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(57) Abstract: The present method relates to the manual assistance for the automated in-
dexing of a collection of images using facial recognition. In a first automated indexing step,
automated indexing of faces within a collection of images is performed, creating sets of
faces each of which comprises faces that are determined by the automated process to be rep-
resentative of the same person. In a second splitting step, sets are displayed to an operator,
who determines whether there are false-positive associations within a set. If false-positive
associations are found, the faces representing different people are manually split into dif-
ferent sets. In this way, there will be no false-positive associations within the collection of
images. In a third merging step, sets that have some degree of similarity are presented to the
operator, who determines whether the two sets comprise representations of the same person.
If so, the two sets are manually merged, thereby eliminating false-negative errors. In this
way, all of the faces in the image collection can be completely and accurately indexed.
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Manually-Assisted Automated Indexing of Images using Facial Recognition

Technical Field

The present invention relates to the automated indexing of photographs according to the
persons represented within the photograph, using automated facial recognition with manual

assistance

Background

The use of facial recognition for the indexing of images is now well established in the
prior art. An example of such prior art is given in US Patent 6,526,158 to Goldberg, and
further exemplified in US Patent 6,819,783 to Goldberg, et al.

It should be noted, however, that fully automated facial recognition is imperfect, and
characterized by two types of errors. In the first case are false-positive errors, in which faces
from two different people are assigned as being from the same person. In the second case are
false-negative errors, in which faces from the same person are assigned as being from two
separate people. One can usually trade off one type of error for another — that is, it is generally
possible to reduce false-negative errors by increasing false-positive errors, and, conversely, to
reduce false-positive errors by increasing false-negative errors. It is possible to eliminate false-
positive errors altogether by never assigning two faces as being from the same person, and it is
similarly possible to eliminate false-negative errors by assigning all faces as being from the
same person. These extreme cases are not of practical importance though, and in general, all
methods of automated facial recognition will generally exist with both false-positive and false-
negative errors,

To achieve the goal of a fully indexed collection of images, manual assistance is
required. This manual assistance can be from a person who knows the actual identities of the
people represented in the image collection, such as in the indexing of a private image
collection. Alternatively, as might occur in event photography (e.g. with cruise imaging), the
final stages of indexing might be assisted instead by an employee of the cruise imaging
company.

The difficulty in such manual processing can be appreciated when considering the
numbers of images that can be present within a collection. For example, on a week-long cruise
of a ship with more than 3000 passengers, upwards of 25,000 images may be taken, comprising
60,000 or more faces (an average of 2-3 people per picture). The number of possible face-to-
face matches can be then over 3 billion. Automated facial recognition is imperfect, and
depending on whether more false-positive or more false-negatives are acceptable, the number

of sets of faces that must be reviewed in order to establish a perfectly or near perfectly indexed
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set inay.-be dsmany/dsitens.iof thotsands, taking hundreds of hours of labor. Even a personal

collection of small thousands of images can take a substantial amount of time, reducing the
attraction of facial recognition in indexing of images.
The methods and compositions of the present invention are intended to overcome these

and other deficiencies, as described in the embodiments below.

Summary of the Invention

It is an object of the present invention to reduce the amount of time required to
manually-assist automated indexing of images using facial recognition.

It is further an object of the present invention to reduce the number of manual
comparisons required complete automated indexing of images using facial recognition.

It is also an object of the present invention to improve the accuracy of manually-
assisted automated indexing of images using facial recognition.

Additional objects, advantages and novel features of this invention shall be set forth in
part in the description that follows, and will become apparent to those skilled in the art upon
examination of the following specification or may be learned through the practice of the
invention. The objects and advantages of the invention may be realized and attained by means
of the instrumentalities, combinations, and methods particularly pointed out in the appended
claims.

To achieve the foregoing and other objects and in accordance with the purposes of the
present invention, as embodied and broadly described therein, the present invention is directed
to a method for indexing face images in a collection of images according to the persons that are
represented by the face images. The method may comprise automatically indexing the face
images in the collection so as to create a multiplicity of sets of face images, wherein each set
comprises face images that are determined to represent the same person, and wherein the sets
comprise errors chosen from the group consisting of false-positive errors and false-negative
errors. It may also comprise presenting to an operator a set, wherein the operator manually
determines whether all of the face images in the set represent the same person and manually
splitting a set representing more than one person into a multiplicity of sets, each of which
consist of face images that represent a single person. It may further comprise displaying to the
operator at least one face image from a first set and at least one face image from a second set,
wherein the operator manually determines whether the first set and the second set comprise
face images representing the same person; and manually merging the first set and the second
set if the sets comprise face images representing the same person. At the conclusion of the

method, the resulting sets of face images now contain no false-positive or false-negative errors.
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i T e, steplofiptesénting ihay “dditionally comprise exhibiting to the operator a first
source image from which a first selected face in the set was derived and a second source image
from which a second selected face in the set was derived, wherein the first source image and
the second source image assist the operator in manually determining whether the first face and
the second face represent the same person. The step of displaying may additionally comprise
exhibiting to the operator a first source image from which a first chosen face from the first set
was derived and a second source image from which a second chosen face from the second set
was derived, wherein the first source image and the second source image assist the operator in
manually determining whether the first face and the second face represent the same person.

The step of presenting may comprise generating a thumbnail image of at least one face
in the set, which can comprise determining the locations of the eyes within the image
comprising the face, scaling the image so that the eyes are separated by a predetermined
number of pixels, and cropping the image with respect to the eye locations.

The step of displaying may comprise generating a thumbnail image of at least one face
from the first set and at least one face from the second set, which can comprise determining the
locations of the eyes within the source image from which the face was derived, scaling the
image so that the eyes are separated by a predetermined number of pixels, and cropping the
image with respect to the eye locations.

The step of displaying may additionally comprise displaying to the operator one or
more face images from a third set.

The method may additionally comprise a second automated indexing performed on the
collection to which incremental images have been added, utilizing the resulting sets of face
images, wherein each individual resulting set is a subset of the sets produced in the second
automated indexing. Face images from the incremental images may be added to at most one of
the resulting sets.

The present invention is further directed to removing false-positive associations
between face images that have been automatically indexed from a collection of images into a
set representative of a unique person, This method may comprise presenting to an operator the
set of face images, manually selecting by the operator one or more face images that are false-
positive associations to other face images within the set, and removing the selected face images
from the set. The resulting set of face images may now contain no false-positive errors.

The face images may ordered by the time at which the images were captured. Also, the
face images may be ordered by the similarity of the face images as determined by automated

means.
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T e it d nay-ais0; Edmpise creating a new set from the face images that have been

removed, wherein the new set of face images are representative of a second person.

The present invention is also directed to a system for indexing face images in a
collection of images according to the persons that are represented by the face images. The
system may comprise an automated indexer that associates face images into a multiplicity of
sets, each set of which is determined to comprise face images representative of the same
person, wherein the sets comprise errors chosen from the group consisting of false-positive
errors and false-negative errors. The system will be run by an operator, The system may
further comprise a splitting screen displaying face images from a first set, a selection tool
allowing the operator to select one or more face images from the first set that are false-positive
associations with other face images within the first set, and a splitting function allowing the
operator to remove the selected face images from the first set. The system also may comprise a
merging screen presenting face images from a second set and face images from a third set,
wherein one or more face images from the second set has similarity to one or more face images
from the third set by some criterion of the automated indexer, and a merging function allowing
the operator to merge the face images from the third set with the second set/ The application
by the operator of the splitting function to face images selected with the selecting tool on the
splitting screen removes false-positive associations, and the application by the operator of the
merging function to face images presented on the merging screen removes false-negative
associations, so that the resulting indexed face images will not contain false-positive and false-
negative associations.

The face images displayed in the splitting screen may be ordered by the time at which
the images from which the face images were derived were captured. The face images
displayed in the splitting screen may be ordered by the similarity of the face images as
determined by the automated indexer. The face images displayed in the splitting screen may
be a subset of the sources images from which the face images were derived. The splitting
screen may further comprise one or more source images from which the face images were
derived. The face images presented in the merging screen are a subset of the sources images

from which the face images were derived.

Brief Description of the Drawings

Fig. 1 is a process flow diagram of manually-assisted automated indexing of the present
invention.
Fig. 2A is a schematic of a computer screen comprising a display of face thumbnails

that can be used by an operator to perform splitting.
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LRI OB s $ehematicofl4 e dinputer screen that can be used by an operator to perform

splitting, as in Fig. 2A, further comprising full source images of the faces for a subset of the
face thumbnails.

Fig. 3 is a schematic of a computer screen comprising face thumbnails that can be used
by an operator to perform merging.

Fig. 4 is a schematic of a computer screen comprising rows of sets of faces that can be

used by an operator to rapidly perform splitting or merging on a number of sets at one time.

Best Modes for Carrving Out the Invention

Terminology

A “photograph” means a physical representation of a person, such as might be printed

by silver process, dye sublimation, or other process on a paper substrate.
~ An “image” of a person means a representation of a person, which can be electronic
(e.g. a JPG file) or physical (e.g. a photograph).

A “person” is a person that is represented in an image. The plural of person is denoted
as “persons” in this description.

A “face” is a representation of a person within an image.

A “collection” means a set of images.

An “operator” is the person performing manual assistance in the indexing of the
images. |

The term “matching” related to two faces means that the two faces are representations
of the same person.

The term “non-matching” related to two faces means that the two faces are not
representations of the same person.

An “association” is the identification, whether by automated or manual means, of two
or more faces as being of the same person, An association is made by either “associating” or
“assigning” faces.

A “false-positive association” is an association that is made between two faces that are
not representative of the same person.

A “false-negative association™ is the lack of an association between thwo faces that are
representative of the same person.

A “set” is a group of faces that are associated with or assigned to one another.

An “index” is a grouping of faces within an image collection into sets.
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I LIt shouldibe. apprédiateditiiat the brief definitions above are for convenience only, and

do not fully encompass the meanings of the terms as used in the specification below. Other
meanings within the present invention will be discovered in the following discussion.
Overview

Fig. 1 is a process flow diagram of manually-assisted automated indexing of the present
invention. In a first step 100 of automated indexing, a preliminary indexing of faces is
performed in an automated fashion without direct human input into the matching of faces,
forming an index of sets (i.e. faces that are associated with one another). In the step 100,
locations of faces are extracted from images. These faces are then enrolled, so that the pixel
values are expressed in a manner that allows for matching of faces. This enrollment may
involve the use of frequency or time domain encoding, the use of principle components
analysis, encoding of the face using neural network algorithms, or other such means. The faces
so enrolled are then matched one to another, and a score indicating their similarity is derived.
For purposes of this discussion, we will assume that a larger score indicates higher similarity,
although the discussions below of the score would operate in reverse to the same effect if a
lower score were to indicate higher similarity.

Given the scores, persons are then assembled into sets according to areas of higher
similarity. In general, there are two methods of performing this step, although other methods
are consistent with the present invention. In a first method, faces with very high scores are
associated together as “seed” sets. Then, remaining faces with lower scores are then associated
with sets, generally to the set comprising faces to which the remaining faces have their highest
scores.

In a second method, the faces are stored in a “graph” (as known in the art of computer
science) comprising faces at the nodes, and scores between two faces on the edges. In this
case, lower score edges can be cropped, until faces that are associated with the same set are
left.

There are numerous methods of automated indexing faces in addition to those above,
and each of these have different successes depending on the methods employed, the quality of
the images, and the distribution of people within the image collection. For example, a
collection with a small number of persons (e.g. from a personal photo collection) will have, in
general, different indexing errors associated with different methods than a collection with a
Jarge number of persons (e.g. from event imaging, such as cruise photography). All of these
methods have errors which can benefit from the present invention.

In both of the methods abave, there are criteria by which the system decides whether a

face is a member of a set — that is, are representative of the same person. This criterion,
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gentrally spedlditigl.ompriges’ oeibrinore decisions thresholds, on one side of which the face
is not associated with the person, and on the other side of which the face is deemed to be
associated with the person.

It should be noted that the scores can include information in addition to the facial
recognition scores, including such information as whether the faces come from the same
image, come from images taken at nearly the same time, or come from images that have the
same other persons. An example of such composite scores is given in US Patent 6,819,783 to
Goldberg, et al.

Once the faces have been assembled into sets in the first step 100 in the fashion
described above, or by other automated means, there now remain both false-positive and false-
negative errors that should be eliminated. In overview, in the present invention we eliminate
these errors in a two step procedure described below.

In a second step 200, images from one set at a time are presented to the operator. The
operator “splits” from that set faces that are not representative of the same person. In this
manner, false-positive matches are eliminated. This process is called “splitting”. The faces
that are split from a set can either be made into their own set, or alternatively, faces that are
split from the set are allowed then to potentially automatically match with another set. For
example, if a face could potentially match with two different sets (a first set and a second set),
with a better match score with the first set, it will be generally placed with the first set
according to the score criterion in the automated indexing step 100. If the face is then split
from its original match with the first set in the splitting step 200, it can then potentially be
associated automatically with the second set.

In a third step 300, sets that have some degree of similarity can be compared one with
the other, for the operator to manually decided if the two different sets are representative of the
same person. In this manner, false-negative errors are eliminated. The reason that the faces in
the two sets were not previously associated into a single set could be that the degree of
similarity was not high enough to allow for automated indexing. Alternatively, the faces in one
set could have been associated with another set of higher similarity, from which they were
separated in the step of splitting 200. If the operator deems the two sets as being representative
of the same person, the faces from the two sets are combined into a single set. This process is
called “merging”.

The splitting step 200 and the merging step 300 will now be described in more detail.

Splitting 200
In the splitting step 200, faces that were improperly associated in the automated

indexing into a set (i.e. false-positives) are manually split into different sets. Fig. 2A is a
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schéthatidl of ld ‘compnteriécieghis2 10 comprising face thumbnails that can be used by an
operator to perform splitting 200. Each of the boxes 212 comprises an image of the specific
face within the image from which the face was retrieved, and each of the faces has been
associated by the automated indexing step 100 to being in the same set (i.e. they represent the
same person). This set denoted the “current person” in the splitting step 200. Either every set
from the automated indexing step 100 can be presented to the operator, or otherwise only those
sets wherein the decision thresholds for the associations in the set were below some decision
threshold (as described above), thereby being uncertain, |

The faces can be placed on the screen as the entire image, in which the face is
highlighted, for example by circling the face with a color that is well distinguished, by placing
dots in the locations of the eyes of the face, by graying out or darkening the parts of the image
that are not the face, or by other means that unambiguously indicate the face in the image that
has been assigned to the current person.

A preferred method is to create a “thumbnail” image of the face. The initial phase of
automated facial recognition is generally the finding of a face, which generally involves
determining the location of the eyes of the face. Given the location of the eyes, an approximate
rectangular region comprising the head can be computed. This region is preferably between 2
and 4 times the width of the distance between the eyes so measured, and preferably the eyes
are between 50% and 75% of the distance from the bottom and the top of the thumbnail
created. The thumbnails are constructed of the same size, and the faces are scaled to be of
approximately the same within the thumbnails. The faces that are assigned to the current
person are centered within the thumbnails. In the discussion below, the box 212 will be
referred to as its preferred embodiment, thumbnail 212. In general, the generation of a
thumbnail comprises locating the eyes, and then scaling and cropping the image so that the
eyes are in the same location within the thumbnail image.

Because there is only one centered face within the thumbnail 212 (other faces will be
towards the edges of the thumbnail), identifying the face in the image that was assigned to the
current person is instantaneous, and the faces being of the same size are easier to compare.

In Fig. 2A, the identifiers within the thumbnails 212 denote the actual persons from
which the faces in the thumbnails 212 were derived. For example, “A1” refers to the first face
from the person “A”, while “B2” refers to the second face from the person “B”. In the
example in Fig. 2A, the set being displayed comprises twelve faces from four different people
(“A”, “B”, “C”, and “D”). While the number of faces from person A is the largest, it is not

necessary to consider the current person to be person A, but can alternatively be any of the
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perél&:.“!'llﬁ\‘:t whosel faces Ihaveibeéniassighed to the current person, and the others to be the false-

positive assignments.

The operator now splits the faces that are from the same person from those that are not
frorﬁ the same person. The operator selects one or more thumbnails 212 using, for example,
standards Windows operating system multi-selection techniques. In this mode, holding the
Control keys would allow a set of thumbnails 212 to be toggled as being part of the selection,
For example, in Fig, 2A, the thumbnails 212 B1 and B2 are selected, and the selection is
indicated by a heavy border. Alternatively, dragging the cursor would select the thumbnails
212 within the area of drag. Clicking on one thumbnail 212, holding down the shift key, and
then clicking on another thumbnail 212 would allow selection of all the thumbnails 212 that
were clicked, as well as all intervening thumbnails 212. A second operator action, such as
pressing the “S” key (for split), clicking the middle button, pulling down a menu and selecting
“split” or right clicking and then choosing “split” from a secondary menu, or other operator
action, would cause the selected faces to be split from the current person. Preferably, the split
faces would be assigned to being from another person, retaining their association with each
other, as will be described below.

The splitting 200 process can be performed on the same set of faces in a variety of
different orders. In the example of Fig. 2A, the faces A1-A8 can be split, and then the faces
B1-B2, and then face C1, leaving only face D1 as being part of the current set. Alternatively,
the faces B1-B2 can be split, and then the face C1 and then the face D1, leaving the eight faces
A1-A8 as being from the same set. Alternatively, the faces B1-B2, C1 and D1 can be split at
the same time, creating a new set with faces from the three persons (“B”, “C”, and “D”), which
would then be split one from the other in a subsequent step.

The order of the faces presented to the operator, and well as their manner of
presentation, can facilitate the step of splitting 200. For example, it should be appreciated that
the steps of indexing can be performed multiple times on the same collection, For example, in
the case of event iméging on cruise ships, the indexing will be performed on each day of the
cruise, as new images are added to the collection. Faces that are associated with one another
through nianually-assisted automated indexing of the present invention can go through the
splitting step 200 as new faces are associated with a person. If the faces that had previously
been indexed together are presented consecutively in the screen 210, this will speed the process
of selecting new faces that have been falsely associated with the current person, so that the
false-positively associated faces can be most easily split. Furthermore, marking the faces that
had previously been manually associated with one another, for example with a colored dot or

border, informs the operator which faces should not be split one from the other. Tt should be
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Rl

apprédiated-thations Ean" dthetwise! mark those faces that have not been previously associated,
so as to focus the operator’s attention on those faces.

Another preferred ordering of faces is to sort the faces according to the similarity of the
faces as determined by some automated means. For example, the scores between the faces can
be used by a clustering algorithm (for example, K-means or hierarchical clustering), and then
arranged so that the faces that are most closely related will be near to one another. This
arrangement is of particular value when a large number of faces are indexed at once, without a
prior indexing, and presented to the operator. When comparing and selecting individual faces
to split, being in proximity on the screen 210 facilitates the operations.

The thumbnails 212 remove some of the context from the images, such as the other
persons in the images, that can be useful in determining whether the faces in two different
thumbnails 212 are associated with one another. To facilitate the manual indexing, it is
convenient to allow the retrieval of the full image by some operator action, such as double-
clicking on a thumbnail 212, or by right-clicking followed by selection from a secondary
menu. Indeed, it is most preferable for the operator to be able to select two different
thumbnails 212 from which full images 214 are retrieved, so that the context from both of the
images (e.g. the other persons in the images) can be best compared.

Fig. 2B is a schematic of a computer screen 210 that can be used by an operator to
perform splitting 200, as in Fig. 2A, further comprising full source images 214 from which a
subset of the face thumbnails 212 were derived. In this case, the screen is split vertically into a
left and right region, in which the left region comprises an array of thumbnails 212 similar to
that shown in Fig. 2A. The right region comprises an area for two full images 214, from which
faces in the left region were derived (in this case A5 and D1). This right region more easily
allows the operator to determine whether faces A5 and D1 (denoted by ellipses) are from the
same person. It is preferable for those thumbnails 212 corresponding to the source images 214
to be marked in such a way that the correspondence is evident to the operator. For example, a
red dot can be placed in the thumbnail 212 corresponding to the upper source image, which
also has a red dot, whereas a blue dot can be place in the thumbnail corresponding to the upper
source image, which also has a blue dot, allowing the operator to easily match the thumbnail
212 with its source image 214,

It should be noted that on splitting one or more faces from the current person set, that
face can either be considered to be now a new person set comprised of the split faces, or
alternatively, the faces can now be associated with another set. For example, in the automated
indexing, a face (or group of faces) can have a high similarity to both a primary set and a

secondary set, with a higher similarity according to the primary set. The automated system can
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assighlthé fadesitol bie.set) Blitishbuld this association be determined by manual indexing to
have been made in error, the similarity to the secondary set can be high enough so that during
the manual splitting process 200, the operator will be given the secondary set to review. This
secondary set is now associated with the faces split from the primary set, and the operator can
determine if the association was correctly made.

At the conclusion of this step of splitting 200, there should be no false-positive
associations of faces within any set. However, there can be false-negative associations, in
which faces from the same person are not associated with one another, but with different sets.

Merging 300

Fig. 3 is a schematic of a computer screen 310 comprising face thumbnails 212 that can
be used by an operator to perform merging 300. In merging 300, the screen 310 is divided by
vertical bars 216 into regions. A current person region 320 comprises a number of thumbnails
212 of the current person. The current person corresponds to the set for whom the operator is
searching for other persons comprising faces that have incorrectly been assigned as being not
representative of the current person (i.e. this is a false-negative association).

A similar persons region 340 comprises a number of thumbnails 212 of faces that are
representative of sets that are potentially representative of the current person. In Fig. 3, there is
a single thumbnail 212 for each similar person set, though it can also be convenient to have
multipie thumbnails 212 from each set of a similar person. For example, the region 340 can
alternatively comprise rows (or columns) of thumbnails 212 in which each row (or column)
would comprise thumbnails 212 from the same set, allowing the operator to scan many faces in
both the current person set as well as the similar person sets.

The operator can select one of the persons from the similar persons by selecting the
corresponding thumbnail, which is then indicated by a heavy border. This person is then
considered the candidate person. In Fig. 3, the candidate person is “C1”, indicated by the
heavy border.

The candidate person region 330 comprises a number of thumbnails of faces from the
candidate person selected in the similar persons region. As the selected person is Cl, the
thumbnails displayed in the candidate person region 330 are faces taken from that person’s set,
and are designated here C1 through C4 (and can continue through scrolling to a larger number
of faces).

The concurrent visibility of multiple faces from the current person set (Al through AS5)
and the candidate person set (C1 through C4) allows the operator to very efficiently compare
the current person to the candidate person to decide whether they should be merged into the

current person. In order to further assist the operator, the images from which certain
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thutmbnails.2 12 Werélderiviéditan bé.displayed in a source image region 350 to the far right. In
this case, the operator has selected the current person thumbnail 212 AS and the candidate
person thumbnail 212 C2, and the source images 214 for these thumbnails 212 are shown in the
source image region 350.

It is convenient to order the sets in the similar persons region according to the similarity
of each similar person set to the current person set, so that the similar persons most likely to
match the current persons should be in the top row of the region 340. It can also be convenient
to similarly order the individual thumbnails 212 in the candidate person region 330 so that the
faces from the candidate set that are most similar to the faces in the current person set are the
first faces that are displayed in the region 330.

It is preferable for each of the regions 320, 330 and 340 be made to scroll vertically, so
that if there are more thumbnails 212 than can fit at one time on the screen, the operator can
scroll down to see more of the thumbnails 212.

It should be noted that both the current person and the similar person sets should have
had false-positive associations removed by means of the step of splitting 200 prior to this
merging step 200. While it is possible to index faces by first merging 300 and then splitting
200, it can be confusing to the operator. Consider the operator encountering a current person
set and a similar person set in the merging 300 screen 310, wherein both of the person sets
comprise false-positives, of which there are some faces in both sets representative of the same
person, and others that are not representative (e.g. the current person set is comprised of faces
Al, A2, A3 and BI1, while the similar person set comprises faces A4, AS, A6 and C1). It
would be unclear to the operator whether the two sets should be merged, since this would also
introduce new false-positive associations to the merged set (i.e. the Bl and C1 with the A
faces).

Splitting and Merging of Multiple Sets Simultaneously

The methods above are optimally arranged for splitting and merging individual current
sets. Given a large collection, especially taken for event imaging — such as for a cruise or a
theme park — the number of sets can be very large. Furthermore, the collection may need to be
indexed multiple times in an incremental fashion as new images are collected. The burden on
the operator can be very large, as he must visually inspect large numbers of sets to determine
whether there are either false-positive or false-negative errors.

In order to accommodate these instances, the operator can inspect many sets at one
time, This is illustrated in Fig, 4, which is a schematic of a computer screen 410 comprising
rows of sets of faces that can be used by an operator to rapidly perform splitting or merging on

a number of sets at one time. The screen 410 is split by a number of horizontal separators 218,
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wherdin ¢achlrow lcbmprisds fadeithiimbnails 212 either from the same set (as in the splitting
screen 210), or alternatively faces from two sets that are deemed by automated means (e.g.
facial recognition scores) to have a high similarity (as in the merging screen 310).

The face thumbnails for each row are divided into two groups, each group indicated by
some easily distinguished visual mark. In the example given in Fig. 4, the thumbnails 212 to
the left are distinguished by the letter N in a circle that is filled with a bright color. There are
many other marks that can be conveniently used, including different colored borders,
separating the left and the right thumbnails 212 with a line, or other means. The thumbnails to
the right will generally come from a single set that has been previously gone through the split
step 200, and therefore contains no false-positive associations.

The thumbnails on the left comprise presumptive faces for association. These
presumptive faces can be from a set that has a high similarity to the set on the right, and be
presented for merging. Alternatively, if there are images and faces that are being added
incrementally to a fully and accurately indexed collection, the thumbnails 212 to the left can
comprise “new” faces that have been added automatically to the set through the automated
indexing step 100. The letter designation “N” refers to the fact that these faces are “new” to
the collection.

The operator can then go through the rows and assign each row to one of four different
actions:

1) Allow the set to remain “as is” — in this case, all of the faces on the left are
determined to match with the faces on the right, and therefore the set “as is”
contains no false-positive associations and should be kept with its current
composition.

2) Perform a “split” — in this case, all of the faces on the left are determined not to
match with the faces on the right, but that they do match each other. In this case,
the faces on the left are split into their own set.

3) Perform an “explode” -- in this case, all of the faces on the left are determined not
to match with the faces on the right, and furthermore, they are not associated with
one another. In this case, the faces on the left are split into a number of individual
sets comprising each a single face.

4) Reserve for closer manual inspection — in this case, it is either not possible to
determine whether the faces on the left match with the faces on the right, or there is
a complex relationship that does not allow either a split or explode (e.g. there are

three faces on the left, with two matching one another and not the third face).
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L THeStiSetsiare plesernitéd 8. the user generally in a screen for splitting as in Fig. 2A
or Fig. 2B.

With a screen such as this, the operator can examine multiple sets at one time.

Incremental Addition of Faces

As mentioned above, in many cases the images will be added incrementally over a
period of time. In these cases, the operator will index the collection according to the present
invention, resulting in no false-positive or false-negative associations. Then, new images with
new faces will be added to the collection. In such cases, there are means to ensure that the
maximum amount of prior information is used in the indexing process to minimize subsequent
effort and to provide maximum accuracy.

Firstly, it is generally useful in split display 210 (and also screen 410) to indicate those
faces that have been previously been determined to be from the same person. That is, if we are
looking at a set of 10 faces, of which 8 were previously indexed correctly, and 2 are “new”
faces, by indicating which are the new faces and which are the previously indexed, the operator
knows not to examine the previously indexed faces, as they can be presumed to be correct.
The labeling can be of the new faces (e.g. as with the “N” in the circle of Fig. 4), of the
previously indexed faces, or of both (i.e. mutually distinguishable marks).

Additionally, the automated indexing step 100 should have the information from the
previous indexing so as to retain the identity of the sets previously established. That is, no two
sets from a previous indexing should be merged together (as all false-negative associations had
previously been addressed), and no set from a previous indexing should be split among or into
two sets (as all false-positive associations had previously been addressed). That is, each set in
a prior indexing according to the present invention should be a subset of a set in the next step
of automated indexing. One way to ensure this is to arrange so that automated indexing with
incremental images simply adds faces within the incremental images to the prior sets, except in
cases where matches with faces in previous faces cannot be established, in which case new sets
are formed.

Furthermore, the operator should only be given decisions to make related to the new
faces, and no sets should be presented to the operator that have no new faces.

Many Embodiments Within the Spirit of the Present Invention

It should be apparent to one skilled in the art that the above-mentioned embodiments
are merely illustrations of a few of the many possible specific embodiments of the present
invention. It should also be appreciated that the methods of the present invention provide a
nearly uncountable number of arrangements of indicators, tags, detectors, mixing means, force

application means and more.
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i L.NUmérotislanld varisd othet afrangements can be readily devised by those skilled in the
art without departing from the spirit and scope of the invention. Moreover, all statements
herein reciting principles, aspects and embodiments of the present invention, as well as specific
examples thereof, are intended to encompass both structural and functional equivalents thereof.
Additionally, it is intended that such equivalents include both currently known equivalents as
well as equivalents developed in the future, i.e. any elements developed that perform the same
function, regardless of structure.

It should be further appreciated that the definitions in the section “Terminology” are not
limiting, but rather reflect a brief description of the terms for the benefit of the reader.
Typically, such terms should be read with reference to the prior art and conventional use of the
terms. Broader meanings of the terms are provided either directly or indirectly in the more
lengthy discussion that follows that section,

It should be noted that while the identification means described above comprises facial
recognition, it is also possible to use other means for determining the identities of the patrons
in images. Also, it should be noted that location, sizes, orientations (e.g. horizontal boundaries
between layers versus vertical) and shapes of the regions of the screens 210 and 310 (e.g. the
full image regions, or the current person regions) can be varied without changing the
fundamental operations of the present invention. Furthermore, since all automated facial
recognition engines have some number of errors (either false-positive and/or false-negative
errors), the methods of the present invention will serve to allow for manual reduction of those
errors. Similarly, the algorithms for associating faces with one another into persons will have
errors, which can similarly be reduced.

In the specification hereof any element expressed as a means for performing a specified
function is intended to encompass any way of performing that function. The invention as
defined by such specification resides in the fact that the functionalities provided by the various
recited means are combined and brought together in the manner which the specification calls
for. Applicant thus regards any means which can provide those functionalities as equivalent as

those shown herein.
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Claims

What is claimed is:

L. A method for indexing face images in a collection of images according to the
persons that are represented by the face images, comprising:

automatically indexing the face images in the collection so as to create a multiph’cify of
sets of face images, wherein each set comprises face images that are determined to represent
the same person, and wherein the sets comprise errors chosen from the group consisting of
false-positive errors and false-negative errors;

presenting to an operator a set, wherein the operator manually determines whether all of
the face images in the set represent the same person;

manually splitting a set representing more than one person into a multiplicity of sets,
each of which consist of face images that represent a single person;

displaying to the operator at least one face image from a first set and at least one face
image from a second set, wherein the operator manually determines whether the first set and
the second set comprise face images representing the same person; and

manually merging the first set and the second set if the sets comprise face images
representing the same person;

wherein the resulting sets of face images now contain no false-positive or false-
negative errors.

2. The method of claim 1 wherein presenting additionally comprises exhibiting to
the operator a first source image from which a first selected face in the set was derived and a
second source image from which a second selected face in the set was derived, wherein the
first source image and the second source image assist the operator in manually determining
whether the first face and the second face represent the same person.

3. The method of claim 1 wherein displaying additionally comprises exhibiting to
the operator a first source image from which a first chosen face from the first set was derived
and a second source image from which a second chosen face from the second set was derived,
wherein the first source image and the second source image assist the operator in manually
determining whether the first face and the second face represent the same person.

4. The method of claim 1 wherein presenting comprises generating a thumbnail
image of at least one face in the set.

5. The method of claim 4 wherein generating for each face comprises determining

the locations of the eyes within the image comprising the face, scaling the image so that the
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eyeb'dre SepardtBdiliyiia piedetermined number of pixels, and cropping the image with respect
to the eye locations.

6. The method of claim 1 wherein displaying comprises generating a thumbnail
image of at least one face from the first set and at least one face from the second set.

7. The method of claim 6 wherein generating for each face comprises determining
the locations of the eyes within the source image from which the face was derived, scaling the
image so that the eyes are separated by a predetermined number of pixels, and cropping the
image with respect to the eye locations.

8. The method of claim 1 wherein displaying additionally comprises displaying to
the operator one or more face images from a third set.

9. The method of claim 1 additionally comprising a second automated indexing
performed on the collection to which incremental images have been added, utilizing the
resulting sets of face images, wherein each individual resulting set is a subset of the sets
produced in the second automated indexing.

10.  The method of claim 9 wherein face images from the incremental images are
added to at most one of the resulting sets.

11. A method for removing false-positive associations between face images that
have been automatically indexed from a collection of images into a set representative of a
unique person, comprising:

presenting to an operator the set of face images;

manually selecting by the operator one or more face images that are false-positive
associations to other face images within the set;

removing the selected face images from the set;

wherein the resulting set of face images now contain no false-positive errors.

12.  The method of claim 11 wherein the face images are ordered by the time at
which the images were captured.

13.  The method of claim 11 wherein the face images are ordered by the similarity of
the face images as determined by automated means.

14.  The method of claim 11 additionally comprising creating a new set from the
face images that have been removed, wherein the new set of face images are representative ofa
second person.

15. A system for indexing face images in a collection of images according to the
persons that are represented by the face images, comprising:

an automated indexer that associates face images into a multiplicity of sets, each set of

which is determined to comprise face images representative of the same person, wherein the
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set8"'domprise. éfrotsichosen’ fom.ithe group consisting of false-positive errors and false-

negative errors;

an operator,

a splitting screen displaying face images from a first set;

a selection tool allowing the operator to select one or more face images from the first
set that are false-positive associations with other face images within the first set;

a splitting function allowing the operator to remove the selected face images from the
first set;

a merging screen presenting face images from a second set and face images from a third
set, wherein one or more face images from the second set has similarity to one or more face
images from the third set by some criterion of the automated indexer; and

a merging function allowing the operator to merge the face images from the third set
with the second set;

wherein the application by the operator of the splitting function to face images selected
with the selecting tool on the splitting screen removes false-positive associations, and the
application by the operator of the merging function to face images presented on the merging
screen removes false-negative associations, so that the resulting indexed face images will not
contain false-positive and false-negative associations.

16.  The system of claim 15 wherein the face images displayed in the splitting screen
are ordered by the time at which the images from which the face images were derived were
captured.

17. The system of claim 15 wherein the face images displayed in the splitting screen
are ordered by the similarity of the face images as determined by the automated indexer.

18.  The system of claim 15 wherein the face images displayed in the splitting screen
are a subset of the sources images from which the face images were derived.

19.  The system of claim 18 wherein the splitting screen further comprises one or
more source images from which the face images were derived.

20. The system of claim 15 wherein the face images presented in the merging

screen are a subset of the sources images from which the face images were derived.
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