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(57) ABSTRACT

A technique is provided for recognizing faces in an image
stream using a digital image acquisition device. A first
acquired image is received from an image stream. A first face
region is detected within the first acquired image having a
given size and a respective location within the first acquired
image. First faceprint data uniquely identifying the first face
region are extracted along with first peripheral region data
around the first face region. The first faceprint and peripheral
region data are stored, and the first peripheral region data are
associated with the first face region. The first face region is
tracked until a face lock is lost. A second face region is
detected within a second acquired image from the image
stream. Second peripheral region data around the second face
region are extracted. The second face region is identified upon
matching the first and second peripheral region data.

88 Mo mach of PRI doos notraateh

PRD2

sciract face print FP2 Hor second fang

$11: veplaceidentity of FIZ when FPI

atd FP2 dotiot match

H
W

F21 and FPZ maich

TVision Insights, Inc. — Ex. 1010, Page 000001
IPR2023-01014 (TVision Insights, Inc. v. The Nielsen Company (US), LLC)



Patent Application Publication

81 Dierect and teack 2 face regivn FR I within
B TR SITEWT

%

82: Estracs tasepnot PP Mentify as 1D
H

i

8% extract peaphoral rogion data PRI

it

S teack FRA until Dree lock 19 tost

e
po
%

35 Detet and rask another face region ¥
- within the Gnage stream

»

;

| 67 extract peripheral region data PRIDZ for

“3

7 compare FRID! and FRDT

Apr.7,2011 Sheet1 of 2 US 2011/0081052 A1

" PRDZ

S8 Mo metchof PRIET doss not match

89 identify FR2 as iD1 when PRI rusfchas
PEDZ

HEewivact fuce print FP2 o second face
3t

S 1 replanedentity ol BRI when PRI
atid FPZ do not maich

S12:confiran identity of FRZ 28 131 when
FP1 and FP2 match

FIGURE 1

TVision Insights, Inc. — Ex. 1010, Page 000002



Patent Application Publication Apr.7,2011 Sheet 2 of 2 US 2011/0081052 A1

St Detect aral track 2 fhee region PRI within
an fmage strear

820 Exdract facoprint PP Idondify as 1M
{andsor wait ungil $44 10 identify)

83 exirset peripheral region dats PRDI

44 track FRI glong with PRDT (identily
corhination as 10, or iDL

85: Detect and track anuther face veglon FR2
within the age stream

& axiract peripheral tegion date PRDZ for
R2

877 compare PRDT and PRID2 i face Jock of 58: Mo match f PRDU does not mateh
FRY and PRD combination is lost TPRDZ

%
590 dentify FR2 as 101 andior 11 wher
PRIFE marches PREX, st loast toruparanty

b
S1 antract face print FP2 for second face 331 veplace adentity of FRZ when FPL
mgton FR2 arsd PP Ao got taeh

312 confinm identity of FRZ as {D1 when
FR1 and FP2 match

FIGURE 2

TVision Insights, Inc. — Ex. 1010, Page 000003



US 2011/0081052 Al

FACE RECOGNITION PERFORMANCE
USING ADDITIONAL IMAGE FEATURES

BACKGROUND

[0001] Face tracking is a recent innovation in digital cam-
eras and related consumer imaging devices such as camera
phones and handheld video cameras. Face tracking technolo-
gies have been improving to where they can detect and track
faces at up to 60 fps (see, e.g., U.S. Pat. Nos. 7,403,643,
7,460,695, 7,315,631, 7,460,694, and 7,469,055, and US
publications 2009/0208056, 2008/0267461 and U.S. Ser. No.
12/063,089, which are all assigned to the same assignee and
are incorporated by reference). Users have now come to
expect high levels of performance from such in-camera tech-
nology.

[0002] Faces are initially detected using a face detector,
which may use a technique such as that described by Viola-
Jones which use rectangular Haar classifiers (see, e.g.,
US2002/0102024 and Jones, M and Viola, P., “Fast multi-
view face detection,” Mitsubishi Electric Research Laborato-
ries, 2003.

[0003] Once a face is detected, its location is recorded and
a localized region around that face is scanned by a face
detector in the next frame. Thus, once a face is initially
detected, it can be accurately tracked from frame to frame
without a need to run a face detector across the entire image.
The “located” face is said to be “locked” by the face tracker.
Note that it is still desirable to scan the entire image or at least
selected portions of the image with a face detector as a back-
ground task in order to locate new faces entering the field of
view of the camera. However, even when a “face-lock” has
been achieved, the localized search with a face detector may
return a negative result even though the face is still within the
detection region. This can happen because the face has been
turned into a non-frontal, or profile pose, facing instead either
too much up, down, left or right to be detected. That is, a
typical face detector can only accurately detect faces in a
semi-frontal pose. Face lock may also be lost due to sudden
changes in illumination conditions, e.g. backlighting of a face
as it passes in front of a source of illumination, among other
possibilities such as facial distortions and occlusions by other
persons or objects in a scene.

Face Recognition in Cameras

[0004] Now that face detection has been quickly adopted as
a “must-have” technology for digital cameras, many engi-
neers have begun to consider the problem of performing more
sophisticated face analysis within portable imaging devices.
Perhaps the most desired of these is to recognize and distin-
guish between the individual subjects within an image, or to
pick out the identity of a particular individual, for example,
from a stored set of friends & family members. These appli-
cations are examples of what may be referred to generically as
face recognition.

Forensic Face Recognition

[0005] Face recognition is known from other fields of
research. In particular it is known from the areas of law
enforcement and from applications relating in immigration
control and in the recognition of suspected terrorists at border
crossing. Face recognition is also used in applications in
gaming casinos and in a range of commercial security appli-
cations.
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[0006] Mostofthese applications fall into a sub-category of
face recognition that may be referred to as forensic face
recognition. In such applications a large database of images
acquired under controlled conditions—in particular con-
trolled frontal pose and regulated diffuse illumination—is
used to train a set of optimal basis functions for a face. When
a new face is acquired, it is analyzed in terms of these basis
functions. A facial pattern, or faceprint, is obtained and
matched against the recorded patterns of all other faces from
this large database (see, e.g., U.S. Pat. Nos. 7,551,755, 7,558,
408, 7,587,068, 7,555,148, and 7,564,994, which are
assigned to the same assignee and incorporated by reference).
Thus, an individual can be compared with the many individu-
als from a law-enforcement database of known criminals, or
some other domestic or international law-enforcement data-
base of known persons of interest. Such system relies on the
use of a large back-end database and powerful computing
infrastructure to facilitate a large number of pattern matching
comparisons.

Face Recognition in Consumer Devices

[0007] Inconsumer electronics, the use of face recognition
is clearly somewhat different in nature than in say law
enforcement or security. To begin with, the nature and imple-
mentation of face recognition is influenced by a range of
factors which cannot be controlled to the same extent as in
forensic applications, such as: (i) there are significant varia-
tions in the image acquisition characteristics of individual
handheld imaging devices resulting in variable quality of face
regions; (ii) image acquisition is uncontrolled and thus faces
are frequently acquired at extremes of pose and illumination;
(iii) there is not a suitable large database of pre-acquired
images to facilitate training; (iv) there is not control on the
facial appearance of individuals so people can wear different
make-up, hairstyles, glasses, beards, etc; (v) devices are often
calibrated to match local demographics or climate condi-
tions—e.g. cameras in California normally expect sunny out-
door conditions, whereas in Northern Europe cloudy, over-
cast conditions are the norm, and thus the default white
balance in these locations will be calibrated differently; (vi)
faces are typically acquired against a cluttered background,
making it difficult to accurately extract face regions for sub-
sequent analysis. Additional discussion can be found, for
example, in Automated sorting of consumer image collec-
tions using face and peripheral region image classifiers, IEEE
Transactions on Consumer Electronics, Vol. 51, No. 3,
August 2005, pp. 747-754 (Corcoran, P.; Costache, G.). and
in US 20060140455, Method and component for image rec-
ognition to Corcoran et al.

[0008] From the above discussion, it can be understood that
on a handheld imaging device the face recognition process
may be significantly less reliable than in a typical forensic
face recognition system. The acquisition of face regions pro-
duces less reliable face regions for analysis, the handheld
device can hold a much smaller dataset of face patterns for
comparison, and the training of new faces typically relies on
data input from the user of a camera who may not be profes-
sionally trained and may not capture optimal images for train-
ing.

SUMMARY OF THE INVENTION

[0009] A technique is provided for recognizing faces in an
image stream using a di%ital image acquisition device. A first
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acquired image is received from an image stream. A first face
region is detected within the first acquired image having a
given size and a respective location within the first acquired
image. First faceprint data uniquely identifying the first face
region are extracted along with first peripheral region data
around the first face region. The first faceprint and peripheral
region data are stored, and the first peripheral region data are
associated with the first face region. The first face region is
tracked until a face lock is lost. A second face region is
detected within a second acquired image from the image
stream. Second peripheral region data around the second face
region are extracted. The second face region is identified upon
matching the first and second peripheral region data.

[0010] The storing of peripheral region data may occur
within volatile memory.

[0011] A database may be provided with an identifier and
associated parameters for each of a number of one or more
faces to be recognized. Using the database, face recognition
may be selectively applied to the first face region to provide
an identifier for the first face region

[0012] Second faceprint data uniquely identifying the sec-
ond face region may be extracted. The first and second face-
print data may be matched, thereby confirming the identify-
ing of the second face region. If they do not match, the
identifying of the second face region as being the same as the
first face region is discontinued.

[0013] Texture information may be retrieved and matched
from the first and second peripheral region data.

[0014] The detecting and identifying of the second face
region may occur within two seconds, or within one second,
or less.

[0015] A same identifier may be displayed along with the
first and second face regions. The identifier may include a
nickname of a person associated with the first and second face
regions.

[0016] Another methodis provided for recognizing faces in
an image stream using a digital image acquisition device. A
first acquired image is acquired from an image stream. A first
face region is detected within the first acquired image having
a given size and a respective location within the first acquired
image. First faceprint data uniquely identifying the first face
region are extracted along with first peripheral region data
around the first face region. The first faceprint and peripheral
region data are stored, including associating the first periph-
eral region data with the first face region. A first face region
combination, including the first face region and peripheral
region data, is tracked until face lock is lost. The first face
region is identified.

[0017] A database may be provided with an identifier and
associated parameters for each of a number of one or more
faces to be recognized. Using the database, face recognition
may be selectively applied to the first face region to provide
an identifier for the first face region.

[0018] Texture information may be retrieved and matched
from the first and second peripheral region data.

[0019] The image stream may include two or more rela-
tively low resolution reference images.

[0020] The image stream may include a series of reference
images of nominally a same scene of a main acquired image,
such as two or more preview or postview images, and/or one
or more images whose exposure period overlaps some part of
the exposure duration of a main acquired image.
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[0021] One or more processor-readable storage media are
also provided herein having code embedded therein for pro-
gramming a processor to perform any of the methods
described herein.

[0022] A portable, digital image acquisition device is also
provided herein, including a lens and image sensor for acquir-
ing digital images, a processor, and a processor-readable
medium having code embedded therein for programming the
processor to perform any of the methods described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 illustrates exemplary processes in accor-
dance with certain embodiments.

[0024] FIG. 2 illustrates exemplary processes in accor-
dance with certain other embodiments.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0025] Techniques are described below for improving the
performance of an internal person recognition algorithm by
using a combination of features extracted from face regions,
as well as extra features extracted from regions adjacent to the
face, around the face, surrounding the face, proximate to the
face, just above, below or to the side of the face, at the
periphery of the face. Herein, the term “peripheral regions”
shall be used and is intended to include regions adjacent to the
face, around the face, surrounding the face, proximate to the
face, just above, below, in front, behind or to the side of the
face, and/or at the periphery of the face. These extra, periph-
eral features can tend to be quite invariant to acquisition
conditions and can be used, on a temporary basis, for person
identification, and/or specifically to maintain a face-lock of a
tracked face that is temporarily not detected but will reappear
in an image stream upon resuming a more appropriate illu-
mination, direction, pose, orientation or tilt relative to the
camera and/or lighting.

[0026] The performance of in-camera face identification
technology will typically decrease when there are differences
in illumination, face pose and/or expression between the cur-
rent face to be recognized and the face image used for learn-
ing the identity of a person. To improve the identification
performance, we propose to use information from peripheral
regions of the image surrounding the main face. For example,
these regions may contain information about clothing, jew-
elry or electronic equipment being used, cigarette, gum chew-
ing, whistling, shouting, singing, shape of neck and/or shoul-
ders relative to face, shape of face or a feature of the face, scar,
tattoo, bandage, brightness, color or tone of face, of a face
feature or of a peripheral region, hairstyle, hair color, degree
of'hair loss, hair covering, toupee, hair on face, in ears or nose
or on chest or neck, a hat or helmet, face mask, glasses,
umbrella, name tag, label on clothing, or any of a wide variety
of other items or features that may distinguish a “peripheral
region” around a person’s face, which can be used to compli-
ment the identification of an individual.

[0027] Certain embodiments described herein are based on
using facial features that are sensitive to small variations in
face pose, tilt, expression and/or size, or other factors. An
advantage is robustness to face variations in pose, tilt, expres-
sion and/or size as well as facial occlusions. Very short iden-
tification times are achieved.

[0028] Current problems with existing solutions are miti-
gated in certain embodiments described herein by using smart
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processing techniques. In certain embodiments, these take
advantage of technologies now available within state-of-art
digital cameras. In particular, multiple face regions may be
extracted and pre-filtered from a preview image stream until
face regions which are suitable (e.g., with regard to frontal
pose and constant illumination) are obtained. Then, the actual
pattern matching process of face recognition is initiated.

User Expectations for Face Recognition

[0029] Challenges are introduced by the expectations of
camera users. It is desired to have a camera with a real-time
face tracking facility that can detect and independently track
up to nine or more faces in real-time. User expectations for
face recognition are and will continue to be quite high. It is
further desired not only that a camera will correctly recognize
a face captured in a still image, but also that the camera can
recognize a face as it tracks the face prior to capturing a still
image.

[0030] Now, an in-camera recognition algorithm may typi-
cally take several tens of seconds to extract, pre-process and
then achieve a reliable initial recognition of a face region.
After a camera is first pointed at a scene with several face
images, it has been acceptable to have a delay of this order of
magnitude. It has been understood by the user that the camera
has to “think” about the different faces before it reaches a
decision as to the identity of each. However, once the camera
has identified a person, it is desired that subsequent recogni-
tions and/or maintaining recognition during tracking should
not present serious further delays.

[0031] With an analogy being face detection versus face-
tracking, where the initial detection takes more time than
tracking in subsequent frames, it is desired that while initially
recognizing a face region in a preview stream may present
some initial delay, it is desired to continue to hold a “face-
lock” of a recognized face with the tracking algorithm; main-
taining a “memory” of this face. However, when a recognized
face leaves the current imaging scene and then re-enters it a
short while later, it is desired not to have to repeat the same
initial face recognition delays. In the past, a background face
detection algorithm would find the face within a second or
two, and the face recognition algorithm would not recall the
identity of that person within the same time-frame and have to
initiate recognition again with unacceptable delays. Thus, the
camera is considered to have forgotten the person even
though they only left the imaging scene for a few seconds.
[0032] In embodiments herein, information contained
within peripheral regions, that is, regions of the image sur-
rounding the main face region, are used to improve and refine
the sorting of images containing faces (see Automated sorting
of consumer image collections using face and peripheral
region image classifiers, /[EEE Transactions on Consumer
Electronics, Vol. 51, No. 3, August 2005, pp. 747-754 (Cor-
coran, P.; Costache, G.). and in US 20060140455, Method
and component for image recognition to Corcoran et al.,
incorporated by reference). In particular these regions contain
information that can be used to compliment the identification
of an individual, so that sufficient information is maintained
throughout the face tracking to maintain face-lock even when
the face region itself is not optimally directed, is blocked or
partially blocked, and/or illuminated unevenly and/or insuf-
ficiently or overly illuminated.

[0033] It is noted that in certain embodiments the periph-
eral regions may be tracked, along with the face regions, and
notlostinthe first place such that recovery is not necessary. In
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other embodiments, the peripheral regions are quickly
detected after loss of face lock, such that the face detector and
face recognition components know to look for the specific
face that was lost in the vicinity of the detected peripherals
regions. Either way, re-initiating face detection and recogni-
tion for the previously identified face is obviated by an advan-
tageous embodiment described herein.

[0034] A challenge is to increase the speed at which the
identity of a face is recovered after a “face-lock™ is lost, or if
a face-lock being lost entails initiating face recognition from
the beginning, then to increase the duration, proportion and/
or probability of maintenance of face-lock over the image
stream at least while the particular face actually remains
within the scene being imaged with the camera. Again, as
re-initiating face recognition is too slow and can lead to gaps
of'tens of seconds while a suitable new face region is obtained
and recognized, it is advantageous as described in embodi-
ments herein to detect and utilize information contained in
one or more peripheral regions to maintain the face-lock
and/or to recover the identity of a face quickly.

[0035] Of note, peripheral regions are generally more tex-
ture-based than face regions, such that peripheral regions are
more invariant to acquisition conditions. Thus, when a face is
firstrecognized, a process in accordance with certain embodi-
ments extracts and records the textures of these one or more
peripheral regions, and associates the peripheral regions, at
least on a temporary basis, with the particular recognition
profile.

[0036] In certain embodiments, the association of periph-
eral regions with a face region may be temporary in nature,
such that the peripheral region data may include volatile data
that will eventually be discarded, e.g., when the camera is
switched off, or after a fixed time interval (e.g. 1 hour, 1 day),
or when the camera moves to anew location which is removed
from the current location by a certain distance (e.g. 1000
meters), or when manually reset by the user, or when the
identified person is confirmed to have left the scene, or based
on combinations of these and some other criteria.

[0037] An exemplary process is now described with refer-
ence to FIG. 1. At S1, a face is detected in a preview stream
and tracking of this face is initiated. At S2, after a good face
region FR1 is obtained from the tracked face, then a face
pattern FP1 is extracted (referred to as a “faceprint™). Pattern
matching is performed to recognize the face region FR1 if'its
faceprint FP1 matches a stored faceprint. The person corre-
sponding to FR1 is thus identified as ID1 from a set of known
persons. If no match is found, then the person FR1 may be
marked as “unknown” unless or until a nickname is provided
(a user may be prompted to provide a nickname, otherwise
provided an opportunity to do so).

[0038] AtS3, peripheral region data PRD1 are obtained and
analyzed. This peripheral data PRD1 is stored and associated
with the identified person from step 2. At S4, the camera
continues to track the face region until “face lock” is lost.
Before face lockis lost the identified person may be displayed
with a tag or other identifier (e.g. writing a nickname beside
their face in the display, or using a symbol identifier of
selected and/or arbitrary type designated by a user). At S5, a
new face FR2 is detected and tracking is initiated. The periph-
eral regions PRD2 around this face FR2 are extracted at S6. At
S7, the PRD2 are compared with peripheral region data which
is currently stored, e.g., such as PRD1 associated with lost
face region FR1. If a match of PRIM and PRD2 is determined
at S7, then at S9 the face FR2 is temporarily identified (and
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displayed) as being the person ID1 associated with this
peripheral region data PRD2/PRD1, which is the same iden-
tifier ID1 used for FR 1 before it was lost. If no match can be
determined, then the process stops at S8 and no identity
information for this face is provided at this time.

[0039] At S10, after a good face region FR2 is obtained
from the tracked face FR2, then a face pattern or faceprint FP2
is extracted. Pattern matching is performed to recognize the
face FR2 and the person is thus identified at S12 from a set of
known persons, or marked as “unknown” at S11. Where an
identification ID1 was already provided by volatile data this
can be confirmed at S12, or replaced at S11 by the identity
from the recognition algorithm.

[0040] After S11, if peripheral regions and recognized
identity did not match, then a new set of volatile peripheral
region data PRD2 is created and associated with this new
identity ID2. The camera continues to track this face region
until “face lock™ is lost displaying the identified person (e.g.
writing a nickname beside their face in the display), as the
process is basically returned with regard to FR2 and 1D2 to
S4. The volatile data PRD1 and PRD2 is stored within the
camera until an extinction event (power-down, count-down,
change of location or manual intervention or combinations
thereof) occurs whereupon the volatile data is deleted.
[0041] Referring now to FIG. 2, S1-S3, S5-S6 and S8-S11
are same or similar to those described with reference to FIG.
1, and will not be reiterated here. At S44 in FIG. 2, peripheral
region data PRD1 is tracked along with face region FR1. In
this embodiment, PRD1 will be stored along with faceprint
FP1 and not deleted with volatile memory on power-down.
Either the combination of FR1 and PRD1 can be identified as
ID1, or FR1 can be identified as ID1 as in FIG. 1, while the
combination of FR1 and PRD1 is differently identified, e.g.,
as ID11. At S77, PRD1 and PRD2 are compared if face lock
of FR1 and PRD1 is lost, although the face lock of this
combined data is less likely to become lost than in the
embodiment where only FR1 is tracked.

Alternative Embodiments

[0042] When aface detector fails, it may still be possible to
retain a “face-lock” using other techniques than those
described above, or a combination of techniques. For
example, face regions have a skin color or skin tone that can
be segmented from the background scene, such that even
when a face region turns into a profile pose, it can still exhibit
arelatively large region of skin color pixels. Thus a skin-color
filter can be used to augment the face detector and improve the
reliability of a face tracker. Other augmentation techniques
can include luminance and edge filters. It is also possible to
use stereo audio analysis to track the relative location of a face
of a speaker in a scene without visually detecting the face.
This can be useful in video conferencing systems, where it is
desired to locate the speaker in a group of more than one
person. The face tracker may in fact use a combination of
techniques to constantly and reliably maintain a coherent lock
on a tracked face region.

[0043] The face detection process’can tend to be relatively
time-consuming, and so in some embodiments is not per-
formed on every frame. In some cases, only a portion of each
frame is scanned for faces with the face detector (see, e.g.,
U.S. Ser. No. 12/479,593, filed Jun. 5, 2009, which is
assigned to the same assignee and is incorporated by refer-
ence), such that the entire frame is scanned over a number of
frames, e.g., 5 or 10 frames. The frame portion to be scanned
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may be changed from frame to frame so that over a sequence
of several frames the entire field of view is covered. Alterna-
tively, after initial face detection is performed on the entirety
of'the image either in a single frame or a sequence of frames,
the face detector can change to being applied just to the
outside of the frame to locate new faces entering the field of
view, while previously detected faces, which may also be
recognized and identified, within the frame are tracked.
[0044] In certain face tracking systems within digital cam-
eras, multiple faces (e.g., up to 9 in some cameras) can be
independently tracked in a single scene. Such face tracker can
still be very responsive and exhibit less than a few seconds
time lag to detect a new face. The face tracker will indepen-
dently track the movements of a relatively large number (e.g.,
nine or more) of faces. Tracking is smooth and highly respon-
sive in almost all acquisition conditions, although at very low
light levels performance may be significantly degraded.
[0045] 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 be 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
present invention.

[0046] In addition, in methods that may be performed
according to preferred embodiments herein and that may have
been described above, the operations have been described in
selected typographical sequences. However, the sequences
have been selected and so ordered for typographical conve-
nience and are not intended to imply any particular order for
performing the operations, except for those where a particular
order may be expressly set forth or where those of ordinary
skill in the art may deem a particular order to be necessary.
[0047] In addition, all references cited above and below
herein, as well as the background, invention summary,
abstract and brief description of the drawings, are all incor-
porated by reference into the detailed description of the pre-
ferred embodiments as disclosing alternative embodiments.
[0048] The following are incorporated by reference: U.S.
Pat. Nos. 7,587,085, 7,587,068, 7,574,016, 7,565,030, 7,564,
994,7,558,408,7,555,148,7,551,755,7,551,754, 7,545,995,
7,515,740, 7,471,846, 7,469,071, 7,469,055, 7,466,866,
7,460,695, 7,460,694, 7,440,593, 7,436,998, 7,403,643,
7,352,394, 6,407,777, 7,269,292, 7,308,156, 7,315,631,
7,336,821, 7,295,233, 6,571,003, 7,212,657, 7,039,222,
7,082,211, 7,184,578, 7,187,788, 6,639,685, 6,628,842,
6,256,058, 5,579,063, 6,480,300, 5,781,650, 7,362,368 and
5,978,519; and

[0049] U.S. published application nos: 2008/0175481,
2008/0013798, 2008/0031498, 2005/0041121, 2007/
0110305, 2006/0204110, PCT/US2006/021393, 2005/
0068452, 2006/0120599, 2006/0098890, 2006/0140455,
2006/0285754, 2008/0031498, 2007/0147820, 2007/
0189748, 2008/0037840, 2007/0269108, 2007/0201724,
2002/0081003, 2003/0198384, 2006/0276698, 2004/

0080631, 2008/0106615, 2006/0077261 and 2007/0071347,
and

[0050] U.S. patent applications Nos. 10/764,339, 11/861,
854, 11/573,713, 11/462,035, 12/042,335, 12/063,089,
11/761,647, 11/753,098, 12/038,777, 12/043,025, 11/752,
925, 11/767,412, 11/624,683, 60/829,127, 12/042,104,
11/856,721, 11/936,085, 12/142,773, 60/914,962, 12/038,
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147, 11/861,257, 12/026,484, 11/361,854, 61/024,551,
61/019,370, 61/023,946, 61/024,508, 61/023,774, 61/023,
855, 61/221,467, 61/221,425, 61/221,417, 61/091,700,
61/182,625, 61/221,455, 11/319,766, 11/673,560, 12/485,
316, 12/374,040, 12/479,658, 12/479,593, 12/362,399,
12/191,304, 11/937,377, 12/038,147, 12/055,958, 12/026,
484, 12/554,258, 12/437,464, 12/042,104, 12/485,316, and
12/302,493.

1. A method of recognizing faces in an image stream using
a digital image acquisition device, comprising:

receiving a first acquired image from an image stream;

detecting a first face region within the first acquired image

having a given size and a respective location within the
first acquired image;

extracting first faceprint data uniquely identitying the first

face region along with first peripheral region data around
the first face region;

storing the first faceprint and peripheral region data,

including associating the first peripheral region data
with the first face region;

tracking the first face region until face lock is lost;

detecting a second face region within a second acquired

image from the image stream;

extracting second peripheral region data around the second

face region; and

identifying the second face region upon matching the first

and second peripheral region data.

2. The method of claim 1, wherein the storing of peripheral
region data occurs only within volatile memory.

3. The method of claim 1, further comprising providing a
database comprising an identifier and associated parameters
for each of a number of one or more faces to be recognized;
and selectively applying face recognition using said database
to said first face region to provide an identifier for the first face
region.

4. The method of claim 1, further comprising extracting
second faceprint data uniquely identifying the second face
region, and matching the first and second faceprint data,
thereby confirming the identifying of the second face region.

5. The method of claim 1, further comprising retrieving and
matching texture information from the first and second
peripheral region data.

6. The method of claim 1, wherein the detecting and iden-
tifying of the second face region occur within two second or
less.

7. The method of claim 1, wherein the detecting and iden-
tifying of the second face region occur within one second or
less.

8. The method of claim 1, further comprising displaying a
same identifier with the first and second face regions.

9. The method of claim 8, wherein the identifier comprises
a nickname of a person associated with the first and second
face regions.

10. The method of claim 1, wherein the image stream
comprises two or more relatively low resolution reference
images.

11. One or more processor-readable storage media having
code embedded therein for programming a processor to per-
form a method of recognizing faces in an image stream using
a digital image acquisition device, wherein the method com-
prises:
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receiving a first acquired image from an image stream;

detecting a first face region within the first acquired image

having a given size and a respective location within the
first acquired image;

extracting first faceprint data uniquely identifying the first

face region along with first peripheral region data around
the first face region;

storing the first faceprint and peripheral region data,

including associating the first peripheral region data
with the first face region;

tracking the first face region until face lock is lost;

detecting a second face region within a second acquired

image from the image stream;

extracting second peripheral region data around the second

face region; and

identifying the second face region upon matching the first

and second peripheral region data.

12. The one or more processor-readable media of claim 11,
wherein the storing of peripheral region data occurs only
within volatile memory.

13. The one or more processor-readable media of claim 11,
wherein the method further comprises providing a database
comprising an identifier and associated parameters for each
of a number of one or more faces to be recognized; and
selectively applying face recognition using said database to
said first face region to provide an identifier for the first face
region.

14. The one or more processor-readable media of claim 11,
wherein the method further comprises extracting second
faceprint data uniquely identifying the second face region,
and matching the first and second faceprint data, thereby
confirming the identifying of the second face region.

15. The one or more processor-readable media of claim 11,
wherein the method further comprises retrieving and match-
ing texture information from the first and second peripheral
region data.

16. The one or more processor-readable media of claim 11,
wherein the detecting and identifying of the second face
region occur within two second or less.

17. The one or more processor-readable media of claim 11,
wherein the detecting and identifying of the second face
region occur within one second or less.

18. The one or more processor-readable media of claim 11,
wherein the method further comprises displaying a same
identifier with the first and second face regions.

19. The one or more processor-readable media of claim 18,
wherein the identifier comprises a nickname of a person asso-
ciated with the first and second face regions.

20. The method of claim 11, wherein the image stream
comprises two or more relatively low resolution reference
images.

21. A portable, digital image acquisition device, compris-
ing a lens and image sensor for acquiring digital images, a
processor, and a processor-readable medium having code
embedded therein for programming the processor to perform
a method of recognizing faces in an image stream using a
digital image acquisition device, wherein the method com-
prises:

receiving a first acquired image from an image stream;

detecting a first face region within the first acquired image

having a given size and a respective location within the
first acquired ima
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extracting first faceprint data uniquely identitying the first
face region along with first peripheral region data around
the first face region;

storing the first faceprint and peripheral region data,

including associating the first peripheral region data
with the first face region;

tracking the first face region until face lock is lost;

detecting a second face region within a second acquired

image from the image stream;

extracting second peripheral region data around the second

face region; and

identifying the second face region upon matching the first

and second peripheral region data.

22. The device of claim 21, wherein the storing of periph-
eral region data occurs only within volatile memory.

23. The device of claim 21, further comprising providing a
database comprising an identifier and associated parameters
for each of a number of one or more faces to be recognized;
and selectively applying face recognition using said database
to said first face region to provide an identifier for the first face
region.

24. The device of claim 21, further comprising extracting
second faceprint data uniquely identifying the second face
region, and matching the first and second faceprint data,
thereby confirming the identifying of the second face region.

25. The device of claim 21, further comprising retrieving
and matching texture information from the first and second
peripheral region data.

26. The device of claim 21, wherein the detecting and
identifying of the second face region occur within two second
or less.

27. The device of claim 21, wherein the detecting and
identifying of the second face region occur within one second
or less.

28. The device of claim 21, further comprising displaying
a same identifier with the first and second face regions.

29. The device of claim 28, wherein the identifier com-
prises a nickname of a person associated with the first and
second face regions.

30. The device of claim 21, wherein the image stream
comprises two or more relatively low resolution reference
images.

31. A method of recognizing faces in an image stream
using a digital image acquisition device, comprising:

receiving a first acquired image from an image stream;

detecting a first face region within the first acquired image
having a given size and a respective location within the
first acquired image;

extracting first faceprint data uniquely identitying the first

face region along with first peripheral region data around
the first face region;

storing the first faceprint and peripheral region data,

including associating the first peripheral region data
with the first face region;

tracking a first face region combination, including the first

face region and peripheral region data, until face lock is
lost; and

identifying the first face region.

32. The method of claim 31, further comprising providing
a database comprising an identifier and associated parameters
for each of a number of one or more faces to be recognized;
and selectively applying face recognition using said database
to said first face region combination to provide an identifier
for the first face region combination.

Apr. 7,2011

33. The method of claim 32, further comprising retrieving
and matching texture information from the first peripheral
region data for comparing with texture information from a
stored peripheral region.

34. The method of claim 31, wherein the image stream
comprises two or more relatively low resolution reference
images.

35. One or more processor-readable storage media having
code embedded therein for programming a processor to per-
form a method of recognizing faces in an image stream using
a digital image acquisition device, wherein the method com-
prises:

receiving a first acquired image from an image stream;

detecting a first face region within the first acquired image

having a given size and a respective location within the
first acquired image;

extracting first faceprint data uniquely identifying the first

face region along with first peripheral region data around
the first face region;

storing the first faceprint and peripheral region data,

including associating the first peripheral region data
with the first face region;

tracking a first face region combination, including the first

face region and peripheral region data, until face lock is
lost; and

identifying the first face region.

36. The one or more processor-readable media of claim 35,
wherein the method further comprises providing a database
comprising an identifier and associated parameters for each
of a number of one or more faces to be recognized; and
selectively applying face recognition using said database to
said first face region combination to provide an identifier for
the first face region combination.

37. The one or more processor-readable media of claim 36,
wherein the method further comprises retrieving and match-
ing texture information from the first peripheral region data
for comparing with texture information from a stored periph-
eral region.

38. The one or more processor-readable media of claim 35,
wherein the image stream comprises two or more relatively
low resolution reference images.

39. A portable, digital image acquisition device, compris-
ing a lens and image sensor for acquiring digital images, a
processor, and a processor-readable medium having code
embedded therein for programming the processor to perform
a method of recognizing faces in an image stream using a
digital image acquisition device, wherein the method com-
prises:

receiving a first acquired image from an image stream;

detecting a first face region within the first acquired image

having a given size and a respective location within the
first acquired image;

extracting first faceprint data uniquely identifying the first

face region along with first peripheral region data around
the first face region;

storing the first faceprint and peripheral region data,

including associating the first peripheral region data
with the first face region;

tracking a first face region combination, including the first

face region and peripheral region data, until face lock is
lost; and

identifying the first face region.

40. The device of claim 39, wherein the method further

comprises providing a database comprising an identifier and
TVision Insights, Inc. —
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associated parameters for each of a number of one or more
faces to be recognized; and selectively applying face recog-
nition using said database to said first face region combina-
tion to provide an identifier for the first face region combina-
tion.

41. The device of claim 40, wherein the method further
comprises retrieving and matching texture information from
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the first peripheral region data for comparing with texture
information from a stored peripheral region.

42. The device of claim 39, wherein the image stream
comprises two or more relatively low resolution reference
images.
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