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RELATED APPLICATIONS This application claims the
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Inventors: Tianlong Chen,  Jonathan Vu. 20 STATEMENT
REGARDING FEDERALLY  SPONSORED RESEARCH OR DEVELOPMENT
Not applicable. 25 BACKGROUND OF THE INVENTION  Field
Of The Invention The present invention relates broadly
to image data comparison, and more  particularly to
facial image recognition 1 WO 2004/066191
PCT/US2004/000745  



Brief Description Of The Related Art Typical
applications today store and compare facial images in
either 3- Dimensional (3D) or 2-Dimensional (2D) form.
Specifically, 3D methods or systems 5 typically
capture images using two or more cameras. By using two
or more cameras, the  systems or methods capture depth
and surface view data. Depth and surface view data is
used to construct the image in 3D. The system or
method then compares the image to  other images within
a 3D image database. A 2D method or system typically
captures  images using one or more cameras to capture
the target face data. The system or method 10 then
digitizes the image for comparison with other images
within a 2D image database.  Two-dimensional facial
recognition methods include eigenface methods, local
feature analysis, and automatic face processing.
Images taken in two dimensions,  however, are highly.
sensitive to view angle, light conditions and changes
in facial  accessories, e.g., beard, glasses, etc.
Thus, using 2D images in a real-world environment 15
often results in an unacceptably high error rate.
Since 2D facial scan solutions  historically have had
accuracy and/or reliability problems, 3D images. have
been  preferred over 2D images for facial recognition.
One advantage of using a 3D facial recognition system
over a 2D facial  recognition system is its accuracy.
It is well documented that 3D technology is more  20
accurate in identification than 2D imaging. 3D systems
have been known to accurately identify a person in the
90th percentile. The disadvantage of a 3D system over
a 2D  system is its speed of data search and image
comparison. Basically, 3D image data files  typically
are much larger than 2d image data files. The large
sizes of the 3D files result  in processor (CPU)
intensive usage for computational construction of the
3D images. 25 The large file sizes likewise require
greater processing time to digitize the image into
strings of data Further, while large databases of 2D
facial images of known or suspected  



2 criminals and terrorists exist today, no 3D image
databases of comparable numbers  of images exist
today. Thus, time needed to digitize the image and the
data volume  of data within a 3D image database
combine to form a slowly processing system. In
current systems, to run a 3D image comparison and
return a result can take 20  minutes or more. Image
recognition is used in environments where maintaining
security is very  important, and must be done quickly.
For example, an image recognition system  would be
used in an airport to compare the images of people
present in the airport to  images of known or
suspected terrorists. If the image comparison is done
too slowly,  a known or suspected terrorist might be
able to board an airplane or otherwise leave  the area
before any comparison results were processed and acted
upon. Time is an  important factor when maintaining
security. Thus, a slow- functioning 3D image
recognition system is highly undesirable for
performing image recognition in the real  world and/or
in real time. Databases of images of known or
suspected criminals and terrorists currently  exist.
Of the available databases, 2D image databases are
quite extensive. 3D image  databases, on the other
hand, are not as extensive or prevalent. Thus, the
databases  largely existing for image recognition
systems to use do not afford great accuracy. SUMMARY
OF THE INVENTION Example embodiments of the present
invention have been made in view of  the above
circumstances. The example embodiments seek to combine
3D and 2D  technologies to capture a 3D facial image;
to parse the 3D facial image into multiple  2D facial
images at different angles; to store the data in the
system server memory,  or other memory device; to use
a 2D facial recognition application to digitize and to



compare the multiple 2D facial images across the 2D
facial images within a  database; and to return the
matched result. 3 In example embodiments, this system
will allow the image capturing  computers to capture
and to enroll the 3D facial images; to parse the 3D
image into  multiple 2D facial images at various
angles; to store into its solid state memory  device
such as its hard drive; to send these 2D facial images
at various angles into a  high memory bank server for
digitization; to compare the image with other 2D
facial  images within a 2D facial image database; and
finally to return the match result to the  query PC in
a near real-time solution. Infrastructure wise, the
system in the example embodiments will function
within a network including the Client Personal
Computers (PC), various types of  Servers, and various
types of commercially available digital video
equipment  including visual optical digital cameras,
digital video camcorder, infrared cameras,  webcams,
and other video equipment accessories... The example
embodiments seek to provide a combined 3D and 2D
system  and method for identifying a person more
accurately while performing search  functions at a
near real time speed. 2D images may be put into a
string of data for  faster data search in memory,
specifically in Random Access Memory (RAM) or  Read
Only Memory (ROM), and thus the data search exceeds a
rate of over 1 million  images per second. Unless
otherwise specified, the term "memory" used herein
refers to RAM, ROM, or other varieties of chip-based
memory. In example embodiments, a method of facial
recognition and matching  system using both 3D and 2D
facial recognition systems is provided, and included
are diverse high-speed search technologies, which may
include Ram Resident  



Relational Database technology. 4 In example
embodiments, a method of combining 2D and 3D facial
recognition systems to ensure accuracy and processing
speed to identify a person in  a near real-time is
described. In example embodiments, a method of
segregating the 3D image capture  process, which may
be processor intensive, from remaining processes to
store and  to search for a match in a 2D database of
images is described. In example embodiments, a system
and method of Network Component  Connectivity
architecture amongst the individual computers within a
network to  collectively pool and share a large amount
of 2D images parsed from individual 3D  images for
storage, retrieval, comparison and display is
disclosed. In example embodiments, a method of image
storage and management for a  system using both 3D and
2D images is described. In accordance with a first
aspect of the present invention, there is provided an
image recognition system comprising: means for
capturing a three dimensional  image; means for
parsing said three dimensional image into a plurality
of two- dimensional images; and means for comparing at
least two of said two-dimensional  images to a
database of a plurality of two-dimensional images. In
accordance with a second aspect of the present
invention, there is  provided an image recognition
system comprising: an image peripheral; a processor
system connected to said image peripheral, wherein
said processor system  constructs and captures a three
dimensional image from signals received from said
image peripheral, parses said three dimensional image
into a plurality of two- dimensional images, and
compares at least two of said plurality of
two-dimensional  



images to a database of two-dimensional images. In
accordance with a third aspect of the present
invention, there is provided  an image recognition
system comprising: an image capture station for
capturing three  dimensional images, said image
capture station comprising an image peripheral, a
first processor, and a first memory, wherein said
image capture station stores a three  dimensional
image captured by said image peripheral in said first
memory and said  processor parses said three
dimensional image into a plurality of two dimensional
images; and an image identification station, connected
to said image capture station,  5 comprising a second
processor and a second memory, wherein said image
identification station receives said plurality of
two-dimensional images from said  image capture
station and compares said plurality of two dimensional
images to a  database of two dimensional Images. In
accordance with a fourth aspect of the present
invention, there is provided  a method of identifying
images comprising the steps of: capturing a three-
dimensional image; parsing said three-dimensional
image into a first plurality of two- dimensional
images; and comparing at least two of said first
plurality of two- dimensional images to a second
plurality of two-dimensional images. In accordance
with a fifth aspect of the present invention, there is
provided an  image recognition system comprising: an
intranet; a database server connected to  said
intranet; a 3D image capture station connected to said
intranet, said 3D image  capture station comprising a
CPU and an image peripheral; and a 2D image
identification station connected to said intranet,
said 2D image identification station  comprising a
CPU, wherein said 3D image capture station captures a
three  dimensional image, parses said three
dimensional image into a plurality of two  



dimensional images, and transfers at least two
two-dimensional images parsed from  said
three-dimensional image to said 2D image
identification station. Still other aspects, features,
and advantages of the present invention are  readily
apparent from the following detailed description,
simply by illustrating a  preferable embodiments and
implementations. The present invention is also capable
of other and different embodiments and its several
details can be modified in various  obvious respects,
all without departing from the spirit and scope of the
present  invention. Accordingly, the drawings and
descriptions are to be regarded as illustrative  in
nature, and not as restrictive. Additional objects and
advantages of the invention  will be set forth in part
in the description which follows and in part will be
obvious  from the description, or may be learned by
practice of the invention. 5a WO 2004/066191
PCT/US2004/000745  BRIEF DESCRITION OF THE DRAWINGS
For a more complete understanding of the present
invention and the advantages  thereof, reference is
now made to the following description and the
accompanying  drawings, in which: 5 FIG. 1 illustrates
an embodiment of a facial recognition system of the
present  invention. FIG. 2 illustrates an embodiment
of a 3D image capture portion of the present
invention FIG. 3 illustrates an embodiment of a 2D
image identification portion of the  present
invention. 10 FIG. 4 illustrates a sample of a 2D
image comparison application output used in  an
embodiment of the present invention. 



FIG. 5 illustrates a server process of an embodiment
of the present invention.  FIG. 6 illustrates a data
flow diagram for a 3D image capture process in an
embodiment of the present invention. FIG. 7
illustrates a data flow diagram for a 2D 3 15 image
comparison process in an embodiment of the present
invention. FIG. 8 illustrates  an embodiment of an
image capture process of the present invention
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to FIG. 1, an embodiment of a facial
recognition system of the present  20 invention is
illustrated. The system is composed of personal
Computer hardware, multiple video equipment and
accessories, 3D image software including 3D image
capture functions and image parsing functions. The
facial recognition system uses  6 WO 2004/066191
PCT/US2004/000745  multiple 2D facial images, which
are parsed from a captured 3D facial image; and system
architecture components, e.g., network, servers and
client personal computers, and the  like. Still
Referring to FIG. 1, a 3D image capture station 100,
up to N image capture  5 stations 190, and at least
one 2D Image Comparison station 200 are connected to a
network 300. These stations 100, 190, 200 communicate
with a database server 400,  other peripherals 500,
and other locations 600 including computers, printers,
and the like,  that send and receive image recognition
data. In the 3D image capture station 100, image
peripherals 108, 110, 112 are  10 connected to a
server 106. 3D Image peripherals 108, 110, 112 capture
3D images of  bio-identifiers, for example facial
images. A variety of peripherals may be used with the
present invention to capture 3D images, for example,
visual optical cameras, Infra-Red  cameras, finger
print scanners, and/or video cameras. Images are
transmitted from the  



image peripherals 108, 110, 112, through a server 106,
to one or more 3D image capture 15 stations 100, 190.
3D image capture stations 100, 190 capture and
construct 3D images,  and parse 3D images into a
number N of 2D images at various angles. The 3D image
capture stations 100, 190 include COTS image
recognition  software. 3D image capture software is
well known. A4 Vision of Cupertino, California,  for
example is but one many sources of 3D image capture
software. 20 In the 2D Image Comparison station 200,
2D image peripherals 208, 210, 212  capture 2D images
are connected to a server 206. 2D Image peripherals
208, 210, 212  capture 2D images of bio-identifiers,
for example facial images. A variety of peripherals
208, 210, 212 may be used with the present invention
to capture 2D images, for example,  7 WO 2004/066191
PCT/US2004/000745  visual optical cameras, Infrared
cameras, finger print scanners, and/or video cameras.
2D  Images are transmitted from the 2D image
peripherals 208, 210, 212, through a server  206, to
one or more 2D image identification stations 202, 203.
2D image identification  stations 202, 203 digitize 2D
images and process comparisons of 2D images. 5 The 2D
image identification stations 202, 203 include COTS
image recognition  software. 2D image capture software
is well known. Viisage Technology, Inc., of  J
Littleton, Massachusetts, for example, offers
face-recognition technology, using the "eigenfaces,"
method, which maps characteristics of a person's face
into a multi- dimensional face space. Other types of
2D image capture software and systems are  10 known
and widely available. FIG. 2 illustrates an embodiment
of a 3D image capture portion of the present
invention. A person's facial image 90 is captured by a
3D Image peripheral 108. The  facial image 90 is
transmitted to a 3D image capture station 102. The 3D
image capture.  



station 102 captures and enrolls the 3D facial images
90. Next, the 3D image capture 15 station 102 parses
the 3D image 120 into multiple 2D facial images at
various angles 131,  132, 133, 134, 135. The multiple
2D facial images at various angles 131, 132, 133, 134,
135 are stored, for example, into a solid state memory
device such as the hard drive of the  3D image capture
station 102. FIG. 3 illustrates a 2D image comparison
portion of the present invention. The  20 2D Image
peripheral 208 transmits a 2D image to the 2D image
identification station 202.  The 2D image
identification station 202 registers, stores, and
processes comparisons of  2D images. An image to be
stored or searched is transmitted to the Database
server 400.  The Database server 400 digitizes 400 the
image. If the image has been searched, the  8 WO
2004/066191 PCT/US2004/000745  Database server 400
runs the search and compares the image to those stored
in the  database. The Database server 400 then returns
the search result to the 2D image  identification
station 202. The 2D image video image identification
system of FIG. 3  may be composed of all Commercial
Off-the-Shelf (COTS) products. 5 FIG. 4 illustrates a
sample of a 2D image comparison application. This view
illustrates a search 700 viewed at the 2D image
identification station 202, as illustrated. in  FIG.
3. FIG. 5 illustrates a conceptual block diagram of
the system server 400. Such  system is composed of all
Commercial Off-the-Shelf (COTS) products including a
high  10 'memory based server as hardware, network
connectivity to the client PCs, data storage in memory
software, 2D image software including 2D image
digitization, storage and  comparison functions. The
3D image capture station 102, captures and enrolls the
3D  facial images 90, parses 3D images into multiple
2D facial images at various angles. The  



2D image identification station 202 registers, stores,
and processes 2D images. The 2D 15 and 3D images are
transmitted to the Database Server 400. The Database
Server 400  stores, updates, and manages images in a
database. When a search request comes in to  the
Database Server 400, the Database Server 400 digitizes
the image and runs the search.  Results are sent back
to the requesting 3D image capture 102 or 2D image
comparison  202 workstation. 20 Fig. 6 illustrates a
data flow diagram of the 3D image capture process. A
3D  image capture station 102 receives a single 3D
image 1. The 3D image capture station  102 parses the
3D image into a plurality of 2D images taken from
various angles 2.. The  parsed, 2D images are sent to
the Database Server 400. The Database server 400  9
CVO 20041066191 PCT/US2004/000745  registers the
parsed 2D images in its database 3, and digitizes all
the 2D images 4. Each  2D image is stored with its
digitized file stream and any attributes 5. When a
search  query is run, the database server 400 compares
the 2D images for matches. If a 2D Image  match is
found, the database server reconstructs the 3D image
from the parsed, 2D 5 images 6. The reconstructed 3D
image is compared to the original image to determine
whether a quality image has been generated 7. Fig. 7
illustrates a data flow diagram of the 2D image
comparison process. The  2D image comparison
workstation 202 receives a 2D image from 2D image
peripherals  10. Search requests are sent from the 2D
image comparison workstation 202 to the 10 Database
Server 400. The Database Server 400 receives the
search request 12, performs  the search 13, and
returns the search results 14 to the requesting 2D
image comparison  workstation 202. The search results
are displayed 15 at the workstation 202. Fig 8
illustrates an embodiment of the 3D image capture
process. A 3D image  



capture station 102 uses high speed CPUs, i.e., with
processing speeds of at least 2  15 Gigahertz to
process image capture and image parsing functions 20.
The CPU 3 assignments are task-driven 22. Image data
is stored at the 3D image capture station 102  in a
Memory Resident Database, i.e., a database stored in
RAM 24. The Database  Server 400 distributes image
data over a high-speed network to other sources of
memory  for storage 28. The Database server 400 sorts
and indexes 2D and 3D images according 20 to their
attributes and categories 30. Images retrieved during
a search are compared to  the original image to
determine whether a 3D image has been reconstructed
32. Search  results are returned to the requesting 3D
image capture station 102. 10 WO 2004/066191
PCT/US2004/000745  The foregoing description of the
preferred embodiment of the invention has been
presented for purposes of illustration and
description. It is not intended to be exhaustive  or
to limit the invention to the precise form disclosed,
and modifications and variations  are possible in
light of the above teachings or may be acquired from
practice of the 5 invention. The embodiment was chosen
and described in order to explain the principles  of
the invention and its practical application to enable
one skilled in the art to utilize the  3 invention in
various embodiments as are suited to the particular
use contemplated. It is intended that the scope of the
invention be defined by the claims appended hereto,
and  their equivalents. The entirety of each of the
aforementioned documents is incorporated  10 by
reference herein. II WO 2004/066191 PCT/US2004/000745
WHAT IS CLAIMED IS: 1. An image recognition system
comprising:  



means for capturing a three dimensional image; means
for parsing said three dimensional image into a
plurality of two-dimensional  5 images; and means for
comparing at least two of said two-dimensional images
to a database of a  plurality of two-dimensional
images. 2. An image recognition system according to
claim 1 further comprising:  means for displaying a
result of said comparison. 10 3. An image recognition
system according to claim 1, wherein said means for
comparing comprises: means for digitizing a
two-dimensional image. 4. An image recognition system
according to claim 3 wherein said means for  1
comparing further comprises: 15 means for storing a
digitized two-dimensional image. 5. An image
recognition system according to claim 4, wherein said
means for  comparing further comprises: means for
searching a database of two-dimensional images. 6. An
image recognition system according to claim 1, wherein
said means for  20 capturing a three dimensional image
comprises at least one of a visual optical digital
camera, a digital video camcorder, an infrared camera,
and a webcam. 12 WO 2004/066191 PCT/US2004/000745  7.
An image recognition system according to claim 1,
wherein said means for  capturing a three dimensional
image comprises: a fingerprint scanner. 8. An image
recognition system according to claim 1, wherein said
means for  



5 comparing comprises: a server. 9. An image
recognition system comprising:  an image peripheral; a
processor system connected to said image peripheral,
wherein said processor  10 system constructs and
captures a three dimensional image from signals
received from  said image peripheral, parses said
three dimensional image into a plurality of two-
dimensional images, and compares at least two of said
plurality of two-dimensional  images to a database of
two-dimensional images. 10. An image recognition
system according to claim 9 wherein said processor  15
system comprises a server. 11. An image recognition
system according to claim 9 wherein said processor
system comprises: a first processor for constructing
and capturing a three dimensional image from  signals
received from said image peripheral and for parsing
said three dimensional image  '%0 into a plurality of
two-dimensional images; and 13. WO 2004/066191
PCT/US2004/000745 a second processor for comparing at
least two of said plurality of two-dimensional  images
to a database of two-dimensional images. . 12. An
image recognition system according to claim 11 wherein
said first  processor and said second processor are
connected to each other through a network.  5 13. An
image recognition system according to claim 12 wherein
said network  comprises a high-speed network 14. An
image recognition system according to claim 9 wherein
said image  



peripheral and said processor system are connected to
each other through a network  15. An image recognition
system according to claim 11 wherein said second  10
processor comprises a server. 16. An image recognition
system according to claim 9, wherein said image
peripheral comprises at least one of a visual optical
digital camera, a digital video  camcorder, an
infrared camera, and a webcam.  IT An image
recognition system comprising: 15 an image capture
station for capturing three dimensional images, said
image  capture station comprising an image peripheral,
a first processor, and a first memory,  wherein said
image capture station stores a three dimensional image
captured by said  image peripheral in said first
memory and said processor parses said three
dimensional  image into a plurality of two dimensional
images; and 20 an image identification station,
connected to said image capture station,  comprising a
second processor and a second memory, wherein said
image identification  station receives said plurality
of two-dimensional images from said image capture
station 14 WO 2004/066191 PCT/US2004/000745  and
compares said plurality of two dimensional images to a
database of two dimensional  images. 18. An image
recognition system according to claim 17 Anther
comprising an  intranet; wherein said image capture
station and said image identification station are 5
connected to each other through said intranet. 19. An
image recognition system according to claim 18 wherein
said intranet  comprises a wireless network. 20. A
method of identifying images comprising the steps of..



capturing a three-dimensional image; 10 parsing said
three-dimensional image into a first plurality of
two-dimensional  images; and comparing at least two of
said first plurality of twodimensional images to a
second plurality of two-dimensional images. 21. A
method of identifying images according to claim 20
further comprising the  15 step of displaying a result
of said comparison. 22. A method of identifying images
according to claim 21 further comprising the  step of
storing said captured three-dimensional image in a
database. 23. An image recognition system comprising:
20 an intranet; a database server connected to said
intranet;  15 WO 2004/066191 PCT/US2004/000745  a 3D
image capture station connected to said intranet, said
3D image capture station comprising a CPU and an image
peripheral; and a 2D image identification station
connected to said intranet, said 2D image
identification station comprising a CPU; 5 wherein
said 3D image capture station captures a three
dimensional image, parses  said three dimensional
image into a plurality of two dimensional images, and
transfers at  least two two-dimensional images parsed
from said three-dimensional image to said 2D  image
identification station. 24. An image recognition
system according to claim 23, wherein said 3D image
10 capture station further comprises a video server
connecting said image peripheral to said  



CPU. 25. An image recognition system according to
claim 23, wherein said 2D image  identification
station compares said at least two two-dimensional
images received from  said 3D capture station to a
plurality of known two-dimensional images. 15 26. An
image recognition system according to claim 24 wherein
said video server  is connected to said CPU through a
wireless connection. 27. An image recognition system
according to claim 24 wherein a plurality of  image
peripherals are connected to said CPU through said
video server. 20 16 


