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(57) Abstract: Technologies are generally described for coordination of structured light-based image detectors. In some examples,
one or more structured light, sources may be configured to project sets of points onto the scene. The sets of points may be arranged
into disjoint sets of geometrical shapes such as lines, where each geometrical, shape includes a subset of the points projected by an
illumination source. A relative position and or a color of the points in each geometrical shape may encode an identification code
with which each illumination source may be identified. Thus, even when the point clouds projected by each of the illumination
sources overlap, the geometrical shapes may still be detected, and thereby a corresponding illumination source may be identified. A
depth map may then be estimated based on stereovision principles or depth-from-focus principles by one or more image detectors.
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COORDINATION OF MULTIPLE STRUCTURED LIGHT-BASED 3D IMAGE
DETECTORS

CROSS REFERENCE TORELATED APPLICATIONS

{80081} This application claims the benefit of ULS. Patent Application Serial No. 14/959,000
titled COORDINATION OF MULTIPLE STRUCTURED LIGHT-BASED 3D IMAGE
DETECTORS filed on December 04, 2015 under Asticle 8 of Patent Cooperation Treaty. The

disclosures of the patent application are hereby incorporated by reference for all purposes.

BACKGROUND

{0002] Unless otherwise indicated herein, the materials deseribed i this seotion are not
prior art o the claims in this application and are not admitted to be prior art by inclusion i this
section,

{0003} Machine vision for robolic gpphications may involve three-dimensional (3D)
imaging by depth cameras or 3D cameras. Dopth cameras may cnable a robot to acquire 2 30
image of #s environment, which may be used 0 scquire sttuational awareness or recognize
objects from their shape. Some depth camera design approaches may employ structared Hght
used together with stercovision principles, for example. to acguire a depth map.

[G604] One of the shortcomings of structured light-based depth cameras is that only 8
single depth camera can properly operate in @ scene. When bwa stractured light-based depth
cameras project a pattern of poinis onto a sceng, their patterns may interfere. To address pattern
miterference synchronization between the different 3D cameras may be used, but such

synchronization may not always be available or desired,

SUMMARY

{0005] The present disclosure generally describes fechmques for coordination of multiple

structured light-based 3D inmge detectors.
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based 3D image detectors is deseribed. The method may inelnde receiving an image of a target
objeet; detecting s plurality of pattern clements projected onto the target object in the image;
detecting one or more patterns from the detected plurality of the pattern elementy; extracting one
or more identifiers from the one or more detected patterns; and associating the noe or more
patterns with one or more image detectors or pattern projectors based on the extracted one or
more identifiers.

{0807] According to other examples, a system to coordinate multiple structured Light-based
313 image detectors is described. The system may include a pattern projector configured to
encode two or more tmage detector wentifiers onto setx of plurality of patterns and project the

sets of plurality of patterns onto a target object. The system may also inchude tweo or more
s*gatia‘ily scparated image detectors configured to capture an image of the farget object with the
sets of plurality of patteras projected oato the target object. The system may further fnclude &
detection conirol module configured o recgive the mmage of the target object with the sets of
phurality of patterns projected onto the target object; detect the sets of plurahity of patieras
projected onto the target object; detect a plurality of paticrn elomenty from the detected sets of
plurality of patterns; extract the two or more inage detector identifiers from the sets of plurality
of patterns and the plurality of patiern clements; and associate gach of the sets of plurality of
pattorns with each of the two or more image detectors based on the extracted two or more imag
detector wentifiers.

{0008] According to further exarnples, & system 1o coordinate multiple structured light-
based 31 image detectors is desortbed. The systent may inclode two or more spatially separated
pattern projectors configured to encode a plurality of identifiers onto sets of plurality of patterns,
where cach set of the plurality of patferns 18 encoded with one identifier; and project the sels of
pharality of paiterns onto a target object. The system may also include an image detector
confipured to capture an image of the target object with the sets of phurality of patterns projecied
ontoe the target object. The system may further include a detection control module configured to
receive the image of the larget object with the sets of plurality of patterns projecied onto the
target object; detect the sets of plurality of patterns projected onto the tavget object; detect &
phurality of pattor cleoments trom the detected sets of plurality of patterns; extract the phurality of

identifiors from the sets of plurality of patterns and the plurslity of pattern elements; and

2
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associate each of the sets of plurality of patterns with each of the two or more pattern projectors
based on the extracted plurality of identifiers.

{0009] The foregoing summary is tlustrative only and is not intended to be in any way
Hmiting. In addition to the tHustrative aspects, embodiments, and features described above,
further aspects, embuodiments, snd features will become apparent by reforence to the drawings

and the following detailed desceription.

BRIEF DESCRIPTION OF THE DRAWINGS

{80101 The foregoing and other featores of this disclosure will become more fully apparent
from the following descniption and appended claims, taken in conjunction with the
accompanying drawings. Understanding that these drawings depict only several embodiments in
secordance with the disclospre and are, therefore; not to be constdered limiting of 18 scope, the
disclosure will be desoribed with additional specificity and detail through use of the
accompanying drawings, o which:

FIG. 1 fllustrates an example system for coordination of multiple structured Bght-based
3D image detectors with different configurations;

FIG. 2 illustrates an example stroctured tght-based depth camera that is capable of
operating with muluple depth cameras in a scene and an example architecture of a depth camers
that uses multiple projectors and 8 single image sensor;

FIG. 3 ilustrates example projected light patterns as detected at an tmage plane;

FIG, 4 illostrates an example of an overlapping dot pattern reseliing from the independent
projection of by two dot patterns by two depth cameras,;

FIG. 5 illustrates an example of enceding information 1ato the positions of dots on a
geometrical shape (line);

FIG. 6 illostrates a general purpose computing device, which may be used to provide
coordination of multiple structured Heht-based 31 image detectors to extract depth naaps;

FIG. 7 is a flow diagram tHustrating an example process to provide coardination of
mudtiple structored light-hased 31 tmage detectors for depth map extraction that may be
performed by a computing deviee such as the computing device in FIG. 6; and

FIG. 8 illustrates a block dingram of an example computer program product,

Lad
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DETAILED DESCRIPTION

{0011} In the following detailed description, reference 13 made o the sccompanying
drawings, which form a part hereof. In the drawings, simifar symbols typically dentify similar
components, unless context dictates otherwise. The itlustrative embodiments described in the
detatled desceription, drawings, and claims are not meant o be imuting. Other embodiments may
be used, and other changes may be made, without departing from the spirit or scope of the
subject matter presented herewn. The aspects of the present disclosure, as generally deseribed
herein, and iHusteated in the Figures, can be wvanged, substituted, combined, separated, and
designed in a wide variety of different conligurations, all of which are explicitly contemplated
herein.

{0012} This disclosure is goverally drawn, among other things, to methods, apparatus,
systems, devices, and/or computer program products related to coordingtion of multiple
structured Hight-based 3D image detectors 1o extract depth maps.

{0013} Briefly stated, technologies are generally deseribed for coordination of structured
light-based image detectors to extract depth maps. In some examples, one or more stractured
light sowces may be configured to project sets of points onto the scene. The sets of poinis may

geometrical shape

b

be arranged into digjoint sets of geometrical shapes such as Hnes, where vach
inchudes a subset of the points projected by an iHlumination source. A relabive position and or @
color of the points in cach geometrical shape may encode an identification code with which each
iHunination source may be identified. Thus, even when the point clouds projected by each of the
Hlomination sowees overlap, the geometnical shapes may still be defected, and therehy a
corresponding iHlummation source may be identified. A depth map may then be estimated based
o stereovision principles or depth-fromefocus principles by one or more image detectors.

[B014] FHG. 1 Hustrates an example system Tor coordination of multiple structured hght-
based 3D image detectors with different configurations, arranged in accordance with at least
somme embeodiments described berein.

{0015} As mentioned above, machine vision for robotic apphications may mvelve 3D
imaging by ase of depth cameras or 3D cameras, which may enable a robot to aeguive 8 3D

mmage of s enviromment and use information from the acquired 3D inage o obtain situstional
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design includes Lidar-based systems that project a cloud of dots onte a scene. The projection
may be performed by mechanically sctuating a nurror 0 steer a lager beam, The tme-of-flight
may then be measored for sach projected laser dof and a depth map may be extracied frow the
measurements.  Ancther example includes fime-of-flight senscrs that may be used 1n
combination with infrared (IR) illumipation to acquire a depth muap of @ scene. Compared to
Lidar-based systems, the scene may be illuminated at once as oppesed to the illumination being
in a scanning fashion as wsed in Lidar-based systems, The time-of-Qight sensors may include
arrays of pixel sensors to provide spatial resolution. A further example includes stercovision,
which may be used with switable processing to acguire a depth map of a scene. Stereovision may
not requite ity own humination, but may not work well o smooth surfaces. Yet another
exguyple is the use of structured hight together with, for example, stercovision pringiples to
acgaive a depth map.

{816} In structured light-based approaches, a simiple sensor and a projector may suffics to
extract 8 depth map of a scene at veasonable cost, The projector may be used to project a pattem
onto the scene, which may be observed by one or more image detectors. Depending on the type
of pattern projecied, a parallax elfect between the projeclor and the image detectors andfor ¢
parallax effect between two images recorded from two sensors {stereovision) may be used to
extract the depth map. The projected pattern may be designed in such & way that its spatial parts
can be detected reliable in the scene; thus, providing an abseluie basts for spatial locations in the
seeng as recorded by the image detectors,

{8817} The patferns way be relatively complex 1 nature and, for example, use different
colors. This may require the projector to be complex, that is, capable of generating andéor
projecting cotnplex patterns. Another option may by to project a relatively simple point cloud
with paendo-random characteristics. Such simple patterns may be relatively sasy to goenerate, and
may be projected with non-visible light, such as intrared (IR}, The image detectors may then use
a filter to attenuate background ilumination improving contrast and leading to more accurate
depth maps. A challenge with structured hight-based depth cameras is that typically a single
depth camera can operate in a scene. When two or more structured Hght-based depth cameras
project @ patiern of points onto a sceneg, thair patterns may interfore. Attempts o mitigate

interference either do not allow for full cancellation of interference or may work for a limited
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synchronization between the different 3D cameras, and such synchronization may not always be
gvailable or desired.

{B18] As shown in a diagram, 100, an example system 112 for coordination of multiple
strustured lght-based 3D image detectors may include a controller 102 and an imaging
subsystenma 114, The imaging subgsystem 114 may include o depth map extraction module 104, a
pattern generator 108, a projector 110, and one or more image detectors 106, The controller 102
mdy provide tnstractions 1o the components of the imaging subsystem 4, receive depth
extraction information, and communicate with external systems to provide a depth map or other
mformation associated with generation of a depth map for 3D maging. The external systems
{not shown} may include other components, controllers, servers, computers, or robotic systenss,
The pattern generater 108 may generate distinet patterns {{or example, geometric shapes)
associated with each of the one or more Image detectors 106 based on instructions from the
controlier 102 and provide the patterns to the projector 110 to be projected onte a surface 122 of
atarget object 120, In a basic example, the pattern generator 108 may be a device or module that
presents peometrical shapes over @ transparent background in front of a Hght source such that
when Hehi is projected ondo the surtace 122, the geometrie shapes are projected ondo the surface
122 as well, The patterns may include multiple pattern elements such as geometric elements (for
example, dashes, dots, or more complex clements Hike characters). One or more wWentifiers
associated with the mage detectors naay be encoded into the patterns nsing the pattern elements.
For example, onc or more of a placement, a shape, a size, and a color of the pattern clements
may be psed o encode Wdentifier information. In a basic example scenanio, a dot may identify a
first tmage detector, a dash may wdentify a second image detector, eic.

{0019} In one example, the patferns way mclude hnes and the patery elements may include
one of more of line segments and dots. In the images captured by the one or more image
detectors 106, 4 spacing between the patiern elements may be analyzed by the depth extraction
module 104 to decode the one or move identifiers. For example, each line of the projected pattern
may include dots, where the dots are separate at different and pre-arranged spacing. The spacing
between the dots may encede binwry nformation (spacing between two dots below a predefined
threshold corresponds to 07 and spacing between two dots above a predefined threshold

corresponds 1o “17) Thus, the encoded binary information may be decoded by the one or more
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image detectors 106 to determine a hinary identifier of a given length. In addition to the lines, the
pattern clements may also inelude curves, polygonal shapes, conic seetion shapes, or comparable
shapes. The one or more Wentifiers may also tdentify one or more projectors {in confignrations
with nwidtiple projectors), as well ag, the patterns themselves,

j0020] F1G, 2 Hlustrates an example structured Hght-based depth camers that is capable of
operating with wultiple depth cameras in a scene and sn example architecture of a depth camera
that uses multiple projectors and 8 single image sensor, arranged in accordancs with at least
some embodiments deseribed hezein,

{021} Ax shown in a diagram 200, an example depth camera 202 may include a dot pattern
generator 210 coupled to a projector 214, The dot pattern generator 210 may encode an identifier
208 into the patterns of dots projected by the projector 214 as discussed above, The depth
camera 202 may also inchude Image detectors 206 arranged to acquire an inage of a scene onto
which the patterns of dots may be projected. The fmage detectors 208 may record the dots
projected onte the scene. The dots may serve as reference points m the scene such that a depth
map extraction wodule 204 can extract a depth map through parallax technigues, for example.
The Heht corresponding to sach of the dots projected onto the scens by the dot pattern generator
210 may pass an image plane at a particular coordinate.

{00221 A diagram 250 shows another example architecture with multiple projectors and a
single image detector. The example configuration may include dot pattern generators 260 and
270 coupled, respectively, to spatially separated projectors 264 and 2740 The dot pattern
generators 260 and 270 may encode identificrs 258 and 268, respectively, into paticrns generated
by the dot pattern generators 260 and 270 as desoribed heretn, Thus, the projectors 264 and 274
may be identified through the projected patterns. The projected patterns may overlap at the
scene. An image detector 256 may record the projected patfert and separste the patterns, for
example, through filtering, A depth map extraction module 254 may determing 3D features of
the scene based on information recorded by the hmage detector 256, In some embodiments, a
position of the projectors 264 and 274 inside & depth camera 252 may be calibrated, which may

allow depih unages to be extracied by using parallax principles between the dots projecied by

different projecters. Thus, through a single image sensor a precision of depth extraction may be

improved by using multiple projectors. In further embodiments, the spatially separated

projectors may be placed outside the depth camera 252, For example, the projecions may be
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the identifiers of the projected geometrical shapes corresponding to the dot patterns. From the
identifiers, a location of the projectors may be looked-up in a database or similar storage. When
dots of multiple projeciors on a single target object are detected, a depth/distance 1o the target
ebject may be resolved, I case of overlapping patterns, onee 8 first pattern 1s identified (and
encoded identifier decoded), the first pattern may be filtered out to wdentity and decode
remaining patterns.

{00231 FIG. 3 illosteates example projected light patterns as detected at an wnage plane,
arranged in accordance with at least some embodiments described herein.

{0024} As shown i a diagram 300, g patiorn of dots 302 may be observed at the image
plane 212 of the depth camera 202, The pattern of dots 302 generated by the dot pattern
zenerator 210 mayv satisfy a constraint that may allow multiple cameras 1o operate
simulaneously. The light corresponding to each of the dots projected onto the scene by the dot
pattern generator 210 may pass the image plane 212 al a coordinate {x, y}). The dot pattern may
be defined by a set of coordinates S, where the coordinate {(x, ¥) corresponds to a dot in the
image plane 212, The dot pattern shown in the diagram 300 includes N=33 dots. The dot pattemn
may be defined by a set § that includes 33 coordinates, where each coordinate corresponds to the
spatial position of the corresponding dot in the bnage plane 212,

[8025] For a structured light-based depth camera to operate successtully with dot patterns,
a majority of the dots may need to be identified in the image captured by the image detector{sh
When multiple projectors project a dot patiern onto # scene, it may be difficult to determine
which dot oviginates from which projector. In some embodiments, N dots of & dot pattern
projected onto a scene may be divided into K disjoint subsets. Each of the dots in a subset may
satisfy the constraint that the dot lies on a predefined geometrical shape. Within such a
constraint, there may still be degrees of frevdom available, and these degrees of freedom may be
used to encode an identifier: For example, an exact position of the dots on the geometrical shape
may be modulated. That way, each subset of dots may encode the identifier of the projector.

{0026} As shown 1o a diagram 350, a dot pattern projected onto a scene may include a set
of tinex 332, where each of the Hoes include @ number of dots. A particular geometrical shape
niay be sclected such that the shape may be detectable in an image recorded by an inage detector

even when it is distorted by the projection. A geometrical shape may be selected, for example,
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examples, a shape may still be deformed by the edge of a target ebject, for example. Inthe
examiple case of' s line as the peometrical shape, the line may bend along the object. The two
parts of the hne may still be detected, and the idenlifier extracted. Moreover, the identifier may
be encoded multiple fimes into a geometrical object. In such cases when parts of  geometrical
shape are detected, the 1dentifier may be extracted from the part(s).

{27] Another eriterion that may be used to select the geometrical shape may be that when
multiple geometrical shapes overlap, they may still be detectable ndividually, While this is
clearly the case for the Hne, other suitable geometrical shapes may include a circle and an ellipse.
When geometoical shapes overlap, there may be some interference, which may play a role when
the identifier is extracted from the geometrical shape. However, the identifier may be encoded
with protection against ervors in the form of error-correction codes, for example, allowing for
some fnterfering dots while the identifier is still decodable.

{8028} FIG. 4 ilustrates an example of an overlapping dot patiern resulting from the
mdependent projection of by two dot patterns by two depth cameras, avranged in accordance
with at feast some embodiments deseribed herein

{0029] As shown in a disgram 400, a st projector may project @ dot pattern 402 that
mcludes lines with short dashes. A second projector miay preject a dot pattern 404 that includes
lines with long dashes. As illustrated in the diagram 400, the lines meay still be detected by image
processing algorithms even while the patterns overlap. Once the individual lines are detected,
the dots on the line may be extracted, and from the relative positions of the dots, the identifiers of
the projeciors may be extracted.

[B030] In a scene where multiple depth cameras operate, the dot patterns projected by the
different projectors may need to be differcnt. The geometrical shapes of patterns projected by the
different projeciors may need to be projected at different positions. To project the patteras at
different positions, a set of suitable non-overlapping patierns wmay be predefined. Each ofthe
patterns may thea not only encode the projector identifier, but may also encode an identifier tor
the pattern, That way, 8 depth camera may determing which patierns are already nuse by

amalyzing an image of the scene,
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{0031} FIG. 5 Hustrates an example of encoding information into the positions of dots on a
geometrical shape (line), arranged in accordance with at least some embodiments described
herein.

{B032] As mentioned previously, a dot pattern may include N dots in total, which may be
divided inte K subscts of dots. Each of these subsets may be denoted a 51 for #0,,,., K-1, Each
of the sobsets, Si, may be bound to a geometrical shape such as a hne 502 shown in a diagram
300. Bessuse a geometricsl shape is typically defined for a continunm of points, there may be
degrees of freedom to place the dots on the geometrical shape. The degrees of freedom may be

geometrical shape.

Lre

exploited to encode the identifier into the locations of the dots on the
{0033} In an example configuration, the geometrical shape may be defined by Runctions
x{t), ¥{1} for tin the interval [0,1]. It may be assied that whea truns from 8 1o 1, the whole
peometrical shape s traversed, and x{t) and ¥{(1) define an x and y coordinate of the geometrical
shape, respectively. Given a subset of dots 84, cach of the elements of 81 may be associated with

a particidar value of & Thas, each dot in 81 may be assigned to a particular location on the

g
geometrical shape. Information (for example, identifiers) may be encoded into the locations of
the dots on the geometrical shape in a nunmber of ways. For example, for a subset Si that includes
Ni dots, the mterval 0,17 may be divided tnto Ni equal parts (321 throogh 526}, A length of
each part may be given by DNL The value of { used for the jth dot in §i may be selected as
JNEEhiENT where by is aninformation bit talong valoes in (<113 Thus, s set of Nibifs (311
through $16) may be encoded into the positions of the dots. In some examples, the numaber Ni
may be selected n such a way that Ni is large enough to hold an identificr one or multiple Gmes.
{3034] The example encoding in the diagram 500 Hlustrates a case where six dots are
encoded inte a line pattern. The positions of the dets may be varied according to the identifier to
be encoded. The identifier in the diagram 300 includes 4 bil sequence 001010, The encoding may
be generated by the above deseribed method where a Dand it comrespond o a - and 1,
respectively. Tn some embodiments, additional information may be encoded as well. For
example, some dots may be used to encode a pattern that may be used for synchronization or
training. Such a synchronization seguence may be used to provide the value of /N1, which may
be used to extract the encoded information. Furthermore, the information may alse be protecied
by an crror-correction code to provide additional resthience sgainst interference from overlapping

shapes.
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jOR35] PG, 6 Hlusirates a general purpose computing device, which may be gsed o
provide coordination of multiple structured Hght-based 3D image detectors, arranged in
gecordance with at keast sonwe cmbodiments desertbed hevein,

{036} For example, the computing device 600 may be used to use orientation markers to
determing objest oricmdation and/or deformation as described hereln, In an oxample basie
configuration 602, the computing device 600 may include one or more processors 604 and a
system memory 606, A memory bus 608 may be used o communicate between the processor
604 and the system memory 606, The basie conbiguration 602 s tHustrated 1 FIG, 6 by those
components within the inner dashed line.

{0037} Depending on the desired conbignration, the processor 604 may be of any type,
inchuding but not Himited to a wicroprocessor (i), & microcontrotler (), a digital signal
processor {DISPY, or any combinatien thereof. The provessor 604 may include one more levels of
caching, such as a level cache memory 612, a processor core 614, and registers 616, The
example processor core 614 may include an arithmetic logic unit {ALUY, a floating point unit
{(FPLUY, a digital sigaal processing cove (RSP Core), or any combination thereof. An example
memory controller 618 muy alse be used with the processor 604, or in some bmplementations,
the memory controller 618 may be an wternal part of the processor 604,

{038 Depending on the desired configuration, the system memory 606 mayv be of any type
mcluding but not himited to voelatile memory (such as Rf-\M}? non-volatile memory {such as
ROM, flash memeory, gte.) or any combination thereof. The system memory 606 may inchude an
operating system 620, a controlier 622, and progran data 624, The controller 622 may inchude an
image detection module 625, 8 depth map extraction module 627, and a pattern geﬂex‘ai‘im‘z
module 629 to implement coordination of multiple structured light-based 3D image detectors as
described herein. In one example conliguration, the pattern generation module 629 may generate
a predefined pattern of dots, which may be projected onto 3 seene or target object by one or more
projectors. One or more hmage detectors may capture an image of the scene or the farget object
and provide to the image detection module 6235, which may analyre the captured mage and
provide depth information to the depth map extraction module 627, where the dots may serve as
reference points in the scene such that a depth map may be extracted by the depth map extraction
module 627 through parallax techmigues, for example. The program data 624 may include,

among other dada, image data 628 to be used n recognition of objects, as described hevein.
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additional .imerf'zmes to facilitate compmunications between the basie configuration 602 and any
desired devices gnd mterfaces. For example, a bus/interface controtior 630 may be wsed to
facilifate communications between the bagic configuration 602 and one ormore data storage
devices 632 via g storage iterface bus 634, The data storage deviees 632 may be one or more
rernovable storage devices 636, one or more non~removable storage devices 638, ora
combination thereof. Examples of the removable storage and the non-ramovable storage devices
inchude magnetic dise devices such as Hexible dise drives and hard-dise drives (HDD), optica!
dise drives such as compact dise (CID) drives or digital versatile dise (DVD) drives, sobid state
drives (88D, and tape drives to name a fow. Example computer storage medis may melude
volatile and nonvolatile, removable and non-removable media implemented o any method or
technology for storage of infonuation, such as computer readable instroctions, data structures,
program maodules, or other data.

{0040} The system memory 606, the removable storage devices 636 and the nop-removable
storage devices 638 are examples of computer storage media. Computer stovage media includes,
but is not limited to, RAM, ROM, EEPROM, flash memeory or other memory technology, CD-
ROM, digital versatile dises (DVIY), solid state deyves, or other optical stovage, magnetic
cassetles, magnetic tape, magnetic dise storage or other magnetic storage devices, ot any other
modinm which may be used to store the desired information and which may be accessed by the
computing device 600, Any such computer storage media may be part of the computing device
600.

{8841} The computing device 600 may also include an interface bus 640 for facilitating
communication from various mterfac es {e.g., one or more output devices 642, ane or
more peripheral nterfaces 644, and one or more communication devices 646) to the hasic

onfiguration 602 via the bus/interface controllor 630, Some of the example output devices 642
include a graphics processing unit 64R and an audio processing unit 850, which may be
configured to communicate fo various external devices such as a display or speakers via one or
more AV ports 652, One or more example peripheral interfaces 644 may include a serial
interface controller 634 or a parallel ntertace controller 636, which may be configured to
gonununicate with external devices such s input devices {o.z., kevboard, mouse, pen, voice

input device, touch input devieg, ole.} or other peripheral devices (e.g., printer, scanner, of¢.) via

12
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one or more O ports 638, An example communication device may include a network contveller
660, which may be wranged to facilitate commmunications with one or more other computing
devices 662 over g network comnmunication link via one or more conununication ports 664, The
one or more other computing devices 662 may include servers at a datacenter, customer
equipment, snd comparable deviges.

{0042} The network conmmunication Huk may be one example of 8 communication media.
Communication niedia may be embodied by computer readable instructions, data structures,
program modules, or other data in a modolated data signal, such gs a carier wave or other
transport mechanism, and may include any information delivery media. A “medulated data

v

signal”™ may be asigeal that has one or more of ity characteristios set or changed insucha
manner as o encode information in the signal. By way of example, and not hmitation,
comnunication media may mclade wired media such as 8 wired network or direct-wired
connection, and wireless media such as acoustic, radio frequency (RF), microwave, infrared {(IR)
and other wirgless media, The term computer readable media as used heremn may include both
storage media and communication media.

{6043} The computing device 600 may be implemented as a part of a general purpose oy
speciahized server, mandrame, or simtlar computer that fnclodes any of the above functions. The
computing device 600 may also be implemented as 3 personal computer including both laptop
computer and non-laptop computer configurations,

{0044] PIG. 7 is a Hlow disgram illostrating an example process o provide coordination of
multiple structared light-based 3D image detectors that may be performed by a computing device
such as the computing device in FIG. &, svanged 1 accordance with at least some embodiments
described herein,

{8045] Example methods may include one or more operations, functions or actions as
ilustrated by one or more of blocks 722, 724, 726, 728, and/or 730, and may in seme
embodiments be performed by a computing device such as the computing device 600 in FIG. 6.
The operations deseribed in the blocks 722-730 may also be stored as computer-executable
mstructions in @ computer-readable mediam such as a computer-readable medium 720 of a
computing device 710,

[0046] An example process to provide coordination of naaltiple structured Heht-based 3D
image detectors may begin with block 722, “RECEIVE AN IMAGE OF A TARGET ORIECT™,
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predefined pattern projected onto the target object. The image may nclude multiple patterns
projecied onto the target object by multiple projectors, for example.

{0847 Block 722 may be followed by block 724, “DETECT MULTIPLE PATTERN
ELEMENTS PROJECTED ONTOQ THE TARGET QBIECT IN THE IMAGE", where the image
detection module 628 may detect pattern elements such as dots jo g set of lines or circles. The
pattern elements may encode identifier(s) associated with one or more projectors, image
detectors, or patterns thamselves.

{048} Block 724 way be followed by block 726, “DETECT ONE OR MORE PATTERNS
FROM THE DETECTED PATTERN ELEMENTS”, where the image detection module 625
may detect the various patterns {for example, distinet Hnes, circles, ares, et cach pattern
inchuding the pattern claments,

{0849 Block 726 may be followed by block 728, “EXTRACT ONE OR MORE
IDENTIFIERS FROM THE ONE OR MORE DETECTED PATTERNS”, where the unage
detechion module 625 may extract the identifiers envoded onto the various patterns by the pattern
clements. Forexample, spacing of dots or dashed on Boe patterns may sncode identifier
information as described herein,

{3050} Block 728 may be followed by block 738, “ASSOCIATE THE ONE OR MORE
PATTERNS WITH ONE OR MORE IMAGE DETECTORS OR PATTERN PROIECTORS
BASED ON THE EXTRACTED ONE OR MORE IDENTIFIERSY, where the image detection
madule 6235 may dentify an image detector or a projector associated with each pattern projected
onto the {avget object. Furthermore, the depth map extraction wodule 627 may generate a depth
map based on the detection of different patterns on the target object by different image detectors
{or by one image detector based on patterns from multiple projectors).

{0051 In an example scenario, a captiwed image may inchude dots projected by several
projectors operating in the scene. The locations of the dots may be detected in the image by one
or more image detectors through vartous hnage provessing techniques. For example, the dots
may be projecied in a particelar color and the color(s) may he used in their detection. In some
cases, the dots may be projected with non-visible lght such as IR. The image detector(s) may
then be IR sensor(s), and the dots may be clearly be visible in the recorded image. Furthermore,

background light may be suppressed by using g physical IR filter. The extracted collection of

14
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Hough transform may be used to detect lines, cireles, and ellipses n the collection of dota, Next,
one or more identifiers may be extracted from each ef the detected geometrical shapes.
Furtherrnore, a subset of the dols that corresponds to the dots projected by a corrent projecior
may be identified through the exiracted wWentificr, The subset of the dots may beused as a
reference for depth estimation algorithms. Such algorithms may use parallax technigues between
projector and one or multiple tmage sensors. Alsematively, depth from focus techniques may
also be wsed. Morcover, for some georaetrical shapes, the skew andfor deformation of the
projected shape may be used to estimate depth.

{0052} The operations included n process 700 are for tHustration purposes. Coordination
of multiple structured tight-based 3D image detectors may be implemented by similar processes
with fewer or additional steps, as well as in diffevent order of operations using the principles
described herein. The operations described herein may be executed by one or more processors
gperated on ope or more computing devices, One or more processor cores, specialized processing
devices, and/or general purpose processors, among other examples

{8053] FIG. 8 illustrates a block diagram of an example computer program product,
arranged in accordance with al least some embodiments deseribed herewn.

{054} In sme examples, as shown in FIG. 8, a computer program product 300 may
melnde a signal bearing medinm 802 that may also mchade one or more machine readable
matractions 804 that, when executed by, for example, a processor may provide the functionality
described herein, Thus, for example, referring to the processor 604 in FIG. 6, the image detection
modude 625 and one or more of the other modules may undertake one or move of the fasks shown
m FIG. § in response to the instructions 804 conveved to the processor 604 by the medinm 802
to perform actions associated with coordination of multiple structured Hght-based 3D tmage
detectors ay described herein, Some of those instructions may inchude, for example, instructions
i receive an mage of g targel object; detect multiple pattern elements projected onto the target
object in the image; detect one or more patterns from the detected pattern elements; extract one
or more identifiers from the one or more deleeted pattorns; and associate the ong or more patiems
with one or more image detectors or pattern projectors based on the extracted one or move

identifiers, according to some embodiments deseribed herein,
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encompass computer-readable media 808, such as, but not limited to, a hard dise drive, a solid
state drive, @ compact dise (CD), a digital versatile dise {DVD), a digital tape, memaory, ete, In
some implementations, the signal bearing media 802 may encompass recordable media 808, such
as, bt ot Hintted to, memaory, read/write (RAW) CDs, RIW DVDs, ote. In some
inplementations, the signal bearing media 802 may encompass communications media 814, sach
as, but not limited to, a digital and/or an analoy communication medium {e.¢., a tiber optic cable,
a wavegnide, a wired communications link, a wircless communication link, ete. ). Thus, for
example, the program product 800 may be conveyed to one or more modudes of the processor
604 by an RE signal bearing medium, where the signal bearing media 802 1s conveyed by the
wireless conmunications media 810 {e.g.. a wireless communications medivm conforming with
the IEEE 802.11 standard),

{836 According 1o some embodiments, a method to coordinate multiple structured hght-
based 312 image detectors 1s desenibed. The method may include recetving an mage of a targst
object; delecting a plurality of pattern clements projected onto the target object in the image:;
detecting one or mors patterns from the detected plurality of the pattern elements; sxtracting one
or more ientifiers from the one or more detected patierns; and associating the one or more
patterns with one or more image detectors or pattern projectors based on the extracted one or
more identifiers.

{8057] According to other examples, extracting the one or more identifiers from the one or
more detected pattems may include decoding the one or more identifiers snceded into the ene or
more patterns through the plurality of patiern elements. The method may slso tnclude analyzing
one or more of a placement, a shape, a sive, and a color of the plurality of pattern elements
gach of the detected one or more patterns to decode the one or more identifiers. The one or more
detected patterns may include lines, the plurality of pattern elements may include one or more of
Hne sepgments and dots, and the method may further include analveing a spacing between the
plurality of pattern elements to decode the one or more identifiers.

[0038] According to further cxamples, the plurality of pattern elements may include one of
lipes, curves, polygonal shapes, and conie section shapes. The one or more identifiers may
identify one or more mage detectors, one or more pattern projectors, or the one or more pattems.

The method may also inclade captoring an image that includes the target object through an
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two or more pattern projectors, identifving a pattern associated with each of the two or more
pattern projectors and filtering ont romaining projocted patterns for cach of the two or more
pattern projectors; in an image system with one pattert projector and two or more image
detoctors, wlentifying a patiern associated with cach of the twe or more imags detectors and
filtering out remaining projected patterns for each of the two or wore image detectors: andfor
estimating & depth map associated with the target object using one or more of a stercovision
detection or a depth-from-focus detection based on the association between the one or more
patterns and the one or more image detectors or the one or more patiern projectors.

{0059] According to other examples, g system o coordinate multiple structured light-based
3D image detectors s described. The system may include a pattera projector configured o
encade two or more image detector identificrs onto sets of plarality of patterns and project the
sets of plurality of patteras onto 8 target object. The system may also inclade two or more
spatially separated mage detectors configared to capture an image of the target object with the
sets of plurality of patterns projected onto the target object. The system may further include a
detection contrel modide configured to receive the image of the target object with the setz of
plurality of patterns projected onto the target object; defect the sels of plurality of patterns
projected onte the target obiect; detect 3 plurality of pattern eloments from the detected sets of
phurality of patterns; extract the two or more image detector identificrs from the sets of plarality
of patterns and the plurality of pattern elements; and associate each of the sets of plorality of
patterns with gach of the two or more image detectors based on the extracted two or more image
defector identifiers.

{060} Accerding to yet other examples, the patters prejector may be further configured to
encode the two or more image detector identifiers onto the sets of plurality of patterns using one
or mare of a placament, a shape, a size, and a color of the plurality of pattern elements. The
detection control module may be further configired to apalyze one or more of & placement, a
shape, a size, and 8 color of the plurality of pattern clements in each of the detected sefs of
plurality of patterns 1o decede the two or more image detector identiliers, where the plurality of
pattern slements include one of lines, curves, polygonal shapes, and conie section shapes, The
detection control module may be further configured to filter out remaining projected patiemns for

gach of the two or more image detectors. The detection control module may be hurther

g
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configured to estimate a depth map associated with the target object using one ormore of'a
stergovision detection or a depth-from-foeus detection based on the association between the sets
of plurality of patierns and the two or more image detectors.

{3061} According fo further examples, a system to coordinate mudtiple stractured light-
based 3D mmage deteotors 18 describad, The system may include two or move spatially separated
pattern projectors configared to encode 8 plurality of identifiers onto sets of phurality of pattems,
where vach set of the plurality of patterns is enceded with one identifier; and project the sets of
plarality of patterns onte a target object. The system may also include an tmage detector
configured to capture an image of the target obyject with the sets of plurality of patteros projected
onto the target object. The systent may further include a detection control module configured to
receive the image of the target object with the sets of plurality of patterns projected onto the
target object; detect the sets of plurality of patterns projected cmto the target objeet; detect a
plurality of pattern elements from the detected sets of plurality of patterns; extract the phuality of
wdentifiers from the sets of plurality of patterns and the plurality of patiern elements; and
assoctate cach of the sets of plurality of patterns with each of the two or more pattern projectors
based on the sxiracted plurality of identifiers.

{0062} According to some examples, the two or more pattern projectors way be further
configured fo encode the pluality of identifiers onto the sets of phurality of patterns using one or
more of & placement, & shape, a size, and a color of the plorality of pattern elements. The
detection control moditle may be further configured to analyze one or more of a placement, a
shape, a size, and a color of the plurality of pattern clements in cach of the detected sets of
plarality of patterns {o decode the phurality of identifiers, where the plurality of pattern elewents
mclnde one of lines, curves, polygonal shapes, and conic section shapes. The detection control
module may also be configured {o filter out remaining projected patters for gach of the two or
MOre patiorn projectons,

{8063} According o yet other examples, the detechion control module may be further
configured to estimate a depth map associated with the target object using one ormore of a
stereovision detection or a depih-from-focus detection based on the association between the sets
of plurality of patterns and the two or more pattern projectors. The sels of plurality of paiterns
may inchude lines, the plurality of pattern elements may include dots, and the detection contrad

module may be further configured to analyze a spacing between the plarality of pattern clements

{8
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s:fmpif:d to the two or more pattern pmj cotors and the imag& detﬂcts;)r? and the two or more pattern
projectors and the image detector may be distinet devices,

{3064} There is hittle distinction left between hardware and sofitware implementations of
aspects of systems; the ase of hardware or sofiware 1s generally (but not always, in that in cortain

contexts the choice between hardware and software may become significant) » design choiee

representing cost vs. efficiency tradeoffs There are various vehicles by which processes andfor
systems andfor other technologies desentbed heretn may be effected {e.2., hardware, softwarg,

andfor firmware), and that the preferred vehicle will vary with the context in which the processes
and/or systems andfor other technologies are deploved. For example, ifan implementer
determines that speed and accuraey ave paramount, the implementer may opt for a mainly
hardware sndfor firmware vehicle: # flexibility is paramoust, the implementes may opt for a
mainly software plementation: or, yet again alternatively, the implementer may opt for some
combmation of hardware, software, andfor fimmware,

{0065] The foregoing detailed desoription has sot forth various embodiments of the devices
andior processes via the use of block diagrams, floweharts, and/or examples. Insofar as such
block diagrams, flowcharts, and/or examples contain one or more functions andiéor operations, it
will be understood by those within the art that cach function andfor operation within such block
diagrams, flowcharts, or examples may be implemented, mdividually andfor collectively, by a
wide range of hardware, software, fivavware, or virtually any combination thereof. i one
embodiment, several portions of the subject matter described herein may be implemented via
application specific integrated circuils {ASICs), field programmable gate arvays (FPGAS), digial
signal processors {DSPs), or other integrated formats. However, those skilled in the art will
recogmize that some aspects of the embodiments disclosed herein, in whole orin part, may be
equivalently implomented in integrated cirouits, as one or more compuler programs executing on
QN GF more L‘GIH{RHLI\\ \f Ci8. .85 .00€ OF IO programs exeruti Dg On One ormore L(}lﬂpiﬂb}'
wxium)ﬂ S One or more pmmdm\ exev lﬂ“ OF O OF 0TS "}l{jLC‘H\Ql\ i\i.? S 88 ONEg O more
DIOErams executing on ORe OF MoTe THCroprocessors), as firmware, or as virtually any
combination thereof, and that designing the circatiry andfor writing the code for the software and

or firmyware would be well within the skill of one of skill 1o the art n light of this disclosure.



WO 2017/095575 PCT/US2016/059964

described n this application, which are intended as Hustrations of vartous aspects. Many
modifications and variations can be made without departing from its spirit and scope, as will be
apparent to those skilted 1 the art. Functionally eqoivalent methods and apparatuses within the
seope of the disclosure, i addition 1o those enumerated herein, will be apparent to those skilied
in the art from the foregoing descriptions. Such wodifications and variations are intended to fall
within the scope of the appended claims. The present diselosure is to be Himited only by the terms
of the appended claims, slong with the full scope of equivalents to which such clains are
entitled, It is alse to be understood that the terminology used herein is for the purpose of
deseribing particular embodiments only, and 15 not infended to be Timiting.

067} In addition, those skilled in the art will appreciate that the mechanisms of the
subject matter described herem are capable of being distributed as a program product in a variety
of forms, and that an Hlustrative embodiment of the subject matter described herein apphics
regardless of the particular tvpe of signal bearing medium used to actually carry out the
distribution. Examples of a signal bearing medium include, but are pot limited to, the following:
# recordable type mediinn such as a flappy dise, 3 hard dise drive, a compaet dise (CI3), & digital
versatile disc {(DVD), a digital tape, a compuler memory, & solid state drive, ele and g
transmission type medivm such as a digital andf/or an analog communication medium (e.g., 8
fiber optic cable, 8 wavegnide, & wired conmmunications hink, a wireless communication link,
gie. ).

{0068} Those skilled in the art will recognize that it is common within the art to desceribe
devices andfor processes in the fashion set torth herein, and therealler use engineering practices
to integrate such described devices and/or processes into data processing systems, That is, at
least a portion of the devices andfor processes described berein may be integrated nto a data
processing system via a reasonable smount of experimentation. Those having skill in the art will
recognize that g daty processing system may nclade one or more of a system unit houging, &
video display device, a memory such as volatile and non-volatile memory, processors such as
microprocessors snd digital signal processors, compuiational entities such as operating systems,
drivers, graphical user interfaces, and applications programs, one of move interaction devices,

such as & touch pad or soreen, andfor control systems tneluding feedback loops and control
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maove andfor adjust components and/or quantities).

{0069} A dala processing system may be implemented utilizing any suitable commercially
available components, sach as those found in data computing/conmmunication andfor network
computing/communication systenss, The herein described subject matter sometimes dlusirates
different compoenents contained within, or connected with, different other coraponents. It is to be
understood that such depicted architectures are merely exemplary, and that in fact many other
grchitectures may be mplemented which achieve the same functionality. In a conceptual sense,
any arrangement of components to achieve the same functionality is effectively "associated”
such that the desired functionality s achioved. Hence, any two components herein combined to
achieve a particular functionality may be seen as "associated with" each other such that the
desired functionality is achieved, irrespective of architectures or itermediate components.
Likewise, any two components so assoclated may also be viewed as being "operably connected”,
or "operably coupled”, to sach other to achieve the desired functionality, and any two
components capable of being so associated may also be viewed as being "operably couplable®, to
each other to achieve the desired functionality. Specific examples of operably couplable inchide
but ave not limited to physically connectable and/or physically mterscting components andfor
wirelessly mteractable and/or wirelessly inferacting components and/or logically inferacting
andfor logically interactable components,

{0070} With respect to the use of substantially any phural andfor singular terms heram,
those having skill m the art can translate from the plural to the singular andfor from the singular
to the plural as 18 appropyiate o the confext andfor application. The various singulav/plural
permutations may be expressly set forth herein for sake of clarity.

{8071} It will be understood by those within the art that, in general, fenms used herein, and

especially in the appended claims {e.g., bodies of the appended claimy) are generally intended as
“open™ terms {e.g, the term “including” should be interpreted as “including but not thntted t0,”
the term “having™ should be interpreted as “having at least,” the term “includes™ should be
mterpreted as “includes but 1s not Bmited 10,7 ete ) Howill be further understood by those within
the art that it a spectfic number of an infroduced claim recitation i intended, such an inteut will
be explicitly recited in the claim, and in the shsence of such recitation no such intent is present.

For example, as an aid {o understanding, the following appended clatms may contain usage of
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However, the use of such phrases should not be construed o imply that the introduction of a

(TPRY!

claim recitation by the indefintte articles "a™ or "an™ Hmits any particular claim containing such
infroduced clabm recitation to embodiments containing only one such recitation, even when the
same claim mncludes the introductory phrases "one or more” or "at least one” and indefinite

3

articles such as "a” or "an™ (g, Fa" andfor “an™ should be interpreted to mean “af least one™ or
“ong or more” ) the same holds true for the use of definite articles used o introduce claim
recitations, In addition, even if a specific number of an wtroduced clatm recitation 1§ explicily
recited, those skilled in the art will recognize that such recitation should be interpreted to mean at
least the recited number {e.g., the bare reciiation of "bwo recitations,” without other modifiers,
means at least two recitations, oF (Wo or more recitations).

{0872} Furthermore, in those instances where a convention analogous to “at least ene of &,
B, and C, ele™ is used, in general such a constroction is intended in the sense one having skill in

e

the artwould onderstand the convention {e.g., ™ a system having al least one of A, B, and €7
would include bat not be linuted to systems that bave A alone, B alone, € alose, Aand B
together, A and € together, B and C together, andior A, B, and C together, ete). 1t will be further
anderstood by those within the art that virtually any digjunctive word andfor phrage presenting
two or more alternative terms, whether in the deseription, claims, or drawings, should be
understood 1o contemplate the possibilities of including one of the terms, cither of the terms, or
both terms. For example, the phrase A or B will be understood to include the possibilities of
"ATor "B or"Aand B

10973 As will be understood by one skilled in the avt, for any and all purposes, such as
terms of providing a written deseription, all ranges disclosed herein also encompass any and all
possible subranges and combinations of subtanges thereol. Any listed range can be easily
recognizad as sufficiently descrihing and enabling the same range being broken down into at
feast equal halves, thirds, guarters, fifths, tenths, ele. Asa non-Hwmiting example, each range
discussed herein can be readily broken down 1o g lower third, middle third and apper third, ete.
As will also be understond by one skilled in the art all langoage such as “up 0,7 "ot least,”
“greater than,” “less than™ and the Bke include the number recited and refer to ranges which can
be subsequently broken down inte subranges as discussed above, Finally, as will be understond

by one skilled i the art, a range includes each individaal member. Thus, for example, a group

22
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having 1-3 cells refers to groups having 1, 2, or 3 cells. Similarly, a group having 1-5 cells refors
tos groups having 1, 2, 3, 4, or § celly, and so forth.

{0074} While various aspects and embodiments have been disclosed herean, other aspects
and erabodiments will be apparent to those skilled in the art. The vanous aspects and
cmbodiments disclosed herein are for purposes of illustration snd are not intended to be linuting,

with the true scope and spirit being indicated by the following claims.

&
[e%
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CLAIMS
WHAT I8 CLABMED 1IN
i, A method to coordinate nunltiple structured Hght-based 3D image detectors, the methad

comprising:
receiving an image of a target object;
detecting & phuality of pattern eloments projected onto the target object in the image;
detecting one or mors patierns from the detected plurality of the pattern clements:
extracting one or more identifiers from the one or more delected patierns; and
assoclating the one or more patterns with one or more image detectors or pattern

projectors based on the extracted one or more identiliers,

2. The method of clatm 1, wherein extracting the one oy mwore identifiers from the one or

wiove detected patterns comprises:
decoding the one or more identibiers encoded mto the one or more patterns through the

plarality of pattern elements,

3. The method of claim 2, firther comprising:
analyring one or more of & placement, a shape, 1 stre, and a color of the plurality of

pattera elements i cach of the detected one of more paticrns to decade the one or mere

wlentifiers.
4, The method of claim 3, wherein the one or more detected patterns include lines, the

plurality of pattern elements includes one or more of Hine segments and dots, and the method
further comprises;
analyzing a spacing between the plurality of pattern clements o decode the one or more

identifiers.

b The methed of claim 2, wherein the plurality of pattern elements include one of lines,

curves, polygonal shapes, and conie section shapes.



WO 2017/095575 PCT/US2016/059964

6. The method of claim 4, wherein the one or more identitiers identify one off one or more

image detectors, ene or mors pattern projectors, and the one or more patterns.

7, The method of elaym | further comprising:
capturing an iimage that ncludes the target object theough an image dotector,
8. The method of claim 1, further comprising:

i an inage system with one image detector and two of more pattem projectors,
identifying a pattern associated with each of the two or more pattern projectors and filtering out
remaining projecied patterns for each of the two or more pattern projeciors.
9, The method of claim 1, further comprising:

in an fmage system with one pattern projector and two or more image detectors,
identifying a pattern associated with each of the two or more tmage detectors and filtering ot

remaining projected patieras for each of the two or more image detectors,

10, The method of claim 1, forther comprising:
estimating a depth map associated with the target object using ong er more of a
stercovision detection or a depth-from-focns detection based on the association hetween the one

or more patterns and the one or more image detectors or the one or more patfern projectors.

11, A systew o coordinate multiple structuved tight-based 3D fmage detectors, the system
comprising:
a pattern projector configured o
encode two or more image detector identifiers onto sets of plurality of patterns;
and
project the sets of plurality of patterns onto a target objeey
two or more spatially separaied image detectors configared tos
capture an image of the target object with the sets of plurality of patterns
projected onto the target olyect; and

a detection control modale configured fo:



WO 2017/095575 PCT/US2016/059964

receive the image of the target object with the sets of plurality of patterns
projected onto the target object;

detect the sets of plurality of patierns projected onto the target objety;

detect a plurality of pattern elements from the detected sets of phurality of
patierns;

extract the two or more image detector identifiers from the sets of plurality of
patterns and the plurality of pattem elements; and

associate cach of the sets of plurality of patterns with gach of the two or more

image detectors based on the extracted two or more image detector identifiers,

12, The systemof claim 11, wherein the pattern projector is fhuther configured to)
encede the two or more Image detector identifters onte the sets of plurality of patterns

using one or more of 4 placement, a shape, a stze, and a color of the plarality of pattern elements.

13, The system of clavm 11, wherein the detection control modale is further configured o
analyze one or more of a placement, a shape, a sive, and a color of the plarality of pattern

clements in each of the detected sets of plarality of patterns to decode the two or more timage

detector wdentifiers, wherein the plurality of pattern elements include one of lines, curves,

polygonal shapes, and conic section shapes.

14, The system of claim 11, wherein the detection contred module is further configured o

filter out romaining projected patterns for each of the bwo or more inage detectors,

is. The system of claim 11, wherein the detection control module is further configured to:
estimate a depth map associated with the target object using one or more of 2 stereovision
detection or a depth-from-focus detection based on the association between the sets of plurslity

of patterns and the two or more image detectors,

16, A system fo coordinate multiple structored hght-based 3D image detectors, the system
gomprising

fwo or more spatially separated pattern projectors configured o

26
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encode » plurality of identifiers onto sets of plurality of patterns, wherein each set
of the plhurality of patterns {s encoded with one identifier; and
project the sets of plurality of patterns onto a target object;
an image defector configured to
capture an image of the target object with the scits of plurality of patterns
projected onto the target object; and
a detection contrel module configured to:
receive the image of the target object with the scts of plurality of patterns
projected onto the target object;
detect the sets of plurality of patterns projected onto the target object;
detect & plavality of pattern elements fron the detected sets of plurality of
patterns;
extract the plurality of identifiers from the sets of plurality of patterns and the
plurality of pattern elements; and
associate cach of the sets of plurality of patierns with each of the two or more

patiern projectors based on the extracted plurabity of identifiers.

17, The system of claim 16, wherein the two or more pattern projectors are further
configured to;
encode the plurality of identifiers onto the sets of plurality of patterns using one or more

of a placement, a shape, a size, and a color of the plurality of pattern elements.

18 The system of claim 16, wherein the detection control module is further confipured to:
amalyze one or more of a placement, a shape, a sitze, and a color of the plurality of pattern

elements in cach of the detected sets of plurality of patterns to decode the plurality of identifiers,

whergin the plurality of pattern elements include one of lines, curves, polyeonal shapes, and

conte section shapes.

19, The system of claim 16, wherein the detection control module is further configured o

filter cut remaining projecited patterns for cach of the two or meore pattern projectors.

]
-3
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20, The system of claim 1o, wherein the detection cottrol modale is further configweed fo;
estimate a depth map associated with the target object nsing one or more of & stercovision
detection or a depth-from-focus detection based on the association between the sets of plurality

of patterns and the two or more pattern projectors.

21. The system of claum 16, wherein the sets of phorality of patferns include lines, the
phurality of pattorn elements include dots, and the detection control module is further configured
by

analyvze a spacing between the plurality of pattern elements to decode the pharality of

rdentifiers.

22, The system of claim 16, wherein the detection control module is comnmunicatively
coupled to the two or more pattern projectors and the image defector, and whevein the two or

more pattern projectors and the image detector are distinet devices.

|
[}
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