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(57) Abstract: The subject disclosure is directed towards a face detection
technology in which image data is classified as being a non-face image or a
face image. Image data is processed into an image pyramid. Features, com-
prising pixel pairs of the image pyramid, are provided to stages of a cascad-
ing classifier to remove sub-window candidates that are classified as non-
face sub-windows within each stage. The face detection technology contin-
ues with one or more subsequent stages to output a result as to whether the
image contains a face.
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REAL-TIME FACE DETECTION USING PIXEL PAIRS

BACKGROUND
[0001] Face detection algorithms have many uses and have been studied extensively.
For example, most existing real-time face detection systems use Haar-wavelets as visual
features, because they can be evaluated in constant time at any scale using integral images
comprising a data structure that allows querying the sum of all pixel values above and to
the left of any location in the input image in constant time.
[0002] However, existing Haar-wavelet-based real-time face detection algorithms need
relatively powerful computing devices to provide the processing power needed for most
applications. Commonly used face detection algorithms take too long on contemporary
mobile device hardware, and are thus not suited for real-time processing on mobile
hardware.

SUMMARY

[0003] This Summary is provided to introduce a selection of representative concepts in a
simplified form that are further described below in the Detailed Description. This
Summary is not intended to identify key features or essential features of the claimed
subject matter, nor is it intended to be used in any way that would limit the scope of the
claimed subject matter.
[0004] Briefly, various aspects of the subject matter described herein are directed
towards a face detection technology in which image data is classified as being a non-face
image or a face image. In one aspect image data is processed into an image pyramid.
Features of sub-window candidates are provided to each stage of a cascading classifier to
remove zero or more sub-window candidates that are classified as non-face sub-windows
within that stage. The features comprise pixel pairs of the image pyramid. The face
detection technology continues with one or more subsequent stages to output a result as to
whether the image contains a face based upon whether at least one sub-window candidate
remains.
[0005] In one aspect, a memory includes instructions, corresponding to a face detector,
that are executed by the processor. The face detector is configured to process image data
into an image pyramid comprising representations of the image data at different
resolutions, and to extract features from the image pyramid comprising pixel pairs of the

image pyramid. The features are provided to a cascading classifier of the face detector,
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which uses the features to remove candidate sub-windows in a plurality of stages to detect
whether the image data corresponds to a face or non-face image.
[0006] In one aspect, there is described processing image data corresponding to a
captured image into an image pyramid, and obtaining a list of sub-window candidates. A
first classifier, of a plurality of classifiers comprising a cascading classifier, is selected as a
selected classifier. Feature values corresponding to pixel-pairs of one or more sub-
windows in the image pyramid are provided to the selected classifier to remove any sub-
window candidate from the list that does not achieve a threshold value associated with the
selected classifier. Subsequent classifiers are each selected as the selected classifier, with
feature values from remaining (non-removed) sub-windows provided to the selected
classifier to remove any sub-window candidate from the list that does not achieve a
threshold value associated with the selected classifier. When a last classifier of the
cascading classifier is the selected classifier, a result is output that is indicative of whether
at least one face was detected in the image data.
[0007] Other advantages may become apparent from the following detailed description
when taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] The present invention is illustrated by way of example and not limited in the
accompanying figures in which like reference numerals indicate similar elements and in
which:
[0009] FIGURE 1 is a block diagram including components configured to perform real-
time face detection using pixel pairs as features provided to a cascading classifier,
according to one example embodiment.
[0010] FIG. 2 is a representation of an image pyramid from which pixel pairs may be
selected for use in classification, according to one example embodiment.
[0011] FIG. 3 is a representation of how image data may be padded to increase an
effective field of view, according to one example embodiment.
[0012] FIG. 4 is a flow diagram representing example steps that may be taken to classify
image data as a non-face image or a face image, according to one example embodiment.
[0013] FIG. 5 is a block diagram representing an example computing environment, in
the example of a mobile computing device, into which aspects of the subject matter

described herein may be incorporated.
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DETAILED DESCRIPTION
[0014] Various aspects of the technology described herein are generally directed towards
a face detector mechanism / algorithm that computes locations and sizes of human faces in
digital images in real-time, including on a low-power device such as a mobile phone. In
one aspect, multi-scale features and processing is used, using simplified image features
based upon an image pyramid (in contrast to existing algorithms that avoid image
pyramids and use integral images instead). As will be understood, the features described
herein need very few instructions to evaluate and allow for efficient multi-scale
processing.
[0015] Also described is a simplified technique that replaces conventional contrast
normalization computations with effective contrast normalization, using luminance as a
proxy for contrast to avoid expensive contrast computations. Further, detection at image
boundaries may be achieved by increasing the face detector’s field-of-view, including by
padding the image at the boundaries.
[0016] It should be understood that any of the examples herein are non-limiting. For
instance, instructions on a certain ARM processor are used as examples, however other
processors may be used, and other devices may benefit from a similar approach. The
instructions are only one efficient example. As such, the present invention is not limited
to any particular embodiments, aspects, concepts, structures, functionalities or examples
described herein. Rather, any of the embodiments, aspects, concepts, structures,
functionalities or examples described herein are non-limiting, and the present invention
may be used various ways that provide benefits and advantages in computers and face
detection in general.
[0017] FIG. 1 shows a cascade of classifiers 1021 — 102, being trained offline by a
training mechanism 104 using a set of images 106 known to contain faces and those
known not to contain faces. As is known, the training mechanism 104 iteratively trains the
classifiers 1021 — 102, using features extracted from the images until a sufficiently high
rate of correct results is achieved; such training is generally well known and not described
in detail herein. Note however that the training may be run and re-run with different data /
parameters 108 such as thresholds, scaling factors and so forth to obtain desirable values
for those parameters, as described below.
[0018] Face detection classifiers typically operate by scanning sub-windows in an image
with a face/no-face classifier (a face “template”). To detect faces at different scales, the

classifier is applied to scaled versions of the input image. In practice, high quality face /
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no-face classifiers are computationally too expensive to be run on every sub-window,
because the number of sub-windows is very large, even at low-resolutions. Thus, existing
real-time systems use a cascade of classifiers of increasing accuracy / complexity, e.g., the
first classifier in the cascade is relatively crude (and thus very fast) and runs on all sub-
windows, with an operating point set such that as many non-face sub-windows as possible
are rejected while all face sub-windows are classified correctly (e.g., one-hundred percent
recall, that is no false negatives). A second classifier is more accurate (and slower), but
only runs on sub-windows that have been classified as “face” by the previous stage
classifier (which includes real faces and false positives), and so on, up to a desired number
of classifiers / scales. This cascading has the effect that many non-face sub-windows are
rejected early, leaving the expensive full-accuracy classification to a small number of sub-
window locations that very likely contain faces.
[0019] FIG. 1 also shows the online usage of instances of the trained classifiers 1031 —
103x (referred to hereinafter as the cascading classifier 103) as loaded into a computing
device 110, such as a mobile computing device. The data parameters 109 comprising the
thresholds and scaling factors as well as any other variable parameters (which may be the
same or different for each classifier) are incorporated into a face detection algorithm 112
that is part of each classifier. In one implementation, the face detection algorithm 112
along with the data parameters 109 are hard coded into the cascading classifier 103.
[0020] In general, when a camera 114 captures image data 116, a pyramid processing
block 118 builds an image pyramid (FIG. 2) comprising the image data at different
resolutions. A feature extractor 120 extracts features as described herein for processing by
the classifiers into a result set 122.
[0021] Turning to the features, note that most existing real-time face detection systems
use Haar-wavelets as visual features, because they can be evaluated in constant time at any
scale using integral images. The sum of pixels in a rectangular area can be computed from
four integral image queries (at the rectangle corners).
[0022] Described herein is an algorithm that uses a different set of features, namely
differences of two pixels (pixel pairs) at different scales as illustrated in the image
pyramid 222 of FIG. 2; (although other features also may be used). The pixel pair features
may be expressed as:

f=L0xy1,510) — L(x2,2,82)

= ). pixelsin R, — Y pixelsinR, .
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[0023] More particularly, pixel pair features have a similar expressive power as Haar-
wavelets. Note that pixel pair features use an image pyramid, which was heretofore
widely believed to be prohibitive in real-time applications. However, due to the many
noise sources in a face detection system (shutter wobble, motion blur, varying exposure
and illumination, and so forth), the visual quality of the image pyramid allows for very fast
implementations to be used. For example, lower octaves may be computed by 2x2
averaging, and intermediate scales by nearest neighbor sampling. Such a pyramid has
been found to be sufficiently accurate, and can be computed with three levels per octave in
about one millisecond on a typical smartphone at 160x120 resolution.

[0024] Turning to multi-scale processing, to run the detector the cascaded classifier 103
that decides face/no-face is applied to (e.g., all) 21x21 sub-windows in the input image
pyramid 222. The cascaded classifier 103 keeps a linked list of sub-window locations,
which is updated by each classification stage. Before the first stage runs, the list contains
(logically) all locations at all scales. The list shrinks as the cascaded classifier 103 runs
and each classifier removes the locations it considers no-face. As described herein, in one
implementation the features used by the classifier comprise the differences between two
pixels in the pyramid 222 the given 21x21 sub-window. Note that the choice of features
makes the problem explicitly multi-scale.

[0025] The individual classifiers 1031 — 103, may be restricted to read pixels only from
certain pyramid levels, that is, only features from certain pyramid levels are provided for
classification. One implementation restricts the first classifier 1031 in the cascaded
classifier 103 to use only “big” pixels from two octaves below the base resolution, or
lower. As a result, detection may be run as a 6x6 sub-window classifier (instead of 21x21)
on a sixteen times smaller version of the input image (e.g. 40x30 pixels instead of
160x120). Even though 6x6 is too low a resolution to classify face / non-face windows
with high accuracy, it is a reasonable approximation such that approximately eighty-five
percent of non-face sub-windows are rejected after the second stage.

[0026] In one implementation, starting with the third classifier stage, pixels from one
octave below base resolution are allowed. This makes the third stage an “expansion stage”
that expands every detection location from previous stages to its four children in the
pyramid level one octave above. The four child locations are classified and removed from
the list if they are non-faces (note that expansion stages are the only stages in the cascade
where the location list may grow in size). After the sixth stage, approximately ninety-nine

percent of non-face sub-windows have been rejected, and the detection resolution is
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expanded by one more octave, this time down to the base resolution. The multi-scale
approach keeps the location list very small, (approximately 10”3 for a 160x120 image),
which is beneficial in terms of memory locality.

[0027] For feature evaluation, unlike Haar-wavelets, the pixel pair features need fewer
operations per feature (e.g., two reads plus one integer subtraction for pixel pairs, versus
typically five to ten reads and several additions for Haar-wavelets). Further, these pixel
pair features allow working with single channel eight-bit images, which is not possible
with integral images as they need to store sums of pixel values over large arcas. By using
fewer bits to represent pixel values (and classifier coefficients), code and data sizes are
kept at or very near a minimum, which has a positive effect on performance and power
consumption.

[0028] Another aspect is directed towards contrast normalization. The value of a Haar-
wavelet or pixel pair feature is (roughly) proportional to the local RMS (root-mean-
square) contrast. This is undesirable in making the face detector robust to variations in
illumination, exposure, and so forth. Many existing methods therefore compute the
standard deviation of the luminance values in a sub-window (equal to RMS contrast), and
normalize the feature values accordingly. This can be achieved using another integral
image that stores the integral values of the squared luminance values (which can be large
and need even wider data types in the integral image). The integral image makes this
operation efficient, but is expensive, as it requires another four reads from the “squared”
integral image, plus further arithmetic instructions.

[0029] As described herein, effective contrast normalization is based on the observation
that in typical camera images, low contrast is generally correlated with low luminance.
Thus, if the average luminance in a sub-window falls below a threshold (e.g., determined
via training), the features values are multiplied by a factor, (such as two, which needs only
compare and one shift operation). This is highly efficient, yet significantly helps in
detecting under-exposed faces. The threshold and scaling factor may be determined by an
offline analysis of face luminance and contrast on the training image set.

[0030] Turning to one classifier architecture, similar to existing techniques, each stage in
the cascade classifier 103 comprises a boosted decision stump classifier that has been
learned offline from a training set of face and non-face image patches. Let £ be the number
of features used by a given classifier at some stage (k defines the complexity of the

classifier and increases along the cascade). Each classifier is of the form:
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k

e =Y allfix) > t] + b I < ¢

P=}

where x is a sub-window location, fi(x,y,s) the i-th feature evaluated at x, and 7 is the
indicator function.

[0031] The £ features f; are selected from the pool of pixel pair features during the
learning process. Also, their thresholds #, and their “greater than” and “less or equal than”
values, ai, and b;, respectively, may be learned from the training data. The classifier
output, c(x), is compared against a global threshold that decides whether the sub-window
at x remains in the list of candidate locations or not. The above formula makes up the
innermost loop in one face detector that runs for each 21x21 sub-window up to few
thousand times (the average number being much lower due to the cascading rejecting most
non-face patches early on). The variables a;, b;, t; may be hard-coded. Also, the locations
and scales of the pixel pairs in each feature x1, x2, y1, y2, s1, s2, (FIG. 2) may be hard-
coded.

[0032] Thus, one decision stump (including feature computation and effective contrast

normalization) compiles to the following ARM instructions:

100049E6: 7BBA  ldrb Read 8bit luminance pixel at (x2,y2,s2),
r2,[r7, #OxE] register r7 holds the precomputed offset
into the image row y2 at scale s2
100049E8: 7B6B  ldrb Read 8bit luminance pixel at (x1,y1,s1),
r3,[r5,#0xD] register r5 holds the precomputed offset

into the image row yl at scale sl
100049EA: 149B  subs r3,r3,r2 Compute difference between luminances
100049EC: FAI3 F30F Isls r3,r3,lr Apply contrast normalization by left-

shifting feature value. Register Ir is either
1 (if sub-window has low mean luminance)
or 0.

100049F0: 2B28  cmp r3,#0x28 Test against threshold t

100049F2: DC0O1  bgt 100049F8 Depending on the threshold test,
100049F4: 2317  movs r3,#0x17 accumulate either a or b into the classifier
100049F6: EO0I b 100049FC output

100049F8: FO6F 0340 mvn r3,#0xA0
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[0033] Inlining the coordinates and thresholds as shown above way results in
significantly faster code execution compared to reading these values from a data structure.
Such a face detector runs in ten milliseconds on contemporary smartphone hardware. The
detection accuracy may be improved by adding additional stages (currently seventeen in
one implementation). However, the current accuracy is sufficient for most real-time
applications. At ten milliseconds per frame on the phone, the face detector runs about
one-hundred times faster than the existing detectors that are in use, which enables new
applications in the real-time domain, e.g. augmented reality, auto-focus/exposure/white
balance, video chat overlays, and so forth. Sampling of less than all frames is possible to
provide a faster average time and/or allow for additional processing.

[0034] The face detector provides detection for real-time applications, including low-
resolution applications using a front-facing camera on a mobile device (for example, used
with video chat). One problem with such scenarios is that the typical face size is on the
order of the input image size itself, which means that the slightest head or camera
movement moves a part of the face out of the image. As the exemplified detector uses a
full 21x21 sub-window as input, such moved faces are not always detected. This is
generally represented in FIG. 3, where the rectangular region 330, bounded by a solid line,
represents the actual captured image.

[0035] This problem may be solved in one implementation by padding the image
horizontally and vertically before running the detector. This works in part because faces
are symmetrical with respect to reflection (horizontally), allowing the filling in of missing
information beyond the left and right image boundaries by mirroring. The pixels in the
regions (to the left and right of the imaginary dashed lines in the original image 331) may
be copied and mirror-imaged into the padded regions 331 and 332, respectively (FIG. 3 is
not intended to be an exact representation of any size or exact mirroring). As can be seen,
this left and right padding alone makes the padded image contain what closely resembles a
full face when considered with the padded region 331, but nothing that likely will be
recognized as a face in the region 332. This modification significantly increases the field-
of-view of the face detector.

[0036] Also, the face detector is relatively insensitive to hair / beard styles and color,
allowing the filling in of missing information beyond the top and bottom image boundaries
by extending the boundary pixel values. Note that faces are not vertically symmetrical,
and thus a “stretching” operation may be performed. This “stretching” is generally

represented in FIG. 3, and may be accomplished by extending the topmost and last
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scanlines, providing padded regions 335 and 336, respectively. Note that rather than
stretch the hair, a certain line (or lines) of pixels such as corresponding to the forehead and
chin may be stretched. This modification also significantly increases the field-of-view of
the face detector.

[0037] FIG. 4 summarizes various steps of one face detector comprising cascading
classifiers, beginning at step 402 where the image is captured and any desired padding
performed; the (possibly padded) image is then processed into an image pyramid having a
desired number of scales. Step 404 represents obtaining a desired list of candidate sub-
windows, which is initially all sub-windows, and step 406 selects a sub-window to
process. As described above, the list is reduced in each cascading stage.

[0038] Step 408 represents inputting sub-window pixel pair features into the classifier as
described above, which is initially the first classifier. Luminance may be used for contrast
normalization as also described above. The result of the classification, ¢(x), is evaluated at
step 410 against a global threshold that removes the sub-window from the list of
candidates if not met (step 412), or allows the sub-window to remain in the list of
candidates. Note that it is feasible to have a different global threshold value associated
with each classifier. Further note that although not explicitly shown in FIG. 4, it is
understood that the list may be evaluated at any appropriate time (e.g., following step 412)
to determine if no candidates remain, and thereby short circuit any further classification
stages and output a “no-face detected” result.

[0039] Step 414 repeats the process for each remaining candidate sub-window. When
none remain to be processed by this stage’s classifier (step 416), the next classifier is
selected at step 418 and the process repeated, with finer resolution data to process but a
typically smaller candidate list of sub-windows.

[0040] The output of the last classifier is generally a face or no face result based upon
whether the list is empty. It is feasible, however, for more than one face to be present in
an image, in which event further processing may be done on the list to determine distinct
face locations.

EXAMPLE OPERATING ENVIRONMENT

[0041] FIG. 5 illustrates an example of a suitable mobile device 500 on which aspects of
the subject matter described herein may be implemented. The mobile device 500 is only
one example of a device and is not intended to suggest any limitation as to the scope of

use or functionality of aspects of the subject matter described herein. Neither should the
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mobile device 500 be interpreted as having any dependency or requirement relating to any
one or combination of components illustrated in the example mobile device 500.

[0042] With reference to FIG. 5, an example device for implementing aspects of the
subject matter described herein includes a mobile device 500. In some embodiments, the
mobile device 500 comprises a cell phone, a handheld device that allows voice
communications with others, some other voice communications device, or the like. In
these embodiments, the mobile device 500 may be equipped with a camera for taking
pictures, although this may not be required in other embodiments. In other embodiments,
the mobile device 500 may comprise a personal digital assistant (PDA), hand-held gaming
device, notebook computer, printer, appliance including a set-top, media center, or other
appliance, other mobile devices, or the like. In yet other embodiments, the mobile device
500 may comprise devices that are generally considered non-mobile such as personal
computers, servers, or the like.

[0043] Components of the mobile device 500 may include, but are not limited to, a
processing unit 505, system memory 510, and a bus 515 that couples various system
components including the system memory 510 to the processing unit 505. The bus 515
may include any of several types of bus structures including a memory bus, memory
controller, a peripheral bus, and a local bus using any of a variety of bus architectures, and
the like. The bus 515 allows data to be transmitted between various components of the
mobile device 500.

[0044] The mobile device 500 may include a variety of computer-readable media.
Computer-readable media can be any available media that can be accessed by the mobile
device 500 and includes both volatile and nonvolatile media, and removable and non-
removable media. By way of example, and not limitation, computer-readable media may
comprise computer storage media and communication media. Computer storage media
includes volatile and nonvolatile, removable and non-removable media implemented in
any method or technology for storage of information such as computer-readable
instructions, data structures, program modules, or other data. Computer storage media
includes, but is not limited to, RAM, ROM, EEPROM, flash memory or other memory
technology, CD-ROM, digital versatile disks (DVD) or other optical disk storage,
magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to store the desired information and

which can be accessed by the mobile device 500.
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[0045] Communication media typically embodies computer-readable instructions, data
structures, program modules, or other data in a modulated data signal such as a carrier
wave or other transport mechanism and includes any information delivery media. The
term “modulated data signal” means a signal that has one or more of its characteristics set
or changed in such a manner as to encode information in the signal. By way of example,
and not limitation, communication media includes wired media such as a wired network or
direct-wired connection, and wireless media such as acoustic, RF, Bluetooth®, Wireless
USB, infrared, Wi-Fi, WiMAX, and other wireless media. Combinations of any of the
above should also be included within the scope of computer-readable media.

[0046] The system memory 510 includes computer storage media in the form of volatile
and/or nonvolatile memory and may include read only memory (ROM) and random access
memory (RAM). On a mobile device such as a cell phone, operating system code 520 is
sometimes included in ROM although, in other embodiments, this is not required.
Similarly, application programs 525 are often placed in RAM although again, in other
embodiments, application programs may be placed in ROM or in other computer-readable
memory. The heap 530 provides memory for state associated with the operating system
520 and the application programs 525. For example, the operating system 520 and
application programs 525 may store variables and data structures in the heap 530 during
their operations.

[0047] The mobile device 500 may also include other removable/non-removable,
volatile/nonvolatile memory. By way of example, FIG. 5 illustrates a flash card 535, a
hard disk drive 536, and a memory stick 537. The hard disk drive 536 may be
miniaturized to fit in a memory slot, for example. The mobile device 500 may interface
with these types of non-volatile removable memory via a removable memory interface
531, or may be connected via a universal serial bus (USB), IEEE 5394, one or more of the
wired port(s) 540, or antenna(s) 565. In these embodiments, the removable memory
devices 535-537 may interface with the mobile device via the communications module(s)
532. In some embodiments, not all of these types of memory may be included on a single
mobile device. In other embodiments, one or more of these and other types of removable
memory may be included on a single mobile device.

[0048] In some embodiments, the hard disk drive 536 may be connected in such a way
as to be more permanently attached to the mobile device 500. For example, the hard disk
drive 536 may be connected to an interface such as parallel advanced technology

attachment (PATA), serial advanced technology attachment (SATA) or otherwise, which
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may be connected to the bus 515. In such embodiments, removing the hard drive may
involve removing a cover of the mobile device 500 and removing screws or other fasteners
that connect the hard drive 536 to support structures within the mobile device 500.

[0049] The removable memory devices 535-537 and their associated computer storage
media, discussed above and illustrated in FIG. 5, provide storage of computer-readable
instructions, program modules, data structures, and other data for the mobile device 500.
For example, the removable memory device or devices 535-537 may store images taken
by the mobile device 500, voice recordings, contact information, programs, data for the
programs and so forth.

[0050] A user may enter commands and information into the mobile device 500 through
input devices such as a key pad 541 and the microphone 542. In some embodiments, the
display 543 may be touch-sensitive screen and may allow a user to enter commands and
information thereon. The key pad 541 and display 543 may be connected to the
processing unit 505 through a user input interface 550 that is coupled to the bus 515, but
may also be connected by other interface and bus structures, such as the communications
module(s) 532 and wired port(s) 540. Motion detection 552 can be used to determine
gestures made with the device 500.

[0051] A user may communicate with other users via speaking into the microphone 542
and via text messages that are entered on the key pad 541 or a touch sensitive display 543,
for example. The audio unit 555 may provide electrical signals to drive the speaker 544 as
well as receive and digitize audio signals received from the microphone 542.

[0052] The mobile device 500 may include a video unit 560 that provides signals to
drive a camera 561. The video unit 560 may also receive images obtained by the camera
561 and provide these images to the processing unit 505 and/or memory included on the
mobile device 500. The images obtained by the camera 561 may comprise video, one or
more images that do not form a video, or some combination thereof.

[0053] The communication module(s) 532 may provide signals to and receive signals
from one or more antenna(s) 565. One of the antenna(s) 565 may transmit and receive
messages for a cell phone network. Another antenna may transmit and receive
Bluetooth® messages. Yet another antenna (or a shared antenna) may transmit and
receive network messages via a wireless Ethernet network standard.

[0054] Still further, an antenna provides location-based information, e.g., GPS signals to
a GPS interface and mechanism 572. In turn, the GPS mechanism 572 makes available

the corresponding GPS data (e.g., time and coordinates) for processing.
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[0055] In some embodiments, a single antenna may be used to transmit and/or receive
messages for more than one type of network. For example, a single antenna may transmit
and receive voice and packet messages.

[0056] When operated in a networked environment, the mobile device 500 may connect
to one or more remote devices. The remote devices may include a personal computer, a
server, a router, a network PC, a cell phone, a media playback device, a peer device or
other common network node, and typically includes many or all of the elements described
above relative to the mobile device 500.

[0057] Aspects of the subject matter described herein are operational with numerous
other general purpose or special purpose computing system environments or
configurations. Examples of well known computing systems, environments, and/or
configurations that may be suitable for use with aspects of the subject matter described
herein include, but are not limited to, personal computers, server computers, hand-held or
laptop devices, multiprocessor systems, microcontroller-based systems, set top boxes,
programmable consumer electronics, network PCs, minicomputers, mainframe computers,
distributed computing environments that include any of the above systems or devices, and
the like.

[0058] Aspects of the subject matter described herein may be described in the general
context of computer-executable instructions, such as program modules, being executed by
a mobile device. Generally, program modules include routines, programs, objects,
components, data structures, and so forth, which perform particular tasks or implement
particular abstract data types. Aspects of the subject matter described herein may also be
practiced in distributed computing environments where tasks are performed by remote
processing devices that are linked through a communications network. In a distributed
computing environment, program modules may be located in both local and remote
computer storage media including memory storage devices.

[0059] Furthermore, although the term server may be used herein, it will be recognized
that this term may also encompass a client, a set of one or more processes distributed on
one or more computers, one or more stand-alone storage devices, a set of one or more
other devices, a combination of one or more of the above, and the like.

CONCLUSION

[0060] While the invention is susceptible to various modifications and alternative
constructions, certain illustrated embodiments thereof are shown in the drawings and have

been described above in detail. It should be understood, however, that there is no
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intention to limit the invention to the specific forms disclosed, but on the contrary, the
intention is to cover all modifications, alternative constructions, and equivalents falling

within the spirit and scope of the invention.
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CLAIMS
1. In a computing environment, a method comprising, processing image data
into an image pyramid, providing features of sub-window candidates to cach stage of a
cascading classifier to remove zero or more sub-window candidates that are classified as
non-face sub-windows within that stage, in which the features comprise pixel pairs of the
image pyramid, continuing with one or more subsequent stages, and outputting a result

based upon whether at least one sub-window candidate remains.

2. The method of claim 1 further comprising, padding a captured image in at

least one direction into the image data that is processed into the image pyramid.

3. The method of claim 1 wherein continuing with the one or more subsequent
stages ends at a last classifier, and wherein outputting the result comprises outputting a

result indicating that a face was detected if at least one sub-window candidate remains.

4. The method of claim 1 further comprising, removing a sub-window
candidate when combined differences of pixel pairs of that sub-window fail to achieve a

global threshold value.

5. A system comprising, at least one processor and memory, the memory
including instructions, corresponding to a face detector, that are executed by the processor,
the face detector configured to process image data into an image pyramid comprising
representations of the image data at different resolutions, to extract features from the
image pyramid comprising pixel pairs of the image pyramid, and to provide the features to
a cascading classifier of the face detector, the cascading classifier configured to use the
features to remove candidate sub-windows in a plurality of stages to detect whether the

image data corresponds to a face or non-face image.

6. The system of claim 5 wherein at least one stage of the cascading classifier
performs contrast normalization based upon a luminance value representative of a

luminance of a sub-window versus a threshold luminance.

7. One or more computer-readable media having computer-executable

instructions, which when executed perform steps, comprising,
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(a) processing image data corresponding to the image into an image pyramid;

(b) obtaining a list of sub-window candidates;

(c) selecting a first classifier, of a plurality of classifiers comprising a cascading
classifier, as a selected classifier;

(d) providing feature values corresponding to pixel-pairs of one or more sub-
windows in the image pyramid to the selected classifier to remove any sub-window
candidate from the list that does not achieve a threshold value associated with the selected
classifier;

() determining whether a last classifier of the cascading classifier is the selected
classifier, and if so, advancing to step (g);

(f) selecting a subsequent classifier, of the cascading classifier as a selected
classifier and returning to step (d);

(g) outputting a result indicative of whether at least one face was detected in the

image data.

8. The one or more computer-readable media of claim 7 having further
computer executable instructions comprising padding the captured image in at least one

direction to provide the image data.

9. The one or more computer-readable media of claim 7 having further
computer executable instructions comprising using luminance data associated with at least

one sub-window for contrast normalization.
10.  The one or more computer-readable media of claim 7 having further

computer executable instructions comprising repeating steps (a) through (g) for each of a

plurality of frames of images.
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