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Title: OBJECT PACKINGS WITH VOLUME SUBSETS

(57) Abstract: Examples of methods for object packings are described
herein. [n some examples, a method includes loading a first object ina first

\Y/
A
2y

a0

21

subset of a volume. In some examples, the method includes determining,
using a genetic procedure, an arrangement of second objects in a second
subset of the volume to produce a packing that includes the first object
and the second objects.
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OBJECT PACKINGS WITH VOLUME SUBSETS

BACKGROUND

[0001] Three-dimensional (3D) solid objects may be produced from a digital
model using manufacturing. Additive manufacturing is an example of
manufacturing. Additive manufacturing may be used in rapid prototyping, mold
generation, mold master generation, and short-run manufacturing. Additive
manufacturing involves the application of successive layers of build material. In
some additive manufacturing techniques, the build material may be cured or

fused. Other machining processes remove material to create the final object.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Figure 1 is a flow diagram illustrating an example of a method for
object packing with volume subsets;

[0003] Figure 2 is a block diagram of an example of an apparatus that may
be used in object packing;

[0004] Figure 3 is a block diagram illustrating an example of a computer-
readable medium for determining an object packing with volume subsets;

[0005] Figure 4A is a perspective diagram illustrating an example of first
objects in a build volume;

[0006] Figure 4B is a perspective diagram illustrating an example of the first
objects with some second objects arranged around the first objects in the build
volume; and

[0007] Figure 4C is a perspective diagram illustrating an example of a
packing included the first objects and the second objects in the build volume.
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DETAILED DESCRIPTION

[0008] Additive manufacturing may be used to manufacture three-
dimensional (3D) objects. 3D printing is an example of additive manufacturing.
Performing additive manufacturing may rely on a packing. A packing is
information that specifies an arrangement of objects in a volume. An
arrangement is a position(s), location(s), and/or orientation(s), etc., of an object
or objects. An “object” may refer to a geometrical representation or 3D shape. A
volume is a 3D space. A build volume is a volume that may be used for
manufacturing. In some examples, a build volume may correspond to a physical
space in which additive manufacturing may be performed. In some examples, a
volume, build volume, or volume subset may be structured as a 3-dimensional
space bounded by a predefined polyhedron (e.g., a set of vertices, edges, and
faces) that specifies the packing space scope. For example, a cuboidal space
may be defined by 8 vertices (e.g., V={v1=(0,0,0), v2=(0,20,0), v3=(20,0,0),
v4=(20,20,0), v5=(0,0,80), v6=(0,20,80), v7=(20,0,80), v8=(20,20,80)}), 12
edges (e.g., E={el=(v1,v2), e2=(v1,v3), e3=(v1,v5), ed=(v2,v4), e5=(v2,v6),
e6=(v3,v4), e7=(v3,v7), e8=(v4,v8), e9=(vb,v6), e10=(v5,v7), el1=(v6,v8),
e12=(v7,v8)}), and 6 faces (e.g., F={f1={e1,e7,610,e3}, f2={e6,e8,e12,e7},
f3={e8,e11,e5,e4}, f4={e2,e5,e9,e3}, f5={el,e6,e4,e2}, 16={e10,e12,e11,e9}}).
Different vertices, edges, and/or faces (and/or quantities thereof) may be utilized
in some examples.

[0009] It may be helpful to increase packing density in the build volume to
increase production and/or reduce manufacturing costs. In some examples, a
build volume (e.g., packing space) may be a cuboidal space with x, y, and z
dimensions. For example, a build volume may be a cuboid with dimensions of
284 millimeters (mm) in the x axis by 380 mm in the y axis by 380 mm in the z
axis. Some of the techniques described herein may be utilized to pack objects
into a volume (e.g., build volume) that is partially filled (e.g., partially filled with a
previously set arrangement of objects).

[0010] In some examples, object packing may be based on an objective or
objectives. An example of an objective is packing density (e.g., increasing or
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maximizing packing density). Object packing questions may be computationally
intensive to solve, being nondeterministic polynomial- (NP-) complete. For
example, computational complexity may grow exponentially in NP-complete
questions. For instance, the size of the solution space (e.g., number of possible

packing arrangements) for placement of objects (without rotation, for example)
in a relatively small batch of 20 objects, is beyond the order of 1 x 10'8. Some

examples of the techniques described herein may provide practical and/or near-
optimal approaches for object packing. For instance, some of the techniques
described herein may enable searching over the solution space while prioritizing
portions that have a greater probability of producing a near-optimal solution. In
some examples, a relatively small portion of the solution space may be
searched.

[0011]  Throughout the drawings, identical reference numbers may or may
not designate similar or identical elements. Similar numbers may or may not
indicate similar elements. When an element is referred to without a reference
number, this may refer to the element generally, with or without limitation to any
particular drawing or figure. The drawings are not necessarily to scale, and the
size of some parts may be exaggerated to more clearly illustrate the example
shown. Moreover, the drawings provide examples in accordance with the
description. However, the description is not limited to the examples provided in
the drawings.

[0012] Figure 1 is a flow diagram illustrating an example of a method 100 for
object packing with volume subsets. The method 100 and/or a method 100
element or elements may be performed by an apparatus (e.g., electronic
device). For example, the method 100 may be performed by the apparatus 202
described in relation to Figure 2.

[0013] An apparatus may load 102 a first object or objects in a first subset of
a volume. A subset of a volume or a volume subset is a portion or portions of a
volume. For example, a subset of a volume may be a portion (e.g., region or
regions) of the volume that is associated with (e.g., occupied by, anticipated to
be occupied by, etc.) an object or objects. In some examples, a subset of a
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volume may be specified by the shape, size, position, and/or orientation of an
object or objects. For example, the apparatus may load 102 a first object or
objects by designating a location(s), placement(s), orientation(s), etc., of the
object(s) and/or by placing the first object(s) in the volume. In some examples,
the region (e.g., voxels) designated for and/or occupied by the first object(s)
may be the first subset of the volume. For instance, the first subset may be
coextensive with the space designated for and/or occupied by the first object(s).
In some examples, the first subset of the volume may be a region that is larger
than the first object(s) within which the first object(s) may be placed. For
instance, the first subset may be a bounding box, rectangular prism, sphere,
etc., within which the first object(s) may be placed. In some examples, the first
object(s) may have associated coordinates (e.g., X, y, and z coordinates) that
indicate a designated placement or placements in the volume.

[0014] In some examples, loading 102 the first object(s) in the first subset of
the volume may include designating and/or placing the first object(s) in a static
arrangement (e.g., static location(s), position(s), orientation(s), etc.) in the
volume. For instance, the apparatus may designate and/or place the first
object(s) in the volume at the coordinates associated with the first object(s). In
some examples, the arrangement of the first object(s) may be previously
determined and/or established. For instance, the arrangement of the first
object(s) may be determined and/or established based on received input (e.g.,
an input indicating coordinates of the first object(s)) and/or based on a previous
procedure (e.g., previous genetic procedure, previous random placement, etc.).
For example, the apparatus or another device may receive an input (e.g.,
keyboard input, touchscreen input, mouse input, wireless signal, and/or stylus
input, etc.) that indicates the arrangement (e.g., location(s), position(s),
orientation(s), and/or coordinate(s), etc.). In some examples, the apparatus or
another device may execute a genetic procedure to determine the arrangement
(e.g., location(s), position(s), orientation(s), and/or coordinate(s), etc.). The
apparatus may determine the arrangement of the first object(s) and/or may
receive the arrangement of the first object(s) from another device (e.g., a device
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in communication with the apparatus, a networked device, a server, and/or a
thumb drive, etc.).

[0015] The apparatus may determine 104, using a genetic procedure, an
arrangement of second objects in a second subset of the volume to produce a
packing that includes the first object and the second object. A genetic procedure
is a computational procedure. For example, a genetic procedure may be a
metaheuristic procedure that includes evolution and/or selection mechanisms
for determining a solution. In some examples, a genetic procedure may be a
technique utilized in artificial intelligence. In some examples, the genetic
procedure may include initializing a population, evaluation, selection, crossover,
and/or mutation operations. In some examples, evaluation, selection, crossover,
and/or mutation may be performed repeatedly (e.g., iteratively, recursively, etc.)
until an end condition is met. In some examples, determining 104 the
arrangement using a genetic procedure may be performed in initializing a
population, crossover, and/or mutation operations. A population is a group or set
of chromosomes.

[0016] A chromosome is data. For example, a chromosome may include data
representing a potential solution for a question that the genetic procedure is to
address. For instance, a chromosome may indicate a packing of objects in a
volume (e.g., build volume). A packing is an organization of objects. For
instance, chromosomes may indicate packing positions. A packing position is a
pose of an object in a build volume. In some examples, a chromosome may
include data indicating a set of object identifiers and poses. An object identifier
is information (e.g., number, floating point number, integer, string, character(s),
name, etc.) that identifies an object. A pose is information indicating a location
and/or orientation of an object. For instance, a pose may indicate a location
(e.g., translation) of an object in a build volume and/or an orientation (e.g.,
rotation(s) in a dimension or dimensions) of an object in a build volume. In some
examples, a pose may be expressed as a number or numbers (e.g., floating
point numbers, integers, etc.), vector(s), matrix or matrices, quaternion(s), etc.
In some examples, a chromosome may include an object identifier with a first

axis rotation (e.g., x), a second axis rotation (e.g., y), and a third axis rotation
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(e.g., z) for each of a set of objects. In some examples, a chromosome may
include an object identifier with an orientation (and without location, for instance)
for each of a set of objects. In some examples, each gene of a chromosome
may include an object identifier and/or pose (e.g., orientation and/or location). In
some examples, a portion of a chromosome may correspond to the first
object(s) and a portion of the chromosome may correspond to the second
object(s). For instance, a gene or genes of a chromosome may indicate and/or
represent the first object(s), and another gene or genes of the chromosome may
indicate and/or represent the second object(s).

[0017] In some examples, a chromosome may include data for each object in
an order or sequence. In some examples, the order or sequence of a
chromosome may correspond to a packing order in the volume (e.g., build
volume). For instance, the apparatus may place the objects of a chromosome in
the volume (e.g., build volume) in the order or sequence indicated in the
chromosome. In some cases, consecutive objects in a chromosome may be
placed adjacently in the volume if volume dimensions allow, to an extent that
volume dimensions allow, and/or to an extent that previously-placed object(s)
allow. In some examples, the order or sequence may establish a priority queue.
For instance, the order or sequence may indicate an order that objects may be
introduced into a build volume. In some examples, a chromosome may include
an object identifier and rotations for respective objects from object 1 to object n.
For instance, a chromosome may encode an object list, where each element of
the list indicates an identifier of an object and/or rotation angles corresponding
to axes (e.g., in x, y, and z axes). In some examples, the order or sequence of
a chromosome may be an order or sequence of object identifiers. In some
examples, each chromosome may represent a potential packing described as a
sequence of object identifiers with associated poses.

[0018] In some examples, a portion of a chromosome that indicates and/or
represents the first object(s) may be an initial portion of the chromosome, and/or
a portion of a chromosome that indicates and/or represents the second object(s)
may be a last portion of the chromosome. For instance, the first object(s) may
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be packed first in the sequence of the chromosome followed by the second
object(s) in some approaches.

[0019] Ininitializing a population, the apparatus may randomly initialize a set
of chromosomes and/or portions of chromosomes. For example, the apparatus
may utilize a random number generator to generate random poses for a set of
objects (to be packed in a build volume, for instance). In some examples, the
initialized set of chromosomes and/or portions of chromosomes may include
sequences of object identifiers and poses. In some examples, the apparatus
may initialize a portion or portions of a chromosome or chromosomes for the
second object(s). For instance, the apparatus may randomly initialize a portion
of a chromosome for the second object(s), while another portion of the
chromosome may be set to and/or include previously determined information
(e.g., gene(s), object identifier(s), pose(s), etc.) for the first object(s). In some
examples, the first object(s) may be represented in a locked (e.g., non-
modifiable) portion of a chromosome and/or the second object(s) may be
represented in a modifiable portion of the chromosome. In some examples, the
first object(s) may be excluded from and/or not represented in the
chromosome(s). In some examples, the first object(s) may be static or
stationary. For instance, the position and/or orientation (e.g., coordinates) of the
first object(s) may be locked and/or unmodified during execution of a genetic
procedure.

[0020] In performing evaluation, the apparatus may evaluate and/or rank the
chromosomes according to a value or values. Examples of values include
fitness measures. A fitness measure is a measure that indicates a degree to
which a chromosome (e.g., packing) satisfies an objective or objectives (e.g.,
increased packing density, decreased packing height, decreased z-axis
measure, and/or reduced re-radiation impacts, etc.). For example, the fitness
measure may be evaluated for each chromosome (e.g., packing). Examples of
fitness measures may include quantity of objects packed, packing density,
and/or packing height (e.g., z-height). The quantity of objects packed is a
quantity of objects that fit within the volume (e.g., build volume) for a
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chromosome. A quantity of objects packed may be determined for each
chromosome.

[0021] In some examples, a value or values (e.g., fitness measure, quantity
of objects packed, packing density, and/or packing height, etc.) may be utilized
to rank or order chromosomes. In some examples, a group of values (e.g.,
fitness measure, quantity of objects packed, packing density, and/or packing
height, etc.) may be assembled and/or combined to form a packing score that
can be utilized to rank one packing over another packing. For instance, a
packing score may be determined based on a function, combination, mapping,
weighted sum, average, etc., of multiple values (e.g., fitness measure, quantity
of objects packed, packing density, and/or packing height, etc.). In some
examples, chromosomes with a relatively greater packing density, a relatively
greater quantity of objects packed, and/or a relatively lesser packing height may
be ranked higher than other chromosomes.

[0022] In some examples, the value(s) (e.g., fitness measure(s), packed
quantity(ies), packing density(ies), and/or packing height(s), etc.) may be
determined based on a placement procedure. An example of a placement
procedure is a bottom-front-left placement procedure. For instance, the objects
of a chromosome may be placed in the volume (e.g., build volume) in
accordance with the placement procedure to produce a packing. The value(s)
(e.g., fitness measure(s), packed quantity(ies), packing density(ies), and/or
packing height(s), etc.) may be determined (e.g., calculated, computed, etc.)
based on the packing.

[0023] In some examples, a bottom-front-left placement procedure may
utilize the object sequence of a chromosome to enter each object in sequence
(e.g., one after another in the given order). The bottom-front-left placement
procedure (e.g., heuristic) may enter an object from a top-back-right corner of a
build volume (or volume subset), and move (e.g., incrementally move,
continuously move, etc.) the object downward (e.g., along a z axis) until
contacting with (or colliding with or coming within a distance from) another
object or contacting with (or colliding with or coming within a distance from) a
build volume (or volume subset) frontier (e.g., edge, boundary, face, etc.).
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Examples of the distance may include 0.01 mm, 0.1 mm, 0.5 mm, 1 mm, 2 mm,
5 mm, etc. The object may then be moved from a back of the build volume (or
volume subset) frontward (e.g., along a y axis) until contacting with (or colliding
with or coming within a distance from) another object or contacting with (or
colliding with or coming within a distance from) a build volume (or volume
subset) frontier. The object may then be moved from a right side of the build
volume (or volume subset) leftward (e.g., along an x axis) until contacting with
(or colliding with or coming within a distance from) another object or contacting
with (or colliding with or coming within a distance from) a build volume (or
volume subset) frontier. Other placement procedures may be utilized in some
examples. For instance, other placement procedures that place the objects of
the chromosome(s) in different orders and/or proceeding in different directions
may be utilized in some examples.

[0024] In performing selection, the apparatus may eliminate a quantity of the
chromosomes. For instance, the apparatus may eliminate (e.g., discard, delete,
remove, exclude, etc.) a quantity of the lowest ranked chromosomes (e.g., a
percentage of lowest ranked chromosomes, a quantity of lowest ranked
chromosomes, etc.). In some examples, the chromosomes may be categorized
based on rank. For example, a first quantity (e.g., percentage of chromosomes,
number of chromosomes, etc.) of the chromosomes may be categorized in a
first category. For instance, the first quantity may be a set of highest ranked
chromosomes. The first quantity of chromosomes may be referred to as elite
chromosomes (e.g., a quantity of chromosomes with best fitness measures,
quantities of objects packed, packing height, and/or packing density). In some
examples, a gene or genes (e.g., object identifier(s) and/or pose(s)) of the elite
chromosomes may be preserved and/or propagated to a subsequent (e.g., next)
generation of chromosomes. A generation is a set of chromosomes (e.g.,
packings). For example, a generation may correspond to each iteration of the
genetic procedure.

[0025] In some examples, selection may include chromosome selection for
propagation (e.g., mutation and/or crossover) and/or packing (e.g., selecting a
chromosome for a packing solution). For instance, the apparatus may select a
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chromosome or chromosomes based on a rank that is based on fitness scores,
quantities of objects packed, packing density, and/or packing height, etc.

[0026] In some examples, selecting a chromosome may be based on a value
or values. In some examples, selecting a chromosome for propagation is based
on a fitness score. For example, a chromosome or chromosomes with better
(e.g., a set of top) fitness scores may be selected for propagation and/or
packing. For instance, selecting a chromosome for propagation may be based
on a quantity of objects packed. For instance, chromosomes with higher
quantities of objects packed, higher packing density, and/or lower packing
height may be selected for propagation and/or packing. In some examples, first
portions of chromosomes corresponding to the first object(s) may be propagated
without modification to a subsequent generation or generations. In some
examples, the chromosomes may not include portions corresponding to the first
object(s).

[0027] In performing crossover, the apparatus may utilize a second quantity
of chromosomes and elite chromosomes. The second quantity of the
chromosomes may be referred to as crossover chromosomes. The second
quantity of chromosomes may be ranked below the elite chromosomes. For
instance, the apparatus may randomly select chromosomes that are ranked
below the elite chromosomes to select the crossover chromosomes. The
apparatus may crossover the crossover chromosomes with the elite
chromosomes. For example, the apparatus may combine a part or parts (e.g.,
gene(s), object identifier(s), pose(s), location(s), orientation(s), rotation(s),
and/or sequence position(s)) of an elite chromosome with a part or parts (e.g.,
gene(s), object identifier(s), pose(s), location(s), orientation(s), rotation(s),
and/or sequence position(s)) of a crossover chromosome to generate a child
chromosome in a subsequent (e.g., next) generation of chromosomes.

[0028] In performing mutation, the apparatus may randomly mutate an elite
chromosome or elite chromosomes. For example, the apparatus may randomly
change a gene or genes (e.g., object identifier(s), pose(s), location(s),

orientation(s), rotation(s), and/or sequence position(s)) of an elite chromosome
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or elite chromosomes. The chromosomes to be mutated may be referred to as
mutation chromosomes.

[0029] In some examples, a constant population size (e.g., number of
chromosomes) may be maintained over generations. In some examples, the
population size may vary over generations. In some examples, new random
chromosomes may be added. For instance, a set of randomly generated
chromosomes may be added to the elite chromosomes, crossover
chromosomes, and mutation chromosomes. For instance, adding new random
chromosomes may maintain the constant population size. The random
chromosomes may be useful for driving a random search in different directions
in the solution space. In some approaches, mutations of chromosomes may be
represented as random movements in the object sequence and/or random
rotations on the object orientations. The mutation stage may be utilized to
mutate elite chromosomes (e.g., good solutions) into chromosomes with
increased fitness (e.g., better solutions). Performing selection, crossover, and/or
mutation may produce a subsequent generation of chromosomes.

[0030] In some examples, the first object(s) may be static during execution of
the genetic procedure. For instance, the pose(s), orientation(s), rotation(s),
position(s), and/or location(s) of the first object(s) may be unchanged during
execution of the genetic procedure. For example, the genetic procedure may
not modify the first object(s) over the generation(s) of the genetic procedure. In
some examples, the first object(s) may be represented in a first portion (e.g.,
locked portion) of a chromosome or chromosomes, where the first portion of the
chromosome may not be subject to crossover and/or mutation. In some
examples, the second object(s) may be represented in a second portion (e.g.,
modifiable portion) of a chromosome or chromosomes, where the second
portion may be subject to crossover and/or mutation. In some examples, the
second object(s) may be represented in the chromosomes, the first object(s)
may not be represented in the chromosomes, and the whole chromosomes may
be subject to an operation or operations of the genetic procedure.

[0031] In some examples, the method 100 may allow packing the second

object(s) around the first object(s) (e.g., previously packed objects). For
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instance, the first object(s) may be packed in the first subset of the volume and
the second object(s) may be packed in the second subset of the volumes
around the first objects. The first subset may be mutually exclusive from the
second subset. The first object(s) may be a set of static or stationary objects. In
some examples, the first object(s) may be processed as shared, joint, or mutual
objects. For instance, the first object(s) may be represented in first portions of all
of the chromosomes. In some examples, the method 100 may include
determining, using a first genetic procedure, a first arrangement of first object(s)
(e.g., first objects that include the first object). The first genetic procedure may
be performed in a stage before the genetic procedure (e.g., before determining
104, using the genetic procedure, the arrangement of second objects). For
example, the first genetic procedure may be separate from the genetic
procedure performed later. For instance, the first genetic procedure may be
executed without the second object(s).

[0032] In initialization, the first object(s) (e.g., static object(s) and/or
stationary object(s)) may be loaded 102 and/or placed in the build volume
before entering any other object(s) (e.g., second object(s)). In some examples,
a structure for collision detection may be initialized. For instance, a structure for
collision detection may be initialized with the first object(s) (e.g., static object(s)
and/or stationary object(s)), and then collision detection (e.g., collision queries)
for the second object(s) may be performed using the structure. An example of a
structure is a bounding volume hierarchy (e.g., bounding volume tree), which is
a tree structure that may be utilized for performing collision detection between
objects. In some examples, a bounding volume tree may be initialized with the
first object(s) (e.g., static location(s), position(s), pose(s), and/or orientation(s),
etc., of the first object(s)) for determining object collision. Bounding volume
hierarchies may be utilized in some examples, or other techniques may be
utilized in some examples. In some examples, the first object(s) (e.g., stationary
object(s)) may not be included in a set of input objects (e.g., the second
object(s)) to be packed. For instance, the first object(s) (e.g., stationary
object(s)) may not be modified by the genetic procedure. When a second object
is entered and/or placed in the build volume, the collision determination may
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take into account the first object(s) (e.g., stationary object(s)) and/or previously
packed second object(s) to determine whether there is enough space for the
second object. At the end of a packing procedure, the first object(s) (e.g.,
stationary object(s)) may be included in the packing.

[0033] In some examples, an operation or operations of the genetic
procedure may repeat (e.g., iterate, recur, etc.). For example, evaluation,
crossover, and/or mutation may be repeated for subsequent generations of
chromosomes until an end condition is met (e.g., a threshold number of
generations, a threshold quantity of packed objects, a threshold fithess score,
and/or a threshold packing score, etc.).

[0034] In some examples, the apparatus may produce a packing by
determining 104 an arrangement of second objects using a genetic procedure.
For instance, the apparatus may determine arrangements of the second objects
using the genetic procedure. For example, the genetic procedure may iterate to
determine arrangements of the second objects over generations. A packing with
an arrangement of the second objects may be produced. For instance, packings
with arrangements of the second objects may be evaluated, and a packing that
meets a condition may be selected, where the packing includes an arrangement
of second objects.

[0035] In some examples, the method 100 may include selecting a packing
based on the chromosomes (e.g., chromosomes after a generation or
generations). In some examples, selecting the packing is based on the genetic
procedure with an objective. For instance, the apparatus may select a
chromosome that represents a packing with a highest ranking, best value(s),
best packing score, maximum quantity of packed objects, best fithess score,
maximum packing density, and/or minimum height, etc. In some examples, the
apparatus may select the packing based on an objective (e.g., packing density,
quantity of packed objects, packing height, and/or fithess, etc.) or a combination
of objectives. For instance, a packing with a best combination of objectives,
such as quantity of packed objects, packing density, packing height, and/or
fitness score, may be selected.
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[0036] In some examples, the packing may be executed to manufacture the
objects. For example, the objects may be manufactured by an apparatus (e.g.,
3D printer) in accordance with the selected packing. For instance, an apparatus
may send the packing to another device (e.g., 3D printer) or may execute the
packing to manufacture the objects in the packing. Some examples of the
techniques described herein may be utlized in a variety of additive
manufacturing. Some additive manufacturing techniques may be powder-based
and driven by powder fusion. Some additive manufacturing techniques may
include metal printing, such as metal jet fusion. Some examples of the
approaches described herein may be utilized in powder bed fusion-based
additive manufacturing, such as Selective Laser Melting (SLM), Selective Laser
Sintering (SLS), Multi-Jet Fusion (MJF), etc.

[0037] In some examples, the method 100 may include presenting the
selected packing. For instance, the apparatus may send an image of the
packing to a display for presentation. In some examples, the method 100 may
include sending the selected packing to another device (e.g., computing device,
server, etc.). For instance, the apparatus may transmit the selected packing to
another device via a network (e.g., a local area network, the Internet, etc.).
[0038] In some examples, a first object may be a proxy of printing quality. For
instance, stationary objects may be utilized as diagnostic objects of printing
quality of a surrounding object or objects that share the same z height. For 3D
printers that work at layers or levels, manufacturing conditions (e.g., printing
properties) may be the same or similar for objects located within a range (e.g., 5
layers, 10 layers, a centimeter, an inch, etc.) of the same z coordinates.
Manufacturing conditions (e.g., printing properties) may be similar for a group of
objects within a thermal blob (e.g., a set of objects whose thermal bubble
intersects with each other). For example, the apparatus may measure a metric
or metrics for an object or objects within a range from the first object by
measuring the metric(s) of the first object. In some examples, the first object(s)
may be proxy object(s). A proxy object is an object to evaluate manufacturing
quality and/or manufacturing condition(s) for another object or objects. In some
examples, a proxy object may not have utility beyond evaluating manufacturing
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quality and/or manufacturing condition(s) (e.g., temperature, sintering,
manufacturing accuracy, etc.). In some examples, the method 100 includes
manufacturing the first object(s) and the second object(s) based on the packing.
For example, the apparatus may execute the packing to print the first object(s)
and the second object(s) or may send the packing to another device to print the
first object(s) and the second object(s). In some examples, the method 100 may
include evaluating the first object(s) to determine a metric of the manufacturing.
Examples of metrics of manufacturing may include object manufacturing
temperature, sintering accuracy, agent distribution accuracy, and/or final object
geometric accuracy. For instance, the apparatus may measure the temperature
of the first object (e.g., layer or layers of the first object) during manufacturing
(e.g., printing) using a thermal sensor or thermal camera, may measure the
sintering accuracy (e.g., whether material is melting in accordance with first
object geometry), may measure agent distribution accuracy, and/or may
measure final object geometric accuracy.

[0039] In some examples, first object(s) (e.g., stationary object(s)) at a
bottom of the build volume may be used for calibration (e.g., lamp energy
calibration) or other initialization operation(s). In some examples, the build
volume may be divided with the first object(s) (e.g., stationary object(s)) across
the z axis for calibrating a print mode or modes. In some examples, the method
100 may include printing a portion of the first object(s). For instance, the
apparatus may print a portion or all of the first object(s). The apparatus may
calibrate a printer based on the first object. For instance, temperature of the first
object(s) at or near the bottom of the build volume may be measured using a
thermal sensor and/or thermal camera. The measured temperature may be
utilized to calibrate a thermal lamp or lamps (e.g., to increase or decrease
thermal production).

[0040] In some examples, the first object(s) (e.g., stationary object(s)) may
be useful for controlling the temperature occurring in a region or regions in the
build volume. For instance, if the second object(s) do not cover a large enough
region or if there are not enough second object(s) to result in a threshold fusing
temperature, adding the first object(s) (e.g., stationary objects) may increase
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and/or preserve the temperature of the region. In some examples, the first
object(s) may modify thermal behavior of material in manufacturing. For
instance, the first object(s) may be set and/or utilized to increase temperature in
a region or regions of the build volume.

[0041] In some examples, the first object(s) may provide a physical partition
or partitions of the build volume. For instance, the first object(s) (e.g., stationary
object(s)) with or without annotated labels on the corresponding surface(s) may
be placed for indicating a category, a position, as a barrier or separation (e.g.,
thin wall structures) of a group of second objects in the build volume. For
example, the first object(s) may be a partition or partitions in the build volume
between the second objects.

[0042] Some examples of the techniques described herein may enable
incremental packing and/or grouping. For example, a set of packed objects
(e.g., first objects) with locations defined in the build volume may be considered
stationary objects for future arrangement and/or packing determination stages.
For example, incremental packing may be allowed, where at each stage a set of
packed objects becomes stationary (while packing for another set of objects is
determined and/or performed, for instance). Incremental packing may be useful
to operate a priority packing queue, a stage or stages of object(s) may have a
packing priority. For example, first object(s) may have a first (e.g., highest)
packing priority, second object(s) may have a second (e.g., next highest)
packing priority, and/or third object(s) may have a third (e.g., next highest)
packing priority, etc.

[0043] Figure 2 is a block diagram of an example of an apparatus 202 that
may be used in object packing. The apparatus 202 may be an electronic device,
such as a personal computer, a server computer, a printer, a 3D printer, a
smartphone, a tablet computer, etc. The apparatus 202 may include and/or may
be coupled to a processor 204 and/or a memory 206. In some examples, the
apparatus 202 may be in communication with (e.g., coupled to, have a
communication link with) an additive manufacturing device (e.g., a 3D printing
device). In some examples, the apparatus 202 may be an example of a 3D
printing device. The apparatus 202 may include additional components (not
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shown) and/or some of the components described herein may be removed
and/or modified without departing from the scope of the techniques described
herein.

[0044] The processor 204 may be any of a central processing unit (CPU), a
semiconductor-based microprocessor, graphics processing unit (GPU), field-
programmable gate array (FPGA), an application-specific integrated circuit
(ASIC), and/or other hardware device suitable for retrieval and execution of
instructions stored in the memory 206. The processor 204 may fetch, decode,
and/or execute instructions (e.g., chromosome initialization instructions 212,
chromosome loading instructions 210, genetic procedure instructions 214,
and/or packing selection instructions 216) stored in the memory 206. In some
examples, the processor 204 may include an electronic circuit or circuits that
include electronic components for performing a function or functions of the
instructions (e.g., chromosome initialization instructions 212, chromosome
loading instructions 210, genetic procedure instructions 214, and/or packing
selection instructions 216). In some examples, the processor 204 may perform
one, some, or all of the functions, operations, elements, methods, etc.,
described in relation to one, some, or all of Figures 1—-4C.

[0045] The memory 206 may be any electronic, magnetic, optical, or other
physical storage device that contains or stores electronic information (e.g.,
executable instructions, executable code, and/or data). The memory 206 may
be, for example, Random Access Memory (RAM), Electrically Erasable
Programmable Read-Only Memory (EEPROM), a storage device, an optical
disc, and the like. In some examples, the memory 206 may be volatile and/or
non-volatile memory, such as Dynamic Random Access Memory (DRAM),
EEPROM, magnetoresistive random-access memory (MRAM), phase change
RAM (PCRAM), memristor, flash memory, and the like. In some examples, the
memory 206 may be a non-transitory tangible machine-readable (e.g.,
computer-readable) storage medium, where the term “non-transitory” does not
encompass transitory propagating signals. In some examples, the memory 206
may include multiple devices (e.g., a RAM card and a solid-state drive (SSD)).
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[0046] In some examples, the apparatus 202 may include an input/output
interface (not shown in Figure 2) through which the processor 204 may
communicate with an external device or devices (not shown), for instance, to
receive and store information (e.g., object data 208) pertaining to an object or
objects to be manufactured (e.g., printed). The input/output interface may
include hardware and/or machine-readable instructions to enable the processor
204 to communicate with the external device or devices. The input/output
interface may enable a wired and/or wireless connection(s) to the external
device or devices. The input/output interface may further include a network
interface card and/or may also include hardware and/or machine-readable
instructions to enable the processor 204 to communicate with various input
and/or output devices, such as a keyboard, a mouse, a display, another
apparatus, electronic device, computing device, etc., through which a user may
input instructions into the apparatus 202.

[0047] In some examples, the memory 206 may store object data 208. The
object data 208 may be obtained (e.g., received) from an external device and/or
may be generated on the apparatus 202. For example, the processor 204 may
execute instructions (not shown in Figure 2) to receive the object data 208 from
an external device.

[0048] The object data 208 may include data indicating objects and/or
shapes (e.g., 3D models, dimensions, etc.) of objects. For example, the object
data 208 may indicate objects for packing and/or manufacture. In some
examples, the object data 208 may indicate first object(s) with a previously set
or determined arrangement and/or packing.

[0049] In some examples, the processor 204 may execute chromosome
loading instructions 210 to load first information into a first portion(s) of a
chromosome(s). The first information may represent first objects in a static
arrangement. For instance, the processor 204 may load the first information into
a chromosome (or chromosomes) by setting object identifier(s) and/or object
pose(s) in the first portion(s) to values of the static arrangement. In some
examples, the first portions may be locked portions (e.g., non-modifiable
portions) of the chromosomes. In some examples, loading the first information
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into the first portion(s) of the chromosome(s) may be performed as described in
relation to Figure 1.

[0050] In some examples, the processor 204 may execute the chromosome
initialization instructions 212 to initialize a second portion(s) of the
chromosome(s) with second information representing second objects. For
example, the processor 204 may determine an initial random second portion or
initial random second portions of chromosomes. In some examples, determining
the set of chromosomes may include randomizing the second portion(s) of
chromosome(s). For instance, the processor 204 may randomize object pose
(e.g., location and/or orientation) information for second objects in the second
portion(s). In some examples, a chromosome may include a sequence of object
identifiers with corresponding orientations. For instance, the first portion(s) of
chromosome(s) may include a sequence of first objects with corresponding
orientations. The second portion(s) of chromosome(s) may include a sequence
of second objects with corresponding orientations. In some examples, initializing
the second portion(s) of the chromosome(s) may be performed as described in
relation to Figure 1.

[0051] In some examples, the processor 204 may execute the genetic
procedure instructions 214 to execute a genetic procedure on the second
portion(s) of the chromosome to determine a packing of the first objects and the
second objects. In some examples, executing the genetic procedure may be
performed as described in relation to Figure 1. In some examples, the genetic
procedure may not modify the first portion(s) of the chromosome(s) and/or may
iterate (e.g., crossover, mutate, remove information from, insert new information
into, etc.) the second portion(s) of the chromosome(s). In some examples, the
first objects may have a static placement in a first subset of a volume, and the
genetic procedure may iterate orientations of the second objects in a second
subset of the volume. For example, the processor 204 may perform evaluation,
selection, crossover, and/or mutation on the second portion(s) of the
chromosome(s).

[0052] In some examples, evaluation may be performed based on whole

chromosomes. In some examples, evaluation may be performed based on the
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second portions without the first portions. For example, the processor 204 may
rank the chromosomes based on the second portions or whole chromosomes
(e.g., based on values, fitness scores, quantities of packed objects, packing
densities, and/or packing heights). For instance, the processor 204 may perform
packing procedures based on the second portions of chromosomes (e.g.,
packing into the second subset) or based on whole chromosomes (e.g., packing
into the whole build volume). Values (e.g., fithess scores, quantities of packed
objects, packing densities, and/or packing heights) may be determined for the
second portions and/or whole chromosomes (e.g., for packings corresponding
to second portions and/or whole chromosomes). Selection, mutation, and/or
crossover may be performed for the chromosomes (e.g., second portions of
chromosomes) based on the values.

[0053] In some examples, the processor 204 may execute the genetic
procedure instructions 214 to propagate a chromosome or chromosomes in a
case that the evaluation is satisfied. In some examples, propagating the
chromosome(s) in a case that the evaluation is satisfied may be performed as
described in relation to Figure 1. For example, the processor 204 may
propagate (e.g., mutate and/or crossover) a chromosome or chromosomes that
are above a ranking threshold. The apparatus 202 (e.g., processor 204) may
iterate evaluating and propagating chromosomes for a generation or
generations in some approaches.

[0054] In some examples, the processor 204 may execute the packing
selection instructions 216 to select a packing based on the chromosome(s). For
example, the processor 204 may select a chromosome as a packing with a
maximum quantity of packed objects, best fithess measure, highest packing
density, smallest packing height, and/or best packing score from the
chromosomes (e.g., packings based on the chromosomes). In some examples,
the apparatus 202 may perform manufacturing based on the selected packing.
For example, the apparatus 202 may 3D print the selected packing and/or send
the selected packing to a 3D printer for manufacturing.

[0055] Figure 3 is a block diagram illustrating an example of a computer-
readable medium 330 for determining an object packing with volume subsets.
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The computer-readable medium is a non-transitory, tangible computer-readable
medium 330. The computer-readable medium 330 may be, for example, RAM,
EEPROM, a storage device, an optical disc, and the like. In some examples, the
computer-readable medium 330 may be volatile and/or non-volatile memory,
such as DRAM, EEPROM, MRAM, PCRAM, memristor, flash memory, and the
like. In some examples, the memory 206 described in relation to Figure 2 may
be an example of the computer-readable medium 330 described in relation to
Figure 3.

[0056] The computer-readable medium 330 may include code (e.g., data
and/or instructions). For example, the computer-readable medium 330 may
include packing data 326, genetic procedure instructions 318, object placement
instructions 320, and/or packing selection instructions 328.

[0057] The packing data 326 may include information indicating a plurality of
packings. For example, the packing data 326 may indicate a set of packings, a
group of packings, a population of packings, and/or generations of packings.
For instance, operations may be performed as described herein to determine a
plurality of chromosomes that represent packings. The chromosomes may be
stored as packing data 326.

[0058] In some examples, the object placement instructions 320 are code to
cause the processor to place first objects in a first subset of a volume at static
coordinates of the volume. In some examples, placing the first objects in the first
subset may be accomplished as described in relation to Figure 1 and/or Figure
2. For instance, the object placement instructions 320 are code to cause the
processor to locate the first objects at coordinates associated with the first
objects. In some examples, stationary objects may have established (x, y, z)
(e.g., previously determined) coordinates of a point (e.g., bottom-front-left)
corner of each object. In some examples (if the (x, y, z) coordinates are not
provided, for instance), the positions of the first objects (e.g., STL models) may
be preserved as stationary objects. For instance, the first objects may have an
associated attribute or attributes indicating that the first objects are locked
and/or not to be moved.
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[0059] In some examples, the genetic procedure instructions 318 are code to
cause a processor to use a genetic procedure to determine orientations of
second objects in chromosomes. For instance, the genetic procedure
instructions 318 may be instructions to cause a processor to generate
chromosomes (e.g., portions of chromosomes), crossover chromosomes (e.g.,
portions of chromosomes), and/or mutate chromosomes (e.g., portions of
chromosomes). For example, the genetic procedure may randomly initialize
orientations of second objects in chromosomes, evaluate the chromosomes
(e.g., portions of chromosomes), crossover the chromosomes (e.g., portions of
chromosomes), and/or mutate the chromosomes (e.g., portions of
chromosomes) to determine orientations of the second objects. In some
examples, the genetic procedure may be used to determine orientations as
described in relation to Figure 1 and/or Figure 2.

[0060] In some examples, the object placement instructions 320 may include
code to cause the processor to determine placements of the second objects in a
second subset of the volume based on the chromosomes. For instance, the
object placement instructions 320 may include code to cause the processor to
use a placement procedure (e.g., bottom-front-left placement procedure, etc.) to
place the second objects in the second subset. In some examples, the second
subset is bounded by the first subset. For instance, the placement procedure
may place the second objects in a space constrained by the dimensions of the
second subset.

[0061] In some examples, the code to cause the processor to determine
placements comprises code to cause the processor to determine the
placements based on sequences of objects indicated in the chromosomes. For
instance, the second objects may be placed in an order indicated by sequences
of the chromosomes (e.g., in a second portion of the chromosomes). For
instance, consecutive objects (e.g., genes) in the chromosome may be placed in
order in the second subset of the volume (e.g., build volume). In some
examples, determining the placements of the second objects in the second
subset of the volume based on the chromosomes may be performed as
described in relation to Figure 1 and/or Figure 2.
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[0062] In some examples, the packing selection instructions 328 are code to
cause the processor to determine a packing based on the placements. For
instance, the packing may be selected from the placements based on values,
fitness scores, quantities of objects in the placements (e.g., packings), object
densities, and/or heights of the placements (e.g., packings). In some examples,
the packing selection instructions 328 are code to cause the processor to
determine values, fitness scores, quantities of objects in the placements (e.g.,
packings), object densities, and/or heights of the placements (e.g., packings).
For instance, the processor may execute the genetic procedure instructions 318
to determine, look-up, count, etc., the quantities of objects of the placements (in
the second subset, in the volume, etc.).

[0063] In some examples, the packing selection instructions 328 are code to
cause the processor to determine fitness scores of the placements (e.g.,
chromosomes). For instance, the processor may determine a density and/or
height (e.g., z-dimension) for placements (e.g., packings) indicated by the
chromosomes. For instance, the fitness score may be a height of the placement
(e.g., chromosome) and/or a density of the placement (e.g., chromosome). In
some examples, determining the fitness score of the placement (e.g.,
chromosome) may be performed as described in relation to Figure 1 and/or
Figure 2.

[0064] In some examples, the packing selection instructions 328 are code to
cause the processor to determine a packing based on the values, fitness
scores, quantities of objects in the placements (e.g., packings), object densities,
and/or heights of the placements (e.g., packings). For instance, the packing
selection instructions 328 may cause a processor to determine a best packing in
terms of values, fitness scores, quantities of objects in the placements (e.g.,
packings), object densities, and/or heights of the placements (e.g., packings)
from a set (e.g.,, generation or generations) of chromosomes. In some
examples, determining the packing may be performed as described in relation to
Figure 1 and/or Figure 2.

[0065] In some examples, the packing selection instructions 328 may include
code to cause the processor to rank chromosomes with hierarchical criteria
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based on values, fitness scores, quantities of objects in the placements (e.g.,
packings), object densities, and/or heights of the placements (e.g., packings).
The hierarchical criteria may include criteria with varying priority. For instance,
the quantity of objects may be a criterion with a top priority and the fithess score
may be a criterion with a next lower priority. In the hierarchical criteria, the
processor may determine if there is a chromosome (e.g., placement, packing)
with a best top priority criterion. If there is more than one chromosome with a
best top priority criterion (e.g., multiple chromosomes with the same maximum
quantity of packed objects), the selection may utilize the next lowest criterion. If
there is more than one chromosome with a best next lowest criterion (e.g.,
multiple chromosomes with the same fitness scores or fitness scores within a
range), the selection may utilize the next lower priority criterion (e.g., lowest
priority).

[0066] To determine a packing in some examples, packing scores may be
compared. A packing score is a score indicating a value or a combination of
values (e.g., quantity of objects packed, fitness score, packing height, and/or
packing density, etc.). An example of packing selection is given as follows.
Assume two packings A and B with corresponding packing scores s_A and s_B.
In some examples, a packing score s_X may include parameters (e.g., k
parameters or values): s_X = {p1_X, p2_X, ..., pk X}, where px X is a
parameter or value. A quantity (e.g., k) of threshold values may be utilized: a, {3,
..., @. If the first k-1 parameters of each packing are relatively closer to each
other (up to an adjustable threshold), a Boolean value of (p1_A > p1_B) may
indicate whether s_A is greater than s_B. For instance, In a case that abs(p1_A
—p1_B) < aand abs(p2_A — p2_B) < 3 and so on for the rest of the parameters,
and (pk_A != pk_B), then a Boolean value of (pk_A > pk_B) may indicate
whether s_A is greater than s_B. Otherwise, a parameter number k-1 may be
compared. For instance, in a case that abs(p1_A — p1_B) < a and abs(p2_A —
p2_B) < B and so on for the rest of the parameters, and (pk-1_A != pk-1_B),
then a Boolean value of (pk-1_A > pk-1_B) may indicate whether s_A is greater
than s_B. Otherwise, similar comparisons may be made for a parameter or
parameters (e.g., pk-2_A != pk-2_B and so on) until the final case, where (p1_A
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> p1_B) may indicate whether s_A is greater than s_B. The packing with the
greatest score may be selected. In some examples, one parameter or multiple
parameters (e.g., values) may be utilized in the comparison.

[0067] In some examples, the computer-readable medium 330 may include
code for causing a processor to manufacture the selected packing. For
example, the code may cause a processor to execute instructions and/or send
instructions to another device (e.g., 3D printer) to manufacture the selected
packing.

[0068] Figure 4A is a perspective diagram illustrating an example of first
objects 434 in a build volume. Figure 4B is a perspective diagram illustrating an
example of the first objects 434 with some second objects 432 arranged around
the first objects 434 in the build volume. Figure 4C is a perspective diagram
illustrating an example of a packing included the first objects 434 and the
second objects 432 in the build volume. Figure 4A, Figure 4B, and Figure 4C
are described together.

[0069] The first objects 434 may be examples of the first objects described in
relation to Figure 1, Figure 2, and/or Figure 3. For example, Figure 4A illustrates
a set of six stationary first objects 434 in the build volume. The first object 434 at
the bottom of the build volume may be utilized for calibration. The other
stationary first objects 434 that are spread over the z axis may be utilized as
proxy objects for printing quality determination. In some examples of the
techniques described herein, the placement (e.g., positions and/or orientations)
of the first objects 434 may be previously determined and/or static. The first
objects 434 may be loaded into the build volume. Loading the first objects 434
may partially fill the build volume.

[0070] In some examples of the techniques described herein, an
arrangement or placement of the second objects 432 may be determined. For
instance, the first objects 434 may occupy (e.g., be coextensive with) a first
subset of the build volume. An arrangement or placement of the second objects
432 may be determined in a second subset of the build volume, where the
second subset is mutually exclusive from the first subset. For example, a
genetic procedure may be used to iterate orientations of the second objects
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432. A packing procedure may be used to place the second objects 432 around
the first objects 434 (e.g., to place the second objects 432 while avoiding
collisions with the first objects 434). A chromosome (e.g., a packing
corresponding to a placement and/or chromosome) resulting from the genetic
procedure with a best value(s) (e.g., fitness score, packing height, packing
density, and/or quantity of packed objects) may be selected as the packing (e.g.,
the packing illustrated in Figure 4C).

[0071] It may be useful to provide a packing tailored to thermal physics such
that the objects placed into the build volume for production has a target yield. It
may be useful to increase packing density to increase production throughput,
which may reduce manufacturing cost. In some examples, before packing, a
build volume may be partially filled by diagnostic objects or other objects that
have already-identified fixed locations in the build volume. In some examples,
other objects may be placed in the build volume while observing constraints
among all objects, including pre-loaded objects and the objects currently being
packed.

[0072] Some of the techniques described herein may be utilized to pack a
build volume that is already partially filled. For example, the pre-loaded objects
may be utilized as diagnostic objects, to enable in-situ monitoring, and/or for
other purposes.

[0073] As used herein, the term “and/or” may mean an item or items. For
example, the phrase “A, B, and/or C” may mean any of: A (without B and C), B
(without A and C), C (without A and B), A and B (but not C), B and C (but not A),
A and C (but not B), or all of A, B, and C.

[0074] While various examples are described herein, the disclosure is not
limited to the examples. Variations of the examples described herein may be
implemented within the scope of the disclosure. For example, aspects or
elements of the examples described herein may be omitted or combined.
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CLAIMS

1. A method, comprising:
loading a first object in a first subset of a volume; and
determining, using a genetic procedure, an arrangement of second
objects in a second subset of the volume to produce a packing
that includes the first object and the second objects.

2. The method of claim 1, wherein the first subset is mutually exclusive from
the second subset.

3. The method of claim 1, wherein the first object is static during execution
of the genetic procedure.

4. The method of claim 1, wherein the first object is represented in a locked
portion of a chromosome and the second objects are represented in a

modifiable portion of the chromosome.

5. The method of claim 1, wherein the first object is a proxy object, and
wherein the method further comprises:
manufacturing the first object and the second objects based on the
packing; and
evaluating the first object to determine a metric of the manufacturing.

6. The method of claim 1, further comprising:
printing a portion of the first object; and

calibrating a printer based on the first object.

7. The method of claim 1, wherein the first object is to modify thermal

behavior of material in manufacturing.

8. The method of claim 1, wherein the first object is a partition in the volume

between the second objects.
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9. The method of claim 1, further comprising determining, using a first
genetic procedure, a first arrangement of first objects comprising the first object,
wherein the first genetic procedure is performed in a stage before the genetic

procedure.

10.  An apparatus, comprising:
a memory;
a processor coupled to the memory, wherein the processor is to:
load first information into a first portion of a chromosome, wherein
the first information represents first objects in a static
arrangement;
initialize a second portion of the chromosome with second
information representing second objects; and
executing a genetic procedure on the second portion of the
chromosome to determine a packing of the first objects and

the second objects.

11.  The apparatus of claim 10, wherein the chromosome comprises a

sequence of object identifiers with corresponding orientations.

12.  The apparatus of claim 10, wherein the first objects have a static
placement in a first subset of a volume, and wherein the genetic procedure
iterates orientations of the second objects in a second subset of the volume.

13. A non-transitory tangible computer-readable medium storing executable
code, comprising:
code to cause a processor to place first objects in a first subset of a
volume at static coordinates of the volume;
code to cause the processor to use a genetic procedure to determine
orientations of second objects in chromosomes;
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code to cause the processor to determine placements of the second
objects in a second subset of the volume based on the
chromosomes; and

code to cause the processor to determine a packing based on the

placements.

14.  The computer-readable medium of claim 13, wherein the code to cause
the processor to determine placements comprises code to cause the processor
to determine the placements based on sequences of objects indicated in the

chromosomes.

15.  The computer-readable medium of claim 13, wherein the second subset

is bounded by the first subset.



PCT/US2020/066418

WO 2022/139792

1/4

I E

70l

s108lgo puooss ay} pue 108lgo 1sl1} 8y} sepnjoul Jey) Bunjoed e eonpoud 0} swn|oA

8y} JO }@sgns puooss e Ul s}oalgo puooss Jo Juswebuelie ue ‘einpsocold olysusb e Buisn ‘sulwisleq

i

O~

aWN|OA B JO 19sgns }sJi} B Ul 108(qo isiij e peoT

/oo_\



PCT/US2020/066418

WO 2022/139792

2/4

¢ Old

g[c suononisu| uonosjas Bunjoed

FLZ Suolonisu| 8inpadold dljeusn)

[Z SUOIoNJISU| UoNezZI[.ljiu] 8wosowoly)

0L suononisu| Buipeo swosowoly)

80¢ eyed 109ld0

90C Aows|y

F0Z losseooid

202Z shielseddy




PCT/US2020/066418

WO 2022/139792

3/4

€ Old

gz< suononJsu| uonosjas Bunjoed

0Z€ suononuisu| Juswaoe|d 193lq0

g suoloNIISU| 8INpad0.d dljsusn)

9z¢ ejeq bunjoed

0SS WNIPaIN o|gepeay-Jeindwo)




WO 2022/139792 PCT/US2020/066418

v
\‘:‘ A
5y )3
}ny
al
D¢
AN

’ 1y
-~

FIG. 4C

FIG. 4B

434
Z

\ e\

FIG. 4A




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2020/066418

A. CLASSIFICATION OF SUBJECT MATTER

B29C 64/393 (2017.01)

B33Y 30/00 (2015.01)
B33Y 50/02 (2015.01)
GO6F 30/27 (2020.01)
GO6F 111/06 (2020.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B29C 64/00, 64/30, B33Y 30/00, 50/00, 50/02, GO6F 30/00, 30/27, 111/00, 111/06

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatSearch (RUPTO Internal), USPTO, PAJ, Espacenet, Information Retrieval System of FIPS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2020/0174713 A1 (WIIVV WEARABLES INC) 04.06.2020, 1-15
paragraphs [0020]-[0022], [0033]-[0034], [0040], [0042], [0049]-[0056],
[0064]-[0065]
A US 6980934 B1 (SADOVNIK ISAAC) 27.12.2005, abstract 1-15
A US 2018/0024517 A1 (ASSEMBRIX LTD) 25.01.2018, abstract 1-15
A US 2018/0329658 A1 (OCE HOLDING B.V.) 15.11.2018, abstract 1-15
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “1” later document published after the international filing date or priority

“A”  document defining the general state of the art which is not considered

to be of particular relevance

“D”  document cited by the applicant in the international application
“E”  earlier document but published on or after the international filing date
“L”  document which may throw doubts on priority claim(s) or which is

cited to establish the publication date of another citation or other

special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other
means
“P”  document published prior to the international filing date but later than

the priority date claimed

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

20 July 2021 (20.07.2021)

Date of mailing of the international search report

05 August 2021 (05.08.2021)

Name and mailing address of the [SA/RU:

Federal Institute of Industrial Property,
Berezhkovskaya nab., 30-1, Moscow, G-59,

GSP-3, Russia, 125993

Facsimile No: (8-495) 531-63-18, (8-499) 243-33-37

Authorized officer
A. Grigoryan

Telephone No. 8(495)531-65-15

Form PCT/ISA/210 (second sheet) (July 2019)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - wo-search-report

