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METHODS AND SYSTEMS FOR CONTEXTUALLY PROCESSING IMAGERY

TECHN ICAL FIELD

This disclosure relates generally to image processing. More particularly, this

disclosure relates to image processing activities used in conjunction with data signal

detection, image recognition, three-dimensional scanning, augmented reality, etc.

BACKGROUN D AND SUMMARY

Advances in image processing technologies have created many new and useful

ways to identify tangible or otherwise visible objects (e.g., newspapers, magazine pages,

posters, product packaging, consumer products, labels, event tickets, credit cards, paper

currency, electronic device housings, displayed video or still imagery, etc.) in support of

a wide variety of applications relating to advertising, augmented reality, content

identification, copyright control, digital rights management, e-commerce, gaming,

image-based search, social tagging, security, etc. In a typical scenario, an object

identification process is initiated by first capturing an image of a surface of the object.

The captured image is then subjected to one or more feature detection processes t o

discern between a signal representing a specific information-bearing feature (e.g., that

can be used t o identify the object) within the captured image and other features or

information visually conveyed by the object. As used herein, a "feature" generally

represents a robust image characteristic of the type that can be inserted in the visual

information already conveyed by the object (e.g., via use of a one-or two-dimensional

barcode, digital watermark, dataglyph, etc.), or an image characteristic that can be

otherwise identified within the visual information already conveyed by the object (e.g.,

via use of known fingerprinting techniques), or a combination of both.

In some cases, the accuracy or reliability of a feature detection process depends

upon the pose of the surface of the object being imaged relative to the device used t o

capture the image of the object. In this context, "pose" can refer to one or more



attributes such as distance between the object being imaged and the device capturing

the image (also referred to as "scale") and tilt of the object being imaged relative to an

image plane of the device capturing the image (also referred to as "shear" or

"differential scale"). Hence, proper alignment of the object surface being imaged with a

camera-equipped electronic device is important t o ensure that a feature is accurately

and reliably detected.

Some conventional feature detection processes have been developed that are

invariant t o one or more of the aforementioned pose attributes (e.g., as with Scale-

Invariant Feature Transform - SIFT, or Speeded Up Robust Features - SURF, etc.), but

these processes can be undesirably time-consuming or require an excessive amount of

processing resources. Other conventional feature detection processes iteratively

perform one or more operations, with each operation using one or more parameters

optimized for a specific pose or range of poses, until an acceptable result obtained.

While such iterative processes are less computationally expensive than pose-invariant

processes, these processes are still undesirably slow for certain applications (e.g.,

involving rapid scanning of multiple objects over a short period of time).

Accordingly, it would be desirable to perform feature detection processes in a

manner that is both faster than conventional iterative processes and requires less

computational resources than typical pose-invariant detection processes.

In accordance with one aspect of the present technology, captured imagery of an

object is processed based on contextual data that at least partially characterizes a

condition of the object when the imagery was captured. The contextual data can be

obtained directly by a sensor or can be derived by pre-processing the captured imagery.

When the contextual data is known, a feature detection process can then be performed.

By processing captured imagery based on contextual data, features can be quickly and

accurately detected (e.g., as compared to conventional iterative feature detection

processes) without relying on computationally expensive pose-invariant processes.



The foregoing and other features and advantages of the present technology will

be more readily apparent from the following detailed description, which proceeds by

reference t o the accompanying drawings.

BRI EF DESCRIPTION O F THE DRAWINGS

FIG. 1 illustrates a functional block diagram of a feature detection system

according t o some embodiments of the present invention.

FIGS. 2 and 3 exemplarily illustrate a spot area that may be illuminated on an

object by an illumination source of the feature detection system.

FIGS. 4 t o 6 schematically illustrate various embodiments of an illumination

source that may be incorporated within a feature detection system.

FIGS. 4A and 5A exemplarily illustrate spot areas illuminated on an object by

embodiments of illumination sources illustrated in FIGS. 4 and 5, respectively.

FIGS. 7 and 8 exemplarily illustrate spot areas illuminated on an object by still

other embodiments of illumination sources.

FIG. 9 schematically illustrates one embodiment of an electronic device that may

incorporate a feature detection system according t o the numerous embodiments

exemplarily described herein.

DETAILED DESCRIPTION

Embodiments of the invention are described more fully hereinafter with

reference t o the accompanying drawings, in which example embodiments of the

invention are shown. These embodiments may, however, be implemented in many

different forms and should not be construed as limited t o the implementations explicitly

set forth herein. In the following description, and unless otherwise specified, a range of

values, when recited, is intended t o include both the upper and lower limits of the

range, as well as any sub-ranges therebetween. Unless otherwise expressly limited, the

term "obtaining" is intended t o indicate any of its ordinary meanings, such as acquiring,



calculating, deriving, estimating, evaluating, receiving (e.g., from an external device),

and/or retrieving (e.g., from a machine-readable medium).

Referring t o FIG. 1, a feature detection system 100 according to one

embodiment may include an image sensor 102 configured to capture an image (also

referred t o herein as a "query image") of a scene including object 104 and output image

data corresponding t o the captured image. The image sensor 102 may be provided as a

solid state or integrated circuit device having an array of sensor elements and

associated analog and digital signal processing and exposure control circuitry. Examples

include a complementary metal oxide semiconductor (CMOS) or a charge couple device

(CCD) imaging sensor chip that is used in typical consumer grade digital still and video

cameras, and in smartphones that have camera functionality.

The feature detection system 100 may further include an image lens system 106

optically coupled t o the image sensor 102 that generally defines field of view 108 within

which a query image (e.g., image 110) can be captured. The image lens system 106

typically includes a lens to focus light from the scene onto an image plane of the image

sensor 102. As used herein, the term "lens" can refer t o a single lens, a compound lens,

a lens array (e.g., a microlens array), o r any other system or assembly of lenses, and may

including one or more different types of lenses such as a plano-convex lens, a plano

concave lens, a biconvex lens, a biconcave lens, a meniscus (e.g., positive or negative)

lens, a Fresnel lens, a gradient-index (GRIN) lens, a cylindrical lens, a lenticular lens, a

best form lens, etc. The image lens system 106 may be provided as a zoom or variable

focus lens system, providing a range of focus and fields of view (e.g., between telephoto

and wide-angle). The image lens system 106 may also include other features such as a

variable o r fixed aperture, and one or more light filters, all of which may be provided in

accordance with conventional digital camera technology. Considered together, the

image sensor 102 and the image lens system 106 constitute a camera 112.

Optionally, the feature detection system 100 further includes an illumination

source 114 configured to project illumination light into the scene and onto objects



within the scene, such as object 104. Typically, the illumination source 114 is located

close t o the image sensor 102 (e.g., within about 30 mm), but may be located farther

from the image sensor 102 if desired. The illumination source 114 may produce

illumination light in the form of one or more light pulses having a relatively short

duration in a range from about 10 femtoseconds (fs) t o a few hundredths of a second

(e.g., while a query image is being captured), or as one or more pulses of light having a

relatively long duration (e.g., t o illuminate the scene while a series of query images are

being captured). It will be appreciated that the illumination source 114 may be

configured t o illuminate the scene automatically (e.g., whenever the image sensor is

actuated t o capture a query image), automatically whenever ambient lighting levels are

below a threshold level, when manually actuated by an operator of the feature

detection system, or the like or a combination thereof. The illumination source 114 may

be configured in any manner suitable t o illuminate a scene with structured light or

unstructured light. As used herein, "structured light" refers t o any light pattern (e.g.,

ray, plane, grid, encoded light, etc.) t o be projected under calibrated geometric

conditions onto an object. Structured light can be created by, for example, projecting

unstructured light (e.g., focused or unfocused) through a mask, a diffractive optical

element, etc., or by scanning a laser in a predetermined pattern, or the like or a

combination thereof.

Generally, the illumination source 114 includes one or more light sources, such

as light source 116, which generates light. The light source may be provided as an

electrically powered gas discharge tube (e.g., a xenon tube, a krypton tube, etc.), a light

emitting diode (LED) (e.g., a semiconductor LED, a superluminescent LED, an organic LED

(OLED), a quantum dot LED, etc.), a laser (e.g., a semiconductor laser diode, a fiber laser,

a photonic crystal rod-type laser, etc.), o r the like or a combination thereof. Light

generated by any light source 116 can have one or more wavelengths in a range from

380 nm (or thereabout) t o 750 nm (or thereabout), but may optionally include one or

more wavelengths of infrared light (e.g., one or more wavelengths in the near-infrared



range). Thus, light generated by the illumination source 114 can be characterized as

infrared, red, green, blue, etc., or can be characterized as "white light." In one

embodiment, white light generated by the light source 116 can be characterized as

having the having a color temperature in a range from 2,700 K (or thereabout) t o 7,000

K (or thereabout). To generate such white light, the illumination source 114 may

include one or more suitable semiconductor LEDs such as any di-, tri- or tetrachromic

white LEDs, phosphor-based LEDs, or the like or a combination thereof.

Optionally, the illumination source 114 includes one or more optical elements,

such as optical element 118, optically coupled t o the light source 116 t o focus,

concentrate, diverge, diffuse, scatter, direct, polarize, collimate, filter, diffract, refract or

otherwise modify light produced by the light source(s). The optical element 118 may

thus be provided as a reflector, a lens, a diffuser, diffractive optical element, or the like

or a combination thereof. The optical element 118 can be provided as a static element,

or may be adaptive or otherwise reconfigurable to adjust the manner in which light

produced by a light source 116 is modified. Examples of adaptive optical elements

include microelectromechanical system (MEMS) mirror arrays, electrowetting lenses,

liquid crystal cells, etc. In one embodiment, the light source 116 and the optical

element 118 may be positionally fixed relative t o one another, or one or both of these

elements can be moveable relative t o the other (e.g., via mechanical coupling to an

actuator such as a voice coil actuator, MEMS actuator, or the like).

The feature detection system 100 also includes an image analysis module 120

configured t o perform a feature detection process on the image data output by the

image sensor 102, t o detect one or more features (e.g., watermarks, fingerprints,

cryptographic hashes, barcodes, etc.) within the query image. In some embodiments,

the manner in which the image analysis module 120 performs the feature detection

process can be based upon factors describing the pose (e.g., scale, shear, etc.) of the

surface of the object 104 being imaged relative t o the image sensor 102. The feature

detection process can be further based upon additional or alternative factors, such as



those describing the planarity of the surface of the object 104 being imaged, the

transparency (or opacity) of the surface of the object 104 being imaged, the reflectivity

of the surface of the object 104 being imaged, object 104or the like o r a combination

thereof. As used herein, the term "contextual data" includes information that describes

one or any combination of the above-described factors. By processing the image data

output by the image sensor 102 based on contextual data, features within the query

image can be quickly and accurately detected (e.g., as compared t o conventional

iterative feature detection processes) without relying on computationally expensive

pose-invariant processes.

In one embodiment, contextual data may be obtained from the output of one or

more contextual sensors, such as contextual sensor 122. For example, contextual data

relating t o the distance between the surface of the object 104 being imaged and the

image sensor 102, the contextual sensor 122 may be provided as a proximity sensor

(e.g., active- o r passive-type, ultrasonic, infrared, laser, radio frequency identification

(RFID), near field communication (NFC), Bluetooth, etc.) employing simple a proximity-

detection technique or other range-finding technique involving triangulation, use of

structured light, time-of-f light, interferometry, coded aperture, or the like or a

combination thereof. Exemplary proximity sensors suitable for use as a contextual

sensor 122 typically have a measuring range from about 0 mm t o 5 m, and may include

sensors such as those sold by companies such as ARTEC, AVAGO, LEAP MOTION,

MAXBOTIX, PRIMESENSE, OCCIPITAL and SHARP. Contextual data relating t o the

planarity of the surface of the object 104 being imaged, or relating to the degree and/or

direction in which the surface of the object 104 is tilted relative t o the image sensor

102, contextual sensor 122 may be provided as a 3D sensor employing techniques

involving triangulation, structured light, time-of-flight, amplitude-modulated light, or

the like o r a combination thereof. Exemplary 3D sensors suitable for use as a contextual

sensor 122 may include sensors such as those sold by companies such as ARTEC, LEAP

MOTION, MAXBOTIX, OCCIPITAL and PRIMESENSE.



ln another embodiment, contextual data may be obtained by processing the

image data output by the image sensor 102. In such an embodiment, the feature

detection system 100 may include a context estimation module 124 configured to

process the image data to generate an estimate related to one or more of the

aforementioned factors described as contextual data. The estimation is then output to

the image analysis module 120 as contextual data. In some cases, contextual data

obtained from the context estimation module 124 may be redundant to the contextual

data that can be obtained from the contextual sensor 122 and, in those cases, the

contextual sensor 122 may be omitted from the feature detection system 100. In other

cases, contextual data obtained from the context estimation module 124 may be

beneficially or desirably used t o supplement the contextual data that can be obtained

from the contextual sensor 122 and, in those cases, the context estimation module 124

and the contextual sensor 122 may be used in a complementary manner.

Some exemplary embodiments in which contextual data may be obtained by

processing the image data output by the image sensor 102 are provided below. It will

be appreciated that any of these embodiments may be practiced individually or in any

beneficial, desirable or suitable combination. Also, it is t o be recognized that the

embodiments set forth below are illustrative only, and that the technology is not so

limited.

In one embodiment, the context estimation module 124 can estimate the

distance between the image sensor 102 and the surface of the object 104 being imaged

based on the degree of focus of visual information within the query image. Such focus-

based distance estimation may be performed by any suitable or beneficial method (e.g.,

as discussed in U.S. Patent No. 8,432,479, which is incorporated herein by reference in

its entirety). In this embodiment, the query image can be captured while the object 104

either is or is not illuminated with illumination light.

In other embodiments, the query image is captured while the object is

illuminated with illumination light. In such embodiment, the context estimation module



124 can provide contextual data by detecting the manner in which light produced by the

illumination source 114 is reflected or absorbed by the imaged portion of the object

104. In one implementation, the context estimation module 124 can estimate the

manner in which the surface of the object 104 being imaged is tilted relative t o the

image sensor 102 based the shape of a spot area illuminated on the object by the

illumination source 114.

For example, the illumination source 114 can be configured such that the spatial

intensity distribution of a spot area illuminated on the object 104 will have an

essentially circular shape if the surface of the object 104 being imaged and an image

plane of the image sensor 102 are parallel. However when the surface of the object 104

being imaged is tilted o r oblique relative to the image plane of the image sensor 102,

then the spot area will have a spatial intensity distribution having an elliptical shape

(see, e.g., spot 200 shown in FIG. 2) or otherwise truncated elliptical shape (see, e.g.,

spot 300 shown in FIG. 3). In FIGS. 2 and 3, the dashed line representing the shape of

the spots 200 and 300 corresponds t o a region in the illuminated area of the object 104

where the brightness of light reflected by the object 104 drops below a threshold

brightness level that is detectable at the image sensor 102.

The degree of tilt between the surface of the object 104 being imaged and the

image plane of the image sensor 102 can be estimated based on the ratio of the major

axis 202 t o the minor axis 204 of the illuminated spot. Likewise, the direction of the tilt

can be estimated by measuring an angle (e.g., Φ ) by which one axis of the spatial

intensity distribution is rotated relative t o another axis in a reference coordinate

system. Further, the direction of tilt between the surface of the object 104 being

imaged and the image plane of the image sensor 102 can be estimated by measuring

the difference in brightness between two different regions of the spot area illuminated

on the surface of the object 104. For example, when the lower-illustrated region of spot

200 is brighter than the upper-illustrated region of spot 200, then the context

estimation module 124 can estimate that the lower portion of the imaged surface of the



object 104 is closer to the illumination source 114 than the upper portion of the imaged

surface of the object 104. In another example, the context estimation module 124 can

estimate the lower-illustrated, non-truncated portion of spot 300 as closer t o the

camera 112 than the illumination source 114 than the upper-illustrated, truncated

portion of spot 300.

In another embodiment (e.g., in which the query image is captured while the

object 104 is illuminated with illumination light), the context estimation module 124 can

estimate the distance between the image sensor 102 and the object 104 based on the

intensity of light produced by the illumination source 114 that is reflected back t o the

image sensor 102 from the object 104. In another embodiment (e.g., in which light

produced by a light source 116 is focused or concentrated by one or more optical

elements), the distance can be measured based on the degree of focus of a spot area

illuminated on the object 104 by the illumination source 114 (e.g., in a similar manner as

discussed in U.S. Patent No. 8,432,479).

Referring t o FIG. 4, an illumination source 114 according t o one embodiment

may include a plurality of light sources, such as first light source 400 and second light

source 402, and a corresponding plurality of optical elements, such as first lens 404 and

second lens 406.

Generally, each of the first light source 400 and the second light source 402 is

provided as any suitable light source that can be configured t o produce "white" light,

but the color temperature of light produced by first light source 400 is different from

(e.g., warmer than) the color temperature of light produced by second light source 402.

It will be appreciated, however, that light generated by the first light source 400 may be

of an entirely different color than light generated by the second light source 402 (e.g.,

the first light source 400 may generate red light whereas the second light source 402

may generate green light), that the first light source 400 may be of a different type than

the second light source 402 (e.g., the first light source 400 may be an LED whereas the

second light source 402 may be a flash tube), etc.



The first lens 404 is disposed in optical communication with the first light source

400 t o thereby form a first illumination unit, and the second lens 406 is disposed in

optical communication with the second light source 402 to thereby form a second

illumination unit. One or more optical characteristics (e.g., focal length, depth of focus,

etc.) of the first lens 404 may be the same as, or different from, one or more

corresponding optical characteristics of the second lens 406. Generally, however, the

lens of an illumination unit may have a focal length in a range from 3 mm t o 200 mm (or

thereabout). It will nevertheless be appreciated, however, that the focal length can be

greater than 200 mm.

Depending on the optical characteristics of a lens, and the position and

orientation of the lens relative t o an associated light source, any of the first lens 404 or

the second lens 406 can modify (e.g., focus, concentrate, collimate, spread or diverge)

light produced by its respective light source, thereby producing illumination light that is

ultimately projected into the scene along an optical axis, and onto the object 104. Thus,

first illumination light can be projected by the first illumination unit along the first

optical axis 408 and illuminate a first spot area (e.g., first spot area 412 as shown in FIG.

4A) on the object 104. Similarly, second illumination light can be projected by the

second illumination unit along the second optical axis 410 and illuminate a second spot

area (e.g., second spot area 414 as shown in FIG. 4A) on the object 104.

Although the first optical axis 408 is illustrated as being parallel t o the second

optical axis 410, it will be appreciated that the first and second illumination units may be

configured in any manner such that the first optical axis 408 either diverges from the

second optical axis 410 (e.g., along a direction away from the illumination source 114) or

converges with the second optical axis 410 (e.g., at some point distant from the

illumination source 114). Although FIG. 4A illustrates the first spot area 412 and the and

second spot area 414 as being spaced apart from each other, the first spot area 412 and

the and second spot area 414 may touch or overlap (e.g., depending on the position of



the object 104 within the measuring range, the configuration of the illumination source

114, etc.).

Constructed as exemplarily described above, the first and second illumination

units may be driven (e.g., simultaneously) to illuminate the object 104 with illumination

light while a query image of the object 104 is captured. If the object 104 is located

within the measuring range, then one or more characteristics (e.g., brightness, size,

location on the object 104, etc.) of the first spot area 412 can be at least somewhat

discernible from corresponding characteristics of the second spot area 414. The

measuring range can be predetermined or otherwise calibrated in correspondence with

one or more factors such as the position and/or orientation of the illumination units

relative to one another, the position and/or orientation of the first optical axis 408

relative to the second optical axis 410, the intensity of illumination light produced by

each illumination unit, the optical properties of the first lens 404 and the second lens

406, the spatial intensity distribution of illumination light produced by the first and

second illumination units, and the like. In one embodiment, the illumination source 114

is configured such that the measuring range has a depth of at least 10 mm (or

thereabout). For example, the measuring range may have a depth in a range from 10

mm t o 300 mm (or thereabout). In one embodiment, the illumination source 114 is

configured such that the measuring range has a depth of at least 10 mm (or

thereabout), wherein the maximum distance the measuring range can be from the

image sensor 102 (hereinafter referred to as a "working distance") is 300 mm (or

thereabout).

Upon receiving image data from the image sensor 102, the context estimation

module 124 can process the image data to determine whether or not a characteristic of

the first spot area 412 can be discerned from a corresponding characteristic of the

second spot area 414. If the characteristics can be sufficiently discerned, then the

context estimation module 124 outputs contextual data indicating that the object 104 is

within the measuring range of the feature detection system 100. The image analysis



module 120 can then perform a feature detection process on the image data by

reference t o this contextual data.

In one embodiment, the illumination source 114 can be configured in any

manner as exemplarily described above t o project the first and second illumination light

such that one or more relationships between one or more characteristics of the first and

second spot areas changes as a function of the position of the object 104 within the

measuring range. For example, the focal length of first lens 404 may be different from

the focal length of the second lens 406 and, as a result, the brightness of first spot area

412 relative to the brightness of the second spot area 414 may change as the position of

the object 104 within the measuring range changes. In another example, the size of the

first spot area 412 relative t o the size of the second spot area 414 may change as the

position of the object 104 within the measuring range changes due t o different focal

lengths of the first and second lenses. In yet another example, the first optical axis 408

may not be parallel with the second optical axis 410 and, as a result, the location of the

first spot area on the object 104 relative t o the location of the second spot area on the

object 104 (e.g., as measured by a center-to-center distance between the first and

second spot areas) may change as the position of the object 104 within the measuring

range changes. Upon receiving image data from the image sensor 102, the context

estimation module 124 can process the image data t o discern one or more of the

aforementioned position-dependent relationships and, thereafter, output contextual

data indicating that the object 104 is at a corresponding position within the measuring

range (or is within a corresponding, relatively narrow, sub-range of the measuring

range). The image analysis module 120 can then perform a feature detection process

on the image data based on this contextual data.

Referring t o FIG. 5, an illumination source 114 according t o another embodiment

may include a light source 500 configured t o produce light, a diffractive optical element

(DOE) 502 configured t o diffract light produced by the light source 500, and a lens 504

configured t o concentrate or focus the diffracted light thereby producing diffracted



beams of illumination light that can ultimately be projected into the scene along a

plurality of optical axes 506, and onto the object 104. Thus, illumination light can be

projected by the illumination source 114 along the optical axes 506 and illuminate a

corresponding plurality of spot areas (e.g., spot areas 508 as shown in FIG. 5A) on the

object 104.

Constructed as exemplarily described above, the illumination source 114 may be

driven t o illuminate the object 104 with illumination light while a query image of the

object 104 is captured. If the object 104 is located within the measuring range, then

one or more characteristics (e.g., brightness, size, location on the object 104, etc.) of at

least one of the spot areas 508 can be adequately discernible from corresponding

characteristics of another of the spot areas 508, and the context estimation module 124

can process image data output by the image sensor 102 and output contextual data as

discussed above with respect t o FIGS. 4 and 4A. In another embodiment, the context

estimation module 124 can output contextual data based upon a change in one or more

position-dependent relationships exhibited among the spot areas 508 (e.g., as discussed

above with respect t o FIGS. 4 and 4A). As illustrated in FIG. 5, the diffracted beams tend

t o mix together beyond the measuring range. As a result, relatively distant objects

within a scene (e.g., objects located greater than 250 mm away from the image sensor

102) are illuminated by light that has a relatively uniform spatial intensity distribution.

Referring t o FIG. 6, an illumination source 114 according t o another embodiment

may include a light source 600 configured t o produce white light and a chromatic lens

602 configured to cause longitudinal chromatic aberration. Thus, the lens 602 is

configured t o focus different wavelengths of light produced by the light source 600 at

different focal lengths (e.g., focusing red light at focal length fR, focusing green light at

focal length fG, focusing blue light at focal length fB, etc.) t o thereby produce

unstructured illumination light that is ultimately projected into the scene along an

optical axis 604. The lens 602 is configured such that the spectral components of the

illumination light produced are spatially dispersed along a region of the optical axis 604.



The extent of this spectral dispersion along the optical axis 604 defines the measuring

range of the feature detection system 100. In one embodiment, the measuring range

has a depth of up t o 30 mm (or thereabout) and a working distance of up t o 75 mm (or

thereabout). Beyond the measuring range, the spectral components of the illumination

light tend t o mix together such that relatively distant objects within a scene (e.g.,

objects located greater than 250 mm away from the image sensor 102) are illuminated

by light that is, at most, minimally spectrally dispersed. Exemplary lenses suitable for

use as lens 602 may include lenses such as those found in confocal sensors of the type

manufactured by companies such as MICRO-EPSILON and CYBER TECHNOLOGIES. In

other embodiments, the lens 602 may be provided in any suitable or beneficial optical

configuration, e.g., as described in U.S. Patent App. Pub. Nos. 2012/0200726,

2012/0307133, o r 2008/0239088, U.S. Patent No. 8,212,997, WO 2012/0953522, o r

Cossiart et al., "Spectral Focal Sweep: Extended Depth of Field from Chromatic

Aberrations", IEEE International Conference on Computational Photography (ICCP),

March 2010, each of which is incorporated herein by reference in its entirety.

Constructed as exemplarily described above, the light source 600 may be driven

t o illuminate the object 104 with illumination light while a query image of the object 104

is captured. If the object 104 is located within the measuring range of the image sensor

102, then illumination light produced by the lens 602 will be longitudinally chromatically

aberrated, and one o r more characteristics (e.g., color distribution, brightness, shape,

size, degree of focus, etc.) of a resultant spot area illuminated on the object 104 by the

chromatically aberrated illumination light can be discerned. Upon receiving image data

from the image sensor 102, the context estimation module 124 can process the image

data t o discern one or more of these depth-dependent relationships by any suitable

method (e.g., according t o any method described in U.S. Patent App. Pub. Nos.

2012/0200726, 2012/0307133, or 2008/0239088, U.S. Patent No. 8,212,997, WO

2012/0953522, o r "Spectral Focal Sweep: Extended Depth of Field from Chromatic

Aberrations"). Thereafter, the context estimation module 124 can output contextual



data indicating that the object 104 is at a corresponding depth within the measuring

range (or is within a corresponding, relatively narrow, sub-range of the measuring

range). The image analysis module 120 can perform a feature detection process on the

image data based on this contextual data.

In the embodiment exemplarily described above with respect t o FIG. 6, the

illumination source 114 is configured to produce unstructured, chromatically aberrated

light. In another embodiment, however, the illumination source 114 may be configured

t o produce structured, chromatically aberrated light that can be projected into the

scene and onto the object 104. For example, the light source 600 may be provided as a

superluminescent LED, a supercontinuum generation laser, etc., configured t o produce

white light exhibiting a relatively high spatial coherence, and a mask (not shown) can be

inserted between the light source 600 and the lens 602. The mask can create any

suitable pattern of dots (e.g., a set of spots arranged in a pattern 700 of concentric

circles, as shown in FIG. 7, in a grid-like pattern 800 as shown in FIG. 8, etc.) which, after

passing through lens 602, can be projected onto the object 104. Thus, the distance

between the imaged surface of the object 104 and the feature detection system 100 can

be estimated based on the color of dots projected onto the object 104. Similarly, the

degree of planarity of the surface of the object 104 being imaged and/or tilt of the

surface of the object 104 being imaged relative t o the image sensor 102 can be

estimated based on any difference in color among dots projected onto the object 104.

As discussed above, the image analysis module 120 is configured t o perform a

feature detection process on image data output by the image sensor 102 based on

contextual data (e.g., as received from one or both of the contextual sensor 122 and

from the context estimation module 124). In one embodiment, the image analysis

module 120 performs the feature detection process by first selecting one or more of

several predetermined feature detection processes, operations or parameters of any of

these (e.g., stored in a look-up table) that is associated with a factor (or set of factors)

that most closely corresponds t o a factor (or set of factors) described by the contextual



data. The image data is then processed according to the selected feature detection

process(es), function(s) and/or parameter(s). In another embodiment, the image

analysis module 120 performs the feature detection process by first modifying the

image data such that the factor (or set of factors) described by the contextual data

conforms a reference factor (or set of reference factors) associated with a

predetermined feature detection process. The modified image data is then processed

with the predetermined feature detection process.

After the image analysis module 120 has detected one or more features within

the query image, one or more information extraction and/or decoding processes can

proceed (e.g., locally, at the image analysis module, at a remote sever, or a combination

thereof). Information extracted and/or decoded is then transmitted to a database, t o

search for a matching fingerprint or to perform some other data lookup (e.g., t o identify

data carriers encoded via one-or two-dimensional barcode, digital watermark,

dataglyph, etc.). The results of the database search provide content or object

identification (a number or some other form of index for metadata lookup), which in

turn, enables look up of metadata corresponding to the content identification in one or

more metadata databases. The metadata can then be returned to a device (not shown)

for output (e.g., visual, audio, haptic, or the like or any combination thereof) or for

further processing. In one embodiment, metadata is returned to the device that

requested the database search. In another embodiment, the metadata is returned to

some other device (e.g., a user's home device, or a monitoring system's data collection

database in which the metadata and recognition events are aggregated and compiled

for electronic report generation).

It is envisioned that the above-described processes, systems and system

components described herein can be implemented in a variety of computing

environments and devices. It is further contemplated that the processes, systems and

system components described herein can be implemented within individual devices or

across multiple devices. For example, the aforementioned camera, illumination source



114 (and, optionally, contextual sensor 122) may be incorporated within any electronic

device capable of performing an image capture function, such as a camera-equipped

mobile phone, media player, smartphone, tablet computer, laptop computer, desktop

computer, o r any other portable or wearable electronic device with an integrated

camera function (e.g., a wrist-mountable smartwatch, such as the GALAXY GEAR sold by

SAMSUNG; a head-mountable electronic device such as GLASS promoted by GOOGLE , a

point of sale (POS) scanner such as those used in retail settings, and the like).

As shown in FIG. 9, an electronic device 900 may include the aforementioned

camera 112, one or both of the aforementioned illumination source 114 and contextual

sensor 122, as well as a communication input/output (I/O) 902, a user interface 904,

and, optionally, one or more auxiliary sensors 906, operatively coupled t o a controller

908 via communications bus 910.

Generally, the controller 908 can include operating logic (not shown) t o

implement the processes, modules and system components detailed herein. The

operating logic may be in the form of dedicated hardware (e.g. a hardwired state

machine), a processor configured t o execute software instructions stored o n non-

transitory computer-readable media (e.g., non-volatile electronic computer memory

such as EPROM, EEPROM, Flash memory, etc., magnetic storage device such as

magnetic tape, floppy drive, hard drive, MRAM, etc., optical storage device such as CD-

ROM, DVD, etc.), o r any other different form as would occur t o those of ordinary skill in

the art. Thus, operating logic may include programmable logic devices, FPGAs (e.g.,

Xilinx Virtex series devices), FPOAs (e.g., PicoChip brand devices), application-specific

circuits including digital, analog and mixed analog/digital circuitry, o r a hybrid

combination of any of these types. In one embodiment, controller 908 includes one or

more programmable microcontrollers, microprocessors, graphics processing units

(GPUs, such as the nVidia Tegra APX 2600, etc.), digital signal processors (e.g., the Texas

Instruments TMS320 series devices), o r any other processors (e.g., the ARM series of

CPUs, using a 32-bit RISC architecture developed by Arm, Limited) that can execute



stored software instructions. Software instructions for implementing the detailed

functionality can be readily authored by artisans, from the descriptions provided herein,

e.g., written in C, C++, Visual Basic, Java, Python, Tel, Perl, Scheme, Ruby, etc. In the

illustrated embodiment, operating logic associated with the controller 908 is co-located

with the electronic device 900 (e.g., the controller 908 is physically located within a

housing of the electronic device 900). In another embodiment, portions of the

operating logic associated with the controller 908 are distributed across one or more

external devices that are not physically located within the housing of the electronic

device 900. While the illustrated embodiment describes the electronic device 900 as

including a single controller 908, it will be appreciated that the electronic device 900

may include multiple controllers 908. It will further be appreciated that some or all of

the controllers configured to implement the processes, modules and system

components detailed herein may be physically remote from the electronic device 900

(i.e., not contained within the housing of the electronic device 900). Thus,

implementation of the processes, modules and system components, where appropriate,

can be distributed among the controllers and/or made parallel across controller within

the electronic device 900 or across a network of other devices (e.g., via communications

I/O 902). References t o "processors" or "modules" should be understood to refer to

functionality, rather than requiring a particular form of implementation.

The communication (I/O) 902 may support wireless communications, wired

communications (e.g., Ethernet, etc.), or both. In one embodiment, the communication

I/O 902 can include RF circuitry connected to an antenna, which enables wireless data to

be transmitted and received (e.g., t o and/or from a remote server 912 via network 914).

The RF circuitry and associated antenna may be designed in accordance with any

suitable wireless communications protocol such as GSM, CDMA, W-CDMA, CDMA2000,

TDMA, EV-DO, HSDPA, WiFi, WiMax, or Bluetooth, and/or wired medium such as

through an Ethernet local area network, a T-l internet connection, etc.



The user interface 904 may include one or more devices that enable a user t o

initiate or control an operation supported by the electronic device 900, or otherwise

interact with the electronic device 900. Accordingly, the user interface 904 may include

one or more input devices (e.g., a physical button or switch, keypad, keyboard, mouse,

touchscreen or other gesture sensor, microphone, camera, etc.) that enable a user t o

manipulate the electronic device 900. The user interface 904 may further include one

or more output devices (e.g., a speaker, TFT LCD or OLED display screen, vibration

motor, etc.) that allow the electronic device 900 t o indicate, for example, the effects of

the user's manipulation. In one embodiment, an image captured by the camera 112

may be presented t o the user via the display screen (e.g., before, during and/or after

the image is captured).

One or more of the aforementioned processes involving feature detection, data

extraction, data decoding, database entry, database search and retrieval can be

performed on one or more devices, which may be distinct or overlap. For example, and

with reference t o FIG. 9, the feature detection process (and any data extraction or

decoding processes) are performed at the electronic device 900 whereas processes such

as database entry, database search and retrieval are remotely performed (e.g., at one or

more servers such as server 912) via network 914.

The above processing of content signals includes transforming of these signals in

various physical forms. Images and video (forms of electromagnetic waves traveling

through physical space and depicting physical objects) may be captured from physical

objects using cameras or other capture equipment, or generated by a computing device.

Similarly, audio pressure waves traveling through a physical medium may be captured

using an audio transducer (e.g., microphone) and converted t o an electronic signal

(digital or analog form). While these signals are typically processed in electronic and

digital form to implement the components and processes described above, they may

also be captured, processed, transferred and stored in other physical forms, including

electronic, optical, magnetic and electromagnetic wave forms. The content signals are



transformed during processing to compute signatures, including various data structure

representations of the signatures as explained above. In turn, the data structure signals

in memory are transformed for manipulation during searching, sorting, reading, writing

and retrieval. The signals are also transformed for capture, transfer, storage, and

output via display or audio transducer (e.g., speakers).

Typically, devices for practicing the detailed methods include operating system

software that provides interfaces to hardware devices and general purpose functions,

and also include application software that can be selectively invoked to perform

particular tasks desired by a user. Known browser software, communications software,

and media processing software can be adapted for uses detailed herein. Some

embodiments may be implemented as embedded systems - a special purpose computer

system in which the operating system software and the application software is

indistinguishable to the user (e.g., as is commonly the case in basic cell phones). The

functionality detailed in this specification can be implemented in operating system

software, application software and/or as embedded system software.

Different of the functionality can be implemented on different devices. For

example, in a system in which a cell phone communicates with a server at a remote

service provider, different tasks can be performed exclusively by one device or the

other, or execution can be distributed between the devices. For example, extraction of

signatures from a test image on a cell phone, and searching of a database for

corresponding reference images on a remote server, is one architecture, but there are

many others. For example, information about reference images may be stored on the

cell phone - allowing the cell phone to capture a test image, generate signatures, and

compare against stored signature data structures for reference images - all without

reliance on externals devices. Thus, it should be understood that description of an

operation as being performed by a particular device (e.g., a cell phone) is not limiting

but exemplary; performance of the operation by another device (e.g., a remote server),

or shared between devices, is also expressly contemplated. (Moreover, more than two



devices may commonly be employed. E.g., a service provider may refer some tasks,

functions or operations, t o servers dedicated t o such tasks.) In like fashion, data can be

stored anywhere: local device, remote device, in the cloud, distributed, etc. Operations

need not be performed exclusively by specifically-identifiable hardware. Rather, some

operations can be referred out t o other services (e.g., cloud computing), which attend

t o their execution by still further, generally anonymous, systems. Such distributed

systems can be large scale (e.g., involving computing resources around the globe), o r

local (e.g., as when a portable device identifies nearby devices through Bluetooth

communication, and involves one or more of the nearby devices in an operation.)

CONCLUDING REMARKS

Having described and illustrated the principles of the technology with reference

t o specific implementations, it will be recognized that the technology can be

implemented in many other, different, forms. As discussed above, image data can be

processed t o estimate the distance between the surface of the object 104 being imaged

and the image sensor 102. This distance data can be desirably or beneficially combined

or augmented with additional data generated by a mobile implementation of the

electronic device 904 (e.g., data captured from one or more auxiliary sensors 906 such

as a 3-axis accelerometer, gyroscope, magnetometer, pressure sensor, microphone

(e.g., of the capacitive type, optical type, etc.), particle velocity sensor, global

positioning system (GPS) sensor, or the like or a combination thereof) t o generate a

three-dimensional model of the object 104 based on (e.g., using a structure from

motion (SfM) technique). Further, techniques of generating and interpreting contextual

data described herein may be applied enhancing an augmented reality experience (e.g.,

as exemplarily described in U.S. Serial No. 13/789,126, which is incorporated herein by

reference in its entirety.

The methods, processes, and systems described above may be implemented in

hardware, software or a combination of hardware and software. For example, the



signa l processing operations descri bed above may be implemented as instructions

stored in a memory and executed in a progra mma ble computer (incl uding both

softwa re and firmwa re instructions), implemented as digita l logic ci rcuitry in a specia l

purpose digita l circuit, or com bination of instructions executed in one or more

processors and digita l logic ci rcuit modu les. The methods and processes described

above may be implemented in programs executed from a syste m's memory (a com puter

reada ble medium, such as an electronic, optica l or magnetic storage device). The

methods, instructions and ci rcuitry operate on electronic signa ls, or signa ls in other

electromagnetic forms. These signa ls f urther represent physica l signa ls like image

signa ls (e.g., light waves in the visible spectrum) captu red in image sensors. These

electromagnetic signa l representations are transformed to different states as detai led

above to detect signa l attri butes, perform pattern recognition and matching, encode

and decode digita l data signa ls, ca lculate relative attributes of sou rce signa ls from

different sources, etc. The above methods, instructions, and hardwa re operate on

reference and suspect signa l com ponents. As signa ls can be represented as a sum of

signa l com ponents formed by projecting the signa l onto basis functions, the above

methods genera lly apply t o a variety of signa l types. The Fou rier transform, for

example, represents a signa l as a sum of the signa l's projections onto a set of basis

f unctions.

The pa rticula r com binations of elements and features in the above-detai led

embodiments are exem pla ry on ly; the intercha nging and substitution of these teachings

with other teachings in this and the incorporated-by-reference patents/applications are

also contem plated .



WHAT IS CLAIMED IS:

1. A method comprising:

illuminating at least a portion of an object with illumination light at a spot area;

capturing an image of at least a portion of the object illuminated by the

illumination light and generating image data corresponding to the captured image;

processing the image data to determine, as contextual data, at least one

selected from the group consisting of: a color of illumination light reflected by the

object at the spot area, a shape of the spot area on the object, a size of the spot area on

the object and a degree of focus of illumination light reflected by the object at the spot

area; and

by reference to the determined contextual data, processing the image data to

detect a feature within the captured image.

2 . The method claim 1, wherein the illumination light comprises structured light.

3 . The method of claim 1, wherein the illumination light comprises unstructured

light.

4 . The method of one or claims 1 to 3, wherein the illumination light comprises

white light.

5 . The method of one or claims 1 to 3, wherein the illumination light comprises

longitudinally chromatically aberrated light.

6 . A method comprising:

projecting illumination light onto an object along a plurality of optical axes t o

thereby illuminate the object at a plurality of spot areas;



capturing an image of at least a portion of the object illuminated by the

illumination light and generating image data corresponding to the captured image;

processing the image data t o determine a relationship between the illumination

light reflected by the object at the plurality of spot areas; and

by reference to the determined relationship, processing the image data to detect

a feature within the captured image.

7 . The method of claim 6, wherein projecting illumination light from the

illumination source onto the object comprises:

projecting first illumination light along a first optical axis; and

projecting second illumination light along a second optical axis.

8 . The method of claim 7, wherein a color temperature of the first illumination light

is the same as a color temperature of the second illumination light.

9 . The method of claim 6, wherein projecting illumination light from the

illumination source onto the object along a plurality of optical axes comprises diffracting

illumination light produced by a light source.

10. The method of claim 6, wherein at least two of the plurality of optical axes are

parallel.

11. The method of claim 6, wherein at least two of the plurality of optical axes

diverge.

12. The method of claim 6, wherein at least two of the plurality of optical axes

converge.



13. The method of one of claims 6 t o 12, wherein determining the relationship

comprises determining an intensity of illumination light reflected by the object at a first

spot area relative to an intensity of illumination light reflected by the object at a second

spot area.

14. The method of one of claims 6 t o 12, wherein determining the relationship

comprises determining a color of illumination light reflected by the object at a first spot

area relative t o a color of illumination light reflected by the object at a second spot area.

15. The method of one of claims 6 t o 12, wherein determining the relationship

comprises determining the shape of a spatial intensity distribution of illumination light

reflected by the object at a first spot area relative t o the shape of a spatial intensity

distribution of illumination light reflected by the object at a second spot area.

16. The method of one of claims 6 t o 12, wherein determining the relationship

comprises determining the size of a spatial intensity distribution of illumination light

reflected by the object at a first spot area relative t o the size of a spatial intensity

distribution of illumination light reflected by the object at a second spot area.

17. The method of one of claims 6 t o 12, wherein determining the relationship

comprises determining the location of a first illuminated spot area relative t o the

location of a second illuminated spot area.

18. The method of one of claims 1 or 6, wherein the feature includes a digital

watermark, a barcode or an image fingerprint.

19. The method of claim 18, wherein processing the image data comprises applying

a SIFT or SURF algorithm t o the image data.



20. A system comprising:

an illumination source configured to illuminate at least a portion of the object

with illumination light at a spot area;

a camera configured to capture an image of at least a portion of an object

illuminated by the illumination light and generate image data corresponding to the

captured image; and

one or more controllers configured to:

process the image data to determine, as contextual data, at least one

selected from the group consisting of: a color of illumination light reflected by the

object at the spot area, a shape of the spot area on the object, a size of the spot area on

the object and a degree of focus of illumination light reflected by the object at the spot

area; and

process the image data based on the determined contextual data to

detect a feature within the captured image.

21. The system of claim 20, wherein the illumination light comprises structured light.

22. The system of claim 20, wherein the illumination light comprises unstructured

light.

23. The system of one of claims 20 t o 22, wherein the illumination light comprises

white light.

24. The system of one of claims 20 t o 22, wherein the illumination light comprises

longitudinally chromatically aberrated light.

25. A system comprising:



an illumination source configured to project illumination light onto an object

along a plurality of optical axes t o thereby illuminate the object at plural spot areas;

a camera configured to capture an image of at least a portion of an object

illuminated by the illumination light and generate image data corresponding to the

captured image; and

one or more controllers configured to:

process the image data t o determine a relationship between the

illumination light reflected by the object at the plural spot areas; and

process the image data based on the determined relationship to detect a

feature within the captured image.

26. The system of claim 25, wherein the illumination source is configured to:

project first illumination light along a first optical axis; and

project second illumination light along a second optical axis.

27. The system of claim 26, wherein a color temperature of the first illumination

light is different from a color temperature of the second illumination light.

28. The system of claim 25, wherein the illumination source includes:

a light source configured to produce illumination light; and

a diffractive optical element configured to diffract the illumination light.

29. The system of claim 25, wherein at least two of the plurality of optical axes are

parallel.

30. The system of claim 25, wherein at least two of the plurality of optical axes

diverge.



31. The system of one of claims 25 t o 30, wherein one or more of the controllers is

configured to determine the relationship by determining a difference in the intensity of

illumination light reflected by the object at first and second ones of the plural spot

areas.

32. The system of one of claims 25 t o 30, wherein one or more of the controllers is

configured to determine the relationship by determining a difference in the color of

illumination light reflected by the object at first and second ones of the plural spot

areas.

33. The system of one of claims 25 t o 30, wherein one or more of the controllers is

configured to determine the relationship by determining a difference in the shape of a

spatial intensity distribution of illumination light reflected by the object at first and

second ones of the plural spot areas.

34. The system of one of claims 25 t o 30, wherein one or more of the controllers is

configured to determine the relationship by determining a difference in the size of a

spatial intensity distribution of illumination light reflected by the object at first and

second ones of the plural spot areas.

35. The system of one of claims 25 t o 30, wherein one or more of the controllers is

configured to determine the relationship by determining the location of a first

illuminated spot area relative to the location of a second illuminated spot area.

36. The system of one of claims 20 or 25, wherein the feature includes a digital

watermark or a barcode.
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