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D

A processor-based system operating according to digitally-
embedded programming instructions performs a method
including identifying a group of pixels corresponding to a
face region within digital image data acquired by an image
acquisition device. A set of face analysis parameter values is
extacted from said face region, including a faceprint associ-
ated with the face region. First and second reference face-
prints are determined for a person using reference images
captured respectively in predetermined face-portrait condi-
tions and using ambient conditions. The faceprints are ana-
lyzed to determine a baseline faceprint and a range of vari-
ability from the baseline associated with the person. Results
of the analyzing are stored and used in subsequent recogni-
tion of the person in a subsequent image acquired under
ambient conditions.
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CLASSIFICATION AND ORGANIZATION OF
CONSUMER DIGITAL IMAGES USING
WORKFLOW, AND FACE DETECTION AND
RECOGNITION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation in part (CIP) of
U.S. patent application Ser. No. 10/764,335, filed Jan. 22,
2004, which is one of a series of contemporaneously-filed
patent applications including U.S. Ser. No. 10/764,339, now
U.S. Pat. No. 7,551,755, entitled, “Classification and Orga-
nization of Consumer Digital Images using Workflow, and
Face Detection and Recognition™; U.S. Ser. No. 10/764,336,
now U.S. Pat. No. 7,558,408, entitled, “A Classification Sys-
tem for Consumer Digital Images using Workflow and User
Interface Modules, and Face Detection and Recognition™;
U.S. Ser. No. 10/764,335, entitled, “A Classification Data-
base for Consumer Digital Images™; U.S. Ser. No. 10/764,
274, now U.S. Pat. No. 7,555,148, entitled, “A Classification
System for Consumer Digital Images using Workflow, Face
Detection, Normalization, and Face Recognition; and U.S.
Ser. No. 10/763,801, now U.S. Pat. No. 7,564,994, entitled,
“A Classification System for Consumer Digital Images using
Automatic Workflow and Face Detection and Recognition”.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The invention relates to digital image processing,

particularly to the field of automatic or semiautomatic group-
ing and classification of images in a database or image col-
lection and based on the occurrence of faces in the images and
the identification and classification of such faces.

[0004] 2. Description of the Related Art

[0005] The techniques of face detection and face recogni-
tion are each being explored by those skilled and a great many
advancement have been made in those respective fields in
recent years. Face detection has to do with the problem of
locating regions within a digital image or video sequence
which have a high probability of representing a human face.
Face recognition involves the analysis of such a “face region”
and its comparison with a database of known faces to deter-
mine if the unknown “face region” is sufficiently similar to
any of the known faces to represent a high probability match.
The related field of tracking involves face or identity recog-
nition between different frames in a temporal sequence of
frames. A useful review of face detection is provided by Yang
etal., in IEEE Transactions on Pattern Analysis and Machine
Intelligence, Vol. 24, No. 1, pages 34-58, January 2002. A
review of face recognition techniques is given in Zhang et al.,
Proceedings of the IEEE, Vol. 85, No. 9, pages 1423-1435,
September 1997.

[0006] Other related art refers to the grouping, classifica-
tion, management, presentation and access to collections of
digital images in databases, file-systems or other storage
mechanisms, being based on image content, global image
parameters, or image metadata. Such content based
approaches analyze the image content using spatial color
distribution, texture, shape, object location and geometry, etc.
However they do not explicitly teach to utilize face recogni-
tion in conjunction with these techniques, orto initially detect
faces in their images, prior to applying a recognition process.
It is recognized in the present invention that an advantageous
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system that provides automation in the detection, recognition
and classification processing of digital images would be
highly desirable.

[0007] None of the prior art references that are cited
throughout the description below provides this feature. Many
of'the classification techniques described are applied to entire
images and they do not teach to detect faces in an image, or to
perform recognition of such faces. Many of these references
concentrate on methods storing or accessing images using
databases, but they do not employ in conjunction with these
methods the advantageous image processing techniques
described by inventors of the present invention.

[0008] Some of the medical applications provide classifi-
cation and archiving of images into particular groups that are
associated with a single customer. For example, the customer
may be a patient and the classification may be particularly
related to medical diagnosis or treatment applications where
a large amount of image data (X-rays, Ultrasound scans, etc)
which is related to a single patient may be gathered. However,
these do not utilize face recognition as a means to compile or
manage this image data, i.e., a user is expected to categorize
the image according to the associated patient.

[0009] Further references available in the literature of the
related art describe multi-format transcoding applications for
visual data. Others describe means for constructing digital
photo albums. These references do not, however, teach to use
image processing techniques in the management or access of
the data.

[0010] At this point we note that the present invention is
presented primarily in the context of collections of consumer
digital images which would be generated by a typical user of
a digital camera. Such an image collection is in a constant
state of growth as new sets of images are added every time the
user off-loads pictures from the camera onto his computer.
Because the image set is in a constant state of flux, it is often
not practical to perform database-wide sorting, grouping or
management operations every time a few images are added to
the collection, because this would put an excessive load on the
users computer. Much of the related art literature describes
how to function with and operate on a large static image
collection. Thus when a sizeable batch of new images is
added, as will often happen when a camera is offloaded, these
related art teaching do not describe how to perform significant
image processing and database-wide testing to determine
similarities between new and existing database images and
then group and store the new images before the user can
access and enjoy his pictures. In reality the application of
image processing techniques, or of other image-related tools
is understood by the inventors in the present invention as
being an ongoing process for collections of consumer images
and for the design of these tools, where possible, to operate as
automated or semi-automated background processes for
applications in consumer imaging.

[0011] There is a very compelling need for new and
improved tools to manage collections of images. More par-
ticularly, there is a need for tools, which can manage and
organize image collections which are in a constant state of
change and growth. It is also important that these tools can
manage and organize such ad-hoc collections using methods,
which are easily understandable by the layman and, where
possible that such tools can function in semi- or fully-auto-
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matic modes so that their work of cataloging and organizing
is almost imperceptible to the end-user.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIGS. 1(a)-1(c) shows an overview of the principle
components of the invention;

[0013] FIG. 1(a) is an outline of the main system compo-
nents implemented as a computer program.

[0014] FIG. 1(b) shows an alternative embodiment in
which certain aspects of the system of the preferred embodi-
ment, including the face detection and recognition modules,
are implemented within an image capture appliance such as a
digital camera, while the remaining aspects are implemented
as a computer program on a desktop computer.

[0015] FIG.1(c) shows an embodiment wherein the system
is entirely implemented within a digital camera.

[0016] FIG. 2(a) describes an embodiment of a main sys-
tem database.
[0017] FIG. 2(b) gives additional detail of the face recog-

nition data component of the database.

[0018] FIG. 3 describes a main face detection workflow in
accordance with a preferred embodiment.

[0019] FIGS. 4(a)-4(b) describe a core system workflow in
accordance with a preferred embodiment.

[0020] FIGS. 5(a)-5(b) shows a face normalization work-
flow in accordance with a preferred embodiment.

[0021] FIGS. 6(a)-6(e) illustrate shows some of the differ-
ent ways that a face candidate region, obtained from the
detection module, can be distorted; these distortions should
be corrected by the normalization module:

[0022] FIG. 6(a) shows a frontal candidate region which is
incorrectly oriented and must be rotated into an upright posi-
tion prior to applying the face recognition module;

[0023] FIG. 6(b) is a frontal candidate region which is of a
reduced size and must be enlarged prior to applying the rec-
ognition module;

[0024] FIG. 6(c) is a correct frontal face candidate region
which does not require either orientation or size correction;
[0025] FIGS. 6(d) and 6(e) illustrate two non-frontal face
candidate regions which require pose normalization in addi-
tion to size and orientation normalization.

[0026] FIGS. 7(a)-7(f) illustrate how a 3-D model can be
applied to model a range of face candidate regions:

[0027] FIGS. 7(a)-7(c) illustrate how a simple 1-D scaling
of'a normalized face model can be used to model the majority
of face candidate regions with good accuracy;

[0028] FIGS. 7(d)-7(f) illustrate how a 2-D face candidate
region can be mapped onto such a 3-D normalized face model
with 1-D scaling along the horizontal axis.

[0029] FIGS. 8(a)-8(b) illustrate how three face regions
(FR1, FR2 and FR3) may be mapped to faceprints (FP1, FP2,
and FP3) in a 3-component face space.

[0030] FIG. 8(c) illustrates multiple face regions extracted
from digital images that have subtle pose, orientational, illu-
mination and/or size distortions to be adjusted automatically
upon detection in a normalization process in accordance with
a preferred embodiment prior to automatic or semi-automatic
face recognition processing:

[0031] FIG. 9(a) shows a graphical representation of how
multiple, distinct, face classes, formed from collections of
closely collocated faceprints can be used to define a unique
region in face space which is associated with a particular
person’s identity.
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[0032] FIG. 9(b) illustrates two such identity spaces with
their associated face classes and faceprints.

[0033] FIG. 10(a) illustrates how a new faceprint creates a
new face class for a person’s identity when it is located at a
distance further than a certain R,,,,, from an existing face
class.

[0034] FIG.10(b)illustrates how anew faceprint extends or
grows an existing face class when it is within a distance R ,;,,
from the existing face class.

[0035] FIG. 11(a) illustrates how an identity region associ-
ated with one person can grow to overlap with the identity
region of another person.

[0036] FIG. 11(b) describes how these overlapping identity
regions can be separated from each other by shrinking the two
identity regions into their component face classes.

[0037] FIG. 11(c) illustrates a face class shrinking opera-
tion in accordance with a preferred embodiment.

[0038] FIG. 12(a) shows a face class which has grown over
time to incorporate a relatively large number of faceprints
which exhibit localized clustering.

[0039] FIG. 12(b) illustrates explicitly how these faceprints
are clustered.
[0040] FIG. 12(c) shows how each local cluster can be

replaced by a single clustered face class which is composed of
a centre faceprint location in face space and a cluster radius,
R,.

[0041] FIG. 13(a) describes the recognition process where
a newly detected faceprint lies in an region of face space
between two “known” identity regions.

[0042] FIG. 13(b) shows how, once the recognition process
has associated the new faceprint with one of the two known
identity regions, ID,, that identity region then grown to
include the new faceprint as a new face class within ID,.
[0043] FIG. 13(c) shows a similar situation to FIG. 13(a)
but in this case it is not clear which of the two identity regions
should be associated with the new faceprint and the system
must ask the user to make this determination.

[0044] FIG. 13(d) illustrates the case where the user
chooses ID,.

[0045] FIG. 13(e) illustrates the case where the user
chooses ID,.

[0046] FIGS. 14(a)-14(d) show a variety of aspects of the
user interface to the main workflow module.

[0047] FIG. 15(a) illustrates a faceprint associated with an
acquired facial image:

[0048] FIGS. 15(b) and 15(c) illustrates how a VAR vector
can be used to align higher order components of flash and
non-flash feature vectors, or faceprints.

[0049] FIG. 15(d) illustrates a combined, illumination-nor-
malized feature vector for slab and non-flash faceprints.
[0050] FIG. 15(e) illustrates a local baseline faceprint
determined from a flash image and a radius of variability
determined from the image in ambient illumination.

INCORPORATION BY REFERENCE

[0051] What follows is a cite list of references each of
which s, in addition to that which is described as background,
the invention summary, the abstract, the brief description of
the drawings and the drawings themselves, hereby incorpo-
rated by reference into the detailed description of the pre-
ferred embodiments below, as disclosing alternative embodi-
ments of elements or features of the preferred embodiments
not otherwise set forth in detail below. A single one or a
combination of two or more of these references may be con-
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sulted to obtain a variation of the preferred embodiments
described in the detailed description herein:

[0052] U.S. Pat. Nos. RE33682, RE31370, 4,047,187,
4,317,991, 4,367,027, 4,638,364, 5,291,234, 5,488,429,
5,638,136, 5,710,833, 5,724,456, 5,781,650, 5,812,193,
5,818,975, 5,835,616, 5,852,823, 5,870,138, 5,911,139,
5,978,519, 5,991,456, 6,072,904, 6,097,470, 6,101,271,
6,128,397, 6,148,092, 6,188,777, 6,192,149, 6,249,315,
6,263,113, 6,268,939, 6,282,317, 6,301,370, 6,332,033,
6,349,373, 6,351,556, 6,393,148, 6,404,900, 6,407,777,
6,421,468, 6,438,264, 6,456,732, 6,459,436, 6,473,199,
6,501,857, 6,502,107, 6,504,942, 6,504,951, 6,516,154,
6,526,161, 6,564,225, and 6,567,983,

[0053] United States published patent applications no.
2003/0084065, 2003/0059121, 2003/0059107, 2003/
0052991, 2003/0048950, 2003/0025812, 2002/0172419,
2002/0168108, 2002/0114535, 2002/0105662, and 2001/
0031142,

[0054] Japanese patent application no. JP5260360A2;
[0055] British patent application no. GB0031423.7; and
[0056] Yang et al., IEEE Transactions on Pattern Analysis

and Machine Intelligence, Vol. 24, no. 1, pp 34-58 (January
2002).

Illustrative Definitions

[0057] “Face Detection” involves the art of isolating and
detecting faces in an image; Face Detection includes a pro-
cess of determining whether a human face is present in an
input image, and may include or is preferably used in com-
bination with determining a position and/or other features,
properties, parameters or values of parameters of the face
within the input image;

[0058] “Face Recognition” involves the art of matching an
unknown facial region from an image with a set of “known”
facial regions.

[0059] “Image-enhancement” or “image correction”
involves the art of modifying a digital image to improve its
quality. Such modifications may be “global” applied to the
entire image, or “selective” when applied differently to dif-
ferent portions of the image. Some main categories non-
exhaustively include:

[0060] (i) Contrast Normalization and Image Sharpening.
[0061] (ii) Image Crop, Zoom and Rotate.

[0062] (iii) Image Color Adjustment and Tone Scaling.
[0063] (iv) Exposure Adjustment and Digital Fill Flash

applied to a Digital Image.

[0064] (v)Brightness Adjustment with Color Space Match-
ing; and Auto-Gamma determination with Image Enhance-
ment.

[0065] (vi) Input/Output device characterizations to deter-
mine Automatic/Batch Image Enhancements.

[0066] (vii) In-Camera Image Enhancement
[0067] (viii) Face Based Image Enhancement.
[0068] “Auto-focusing” involves the ability to automati-

cally detect and bring a photographed object into the focus
field.

[0069] A “pixel” is a picture element or a basic unit of the
composition of an image or any of the small discrete elements
that together constitute an image.

[0070] “Digitally-Acquired Image” includes an image that
is digitally located and held in a detector.

[0071] “Digitally-Captured Image” includes an image that
is digitally recorded in a permanent file and/or preserved in a
more or less permanent digital form.
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[0072] “Digitally-Detected Image™: an image comprising
digitally detected electromagnetic waves.

[0073] A “face region” is a region of a main image which
has been determined to contain a human face. In particular, it
may contain a substantially oval, skin-colored region which
has physical features corresponding to eyes, nose and mouth,
or some portion of a face or subset of these facial features.
[0074] A face region is preferably “normalized” in accor-
dance with the invention. Prior to extracting face classifier
parameters (see definition below) from a face region, it is
preferably first transformed into a normalized form. This may
involve any or all of three principle steps: (i) resizing to a
standard “size”, e.g., based on the separation of eyes, nose
and/or mouth; (ii) “orientation” in an upright or other selected
direction which may involve rotation of the face region; and
(iii) orientation to compensate for up/down or left/right varia-
tions in the “pose” of the face. Note that these normalizations
may usually performed in reverse order in accordance with a
preferred embodiment: first pose normalization is imple-
mented, followed by orientation normalization and finally the
face region is normalized for size. A fourth form of normal-
ization that may be preferably performed is luminance nor-
malization (see below definition), but it is treated or charac-
terized separately from the above, which are referred to as
spatial normalizations.

[0075] “Face classifier parameters™ are a set of values of
vector and/or scalar classifiers extracted from a normalized
face region. Typical examples of such a set of classifiers could
be: (1) principle component vectors, (ii) independent compo-
nent vectors, (iii) 2D fourier transform components, (iv)
wavelet transform components, (v) gabor components, etc.
Note that several face classifier techniques may be combined
to provide a definitive faceprint.

[0076] The set of face classifier parameters associated with
aparticular face region is known as the “faceprint” of that face
region. The faceprint is preferably a set of face classifier
parameters and may be subdivided into two or more subsets
of face classifier parameters which may overlap.

[0077] An “archived faceprint” is a set of face classifier
parameters associated with a particular fate region ultimately
extracted from a parent image and preferably normalized, and
stored in the main recognition database, preferably along with
links to the parent image and the face region.

[0078] A “known identity” is a set of (database) associa-
tions between a known person or other object and one or more
face classes comprising one or more archived faceprints.
[0079] The following process is referred to as “luminance
normalization”. It is common for horizontal and/or vertical
variations in luminance levels to occur across a face region
due to the ambient lighting at the time an image was captured
or other factors such as artificial sources or flashes. In this
case, certain types of face classifiers may be distorted and it
may be advantageous to normalize luminance levels across
the face region prior to extracting face classifier parameters in
accordance with a preferred embodiment. As typical varia-
tions are linear in form and as the variations manifest them-
selves principally in skin-colored pixels, it is relatively
straightforward to adjust each image pixel of a face region to
approximately compensate for such luminance variations
caused by ambient lighting.

[0080] When two or more faceprints lie within a certain
geometric distance of each other in facespace, they may be
preferably grouped into a single face class. If a newly deter-
mined faceprint lies within this geometric distance of the face
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class, then this face class may be expanded to include the new
faceprint, or may be added to the face class without expansion
ifthe all of its face classifier values lie within the existing face
class parameter value ranges. This existing face class is
referred to as a “prior face class”. If the newly determined
faceprint is not sufficiently close to any prior face class then a
new face class may be created for it.

[0081] “Image category data” is referred to as a set of
user-defined categories for describing a user’s personal or
other collection of images. Some pre-defined categories may
also be provided in the workflow and/or database modules of
the software. Much of the data may, however, be user-defined
in order to allow each user to chose image descriptors which
are most useful and relevant to their own personal image
collection. Examples of image category data include: Beach
Fun, Ski Slopes, Mountain Fun (holiday categories); Garden
Views, Vegetable Season 2002, My Flowers 2003 (for a gar-
dener); Kids Birthdays 2003, The New Baby, Summer
Camps, High School Graduations (for a family), and so on.
Note that much of this data may be recorded manually,
although face recognition data can preferably also assist in
linking certain known identities with certain image catego-
ries.

[0082] “Image data” is data which helps describe and/or
categorize a particular parent image. Examples include time
& location when an image was captured (these may be auto-
matically generated and recorded by some cameras); associa-
tions between the image and defined “events” or “occasions”
such as weddings, graduations, christenings, etc; associations
between the image and defined “places™ or “locations” such
as a holiday resort, a city, a relative’s house or a country;
associations between an image and a set of user-defined cat-
egories relating, for example, to a specialized hobby, a family
member, a particular family or holiday activity, or however
else a user wishes to define & categorize their personal
images.

[0083] “Identity data™ is data relating to an individual per-
son (or an identifiable object or pet) which can include per-
sonal data such as nickname, name, home address, phone
number, etc. It may also encompass data relating to interper-
sonal or family relationships or memberships of social or
relationship based groups of persons or objects. Each person
(or object) may have akey “identifier” which may be stored in
an “ID List” and links to additional identity data associated
with the person or object, including, e.g., recognition data.
[0084] “Face recognition data is the data by which known
persons (or objects, pets or other identities) are linked, e.g., to
an appearance table which may contain one or more appear-
ances associated with that person (or object, identity, etc.).
Each appearance may be linked to a list of face classes each of
which may contain one or more faceprints.

[0085] “Added value services tools” are software modules
which can provide additional value to an image collection,
such as by leveraging the face-related data stored in the sys-
tem database. As an example, one tool might allow an end-
user to search all images containing members of the Jones
family and determine what overlap exists with members of
the Smith family (“face search tool”). This could then allow
the user to determine what members, if any, of the Jones
family should be invited to a social event such as a 21*
birthday party for one of the daughters of the Smith family
(“relationship tool”); additional tools could then prepare invi-
tation cards with collages (“collage tool”) of the family mem-
bers and print these invitations (“print manager tool”).
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[0086] A “unique identifier” may include a filename of an
originally-acquired image which contains one or more face
regions.

[0087] An “identification listing” is referred to as a list of
names of people who have been identified by an image clas-
sification engine. Ifa new face is detected, but cannot or is not
associated with any known identity, then a new identity is
preferably created in the identification listing. This list may
link to additional personal data records relating to known
identity and also to face recognition data associated with the
known identity and a list of images, if any, which contain the
person or other identity.

[0088] An “image list” is a list of images which have been
processed by the image classification engine, and preferably
includes links to the locations of the originals of images on an
external storage subsystem. In an alternative embodiment, the
original binary image data may be maintained within the
system database. In a further alternative embodiment, the
original image data may be maintained by a remote Web
service and the list of original image may include a list of
URLSs to link to the original binary data of each image. In all
of'these embodiments, it may be desirable that changes in the
storage location of a particular image should be notified to the
workflow module of the preferred embodiment which can
incorporate such modification into the system database.
[0089] “Metadata” may be typically character/ASCII data
which s stored in a header region within an image file. For the
industry standard Jpeg format, e.g., metadata is stored in
EXIF format which includes a series of data tags each of
which delimits an ASCII text region. Typical data to be stored
as metadata may include data pertaining to the conditions of
image acquisition, data pertaining to the manufacturer and
model of camera or image acquisition apparatus, data pertain-
ing to the focal length, aperature and/or f-stop settings of an
electronic camera lens, data pertaining to the size of original
image, the quality of Jpeg compression, the mode of camera
flash settings, if used, white and color balance settings (if
available), and so on. Note that manufacturers may define
custom tags and that binary data may be stored in metadata
fields—although it is not common—yprovided that certain
encoding precautions are taken. In the context of the preferred
embodiment, metadata refers to any data stored within the
original image file other than the raw binary data of the
original image itself.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0090] A system, method and techniques are now described
for applying digital image processing using face detection
and face recognition techniques to identify the persons con-
tained within a digital image, which may be part of a personal
or other image collection. An exemplary database structure is
also described, for sorting, grouping, accessing, browsing
and/or managing images based on the identities of the persons
found within an image.

[0091] Additionally, workflow techniques are described
which (i) simplify the initial training of the face recognition
module when it is initialized for a new collection of images;
(ii) allow the user to select between a number of alternative
persons when the face recognition module is uncertain of the
identity of a particular face located by the face detector mod-
ule; (iii) allow the user to enter details of a new face which

should be added to the list of known persons; and/or (iv) allow
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the user to construct database queries based on the persons
identified within their personal database.

Overview

[0092] Inapreferred embodiment, a collection of images is
typically stored on a personal computer, although alterna-
tively it may also be stored on a local database server, or on a
remote server which is accessed over a network, or as part of
an offline storage such as CDs, DVD or an embedded device,
or otherwise. The preferred embodiment involves a computer
program with a number of linked components which alto-
gether create the workflow module. An image detection mod-
ule determines when new images are added to the image
collection and alerts the main workflow module which then
activates a face detection module which scans the image to
determine if faces are present. If faces are found, then they are
preferably normalized and face prints are generated. Then,
the images and face prints, together with the locations of the
detected facial-regions and other face classifier parameter
data, are made available for the face recognition module to
extract, enhance and scan the facial regions and compares
their faceprints with a database of “known faceprints”. In
general, each of the internal modules can be implemented in
an automated, user assisted or fully manual mode. In addition,
each of the modules may shift over time form a mostly manual
to mostly automated operation. This is achieved as part of a
“training” capability of the system.

[0093] In an alternative embodiment the face detection
module may be implemented entirely within an image cap-
ture device and the locations of detected faces may be marked
as metadata tags within the saved image. When the image is
later transferred to a computer on which the main workflow
module is active, the presence and locations of faces in an
image may be detected and the remainder of the recognition
and classification process may proceed as described below.

[0094] In a further embodiment both the face detection and
face recognition modules are implemented in the image cap-
ture device and the faceprints derived from faces detected in
an image are recorded in the image metadata for later pro-
cessing by the main workflow module. In this embodiment, a
compressed version of the main faceprint database is also
implemented within the image capture device. This micro-
classification database is derived from the main database
using a grouping algorithm which reduces the number of
faceprints (and, where appropriate, face classes) associated
with a particular identity. This is achieved using a clustering
algorithm which will be described in the detailed description
of this embodiment. The micro-classification database can be
loaded into the camera flash memory, or alternatively may be
created and maintained on removable storage such as a com-
pact-flash card. In a variation of this embodiment a reduced
functionality version of the main workflow module is imple-
mented in the image capture device and this allows interac-
tion between the face detection and recognition modules and
the user-interface (UI) software modules of said imaging
device. In all cases the face recognition process may be aug-
mented by additional processing steps when images are trans-
ferred to a computer on which the main workflow module is
active. This can be used to do focusing, metering and/or
framing on particular people in a group. In addition, a face in
an image may be matched to one or more sub-groups or to all
known faces in the database. Alternatively, a model of a single
face or subset may be matched against the image.
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[0095] Inone embodiments, the image capture device may
access the main classification database over a network con-
nection. In another embodiment, the entire system, including
the classification database, can be implemented within an
image capture device such as a digital camera or scanner.
[0096] The face recognition process is a particular aspect
which differs from conventional face recognition means. A
detailed description is given in the main embodiment section,
s0 an overview is merely provided here. When a faceprint is
returned to the main workflow module from the face recog-
nition module the “N” most probable matches are determined
by searching the face recognition data tables in the image
classification database and if the majority of these matches
have the same “identity”, and the workflow module is running
in “automatic mode”, then a successful “automatic match” is
considered to have taken place. If, however, there are several
equally probable identity matches, or the workflow module is
running in “manual” or “learning” mode, then the face rec-
ognition module passes these images onto the workflow mod-
ule which then presents these possible matches to the user and
requests that they select a matching “person” for this facial
image.

[0097] The user may select one of the “known persons” or
may create a new “person” with an associated set of “profile”
data in the image classification database. This database
includes an appearance list for each of the “known persons”
containing one or more identities and a table of face classes
associated with each such identity. Multiple identities can be
associated with each person because people typically change
their appearance in daily life. Examples of such instances of
varying appearance may be handling people with/without
make-up; with/without beard or moustache or with different
hair styles; with/without sunburn or tan; with/without glasses,
hats, etc; and at different ages. In addition, there may be a
chronological description where the faces progress over time
which may manifest in changes in hairstyle, hair color or lack
thereof, skin smoothness, etc. Within each face class is pref-
erably grouped a set of similar faceprints which are associated
with that face class for that person. The database module may
also access additional information on individual images,
including image metadata, camera metadata, global image
parameters, color histogram or correlogram information, etc.,
which may assist in categorization and search of images. If
the user selects a “known identity™, then if this new faceprint
is sufficiently close to one of the face classes for that identity,
it will be preferably added to that face class. Otherwise, in
“manual” or “learning” mode the user may be shown a typical
image representative of each face class and asked which face
class the faceprint should be added to, or if they wish to create
a new face class for that person. In “auto” mode, a new face
class will be created by the workflow module for that identity.
[0098] Ifthe user chooses to create a new identity because
the detected face is a new friend, family member or acquain-
tance, then they may enter a nickname (or “handle”) to iden-
tify that person. Other additional data may be entered such as
the person’s full name, phone number, address, birthday,
association with other “identities” in the database (e.g. a
member of the Sullivan Family; a friend of Pat; Uncle Bill, etc
...)and so on.

[0099] Thus, each faceprint in the database module is pref-
erably associated with a single identity, while each identity is
associated with one or more face classes containing one or
more faceprints. Now as a person’s image collection grows
the number of faceprints associated with each identity in the
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database will increase in proportion. The number of face
classes associated with each identity will generally increase
more slowly as it is unlikely that a person will have more than
5-10 distinct face classes associated with them. This, in turn,
will facilitate and improve the accuracy of the recognition
process so that after a time most faces will be identified
automatically. However, when the number of faceprints asso-
ciated with an identity increases beyond a certain threshold
the recognition process will become significantly slower. To
tackle this problem, the faceprints within a particular face
class may be “clustered” or “averaged” into a smaller and
more definitive set of faceprints when their number increases
beyond a certain threshold. This process may be automated
and serve to improve the response time of the face recognition
module as the size of the faceprint database grows. This
feature represents an improvement on existing recognition
techniques as it allows for incremental improvement of the
recognition process without requiring a complete re-training,
and thus a change in the fundamental basis vectors used to
describe the faceprints.

[0100] A person or other being such as a pet, or an inani-
mate object such as a home or automobile, may have more
than a single identity which accommodates the occasional
radical changes in appearance which can occur with people or
other identities from time to time in a person’s life. In general
herein, the example of a person will be used, but the descrip-
tions are meant to apply to other animate and inanimate
identities that may be the subject of a collection of pictures
such as pets, automobiles, rooms in a house, etc. Consider, for
example, the case of a new baby who within a couple of years
becomes a toddler, later a child and an adolescent; or to take
some more radical examples, consider an adult male who
decides to grow a moustache, or beard, or a young woman
who frequently wears make-up on social occasions. Many
other factors can affect a person’s appearance in ways which
will confuse a conventional face recognition system such as
wearing glasses or hats, having sunburn, etc. By permitting a
plurality of identity groupings for a single person, the system
of the preferred embodiment provides a means to overcome
such disadvantages which are inherent in the prior art.

[0101] In an alternative embodiment where the face recog-
nition process occurs within the capture device, the image
may already contain one or more face locations and face-
prints. This information may be embedded in the image itself
with other metadata provided by the capture device. In this
case, the face detection operation may be skipped entirely and
the face recognition module might not extract faceprints from
the image, as is usually preferred. Thus the workflow module
can immediately begin to search for matches in the database
of “known” faceprints. The faceprints will typically depend
on the database that was used to perform the matching, and
thus on a latest training set. In some cases, is the main data-
base is retrained after prints are copied to the device, e.g., in
the case of Fisher faces, then the prints on the device will not
generally be used to match to the main database, i.e., the
prints may only be valid until the next re-training.

[0102] This describes how the information contained in the
faceprint database may be gathered over time. However the
user of the system may be more concerned with how he or she
may access and use this information to add value to an image
collection and to facilitate the organization and management
of the collection. Thus, in addition to program modules, the
system preferably includes a set of image manipulation tools.
These include a query module which assists the end user build
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up database queries based on “identity” and “relationship”
searches on the faceprint database. These queries may be
combined with more conventional queries derived from addi-
tional image information stored in the database that may
include, but is not limited to, image metadata, camera meta-
data, global image parameters, image color histogram, color
correlogram, etc. Thus the user might search for “all Summer
Holiday 2002 pictures of members of the Sullivan family at
the Beach”. The query module will find all such pictures and
present these to the user in the browser module. Additional
tools which can be incorporated include a slideshow module
which assists the user in preparing slideshow animations from
the retrieved images; an image enhancement module which
implements many of the techniques described in our face
tools application(s) to enhance the retrieved pictures and a
publisher module which facilitates the generation of Xmas
and birthday cards, party invitations, and other fun stuff.
[0103] The database may also include some relational
description between individual users. The relationship or
proximity between people may be defined via a family tree,
friends graph, chronological relationship, geographical loca-
tion, GPS information, and occurrence of multiple faces in a
single image.

[0104] The following table provides such relations in a
textual form. One familiar in the art of creating a database can
understand the relation of a database from such information.

Proximity Parameter ~ Example

Joe is Jane and John’s Father

John is friendly with Jim

John is a friend of Jim and Jack

but John and Jack are not friends

Jane and Josephine were Jarret’s friend in 2005
Jackie met Jillian in the summer of 1944
Geographical Location Joanne and Jake live in Mexico City

Jennifer travels a lot

Family Tree
Friends

Chronological

GPS Data Joseph’s pictures were taken in Nepal

Ultiple faces in an Jack and Jill have been together in 5 pictures

image Jacob was never in the same picture as Jaqueline
[0105] This metadata can be important for classifying a

face based on statistical probability. In particular, Bayesian
statistics may be implemented for such calculations based on
a-priori knowledge. As a simple example, if Image 1000 is of
Jim with good probability, and the next image is of Jim and
another person, which could be either John or Jack, based on
the a-priori knowledge of the relationship (John is friendly
with Jim and but John and Jack are not friends) one can
statistically conclude that it is of higher probability that the
second person is Jim and not Jack. Of course, more sophisti-
cated decisions can be conducted based on the relationships
defined above.

[0106] On ahigher level of database cross correlation, sev-
eral databases may be shared, combined or used to train a
collection of images. For example if Joe creates a database
and Jim his father just installs the face detection software, Jim
may use Joes database of the family to jump start the training
process.

[0107] A particular advantage is achieved in that the system
may allow consumers to organize and archive their personal
image collections based on the people present in each image.
This can facilitate access to a personal image collection and

greatly enhance the value of the images contained therein.
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[0108] A further advantage is that the workflow solution
can be a combination of fully manual, user assisted or fully
automated. A further related advantage is that the system can
tend toward perfecting itself and move towards a more auto-
mated solution as the training progresses.

[0109] An additional advantage is that the system provides
a workflow solution to allow users to transparently train the
program to recognize faces. A further advantage in this regard
is that a user does not require a large pre-selected database of
facial images to perform the initial training of the recognition
engine. Instead this training can occur over a period of time
and the proportion of fully-automatic detections may be
increased as the number of faceprints in the main database
Zrows.

[0110] An associated advantage is that the system does not
require re-training of the fundamental basis vectors set used
to describe “faceprints” and thus the face recognition data
which is stored in the main system database can be shared
with other users. A further advantage is that the system pro-
vides a means for the user to search their image collection(s)
using queries which include the identity of an individual or a
group of people. A further advantage of the invention is that it
provides tools to allow face-based enhancement of individual
images.

[0111] Inaddition, the system of the preferred embodiment
includes tools which add significant value to a personal image
collection by facilitating the creation of “identity-based”
slideshows, Xmas and birthday cards, party and dinner invi-
tations, etc. Yet a further advantage is that the face recognition
database may be shared among related users to simplify the
training detection and archival process.

Overall Workflow

[0112] FIGS. 1(a)-1(b) schematically illustrate an overall
workflow ofthe face classification system in accordance with
apreferred embodiment. In particular, FIG. 1(a) describes an
external computer application, and FIG. 1(b) describes a sys-
tem, wherein certain functions are implemented on the image
acquisition device. In yet a third embodiment, the system is
entirely or substantially resident on the image acquisition
device.

[0113] The system, as illustrated at FIGS. 1(a)-1(b), is
separated into two major subcomponents: (i) an image clas-
sification engine [1100] and (ii) a series of user interface
modules [1000]. The interworking of these two system com-
ponents is controlled by the core workflow module [1110].
The user interface modules allow interaction with a user of
the system and are mostly designed to provide the user with
improved tools to access and derive added-value from their
image collection.

[0114] Examples of such user-interface modules include,
but are not limited to, (i) an Identity & Relationship Browser
module [1010] which allows a user to browse known persons
based on their relationships and memberships of social
groupings. This module links such persons and groups to
image groupings from the users image collection which
include the person being browsed, or members of a group of
persons with a particular relationship to that person; (ii) a
Query module [1030] which allows a user to construct more
complex search criteria for their image collection (e.g. find all
pictures which include “John” and “Jane” and are “Social
Events” involving the “Brady Family”); (iii) an Image
Browser module [1040] which allows a user to browse each
image in their collection and view, and alter, the various
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information relating to that image including the relationship
(s) between an image and different persons, social groups,
events and other activities which are known to the system; (iv)
a Slideshow [1060] module which provides a user with tools
to link and combine image sequences featuring a selected
person or social group for viewing as a slideshow, or trans-
mitting the slideshow by e-mail, or storing the links in the
system database for future use; (v) a Publisher [1070] module
which allows a user to prepare added-value printed items such
as cards, parry invitations, collages of pictures, etc, which are
based on pictures from the users personal image collection
featuring selected persons and/or social groups; and (vi) a
Face Tools [1080] module which allows a user to enhance and
improve images based on the detection and location of faces
in the images.

[0115] Additional user-interface modules are provided to
allow a user to access and control other system functionality:
an Administration module [1020] to allow system configura-
tion and settings to be changed according to user preferences;
a Message module [1050] records a log of system messages
and is useful to debug or investigate the historical behaviour
of'the system.

[0116] The Image Classification Engine [1100] is the sec-
ond major system component. This comprises a set of image
analysis modules which perform the functions required to
determine the identity of a person in a consumer digital
image.

[0117] The first of these modules is an Image Detection
module [1120] alerts the system that at least one new image
has been obtained from some external image source; in the
context of a desktop PC this could, for example, occur when
acompact flash card or CD-ROM is inserted into a removable
drive bay of the computer. Those skilled in the art will realize
that there are various means, both hardware and software
based, to implement such an image detection module. One
well-known example is the means by which the Windows OS
detects when a new CD is inserted into the CD-ROM drive of
a PC and presents the user with a dialog box to select how
images on said CD-ROM disc should be managed by the OS.
We cite this as one possible implementation of such an image
Detection Module.

[0118] Once at least one new image is detected it is prefer-
ably then analyzed by the Face Detection module [1130].
This module employs a means to determine if facial candidate
regions are present in the new image. Although faces are
utilized as specifically emphasized in images of persons and
perhaps even pets, other regions may be used such as distin-
guishing features of automobiles of a collection, or feet of
persons who are patients of a podiatrist, and so on. Detailed
descriptions of face detection techniques and applications
and advantages are set forth further below.

[0119] Ifno such face regions are determined to be present,
then the image is marked as a “non-face” image, the relevant
entries are made in the system database, and it is added to the
users personal image collection. A user may be optionally
provided an opportunity to manually mark face regions
within the image. Depending on the system settings, the user
may be offered an opportunity to manually include other
additional information on the image such as the image cat-
egory, location, or the event or activity it should be associated
with. Once the image is stored and its database entry is com-
pleted, then control passes back to the Image Detection mod-
ule which waits for the next ima,
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[0120] If however the image does contain face-candidate
regions then further handling of the image is passed to the
Workflow Core module [1110]. This module begins by refin-
ing the initial face detection process and extracting the facial
candidate regions from the image using the Face Detection
module [1130]. These are then passed to the Face Normaliza-
tion module [1190] which analyzes the lighting, pose, facial
features and/or orientation of each face candidate region.
Following this analysis, which may involve referencing the
entire original image in certain cases, the Face Normalization
module [1190] performs certain transformations, shape &
texture analysis and filtering on each candidate region and
then passes the normalized region back to the Workflow Core
module [1110]. This normalized face candidate region will
now become the input to the Face Recognition module
[1140].

[0121] Wenote that in some cases where extreme variations
in lighting conditions, or in the pose or spatial orientation of
a candidate face occur, or when a relatively small set of
training images are currently available to support the face
recognition process that conventional image transformation
and filtering techniques may provide an inferior means of
image normalization. Thus, in an advantageous alternative
embodiment, the face candidate region can be mapped onto a
3D face model which preserves the shape and texture of the
original 2D image and allows non-linear lighting and pose
compensation to be performed more accurately. Following
such compensation, the corrected 3D facial model is pro-
jected onto a new, frontal and lighting normalized 2D facial
image.

[0122] The next component of the Image Classification
Engine [1100] is the Face Recognition module [1140]. Before
describing this module in more detail, however, it is useful to
provide a generalized introduction to face recognition tech-
niques and thus to describe the concept of a Faceprint as used
herein.

[0123] After a face candidate region is detected and nor-
malized, we will have a nice “frontal” mugshot of a person,
such as the image labeled 10.jpg in FIG. 8(c¢). This is referred
to as a “face region” or a “confirmed face region”. Now, the
mugshot proceeds to be further processed. There are quite a
few ways of doing this, and the preferred method involves
doing a 2D transform which is analogous to doing a Fourier
Transform from the spatial to frequency domains. In the case
of' the preferred embodiment, we actually go from the spatial
domain (mugshot) to a “face-space” (FS) domain. The most
significant components of that “face-space” form the basis
vectors which we use to describe and compare the normalized
mugshots. The magnitudes of each of these most significant
“face-space” (FS) components describe a vector location in
FS. Typically, about 20 components (dimensions) are
involved to get the most useful results. However, the diagra-
matic representations are limited to 3 dimensions (or compo-
nents) for clarity and ease of illustration. FIGS. 8(a)-8(b)
illustrate how three face regions (FR1, FR2 and FR3) may be
mapped to faceprints (FP1, FP2, and FP3) in a 3-component
face space.

[0124] Inpractice, the normalized face regions may or may
not be stored as mugshots. Instead, the original image may be
stored along with the locations, in that original image, of any
detected face regions. Then, data may be stored to allow the
normalized face region (mugshot) to be recreated from the
original image as desired. The faceprint may be stored for
each face region. The faceprints that are what may be advan-
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tageously used in accordance with a preferred embodiment to
achieve actual recognition of people or objects or other iden-
tities.

[0125] In some embodiments, the full set of components
might not be used of a stored faceprint to compare face
regions. It may sometimes be advantageous to have a multi-
stage recognition process which uses a combination of sev-
eral different techniques to extract different face-transform
components. For example, there may be three distinct sets of
components derived from three different types of face trans-
forms. Examples include principle component analysis
(PCA), linear discriminant analysis (LDA), independent
component analysis (ICA), and Gabor transforms, among
others as may be understood by those skilled in the art upon
reviewing the present description. These can be used to per-
form three distinct sets of recognition tests, or can be partially
combined. In a preferred embodiment, we have found that
using two distinct types of faceprint data (PCA and LDA,
e.g.) in a two stage process confers significant improvement
over using either of them separately.

[0126] The role of the Face Recognition module [1140] is
to generate a feature vector, or Faceprint, for a face candidate
region identified in an image. This is returned to the Workflow
Core module [1110] where the generated Faceprint is com-
pared with existing identity regions and face classes. This is
achieved by accessing the Image Classification Database
[1160] via a Database Interface Module [1150]. If the Face-
print can be clearly associated with a single identity region
then the face is considered to be positively identified and the
Image Classification Database [1160] is updated accordingly.
If there is no clear association with a known identity region
the user is prompted to manually provide recognition data on
the face candidate region and may be presented with a list of
“closest” choices. If necessary the user may also create a new
identity region and data profile for this Faceprint. The Work-
flow Core module [1110] then updates the Image Classifica-
tion Database [1160] accordingly. This process will be
described in greater detail below. Finally the image completes
its analysis by the Image Classification Engine and is added to
the Personal Image Collection [1170] of the user.

[0127] FIG. 1(b) illustrates an alternative embodiment of
the invention in which certain components of the system are
directly incorporated into an image acquisition appliance,
typically a digital camera. In this embodiment certain aspects
of'the Face Detection, Face Recognition and Core Workflow
process are implemented in the camera and the information
about the image that is determined from these processes may
be incorporated in individual images as Image Metadata (e.g.
as custom EXIF tags in a JPEG image). Those skilled in the
art will recognize that there are many permutations of the
User Interface Modules [1200] and the In-Camera User Inter-
face Modules [1310] which can be implemented and which
may be appropriate for different applications and purposes.

[0128] Similarly, the functionality of modules from the
Image Classification Engine [1400] can be separated in vari-
ous ways and implemented in part, or indeed in its entirety
within the Image Capture Device [1300]. In the embodiment
described here a compressed Micro Classification Database
[1360] provides an initial dataset for the Face Recognition
module [1390]. If the Image Capture Device [1300] is set to
operate in “recognition mode” then the Image Acquisition
Process [1325] will alert the Face Detection module [1380]
when a new image is successfully acquired. If face candidate
regions are present in this image the Face Detection module
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[1380] will alert the Embedded Workflow module [1370]
which may use the information derived from the face candi-
date regions to interact with the user of the Image Capture
Device [1300] or may pass the extracted face candidate
regions on to the Face Recognition module [1390] to obtain
the relevant Faceprint. In this embodiment the Workflow
module [1370] does not implement a detailed recognition
process, but does store the locations of any candidate face
regions and any derived Faceprint(s) in the Metadata of the
image. The main recognition process is initiated when images
are uploaded from the Image Capture Device [1300] to a
user’s Personal Image Collection [1470] and essentially fol-
lows the same steps described above except that in this
embodiment (i) the Face Detection process has already been
implemented in the camera and the location of face candidate
regions is already available in the image Metadata and (ii) a
preliminary Faceprint or even a Recognition Match for each
face candidate region may also be available, depending on the
quality of the detected candidate region(s). Note that in
another embodiment the entire system functionality could be
implemented in the Image Capture Device [1300] if sufficient
processing power and data storage is available.

[0129] FIG. 1(c¢) schematically illustrates the in-camera
user interface (UI) modules 1500, the workflow module 1610
and the image acquisition engine 1600 each implemented
entirely within a digital camera or other image capture device.
The in-camera Ul modules 1500 shown include an identity
and relationship module 1510, an administration module
1520, a query module 1530, a browser module 1540, a mes-
sage module 1550, a slide show module 1560, a publisher
module 1570, and a face tools module 1580.

[0130] The image classification engine 1600 includes an
image detection module 1620, a face detection module 1630,
aface normalization module 1690, a face recognition module
1640 and a database module 1650. Each of these modules of
the image classification engine 1600 work in conjunction
with the workflow module 1610 in automatic and/or semi-
automatic processing of image data. The image detection
module 1620 works in conjunction with the in-camera image
acquisition process to alert the workflow module that an origi-
nal image has been captured and initially processed into in-
camera image storage 1670. Information from the image clas-
sification database 1660 is preferably linked and/or stored
with corresponding images, face prints, etc., via connection
1716, into in camera image storage 1670. These stored
images are then preferably processed by the face detection
module 1630, face normalization module 1690, when one or
more faces are detected within the acquired images, and face
recognition module 1640 which compares face classifier
parameter values of the normalized face regions, or face
prints, with archived face prints to discern whether there are
matches with known identities. The database module 1650
communicates with an image classification database, e.g., for
archiving and recalling face prints, images and related data in
accordance with the processing of the workflow module
1610.

[0131] The camera shown is configured for preferably
wirelessly networking over a network 1720, e.g., over the
internet, to off-camera data storage 1750. The wireless net-
work preferably communicates data from the camera to the
off-camera storage by a connection 1745 for adding datato a
backup image classification database 1730 and/or a personal
image collection 1740. The images within the in-camera
image storage 1670 and data contained within the image
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classification database 1660 may be communicated by links
1712 and 1710, respectively, to off-camera storage 1750 or
other electronic device via wireless network 1720 and/or
hardwired or cable output connection. The bi-directional
arrow 1745 indicates that the off-camera data storage 1750,
and particularly the personal image collection 1740, can be
added to via download via the network 1720, ultimately from
the in-camera storage 1670 and/or image classification data
base 1660. Arrows 1714 of FIG. 1(c) indicate that the per-
sonal image collection 1740 within the off-camera storage
1750 correspond to data contained within the image classifi-
cation database 1650.

[0132] Asindicated in the above description, it is preferred
that a main image collection will still remain outside the
camera on some form of Web/Network based storage. Alter-
natively, the camera may have sufficient storage for a user,
although even as in-camera storage capabilities grow, users
will still likely prefer to be able to get access to their images
without needing the use of the camera, e.g., if the camera is in
for servicing to remove dust and thus temporarily off-line, or
being used by a friend, or put away while the user is on his/her
computer for another reason.

[0133] Additionally, in the illustrated embodiment of FIG.
1(c), the main image collection (1740) remains in this off-
camera data storage (1750) with a backup of the main image
classification database (1730) also maintained outside the
camera as well as inside it. One advantage for keeping two
copies of the database, i.e., one inside the camera and one
outside, is that a user may want to use external tools on, say,
a home PC to edit the collection without using the camera
appliance. As indicated, synchronization between the main
image collection (1745) and the internal images ofthe camera
(1712) and the internal and external classification databases
(1710) is preferably maintained (in this embodiment) over a
wireless network/internet connection (1720).

[0134] There can be links from the internal camera data-
base (1660) to both the pictures in the camera (1716) and to
other images in the main external image collection (1714). It
is also implicit in this embodiment that images may be moved
both to and from the camera appliance, over the network link,
based on the requirements of user tools (1500) which are all
now implemented in the camera.

[0135] One particular advantage of implementing key ele-
ments of the workflow within a camera or portable imaging
device is that account may be taken of local acquisition con-
ditions. Each person may have multiple identities associated
with him or her. Each identity may include one or more face
classes. One example of the usefulness of such multiple iden-
tities is a customization of each identity to a particular set of
local acquisition conditions. For example, images captured in
full sun on the beach in Hawaii will differ significantly from
those captured under flash at nighttime, or a similar set of
beach photographs captured on a cloudy day on the beach in
Ireland. It is advantageous to be able to match, in a simple
way, local conditions with a subset of a person’s associated
face classes, or alternatively to be able to customize a generic
identity derived from multiple overlapping face classes
according to the local acquisition conditions.

[0136] In a further embodiment, such normalizations may
be advantageously achieved using a handheld imaging
device.

[0137] Many techniques for transforming face data into a
feature vector may concentrate the widest variability of the
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vectors) of the faceprint feature vector. Thus, in the exem-
plary case of an eigenfaces technique, practically all of the
luminance variations are concentrated, depending on the
dataset, into the first or first and second eigenface basis vec-
tors. Accordingly, methods of normalizing, for illumination, a
feature vector based on eigenfaces involve removing the first
or first and second eigenfaces when forming the relevant
faceprint vector.

[0138] Also, on a handheld imaging appliance, such as a
digital camera, a convenient method to find a consistent and
repeatable baseline level for illumination employs built-in
image optimization capabilities of the camera. For example,
if a face is located at a set distance of 2-3 m and an image is
captured of that face, one can be confident with most state-
of-art imaging devices that a uniform and consistent illumi-
nation of the face will be achieved regardless of the ambient
illumination or whether the shot is an indoor or outdoor one.
The acquisition of such an image may be referred to as a main
image portrait acquisition or simply main image.

[0139] In certain embodiments, it is desirable to force the
use of the camera flash in order to acquire a reference image.
This will depend on the type of imaging device and the size of
main imaging sensor. Many modern cameras, however, have
sufficient light gathering capacity to be able to acquire an
optimal portrait image indoors without use of flash.

[0140] By combining these two techniques, a very power-
ful determination is achieved of the local range of variability
for a particular person’s face classes. This range of variability
is somewhat analogous to the embodiment involving “clus-
tered face classes™ associated with FIG. 12(c), where mul-
tiple, overlapping face classes are replaced with a single face
class with a wider range of variability.

[0141] Let us next explain the operation of this new nor-
malization technique. Firstly an image of the person for
whom we wish to determine a local face class is captured with
the camera in flash mode, enabling it to compensate for any
deficiency in the ambient illumination conditions. Then a
second image is captured in non-flash mode, or at a lower
resolution or with faster exposure settings. This second image
provides a measure of the variability introduced by the ambi-
ent conditions.

[0142] Inoneembodiment, it is convenient to use a preview
image stream of a digital camera. This preview stream is
typically captured as a set of raw unprocessed images directly
from the image sensor within the camera. It provides a good
indication of the raw ambient image acquisition conditions.
Further, as it may be captured at a lower resolution than the
main image acquisition and at a fixed exposure and acquisi-
tion rate (typically 30-60 fps), no compensation for illumina-
tion conditions is typically performed on this preview stream.
Thus it is an advantageous indicator of extreme ambient con-
ditions when referenced against a main image portrait acqui-
sition.

[0143] The camera then process both of these reference
images, extracting face regions and processing them to gen-
erate a pair of faceprints for each face region. The faceprints
associated with each acquired facial image are illustrated in
FIG. 15(a). A major variability is captured in the first basis
vector, or principle component and can be determined by
subtracting these, viz: FV_F(1)-FV_NF(1)=VAR. In FIGS.
15(b) and 15(c), the first component of the flash and non-flash
feature vectors are removed, and it is illustrated how this VAR
vector can be used to align the higher order components of the
remaining flash and non-flash feature vectors (or faceprints).
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While the main variation between the two faceprints due to
local illumination has been removed, there is still a significant
variability between the flash and non-flash faceprints.
Clearly, the wider the variation between baseline flash and
ambient illumination, the greater this variability. Our tech-
nique of capturing two reference images enables us to make
an accurate determination of this variability using faceprint
analysis.

[0144] FIG. 15(d) illustrates a combined, illumination-nor-
malized, feature vectors for flash and non-flash faceprints.
FIG. 15(e) show how these feature vectors define a local
baseline faceprint, determined from the flash image, and a
radius of variability, determined from the image in ambient
illumination.

[0145] Referring to FIG. 12(c), it can seen how this tech-
nique provides a very useful means of determining a local
“clustered face class” for the faceprint of a person, deter-
mined from local conditions using flash and non-flash refer-
ence images. This can be used to match local conditions with
a subset of a person’s identities from the main identity data-
base, or alternatively and analogous to the “clustered face
classes” of FIG. 12(¢), to customize a generic identity for the
person derived from multiple overlapping face classes.
[0146] An optimally acquired image does not require the
use of flash. The main acquisition system of a camera may be
used to get a hi-res “camera-optimized” portrait image. Pre-
view images may be used which are lower resolution, have a
fixed frame rate (and so fixed acquisition time) and are not
post processed by the camera. Regardless of whether flash is
used for the main image or not, it provides an advantageous
portraitimage which can be used to determine median param-
eters of a person’s faceprint. Preview images can be used to
find extreme values for each faceprint in the ambient condi-
tions that the camera is experiencing at that time.

[0147] This has several advantages. First, it is not necessary
in this embodiment to gather and analyze dozens of different
values to get a person’s recognition profile. One can simply
capture one main image and then one or more preview
images, which can be captured just before or after the main
image or at the same time. Second, this is a process that can be
performed on a camera, is valid for a particular time and place
and ambient condition. This information may also be passed
back to a more sophisticated system on a desktop or Web
system, e.g., for further processing. Ranges of recognition
parameters may be advantageously obtained in local, ambient
conditions from a pair of differently acquired (reference) face
images in a camera.

Image Classification Database

[0148] FIG. 2(a) illustrates a representative example of the
data structure of the Image Classification Database [1160]. A
list of links to each image in the Personal Image Collection is
maintained in an Image List [2110]. The data associated with
each image is separated into two principle subcomponents: (i)
the actual Image Data [2100] which contains information
about the nature of a particular image in a user’s Personal
Image Collection. Examples include base Image Data [2130]
about the date, time or place (if a camera incorporates a GPS
subsystem) at which a picture was taken; Events & Occasions
associations [2120] which link an image with a list of social or
personal occasions such as weddings, family gatherings, sea-
sonal events, etc; Location associations [2140] such as the
beach, a ski resort or a theme park; Category associations
[2150]_such as various family activities, work or holida
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related picture, hobbies, sports, etc. and (ii) a set of People
Data [2200] which contains information about persons who
are known to the user. Some of this information may be
determined automatically by analysis of images, but much of
it will require that the user at least confirm the information
which is determined automatically and some information will
need to be entered manually. The task of managing this user
interaction and associating the recorded information with a
particular image is achieved by the Core Workflow module
[1110, 1410].

[0149] The set of People Data [2200] includes an ID List
[2210] which links each person who is added to the list with
a set of Personal Data [2220] and a set of Face Recognition
Data [2300]. In the embodiment described here the Personal
Data [2220] can also include a set of Relationship Data which
is stored in a Relationship List [2230] and describes the
relationship between this person and other persons who have
entries in the database. It can also include a Group Member-
ship List [2240] which contains information about social
groups which the person belongs to, including family,
extended family, workplace groupings or social activity
groupings. Most of this information will need to be entered
manually when a new Personal Profile is entered into the
system database. The task of managing this user interaction
and associating the recorded information with a particular
Personal Profile is also achieved by the Core Workflow mod-
ule [1110, 1410].

Face Recognition Data

[0150] FIG. 2(b) gives a more detailed description of how
the Face Recognition Data [2300] is organized for a single
person. An Appearance Table or List [2340] may be generated
to contain a list of alternative “appearances” that a person
may have. In turn, there is an Identity Space Table (not
marked, but including identity table 01 [2322], identity table
02 [2324] and identity tables nn [2326] and however many
additional identity tables that may be useful), associated with
each “appearance” that a person may’have and including one
or more Face Class Tables [2310]. Each Face Class Table
[2310] includes, in turn, one or more Faceprints [2330]. The
Faceprints are a set of co-ordinates in the known Face Space.
The data stored in this set of database tables is directly asso-
ciated with known Identity Regions, Face Class Regions and
Faceprint Vectors in the Face Space and will be explained in
more detail when the operation of the face recognition pro-
cess is described in more detail with reference to FIGS. 9(a)-
13(e).

Face Detection Workflow

[0151] FIG. 3 illustrates the Face Detection Workflow as
implemented by the relevant modules in FIGS. 1(a)-1(b). The
system sits in a wait state [3110] until the Image Detection
Module [1120] informs the Face Detection module that an
image is available for processing. Ifa Prefilter setting is active
[3120] the module will initially apply the Prefilter Scan
[3122] and recording location information on any potential
face candidate regions [3124]. If no Prefilter is required the
module moves directly to the Skin Pixel Locator [3120]. Once
all relevant skin pixels have been marked they are preferably
clustered to form larger, contiguous face candidate regions
[3140]. If the module is operating in fully automatic mode
[3160] then only complete face candidate regions are
accepted and added to the Auto-Recognition List which is

Mar. 18, 2010

then passed to the Core Workflow Module [3162]. If, how-
ever, this module is operating in a “semi-automatic” or
“learning” mode then additional, incomplete or partial face
candidate regions are clustered [3170] and added to a
Manual-Recognition List [3180]. In “learning” mode
[3190]—this is required when the system has very little train-
ing data to allow it to differentiate between different faces—
both the Auto-Recognition List and the Manual-Recognition
List are merged into a single Training List [3192] which is
then passed back to the Core Workflow Module [3194]; or if
the system is operating in semi-automatic mode [3190] then a
separate Auto-Recognition List and Manual-Recognition
List are passed back to the Core Workflow Module [3200].
The module then returns to its normal standby or “wait” state
until the next image is detected and loaded. It is noted that in
a preferred embodiment, skin detection and clustering are
separate from the learning mode feature, and there is prefer-
ably no training involved in the detection stage.

Core System Worktlow

[0152] FIGS. 4(a)-4(b) illustrate the Core System Work-
flow and is split into two inter-related diagrams. In this
embodiment, we assume that the system is implemented on a
single computer as illustrated in FIG. 1(a). Some additional
modifications would be involved if the system is split between
an Image Capture Device and a Desktop PC as illustrated in
FIG. 1(b).

[0153] This module sits in a wait state [4110] until a new
image is detected by the Image Detection module [1120]
whereupon the image is sent to the Face Detection module
[4120]. After completing the detection process the Face
Detection module returns its results and if no faces are found
[4130] in an image, this module returns to its idle/wait state
[4110]. When faces are found the module first tests to see if an
Auto-Recognition List exists [4140] and if not it loads the
Manual-Recognition List [4310] (or a Training List if the
system is in training mode). Then each face candidate region
on the Manual-Recognition List is loaded [4320] and the user
is prompted to identify said face candidate region [4330]. If
the user does not respond [4340] then after a timeout interval
the face is added to an Unidentified Face Candidate list
[4350]. If the user does respond [4340] then the identity
associated with this face candidate region is recorded [4360]
and the Face Recognition Database is updated [4370] with
this new association between the assigned identity and the
Faceprint of this face candidate region. Note that if the system
is busy processing a set of images this task can be placed ina
background queue. The process of associating an assigned
identity with an extracted Faceprint will be described in more
detail later. Finally, when the Manual Recognition List is
exhausted [4380] the module returns to its idle state [4110]
and waits for the next image to be detected.

[0154] Normally we expect the system to have an Auto-
Recognition List [4140] and in this case the Core Workflow
module enters a loop which gets the next face from the Auto-
Recognition List [4150] and sends it to the Face Recognition
module [4160] which should normally return a valid Face-
print [4170]. If, however, a valid Faceprint is not extracted
then the image is probably obscured or incomplete and is
added to the Manual Recognition List [4180] for later iden-
tification by the user. Normally, however, the Face Recogni-
tion module will return a valid Faceprint and this is then added
to the Faceprint Search List [4190]. If the Auto Recognition
List is not empty [4200] then there are still face candidates in
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this list so we load the next of these [4150] and continue with
the process of extracting Faceprints for each face candidate
region. Otherwise, the Faceprint Search List is loaded [4210]
and a search for the closest matching identity to the Faceprint
extracted from each valid face candidate is initiated.

[0155] The search methodology employed in this embodi-
ment is described in greater detail when we come to discuss
the physical manifestations of our concepts such as Face-
prints, Identity Regions and Face Classes in Face Space. For
now, the description will be confined, for ease of illustration
but not in a limiting sense, to how the database fields of the
Face Recognition Data portion of the Image Classification
Database are used to determine the most likely match to a
particular Faceprint.

[0156] Firstly, a search of all the known Faceprints, or of a
selected sub-set when working in semi-automatic mode,
which have been recorded by the Image Classification Engine
is made and the distance between the current Faceprint and
each of these is calculated [4220]. This calculation can be
based on one of a number of known multi-dimensional clas-
sifier metrics, depending on the means employed to derive the
fundamental set of Face Space basis vectors. Typically the
basis vectors will be determined using either Principle Com-
ponent Analysis (PCA) or Independent Component Analysis
(ICA) methods and thus we preferably employ either the
Euler distance, the Mahalanobis distance and/or the Fisher
faces approach for these calculations, although alternative
distance metrics may be appropriate for alternative sets of
basis vectors such as Fourier- or Wavelet-based basis vectors.
[0157] After this distance calculation, the search algorithm
first determines if the N closest matches lie within the same
Face Class. If so, then the current Faceprint can be unambigu-
ously associated with that particular Face Class [4230]. The
system may be configured such that if the distance between
the target faceprint and the nearest face print is much less than
to any other face print, then that may be determined also to
unambiguously identity a person. In this sense, the sensitivity
of'the matching may be set to any of a wide range of possible
values. The current Faceprint is then added to that Face Class
table [4240]. If it cannot be associated with a single Face
Class, either because there are not sufficient Faceprints within
that class, or because the N closest matches are spread across
two or more Face Classes, then the algorithm next determines
ifthe N closest matches belong to the same Identity Grouping
[4250], and if this is the case, an unambiguous match can still
be achieved. The current Faceprint can next be added to the
closest Face Class within that Identity Grouping and that Face
Class is expanded to encompass the current Faceprint [4260].
Finally, if the current Faceprint cannot be unambiguously
associated with a single Face Class, or a single Identity
Grouping, it is still possible that the same “known person”
may be associated with the N closest matches [4390]. If this
is the same person then the new Faceprint can be unambigu-
ously associated with that person [4395]. If, after each of
these steps, an unambiguous match with a “known person” is
not achieved, then the face candidate region associated with
the current Faceprint is added to the manual recognition list
[4398] and the user will be asked to complete the recognition
process, or discard the face candidate region completely.
[0158] Note that as the number of Faceprints in the Image
Classification Database grows the number, N, of required
closest matches will be increased from time to time in order to
improve the accuracy & reliability of the recognition process.
We further note that the distance metric used to determine the
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N closest matches is also used to determine if the matches are
too distant to constitute a reliable match with a particular Face
Class, Identity Grouping or Known Person.

[0159] Once a match has been determined and the current
Faceprint has been added to the Face Recognition Data for the
“known person” who was matched, the system next creates a
link from the Image Data to the database profile of that
“known person” [4270]. A cross-link is also added to the
profile of the matched “known person” which associates the
image with that person [4280]. Finally a message detailing
the successful match is sent to the Message Module [4290]
which may store, forward, or display it, depending on the
administrative settings of the system. If this is not the last face
candidate region in the Search List then the system loads the
next Faceprint [4210] and repeats the search & match process
for it.

[0160] Once all of the face candidate regions on the Auto
Recognition List have been processed the system must next
consider any face candidate regions which are on the Manual
Recognition List. It begins by loading the Manual Recogni-
tion List [4310] and loading the first face candidate region
from that list [4320]. This face candidate region is next pre-
sented to the user of the system via a dialog box [4330]. This
dialog box includes the current face candidate region and, if
the associated Faceprint was processed by the auto-identifi-
cation algorithm, a number of potential matching faces of
“known persons” may also be explicitly displayed. In addi-
tion the user may be provided with a browsable list of all
“known persons” to select from and an option to create a new
“known person”. If the user does not respond within a speci-
fied time interval [4340] then the system may automatically
add this face candidate region and the associated Faceprint to
an Unidentified List [4355]. This list of face candidate regions
may be presented to the user the next time that user input is
detected. This facilitates the unattended operation of the face
recognition process if a large set of new images is added to the
system.

[0161] Given that the user does identify the face candidate
region, then the associated Faceprint is added to a new Iden-
tity Grouping for that person and a new Face Class is also
created for the Faceprint [4350], or if the Faceprint is within
a predetermined minimum distance of an existing Identity
Grouping then that Identity Grouping is enlarged to encom-
pass the Faceprint. This enlargement process for an Identity
Grouping is described in greater detail below when physical
manifestations are discussed such as having to do with Face-
prints, Identity Regions and Face Classes in Face Space. Once
a match has been determined and the current Faceprint has
been added to the Face Recognition Data for the “known
person” who was matched, the system next creates a link from
the Image Data to the database profile of that “known person”
[4350]. A cross-link is also added to the profile of the matched
“known person” which associates the image with that person.
A message detailing the successful match may be sent to the
Message Module which may store, forward, or display it,
depending on the administrative settings of the system.
Finally, the System Database is updated [4360]. If there are
more face candidate regions remaining on the Manual Rec-
ognition list then the next is loaded and the system will repeat
this loop until the list is empty [4370]. Once this condition is
satisfied it will return to the main workflow idle state [4110].

Image Normalization

[0162] Afteralistoffacecandidate regions within an image
has been returned by the detection module, the main work-
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flow will work to normalize these before they are passed onto
the recognition module. The exact normalization procedure
to be followed will depend, in part, on (i) the techniques
employed in the recognition module to extract a faceprint; (ii)
the one or more basis sets, in terms of which the faceprint will
be described, and (iii) the physical characteristics of the face
candidate region which is to be normalized.

[0163] Aswill be known to those skilled in the art, different
face recognition techniques exhibit differing levels of sensi-
tivity to different aspects and physical characteristics ofa face
candidate region. We cite, as an example, the well-known
sensitivity of Eigenface, or PCA techniques to differences in
illumination. It has been determined by those skilled in the art
that much of this sensitivity is embodied in the three or four
largest eigenface basis vectors. Thus, if the faceprint of a face
region, described in terms of eigenface basis vectors, omits
those particular basis vectors from the basis set, in terms of
which the faceprint is described, then the recognition process
will be insensitive to variations in illumination.

[0164] Implementing anormalization scheme to correct for
illumination, in-plane rotation or scaling distortions of a face
candidate region are relatively straightforward compared
with pose distortions. Thus, the description that follows
focuses on approaches to normalization techniques for pose
distortion as this is more difficult to compensate for in a
normalization scheme. It is worthwhile remarking that the
system of the preferred embodiment provides a framework
within which existing techniques may be combined to com-
pliment and enhance each other and provide an improved
workflow system for face detection, normalization of the
resulting face candidate region, the generation of a recogni-
tion signature, or faceprint from the normalized face candi-
date region, and ultimately improved accuracy of recognition
of'the person associated with the face candidate region. Thus,
the pose normalization described herein may be preferably
combined with other normalization techniques as understood
by those skilled in the art.

[0165] Regarding pose normalization, we note that there
are two distinct approaches which are implemented in the
preferred embodiment of our workflow system. These two
approaches to normalization of the image also affect the
subsequent face recognition process. Note that these two
approaches are complimentary and both may be employed
within the same preferred embodiment to enhance the overall
accuracy of the workflow recognition process.

[0166] Our first implementation of the normalization mod-
ule is described by FIG. 5(a) and is referred to as normaliza-
tion mode A. It is assumed that the facial candidate region to
be normalized is rotated no more than 45 degrees to the left (or
right) and no more than 30 degrees up (or down). The nor-
malization module is activated from its idle state [5010] when
it is passed such a facial candidate region from the main
workflow module. Now in order to further process this facial
candidate region it is necessary to determine the facial pose
which, in our preferred embodiment, is calculated based on
the relative positions of the principle face features (eyes, nose,
mouth and, occasionally, ears, hairline and chin). Now infor-
mation on the locations of said features may already be deter-
mined by the face detection module and passed to the nor-
malization module with the image, or may be contained
within the image metadata. If this is the case [5020] then we
may proceed directly to the pose determination step [5030].
If, however, information is not available on the locations of
the pertinent face features for the face candidate region
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[5020] then it will be necessary to apply a face feature local-
ization filter [5022] to the candidate region and to record the
locations of the relevant features [5024].

[0167] Inaddition to the illumination level of the potential
face candidate region, other physical characteristics which
can influence the recognition process are illustrated in FIGS.
6(a)-6(¢). The most common of these, but also the more
straight-forward of these to handle, as they relateto frontal, or
semi-frontal face candidate regions, are in-plane rotation of
the face, illustrated by FIG. 6(a) and scaling variations in the
size of the face candidate region, illustrated in FIG. 6(5). The
ideal face candidate region which is fully frontal and is free of
rotational or scaling distortions, is illustrated in FIG. 6(c).
The more difficult distortions of a face candidate region occur
when the face is rotated to face to the left (or right) so that it
appears in a semi-profile as illustrated in FI1G. 6(d) [ Note: Ifit
is rotated to 45 degrees we shall refer to this as half-profile; to
90 degrees as full-profile]. Equally difficult to correct is the
case when the face candidate region is rotated so that the face
looks up (or down) as illustrated in FIG. 6(e). In what follows
these latter two cases will be referred to as pose distortion
whereas simple in-plane rotation, as shown in FIG. 6(a) will
be referred to as rotational distortion. We will also refer to
faces as semi-frontal where there is a complete view of each
eye region and the mouth. In very approximate terms this
requires that the left-right rotation is less than 30 degrees and
the up/down rotation is less than 15 degrees. The amount of
allowable rotation depends partly on the size of the nose and
also on how well-defined the eye and mouth regions are.
[0168] Once the information on the location of the face
features within the face candidate region is available, it is
possible to proceed to the pose determination step. A number
of'approaches to pose determination are understood by those
skilled in the art. In our preferred embodiment, we utilize a
technique which is based on determining the 2-D projection
of'the 3-D eye-mouth triangle onto the face candidate region.
The anthropometric data indicates that the region delineated
by these face features forms an equilateral triangle in the
plane of the face for the majority of persons. Thus, from the
shape of the 2-D projection of this region, it is possible to
determine the plane of the face, and thereby extrapolate the
pose distortion [5030].

[0169] The next step is to determine how this pose distor-
tion can be normalized. A full normalization would require
that we transform the face candidate region to a 3-D space
map and then rotate it until the appropriate corrections for
left/right (yaw) and up/down (pitch) rotations are normalized.
However this can be computationally intensive and if a face
candidate region is semi-frontal, then we can achieve accurate
normalization results using 2-D transformations [5045].
[0170] Ifthe posedistortion is more extreme, then it is more
desirable to transform the face candidate region into a 3-D
space. Again there are a variety of approaches that may be
understood by those skilled in the art for handling this prob-
lem. Most of these employ some technique of deforming a
pre-defined 3-D face model to fit the extracted face candidate
region. One such technique is described by Tony Jebara in a
Ph.D. thesis from McGill University, 1996, entitled 3D Pose
Estimation and Normalization for Face Recognition. This
employs a normalized 3D face model illustrated in FIG. 7(a)
which is drawn from the thesis manuscript. Jebara proposes
that a simple 1-D scaling of this model along its horizontal
axis is sufficient to match a broad range of faces; thus a person
with a thin face can be represented by the compacted model
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illustrated in FIG. 7(b) and another person with a plump, or
“moon” face can be modeled by an elongation of the basic
model illustrated in FIG. 7(¢). The advantage of this tech-
nique is that the simple 1-D scaling employed will require
much less computing power than more complex 2-D or 3-D
matching techniques.

[0171] Thus, when a face candidate region is determined to
have a greater pose distortion than can be compensated for
using a 2-D transformation [5050], then it is desired to
employ a mapping of the candidate region onto a 3-D model.
This begins with a determination of the 1-D horizontal stretch
factor [5045] which then allows the appropriate scaling of the
normalized 3-D face model. The texture, color and feature
regions of the 2-D candidate region are next mapped onto the
3-D model [5054]. A physical representation of several such
example mappings is shown in FIGS. 7(d)-7(f); F1G. 7(d)
shows that this technique is also applicable to semi-frontal
images; FIG. 7(e) shows how a candidate region with signifi-
cant pitch angle is mapped onto the 3-D model and FIG. 7(f)
shows how a candidate region with both pitch and yaw pose
distortion is mapped to the same model.

[0172] Once the candidate region is mapped to the 3-D
model the next step is to rotate the model so that the face is in
a fully-frontal orientation [5056], and this 3-D frontal face is
then mapped onto a 2-D normalized face candidate region
[5058]. This normalized face candidate region must now be
further corrected for variations in scale and illumination
[5060]. It is, for example, particularly important for most face
recognition algorithms that the eye and mouth regions be
closely aligned to facilitate accurate recognition. This is rela-
tively easy to achieve when standardized “mug-shot” images
are used, but when the face candidate regions originate from
complex images with a cluttered background it becomes
more problematic. Finally, the normalized face candidate
region is passed back to the main workflow module and the
normalization module returns to its idle state.

[0173] Our second implementation of the normalization
module is described by FIG. 5(b) and is referred to as nor-
malization Mode B. In this mode of operation the normaliza-
tion module does not attempt to re-align the face candidate
region into a standardized frontal candidate region. Instead
the system maintains a plurality of face recognition datasets
[2300], each of which is associated with a particular discrete
range of pose angles. In a simple case there would be face
recognition datasets associated with left/right pitch rotations
otf'0, 15, 30, 45, 60, 70 and 90 degrees and for up/down yaw
rotations of 0, 15, 30 and 45 degrees. This implies 91 distinct
face recognition datasets, but due to lateral face symmetry it
can, in fact, be reduced to 49 distinct datasets. Further, each
dataset, associated with a particular pitch & yaw angular
combination may be described in terms of a unique basis set.
Thus the recognition module is accordingly modified to gen-
erate a faceprint based not only on the input face candidate
region but also on the pitch & yaw angular combination of
pose distortion as determined by the normalization module.
In other words, when operating in Mode B the normalization
module does not actually modify the pose of the face candi-
date region but rather determines the pose distortion and
matches it to a basis set which is tuned to enhance recognition
of faces at that pose angle.

[0174] Those skilled in the art will realize that given 49
distinct classes of pose distortion it will take a large amount of
input data to populate each of these distinct face spaces with
faceprints associated with known persons. To compensate for
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this we preferably utilize a prior art technique described in
detail in Chapter 7, of MIT Artificial Intelligence Technical
Report No. 1574 to Beymer.© MIT 1996. This allows a mul-
tiplicity of views, at different pitch & yaw pose angles, to be
generated from a single input image. Note that the techniques
employed by Beymer utilize 2-D techniques, whereas we
have extended these to use more sophisticated 3-D tech-
niques, and as this operation can be performed in the back-
ground we can employ multi-dimensional approaches utiliz-
ing, for example, 3-D Active Appearance Models which offer
superior results to the 1-D matching technique described by
Jebara and previously cited in this section. Following the
generation of this multiplicity of views from a single image,
a faceprint is obtained for each view, and each of these face-
prints is added to the face recognition dataset for that particu-
lar combination of pitch & yaw pose angles. In this way, the
49 face recognition datasets associated with the 49 distinct
classes of pose distortion are populated at the same rate as
would occur when a single face recognition dataset is used.
[0175] FIG. 8(c)illustrates a browser window showing nine
face region images of a same person. Each of them, with the
exception perhaps of the image labeled 10.jpg, would
undergo some normalization processing prior to being sub-
ject to the recognition programming. For example, most
would undergo some pose and orientation normalization,
whereas size and luminance may or may not, depending on
the sensitivity that is set, be within tolerance for face recog-
nition.

[0176] A description of the practical operation of the face
normalization module when operating in Mode B is given in
FIG. 5(5). The normalization module is activated from its idle
state [5110] when it is passed such a facial candidate region
from the main workflow module. Now in order to further
process this facial candidate region it is necessary to deter-
mine the facial pose which, in our preferred embodiment, is
calculated based on the relative positions of the principle face
features (eyes, nose, mouth and, occasionally, ears, hairline
and chin). Now information on the locations of the features
may already be determined by the face detection module and
passed to the normalization module with the image, or may be
contained within the image metadata. If this is the case [5120]
then we may proceed directly to the pose determination step
[5130]. If, however, information is not available on the loca-
tions of the pertinent face features for the face candidate
region [5120], then it will be necessary to apply a face feature
localization filter [5122] to the candidate region and to record
the locations of the relevant features [5124].

[0177] The next step is to determine if the face candidate
region is a semi-frontal one [5140]. This does not affect the
actual normalization procedure, but if the face candidate
region is semi-frontal then it is added to a background pro-
cessing list and will subsequently be used to generate a mul-
tiplicity of face views from which the corresponding multi-
pose faceprints will be extracted and added to the relevant
face recognition datasets [5145]. The normalization module
then applies filters to scale and correct in-plane orientation of
the master face candidate region [5150] which is then passed
back to the main workflow module together with the relevant
pitch & yaw pose angle data [5160]. After this, the module
returns to an idle state [5110].

Image Recognition Process

[0178] A highly advantageous feature of the system of the
preferred embodiment is its approach to the Igroblem of
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implementing an adaptive, self-learning means of performing
face recognition. FIG. 9(a) shows a graphical representation
of how multiple, distinct, face classes formed from collec-
tions of closely collocated faceprints can be used to define a
unique region in Face Space which is associated with a par-
ticular Identity Region for a “known person”. In FIG. 9(a), a
single Identity Region, ID, [9000] is shown, which is com-
posed ofthree separate Face Classes, FC, [9010], FC, [9020],
and FC; [9030]. FIG. 9(a) also illustrates three face prints
which constitute the members of FC, [9020], that is FP,,
[9022],FP,;[9024] and FP, . [9026]. Note that in this and the
following discussions, the assumption is made that the Face
Space is limited to 3 orthonormal basis vectors. This facili-
tates an analogy with conventional 3D Cartesian Space mak-
ing some of the concepts easier to visualize and understand.
However, any practical Face Space which is used for face
recognition purposes may typically utilize a minimum of 20
orthonormal basis vectors, and may generally have an arbi-
trary number. Thus we emphasize that our analogy with 3D
Cartesian Space is a device to simplify the understanding of
the concepts outlined in what follows.

[0179] FIG. 9(b) illustrates two such Identity Spaces with
their associated face classes and faceprints. Three orthonor-
mal basis vectors, A, A,, and A, are shown, although there are
actually 20-50 basis vectors employed in practical implemen-
tations, i.e., n=20+. Each of the vectors comprising an entry in
a Face Class is shown as a 3D Cartesian Vector, although in
reality it has 20+ dimensions.

[0180] The overall concept of how this adaptive face rec-
ognition algorithm works is somewhat analogous to a series
of expanding “bubbles” of ‘“known regions” within Face
Space. New points in our multi-dimensional Face Space are
obtained from the new Faceprints extracted from face candi-
date regions identified within the images comprising an
image collection. These new points in Face Space are then
associated with “known persons” or “known identities” either
automatically, or through manual recognition by the user such
as in a semiautomatic mode. Once they are associated with a
“known person”, we use the Face Space coordinate location
of this new Faceprint to grow the current Face Classes and
Identity Region associated with this “known person”. This
will enhance future recognition of this particular “known
person”.

[0181] Several such means to grow the region of Face
Space associated with a “known person” are described in
FIGS. 10(a)-10(b). In FIG. 10(a), it is illustrated how a new
Faceprint [10010] which is associated, either automatically or
manually, with a “known person” will lead to the creation of
a new Face Class [10030] when it is located at a distance
further than a certain R, [10020] from any existing face
classes [10040] associated with the same “known person”. In
this way new Face Classes are created by an adaptive recog-
nition algorithm. Such new Face Classes preferably will, in
turn, grow the nearest Identity Region for that “known per-
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son”.
[0182] FIG. 10(b) shows how a new Faceprint [10110]
extends or grows an existing Face Class [10130] when it is
within a distance R, [10120] from the existing face class.
This mechanism allows existing Face Classes to grow the
region they occupy in Face Space.

[0183] Naturally as these bubbles of “known regions” in
Face Space continue to expand they will eventually begin to
overlap with other such bubbles. When this happens, a means
of refining the boundary between the two regions in Face
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Space may become involved. To stay with the analogy of
expanding bubbles: when two bubbles grow to overlap each
other, these “outer bubbles” or larger bubbles (Identity
Regions) will preferably “burst” when they begin to overlap,
while the smaller bubbles within these larger bubbles (Face
Classes) remain intact and continue to grow independently.
The various steps of this process are illustrated in FIGS.
11(a)-11(c). In FIG. 11(a), it is illustrated how an Identity
Space, ID; [11020], associated with one person can grow to
overlap with the identity region, ID, [11030], of another
person. When this occurs, a more granular separation of the
boundary is preferably obtained between the regions of Face
Space which identify these two distinct “known persons”.
The first step in this process is shown in FIG. 11(5) which
describes how these overlapping identity regions can be sepa-
rated from each other by “bursting” the outer bubbles, or
Identity Regions and thus shrinking the region of Face Space
associated with each “known person” back to their compo-
nent Face Classes. In this example, the first Identity Region,
ID; [11110], includes four internal Face Classes of which
one, FC, [11112] overlaps with the second Identity Region,
1D, [11120], which is composed of only 2 Face Classes, FC,
[11124] and FC, [11114]. Each of these component Face
Classes are now regrouped into new Identity Regions as
shown in FIG. 11(c). Here we see that both Identity Regions
have split into two smaller regions. The larger region now
includes 1D, , [11210] which contains three component Face
Classes, and ID, 5 [11220] which includes a single component
Face Class. The smaller region now includes 1D, , [11230]
and 1D,z [11240] each including a single component Face
Class.

[0184] Following on from the analogy of growing
“bubbles” of Face Space and now “bursting” these “bubbles”
when they start to overlap in order to shrink back the bound-
ary region, there may occasionally arise a desire to reorganize
and break down a Face Class into smaller constituent Face
Classes. This occurs after the operation described with refer-
ence to FIGS. 11(a)-11(b), because three of the new Identity
Regions obtained from the shrinking operation, illustrated in
FIG. 11(¢), have only a single constituent Face Class. Thus, if
any of these classes now grows to overlap another Identity
Region, shrinking it again is a problematic issue. A separate
situation can also arise where the number of distinct Face-
prints which constitute a Face Class has grown to quite a large
number. In this situation this multiplicity of Faceprints rep-
resents a large amount of redundant information. Further-
more, during the search algorithm to determine a match with
anew Faceprint each of these existing Faceprints would pref-
erably be searched against separately. In such a case it also
makes sense to break this parent Face Class down into a
smaller, more compact, constituent set of Face Classes using
some form of “clustering algorithm” to determine the main
focal centers and substantially reduce the number of indi-
vidual Face Prints.

[0185] Those skilled in the art will realize that there are a
number of different ways to achieve the stated goal of sepa-
rating a large Face Class into a set of smaller, more compact,
Face Classes with a significantly reduced number of constitu-
ent Faceprints. In FIGS. 12(a)-12(c), an approach to solving
this problem is illustrated which is that adopted in the pre-
ferred embodiment we describe herein. However there are
other related algorithms which may prove more beneficial in
different situations and we remark that it is not our intention
to restrict the means by which a Face Class may be broken u
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into smaller, more compact, Face Classes. FIG. 12(a) shows
aface class [12020] which has grown over time to incorporate
arelatively large number of Faceprints [12010] which exhibit
localized clustering. In this example, there are three obvious
clusters of Faceprints. FIG. 12() illustrates explicitly how
these Faceprints are clustered. For example the cluster, C,
[12150] is comprised of three constituent Faceprints, [12152,
12154, and 12156]. By applying a conventional clustering
algorithm, FIG. 12(c) shows how each local cluster can be
replaced by a single Clustered Face Class which is composed
of a centre faceprint location in face space and a cluster
radius, R,.

[0186] When the system is implemented on a handheld
imaging apparatus such as a digital camera, it is possible to
determine the equivalent of a clustered face class by capturing
two reference images—one under flash illumination and one
under ambient illumination. After processing these reference
images to extract their normalized faceprints, they can be
used to determine a baseline, or center, faceprint from the
flash illuminated image and a radius of local variability, or
face cluster radius, using the faceprint of the image captured
under ambient illumination. An exemplary set of process
steps for this technique is provided in FIGS. 15(a)-(e).
[0187] In our earlier description of the functioning of the
recognition algorithm which operates as part of the Core
Workflow module, it was mentioned that there is a 3-step
comparative analysis applied to the current Faceprint. Thus, if
the current Faceprint lies within a region of Face Space which
corresponds to an existing Face Class, then the current Face-
print can be unambiguously associated with the “known per-
son” described by the Face Class. Alternatively, if the current
Faceprint lies within a region of Face Space which corre-
sponds to an Identity Region then, again, the current Face-
print can unambiguously be associated with the “known per-
son” described by the Identity Region. In the third step of
comparison, the current Faceprint lies outside any known
Face Classes or Identity Regions and thus is identified in the
context of the closest N Faceprints.

[0188] This third step is now described in more detail. FIG.
13(a) describes the recognition process where the current
Faceprint lies in a region of Face Space between two “known”
Identity Regions. Typically the matching Faceprints lie
within a maximum recognition distance or the current Face-
print is considered to be too far from any “known” Identity
Regions to provide a useful match. Given that this distance
criterion is satisfied, the algorithm matches at the N closest
Faceprints to the current Faceprint. However, as the distances
to the N nearest Faceprints may often be almost equal we
generally accept that all Faceprints within a certain recogni-
tionradius, D, [13020] are accepted as matches, provided
that the number of matching Faceprints is greater than N. In
the example shown, the value of N is 5. There are 4 matching
Faceprints [13052, 13054, 13056 and 13058] which lie in
Identity Region ID; [13050] and one matching Faceprint
[13042] which lies in Identity Region ID, [13040]. As a rule
of thumb, the algorithm requires that at least 75% of the
closest Faceprint matches should be commonly associated to
the same “known person” for an unambiguous match to be
allowed. Thus in this example drawn from our preferred
embodiment, the current Faceprint [13010] is matched with
the “known person” associated with Identity Region ID,
[13050].

[0189] FIG.13(b) shows how, once the recognition process
has associated the new faceprint [13110] with one of the two
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known identity regions, ID,, that identity region, in this case
0ldID, [13120], then grows to include the new faceprint as a
new face class within 1D, forming newID, [13140].

[0190] FIG. 13(c) shows a similar situation to FIG. 13(a),
but in this case it is not clear which of the two identity regions
should be associated with the new faceprint as there is an
almost equal number of matching Faceprints from each ID
space and the system then preferably asks the user to make
this determination. FIG. 13(d) illustrates the case where the
user chooses identity space ID;. In this case oldID, [13320],
then grows to include the new faceprint [13310] as a new face
class within ID,, forming the new identity space, newlD,
[13340]. FIG. 13(e) illustrates the alternative case where the
user chooses 1D, In this case oldID, [13430], then grows to
include the new faceprint [13410] as a new face class within
1D,, forming the new identity space, newlD, [13440].
[0191] In this way, we may consider that new Faceprints
cause “bubbles” of known face space to grow around existing
identity regions until the surfaces of these “bubbles” begin to
intersect with other regions. When a clear, unambiguous,
association with an existing known identity cannot be estab-
lished, then the system will return to the user to make this
association.

[0192] FIGS. 14(a)-14(d) illustrates an exemplary user
interface (UI) for implementing the system of the preferred
embodiment. In the upper left of the browser window, an
acquired digital image is shown, e.g., as acquired by a web-
cam, a digital camera cable-coupled to a PC, a digital camera
(dedicated or as part of a mobile phone or pda) wherein the
browser is resident on the camera and the Ul is visible through
a display on the camera, or a scanner. The lower left box
within the browser window shows that two face regions have
been identified. As described above, the face regions, upon
detection as being in fact face regions, would be normalized
and a set of face classifier parameter values would be
extracted. Then, these would be compared to values corre-
sponding to known identities archived within the database.
The right hand side of the browser window indicates that one
of the face regions identified corresponds to Darina who is a
known person within the database. In this embodiment, the
user is provided an option to select Darina as the known
identity with which the image is to be associated, or to match
to another face or to create a new face, although the system is
suggesting that there is a face recognition match with Darina.
The user could then cycle to the second face detected and
likely be provided a suggestion to associated the second face
with another known identity, Sarah.

[0193] FIG. 14(b) indicates that the system recognizes that
more than one face has been detected, and is providing the
user an option to choose one of the faces for further process-
ing. The right hand window in the browser is showing mul-
tiple digital images that may be linked and grouped in the
archive in accordance with the preferred embodiment, includ-
ing other images of the faces of Darina and Sarah that will be
respectively associated with those known identities. Sarah
and Darina themselves may be grouped together as friends,
colleagues, workplace associates, etc., and probabilities for
finding their faces together in an image containing multiple
faces will preferably be increased within the face recognition
algorithm.

[0194] InFIG.14(c), oneofthe faces has beenselected, and
FIG. 14(d) indicates that a match with Darina of 85% prob-
ability has been found among the prior known identities in the
database. The system may be configured to automatical
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accept Darina as the match and associate and archive the face
region and image within the database grouped with the iden-
tity Darina.

Face Detection and Enhancement Processing

[0195] Face detection was introduced above and a face
detection module is included as part of the system of the
preferred embodiment. Further details and alternative
embodiments involving, utilizing or deriving from the face
detection feature are now described. These embodiments
include methods and devices for providing or suggesting
options for automatic digital image enhancements based on
information relating to the location, position, focus, exposure
or other parameter or values of parameters of faces in an
image. Such parameters or values of parameters may include
a spatial parameter. For example, an orientation of a face or
faces within an digital image may be used to adjust or suggest
an adjustment of an orientation of the entire image or of one
or more faces within the image. Color correction or enhance-
ment may be automatically suggested or provided for digital
images based on color or tonal values of faces in the image.
Pleasing cropping of images may be suggested or provided
based on knowledge particularly of the location and/or size of
faces in the image. These enhanced images may be classified
and archived within the database. In some cases, enhance-
ments may be performed prior to facial recognition process-
ing and/or as part of the normalization process. The enhanced
images may be themselves alone archived or they may be
preferably stored along with links to the original images.
[0196] A still image may be animated and used in a slide
show by, e.g., zooming, panning and/or rotating where the
center point of an image is within a face or at least the face is
included in all or substantially all of the images in the slide
show. Selective compression, or alternatively selective reso-
Iution, or both, of images may be suggested or automatically
provided where one or more faces receive higher grade com-
pression and/or alternatively higher local resolution than
other portions of the image. A fill flash may be automatically
digitally simulated or suggested, or actually applied to an
object, upon analysis of a luminance map of the image. A
camera may also be automatically focused prior to acquiring
an image based on knowledge regarding the faces in an
image.

[0197] One embodiment includes an image processing
application whether implemented in software or in firmware,
as part of the image capture process, image rendering process,
or as part of post processing. This system receives images in
digital form, where the images can be translated into a grid
representation including multiple pixels. This application
detects and isolates the faces from the rest of the picture, and
determines sizes and locations of the faces relative to other
portions of the image or the entire image. Orientations of the
faces may also be determined. Based on information regard-
ing detected faces, preferably separate modules of the system
collect facial data and perform image enhancement opera-
tions based on the collected facial data. Such enhancements
or corrections include automatic orientation of the image,
color correction and enhancement, digital fill flash simulation
and dynamic compression.

[0198] In another embodiment, the information regarding
the location and size of faces in an image assist in determining
correct auto focus distance and exposure in the camera. In a
separate embodiment, such information can be processed in
the camera as part of the post processing stage such that the
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saved image is already automatically corrected, enhanced
and/or adjusted based on this information.

[0199] Advantages of these embodiments include the abil-
ity to automatically perform or suggest or assist in performing
complex tasks that may otherwise call for manual interven-
tion and/or experimenting. Another advantage is that impor-
tant regions, e.g., faces, of an image may be assigned, marked
and/or mapped and then processing may be automatically
performed and/or suggested based on this information relat-
ing to important regions of the images. Automatic assistance
may be provided to a photographer in the post processing
stage. Assistance may be provided to the photographer in
determining a focus and an exposure while taking a picture.
Meta-data may be generated in the camera that would allow
an image to be enhanced based on the face information.
[0200] Many advantageous techniques are provided in
accordance with further alternative embodiments set forth
herein. For example, a method of processing a digital image
using face detection within said image to achieve one or more
desired image processing parameters is provided. A group of
pixels is identified that correspond to an image of a face
within the digital image. Default values are determined of one
or more parameters of at least some portion of the digital
image. Values of the one or more parameters are adjusted
within the digitally-detected image based upon an analysis of
the digital image including the image of the face and the
default values.

[0201] The digital image may be digitally-acquired and/or
may be digitally-captured. Decisions for processing the digi-
tal image based on said face detection, selecting one or more
parameters and/or for adjusting values of one or more param-
eters within the digital image may be automatically, semi-
automatically or manually performed. Similarly, on the other
end of the image processing workflow, the digital image may
be rendered from its binary display onto a print, or a electronic
display.

[0202] The one or more parameters that may be adjusted
may include orientation, color, tone, size, luminance, relative
exposure, relative spatial location, tone reproduction, sharp-
ness or focus or combinations thereof. The one or more
parameters may include a mask that defines one or more
regions where the one or more parameters are valid. The mask
may include a continuous presentation of varying strength
within different sub-regions of said one or more regions. The
one or more parameters may include the same parameter
differing in value based on the mask.

[0203] Two or more parameters may be concatenated into a
single parameter. The digital image may be transformed
based on values of the one or more parameters. An operation
list may be created for the digital image based on values of the
one or more parameters. The operation list may be embedded
within the digital image or may be external to the digital
image.

[0204] Values of orientation may be adjusted such that a
rotation value for the digital image is determined. Values of
the color, tone, size, luminance, relative exposure may be
adjusted including manipulating a color, tonal, size, lumi-
nance, fill-flash balance of the digital image, respectively.
Values of relative spatial location may be adjusted including
adjusting a spatial location of an image of a face relative to at
least one other region of the digital image. Values of focus
may be adjusted including adjusting values of focus for
enhancing a focus of the image of the face within the digital
image,
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[0205] One or more different degrees of simulated fill flash
may be created by manual, semi-automatic or automatic
adjustment. The analysis of the image of the face may include
a comparison of an overall exposure to an exposure around
the identified face. The exposure may be calculated based on
a histogram. Digitally simulation of a fill flash may include
optionally adjusting tone reproduction and/or locally adjust-
ing sharpness. One or more objects estimated to be closer to
the camera or of higher importance may be operated on in the
simulated fill-flash. These objects determined to be closer to
the camera or of higher importance may include one or more
identified faces. A fill flash or an option for providing a
suggested fill-flash may be automatically provided. The
method may be performed within a digital acquisition device,
a digital rendering device, or an external device or a combi-
nation thereof.

[0206] The face pixels may be identified, a false indication
of another face within the image may be removed, and an
indication of a face may be added within the image, each
manually by a user, or semi-automatically or automatically
using image processing apparatus. The face pixels identifying
may be automatically performed by an image processing
apparatus, and a manual verification of a correct detection of
at least one face within the image may be provided.

[0207] A method of digital image processing using face
detection to achieve a desired image parameter is further
provided including identifying a group of pixels that corre-
spond to an image of a face within a digitally-detected image.
Initial values of one or more parameters of at least some of the
pixels are determined. An initial parameter of the digitally-
detected image is determined based on the initial values.
Values of the one or more parameters of pixels within the
digitally-detected image are automatically adjusted based
upon a comparison of the initial parameter with the desired
parameter or an option for adjusting the values is automati-
cally provided.

[0208] The digitally-detected image may include a digi-
tally-acquired, rendered and/or digitally-captured image. The
initial parameter of the digitally-detected image may include
an initial parameter of the face image. The one or more
parameters may include any of orientation, color, tone, size,
luminance, and focus. The method may be performed within
a digital camera as part of a pre-acquisition stage, within a
camera as part of post processing of the captured image or
within external processing equipment. The method may be
performed within a digital rendering device such as a printer,
or as a preparation for sending an image to an output device,
such as in the print driver, which may be located in the printer
or on an external device such as the PC, as part of a prepara-
tion stage prior to displaying or printing the image. An option
to manually remove a false indication of a face or to add an
indication of a face within the image may be included. An
option to manually override, the automated suggestion of the
system, whether or not faces were detected, may be included.
[0209] The method may include identifying one or more
sub-groups of pixels that correspond to one or more facial
features of the face. Initial values of one or more parameters
of pixels of the one or more sub-groups of pixels may be
determined. An initial spatial parameter of the face within the
digital image may be determined based on the initial values.
The initial spatial parameter may include any of orientation,
size and location.

[0210] When the spatial parameter is orientation, values of
one or more parameters of pixels may be adjusted for re-
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orienting the image to an adjusted orientation. The one or
more facial features may include one or more of an eye, a
mouth, two eyes, a nose, an ear, neck, shoulders and/or other
facial or personal features, or other features associated with a
person such as an article of clothing, furniture, transportation,
outdoor environment (e.g., horizon, trees, water, etc.) or
indoor environment (doorways, hallways, ceilings, floors,
walls, etc.), wherein such features may be indicative of an
orientation. The one or more facial or other features may
include two or more features, and the initial orientation may
be determined base on relative positions of the features that
are determined based on the initial values. A shape such as a
triangle may be generated for example between the two eyes
and the center of the mouth, a golden rectangle as described
above, or more generically, a polygon having points corre-
sponding to preferably three or more features as vertices or
axis.

[0211] Initial values of one or more chromatic parameters,
such as color and tone, of pixels of the digital image may be
determined. The values of one or more parameters may be
automatically adjusted or an option to adjust the values to
suggested values may be provided.

[0212] Within a digital acquisition device, a method of
perfecting acquisition parameters of a digital image as part of
an image capture process using face detection within said
captured image to achieve one or more desired image acqui-
sition parameters is provided. Default values are determined
of'one or more image attributes of at least some portion of the
digital image. Values of one or more camera acquisition
parameters are determined. Groups of pixels are identified
that correspond to an image of a face within the digitally-
captured image. Corresponding image attributes to the groups
of'pixels are determined. One or more default image attribute
values are compared with one or more captured image
attribute values based upon analysis of the image of the face.
Camera acquisition parameters are then adjusted correspond-
ing to adjusting the image attribute values.

[0213] The method may be performed within any digital
image capture device, which as, but not limited to digital still
camera or digital video camera. The one or more parameters
may include overall exposure, relative exposure, orientation,
color balance, white point, tone reproduction, size, or focus,
or combinations thereof. The face pixels identifying may be
automatically performed by an image processing apparatus,
and the method may include manually removing one or more
of the groups of pixels that correspond to an image of a face.
An automatically detected face may be removed in response
to false detection of regions as faces, or in response to a
determination to concentrate on less image faces or images
faces that were manually determined to be of higher subjec-
tive significance, than faces identified in the identifying step.
A face may be removed by increasing a sensitivity level of
said face identifying step. The face removal may be per-
formed by an interactive visual method, and may use an
image acquisition built-in display.

[0214] The face pixels identifying may be performed with
an image processing apparatus, and may include manually
adding an indication of another face within the image. The
image processing apparatus may receive a relative value as to
a detection assurance or an estimated importance of the
detected regions. The relative value may be manually modi-
fied as to the estimated importance of the detected regions.
[0215] Within a digital camera, a method of digital image
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parameter is further provided. A group of pixels is identified
that correspond to a face within a digital image. First initial
values of a parameter of pixels of the group of pixels are
determined, and second initial values of a parameter of pixels
other than pixels of the group of pixels are also determined.
The first and second initial values are compared. Adjusted
values of the parameter are determined based on the compar-
ing of the first and second initial values and on a comparison
of the parameter corresponding to at least one of the first and
second initial values and the desired image parameter.
[0216] Initial values of luminance of pixels of the group of
pixels corresponding to the face may be determined. Other
initial values of luminance of pixels other than the pixels
corresponding to the face may also be determined. The values
may then be compared, and properties of aperture, shutter,
sensitivity and a fill flash may be determined for providing
adjusted values corresponding to at least some of the initial
values for generating an adjusted digital image. The pixels
corresponding to the face may be determined according to
sub-groups corresponding to one or more facial features.
[0217] Within a digital acquisition device with an adjust-
able optical system having an auto focusing mechanism, a
method of perfecting the auto focus mechanism of the adjust-
able optical system as part of an image capture process using
face detection in the image capture process to achieve one or
more desired image acquisition parameters is provided.
Groups of pixels are identified that correspond to an image of
a face within a digitally-captured image. Corresponding
image attributes to the groups of pixels are determined. Auto
focus is perfected by performing the auto focus on the plural
groups of pixels that correspond to the image of the face.
[0218] The auto focus may be initially performed on the
entire image the method for auto-focusing the lens and the
automatic adjusting automatically adjusting one or more
properties of the adjustable optical system. A user may manu-
ally activate the camera to perform the perfecting of the auto
focus. The face pixels identifying may be automatically per-
formed by an image processing apparatus, and one or more of
the groups of pixels detected as faces may be manually
removed in response to false detection of one or more regions
as one or more faces, or in response to a determination to
concentrate on less image faces than faces identified in the
identifying step. The faces may be removed by increasing a
sensitivity level of the face identifying step and/or by an
interactive visual method. An image acquisition built-in dis-
play may be used. A weighted average on individual objects
of'the groups may be used in the auto-focus process. The face
identifying step may be automatically performed by an image
processing apparatus which receives a relative value as to
detection assurance. In this case, a weighted average may be
calculated based on the relative values as to the detection
assurance. The face pixels identifying may be automatically
performed by an image processing apparatus which receives
a relative value as to an estimated importance of the detected
regions. In this case, A weighted average may be calculated
based on the relative values as to the estimated detection
assurance. The estimated importance of the detected regions
of'faces may involve an analysis of a parameter such as size of
the faces, location of the faces within the captured image, or
relative exposure of the faces, or combinations thereof.
[0219] Within a digital camera having a lens system, a
method of adjusting the capture parameters of a digitally-
detected image based on detection of faces within the image
to achieve a desired image parameter is also provided. The
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method may be used for auto-focusing the lens as part of the
acquisition process. One or more parameters of pixels of the
face image are determined. Values of the one or more param-
eters of the pixels may be automatically adjusted based upon
a comparison of the initial parameter with the desired param-
eter. For example, one or more properties of the lens system
may be automatically adjusted based on the values to adjust
the focus, an indication to the region of focus or an adjustment
option may be provided. The one or more parameters may
include a spatial parameter such as a size and/or a location of
the face in the image.

[0220] Within a digital acquisition device with a built in
flash unit, a method of perfecting the exposure of an acquired
digital image using face detection in the acquired image is
provided. Groups of pixels that correspond to plural images
of faces are identified within a digitally acquired image, and
corresponding image attributes to the group of pixels are
determined. An analysis is performed of the corresponding
attributes of the groups of pixels. It is then determined to
activate the built-in flash unit based on the analysis. An inten-
sity of the built-in flash unit is determined based on the
analysis.

[0221] An initial step of calculating image attributes may
be performed on an entire acquired digital image and image
attributes may be compared to the image attributes of the
group of pixels. The image attributes may include exposure.
The exposure may be calculated as a function of one or more
parameters including aperture, speed, gain, or relative sensi-
tivity, or combinations thereof. The groups of pixels of faces
may be given a certain weight based on weight criteria. The
weight criteria may be calculated based on a distance of the
groups of pixels to the camera. The weight criteria may be
calculated based on relative sizes of the groups of pixels.
[0222] A pre-flash may be performed based on the calcu-
lated flash intensity to determine whether the analysis is accu-
rate. A second analysis may be performed based on the pre-
flash.

[0223] One or more different degrees of simulated fill flash
may be created by manual, semi-automatic or automatic
adjustment. The analysis of the image ofthe face may include
a comparison of an overall exposure to an exposure around
the identified face. The exposure may be calculated based on
a histogram. Digitally simulation of a fill flash may include
optionally adjusting tone reproduction and/or locally adjust-
ing sharpness. One or more objects estimated to be closer to
the camera or of higher importance may be operated on in the
simulated fill-flash. These objects determined to be closer to
the camera or of higher importance may include one or more
identified faces. A fill flash or an option for providing a
suggested fill-flash may be automatically provided.

[0224] Within a digital camera, a further method of digital
image processing using face detection for achieving a desired
image parameter is provided. A group of pixels is identified
that correspond to a face within a digital image. First initial
values are determined of a parameter of pixels of the group of
pixels. Second initial values of a parameter are determined of
pixels other than pixels of the group of pixels. The first and
second initial values are compared. Adjusted values of the
parameter are determined based on the comparing of the first
and second initial values and on a comparison of the param-
eter corresponding to at least one of the first and second initial
values and the desired image parameter.

[0225] The parameter may include luminance, and the

method may further include automaticall %eneratin the
TVision Insights, Inc. — Ex. 106 ,

Page 000049



US 2010/0066822 Al

adjusted digital image using the adjusted values. The method
may also further include automatically providing an option to
generate the adjusted digital image using the adjusted values.
The adjusted values of the luminance may be provided by a
fill flash, or by a digitally-simulated fill flash.

[0226] Within a digital camera, a further method of digital
image processing using face detection to achieve a desired
luminance contrast is provided. A group of pixels is identified
that correspond to a face within a digital image. First initial
values of luminance of pixels of the group of pixels are
determined. Second initial values of luminance of pixels
other than pixels of the group of pixels are also determined.
The first and second initial values are compared to determine
an initial luminance contrast. Properties of a fill flash are
determined for providing adjusted values of luminance for at
least some of the pixels of the digital image based on a
comparison of the initial luminance contrast and the desired
luminance contrast.

[0227] Within a digital rendering device , a further method
of digital image processing using face detection for achieving
a desired image rendering parameters is provided. A group of
pixels is identified that correspond to a face within a digital
image. First initial values are determined of a parameter of
pixels of the group of pixels. Second initial values of a param-
eter are determined of pixels other than pixels of the group of
pixels. The first and second initial values are compared.
Adjusted values of the parameter are determined based on the
comparing of the first and second initial values and on a
comparison of the rendering parameter corresponding to at
least one of the first and second initial values and the desired
image rendering parameter.

[0228] The parameter may include luminance, and the
method may further include automatically generating the
adjusted digital image using the adjusted values. The method
may also further include automatically providing an option to
generate the adjusted digital image using the adjusted values.
The adjusted values of the luminance may be provided by
changing the ink coverage, the display luminance values, etc.
[0229] Within a digital rendering device, a further method
of digital image processing using face detection to achieve a
desired contrast and color balance is provided. A group of
pixels is identified that correspond to a face within a digital
image. First initial values of contrast and/or color balance of
pixels of the group of pixels are determined. Second initial
values of contrast and/or color balance of pixels other than
pixels of the group of pixels are also determined. The first and
second initial values are compared to determine an initial
contrast and/or color balance. Such tool may compensate for
the disparity between the input or digitally acquired image
and the output device. Such discrepancies may arise due to a
mismatching of color gamut, the physical characteristic of the
display, reflective or self luminance the limited contrast, the
effect of the surrounding environment, etc.

[0230] A method of generating one or more new digital
images using an original digitally-acquired image including a
face is further provided. A group of pixels that correspond to
a face within the original digitally-acquired image is identi-
fied. A portion of the original image is selected to include the
group of pixels. Values of pixels of one or more new images
based on the selected portion are automatically generated, or
an option to generate them is provided, in a manner which
always includes the face within the one or more new images.
[0231] A transformation may be gradually displayed
between the original digitally-acquired image and one or
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more new images. Parameters of said transformation may be
adjusted between the original digitally-acquired image and
one or more new images. Parameters of the transformation
between the original digitally-acquired image and one or
more new images may be selected from a set of at least one or
more criteria including timing or blending or a combination
thereof. The blending may include dissolving, flying, swirl-
ing, appearing, flashing, or screening, or combinations
thereof.

[0232] Methods of generating slide shows that use an image
including a face are provided in accordance with the genera-
tion of one or more new images. A group of pixels is identified
that correspond to a face within a digitally-acquired image. A
zoom portion of the image including the group of pixels may
be determined. The image may be automatically zoomed to
generate a zoomed image including the face enlarged by the
zooming, or an option to generate the zoomed image may be
provided. A center point of zooming in or out and an amount
of zooming in or out may be determined after which another
image may be automatically generated including a zoomed
version of the face, or an option to generate the image includ-
ing the zoomed version of the face may be provided. One or
more new images may be generated each including a new
group of pixels corresponding to the face, automatic panning
may be provided using the one or more new images.

[0233] A method of generating one or more new digital
images using an original digitally-acquired image including a
face is further provided. One or more groups of pixels may be
identified that correspond to two or more faces within the
original digitally-acquired image. A portion of the original
image may be selected to include the group of pixels. Values
of pixels may be automatically generated of one or more new
images based on the selected portion in a manner which
always includes at least one of the two or more faces within
the one or more new images or a panning intermediate image
between two of the faces of said two or more identified faces
or a combination thereof.

[0234] Panning may be performed between the two or more
identified faces. The panning may be from a first face to a
second face of the two or more identified faces, and the
second face may then be zoomed. The first face may be
de-zoomed prior to panning to the second face. The second
face may also be zoomed. The panning may include identi-
fying a panning direction parameter between two of the iden-
tified faces. The panning may include sequencing along the
identified panning direction between the two identified faces
according to the identified panning direction parameter.
[0235] A method of digital image processing using face
detection for achieving a desired spatial parameter is further
provided including identifying a group of pixels that corre-
spond to a face within a digital image, identifying one or more
sub-groups of pixels that correspond to one or more facial
features of the face, determining initial values of one or more
parameters of pixels of the one or more sub-groups of pixels,
determining an initial spatial parameter of the face within the
digital image based on the initial values, and determining
adjusted values of pixels within the digital image for adjust-
ing the image based on a comparison of the initial and desired
spatial parameters.

[0236] The initial spatial parameter may include orienta-
tion. The values of the pixels may be automatically adjusted
within the digital image to adjust the initial spatial parameter
approximately to the desired spatial parameter. An option
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pixels within the digital image to adjust the initial spatial
parameter to the desired spatial parameter.

[0237] A method of digital image processing using face
detection to achieve a desired orientation is also provided
including identifying one or more groups of pixels that cor-
respond to a face within a digital image, identifying one or
more sub-groups of pixels that correspond to one or more
facial features of the face, determining initial values of one or
more parameters of pixels of the one or more sub-groups of
pixels, determining an initial orientation of the face within the
digital image based on the initial values, and determining
adjusted values of pixels within the digital image for adjust-
ing the orientation to the desired orientation.

[0238] Determining which of the sub-group of pixels
belong to which of the group of face pixels may be performed.
The determining of the initial values of one or more param-
eters of pixels may be calculated based on the spatial orien-
tation of the one or more sub-groups that correspond to one or
more facial features. The spatial orientation of the one or
more sub-groups that correspond to one or more facial fea-
tures may be calculated based on an axis of an ellipse fit to the
sub-group. The adjusted values of pixels within the digital
image may be rounded to a closest multiple of 90 degrees. The
initial values may be adjusted to adjusted values for re-ori-
enting the image to an adjusted orientation. The one or more
facial features may include an eye, two eyes, two eyes and a
mouth, an eye, a mouth, hairline, ears, nostrils, nose bridge,
eyebrows neck as an extension of the face, or a nose, or
combinations thereof, or otherwise as described above.
[0239] The method may include identifying one or more
sub-groups of pixels that correspond to one or more facial
features of the face. Initial values of one or more parameters
of pixels of the one or more sub-groups of pixels may be
determined. An initial spatial parameter of the face within the
digital image may be determined based on the initial values.
The initial spatial parameter may include any of orientation,
size and location.

[0240] When the spatial parameter is orientation, values of
one or more parameters of pixels may be adjusted for re-
orienting the image to an adjusted orientation. The one or
more facial features may include one or more of an eye, a
mouth, two eyes, a nose, an ear, and other facial features
including the neck as the physical extension of the face. The
one or more facial features may include two or more features,
and the initial orientation may be determined base on relative
positions of the features that are determined based on the
initial values. A shape such as a triangle may be generated for
example between the two eyes and the center of the mouth, a
golden rectangle as described above, or more generically, a
polygon having points corresponding to preferably three or
more features as vertices or axis.

[0241] Initial values of one or more chromatic parameters,
such as color and tone, of pixels of the digital image may be
determined. The values of one or more parameters may be
automatically adjusted or an option to adjust the values to
suggested values may be provided.

[0242] A method of digital image processing using face
detection is also provided wherein a first group of pixels that
correspond to a face within a digital image is identified, and a
second group of pixels that correspond to another feature
within the digital image is identified. A re-compositioned
image is determined including a new group of pixels for at
least one of the face and the other feature. The other feature
may include a second face. The re-compositied image may be
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automatically generated or an option to generate the re-com-
positioned image may be provided. Values of one or more
parameters of the first and second groups of pixels, and rela-
tive-adjusted values, may be determined for generating the
re-compositioned image.

[0243] A method of compression of an image including a
face is also provided also including identifying a group of
pixels that correspond to a face within a digitally-acquired
image. A first compression portion of the image including the
group of pixels is determined. A second compression portion
of'the image other than the group of pixels is also determined.
The first compression portion may be automatically com-
pressed with higher-grade compression than the second com-
pression portion to generate a compressed image including
the face, or an option to provided the compressed image
including the different grade compressions may be provided.
[0244] A method of determining the necessary resolution
of'an image including a face is also provided also including
identifying a group of pixels that correspond to a face within
a digitally-acquired image. A first resolution portion of the
image including the group of pixels is determined. A second
resolution portion of the image other than the group of pixels
is also determined. The first resolution portion may be auto-
matically compressed with higher-resolution than the second
resolution portion to generate a rendered image including the
face, or an option to provided the compressed image includ-
ing the different grade resolution may be provided. Such
method may be used to save on rendering time or consum-
ables. For example, such method may determine using more
ink on the more important regions of an image, and less ink on
regions of less importance, this saving on the overall ink
consumption when printing an image.

[0245] Each of the methods provided are preferably imple-
mented within software and/or firmware either in the camera,
the rendering device such as printers or display, or with exter-
nal processing equipment. The software may also be down-
loaded into the camera or image processing equipment. In this
sense, one or more processor readable storage devices having
processor readable code embodied thereon are provided. The
processor readable code programs one or more processors to
perform any of the above or below described methods.

Alternative Embodiments

[0246] Various techniques of optical engineering, software
engineering and/or image processing may be utilized or
incorporated with features of the preferred embodiments
described above in advantageous alternative embodiments
that may be within the scope of the present invention as set
forth in the claims below and including structural and func-
tional equivalents thereof. For example, techniques for image
retrieval may be based on multi-scale edge characteristics
(see. e.g., U.S. Pat. No. 6,072,904 to Desai et. al., hereby
incorporated by reference). The target image and images in
the database may be described by a vector of edge character-
istics within the image. Thus image similarity may be deter-
mined based in part on a comparison of edge characteristics.
[0247] Visual information retrieval software may be
employed to allow content-based search and retrieval of
images based on visual objects contained within the images
(seee.g., U.S. Pat. No. 5,911,139 to Jain et. al., hereby incor-
porated by reference). A set of universal primitives may be
used for operating on images and generating a similarity
score. Such techniques may be applied to face recognition.

Advantageously, face recognition may be applied accordin
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to various techniques described herein or as understood by
those skilled in the art, particularly following face region
detection from digital images including single or multiple
images of faces having random poses, sizes, colors and lumi-
nances, and corresponding normalization as described in
accordance with a preferred embodiment.

[0248] Query by example may be used as part of an overall
set of options to be used in an image classification and
retrieval process, in addition to the many database index and
query techniques already known to those skilled in the art
(see, e.g., U.S. Pat. No. 5,852,823 to De Bonet, hereby incor-
porated by reference). A semantically based numeric descrip-
tor may be used of a set of similar input images. The descrip-
tor may be linguistically searchable, and when a new image is
encountered, its signature can be matched with similar
images in the database. Moreover, the techniques may be
applied to entire images, or in accordance with a preferred
embodiment, to detected faces within overall images cap-
tured with an image acquisition device such as a digital cam-
era or scanner. Further, the detected faces are preferably nor-
malized prior to application of the preferred facial
recognition techniques based on comparison of faceprints of
sets of facial classifier parameter values prior to classifica-
tion.

[0249] Images may be compared by determining one or
more main subject areas of an image and computing color
histogram information on selected blocks within these areas
(see, e.g., U.S. Pat. No. 6,351,556 to Loui et. al., hereby
incorporated by reference). Correlations between histogram
information in the two images, or areas within same overall
images, video frames or photographs, may then be used as a
measure of image similarity. Foreground “blobs” may be
separated from background image data using segmentation
techniques, and these foreground blobs may be determined to
corresponds to images of persons captured within the image
data (see, e.g., US patent application 2002/0168108 to Loui
et. al., hereby incorporated by reference). Background/fore-
ground similarity of images may be determined, and these can
be subsequently grouped into event clusters (see, e.g., U.S.
Pat. No. 6,351,556, hereby incorporated by reference).
[0250] Many of the image processing techniques involved
with the preferred embodiments herein for face detection,
normalization and recognition, and for association and clas-
sification in accordance with the workflow module, may be
combined advantageously with archiving and retrieval into
databases automatically or semiautomatically. An image
management system may incorporate a method of managing
images according to image groups (see, U.S. Pat. No. 6,349,
373 to Sitka et al., hereby incorporated by reference). Images
within particular groups may be associated with single per-
sons in some applications such as for developing a file or
biography of a single person, or with multiple persons in
accordance with the preferred embodiment described above.
Medical applications may benefit greatly by utilizing the
single person application where a large amount of image data,
e.g., X-rays, ultrasound scans, etc., which is related to a single
patient may be gathered, classified and stored for organized
retrieval. Much of this image data may not include facial
images, but face detection may be applied to those images that
do as a tool in the compiling and/or management this image
data.

[0251] A database may be included in a preferred or alter-
native embodiment wherein raw visual data may be stored
and can be converted to different output formats as requested
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by a data output device (see, e.g., U.S. Pat. No. 6,502,107 to
Nishida, hereby incorporated by reference). Such database
may be combined with the image processing techniques of
the preferred embodiment permit advantageous data access
and management. That is, a multi-format transcoder for
visual data may be used with the face detection, normaliza-
tion, recognition and workflow and database techniques pre-
viously described above and incorporated and not repeated
here.

[0252] Further database techniques may be applied for
managing digital image data, particularly following image
processing in accordance with the modular software
approach of the preferred embodiment, including the auto-
matic or semiautomatic detection of faces, provision of
detected face region information for normalization, extrac-
tion of face classifier values or comparison of extracted face-
prints, among other automatic or semiautomatic features of
the system. For example, image data may be maintained in its
original, high-quality format, while the data may be delivered
to a user in a lower quality format but one that may be, e.g.,
more efficient or functional (see, e.g., U.S. Pat. No. 6,564,225
to Brogliatti et. al., hereby incorporated by reference). Vari-
ous techniques may be used for ensuring access control to
image data stored on the system, and further for facilitating
the online ordering and/or purchasing of image data over a
Web interface. Image processing in accordance with a pre-
ferred embodiment may be combined with these techniques
to determine image content or to organize or manage the
image data.

[0253] An electronic photo album may be produced from
image data stored in an image database. The photo album may
be viewed over a network connection on a Web browser (see,
e.g., U.S. Pat. No. 6,567,983 to Shiimori, hereby incorporated
by reference). Preferably, the photo album may be con-
structed from images based on information concerning the
identity of persons in each image, with these identities in turn
being determined, at least primarily and/or where possible,
based on face detection and recognition as set forth above
herein and utilizing the workflow techniques or the preferred
embodiment.

[0254] The facial detection, normalization, recognition and
workflow techniques, by themselves or in any combination of
these modules, may be combined with any of various recently
developed techniques for accessing, grouping and managing
of images in databases. For example, images in a database
may be grouped and/or accessed based on some time-based
similarity of the images (see, e.g., US patent applications
2003/0084065 to Lin et al., hereby incorporated by refer-
ence). The image similarity criteria may be based onan image
creation timestamp, a last database access timestamp, or any
other image information which is stored or can be computed
or extrapolated from other image data stored in the database
system.

[0255] The grouping of images may be automated based on
a color correlogram of images (see, e.g., US patent applica-
tion 2003/0059107 to Sun et. al., hereby incorporated by
reference). The color correlogram of an image represents the
spatial distribution of color in an image and provides an
accurate color signature of an image compared, e.g., with a
color histogram which only records the overall distribution of
color in the image.

[0256] Image emphasis and appeal may be determined in
part based on a some broad combination of different image
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0048950 and 2003/0059121 to Savakis et. al., hereby incor-
porated by reference). These image characteristics may
include the presence of persons in an image. Face detection is
preferably used for this purpose, while alternatively or in
addition, a skin detector may be used. Face detection may also
beused to determine if one or more people are part of the main
subject of an image. Face region normalization and recogni-
tion, as well as workflow, are again preferably further
included in the overall system. In one application, image
emphasis and appeal data may be used to manage the retrieval
and browsing of images in a database. In another application,
the same emphasis and appeal data may be used to selectively
control the compression of an image.

Advantages and Features

[0257] Several advantages and features have been
described in accordance with preferred and alternative
embodiments, in addition to the advantageous image classi-
fication workflow features. In a first aspect. A processor-
based system is provided which operates according to digi-
tally-embedded programming instructions and
communicates with one or more digital data storage media for
classifying and archiving images including face regions that
are acquired with an image acquisition device. The program-
ming instructions include a face detection module for identi-
fying a group of pixels corresponding to a face region within
digital image data acquired by the acquisition device. A nor-
malization module generates a normalized version of the face
region. A face recognition module extracts a set of face clas-
sifier parameter values from the normalized face region. The
set of face classifier parameter values are collectively known
as a faceprint associated with the normalized face region. A
workflow module compares the extracted faceprint to a data-
base of archived faceprints previously determined to corre-
spond to one or more known identities. The workflow module
determines based on the comparing whether the new faceprint
corresponds to any of the one or more known identities, and
associates the new faceprint and normalized face region with
a new or known identity within a database including other
data corresponding to the archived faceprints and associated
parent images for performing further comparisons with fur-
ther faceprints. A database module archives data correspond-
ing to the new faceprint and its associated parent image
according to the associating by the workflow module within
one or more digital data storage media. A set of user interface
modules serve to obtain user input in the classifying of face-
prints and their associated normalized face regions and parent
images.

[0258] Inarelated aspect, a processor-based workflow sys-
tem is further provided which operates according to digitally-
embedded programming instructions and communicates with
one or more digital data storage media for classifying and
archiving images including face regions that are acquired
with an image acquisition device. The programming instruc-
tions include a workflow module providing for the automatic
or semiautomatic processing of identified face regions within
digital images from which normalized face classifier param-
eter values are extracted and collectively referred to as a
faceprint. The processing includes comparing the extracted
faceprint to a database of archived faceprints previously
determined to correspond to one or more known identities. It
is determined, based on the comparing, whether the new
faceprint corresponds to any of the one or more known iden-
tities. The new faceprint is associated with a new or known
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identity within a database comprising other data correspond-
ing to the archived faceprints and associated parent images
for performing further comparisons with further faceprints,
such as to permit data corresponding to the new faceprint and
its associated parent image to be archived according to the
associating by the workflow module within one or more digi-
tal data storage media. A set of user interface modules serve to
obtain user input in the classifying of faceprints and their
associated normalized face regions and parent images.

[0259] Ina second aspect, a database of faceprint data cor-
responds to detected face regions within images acquired
with an image acquisition device and digitally-embedded
within one or more digital storage media. The database
includes image, identity and face recognition data compo-
nents. The image data component includes acquired digital
image data including content data and unique identifiers cor-
responding to individual acquired digital images or face
regions therein, or both. The identity data component
includes an identification listing of known identities to which
identified face regions detected within the image data have
been determined to correspond. The face recognition data
component includes, for an individual known identity, an
appearance table, one or more identity tables and one or more
face class tables. The appearance table includes one or more
identity entries for the known identity. The one or more iden-
tity tables correspond to the one or more identity entries in the
appearance table. The one or more face class tables corre-
spond to one or more face class entries of the one or more
identity tables. Each face class table includes one or more face
print image entries corresponding to faceprints determined
from normalized face regions identified within the acquired
digital image.

[0260] The image data component may further include an
image list of the acquired digital image data. A group ofimage
data may include a face region list including one or more
entries each corresponding to an identified face candidate
region within an acquired digital image. The face region list
may further include one or more links, corresponding to the
one or more entries, to one or more known identities within
the identification listing of the identity data component. The
image data component may also include multiple tables of
image classification categories to which the image data are
determined to belong. The image data component may
include a set of database links to the tables of image classifi-
cation categories.

[0261] The known identities may correspond to handles
identifying a known person. The identity data component
may include database links to face recognition data of the face
recognition component, and/or may include one or more data-
base links to personal data associated with one or more known
identities. The identity data component may also include a
table of personal data associated with a known identity, and/or
a set of links to a relationship list or a group membership list
or both.

[0262] Each identity table may include one or more face
class entries each defined by values of one or more face
classifier parameters. Two identity entries may be character-
ized separately due to at least one distinguishing appearance
characteristic. The appearance characteristic may be distin-
guished as determined from a sufficient difference in value of
at least one face classifier parameter between faceprints and
associated normalized face regions determined to correspond
to the same known identity, or based on user input, or b
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[0263] The appearance table may include a list of links to
one or more identity tables associated with distinct appear-
ances determined for the known identity. The one or more
identity tables may include one or more links corresponding
to the one or more face class tables.

[0264] In another aspect, a database of faceprint data cor-
responds to detected face regions within images acquired
with an image acquisition device and digitally-embedded
within one or more digital storage media, and includes image,
identity and face recognition data components. The image
data component includes an acquired digital image, or a
pointer to the location of the image, and additional data asso-
ciated with the image including content data and unique iden-
tifiers corresponding to the acquired digital images or face
regions therein, or both. The image data component further
includes an image list of the acquired digital image data. The
identity data component includes an identification listing of
known identities to which identified face regions detected
within the image data have been determined to correspond.
The face recognition data component includes, for an indi-
vidual known identity, one or more identity tables corre-
sponding to one or more identity entries, and one or more face
class tables corresponding to one or more face class entries of
the one or more identity tables. Each face class table includes
one or more faceprint entries corresponding to normalized
face regions determined from the acquired digital image.
[0265] The one or more groups of image data may further
include image metadata including acquisition device specific
information or anthropometrical information associated with
conditions of acquisition or normalization, or both, of a face
region corresponding to a group of image data and its asso-
ciated parent image. The image metadata information may
include the focal length of a lens coupled with a digital cam-
era at time of image acquisition, a focusing distance of the
lens at time of acquisition, or an effective digital camera
sensor size, or combinations of two or more of these.

[0266] The one or more image data groups may also
include additional image data associated with circumstances
of acquisition of a parent image and associated face region
corresponding to a group of image data. These circumstances
may include a location of image acquisition, date and time of
image acquisition, type of image acquisition device, or any
post-capture image processing including red eye correction
or luminance correction, or combinations of these.

[0267] A group of image data may include a face region list
including one or more entries each corresponding to an iden-
tified face candidate region within an acquired digital image.
The face region list may include one or more links, corre-
sponding to the one or more entries, to one or more known
identities within the identification listing of the identity data
component.

[0268] The image data component may include multiple
tables of image classification categories to which the image
data are determined to belong. The image data component
may include a set of database links to the tables of image
classification categories.

[0269] The known identities may correspond to handles
identifying a known person. The identity data component
may include database links to face recognition data of the face
recognition component. The identity data component may
also include one or more database links to personal data
associated with one or more known identities, and/or a table
of personal data associated with a known identity. The per-
sonal data may include full name, one or more addresses, one
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or more phone numbers, one or more email addresses, or one
ormore web addresses, or combinations of these. The identity
data component may also include a set of links to a relation-
ship list or a group membership list or both. The relationship
list may include data on relationships between the known
identity and other identities named within the database. The
group membership list may include data on grouping of
known identities based on family ties, hobbies, interests,
group memberships, interpersonal relationships, or combina-
tions thereof. Each identity table may include one or more
face class entries each defined by values of one or more face
classifier parameters.

[0270] Instill another aspect, a database of face print image
data corresponds to detected face regions within images
acquired with an image acquisition device and digitally-em-
bedded within one or more digital storage media, and
includes image, identity and face recognition data compo-
nents. The image data component includes acquired digital
image data including content data and unique identifiers cor-
responding to individual acquired digital images or face
regions therein, or both. The identity data component
includes an identification listing of known identities to which
identified face regions detected within the image data have
been determined to correspond. The face recognition data
component includes, for an individual known identity, one or
more identity tables and one or more face class tables. The
identity tables correspond to one or more identities. Each
identity table includes one or more face class entries each
defined by values of one or more face classifier parameters.
The face class tables correspond to the one or more face class
entries of the one or more identity tables. Each face class table
includes one or more face print image entries corresponding
to faceprints from the acquired digital image data

[0271] The image data component may include an image
list of the acquired digital image data. The known identities
may correspond to handles identifying a known person. The
identity data component may include database links to face
recognition data of the face recognition component, and/or to
personal data associated with one or more known identities.
The identity data component may also include a table of
personal data associated with a known identity, wherein the
personal data may include full name, one or more addresses,
one or more phone numbers, one or more email addresses, or
one or more web addresses, or combinations thereof. The
identity data component may also include a set of links to a
relationship list or a group membership list or both. The
relationship list may include data on relationships between
the known identity and other identities named within the
database. The group membership list may include data on
grouping of known identities based on family ties, hobbies,
interests, group memberships, interpersonal relationships, or
combinations thereof.

[0272] Two identity entries may be characterized sepa-
rately due to at least one distinguishing appearance charac-
teristic. The appearance characteristic may be distinguished
as determined from a sufficient difference in value of at least
one face classifier parameter between normalized faceprints
determined to correspond to the same known identity, or
based on user input, or both

[0273] The appearance table may include a list of links to
one or more identity tables associated with distinct appear-
ances determined for the known identity. The identity tables
may include one or more links corresponding to the one or
more face class tables. The face class tables may include one
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or more of the previously determined value ranges of the one
or more face classifier parameters. Each value range may be
uniquely associated with an identified and user confirmed
face region detected within an acquired digital image.
[0274] In a further aspect, a processor-based system pro-
gramming instructions includes a face detection module for
identifying face regions within digital images. A normaliza-
tion module generates a normalized version of the face region
that is at least pose normalized. A face recognition module
extracts a set of face classifier parameter values from the
normalized face region that are referred to as a faceprint. A
workflow module compares the extracted faceprint to a data-
base of archived faceprints previously determined to corre-
spond to known identities. The workflow module determines
based on the comparing whether the new faceprint corre-
sponds to any of the known identities, and associates the new
faceprint and normalized face region with a new or known
identity within a database. A database module serves to
archive data corresponding to the new faceprint and its asso-
ciated parent image according to the associating by the work-
flow module within one or more digital data storage media.
[0275] Inarelated aspect, a processor-based workflow sys-
tem is further provided which operates according to digitally-
embedded programming instructions and communicates with
one or more digital data storage media for classifying and
archiving images including face regions that are acquired
with an image acquisition device. The programming instruc-
tions include a normalization module for at least pose nor-
malizing the face region. The programming instructions fur-
ther include a workflow module providing for the automatic
or semiautomatic processing of identified face regions within
digital images from which normalized face classifier param-
eter values are extracted and collectively referred to as a
faceprint. The processing includes comparing the extracted
faceprint to a database of archived faceprints previously
determined to correspond to one or more known identities. It
is determined, based on the comparing, whether the new
faceprint corresponds to any of the one or more known iden-
tities. The new faceprint is associated with a new or known
identity within a database comprising other data correspond-
ing to the archived faceprints and associated parent images
for performing further comparisons with further faceprints,
such as to permit data corresponding to the new faceprint and
its associated parent image to be archived according to the
associating by the workflow module within one or more digi-
tal data storage media.

[0276] The pose normalizing may include determining the
pose of a confirmed face region, mapping the face region onto
a 3d average-face model to create an interim 3d model of the
face region, rotating the interim 3d model into full frontal
alignment, and translating the facial aspect of the interim 3d
model back onto 2d image space to create a pose normalized
face region. The determining of the pose of a confirmed face
region may include determining locations of principle facial
feature within the face region, determining at least two geo-
metric relationships between the facial features, and extrapo-
lating from the geometric relationships the plane of the facial
region, relative to the normal plane of the image acquisition
apparatus thereby determining the facial pose relative to the
normal plane of the image acquisition apparatus. The prin-
ciple facial features may include two of an eye-pair, nose and
mouth regions.

[0277] The mapping of the face region onto a 3d average-
face model may include an additional resealing of the 3d
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average face model along at least one horizontal dimension.
The additional resealing may be based on the at least two
geometric relationships determined in the pose determining.
The normalizing may include performing one or more addi-
tional normalizing operations on the pose normalized face
region. The one or more additional normalization operations
may include luminance, size, or orientation normalization, or
combinations of two or more of these.

[0278] Inanother aspect, a processor-based system operat-
ing according to digitally-embedded programming instruc-
tions includes a face detection module for identifying face
regions within digital images. A normalization module gen-
erates a normalized version of the face region. A face recog-
nition module automatically extracts a set of face classifier
parameter values from the normalized face region that are
referred to as a faceprint. A workflow module automatically
compares the extracted faceprint to a database of archived
faceprints previously determined to correspond to known
identities. The workflow module determines based on the
comparing whether the new faceprint corresponds to any of
the known identities, and associates the new faceprint and
normalized face region with a new or known identity within a
database. A database module serves to archive data corre-
sponding to the new faceprint and its associated parent image
according to the associating by the workflow module within
one or more digital data storage media.

[0279] Inarelated aspect, a processor-based workflow sys-
tem is further provided which operates according to digitally-
embedded programming instructions and communicates with
one or more digital data storage media for classifying and
archiving images including face, regions that are acquired
with an image acquisition device. The programming instruc-
tions include a normalization module for normalizing the face
region. The programming instructions further include a work-
flow module providing for the automatic or semiautomatic
processing of identified face regions within digital images
from which normalized face classifier parameter values are
automatically extracted and collectively referred to as a face-
print. The processing includes automatically comparing the
extracted faceprint to a database of archived faceprints pre-
viously determined to correspond to one or more known
identities. It is then determined, based on the comparing,
whether the new faceprint corresponds to any of the one or
more known identities. The new faceprint is associated with a
new or known identity within a database comprising other
data corresponding to the archived faceprints and associated
parent images for performing further comparisons with fur-
ther faceprints, such as to permit data corresponding to the
new faceprint and its associated parent image to be archived
according to the associating by the workflow module within
one or more digital data storage media.

[0280] The face detection module may automatically iden-
tify the group of pixels corresponding to the face region when
the digital image is received. The detected face regions may
be automatically processed for normalization when they are
identified.

[0281] While an exemplary drawings and specific embodi-
ments of the present invention have been described and illus-
trated, it is to be understood that that the scope of the present
invention is not to be limited to the particular embodiments
discussed. Thus, the embodiments shall he regarded as illus-
trative rather than restrictive, and it should be understood that
variations may be made in those embodiments by workers

skilled in the arts without departing from the scope of the
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present invention as set forth in the claims that follow and
their structural and functional equivalents.

[0282] In addition, in methods that may be performed
according to preferred embodiments herein, the operations
have been described in selected typographical sequences.
However, the sequences have been selected and so ordered for
typographical convenience and are not intended to imply any
particular order for performing the operations, unless a par-
ticular ordering is expressly provided or understood by those
skilled in the art as being necessary.

What is claimed is:

1. A processor-based image acquisition and processing
system including an image acquisition component compris-
ing a lens and image sensor for acquiring a digital image, and
a processing component a memory having processor-read-
able code embedded therein for programming the processor
to perform a method of classifying and archiving images
including face regions that are acquired with an image acqui-
sition component, wherein the method comprises:

identifying a group of pixels corresponding to a face region

within digital image data acquired by the acquisition
device;

extracting a set of face analysis parameter values from said

face region, said set of face analysis parameter values
comprising a faceprint associated with said face region;

determining a first reference faceprint for a person using a

reference image captured in predetermined face-portrait
conditions;
determining a second reference faceprint for a person using
a reference image captured using ambient conditions;

analyzing said first and second reference faceprints to
determine a baseline faceprint and a range of variability
from said baseline associated with said person;

storing results of said analyzing and using said results in

the subsequent recognition of said person in a subse-
quent image acquired under ambient conditions.

2. The system of claim 1, wherein the method further
comprises repeating for one or more different persons.

3. The system of claim 1, wherein the method further
comprising normalizing said face regions with respect to size.

4. The system of claim 1, wherein the method further
comprises normalizing said face regions with respect to a
standard size based on one or more distances between eyes,
nose or mouth, or combinations thereof.

5. The system of claim 1, wherein the method further
comprises normalizing said face regions first with respect to
pose, and then with respect to orientation, and then with
respect to size.

6. A method of classifying and archiving images including
face regions that are acquired with an image acquisition com-
ponent, wherein the method comprises:

identifying a group of pixels corresponding to a face region

within digital image data acquired by the acquisition
device;

extracting a set of face analysis parameter values from said

face region, said set of face analysis parameter values
comprising a faceprint associated with said face region;

determining a first reference faceprint for a person using a

reference image captured in predetermined face-portrait
conditions;

determining a second reference faceprint for a person using

a reference image captured using ambient conditions;
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analyzing said first and second reference faceprints to
determine a baseline faceprint and a range of variability
from said baseline associated with said person;

storing results of said analyzing and using said results in

the subsequent recognition of said person in a subse-
quent image acquired under ambient conditions.

7. The method of claim 6, further comprising repeating for
one or more different persons.

8. The method of claim 6, further comprising normalizing
said face regions with respect to size.

9. The method of claim 6, further comprising normalizing
said face regions with respect to a standard size based on one
or more distances between eyes, nose or mouth, or combina-
tions thereof.

10. The method of claim 6, further comprising normalizing
said face regions first with respect to pose, and then with
respect to orientation, and then with respect to size.

11. One or more computer-readable media having code
embedded therein for programming a processor to perform a
method of classifying and archiving images including face
regions that are acquired with an image acquisition compo-
nent, wherein the method comprises:

identifying a group of pixels corresponding to a face region

within digital image data acquired by the acquisition
device;

extracting a set of face analysis parameter values from said

face region, said set of face analysis parameter values
comprising a faceprint associated with said face region;

determining a first reference faceprint for a person using a

reference image captured in predetermined face-portrait
conditions;
determining a second reference faceprint for a personusing
a reference image captured using ambient conditions;

analyzing said first and second reference faceprints to
determine a baseline faceprint and a range of variability
from said baseline associated with said person;

storing results of said analyzing and using said results in

the subsequent recognition of said person in a subse-
quent image acquired under ambient conditions.

12. The one or more computer-readable media of claim 11,
wherein the method further comprises repeating for one or
more different persons.

13. The one or more computer-readable media of claim 11,
wherein the method further comprising normalizing said face
regions with respect to size.

14. The one or more computer-readable media of claim 11,
wherein the method further comprises normalizing said face
regions with respect to a standard size based on one or more
distances between eyes, nose or mouth, or combinations
thereof.

15. The one or more computer-readable media of claim 11,
wherein the method further comprises normalizing said face
regions first with respect to pose, and then with respect to
orientation, and then with respect to size.

16. One or more processor-readable media having stored
thereon processor-readable code including a database of face
print image data corresponding to detected face regions
within images acquired with an image acquisition device and
digitally-stored, wherein the face print image data are stored
within the media for access by a processor comprises:

an image data component including acquired digital image

data including content data and unique identifiers corre-
sponding to acquired digital images or face regions
therein, or both;
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an identity data component including an identification list-
ing of known identities to which identified face regions
detected within the acquired digital image data have
been determined to correspond; and

aface recognition data component, comprising for an indi-

vidual known identity:

one or more identity tables corresponding to one or more
identities,

wherein each identity table comprises one or more face
class entries each defined by values of parameters of
one or more non-geometric face classifiers.

17. The one or more processor-readable media of claim 16,
wherein said transformed face classifiers comprise trans-
formed classifiers.

18. The one or more processor-readable media of claim 16,
wherein the image data component further comprises an
image list of acquired digital image data.

19. The one or more processor-readable media of claim 16,
wherein the known identities correspond to handles identify-
ing a known person.

20. The one or more processor-readable media of claim 16,
wherein the identity data component further comprises one or
more database links to face recognition data of the face rec-
ognition data component.

21. The one or more processor-readable media of claim 16,
wherein the identity data component further comprises one or
more database links to personal data associated with one or
more known identities.

22. The one or more processor-readable media of claim 16,
wherein the identity data component comprises a table of
personal data associated with at least one of the known iden-
tities.

23. The one or more processor-readable media of claim 16,
wherein the face recognition data component further com-
prises one or more face class tables corresponding to the one
or more face class entries of the one or more identity tables,
wherein each face class table comprises one or more face
print image entries corresponding to faceprints from the
acquired digital image data.

24. The one or more processor-readable media of claim 23,
wherein the identified face regions comprise spatially nor-
malized face regions, which are normalized with respect to
size.

25. The one or more processor-readable media of claim 23,
wherein the normalized face regions comprise spatially nor-
malized face regions, which are normalized with respect to
size, orientation or pose, or luminance normalized face
regions, or combinations thereof, and

wherein said normalized face regions are normalized with

respect to a standard size based on one or more distances
between eyes, nose, mouth, or one or more other facial
features, or combinations thereof, and

wherein the identity data component further comprises a

set of links to a relationship list or a group membership
list or both.

26. The one or more processor-readable media of claim 23,
wherein the normalized face regions comprise spatially nor-
malized face regions, which are normalized with respect to
size, orientation or pose, luminance normalized face regions,
or combinations thereof, and

wherein the image data component on the handheld image

acquisition device further comprises multiple tables of
image classification events, occasions, locations, or
places, or other categories, or combinations thereof,
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each to which groups of multiple images of the image
data are determined to belong.

27. The one or more processor-readable media of claim 23,
wherein the normalized face regions comprise spatially nor-
malized face regions, which are normalized with respect to
size, orientation or pose, luminance normalized face regions,
or combinations thereof, and wherein said normalized face
regions are normalized with respect to a standard size based
on one or more distances between eyes, nose, mouth, or one
or more other facial features, or combinations thereof, and

wherein the image data component further includes addi-

tional image data associated with circumstances of
acquisition of a parent image and associated face region
corresponding to a group of image data.

28. The one or more processor-readable media of claim 23,
wherein the normalized face regions comprise spatially nor-
malized face regions, which are normalized with respect to
size, orientation or pose, luminance normalized face regions,
or combinations thereof, and

wherein the one or more groups of image data further

include image metadata including focusing distance of
the lens attime of acquisition, or effective digital camera
sensor size, or both.

29. A portable digital image acquisition device, comprising
a lens, an image sensor, a processor, and one or more proces-
sor-readable media having stored thereon processor-readable
code including a database of face print image data corre-
sponding to detected face regions within images acquired
with an image acquisition device and digitally-stored,
wherein the face print image data are stored within the media
for access by a processor comprises:

an image data component including acquired digital image

data including content data and unique identifiers corre-
sponding to acquired digital images or face regions
therein, or both;

an identity data component including an identification list-

ing of known identities to which identified face regions
detected within the acquired digital image data have
been determined to correspond; and

a face recognition data component, comprising for an indi-

vidual known identity:

one or more identity tables corresponding to one or more
identities,

each identity table comprises one or more face class
entries each defined by values of parameters of one or
more non-geometric face classifiers.

30. The device of claim 29, wherein the face recognition
data component further comprises one or more face class
tables corresponding to the one or more face class entries of
the one or more identity tables, wherein each face class table
comprises one or more face print image entries corresponding
to faceprints from the acquired digital image data.

31. The device of claim 30, wherein the image data com-
ponent on the handheld image acquisition device further com-
prises multiple tables of image classification events, occa-
sions, locations, or places, or other categories, or
combinations thereof, each to which groups of multiple
images of the image data are determined to belong.

32. The device of claim 30, wherein the image data com-
ponent further includes additional image data associated with
circumstances of acquisition of a parent image and associated
face region corresponding to a group of image data.

33. The device of claim 30, wherein the one or more groups
of image data further include image metadata including
focusing distance of the lens at time of acquisition, or effec-
tive digital camera sensor size, or both.
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