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(57) Abstract: Technologies are generally described for use of orientation markers to determine object orientation and/or deforma-
tion. In some examples, an orientation marker for a physical object may include an alignment structure and encode information about
the alignment structure. For example, the orientation marker may encode the size of the alignment structure, the orientation of the
alignment structure, and the location of the alignment structure with respect to some physical point on the physical object and/or oth -
er orientation markers on the physical object. An orientation system may then use the encoded information to determine the orienta-
tion arid/or alignment of the object The orientation system may also use the encoded information to determine whether the physical
object is deformed.
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ALIGNMENT MARKERS TO FACILITATE DETECTION OF OBJECT
ORIENTATION AND DEFORMATION

CROSS REFERENCE TO RELATED APPLIC ATIONS

{0061} This application claims the benefit of U.S. Patent Application Serial No. 14/926,006
titled ALIGNMENT MARKERS TO FACILITATE DETECTION OF OBJIECT
QRIENTATION AND DEFORMATION filed on October 29, 2015 under Article 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 described in this section are not
prior art 1o the claims in this application and are not admitted to be prior art by mclusion 10 this
section,

{0003} Use of robotic mampulation and machine vision are becoming more widespread in
mdustries such as manufacturing, shipping, and food production, among others. In
manufacturing environments where robotic assembly or manipulation of physical tems ocours,
robots may need mformation about the position and/or the orientation of an object in order to

property handle the object.

SUMMARY

{0004] The present disclosure generally describes technignes for detecting object
orientation and deformation,

{0005} According to some examples, an orientation marker is provided to allow detection
of object orientation and deformation. The orientation marker may include an alignment
structare, an alignment marker portion, and a location marker portion. The ahgnment marker
portion may be confignred to encode at least one dimensional data associated with the alignment
structure. The location marker portion may be configured fo encode at least one location data

associated with the orientation marker.
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{0086} According to other examples, a method 1z provided 1o determine ortentation
mformation for a physical object. The method may inclade receiving image data associated with
an orientation marker on the physical object and determining, from the image data, an encoded
dimensional data and/or an encoded location data, both associated with the orientation marker.
The method mayv further include determining an orientation of the physical object based on the
encoded dimensional data andfor the encoded location data,

{0067} According to further examples, 8 system is provided to determine orientation
information for a physical object. The system oy wclade an tmager and a processor block. The
umager may be configured to receive image data associated with an orientation marker on the
physical object. The processor block miay be configured 1o deternmne, from the image dats, an
encoded dimenstonal data andfor an encoded location daia, both associated with the onentation
marker. The processor block mav be further configured to determine an orientation of the
physical object based on the encoded dimensional data and/or the encoded location data.

0008} The foregoing summary 13 Hlustrative only and 1s not intended to be in any way
hmiting. In addition o the iHustrative aspects, embodiments, and features described above,
farther aspects, embodiments, and features will become apparent by reference to the drawmgs

and the following detailed description.

BRIEF DESCRIPTHON OF THE DRAWINGS

{0009} The foregomg and other features of this disclosure will become more fully apparent
from the following description and appended claims, taken in conjonction with the
accompanying drawings. Understanding that these drawings depict only several embodiments in
accordance with the disclosure and ave, therefore, not to be considered limiting of its scope, the
disclosare will be described with additional specificity and detas! through use of the
accompanying drawings, in which:

FIG. T iHlostrates an example systen where onentation markers on physical objects may
be used;
FIG. 2 illusirates examples of orientation markers that encode focation andfor

dimensional information;

t
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FIG. 3 illusirates how distances between orientation markers on an object may be used to
detect object deformation;

FIG. 4 dinstrates examples of ortentation markers that enceode references 1o external data
storage;

FIG. 5 illustrates a general purpose computing device, which may be used 1o deternune
object orientation and/or deformation;

FIG. 6 is a flow diagram illustrating an example method to determine object orientation
and/or deformation that way be performed by g computing device such as the computing device
m FIG. §; and

FIG. 7 illustrates a block diagram of an exanple computer program prodact,

all arranged m accordance with at least some embodiments described herein.

DETAILED DESCRIPTION

{0010} In the following detailed description, reference s made to the accompanying
drawings, which form a part hereof. In the drawings, similar svinbols tvpically identify similar
components, unless context dictates otherwise. The iHlustrative embodiments described in the
detailed description, drawings, and claims are not meant to be limiting. Other embodiments may
be utilized, and other changes may be made, without departing from the spirit or scope of the
subject matter presented herein. It will be readily understood that the aspects of the present
disclosure, as generally described herein, and tHustrated in the Figures, can be arranged,
substituted, combined, separated, and designed in a wide vanety of different configurations, all
of which are explicitly contemplated hereimn.

[0011] This disclosure is generally drawn, imter adia, 1o methods, apparstus, systems,
devices, andfor computer program products related to deternsination of elyect ortentation andior
deformation.

{0012} Briefly stated, technologies are generally described for use of orientation markers to
determine object orientation andfor deformation. In some exanples, an ortentation marker for a
physical object may inchude an alignment structure and encode information about the alignment
structure. For example, the orientation marker may encode the size of the alignment structure,
the orientation of the alignment strecture, and the location of the alignment structure with respect
to some physical point on the physical object and/or other orientation markers on the physical

2
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object. An orientation system may then use the encoded imformation to determing the otientation
and/or shgnment of the object. The orientation system may also use the encoded nformation to
determine whether the phvsical object 1s deformed.

{0013} FIG. 1 iHustrates an example system 100, where orientation markers on physical
objects may be used, arranged in accordance with at least some embodiments described herem.

{0014} The system 100 may include a robotic manipulator 110 configured to manipulate a
physical object 102 having one or more orientation markers 104, The ortentation markers 104
may encode otentation, location, andfor deformation information sbout the object 102, and in
some embodiments may be imprinted, printed, embossed, andfor painted on the object 102, for
example during manotaeiure of the object 102 or at some subsequent time. The orlentation
markers 104 may be placed at any suitable location on the object 102, that is, on the object’s
surface. For multi-faceted objects, the ortentation markers 104 may be distributed on different
facets of the object to ensure detection by image capture devices.

{0815} In some embodiments, the robotic manipulator 110 miay be stationary witha
movable ann/manipelator, or may be an autonomous mobile robot. A controller 134 may cause
the robotic mantpulator 110 to perform physical actions such as assembling obyects, moving
objects between different containers, convevances, and areas, or any other suitable physical task.
For example, the controller 134 may be configured {o execote operations in one or more
programs to cause the robotic manipulator 110 1o perform individual movements or series of
movements. The controller 134 may also (or instead) execute operations in programy(s) recetved
via an external network interface from, for example, an external controller.

{0018} In some embodiments, the controller 134 may control the robotic manipplator 110
based on sensor inputs associated with the robotic manipudator 110 andfor the object 102, For
example, one or more imager{s} 120 may be configured to detect andfor record dats regarding or
associated with the robotic manipulator 110, the object 102, and/or one or more orientation
markers 104 present on the object 102, The imagers 120 may be cameras configured to detect
optical data (for example, visible light images), infrared data, or any other suitable data. The
nagers 120 may send the data to an image processor 130, which may attempt to extract
nformation of interest from the recetved data. For example, the image processor 130 may
attemipt 1o identify the object 102, identify an orientation of the robotic manipulator 110, identify

the orientation markers 104, andior identify any other suitable featores of interest.
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0017} The nnage processor 130 may then provide the extracted mformation 1o an
orientation / deformation detector 132, The onientation / deformation detector 132 may be
configured to determine one or more phvsical features associated with the object 102, For
example, as described above, the ortentation markers 104 may encode orientation, location,
andfor deformation information about the object 102, The detector 132 may then use infornation
about the orientation markers 104 received from the image processor 130 to determine an
orientation of the ubject 102, andfor may attenpt 1o determing whether the object 102 is
deformed in any way. lu some ernbodiments, the orientation / deformation detector 132 may also
be coupled 1o a database 140, and may determune the onientation and/or deformation of the object
102 based on the orientation markers 104 and information retrieved from the database 140, The
ortentation / deformation detecior 132 may then provide the determined orentation and/or
deformation information to the controller 134, which mav use the information to guide the
movements of the robotic manipulator 110

0018} As described above, orientation markers such as the orientation markers 104 may
encode orientation, location, andfor deformation information aboot a physical object such as the
object 102, Orientation markers may encode the information about the physical objectin a
number of ways.

{0019} FIG. 2 iHustrates examples of orientation markers that encode location andfor
dimensional information, arranged in accordance with at least some embodiments described
herein.

{0020} A first orientation marker 200 that may be disposed on a physical object such as the
object 102 may include a location marker portion 210 and an alignment stracture 220, Both the
location marker portion 210 and the alignment structure 220 may encode information about the
first onientation marker 200, For example, the location marker portion 210 may encode location
mformation that identifies where the frst orientation marker 200 is Jocated on the object. In
some embodiments, the location marker portion 210 may encode the location imfornwation i1 a
human-~readable format, as depicted in FIG. 2, and an orientation system may use optical
character recognition to extract the encoded mformation. The location marker portion 210 may
encode the location information in absolute terms, relative to a fixed physical ongin or point on
the object. In some embodiments, the location marker portion 210 may also {or instead} encade

the tocation of at least one other orientation marker on the physical object. In these
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embodiments, the location marker portion 210 may encode the location wformation 1 absolute
terms andfor relative 1o the location of the first orientation marker 200

{0021} The alignment structure 220 mav be configured to provide orientation information
with respect to the physical object. For example, the alignment structure 220 may be configared
to indicate one or more coordinate axes which, in combination with the location information
encoded in the location marker portion 210, allow the first orientation marker 200 and/or other
orientation markers o be located.

{00221 A second orientation marker 230 that may be disposed on a physical object may
include an alignment structure 260, an alignment marker portion 270, and a location marker
poriion 280. The ahgmment structure 260 may be sinular to the alignment structure 220, The
alignment marker portion 270 may encode dimension and/or size parameters for the second
orientation marker 250 andfor the alignment structare 260, For example, the ahgnment marker
portion 270 may encode a length associated with the ahignment stracture 260 (for example, a
length of a portion of the entive alignment structure 260 or a length of an arm of the depicted
alignment structure 260). The alignment marker portion 270 may also encode g dmmeter or
width associated with the alignment structure 260 (for example, a width of the entire alignment
structure portion or a width of an arm of the depicted alignment strocture 260}, In some
embodiments, the alignment marker portion 270 may encode a size parameter associated with the
entire second orientation marker 250 and/or the ahignment structure 260,

{0023} In some embodiments, the alignment marker portion 270 may be used to calibrate
orieatation systems used to determine object orientation. For example, an orientation system
such as the otientation / deformation detector 132 may be able to recover the dunension andfor
size parameters encoded i the alignment marker portion 270. At the same time, the ortentation
system may be able to deterinine an actual dimension andior size of the second orientation
marker 250 anddor the alignment structure 260, for example via image data captured by imagers
such as the imagers 120, The ontentation system niay then be able 1o compare the recovered
dimension/size parameters with the actual, detected dimension/size to determine the distance
between the timagers and the second orientation marker 250 andfor the alignment structure 260,
Accordingly, this may enable the orientation system to orient the physical object in three-
dimensional space, for example, when combined with corresponding measurements of other

orientation markers on the object.



WO 2017/074560 PCT/US2016/050612

{0024} The comparnison process described above may also be used to detect ocal
deformation in the physical object. For example, assume that the object has been deformed such
that part but not all of the second onentation marker 250 has been deformed. In this case, the
orientation system may determine that some of the recovered dimension/size parameters
associated with the second orientation marker 250 (for example, those parameters corresponding
to the un-deformed portions of the second orientation marker 230) match the corresponding
actual, detected dimensions/size. The oriemtation system may alse deternune that other recovered
dimension/size parameters {for example, those corresponding to the deformed portions of the
second orientation marker 2503 do not match their corresponding actual, detected
dimensions/size. The orientation system may then be able to use this mformation to dentity local
deformation of the object around the second ortentation marker 250,

{0025} The location marker portion 280 may be similar to the location marker portion 210
However, in some embodiments the location marker portion 280 mayv also (or instead) encode a
distance from the second ortentation marker 250 (or the alignment structure 260) to another
physical point associated with the object. For example, the location marker portion 280 may
encode a distance from the second orientation marker 250 to 3 Bixed physical origin, a particular
physical point on the object, and/or one or more other orientation markers on the object. In some
embodiments, the location marker portion 280 may encode a sam of distances to moltiple other
orientation markers on the object, For example, the location marker portion 280 may encode a
sum of the distances to all other orientation markers on the ebject. In some embodiments, these
distances may be used to identify deformation of the object on a relatively large scale, as
described below,

{026} FIG. 3 illustrates how distances between ottentation markers on an object may be
used to detect object deformation, arranged i accordance with at feast some embodiments
described herein.

{0027} According to a diagram 300, a physical obiect may include multiple orientation
markers, denoted as markers 1, 2, 3, and 4 in the diagram 300, A" golden model” of the markers
1-4 15 shown in a diagram 320, which may represents the relative positions of the markers 1-4 to
each other at an mittal time (for example, when the markers were first incorporated into the

object). Inthe golden model, each of the markers 1-4 i3 separated from every other marker by a
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particular distance, which may vary depending on the particular markers. These distances,
mdividually or as a som, may then be encoded into the orientation markers, as described above.
{0028} Supposing that the object 1s deformed at some pont, for example due fo a
manafacturing defect or subsequent mishandiing. This may cause one or more of the markers 1-4
to shift i position with respect to the other markers. For exaniple, suppose the deformation
caused the marker 3 to shift 10 position with respect to the markers 1, 2, and 4. An orientation
system may subsequently capture image data, depicted n a diagram 340, of the deformed object.
The orientation syster may then atterapt to determine whether deformation of the object has
ocenrred, by comparing the distances encoded nto the markers 1-4 with the actual, observed
distances, depicted in g diggram 360, In some embodiments, the onientation system may

determine deformation by determining a distance change parameter between two markers 7 and /:

1] Dri2y; = J(Xi' ,u) +{¥1 -—m) +{Z1; - zij)

\j(xgim 2+ {¥2, —v2) + (22, - 22;)),

where X1, Y1, and Z1; may represent the three-dimensional coordmates of marker 7 in the
solden model, X1, Y1, and Z1; may represent the coordinates of marker f in the golden model,
X2i, Y24, and Z2¢ may represent the coordinates of the observed marker i, and X2;, Y2, and 72;
may represent the coordinates of the observed marker /. If the distance change parameter
between two markers is higher than a predefined threshold, for example, then the orientation
system may determine that deformation has occurred.

j0029] In another embodiment, the orientation system may use a sum of distances to
determine whether deformation has occurred. For example, the orlentation svstem may
determine the sum of distances from a particular marker / to all other markers:
2] Rank(j)} = $¥. iy D12 =

N
i=yisf

{ : 2
\j()i'lf - X’lj)z + (Y1~ Yi}‘y + (21~ jif)z -

&

.\j(:‘(gs - x2,)" + (V2 - v2) + (22, - 22))"),

where N may represent the number of other markers. This sum of distances, which may be

referred 1o as a rank, may represent how deformed the object 15 near the vicinity of the marker /.
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For example, a marker that has a substantially higher rank than other markers may indicate
deformation around that marker.

{0030} As described above, an ortentation marker on a phvaical object may encode
location, distance, dimension. and/or size mformation about the orientation marker and/or other
orientation markers on the physical object. In some embodinients, an orientation marker mav
encode information as external references,

{0031} FIG. 4 illustrates examples of orientation markers that encode references to external
daty storage, amranged in accordance with at keast some embodiments deseribed herein

{0032} An onientation marker 400 that may be disposed on a phvsical object may include an
alignment structure 410, similar to the alignment structure 220, and may also include a marker
code 420. The marker code 420 may mclude a reference to an external entity that stores or has
access to the location, distance, dimension, and/or size information about the orientation marker
400. An orientation system, upon exiracting the marker code 420 from captured image data
using, for example, optical character recognition, may then be able 1o use the marker code 420 to
wdentify the referenced external entity andfor retiieve the data associated with the orieatation
marker 400 from the referenced external entity. For example, the external entity may be a
database such as the database 140, and the orientation svstem may use the marker code 420 to
perform a database lookup to retrieve the data associated with the orientation marker 400,

j0033] In another embodiment, an orientation marker 450 that mav be disposed on a
physical object may melude an alignment structure 460, similar to the alignment structare 410,
and may also mclude a two-dimensional barcode 470. The barcode 470, simular to the nwarker
code 420, may inchude a reference to an external entity that stores information abont the
orientation marker 4530, An orientation system nay then be able to extract 3 code from the
barcode 470 and use the extracted code to retriove the mformation associated with the orientation
marker 450 from the external entity. In some embodiments, the barcede may also or instead stself
store the marker information m a digitally-recognizable format, for example by encoding data in
a binary format.

j0034] FIG. S illustrates a general purpose computing device, which may be used o
determine object ortentation andf/or deformation, arranged i accordance with at least some

envhodiments described herem.
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{0035} For example, the computing device 500 may be gsed 1o use orientation markers to
determine object orientation andfor deformation as described herew. In an example basic
configuration 502, the computing device 5300 may inchude one or more processors 304 and a
sysiem memory 506, A memory bus 508 may be used to communicate between the processor
504 and the svstem memaory 506, The basic configuration 302 is illustrated in FIG. 5 by those
components within the inner dashed line,

{0036} Depending on the desived configuration, the provessor 504 may be of any type,
inchuding but not imited to 8 microprocessor (uP), & microcontroller (pC), a digital signal
processor {DSP), or any combination thereof. The processor 304 may include one more levels of
caching, such as a level cache memory 512, a processor core 514, and registers 516, The
example processor core 514 may include an anthmetic logic unit {ALU), a floating point unit
{FPU), a dipiial signal processing core {DSP Core), or any combination thercof. An example
memory controlier $18 may also be used with the processor 304, or in some implementations the
memory controlier 318 may be an internal part of the processor 504,

{0037} Depending on the desired configuration, the system memory 506 may be of anv type
inctuding but not limited to volatile memory (such as RAM}, non-volatile memory (such as
ROM, flash memory, etc.} or any combination thereof. The system memory 306 may include an

operating system 320, an object detection mwodule 522, and program data 524, The object
detection module 522 may include an imager 326 and an ortentation/deformation detector 528 to
mmplement orientation marker detection and object orientation/deformation detection as
described herein. The program data 524 may mclude, among other data, orientation marker data
329 1o be used in determination of orentation andlor deformation of objects, as described hevein,
{038} The computing device 500 may have additional features or functionality, and
additional interfaces to factlitate convnunications between the basic configuration 302 gnd any
desived devices and interfaces. For example, a bus/interface controller 530 may be used o
facilitate communications between the basic configuration 502 and one or more data storage
devices 332 via a storage mterface bus 334, The data storage devices 532 may be one or more
removable storage devices 536, one or more non-removable storage devices 338, ara
combination thereof. Examples of the removable storage and the non~removable storage devices
mnclude magaetic disk devices such as flexible disk drives and bard-disk drives {HDD), optical

disk drives such as covapact disc {CD) drives or digital versatile disk (DVD) drives, solid state
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drives (88D}, and tape drives to name a fow. Example computer storage media may tachade
volatile and nonvolatile, removable and non-removable media implemented 1n any method or
technology for storage of mformation, such as computer readable stroctions, data structores,
program modules, or other data.

0039} The system memory 306, the removable storage devices 536 and the now-removable
storage devices S38 are examples of computer storage media. Computer storage media mcludes,
but i3 not limited to, RAM, ROM, EEPROM, flash memory or other memory technology, CD-
ROM, digital versatile disks (DVD), solid state drives, or other optical storage, magnetic
cassetles, magnetic tape, magnetic disk storage or other magnetic storage devices, or any other
medium which may be used to store the destred information and which may be accessed by the
computing device S00. Any such computer storage media may be part of the computing device
5Q0.

{0040} The computing device 500 may also include an interface bus 540 for facilitating
communication from vartous interface devices {e.g., ong or more ocutput devices 342, one or
more peripheral imterfaces 550, and one or more communication devices 560} to the basic
configuration 302 via the bus/interface controller 540. Some of the example output devices 542
include a graphics processing unit 544 and an audio processing unit 546, which may be
configured to communicate to varions external devices such as a display or speakers via one or
more A/V ports 548, One or more example peripheral interfaces 550 may include a serial
mterface controlier 354 or a parallel interface controller 556, which may be configured to
communicate with external devices such as input devices (e.g., kevboard, mouse, pen, voice
input device, toach wput device, oic.) or other peripheral devices (e g, printer, scanner, ei¢.} via
one of mare IO ports 558, An example communication device may inclhude a network controller
562, which may be arranged to facilitate communications with one or more other computing
devices 566 over a network communication link via one or more commutication ports 564, The
one or more other computing devices 566 may include servers at a datacenter, customer
equipment, and comparable devices.

j004 1] The network communication link may be one exaraple of a commumication media,
Communication media may be embodied by computer readable instructions, data structures,
program modules, or other data in a modulated data signal, such as a carvier wave or other

transport mechamsm, and may include any tnformation delivery media, A “modulated datg
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signal” may be a signal that has one or more of its characteristics set or changed in sswch a
manner as to encode information 1n the signal. By way of example, and not inutation,
commuaication media may include wired media such as a wired network or direct-wired
connection, and wireless media such as acoustic, radio frequency (RF), microwave, infrared (IR)
and other wireless media. The term computer readable media as used herein may include both
storage media and commumication media.

{0042} The computing device 500 may be inplemented as a part of a general purpose or
specialized server, mainframe, or similar computer that includes any of the above tunctions. The
computing device 300 may also be implemented as a personal computer including both laptop
computer and non-laptop computer configurations.

{0043} FIG. 615 a flow diagram itlestrating an example method to deternuine object
orientation and/or deformation that may be performed by a computing device such gs the
computing device in FIG. §, arranged in accordance with at least some embodiments described
herein.

{0044} Example methods mav inclade one or more operations, functions or actions as
itlustrated by one or more of blocks 622, 624, andfor 626, and may in some embodiments be
performed by a computing device such as the computing device 600 in FIG. 6. The operations
described 1 the blocks 622-626 may also be stored as computer-executable wstructions in a
computer-readable medium such as a computer-readable medium 620 of a computing device
610.

{0045} An example process to determing object ortentation and/or deformation may begin
with block 622, "RECEIVE IMAGE DATA ASSOCIATED WITH AN ORIENTATION
MARKER ON A PHYSICAL OBIECT”, where an orientation system (for example, the
orientation / deformation detector 132} may recetve image data of an orientation marker on g
physical object, such as the ortentation marker 104 on the object 102, In some embodiments, one
or more imagers (for example, the timagers 120} may record image or video data and send the
data to an image processor (Tor example, the mmage processor 130}, which i tum may process
the data and send the processed data 1o the orientation system,

{0046} Block 622 may be followed by block 624, “DETERMINE, FROM THE IMAGE
DATA, AN ENCODED DIMENSIONAL DATA AND/OR AN ENCODED LOCATION
DATA, BOTH ASSOCIATED WITH THE ORIENTATION MARKERT, where the ortentation

12
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system may use the image data associated with the ortentation marker to deternnne an encoded
dimensional data and/or an encoded location data, as described above. For example, the encoded
dimensional data may inchude a dimension and/or a size of the marker, and the encoded location
data may inclade a location of the marker and/or one or more distances between the marker and
other ortentation markers on the object. In some embodiments, the orientation system nwy
extract a code from the smage data and use the code to reference an external entity such as a
database, which in turn may store the relevant dimensional andfor location data.

{0047} Block 624 may be followed by block 626, “DETERMINE, BASED ON THE
ENCODED DIMENSIONAL DATA AND/OR THE ENCODED LOCATION DATA, AN
ORIENTATION AND/OR DEFORMATION OF THE PHYSICAL OBJECT”, where the
orientation system may determine the oventation andfor deformation of the physical object based
on the data determined in block 624, For example, the orientation system may compare the data
encoded by the orientation marker to actual data extracted from the image data to determine how
the object is ortented and/or whether the object is deformed. In some embodiments, the
orientation system may calculate a distance change parameter based on distance(s) encoded in
the onentation marker and actual distances observed in the image data to determine whethey the
object is deformed, as described above.

{0048} FIG. 7 iHustrates a block diagram of an exaniple computer program product,
arranged in accordance with at least some embodiments described heretn,

-
{

{0049} In some examples, as shown 1o FIG. 7, a computer program produoct 700 mav
include a signal bearing medium 702 that may also include one or more machine readable
instructions 704 that, when execnted by, for example, a processor may provide the functionality
described herein. Thus, for example, referring to the processor 304 in FIG. 5, the object detection
module 522 may vadertake one or more of the tasks showa tn FIG. 7 in respouse to the
mstructions 704 conveved to the processor 504 by the medium 702 to perform actions associated
with detecting object orientation andfor deformaticn as described herein. Some of those
nstructions may inchude, for example, instructions to receive image data associated with an
orientation marker on a physical object, deterniine an encoded dimensional data andfor an
encoded location data, both associated with the ontentation marker, from the image data, andior

determine an orientation and/or defonmation of the physical object based on the encoded
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dimensional data and/or the encoded location data, according to some embodiments described
herein.

{0050} In some mmplementations, the signal bearing media 702 depicted i FIG. 7 may
encompass computer-readable media 706, such as, but not limited to, a hard disk drive, a solid
state drive, a compact disc (CD), a digital versatile disk {DVD), a digital tape, memory, etc. In
some implementations, the signal bearing media 702 may encompass recordable media 707, such
as, but not limited to, memory, read/write (RAW) CDs, RIW DVIDs, ete. In some
implementations, the signal bearing media 702 nuay encompass communications media 710, such
as, but not lunited to, a digital andfor an analog communication medium {e.g., a fiber optic cable,
a waveguide, a wired communications link, a wireless communication link, etc.). Thus, for
example, the program product 700 may be conveyed to one or more modules of the processor
5304 by an RF signal bearing medinm, where the signal bearing media 702 18 conveyed by the
the IEEE 802,11 standard).

{0051} According to some examples, an orientation marker is provided to allow detection
of object orientation and deformation. The orientation marker may include an alignment
structure, an alignment marker portion, and a location marker portion. The alignment marker
portion may be configured to encode at least one dimensional data associated with the alignment
structure. The location marker portion may be configured to encode at least one location data
associated with the ortentation marker.

{0052} According to some embodiments, the at least one dimensional data may include a
dimension pararseter and/or @ size parameter, where both parameters may be associated with the
alignment stractore, The at least one location data may include a distance to one or more other
orientation markers on the physical object. In some embodiments, the at least one location data
may include a sum of multiple distances, each of the distances from the orientation markerto a
respective one of multple ortemtation markers on the physical ebject.

{30531 According fo other embodiments, the at least one location data may include a
location of the orientation marker on the physical object andior at least one other location
assoctated with one or more other orientation mwarker on the physical object. The location data
may be refative to the orlentation marker or absolute with respect to a fixed origin. Insome

embodiments, the alignment marker portion andfor the location marker portion may encode data
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as a database reference andfor as g two-dimensional barcode. The alignment structure, the
alignment marker portion, andf/or the location marker portion may be imprinted, printed,
embossed, and/or painted on the phvsical object during manufacture of the physical object.

13054} According io other examples, a method i3 provided to determine onentation
miformation for a physical object. The method may include receiving image data associated with
an orientation marker on the physical object and determining, from the image data, an encoded
dimensional data and/or an encoded location data, both associated with the orfentation marker.
The method may further inclode determining an orietation of the pliesical object based on the
encoded dimensional data andfor the encoded location data.

jO035] According to some embodiments, the encoded dimensional data may include an
encoded dimension parameter and/or an encoded size parameter, both associated with the
orieatation marker, The method mayv further include determining an actual dimension and an
actual size from the image data and determining a deformation of the physical object based on a
commparison between the actual domension and the encoded dimension parameter andfor a
comparison between the sctual size and the encoded size parameter.

{0056} According to other embodiments, the encoded location data may include an encoded
location of at least one other orientation marker on the physical object and/or an encoded
distance from the ortentation marker {0 the at least one other orientation marker. The method
may further include determining, from the mmage data, an actual location of the at least one other
orientation markey and/or an actnal distance from the orientation marker to the at least one other
orientation marker. The method mayv further include determining a deformation of the physical
object based on a comparison between the encoded location and the sctual location andfor g
comparison between the encoded distance and the actual distance.

{0037} According to further embodiments, the encoded location data may inclode an
encoded sum of distances from the orientation marker to multiple other orientation markers on
the physical object. The method may further include deternuning, from the umage data, an actual
sum of distances from the ortentation marker to the multiple other onentation markers and
determining a deformation of the physical object based on a comparison between the encoded
sum of distances and the actual sum of distances. In some embodiments, determining the

encoded dimensional data andfor the encoded location data includes recovering a code fron the
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inage data and performing g database lookup using the recovered code to retrieve the encoded
dimensional data andfor the encoded location data.

{0058} According to further examples, a8 system s provided to determing orientation
information for a physical object. The system may include an bmager and a processor block. The
nager may be configured to receive image data associated with an orlentation marker on the
physical object. The processor block may be configured to determine, from the image data, an
encoded dimensional data andfor an encoded location data, both associated with the orientation
marker. The processor block may be further configured to determine an oncotation of the
physical object based on the encoded dimensional data and/or the encoded location data.

0039} According to some embodiments, the encoded dimensional data may include an
encoded dimension parameter and/or an encoded size parameter, both associated with the
orientation marker. In some embodiments, the processor block may be configured to determing,
from the tmage data, an actual dimension and an actual size. The processor block may be further
configured to determine a deformation of the physical object andfor a distance from the unager
to the onientation marker based on a comparison between the actual dimension and the encoded
dimension parameter and/or a comparison between the actual size and the encoded size
parameter.

{0060} According io other embodiments, the encoded location data may nclude an encoded
tocation of at least one other orientation marker on the physical object andfor an encoded
distance from the ortentation marker to the at least one other ontentation marker. In some
embodiments, the processor block may be configured to determine, from the image data, an
actual location of the at least one other orientation marker andfor an actual distance from the
orientation marker {o the at least one other orientation marker. The processor block may be
further configured to deternune a deformation of the physical object based on g comparison
between the encoded location and the actual focation andf/or a comparison between the encoded
distance and the actual distance.

{3061} According to further embodiments, the encoded location data may include an
encoded swm of distances from the orientation marker to multiple other orientation markers on
the physical object. In some embodiments, the processor block may be configored to determine,
from the image data, an actual sum of distances from the ovtentation marker o the nuiltiple other

otientation markers, The processor block may be further configured to determine a deformation
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of the phvsical object based on a companison between the encoded sum of distances and the
actoal sum of distances. In some embodiments, the processor block may be further configured to
recover a code from the tmage data and perform a database lookup using the recovered code to
retrieve the encoded dimensional data and/or the encoded location data. The processor block may
be further configured to use optical character recognition to determine the encoded dimensional
data and/or the encoded location data.

{0062} There is little distinction left between hardware and software implementations of
aspects of systems; the use of hardware or software is generally (but not always, in that 1o certain
contexis the choice between hardware and software may become significant) a design choice
representing cost vs, efficiency tradeoffs. There are various vehicles by which processes andfor
systems and/or other fechnologies described herein may be effected (e.g., hardware, software,
and/or firraware), and that the preferved vehicle will vary with the context in which the processes
andfor systems and/or other technologies are deployed. For example, if an implementer
determines that speed and accuracy are paramount, the implementer niay opt for a mamnly
hardware andfor firmware vehicle; if Hexibility is paramount, the implementer may opt fora
mainly software implementation; or, vet again alternatively, the implementer may opt for some
combingtion of hardware, software, andfor firmware.

{0063} The foregoing detailed description has set forth various embodiments of the devices
and/or processes via the use of block diagrams, flowcharts, and/or exanples. Insofar as such
block diagrams, Howcharts, and/or examples contain one or more fanctions andfor operations, it
will be understood by those within the art that each function and/or operation within such block
diggrams, Howcharts, or examples may be mnplemented, individually andfor collectively, by a
wide range of hardware, software, fimmware, or virtually any combination thereof. In one
embodiment, several portions of the subject matter desertbed herein may be unplemented via
application specific integrated circuits {ASICs), field programmable gate arrays (FPGAs), digital
signal processors {DSPs), or other integrated formats. However, those skilled in the art will
recognize that some aspects of the embodiments disclosed herein, in whole or in part, may be
equivalently implemented in integrated circuits, as one OF MIONe COMPUIET PrOSrams executing on
one or more computers {e.g., as ONS OF MOre PrOgrams executing on one or more compister
Systerns), 48 08 OF MOTe Programs execniing on ore OF oS Processors (2.4, 45 one o more

Programs SXecuting Ot ONe O MOTe nuCroprocessors), as finmware, or as virtually any

s
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combination thereof, and that designing the circuttry and/or writing the code for the sofiware and
or fitmware would be well within the skill of one of skill in the art m light of this disclosure.

{0064] The present disclosure s not to be limited n terms of the particular embodiments
described n this apphication, which are imtended as Hlustrations of various aspects. Many
modifications and varigtions can be made without departing from its spinit and scope, as will be
apparent to those skilled in the art. Functionally equivalent methods and apparatases within the
scope of the disclosure, in addition to those enumerated herein, will be apparent to those skilled
in the art from the foregoing descriptions. Such modifications and variations are intended 1o fall
within the scope of the appended claims. The present disclosure is to be bmited only by the ferms
of the appended claims, along with the full scope of equivalents to which such claims are
entitled. It is also to be understood that the terminology used herein is for the purpose of
describing particular embodiments only, and is not intended to be hmiting,

{0065} In addition, those skilled in the art will appreciate that the mechanisms of the
subject matter described herein are capable of bemg distributed as a program product in a vanety
of forms, and that an illusirative embodiment of the subject matter described herein applies
regardless of the particular type of signal bearing mediun: used 1o actually carry out the
distribution. Examples of a signal bearing medium include, but are not limited to, the following:
a recordable type mednan such as a foppy disk, a hard disk drive, a compact dise (CD}, a digital
versatile disk (DVD), a digital tape, a computer memory, 8 solid state drive, eic.; and a
transmission type medium such as a digital and/or an analog commumication mediom {e.g., a
fiber optic cable, a waveguide, a wired communications link, a wireless communication link,
&1, ).

{066} Those skilled in the art will recogiize that it i3 common within the art 1o describe
devices anddor processes in the fashion set forth herein, and thereafter use engincering practices
to ntegrate such described devices andf/or processes o data processing svstems. That is, at
least a portion of the devices andfor processes described herein mav be itegrated mto a data
processing system via a reasonable amoant of experimentation. Those having skill i the art will
recognize that a data processing system may include one or more of a system unit housing, a
video display device, a memory such as volatile and non-volatile memory, processors such as
microprovessors and digital signal processors, computational entities such as operating systems,

drivers, graphical user wterfaces, and applications programs, one or more jonteraction devices,

18



WO 2017/074560 PCT/US2016/050612

such as a touch pad or screen, and/or control systems mcluding feedback loops and control
motors {e.g., feedback for sensing position andfor velocity of gantry systems; control motors to
move and/or adjust components and/or quantities).

130671 A data processing system may be implemented wiihizing any suitable commercially
available components, such as those found in data computing/communication andfor network
computing/communication systems, The heremn described subject matier sometimes ilustrates
different components contamed within, or connected with, different other components. {tis to be
anderstood that such depicted architectures are merely exemplary, and that in fact many other
architectures may be implemented which achieve the same functionality. In a conceptual sense,
any arrangement of components to achieve the same functionality is etfectively "associated”
such that the desired functionality 1s achieved. Hence, any two components herein combined to
achieve a particular functionality may be seen as "associated with” cach other such that the
desired functionality is achieved, irrespective of architectures or intermediate components.
Likewise, any two components so assoctated may also be viewed as being "operably connected”,
or "operably coupled”, 1o cach other to achieve the destred functionality, and any two
components capable of being so associated may also be viewed as being "operably couplable”, 1o
each other to achieve the desired functionality. Specific examples of operably couplable include
bt are not Limited to physically connectable andfor physically interacting components andfor
wirelessly mteractable and/or wirelessly interacting components and/or logically interacting
andfor logically mteractable components.
those having skill in the art can translate from the plural to the singular andfor from the singular
to the ploral as is appropriate to the context andfor application. The various singular/plural
permutations may be expressly set forth herein for sake of clanty.

{0069} It will be understood by those within the art that, in general, terms used herein, and
especially i the appended clatms {e.g., bodies of the appended claims) are generally intended as
“open” terms {e.g., the term “mchuding” should be mterpreted as “including but not himited to,”
the term “having” should be interpreted as “having at least,” the term “includes”™ should be
interpreted as “mncludes but 13 not limited 10,7 efc.). It will be further understood by those within
the art that if a specific number of an introduced claim recitation is mtended, such an mtent will

be explicitly recited o the claim, and w the absence of such recitation no such infent is present.
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For example, as an aid to understanding, the following appended claims may contain usage of
the introductory phrases "at least one” and "one or more” to introduce claim recitations.
However, the use of such phrases should not be construed to imply that the infroduction of a
clatm recitation by the indefinite articles "a” or "an” limits any particular clasm containing such
mitroduced clatm recitation to embodiments containing only one such recitation, even when the
same claim includes the introdoctory phrases "one or more” or "at least one” and indefinite
articles such as "a" or Yan” (e.g., "2 andior “an” should be mterpreted to mean “at least ong” or
“one or more); the same holds troe for the use of definite articles used to troduce ¢laim
recitations. In addition, even if a specific namber of an introduced claim recitation is explicitly
recited, those skilled i the art will recognize that such recitation should be mterpreted 1o mean at
least the recited number {e.g., the bare recitation of "two recitations,” without other modifiers,
means at least two recitations, of two OF more reciations).

{0070} Furthenmore, in those instances wheve a convention analogous o “at least one of A,
B, and C, etc.” is used, in general such a construction i3 intended in the sense one having slall in
the art would understand the convention {e.g., ™ a system having st leastone of A, B, and 7
would include but not be lunited t0 systems that have A along, B alone, C alone, Aand B
together, A and C together, B and C rogether, and/or A, B, and C together, etc.}. It will be forther
widerstood by those within the art that virtually any disjunctive word and/or phyase presenting
two or more alternative terms, whether in the description, claims, or drawings, should be
understood 1o contemplate the possibilities of including one of the terms, either 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

{0711 As wall be undersiood by one skilled m the art, for any and all purposes, such as in
terms of providing & written description, all ranges disclosed herein also encompass any and all
possible subranges and combinations of subranges thereof. Any listed range can be easily
recognized as sufficiently describing and enabling the same range being broken down into at
least equal halves, thirds, guarters, fifths, tenths, eic. As a non-limiting example, each range
discussed herein can be readily broken down into a lower third, middle third and upper third, etc.
As will also be understood by one skilled 1n the art all langoage such as “ap 1t0,” “at least,”
“greater than,” “less than,” and the like mchude the number vecited and refer to ranges which can

be subsequently broken down into subranges as discussed above, Finally, as will be understood
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by one skilled in the art, a range includes each individual member. Thus, for example, a group
having 1-3 cells refers {o groups having I, 2, or 3 cells. Similarly. a group having 1-5 cells refers
to groaps having 1, 2, 3, 4, or 5 cells, and so forth.

{30721 While various aspects and embodiments have been disclosed herein, other aspects
and embodiments will be apparent to those skilled i the art. The various aspects and
embodiments disclosed heremn are for purposes of iHlustration and are not intended to be limuiting,

with the true scope and spirit being indicated by the following claims.
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CLAIMS
WHAT IS CLAIMED IS¢
i An grientation marker for a physical object, the orientation markey comprising;

an alignment struciure;

an alignment marker portion configured to encode at least one dimensional data
associated with the alignment structure; and

a location marker portion configured to encode at least one location data associated with

the orientation marker.

2, The orientation marker of claim 1, wherein the at feast one dimensional data moludes at
least one of a dimension parameter and a size parameter, the dimension parameter and the size

parameter assoctated with the alignment strucinre.

3. The onentation marker of claim 1, wherein the at least one location data includes a

distance to at feast one other orientation marker on the physical object.

4, The prientation marker of claim 3, wherein the at least one location data includes a sum
of a plurality of distances, each of the distances from the oriemtation marker 10 a respective one

of a plurality of orientation markers on the physical object.

§. The orientation marker of clamm 1, wherein the at least one location data includes a

location of the orientation marker on the physical object.

6. The orientation marker of claim 5, wherein the at least one location data further includes

at least one other location associated with at least one other otientation marker on the physical

object.
7. The orientation marker of claim 1, wherein the at least one location data 1s relative to the

orientation marker or absolute with respect to a fixed origin.

3
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8. The orientation marker of clann 1, wherein at least one of the alignment marker portion

and the location marker portion encodes data as a database reference.

9. The orientation marker of claim 1, wherein at least one of the alignment marker portion

and the location marker portion encodes data as a two-dimensional barcode.

10, The orientation marker of claim 1, wherein at least one of the alignment structure, the
alignmment marker portion, and the location matker portion are at least one of imprinted, printed,

embossed, and painted on the physical object daring manufactare of the phvsical object.

1. A method to determine orientation information for a physical object, the method
comprising,

receiving image data associated with an orientation marker on the physical object;

determining, from the image data, at least one of an encoded dimensional data and an
encoded location data, both associated with the orientation marker; and

determining, based on at least one of the encoded dimensional data and the encoded

focation data, an orientation of the physical object.

12, The method of claim 11, wherein the encoded dimensional date includes at least one of
an encoded dimension parameter and an encoded size parameter, both associated with the
orientation marker, and the method further comprises:
deteumining, from the image data, an actual dimension and an actual size, and
determining a deformation of the physical object based on at least one of 8 comparison
between the actual dimension and the encoded dimension parameter and a comparison between

the actual size and the encoded size parameter.

13 The method of claim 11, wherein the encoded location data includes at least one of an
encoded location of at least one other ortentation marker on the physical object and an encoded
distance from the ortentation marker to the at least one other ortentation marker, and the method

farther cormprises:

2]
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determiming, from the image data, at least one of an actual location of the at least one
other ortentation marker and an actual distance from the orientation marker to the at least one
other orientation marker; and

determining a deformation of the physical object based on at least one of a comparison
between the encoded location and the actual location and a comparison between the encoded

distance and the aciugl distance,

4. The method of clann 11, wherem the encoded location data meludes an encoded sumvof
distances from the orientation marker to a plurality of other orientation markers on the phvsical
object, and the method further comprises:

determiming, from the nmage data, an actual sum of distances from the ortentation marker
to the plurality of other orientation markers; and

determining a deformation of the physical object based on a comparison between the

encoded sum of distances and the sctual sum of distances.

18 The methed of clamm 11, wherein determining the at least ong of the encoded dimensional
data and the encoded location data comprises:

recovering a code from the image data; and

performing a database lookup using the recovered code to retrieve the af least one of the

encoded dimensional data and the encoded location data.

16. A system o determine ortentation information for a physical object, the system
COMPIISHIE!
an imager configured to recetve image data associated with an onentation marker on the
physical object; and
a processor block configured to:
determine, from the image data, at least one of an encoded dimensional data and
an encoded location datd, both associated with the orientation marker; and
determuine, based on at least one of the encoded dimensional data and the encoded

location data, an orientation of the physical object.
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17.  The system of claim 16, wherein the encaded dimensional data mclades at least one of an
encoded dumension parameter and an encoded size parameter, both associated with the
orientation marker, and the processor block is further configured o)

determine, from the image data, an actual dimension and an actual size; and

determine, based on at least one of a comparison between the actual dimension and the
encoded dimenston parameter and a comparison between the actual size and the encoded size
parameter, at least one off

a deformation of the physical object; and

a distance from the imager to the orientation marker.

I8, The system of claim 16, wherein the encoded location data mcludes at least one of an
encoded location of at least one other oriemation marker on the physical object and an encoded
distance from the orientation marker 1o the at least one other orientation marker, and the
processor block is further configared to:

determine, from the image dats, at least one of an actoal location of the at least one other
orientation marker and an actual distance from the erientation marker to the at least one other
orientation marker, and

determine a deformation of the physical object based on at least one of a comparison
between the encoded location and the actual location and & comparison between the encoded

distance and the aciual distance.

19, The systemt of claim 16, wherein the encoded location data inclndes an encoded sum of
distances from the orientation marker to a plurality of other orientation markers on the physical
object, and the processor block s further configured to:

determine, from the image data, an actual sum of distances from the orientation marker to
the plurality of other onentation markers; and

determine a deformation of the physical object based on a comparison between the

encoded sum of distances and the getual sum of distances,

20, The system of clain 10, wherein the processor block is further configured to

recover g code from the fmage data; and

25
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perform a datahase lookup using the recovered code 1o rettieve the at least one of the

encoded dimensional data and the encoded location data.

21, The system of claim 16, wherein the processor block is further configured to use optical
character recognition 10 deternmine the at least one of the encoded dimensional data and the

encoded location data.
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COMPUTING DEVICE 810

COMPUTER-READABLE MEDIUM 820

824
RECEIVE IMAGE DATA ASSOCIATED WITH AN
ORIENTATION MARKER ON A PHYSICAL OBJECT

v

824
DETERMINE, FROM THE IMAGE DATA, AN ENCODED
DIMENSIONAL DATA AND/OR AN ENCODED LOCATION
DATA, BOTH ASSOCIATED WITH THE ORIENTATION
MARKER

y

628
DETERMINE, BASED ON THE ENCODED DIMENSIONAL
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