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(57) Abstract: A spherical identifier may, in an example, include a sphere including a plurality of shells forming the sphere, a radi-
ally-defined code being discernable using the arrangement of the plurality of shells. A three-dimensional object identifier may, in an
example, include a number of spheres manufactured into the body of the three-dimensional object wherein each of the spheres comprise
a plurality of shells; the shells constituting a radially definable code.
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SPHERICAL IDENTIFIERS

BACKGROUND

(60011 Three-dimensional (3D) printing allows users to of a 3D printing
device {0 create a myriad of different objects from simple geometric shapes to
complex parts. Indeed, when 3D printed parts become defective, a user may

print out anocther 3D part as a replacement.

BRIEF DESCRIPTION OF THE DRAWINGS

(60021 The accompanying drawings illustrate various examples of the
principles descrived herein and are part of the specification. The illustrated
examples are given merely for llusiration, and do not limit the scope of the
claims.

FG003] Fig. 1 is a diagram of a spherical identifier according to an
example of the principles described hersin.

[G004] Figs. 2A and 2B are a front and cut-away diagrams of a spherical
identifier, respectively, according to an example of the principles described
herein.

[GOG5] Fig. 3 is a block diagram of a three-dimensional object according
to an example of the principles described herein.

FG006] Fig. 4 is a graphical representation of the 3D object according to
an sxample of the principles described herein.

[G0O0T7] Fig. 5 is a flowchart describing a method (500) of identifying a
three-dimensional object according to an example of the principles described
herein.
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[G003] Throughout the drawings, identical reference numbers designate
similar, but not necessarily identical, elemenis. The figures are not necessarily
to scale, and the size of some paris may be exaggerated to more clearly
fliustrate the example shown. Moreover, the drawings provide examples and/or
implementations consistent with the description; however, the description is not

limited to the examples and/or implementations provided in the drawings.

DETAILED DESCRIPTION

[G009] VWhen a 3D printed part reaches the end of its useful life through,
for exampie, wear-and-tear or mechanical fallure, information related to that part
may not readily be available. Indeed, if the part was 3D printed and shipped to
the end consumaer, the end consumer may not know the complete details of the
product and manufacturing information (PMI}, the production date of the 3D
part, the 3D printer information used to print the 3D printed part, among other
information. Knowing this information, it may be relatively easier for a user to
obtain information regarding the 3D printed part s0 that a replacement can be
found, the 3D printed part can be properly recycled, and a proper investigation
as o the defectiveness of the part can be conducted, among other operations.
[6014] In some instances, part identification has inciuded surface marks
such as barcodes and quick response (QR) cod. However, these may become
unsightly and affect the aesthetics of the 3D printed part whether they are in the
form of a sticker piaced on the product or 3D printed into the surface of the 3D
object. Additionally, barcodes and QR codes are susceptible to surface wear
thereby preventing a user from acquiring the information about the 30 part.
(6011} in other instances, one-dimensional (1B) or two-dimensional (2D}
embedded marks have been used. However, 1D and 2D embedded marks
rmust implement specific location and orientation within the 3D object.
Specifically, in order to obtain the information, the location of the 1D and/or 2D
embedded mark is {0 be known as well as the proper cutling plane used to

reveal the information thereon. Without specific instruction, an end-user of the
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3D printed part having a2 1D and/or 2D embedded mark would not be able to
access the information on the 1D or 2D embedded mark.

[6012] it siill other instances, 30D embedded marks may be difficuli to
retrieve information from because proper detection may use special scanning
equipment. In some instances, RFID tags are embedded into the 3D printed
part necessitating the use of an RFID tag reader.

F6013] The present spedcification describes a 3D identifier that is
embedded into the 3D printed part during the 3D printing process. The 3D
identifier includes a plurality of shelis that form, together, a sphere shape. The
shells may define a radial coding that can be exirapolated and information
related o the pattemn defined by the radial code may be associated with the
radial code. In some examples, the radial code may be converted into a single
dimensional barcode (1D barcode) to be read on a computing device or directly
read by a scanner. In the examples described herein, the embedded spherical
identifier may be exposed by grinding the 3D printed part down at any location
in order to reveal a great circle of the spherical identifier.

[G014] The present specification describes a spherical identifier that
inciudes a sphere including a plurality of shelis forming the sphere, a radialiy-
defined code being discemable using the arrangement of the plurality of shelis.
[G015] The present specification also describes a three-dimensional
object identifier that includes a number of spheres manufactured into the body
of the three-dimensional object wherein sach of the spheres comprise a plurality
of shelis; the shells constituting a radially definable code.

[G016] The present specification further describes a method of identifying
a three-dimensional object that includes removing a portion of the three-
dimensional object to reveal the orthodrome of a sphere embedded in the three-
dimensional object and translating a radial pattern of the sphere into a one-
dimensional (1D} barcode.

[6017] As used in the present specification and in the appended claims,
the term “great circle” or “orthodrome” is meant {0 be understood as intersection

of the sphere and a plane that passes through the center point of the sphere.
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[6013] Additionally, as used in the present spedcification and in the
appended ciaims, the term “a number of or similar language is meant {o be
undersiood broadiy as any positive number comprising 1 to infinity; zero not
being a number, but the absence of a number.

[0019] in the following description, Tor purposes of explanation, numesrous
specific details are set forth in order {0 provide a thorough understanding of the
present systems and methods. It will be apparent, however, to one skilled in the
art that the present apparatus, systems, and methods may be practiced without
these specific details. Reference in the specification 1o “an example” or similar
language means that a particular feature, structure, or characteristic described
in connection with that example is inciuded as described, but may or may not be
included in other examples.

[6020] Turning now to the figures, Fig. 1 is a block diagram of a spherical
identifier {100) according {o an exampile of the principles described herein. The
spherical identifisr {100) may include a sphere (105} with each of the spheres
(105} including a plurality of shells (110).

(60211 The spherical identifier (100} may be embedded within a 3D
printed part. In an example, the spherical identifier (100) is printed into the 3D
printed part during the 3D printing process of the 3D printed part. Inan
example, the spherical identifier (100) is printed into the 3D printed part using
the same or similar materials used 1o print the 30 printed part. In this example,
the spherical identifier (100) may differ from the rest of the material used to
make the 3D printed pari by color, texiure, pattern, among others.

(60221 The sphere (105) may be any size of sphere. In an example, a
percentage of the 30 printed part may be filled with a plurality of spheres (105).
In an example 25% to 100% of the 3D printed part is filled with a plurality of
spheres (105) formed when the 3D prinfed part is printed in a 3D printing
device. In an example 50% to 100% of the 3D printed part is filled with a
plurality of spheres (105} formed when the 3D printed part is printed ina 3D
printing device. In an example 100% of the 3D printed part is filled with a
plurality of spheres (105} formed when the 3D printed part is printed ina 3D

printing device. In these examples, the 3D printed part is filled with 100% of
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spheres {105) when the cuter surface of each of the spheres {(105) touch either
another sphere (105) or an exterior surface of the 3D prinied part.

[6023] As described above, each of the spheres (105) may include a
plurality of shells (110} that define a radial code. The shelis (110) may be any
number of concentric shells layered one over the other to form the sphere (105).
In some examples, the thickness of each of the shells (110) may help define the
radial code with certain alpha-numeric symbols being assigned or otherwise
associated with a certain thickness, colors, or types of individual shells (110).
This allows for a particular alpha-numeric code to be associated with the 3D
printed part when the redial code is scanned. In an example, the thickness,
color, type, and/or number of 2ach of the shells {110) may be represented as a
ong-dimensional (1D) barcode with similar features such as left, center, and
right guard bars or fiducials, manufacture identification bars, item identification
bars, and/or module check bars. Thus, as the scanner reads the radial code
defined by the shells (110} of the sphere (105}, they may be converted into the
1D barcode having similar characteristics of a 1D barcode.

(60241 Figs. 2A and 2B are a front and cut-away diagrams of a spherical
identifier (100), respectively, according to an example of the principies
described herein. As described herein, the spherical identifier (100) may be
formed within a 3D printed part. Additionally, the spherical identifier (100) may
be printed using the same or similar material as that used to print the 3D printed
part. The spherical identifier (100) may include a plurality of shells {(110) formed
concentrically around each other with a final shell (110) as a final layer forming
the spherical identifier (100). The spherical identifier (100) may further include a
great circle (205) that defines the intersection of the sphere {105) and a plane
that passes through the center point of the sphere (105). Fig. 2B isthe
graphical representation of that plane parallel with the surface of the image.
Thus, the great circle (205) defines a plane that reveals all of the shelis (110).
During operation, a user may carve a portion of a 3D printed part to reveal this
great circle (205) and scan the shells (110) using a scanner. This is done in

order to exirapolate data from the pattern defined by the shelis (110).
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[6025] Although Fig. 2B shows the plurality of shells {110} being black
and white, any color or patiern may be used io define different shells (110) as
well as the boundaries between the shells (110). By so doing, the thickness,
color, and/or pattern of each of the shells (110) may be associated with a
symbol such as an alphanumeric symbol. A scanner may scan the shells (110}
and exirapolate the paitern thereby extrapolating a code defined by the
alphanurmeric symbols associated with each of the shells (110).

[6026] it an example, a computing device associated with the scanner
may, upon execution of a processing device, convert the extrapolated code into
a 1D barcode. This may be done by taking a ray or diameter of the shells (110},
measuring their thicknesses via image processing and creating vertical lines
with similar thicknesses. This 1D barcode extrapolated from the reading of the
spherical identifier (100) may be read by a scanner and information related to
the part may be presented {0 a user via a user interface or other ouiput device
of a scanner or computing device. In an example, the 1D barcode may be
printed using a printer associated with the computing device and the user may
attach the barcode to the 3D printed part in order {0 send the part to a seller for
identification and replacement.

[0027] Fig. 3 is a block diagram of a three-dimensional (3D} object (300)
according to an exampie of the principles described herein. Fig. 4 is a graphical
representation of the 3D object (300) according 10 an example of the principles
described herein. The 3D object (300} may include a number of spheres (305}
manufactured into the body of the 3D object (300) with each of the spheres
(105} including a plurality of shelis (310) constitufing a radially definable code.
As described herein, the radially defined code may be scanned by a scanning
device after a great circle (Fig. 2, 205) has been revealed during a grinding or
material removal process of the 3D object (300).

[6028] As can be seen in Fig. 4, an entirely of the 3D object (300) may be
filled with spheres (305). During printing of the 3D object (300} in a 3D printing
device, the individual shells (310) of each of the spheres (305) may be printed

along with the 3D object (300). In this example, cross-sections of each of the
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spheres {305} and their shells (310} may be incorporated into the layer data
used to print the 3D object (300).

(60291 Fig. 4 shows that an outer surface of each of the spheres (305)
touches either another sphere (305) or an exterior wall {315) of the 3D object
(3003, In an example, a thin layer of the 3D object {300) may be maintained
between the spheres (305) and the exterior walls of the 3D object (300) s0 as {0
maintain an assthetic look of the finished 3D object (300) after printing. In an
example, the 3D object (300} may not be entirely or almost entirely filled with the
spheres {305). Insiead, at least one sphere (305) may be printed within the 3D
obiect (300) during the 3D printing process. This at [east one sphere (305) may
be printed in a location within the body of the 3D object (300} that is readily
understood and can be grinded down by a user 10 reveal the great circle (Fig. 2,
205) and, consequently, the patiern of the shelis (310). In an example, a
location marker may be added 1o the exierior surface of the 3D object (300)
marking the location of the at least one sphere (305) as well as the location a
user can remove a portion of the material of the 3D object (300) in orderto
reveal the great circle (Fig. 2, 205) of the at least one sphere (305).

iG0340] In an example, a user grinding down a portion of the 3D object
(300} may know when the great circle (Fig. 2, 205) of the sphere (305) is
reached when the width of the diameter of the sphere (305) stops expanding. In
an example, a center indicator may be provided marking the center of the great
circle (Fig. 2, 205). by revealing the center marking a user may know that the
great circle (Fig. 2, 205) is also revealed. With these examples, a useris made
of how 1o grind down a portion of the 3D object (300) and sphere (305)
gradually and at any angle and still be able 1o reveal the paltern of the shelis
(310} and consequently the code defined by those shells. In some examples,
portions of the shells (310) may be revealed during the grinding process.
However, the code defined by the shells (310} may still be read aslong as a
radial pattern is revealed. That is, in some examples, as long as a radius
pattern of the shelis (310) can be revealed on the great circle (Fig. 2, 205}

plang, the code defined by the shelis (310) may still be scanned and read.
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[6031] in some examples where a full sphere (305) cannot be formed
within a portion of the 3D object (300), partial spheres may siili be formed. In
this example, a portion of the sphere (305) may still reveal the code via a
number of shells (310) that, when scanned as described herein, provide
information about the 3D objection (300}

[6032] The 3D object (300) and spheres (305) described herein provide
for a way a user can readily discover certain information regarding the 3D object
(300} that has been 3D printed. Because the spheres (305) are embedded
within the 3D object (300) they may preserve the aesthetics of the 3D object
(300} being printed thereby maintaining a manufactured look of the 3D object
(3003, Additionally, by embedding the spheres (305) in to the 30 object (300),
no additional material may be used and instead the 3D object (300) may be
manufactured using similar materials that have similar build characteristics as
the surrounding build material used to build the 3D object (300). This, in tum,
may reduce the build time of the 3D object (300) as well as the cost associated
with the 3D printing process.

[6033] Further, due 1o the nature of the spherical geometry of the spheres
(305}, the shells (310) defining the spheres (305) may be scanned al the greatl
circle (Fig. 2, 205) in any orientation. Thus, a user grinding or otherwise
removing a portion of the 3D object (300) and the spheres {305) {0 obtain the
great circle (Fig. 2, 205) has some flexibility in how the spheres (305) are
revealed. In some examples, the exact plane defining the great circle (Fig. 2,
205) of the spheres (305) may not need {0 be revealed and instead, so long as
the scanner can detect the pattern of the shells (310), a code may be
extrapolated and information about the part may be presenied. Indeed, in some
examples, this part information can be retrieved sven when a small piece of the
3D object (300) is grinded down by the user. Still further, in some examples
less than all of the great circle (Fig. 2, 205) may be revealed such that the radial
code of half of the great cirdle (Fig. 2, 205) can be scanned. in some examples,
because an opposite radius of the great circle (Fig. 2, 205) will be a mirror

image of any given radius. Consequently, in examples where the entire



WO 2019/013774 PCT/US2017/041648

diameter of the sphere (305) is scanned to reveal a code, the other half of the
code may be extrapolated from a haif ground great circle (Fig. 2, 205).

[6034] in some examples, the code defined by the shells (310) of the
spheres (305) may be read on non-flat surfaces of the 3D object (300). This
may be accomplished so long as a complete set of the shells (310) is revealed.
[G035] The radial coding defined herein may be flexible. in some
examples, the thickness, color, and/or pattern of the individual shells (310) or a
group of shells (310) may be associated with any alphanumeric character or
cther character as the system is set up.

[6036] in some exampies, the 3D object (300) may include a plurality of
different spheres (305) sach having different codes therein defined by the shelis
(310}, In this example, the code revealed by any of the shells (310} of the
spheres (305) may identify the location of the spheres (305). Location
identification may add some securily 10 the manufacturing of the part. indeed,
the apheres (305), their location within the 30 object (300), the number of
spheres {305), the existence of the spheres (305), and/or each of the codes
defined by the shells (310} in each of the spheres (305) may be used {0
authenticate the manufacturing source of the 3D object (300). Consequently, a
user may readily determine whether a part is a genuine part manufaciured by a
specific manufacturer or a counterfeit par manufactured by some other
manufaciurer.

[6037] fn some examples, the spheres (305) defined in the 3D object
(300} may have different diameters in order to fill more of the space within the
3D object (300). In this exampile, the code defined by the shells (310) of each of
the varying diameter spheres (305) may be the same. In this example, the
relative thickness of the individual shells (310) within any given sphere {(305)
may be determined. This allows smaller diameter spheres (305) to be used
that, when scanned, provide the same code information. This further allows a
greater portion of the 3D object {300) to be filled with relatively greater numbers
of spheres (305) such that a user may have a relatively betier chance of finding
an embedded sphere (305) within the 3D object (300) during the grinding

process.
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[6033] Fig. 5 is a flowchart describing a method (500} of identifying a
three-dimensional object according 1o an example of the principles described
herein. The method (500) may begin with removing a portion of a 3D object
(300} to reveal an orthodrome or great circle (Fig. 2, 205) of a sphere (305)
embedded within the 3D object (300). This may be done manually or by using a
machining device. The method {(500) may continue with franslating a radiai
patiern of the spheres (305) as defined by its shelis (310} into a one-
dimensional (1D) barcode. In this example, the 10 barcode may be used by &
scanning device to determine specific information about the 3D object (300)
such as part number, manufacturer, manufacturing facility, replacement code,
manufacturer contact information, among other information related (o the
existence and replacement of the 3D object (300).

[6039] In some examples, the maierials used to form the shells (310) of
the spheres (305) may have different properties apart from the build material
used to build the 3D object (300). In some examples, the materials used to form
the shells (310) may have different conductivily, stiffness, and/or
electromagnetism. In this example, the 3D object (300) may not need to be
ground down in order {0 reveal the spheres (305) bul instead different devices
such as an ulfrasound device, vibration device, or magnetic device could detect
the spheres (305) and read the code defined by the shelis {310) defining each
of the spheres (305).

(60401 As discussed herein, a scanning device may be used (o scan the
shells {310) of the spheres (305) in order to detect the code defined by the
shells (310). The scanning device forms part of or may be communicatively
coupled to a computing device. In either example, 1o achieve its desired
functionality, the scanning device may include varicus hardware components.
Among these hardware componeants may be a number of processors, a number
of data storage devices, a number of peripheral device adapters, and a number
of network adapters. These hardware components may be interconnected
through the use of a number of busses and/or network connections. Inone
example, the processor, data storage device, peripheral device adapters, and a

network adapter may be communicatively coupied via a bus

10
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[6041] The processor may include the hardware architeciure o retrieve
executable code from the data storage device and execute the executable code.
The executable code may, when executed by the processor, cause the
processor to implement at least the functionality of reading a code defined by
the shells (310), translating a radial pattern of the sphere infe a one-dimensional
barcode, preseniing data presented via the code, and presenting a number of
graphical user interfaces 1o a user via a display device, according to the
methods of the present specification described herein. In the course of
executing code, the processor may receive input from and provide outputio a
number of the remaining hardware units.

i6042] The data storage device may store data such as execulable
program code that is exscuted by the processor or other processing device. As
will be discussed, the data storage device may specifically store computer code
representing a number of applications that the processor executes to implement
at least the functionality described herein.

[6043] The data siorage device may include various types of memory
moduies, including volatile and nonvolatile memory. For example, the data
storage device of the present example includes Random Access Memory (RAM)
(108}, Read Only Memory (ROM), and Hard Disk Drive (HDD) memory. Many
other types of memory may aiso be utilized, and the present specification
contemplates the use of many varying type(s) of memory in the data storage
device as may suit a particular application of the principles described herein. In
certain examples, different types of memory in the data storage device may be
used for different data storage needs. For exampie, in certain examples the
processor may boot from Read Only Memory (RCM), maintain nonvolatile
storage in the Hard Disk Drive (HDD) memory, and executs program code
stored in Random Access Memory (RAM).

[6044] Generally, the data storage device may comprise a computer
readable medium, a computer readable storage medium, or a non-transitory
computer readable medium, among others. For example, the data storage
device may be, but not limited to, an slectronic, magnetic, optical,

glectromagnetic, infrared, or semiconductor system, apparatus, or device, or
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any suitable combination of the foregeing. More spedific examples of the
computer readable storage medium may include, for example, the foliowing: an
electrical connection having a number of wires, a portable computer diskette, a
hard disk, a random-access memory (RAM)}, a read-only memory (ROM), an
erasable programmabile read-only memory (EPROM or Flash memory), a
poriable compact disc read-only memory (CD-ROM), an optical storage device,
a magnetic storage device, or any suitable combination of the foregoing. In the
context of this document, a computer readable storage medium may be any
tangible medium that can contain, or store computer usable program code for
use by or in connection with an instruction execution system, apparatus, or
device. In another exampie, a computer readable storage medium may be any
non-transitory medium that can contain, or store a program for use by orin
connection with an instruction execuiion sysiem, apparatus, or device.

[6045] The hardware adapters in the scanning device enable the
processor to interface with various other hardware slements, external and
internal to the scanning device. For example, the peripheral device adapters
may provide an interface to input/output devices, such as, for example, display
device, a mouse, or a Keyboard., The peripheral device adapters may aiso
provide access {o other external devices such as an external storage davice, a
number of network devices such as, for example, servers, swiiches, and
routers, client devices, other types of computing devices, and combinations
thereof.

[G0486] The display device may be provided to allow a user of the
scanning device {o interact with and implement the functionality of the scanning
device. The peripheral device adapters may also create an interface petween
the processor and the display device, a printer, or other media output devices.
The network adapter may provide an interface to other computing devices
within, for example, a network, thereby enabling the transmission of data
between the scanning device and other devices located within the network.
[G047] Aspects of the present system and method are described herein
with reference to flowchart illustrations and/or block diagrams of meathods,

apparatus (systems) and computer program products according to exampiles of
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the principles described herein. Each block of the flowchart ilustrations and
biock diagrams, and combinations of blocks in the flowchart lustrations and
block diagrams, may be implemented by computer usable program code. The
computer usable program code may be provided to a processor of a general-
purpose computer, special purpose computer, or other programmable data
processing apparaius to produce a machine, such that the computer usable
program code, when executed via, for example, the processor of the scanning
device or other programmable data processing apparatus, implement the
functions or acts specified in the flowchart and/or block diagram block or blocks.
In one example, the computer usable program code may be embodied within a
computer readable storage medium; the computer readable storage medium
being part of the computer program product. In one example, the computer
readable storage medium is a non-transitory computer readable medium.
[6048] The preceding description has been presented {o iHustrate and
describe examples of the principles described. This description is not intended
io be exhaustive or to limit these principles to any precise form disclosed. Many

modifications and variations are possible in light of the above teaching.
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CLAIMS

WHAT 1S CLAIMED IS:

1. A spherical identifier, comprising:
a sphere comprising:
a plurality of shells forming the sphere, a radiaily-defined code

being discemable using the arrangement of the plurality of shells.

2. The identifier of claim 1, wherein the radially defined code is transferable
to a one-dimensional barcode using ray originating from the center of the

sphere.

3. The identifier of claim 2, whersin at least two of the plurality of shells

each have dissimilar thicknesses.

4, The identifier of claim 2, wherein at [east two of the plurality of shells

have a dissimilar color.

5. The identifier of claim 2, wherein at least iwo of the plurality of shells

have a dissimilar pattern forming a cross-section of the shells.

8. The identifier of claim 2, wherein a number of the plurality of shells serve
as fiducials in the one-dimensional barcode.

7. A three-dimensional (3D) object identifier, comprising:

a number of spheres manufactured into the body of the three-
dimensional object;
wherein each of the spheres comprise a plurality of shells; the shells

constituting a radially definable code.

14
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8. The three-dimensional object of claim 7, wherein atl least one of the

plurality of shelis has a thickness different from another of the plurality of shelis.

9. The three-dimensional object of claim 8, wherein the radial code is
revealed after removing a portion of at least one of the plurality spheres to its
orthodrome.

10.  The three-dimensional object of claim 7, wherein each shell is made of a

specific color of material different from each neighboring shell.

11.  The three-dimensional object of claim 7, wherein a cross section of each

shell defines a pattern different from each neighboring shell.

12. The three-dimensional object of claim 7, wherein each shell translates

into a bar of a one-dimensional barcods.

13. A method of identifying a three-dimensional object, comprising:
removing a portion of the three-dimensional object 1o reveal the
orthodrome of a sphere embedded in the three-dimensional object; and

transiating a radial patiern of the sphere into a one-dimensional barcode.

14.  The method of claim 13, wherein the sphere comprises a number of

shells defining the radial pattern.
16, The method of claim 14, wherein the three-dimensional object is

composed of a number of spheres arranged such that outer shells of each of

the spheres are touching.

15
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