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(54) PATTERNS FOR 3D PRINTING

(57) A method for three-dimensional (3D) printing.
The method includes: obtaining a native file of a compu-
ter-aided design (CAD) application; identifying, within the
native file, a first 3D shape associated with a 3D infill
pattern; generating a slicer description language file in-
cluding: a first section specifying the 3D infill pattern; and
a second section including instructions to print the first

3D shape filled with multiple instances of the 3D infill
pattern by referencing the first section, where the first
section and the second section are separate in the slicer
description language file; and sending the slicer descrip-
tion language file to a 3D printer for printing the first 3D
shape filled with the 3D infill pattern.
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Description

BACKGROUND

[0001] Additive manufacturing (AM) is a manufacturing
process that incrementally accretes material onto an ob-
ject. AM technologies include those that involve extruding
a material from a small nozzle; fusing or solidifying a ma-
terial in a tank of power or liquid; or stacking and gluing
cut layers (e.g., cut layers of paper), etc. A slicer is soft-
ware that converts a 3D description of an object into com-
mands that control a 3D printer (e.g., AM device). In con-
trast, conventional milling is considered "subtractive" in
that it involves removal of material to form the desired
shape. The same is also true for bulk-forming techniques,
such as casting, forging, and injection molding, which are
not accretive but form an entire shape at once.
[0002] Users often wish to print three-dimensional (3D)
shapes having 3D infill patterns, which are patterns that
fill the inside of the 3D shape (e.g., checkerboard of
cubes, honeycomb, etc.). Further, users often wish to
print 3D shapes having texture patterns, which are raised
patterns (e.g., small nubbins) applied to an external sur-
face of the 3D shape (e.g., to improve the grip, to change
the fluid flow across the surface, etc.). Additionally or
alternatively, users often want the 3D infill patterns and/or
texture patterns to have specific bulk properties (e.g.,
density, tensile strength, etc.)
[0003] However, specifying 3D infill patterns and tex-
ture patterns in a computer aided design (CAD) can be
difficult because the user must specify every detail in-
stead of specifying a high-level intent. Further, because
every detail has been specified, the resulting files that
are sent to the slicer for printing tend to be very large.
Further, generation of these files is slicer specific, and
thus re-generation must take place for different slicers.
Further still, the user must also take into account the print
parameters of 3D infill patterns (even well-known 3D infill
patterns), the printing material, and the hardware (i.e.,
mechanical components) of the 3D printer in order to
print a 3D shape with specific bulk properties. Regard-
less, users are still interested in printing 3D shapes with
3D infill patterns and/or texture patterns.

SUMMARY

[0004] In general, in one aspect, the invention relates
to a method for three-dimensional (3D) printing. The
method comprises: obtaining a native file of a computer-
aided design (CAD) application; identifying, within the
native file, a first 3D shape associated with a 3D infill
pattern; generating a slicer description language file com-
prising: a first section specifying the 3D infill pattern; and
a second section comprising instructions to print the first
3D shape filled with multiple instances of the 3D infill
pattern by referencing the first section, wherein the first
section and the second section are separate in the slicer
description language file; and sending the slicer descrip-

tion language file to a 3D printer for printing the first 3D
shape filled with the 3D infill pattern.
[0005] In general, in one aspect, the invention relates
to a system for three-dimensional (3D) printing. The sys-
tem comprises: a memory; a computer processor that:
obtains a native file of a computer-aided design (CAD)
application; identifies, within the native file, a first 3D
shape associated with a 3D infill pattern; generates a
slicer description language file comprising: a first section
specifying the 3D infill pattern; and a second section com-
prising instructions to print the first 3D shape filled with
multiple instances of the 3D infill pattern by referencing
the first section, wherein the first section and the second
section are separate in the slicer description language
file; and sends the slicer description language file; and a
3D printer that: receives the slicer description language
file; and prints, based on the slicer description language
file, the first 3D shape filled with the 3D infill pattern.
[0006] Other aspects of the invention will be apparent
from the following description and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

[0007]

FIG. 1 shows a system in accordance with one or
more embodiments of the invention.

FIG. 2 and FIG. 3 show flowcharts in accordance
with one or more embodiments of the invention.

FIG. 4A and FIG. 4B show examples in accordance
with one or more embodiments of the invention.

FIG. 5 shows a computer system in accordance with
one or more embodiments of the invention.

DETAILED DESCRIPTION

[0008] Specific embodiments of the invention will now
be described in detail with reference to the accompanying
figures. Like elements in the various figures are denoted
by like reference numerals for consistency.
[0009] In the following detailed description of embod-
iments of the invention, numerous specific details are set
forth in order to provide a more thorough understanding
of the invention. However, it will be apparent to one of
ordinary skill in the art that the invention may be practiced
without these specific details. In other instances, well-
known features have not been described in detail to avoid
unnecessarily complicating the description.
[0010] In general, embodiments of the invention pro-
vide for a method, a system, and a non-transitory com-
puter readable medium (CRM) for 3D printing. Specifi-
cally, a 3D shape with a 3D infill pattern and/or a texture
pattern is identified within a native file of a computer-
aided design (CAD) application. A slicer description lan-
guage (SDL) file is generated based on the native file.
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The SDL file has multiple sections (e.g., blocks of code)
including: a section specifying the 3D infill pattern; a sec-
tion specifying the texture pattern; and a section including
instructions to print the 3D shape according to the 3D
infill pattern and the texture pattern by referencing the
other sections. In one or more embodiments of the in-
vention, the SDL file may also include one or more user-
desired bulk properties of the 3D infill pattern and/or the
texture pattern. The slicer receives the SDL file and then
determines various print parameters of the 3D infill pat-
tern and/or the texture pattern based on the printing ma-
terial (e.g., rubber, plastic, etc.) and the 3D printer hard-
ware (i.e., mechanical components). The 3D shape can
then be printed in accordance with the user’s high-level
intent/goals (e.g., desired bulk properties).
[0011] FIG. 1 shows a system (100) in accordance with
one or more embodiments of the invention. As shown in
FIG. 1, the system (100) includes a computing device
(104) executing a CAD application (106). The computing
device (104) may be a personal computer (PC), a server,
a laptop, a mobile computing device (e.g., smart phone,
tablet PC, etc.), a kiosk, etc. The system (100) also in-
cludes a 3D printer (120). The computing device (104)
and the 3D printer (120) may be part of the same unit.
Alternatively, the computing device (104) and the 3D
printer (120) may be connected by a computer network
of any size having wired and/or wireless segments.
[0012] In one or more embodiments of the invention,
the CAD application (106) enables a user to create (i.e.,
design, model, etc.) one or more 3D shapes. A 3D shape
may be created using libraries of simpler/basic 3D
shapes. A created 3D shape may be stored in a native
file (102) of the CAD application (106). The native file
(102) may be retrieved at a future time to edit or view the
created 3D shape. The native file (102) may store surface
description(s) or volumetric description(s) of the created
3D shape.
[0013] In one or more embodiments of the invention,
the CAD application (106) enables a user to select a 3D
infill pattern (e.g., honeycomb, cubed checkerboard,
known lattice pattern, etc.) to "fill" a created 3D shape.
The 3D infill pattern may need to be repeated multiple
times (i.e., multiple instances of the 3D infill pattern) to
completely "fill" the 3D shape (i.e., the volume of the 3D
infill pattern may be much smaller than the volume of the
3D shape). The CAD application (106) also enables a
user to remove the 3D infill pattern applied to a 3D shape
or replace the existing 3D infill pattern applied to the 3D
shape with a different 3D infill pattern. The CAD applica-
tion (106) may include a library of existing 3D infill pat-
terns from which the user can choose a 3D infill pattern
to apply to the created 3D shape.
[0014] Those skilled in the art, having the benefit of
this detailed description, will appreciate that if the 3D
shape is printed, the 3D infill pattern "filling" the 3D shape
might or might not be visible to the user. However, the
3D infill pattern "filling" the 3D shape affects the structural
properties of the printed 3D shape. Moreover, the 3D infill

pattern has one or more bulk properties (e.g., density,
tensile strength, etc.) that are highly dependent on the
printing material. In one or more embodiments of the in-
vention, the CAD application (106) enables a user to
specify one or more desired bulk properties of the 3D
infill pattern applied to a 3D shape. The selected 3D infill
pattern and its user-desired bulk properties may be
stored in the native file (102).
[0015] In one or more embodiments of the invention,
the CAD application (106) enables a user to select a tex-
ture pattern (e.g., raised patterns such as small nubbins)
for application to a surface (e.g., external surface) of the
created 3D shape. Different surfaces of the 3D shape
may have different texture patterns. The CAD application
(106) also enables a user to remove the texture pattern
applied to a surface of a 3D shape or replace the existing
texture pattern applied to the surface of the 3D shape
with a different texture pattern. The CAD application
(106) may include a library of existing texture patterns
from which the user can choose a texture pattern for ap-
plication to the surface of a created 3D shape.
[0016] Those skilled in the art, having the benefit of
this detailed description, will appreciate that if the 3D
shape is printed, the texture pattern might be visible/per-
ceivable to the user. The texture pattern may have one
or more bulk properties that are highly dependent on the
printing material. For example, the texture pattern may
affect fluid flow across the surface of the 3D shape. As
another example, the texture pattern may affect the grip
(or the user’s ability to grip) the 3D shape. In one or more
embodiments of the invention, the CAD application (106)
enables a user to specify one or more desired bulk prop-
erties of the texture pattern. The selected texture pattern
and its user-desired bulk properties may be stored in the
native file (102).
[0017] In one or more embodiments, the computing
device (104) and the 3D printer (120) communicate by
way of a slicer description language (SDL) file (110). The
SDL file (110) is generated by the CAD application (106)
based on the native file (102). Additionally or alternative-
ly, the SDL file (110) may be generated by another soft-
ware application (not shown) from the native file (102).
[0018] As shown in FIG. 1, the SDL file (110) has mul-
tiple sections (e.g., blocks of code) including: a 3D infill
pattern section (112), a texture pattern section (114), and
multiple 3D shape sections (i.e., 3D Shape A section
(116A), 3D Shape B section (116B)). The SDL file is ef-
fectively a description of what should be printed by the
3D printer (120). Although the SDL file (110) of FIG. 1
has only one 3D infill pattern section (112) and only one
texture pattern section (114), in other embodiments,
there may be multiple 3D infill pattern sections and/or
multiple texture pattern sections.
[0019] In one or more embodiments, the 3D infill pat-
tern section (112) specifies a 3D infill pattern. The 3D
infill pattern may be specified by its name (e.g., honey-
comb) or a unique identifier known to the slicer of the 3D
printer (120). Additionally or alternatively, the 3D infill pat-
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tern may be specified by one or more instructions to cre-
ate a geometric unit of the 3D infill pattern. During print-
ing, the geometric unit would be printed repeatedly to fill
a 3D shape. However, the 3D infill pattern section (112)
only has a single instance of the geometric unit of the 3D
infill pattern. The 3D infill pattern section (112) may also
specify one or more user-desired bulk properties of the
specified 3D infill pattern. Additionally or alternatively,
the one or more user-desired bulk properties may be
specified in a different section (e.g., 3D shape section
(116A, 116B)).
[0020] In one or more embodiments, the texture pat-
tern section (114) specifies a texture pattern. The texture
pattern may be specified by its name or a unique identifier
known to the slicer of the 3D printer (120). Additionally
or alternatively, the texture pattern may be specified by
one or more instructions to create a geometric unit of the
texture pattern. During printing, the geometric unit would
be printed repeatedly to cover the surface of a 3D shape.
However, the texture pattern section (114) only has a
single instance of the geometric unit of the texture pat-
tern. The texture pattern section (114) may also specify
one or more user-desired bulk properties of the texture
pattern. Additionally or alternatively, the one or more us-
er-desired bulk properties may be specified in a different
section (e.g., 3D shape section (116A, 116B)).
[0021] In one or more embodiments of the invention,
each 3D shape section (116A, 116B) includes instruc-
tions to print a 3D shape. These instructions may include
a reference to the 3D infill pattern section (122) if the 3D
shape should be filled with the 3D infill pattern. These
instructions might also specify one or more user-desired
bulk properties for the 3D infill pattern that will fill the 3D
shape. Additionally or alternatively, these instructions
may include a reference to the texture pattern section
(114) if the texture pattern should be applied to a surface
of the 3D shape. These instructions might also specify
one or more user-desired bulk properties for the texture
pattern to be applied to the 3D shape.
[0022] Those skilled in the art, having the benefit of
this detailed description, will appreciate that within the
SDL file (110), a 3D shape and a 3D infill pattern are
specified separately/independently. If there are multiple
3D shapes to be printed with the same 3D infill pattern,
each 3D shape section (116A, 116B) may include a ref-
erence to the one 3D infill pattern section (112). Similarly,
if the specified texture pattern is to be applied to multiple
3D shapes, each 3D shape section (116A, 116B) may
include a reference to the one texture pattern section
(114). By specifying the 3D infill pattern and the texture
pattern separately from the 3D shapes to be printed, the
size of the SDL file (110) may be reduced. Further, by
specifying only a single geometric unit of the 3D infill pat-
tern and/or texture pattern, the size of the SDL file (110)
may also be reduced.
[0023] In one or more embodiments of the invention,
the 3D printer (120) prints 3D shapes (e.g., printed 3D
shapes (130)). Although not shown in FIG. 1, the 3D print-

er (120) may include a slicer that interprets the SDL file
(110) and generates commands that control the 3D print-
er (120). In other words, the slicer interprets the SDL file
(110) into basic commands for the 3D printer’s printing
technology and mechanical components (e.g., nozzles).
The 3D printer (120) prints the 3D shapes with the ap-
propriate 3D infill patterns and/or texture patterns. As dis-
cussed above, this may include repeatedly printing the
single geometric unit specified in the 3D infill pattern.
[0024] In one or more embodiments, as also discussed
above, the SDL file (110) may specify a bulk property for
a 3D infill pattern or a texture pattern. The slicer (120)
determines one or print parameters of the 3D infill pattern
or texture pattern in order to meet the user-desired bulk
property. This determination may be based on the print-
ing material (e.g., rubber, plastic, etc.) being used as well
as the printing technology and mechanical components
being utilized by the 3D printer (120). In other words, the
SDL file (110) conveys the user’s high-level inten-
tions/goals, while leaving specific implementation details
to the slicer (120).
[0025] For example, in the case of a 3D infill pattern,
the slicer may include a function f such that for a given
printing material m, the lattice pattern l specified in the
SDL file (110), and a user-desired tensile strength s also
specified in the SDL file (110), a lattice thickness (i.e., a
print parameter) t = f(m, l, s) achieves the desired
strength. As another example, in the case of a texture
pattern, the slicer (120) may include a function n such
that for printing material m, the texture pattern r specified
in the SDL file (110), and a user-desired grip value g also
specified in the SDL file (110), a surface pattern-scale
(i.e., a print parameter) t = n(m, r, g) achieves the desired
grip value.
[0026] Although FIG. 1 only shows the one 3D printer
(120), in other embodiments, there may be multiple 3D
printers, and the slicer of each 3D printer is capable of
interpreting the SDL file (110). Accordingly, there is no
need to regenerate the SDL file (110) and there is no
need to generate slicer specific SDL files. This reduces
the likelihood of errors in the SDL file generation process.
[0027] FIG. 2 shows a flowchart in accordance with
one or more embodiments of the invention. The flowchart
depicts a process for 3D printing. One or more of the
steps in FIG. 2 may be performed by the components of
the system (100), discussed above in reference to FIG.
1. In one or more embodiments of the invention, one or
more of the steps shown in FIG. 2 may be omitted, re-
peated, and/or performed in a different order than the
order shown in FIG. 2. Accordingly, the scope of the in-
vention should not be considered limited to the specific
arrangement of steps shown in FIG. 2.
[0028] Initially, a native file of a CAD application is ob-
tained (STEP 205). The native file may be downloaded
from a website. The CAD application enables a user to
create 3D shapes and specify 3D infill patterns and/or
texture patterns for the 3D shapes. Accordingly, the na-
tive file may include surface descriptions and/or volumet-
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ric descriptions of one or more 3D shapes created by a
user with the CAD application. The native file may also
specify the 3D infill patterns and/or texture patterns. In
STEP 210, 3D shapes having 3D infill patterns and/or
texture patterns on the surfaces are identified from (e.g.,
by parsing) the native file.
[0029] In STEP 215, an SDL file is generated from the
native file. The SDL file may include multiple separate
sections (e.g., blocks of code): one section for each 3D
infill pattern; one section for each texture pattern; and
one section for each 3D shape.
[0030] A section for a 3D infill pattern may specify the
3D infill pattern by name or by a unique identifier. Addi-
tionally or alternatively, the section may include instruc-
tions/commands for generating a single geometric unit
of the 3D infill pattern. The geometric unit would need to
be repeatedly printed to fill a 3D shape (i.e., multiple in-
stances of the 3D infill pattern may be needed to fill the
3D shape). As multiple 3D shapes may be filled with the
same 3D infill pattern, there may be multiple references
to the same 3D infill pattern section.
[0031] Similarly, a section for a texture pattern may
specify the texture pattern by name or by a unique iden-
tifier. Additionally or alternatively, the section may include
instructions/commands for generating a single geometric
unit of the texture pattern. The geometric unit would need
to be repeatedly printed to cover the surface of a 3D
shape. As multiple 3D shapes may be covered by the
same texture pattern, there may be multiple references
to the same texture pattern section.
[0032] A section for a 3D shape includes instructions
for generating the 3D shape. If the 3D shape is to be filled
with a 3D infill pattern, the instructions include a reference
to the section for the 3D infill pattern. Similarly, if a surface
of the 3D shape is to be covered with a texture pattern,
the instructions include a reference to the section for the
texture pattern.
[0033] In STEP 220, the SDL file is sent to the slicer
of a 3D printer. The slicer generates the 3D shapes ac-
cording to the SDL file. In order to print the 3D shapes
specified in the SDL file, the slicer must interpret the SDL
file into basic commands for the 3D printer’s printing tech-
nology and mechanical components (e.g., nozzles). The
3D printer prints the 3D shapes with the appropriate 3D
infill patterns and/or texture patterns. As discussed
above, this may include repeatedly printing the single
geometric unit specified in the 3D infill pattern section
and/or texture pattern section.
[0034] FIG. 3 shows a flowchart in accordance with
one or more embodiments of the invention. The flowchart
depicts a process for 3D printing. One or more of the
steps in FIG. 3 may be performed by the components of
the system (100), discussed above in reference to FIG.
1. The process depicted in FIG. 3 may be considered an
augmented version of the process depicted in FIG. 2. In
other words, some of the steps in FIG. 3 may be merged
with steps in FIG. 2 or added to the steps in FIG. 2. In
one or more embodiments of the invention, one or more

of the steps shown in FIG. 3 may be omitted, repeated,
and/or performed in a different order than the order
shown in FIG. 3. Accordingly, the scope of the invention
should not be considered limited to the specific arrange-
ment of steps shown in FIG. 3.
[0035] Initially, a native file for a CAD application is
obtained (STEP 305). STEP 305 is essentially the same
as STEP 205, discussed above in reference to FIG. 2.
However, the native file includes a user-desired bulk
property (e.g., density, tensile strength, etc.) of the 3D
infill pattern. In STEP 310, a 3D shape having the 3D
infill pattern with the user-desired bulk property is iden-
tified from (e.g., by parsing) the native file.
[0036] In STEP 315, a SDL file is generated. STEP
315 is essentially the same as STEP 215, discussed
above in reference to FIG. 2. However, in STEP 315, the
section of the SDL file that specifies the 3D infill pattern
also specifies the user-desired bulk property. The SDL
file may be sent to a slicer of a 3D printer. Additionally or
alternatively, the bulk property may be specified in any
section of the SDL file.
[0037] In STEP 320, the slicer determines one or more
print parameters of the 3D infill pattern in order to meet
the user-desired bulk property. This determination may
be based on the printing material (e.g., rubber, plastic,
etc.) being used as well as the printing technology and
mechanical components being utilized by the 3D printer.
For example, if the 3D infill pattern is a honeycomb, the
print parameter may be the size of a cell of the honey-
comb or the thickness of a wall of a cell. If the 3D pattern
is a 3D checkerboard, the print parameter may be the
volume of each cube in the checkerboard.
[0038] In STEP 325, the 3D printer prints the 3D shape
filled with multiple instances of the 3D infill pattern ac-
cording to the determined print parameters. As a result,
the printed 3D shape filled with multiple instances of the
3D infill pattern has the user-desired bulk property.
[0039] Although the process in FIG. 3 explicitly men-
tions a 3D infill pattern, the process is similar for texture
patterns. The SDL file includes the user-specified bulk
property for the texture pattern, and the slicer determines
one or more print parameters based on the printing ma-
terial and the hardware of the 3D printer to realize the
user-desired bulk property.
[0040] FIG. 4A and 4B show examples in accordance
with one or more embodiments of the invention. Specif-
ically, FIG. 4A shows SDL file A (400A) generated by a
CAD application (not shown). As shown in FIG. 4A, SDL
file A (400A) includes both a 3D infill pattern section (402)
and a 3D shape section (404). Assume the command
<draw cube (k) at (x, y, z)> prints a cube having dimen-
sions k x k x k at position x, y, z. The 3D infill pattern
section (402) includes the commands to print a single
geometric unit of 3D infill pattern 1 (i.e., a 3D checker-
board). The 3D shape section (404) includes a command
to print a cube having dimensions 20 x 20 x 20. The com-
mand also includes a reference (406) to the 3D infill pat-
tern section (402). Accordingly, the 3D printer will print
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the 20 x 20 x 20 cube and "fill" it with the 3D checkboard
pattern specified in the 3D infill pattern section (402). The
3D printer will need to repeatedly print 3D infill pattern 1
to "fill" the 20 x 20 x 20 cube.
[0041] FIG. 4B shows SDL file B (400B) also generated
by a CAD application. As shown in FIG. 4B, SDL file B
(400B) includes both a 3D infill pattern section (452) and
a 3D shape section (454). The 3D infill pattern section
(452) specifies 3D infill pattern 2 (i.e., honeycomb). The
3D infill patterns section (452) also specifies a user-de-
sired bulk property (499) of the honeycomb pattern. Spe-
cifically, the user-desired bulk property is a density of 350
grams/L. The 3D shape section (454) includes a com-
mand to print a cube having dimensions 15 x 15 x 15.
The command also includes a reference (456) to the 3D
infill pattern section (452). The slicer will determine the
proper print parameter(s) of a honeycomb pattern in or-
der to achieve the specified average pattern density, giv-
en the density of the material being used in the 3D printer.
For instance, if the material used in the 3D printer had a
density of 700 grams/L, then the slicer would choose pat-
tern parameters to achieve a 50:50 ratio of print material
and empty space.
[0042] In this case parameters could be varied in a
number of ways to achieve that ratio. For instance, it
could be achieved by keeping the honeycomb cell size
fixed, and varying the cell wall thickness; or keeping the
cell wall thickness fixed and varying the size; or a com-
bination of these; or changing other parameters. That
determination could be left up to the slicer, or could be
specified by the user by means of additional commands
in SDL file B (400B).
[0043] Various embodiments of the invention may
have one or more of the following advantages: the ability
to apply 3D infill patterns and/or texture patterns to 3D
shapes in a CAD application; the ability to specify a user’s
high-level intent in an SDL file; the ability to separately
specify a 3D infill pattern from a 3D shape in an SDL file;
the ability to separately specify a texture pattern from a
3D shape in an SDL file; the ability to specify desired bulk
properties of a 3D infill pattern or texture pattern; the abil-
ity to reduce the size of an SDL file using references; the
ability to avoid slicer specific SDL files; the ability to spec-
ify a geometric unit of a 3D infill pattern or texture pattern
in an SDL file; etc.
[0044] Embodiments of the invention may be imple-
mented on virtually any type of computing system, re-
gardless of the platform being used. For example, the
computing system may be one or more mobile devices
(e.g., laptop computer, smart phone, personal digital as-
sistant, tablet computer, or other mobile device), desktop
computers, servers, blades in a server chassis, or any
other type of computing device or devices that includes
at least the minimum processing power, memory, and
input and output device(s) to perform one or more em-
bodiments of the invention. For example, as shown in
FIG. 5, the computing system (500) may include one or
more computer processor(s) (502), associated memory

(504) (e.g., random access memory (RAM), cache mem-
ory, flash memory, etc.), one or more storage device(s)
(506) (e.g., a hard disk, an optical drive such as a compact
disk (CD) drive or digital versatile disk (DVD) drive, a
flash memory stick, etc.), and numerous other elements
and functionalities. The computer processor(s) (502)
may be an integrated circuit for processing instructions.
For example, the computer processor(s) may be one or
more cores, or micro-cores of a processor. The comput-
ing system (500) may also include one or more input
device(s) (510), such as a touchscreen, keyboard,
mouse, microphone, touchpad, electronic pen, or any
other type of input device. Further, the computing system
(500) may include one or more output device(s) (508),
such as a screen (e.g., a liquid crystal display (LCD), a
plasma display, touchscreen, cathode ray tube (CRT)
monitor, projector, or other display device), a printer, ex-
ternal storage, or any other output device. One or more
of the output device(s) may be the same or different from
the input device(s). The computing system (500) may be
connected to a network (512) (e.g., a local area network
(LAN), a wide area network (WAN) such as the Internet,
mobile network, or any other type of network) via a net-
work interface connection (not shown). The input and
output device(s) may be locally or remotely (e.g., via the
network (512)) connected to the computer processor(s)
(502), memory (504), and storage device(s) (506). Many
different types of computing systems exist, and the afore-
mentioned input and output device(s) may take other
forms.
[0045] Software instructions in the form of computer
readable program code to perform embodiments of the
invention may be stored, in whole or in part, temporarily
or permanently, on a non-transitory computer readable
medium such as a CD, DVD, storage device, a diskette,
a tape, flash memory, physical memory, or any other
computer readable storage medium. Specifically, the
software instructions may correspond to computer read-
able program code that when executed by a proces-
sor(s), is configured to perform embodiments of the in-
vention.
[0046] Further, one or more elements of the aforemen-
tioned computing system (500) may be located at a re-
mote location and connected to the other elements over
a network (512). Further, one or more embodiments of
the invention may be implemented on a distributed sys-
tem having a plurality of nodes, where each portion of
the invention may be located on a different node within
the distributed system. In one embodiment of the inven-
tion, the node corresponds to a distinct computing device.
Alternatively, the node may correspond to a computer
processor with associated physical memory. The node
may alternatively correspond to a computer processor or
micro-core of a computer processor with shared memory
and/or resources.
[0047] While the invention has been described with re-
spect to a limited number of embodiments, those skilled
in the art, having benefit of this disclosure, will appreciate
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that other embodiments can be devised which do not
depart from the scope of the invention as disclosed here-
in. Accordingly, the scope of the invention should be lim-
ited only by the attached claims.

Claims

1. A method for three-dimensional (3D) printing, com-
prising:

obtaining a native file of a computer-aided de-
sign (CAD) application;
identifying, within the native file, a first 3D shape
associated with a 3D infill pattern;
generating a slicer description language file
comprising:

a first section specifying the 3D infill pattern;
and
a second section comprising instructions to
print the first 3D shape filled with multiple
instances of the 3D infill pattern by referenc-
ing the first section,
wherein the first section and the second
section are separate in the slicer description
language file; and

sending the slicer description language file to a
3D printer for printing the first 3D shape filled
with the 3D infill pattern.

2. The method of claim 1, further comprising:

identifying, within the native file, a second 3D
shape associated with the 3D infill pattern,
wherein the slicer description language file fur-
ther comprises a third section comprising in-
structions to print the second 3D shape filled with
multiple instances of the 3D infill pattern by ref-
erencing the first section.

3. The method of claim 1, wherein:

the first 3D shape in the native file is further as-
sociated with a texture pattern on a surface of
the first 3D shape;
the slicer description language file further com-
prises a third section specifying the texture pat-
tern;
the second section of the slicer description lan-
guage file further comprises instructions to print
the first 3D shape according to the texture pat-
tern by referencing the third section; and
the 3D printer prints the first 3D shape with the
texture pattern on the surface.

4. The method of any one of claims 1 to 3, wherein:

the native file specifies a bulk property of the 3D
infill pattern;
the first section in the slicer description language
file further specifies the bulk property of the 3D
infill pattern;
the 3D printer comprises a slicer and utilizes a
printing material;
the slicer determines a print parameter of the
3D infill pattern based on the printing material
to satisfy the bulk property; and
the printed first 3D shape is filled with the 3D
infill pattern having the bulk property.

5. The method of claim 4, wherein the bulk property is
one selected from a group consisting of tensile
strength and density.

6. The method of claim 4 or 5, wherein the 3D infill
pattern is a honeycomb, and wherein the print pa-
rameter is a wall thickness of a cell in the honeycomb.

7. The method of any one of claims 1 to 5, wherein the
3D infill pattern is a 3D checkerboard of cubes.

8. A system for three-dimensional (3D) printing, com-
prising:

a memory;
a computer processor that:

obtains a native file of a computer-aided de-
sign (CAD) application;
identifies, within the native file, a first 3D
shape associated with a 3D infill pattern;
generates a slicer description language file
comprising:

a first section specifying the 3D infill pat-
tern; and
a second section comprising instruc-
tions to print the first 3D shape filled with
multiple instances of the 3D infill pattern
by referencing the first section,
wherein the first section and the second
section are separate in the slicer de-
scription language file; and

sends the slicer description language file;
and

a 3D printer that:

receives the slicer description language file;
and
prints, based on the slicer description lan-
guage file, the first 3D shape filled with the
3D infill pattern.
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9. The system of claim 8, wherein the computer proc-
essor also:

identifies, within the native file, a second 3D
shape associated with the 3D infill pattern,
wherein the slicer description language file fur-
ther comprises a third section comprising in-
structions to print the second 3D shape filled with
multiple instances of the 3D infill pattern by ref-
erencing the first section.

10. The system of claim 8, wherein:

the first 3D shape in the native file is further as-
sociated with a texture pattern on a surface of
the first 3D shape;
the slicer description language file further com-
prises a third section specifying the texture pat-
tern;
the second section of the slicer description lan-
guage file further comprises instructions to print
the first 3D shape according to the texture pat-
tern by referencing the third section; and
the 3D printer prints the first 3D shape with the
texture pattern on the surface.

11. The system of any one of claims 8 to 10, wherein:

the native file specifies a bulk property of the 3D
infill pattern;
the first section in the slicer description language
file further specifies the bulk property of the 3D
infill pattern;
the 3D printer comprises a slicer and utilizes a
printing material;
the slicer determines a print parameter of the
3D infill pattern based on the printing material
to satisfy the bulk property; and
the printed first 3D shape is filled with the 3D
infill pattern having the bulk property.

12. The system of claim 11, wherein the bulk property
is one selected from a group consisting of tensile
strength and density.

13. The system of claim 11 or 12, wherein the 3D infill
pattern is a honeycomb, and wherein the print pa-
rameter is a wall thickness of a cell in the honeycomb.

14. The system of any one of claims 8 to 12, wherein
the 3D infill pattern is a 3D checkerboard of cubes.
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