a normal 2D display. 
0034. Another display device includes using an array of 
Vertically oriented micro-prisms as the parallax element, and 
the left and right images, Vertically interlaced in columns, are 
directed to two viewing windows by the micro-prisms. 
0035 Another display device includes using a series of 
stacked micro-polarizer elements to generate a Switchable 
parallax barrier. The micro-polarizer elements are con 
structed inside the LCD element to avoid common parallax 
problems. 
0036) Another display device incorporates a viewing aid 
Such as colored, polarized, or Switching glasses to view the 
3D information where the stereoscopic display is not autoste 
reoscopic. 
0037 Yet another display device includes utilizing a 
beamsplitter which uses light polarization to separate left-eye 
and right-eye stereoimages and direct the proper image to the 
appropriate eye. 
0038. In addition to being able to transmit the 3D infor 
mation to another device, the 2D/3D acquisition and display 
device 100 includes a display 116 to display the stored 3D 
information. The display 116 also comprises one or more of a 
variety of appropriate and available 3D display technologies 
to display the 3D information. Preferably, the display 116 is 
built-in to the 2D/3D acquisition and display device 100. 
Preferably, the display 116 is able to toggle between 2D 
display and 3D display so that a user is able to view images or 
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video in the dimensions he/she desires. As described above, 
there are many types of 3D displays available which are able 
to be incorporated within the 2D/3D acquisition and display 
device 100. Preferably, the 2D/3D acquisition and display 
device 100 is a portable size comparable to standard digital 
cameras and camcorders, so the display 116 is an appropriate 
size. From above, Some types of displays that are included 
within the 2D/3D acquisition and display device 100 are 
auto-stereoscopic displays and displays that utilize special 
glasses. 
0039. In addition to the 3D information being displayed on 
an electronic display, the 3D information is also able to be 
printed for 3D viewing. 
0040. A control interface 114 is optionally utilized to 
allow a viewer to control a number of aspects of the electronic 
device 100 including settings and other features. The control 
interface 114 is implemented in hardware and/or software. A 
power source 118 provides power to the 2D/3D acquisition 
and display device 100. Together, the components of the 
2D/3D acquisition and display device 100 allow a user to 
acquire 2D/3D information, optionally transmit the 2D/3D 
information to another device and display the 2D/3D infor 
mation. 

0041 FIG. 2 illustrates a block diagram of an embodiment 
of the 2D/3D acquisition and display device 200. The 2D/3D 
acquisition and display device 200 includes a number of 
components to ensure proper functionality of the device. A 
lens 202 is used with a beam splitter 204, a first sensor 206 and 
a second sensor 208 to acquire 2D information which 
includes multiple copies of an image at different depths so 
that the blur of each image is different. The first and second 
sensors 206 and 208 are able to be any digital imagery sensor 
such as a CCD or CMOS imaging device. As shown in FIG.2, 
the first sensor 206 is a distance d1 from the beam splitter 204, 
and the second sensor 208 is a distance d2 from the beam 
splitter where d1 and d2 are not equal. By capturing the image 
with two different blur quantities, it is possible to generate a 
real depth map as described in U.S. patent application Ser. 
No. 1 1/357,631 filed Feb. 16, 2006, entitled, “Method of and 
Apparatus For Capturing and Generating Multiple Blurred 
Images.” which is also incorporated by reference herein. Pref 
erably, a processor 210 generates the real depth map from the 
2D information. The depth map is able to be utilized for 
autofocusing. The processor 210 is also utilized to process the 
2D information further including compression, formatting, 
generating 3D information from the 2D information and the 
real depth map, resolution enhancement, color enhancement, 
distortion correction and eventually storage of the 2D and 3D 
information in a local memory 212. Software and/or addi 
tional hardware are also utilized in generating 3D information 
from the 2D information and the real depth map. The 3D 
information is stored in one or more of a variety of formats 
including, but not limited to, above-below, line-alternate, 
side-by-side, cyberScope, Squashed side-by-side, JPS Stereo 
scopic JPEG and 2D-plus-depth. 
0042. A transmitter 214 is optionally available for trans 
mitting the 3D information to one or more other electronic 
devices. A receiver 216 is optionally included to receive 3D 
information from another electronic device. As described 
above, the other electronic devices are able to be or have 
displays which display 3D information in a variety of ways. 
Furthermore, the 3D information is transmitted to the elec 
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tronic device by any appropriate means, including but not 
limited to, wired, wireless, infrared, radio-frequency, cellular 
and satellite transmission. 

0043. In addition to being transmitted to another device, 
the 2D/3D acquisition and display device 200 includes a 
display 220 to display the stored 3D information. As 
described above, the display 220 also comprises one or more 
of a variety of appropriate and available 3D display technolo 
gies to display the 3D information. A control interface 218 is 
optionally utilized to allow a viewer to control a number of 
aspects of the electronic device 200 including settings and 
other features. A power source 222 provides power to the 
2D/3D acquisition and display device 200. Together, the com 
ponents of the 2D/3D acquisition and display device 200 
allow a user to acquire 2D/3D information, optionally trans 
mit the 2D/3D information to another device and display the 
2D/3D information. 

0044. In addition to the 3D information being displayed on 
an electronic display, the 3D information is also able to be 
printed for 3D viewing. 
0045 FIG.3 illustrates a block diagram of an embodiment 
of a 2D/3D acquisition and display device with multiple 
lenses 300. The 2D/3D acquisition and display device with 
multiple lenses 300 is similar to U.S. patent application Ser. 
No. 10/915,648 filed Aug. 9, 2004, entitled, “Three Dimen 
sional Acquisition and Visualization System for Personal 
Electronic Devices, which is incorporated by reference 
herein and which claims priority under 35 U.S.C. S 119(e) of 
the U.S. provisional application Ser. No. 60/554,673 filed on 
Mar. 18, 2004 and entitled “Three-Dimensional Acquisition 
and Visualization System for Personal Electronic Devices.” 
which is also incorporated by reference herein. The 2D/3D 
acquisition and display device with multiple lenses 300 
includes a number of components to ensure proper function 
ality of the device. A first lens 302 and a second lens 304 are 
located substantially parallel to each other and are utilized in 
the process of simultaneously acquiring a set of 2D/3D image 
information. Since stereo pair images are acquired in the 
2D/3D information, the 2D/3D information is able to be 
considered 3D information. A first sensor 306 and a second 
sensor 308 are positioned proximate to the first lens 302 and 
the second lens 304, respectively, to properly receive the 
2D/3D image information. A processor 310 coupled to the 
sensors 302 and 304 is used to generate a real depth map, if 
needed. The depth map is able to be utilized for autofocusing. 
However, since the 2D/3D information comprises stereo pair 
images, the real depth map does not have to be generated. The 
Stereo pair images are already 3D information. The processor 
310 is also utilized to process the 2D/3D information includ 
ing compression, formatting, generating 3D information 
from the 2D/3D information and the real depth map if desired, 
resolution enhancement, color enhancement, distortion cor 
rection and eventually storage of the 2D and 3D information 
in a local memory 312. Software and/or additional hardware 
are also utilized in generating 3D information from the 2D 
information and the real depth map. The 3D information is 
stored in one or more of a variety of formats including, but not 
limited to, above-below, line-alternate, side-by-side, cyber 
scope, squashed side-by-side, JPS stereoscopic JPEG and 
2D-plus-depth. 
0046. A transmitter 314 is optionally available for trans 
mitting the 3D information to one or more other electronic 
devices. A receiver 316 is optionally included to receive 3D 
information from another electronic device. As described 
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above, the other electronic devices are able to be or have 
displays which display 3D information using a variety of 
techniques. Furthermore, the 3D information is transmitted to 
the electronic device by any appropriate means, including but 
not limited to, wired, wireless, infrared, radio-frequency, cel 
lular and satellite transmission. 

0047. In addition to being transmitted to another device, 
the 2D/3D acquisition and display device with multiple lenses 
300 includes a display 320 to display the stored 3D informa 
tion. As described above, the display 320 also comprises one 
or more of a variety of appropriate and available 3D display 
technologies to display the 3D information. A control inter 
face 318 is optionally utilized to allow a viewer to control a 
number of aspects of the 2D/3D acquisition and display 
device with multiple lenses 300 including settings and other 
features. A power source 322 provides power to the 2D/3D 
acquisition and display device with multiple lenses 300. 
Together, the components of the 3D acquisition and visual 
ization device within the 2D/3D acquisition and display 
device with multiple lenses 300 allow a user to acquire 2D/3D 
information, transmit the 2D/3D information to another 
device and display the 2D/3D information. 
0048. In addition to the 3D information being displayed on 
an electronic display, the 3D information is also able to be 
printed for 3D viewing. 
0049 FIG. 4 illustrates a block diagram of an embodiment 
of a 2D/3D acquisition and display device 400. The 2D/3D 
acquisition and display device 400 is a standard digital cam 
era with specialized 2D to 3D conversion application loaded 
on the camera. The camera is able to have the application 
pre-loaded or available as an add-on. A lens 402 and a sensor 
404 are utilized in the process of acquiring 2D information. In 
this embodiment, the 2D/3D acquisition and display device 
400 utilizes the conversion application to convert acquired 2D 
images into 3D images. Multiple images are taken by a user 
taking one image and then moving the 2D/3D acquisition and 
display device 400 to a different location to take a second 
image of the object/scene. The user is able to move the 2D/3D 
acquisition and display device 400 a few millimeters or a few 
feet to acquire an image at a different angle and/or position. 
Furthermore, the user is able to move the 2D/3D acquisition 
and display device 400 freehand, meaning the user does not 
need a specialized setup to take the multiple pictures. Another 
method of taking multiple images is to use a burst mode 
within the 2D/3D acquisition and display device 400 where 
many images are captured in a short amount of time. After 
multiple images are acquired by the sensor 404, a processor 
406 is utilized with the added application to process the 2D 
information of each image. Processing includes determining 
a real depth map, compression, formatting, generating 3D 
information from the 2D information and eventually storage 
in a local memory 408. Since the 2D information includes 
stereo pair images, then the 2D information is able to be 
treated as 3D information, Such that a real depth map is not 
needed, and the 3D information is simply the stereo pair 
images. Processing is also able to include resolution enhance 
ment and color enhancement. The 3D information is stored in 
one or more of a variety of formats including, but not limited 
to, above-below, line-alternate, side-by-side, cyberScope, 
squashed side-by-side, JPS stereoscopic JPEG and 2D-plus 
depth. The application is also able to correct for distortions. 
0050. A transmitter 410 is optionally available for trans 
mitting the 3D information to one or more other electronic 
devices. A receiver 412 is optionally included to receive 3D 
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information from another electronic device. As described 
above, the other electronic devices are able to be or have 
displays which display 3D information using a variety of 
techniques. Furthermore, the 3D information is transmitted to 
the electronic device by any appropriate means, including but 
not limited to, wired, wireless, infrared, radio-frequency, cel 
lular and satellite transmission. 

0051. In addition to being transmitted to another device, 
the 2D/3D acquisition and display device 400 includes a 
display 416 to display the stored 3D information. As 
described above, the display 416 also comprises one or more 
of a variety of appropriate and available 3D display technolo 
gies to display the 3D information. A control interface 414 is 
optionally utilized to allow a viewer to control a number of 
aspects of the 2D/3D acquisition and display device 400 
including settings and other features. A power source 418 
provides power to the 2D/3D acquisition and display device 
400. Together, the components of the 2D/3D acquisition and 
display device 400 allow a user to acquire 2D/3D informa 
tion, optionally transmit the 2D/3D information to another 
device and display the 2D/3D information. 
0052 FIG. 5 illustrates a flowchart of a process imple 
mented by the 2D/3D acquisition and display device. In the 
step 500, 2D information is acquired. The 2D information 
includes images and/or video. Furthermore, the 2D informa 
tion is acquired in a multitude of ways. In one embodiment, a 
movable lens with a sensor acquires the 2D information with 
different blurs. In another embodiment, a beam splitter splits 
an image signal so that it goes to two sensors at a different 
distance from the image, where the blur is different for each 
acquired image. In another embodiment, multiple lenses and 
sensors are used to acquire the 2D information from different 
angles and/or positions at the same time. In yet another 
embodiment, a standard digital camera is used to acquire the 
2D information. Once acquired, a processor processes the 2D 
information and generates a real depth map in the step 502. 
The depth map is able to be utilized for autofocusing. As 
described above, processing the 2D information includes uti 
lizing additional hardware and/or software. Depending on 
how the 2D information is acquired, different forms of pro 
cessing are implemented to properly compute the 3D infor 
mation. Then, in the step 504, the processor converts the 2D 
information into 3D information using the depth map. In 
Some embodiments, an application is used to convert the 2D 
information into 3D information. The 3D information is then 
displayed on the 2D/3D acquisition and display device in the 
step 506 to a viewer. It is determined if a user wants to 
transmit the 3D information to another display device to 
display the 3D information in the step 508. If the user wants 
to transmit the 3D information, then it is transmitted and 
displayed on another display in the step 510. It is determined 
if the user wants to print the 3D information in the step 512. 
If the user wants to print the 3D information, then the 3D 
information is printed in the step 514. 
0053 FIG. 6 illustrates a flowchart of a method imple 
mented by the 2D/3D acquisition and display device. In the 
step 600, 3D information is acquired. The 3D information 
includes images and/or video. Furthermore, the 3D informa 
tion is acquired in a multitude of ways. In an embodiment, 
multiple lenses and sensors are used to acquire the 3D infor 
mation from different angles at the same time. In another 
embodiment, a standard digital camera is used to acquire the 
3D information by taking two separate pictures of the same 
object/scene from different angles and/or positions. The 3D 
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information includes Stereo pair images. Once acquired, a 
processor processes the 3D information, in the step 602. As 
described above, processing the 3D information includes uti 
lizing additional hardware and/or Software, if necessary. The 
3D information is then displayed on the 2D/3D acquisition 
and display device in the step 604 to a viewer. It is determined 
if a user wants to transmit the 3D information to another 
display device to display the 3D information in the step 606. 
If the user wants to transmit the 3D information, then it is 
transmitted and displayed on another display in the step 608. 
It is determined if the user wants to print the 3D information 
in the step 610. If the user wants to print the 3D information, 
then the 3D information is printed in the step 612. 
0054) To utilize the 2D/3D acquisition and display device, 
the device is used similarly to using a standard digital camera 
or digital camcorder. In some embodiments, the use is slightly 
different however. In an embodiment where a device has a 
single movable lens with a sensor, the device acquires mul 
tiple images in rapid succession with the sensor slightly 
moved to determine a depth map. In an embodiment where a 
device has a single lens with a beam splitter and multiple 
sensors, a single image with multiple blurs is acquired to 
generate the depth map. In an embodiment with multiple 
lenses and multiple sensors, an image is simultaneously 
acquired for each lens/sensor combination to determine the 
depth map. Therefore, in all of these embodiments, the user 
for the most part, experiences no difference when taking a 
picture or video. In an embodiment where a device is a stan 
dard digital camera with additional 3D software, a user is 
required to take two or more pictures to be used to generate 
the depth map and the 3D image. Therefore, in this embodi 
ment, for one 3D image, two pictures must be taken. With the 
implementation of a burst mode, it is possible to take two 
pictures quickly, so that the user does not experience much 
difference. After the user has taken the necessary picture or 
pictures, the images are able to be displayed in 2D or 3D 
depending on the user's selection. In 3D, depending on the 
specific technological implementation, the user may experi 
ence minor differences in viewing the images, for example, 
Some 3D displays require a straight-on view, otherwise the 
image will simply look blurred. In general, the user views the 
images on the display similarly to a standard digital camera or 
camcorder. 

0055. In operation, the 2D/3D acquisition and display 
device functions Substantially similar to a digital camera or 
digital camcorder. In general, the embodiments described 
above function similarly. A user takes a picture or multiple 
pictures using the 2D/3D acquisition and display device, the 
device then generates a real depth map from the picture data 
which is then used to generate 3D images. The 3D images are 
able to then be displayed on the device, transferred to another 
display device or printed. The difference in the embodiments 
is how the 2D information is acquired, and how it is trans 
formed into 3D information. In an embodiment, a single 
movable lens is used with a sensor. In another embodiment, a 
single lens is used with a beam splitter and two sensors. 
Another embodiment uses multiple lenses and multiple sen 
sors. Lastly, an embodiment uses a standard digital camera 
without hardware modifications and software is utilized to 
transform the 2D information into 3D information. After the 
3D information is formed, any of many implementations of 
displays are able to be used to display the 3D information to 
the user. 
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0056. The present invention has been described interms of 
specific embodiments incorporating details to facilitate the 
understanding of principles of construction and operation of 
the invention. Such reference herein to specific embodiments 
and details thereof is not intended to limit the scope of the 
claims appended hereto. It will be readily apparent to one 
skilled in the art that other various modifications may be made 
in the embodiment chosen for illustration without departing 
from the spirit and scope of the invention as defined by the 
claims. 

What is claimed is: 
1. A digital imaging device comprising: 
a. a lens; 
b. a sensor positioned to acquire two dimensional informa 

tion through the lens; 
c. a processor for computing three dimensional informa 

tion from the two dimensional information; and 
d. a display coupled to the processor for displaying the 

three dimensional information. 
2. The device as claimed in claim 1 wherein at least one of 

the lens and the sensor is movable. 
3. The device as claimed in claim 1 wherein the two dimen 

sional information is used to generate a real depth map. 
4. The device as claimed in claim 1 wherein the digital 

imaging device is selected from the group consisting of a 
digital still camera and a digital camcorder. 

5. The device as claimed in claim 1 wherein the two dimen 
Sional information includes a set of images. 

6. The device as claimed in claim 1 wherein the sensor is 
selected from the group consisting of a charge coupled device 
and a complementary metal-oxide-semiconductor. 

7. The device as claimed in claim 1 wherein the two dimen 
sional information is processed including compression, for 
matting, resolution enhancement, color enhancement and dis 
tortion correction. 

8. The device as claimed in claim 1 wherein the three 
dimensional information is stored in a local memory in a 
Stereo format. 

9. The device as claimed in claim 8 wherein the stereo 
format is one or more of above-below, line-alternate, side-by 
side, cyberScope, squashed side-by-side, JPS Stereoscopic 
JPEG and 2D-plus-depth. 

10. The device as claimed in claim 1 wherein the display 
displays two dimensional information. 

11. The device as claimed in claim 1 wherein the three 
dimensional information is viewed without a viewing aid. 

12. The device as claimed in claim 1 wherein a viewing aid 
is needed to view the three-dimensional information. 

13. The device as claimed in claim 1 further comprising a 
communication interface for communicating with one or 
more other devices to transmit and receive the three dimen 
sional information. 

14. The device as claimed in claim 13 wherein the com 
munication interface communicates wirelessly. 

15. The device as claimed in claim 1 further comprising a 
control interface coupled to the processor for controlling the 
display. 

16. A digital imaging device comprising: 
a. a lens; 
b. a beam splitter positioned proximate to the lens; 
c. a plurality of sensors positioned proximate to the beam 

splitter for acquiring two dimensional information; 
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d. a processor coupled to the plurality of sensors for com 
puting three dimensional information from the two 
dimensional information; and 

e. a display coupled to the processor for displaying the 
three dimensional information. 

17. The device as claimed in claim 16 wherein the two 
dimensional information is used to generate a real depth map. 

18. The device as claimed in claim 16 wherein the digital 
imaging device is selected from the group consisting of a 
digital still camera and a digital camcorder. 

19. The device as claimed in claim 16 wherein the two 
dimensional information includes a set of images. 

20. The device as claimed in claim 16 wherein the plurality 
of sensors are each selected from the group consisting of a 
charge coupled device and a complementary metal-oxide 
semiconductor. 

21. The device as claimed in claim 16 wherein the two 
dimensional information is processed including compres 
Sion, formatting, resolution enhancement, colorenhancement 
and distortion correction. 

22. The device as claimed in claim 16 wherein the three 
dimensional information is stored in a local memory in a 
Stereo format. 

23. The device as claimed in claim 22 wherein the stereo 
format is one or more of above-below, line-alternate, side-by 
side, cyberScope, squashed side-by-side, JPS Stereoscopic 
JPEG and 2D-plus-depth. 

24. The device as claimed in claim 16 wherein the display 
displays two dimensional information. 

25. The device as claimed in claim 16 wherein the three 
dimensional information is viewed without a viewing aid. 

26. The device as claimed in claim 16 wherein a viewing 
aid is needed to view the three-dimensional information. 

27. The device as claimed in claim 16 further comprising a 
communication interface for communicating with one or 
more other devices to transmit and receive the three dimen 
sional information. 

28. The device as claimed in claim 27 wherein the com 
munication interface communicates wirelessly. 

29. The device as claimed in claim 16 further comprising a 
control interface coupled to the processor for controlling the 
display. 

30. A digital imaging device comprising: 
a. a first lens; 
b. a second lens; 
c. a first sensor positioned to acquire three dimensional 

information through the first lens; 
d. a second sensor positioned to acquire the three dimen 

sional information through the second lens; 
e. a processor coupled to the first sensor and the second 

sensor for processing the three dimensional informa 
tion; and 

f, a display coupled to the processor for displaying the three 
dimensional information. 

31. The device as claimed in claim 30 wherein the digital 
imaging device is selected from the group consisting of a 
digital still camera and a digital camcorder. 

32. The device as claimed in claim 30 wherein the three 
dimensional information includes a set of images. 

33. The device as claimed in claim 30 wherein the first 
sensor and the second sensor are each selected from the group 
consisting of a charge coupled device and a complementary 
metal-oxide-semiconductor. 
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34. The device as claimed in claim 30 wherein the three 
dimensional information is processed including compres 
Sion, formatting, resolution enhancement, colorenhancement 
and distortion correction. 

35. The device as claimed in claim 30 wherein the three 
dimensional information is stored in a local memory in a 
Stereo format. 

36. The device as claimed in claim 35 wherein the stereo 
format is one or more of above-below, line-alternate, side-by 
side, cyberScope, squashed side-by-side, JPS Stereoscopic 
JPEG and 2D-plus-depth. 

37. The device as claimed in claim 30 wherein the display 
displays two dimensional information. 

38. The device as claimed in claim 30 wherein the three 
dimensional information is viewed without a viewing aid. 

39. The device as claimed in claim 30 wherein a viewing 
aid is needed to view the three-dimensional information. 

40. The device as claimed in claim 30 further comprising a 
communication interface for communicating with one or 
more other devices to transmit and receive the three dimen 
sional information. 

41. The device as claimed in claim 40 wherein the com 
munication interface communicates wirelessly. 

42. The device as claimed in claim 30 further comprising a 
control interface coupled to the processor for controlling the 
display. 

43. A digital imaging device comprising: 
a. a lens; 
b. a sensor positioned to acquire two dimensional informa 

tion through the lens; 
c. a processor for implementing an application for comput 

ing three dimensional information from the two dimen 
sional information; and 

d. a display coupled to the processor for displaying the 
three dimensional information. 

44. The device as claimed in claim 43 wherein the appli 
cation is preloaded. 

45. The device as claimed in claim 43 wherein the appli 
cation is available as an add-on. 

46. The device as claimed in claim 43 wherein a plurality of 
images are acquired by the sensor. 

47. The device as claimed in claim 43 wherein an angle 
and/or position relative to a scene is changed to acquire a 
Second image after acquiring a first image. 

48. The device as claimed in claim 47 wherein the angle 
and/or position is changed by freehand. 

49. The device as claimed inclaim 43 whereina burst mode 
is used to acquire the two dimensional information. 

50. The device as claimed in claim 43 wherein the proces 
sor implements a distortion correction. 

51. The device as claimed in claim 43 wherein the two 
dimensional information is used to generate a real depth map. 

52. The device as claimed in claim 43 wherein the digital 
imaging device is selected from the group consisting of a 
digital still camera and a digital camcorder. 

53. The device as claimed in claim 43 wherein the two 
dimensional information includes a set of images. 

54. The device as claimed in claim 43 wherein the sensor is 
selected from the group consisting of a charge coupled device 
and a complementary metal-oxide-semiconductor. 
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55. The device as claimed in claim 43 wherein the two 
dimensional information is processed including compres 
Sion, formatting, resolution enhancement, and colorenhance 
ment. 

56. The device as claimed in claim 43 wherein the three 
dimensional information is stored in a local memory in a 
Stereo format. 

57. The device as claimed in claim 56 wherein the stereo 
format is one or more of above-below, line-alternate, side-by 
side, cyberScope, squashed side-by-side, JPS Stereoscopic 
JPEG and 2D-plus-depth. 

58. The device as claimed in claim 43 wherein the display 
displays two dimensional information. 

59. The device as claimed in claim 43 wherein the three 
dimensional information is viewed without a viewing aid. 

60. The device as claimed in claim 43 wherein a viewing 
aid is needed to view the three-dimensional information. 

61. The device as claimed in claim 43 further comprising a 
communication interface for communicating with one or 
more other devices to transmit and receive the three dimen 
sional information. 

62. The device as claimed in claim 61 wherein the com 
munication interface communicates wirelessly. 

63. The device as claimed in claim 43 further comprising a 
control interface coupled to the processor for controlling the 
display. 

64. A method of acquiring, generating and displaying three 
dimensional information comprising: 

a. acquiring two dimensional information; 
b. generating a depth map from the two dimensional infor 

mation: 
c. generating three dimensional information from the two 

dimensional information and the depth map; and 
d. displaying the three dimensional information. 
65. The method as claimed in claim 64 wherein the three 

dimensional information is displayed on a display on an 
acquisition device. 

66. The method as claimed in claim 64 wherein the three 
dimensional information is displayed on a display on a sec 
ondary device. 

67. The method as claimed in claim 64 wherein the three 
dimensional information is displayed by printing. 

68. The method as claimed in claim 64 wherein the two 
dimensional information is acquired by moving at least one of 
a movable lens and a movable sensor. 

69. The method as claimed in claim 64 wherein the two 
dimensional information is acquired with a beam splitter and 
a plurality of sensors. 

70. The method as claimed in claim 64 wherein the two 
dimensional information is acquired with a plurality of lenses 
and a plurality of sensors. 

71. The method as claimed in claim 64 wherein the two 
dimensional information is acquired by taking a plurality of 
pictures from different angles and/or positions. 

72. The method as claimed in claim 71 wherein the plural 
ity of pictures are taken freehand. 

73. The method as claimed in claim 71 wherein the plural 
ity of pictures are taken using burst mode. 

74. The method as claimed in claim 64 wherein an appli 
cation is utilized to generate the three dimensional informa 
tion from the two dimensional information. 

c c c c c 
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