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57 ABSTRACT

A computer implemented method and an object develop-
ment system (ODS) for developing a three-dimensional (3D)
object are provided. The ODS receives a 3D image in one or
more image formats from one or more sources. The ODS
determines object development requirements and a display
type of the received 3D image. The ODS creates a support
structure based on the object development requirements and
the display type. The support structure includes one or more
branching elements movably attached to each other and/or a
support element for facilitating movement in the 3D object.
The ODS fits the received 3D image on the support structure
and constructs a multi-layered volumetric 3D image there-
from. The ODS segments the multi-layered volumetric 3D
image into multiple 3D printable units. The ODS transmits
the 3D printable units to one or more 3D printing devices for
printing each 3D printable unit for assembling and devel-
oping the 3D object.
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1
THREE-DIMENSIONAL OBJECT
DEVELOPMENT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to and the benefit of
provisional patent application No. 61/906,908 titled “Three-
dimensional Object Development”, filed in the United States
Patent and Trademark Office on Nov. 21, 2013. The speci-
fication of the above referenced patent application is incor-
porated herein by reference in its entirety.

BACKGROUND

Three-dimensional (3D) printing, also referred to as
“additive manufacturing”, is a process of printing 3D objects
from a digital representation, for example, a computer-aided
design (CAD) model of a 3D object, using a 3D printer. A
typical 3D printer 3D prints an object by laying down 3D
printing material, for example, thermoplastics such as poly-
lactic acid (PLA), acrylonitrile butadiene styrene (ABS),
ceramic materials, metal alloys, etc., layer by layer. 3D
printing technology has applications in many fields, for
example, architecture, construction, industrial design, the
automotive industry, acrospace, military, engineering, dental
and medical industries, education, etc. However, typical 3D
printing materials are costly for a median income bracket
person. Typically, 3D printing large objects requires large
amounts of 3D printing material, thereby making 3D print-
ing costly for domestic use. The cost of 3D printing and
manufacturing can be reduced by optimizing the amount of
3D printing material used for 3D printing a 3D object. One
method to reduce material usage in 3D printing is modeling
hollow objects that can be supported on an inner frame that
provides substantial support to the hollow 3D printed
objects. However, there is a dearth of user-friendly software
and applications that allow users to 3D print and manufac-
ture hollow 3D objects that are supported on inner frames.
There is a need for a computer implemented method and
system that enables cost effective 3D printing of large
objects by using substantially less 3D printing material
without compromising structural strength of a 3D printed
object.

There is a huge demand for custom design manufacturing,
since a conventional mass production process is costly for
manufacturing custom designed products. In custom design
manufacturing, service providers produce three-dimensional
(3D) objects based on orders received from customers for
3D printing customized objects via online design customi-
zation software and websites. Although 3D printing tech-
nology reduces the time and cost for manufacturing custom
designed products, the applications of 3D printing technol-
ogy are limited by printable size concerns and printing
material selection options for the custom designed products.
Thus, expanding the applications of 3D printing technology
in the custom design manufacturing field requires a systemic
approach and methodology that can allow a median income
bracket person to produce custom designed products at a low
cost with predictable results. Therefore, there is a need for
a computer implemented method and system that allows
efficient and effective custom design manufacturing of 3D
printed objects.

Typically, large three-dimensional (3D) objects are com-
posed of independent parts that can be mechanically
engaged with each other. Similar to manufacturing and
development of assembled furniture, if a large 3D object
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comprising multiple parts can be developed by 3D printing
each part and assembling the 3D printed parts, then typical
transportation and manufacturing process predicaments
involved in mass production of large 3D objects can be
simplified and overcome. The precision in 3D designing and
printing offers the potential to utilize a process similar to
manufacturing and development of assembled furniture to
develop a 3D object through a systemic method, a software
development process, and a printing process. The 3D print-
ing industry has provided an average income person with a
variety of desktop 3D printers that are used to 3D print
objects at home. However, conventional desktop 3D printers
comprise a substantially smaller build area, thereby limiting
sizes of 3D printable objects. Hence, a user can only print
substantially small sized objects using conventional desktop
3D printers. With the popularity of precision home use 3D
printing, a printing mechanism for developing 3D objects of
any size can substantially increase the applications of home
use 3D printers. There is a need for a computer implemented
method and system that enables 3D printing of large 3D
objects by 3D printing parts of the large 3D object and then
assembling the 3D printed parts to build the large 3D object.

Hence, there is a long felt but unresolved need for a
computer implemented method and system that builds or
develops a large three-dimensional (3D) object using small
3D printed units that can be assembled on a support struc-
ture, and that allows efficient and effective custom design
manufacturing of 3D printed objects. Furthermore, there is
a need for a computer implemented method and system that
cost effectively 3D prints a large object by using substan-
tially less 3D printing material without compromising struc-
tural strength of the 3D printed object.

SUMMARY OF THE INVENTION

This summary is provided to introduce a selection of
concepts in a simplified form that are further disclosed in the
detailed description of the invention. This summary is not
intended to identify key or essential inventive concepts of
the claimed subject matter, nor is it intended for determining
the scope of the claimed subject matter.

The computer implemented method and system disclosed
herein addresses the above stated need for building or
developing a large three-dimensional (3D) object using
small 3D printed units that can be assembled on a support
structure, thereby allowing efficient and effective custom
design manufacturing of 3D printed objects. The 3D object
is, for example, a commercial use object such as a human
size sculpture, a 3D gift item, a 3D photograph, a 3D mask,
a 3D picture, a household item, a decorative item, a 3D toy,
an educational object such as a 3D artistic creation, etc.
Furthermore, the computer implemented method and system
disclosed herein addresses the above stated need for cost
effectively 3D printing a large object by using substantially
less 3D printing material without compromising structural
strength of the 3D printed object. The computer imple-
mented method and system disclosed herein develops a 3D
object of any size and shape by segmenting a multi-layered
volumetric 3D image of a large 3D object into small 3D
printable units, configuring a support structure for assem-
bling the small 3D printed units, and facilitating assembly of
the small 3D printed units on the support structure to
develop the large 3D object.

The computer implemented method disclosed herein
employs an object development system comprising at least
one processor configured to execute computer program
instructions for developing a three-dimensional (3D) object.
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The object development system receives a 3D image in one
or more of multiple image formats from one or more of
multiple sources. The object development system converts
the received 3D image into smaller printable units that can
be assembled into a full size 3D object as follows. The object
development system determines object development
requirements and a display type of the received 3D image by
analyzing the received 3D image. The object development
system creates a support structure for the 3D object based on
the determined object development requirements and the
display type of the received 3D image. The object develop-
ment system fits the received 3D image on the created
support structure. The object development system constructs
a multi-layered volumetric 3D image from the received 3D
image fitted on the created support structure. The object
development system segments the constructed multi-layered
volumetric 3D image into multiple 3D printable units. The
object development system transmits the 3D printable units
to one or more 3D printing devices. One or more 3D printing
devices print each of the 3D printable units for assembling
and developing the 3D object. A user can assemble the 3D
printable units printed by one or more 3D printing devices
on a printed support structure to build the 3D object.

In one or more embodiments, related systems include but
are not limited to circuitry and/or programming for effecting
the methods referenced herein; the circuitry and/or program-
ming can be virtually any combination of hardware, soft-
ware, and/or firmware configured to effect the herein-refer-
enced methods depending upon the design choices of a
system designer. Also, various structural elements may be
employed depending on the design choices of the system
designer.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary, as well as the following detailed
description of the invention, is better understood when read
in conjunction with the appended drawings. For the purpose
of illustrating the invention, exemplary constructions of the
invention are shown in the drawings. However, the invention
is not limited to the specific methods and structures dis-
closed herein. The description of a method step or a structure
referenced by a numeral in a drawing carries over to the
description of that method step or structure shown by that
same numeral in any subsequent drawing herein.

FIG. 1 illustrates a computer implemented method for
developing a three-dimensional object.

FIG. 2 exemplarily illustrates a flow diagram comprising
the steps for developing a three-dimensional object.

FIG. 3 exemplarily illustrates a three-dimensional image
of a three-dimensional face mask supported on a support
structure.

FIG. 4 exemplarily illustrates a multi-layered volumetric
three-dimensional image.

FIG. 5A exemplarily illustrates a front elevation view of
the multi-layered volumetric three-dimensional image seg-
mented into multiple three-dimensional printable units.

FIG. 5B exemplarily illustrates a right side perspective
view of the multi-layered volumetric three-dimensional
image segmented into multiple three-dimensional printable
units.

FIG. 5C exemplarily illustrates an angled top perspective
view of the multi-layered volumetric three-dimensional
image segmented into multiple three-dimensional printable
units.
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FIGS. 6A-6B exemplarily illustrate configuration of con-
necting elements by an object development system for
assembling three-dimensional printable units to develop a
three-dimensional object.

FIGS. 7A-7C exemplarily illustrate development of a
three-dimensional fractal tree from a three-dimensional
image of a fractal tree using self-similar three-dimensional
printable units.

FIG. 8 exemplarily illustrates a computer implemented
system for developing a three-dimensional object.

FIG. 9 exemplarily illustrates the architecture of a com-
puter system employed by the object development system
for developing a three-dimensional object.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 illustrates a computer implemented method for
developing a three-dimensional (3D) object. The computer
implemented method disclosed herein comprises a disas-
sembling and assembling process that can help reduce cost,
and improve quality and efficiency of custom design manu-
facturing processes of 3D objects. The computer imple-
mented method disclosed herein is used to develop, for
example, artistic sculptures and products that are substan-
tially large, require high weighted designs, and are typically
difficult to be custom designed and printed using a conven-
tional 3D printer. The computer implemented method dis-
closed herein employs an object development system com-
prising at least one processor configured to execute
computer program instructions for developing a 3D object.
The 3D object is, for example, a commercial use object such
as a human size sculpture or another 3D sculpture, a 3D
automobile, an air drone, furniture, a house, a 3D gift item,
a 3D photograph, a 3D mask, a 3D picture, a household item,
a decorative item, a 3D toy, an educational object such as a
3D artistic creation, etc. In the computer implemented
method disclosed herein, the object development system
receives 101 a 3D image in one or more image formats from
one or more sources. The image formats comprise, for
example, an object (obj) file format, stereolithography (STL)
file format, etc., which can be converted into image formats
that can be printed using 3D printing devices, for example,
3D printers. The sources comprise, for example, a design
software such as 3DS MAX® of Autodesk, Inc., a 3D
scanning software such as NextEngine® of NextEngine,
Inc., a software that generates 3D images from two dimen-
sional images such as Facial Studio of Di-O-Matic, Inc.,
Rhinoceros® 3D of TLM, Inc., DBA Robert McNeel and
Associates, etc.

The object development system determines 102 object
development requirements and a display type of the received
three-dimensional (3D) image by analyzing the received 3D
image, for example, based on functional, geometrical,
dimensional, structural, strength, esthetic or artistic, and
mobility parameters of the 3D object. As used herein,
“object development requirements” refer to requirements
and attributes that need to be incorporated in developing a
3D object from a 3D printing device, for example, based on
functional, structural, esthetic or artistic and other features
of'the 3D object. Also, as used herein, “display type” refers
to a type of representation of a three-dimensional (3D)
object in a 3D space. The display type comprises, for
example, an unsupported type, a supported type, a standing
type, etc. The unsupported type represents, for example, an
individual object such as a 3D mask and any unsupported 3D
object. The supported type represents, for example, an object
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having a baseboard support structure such as a 3D photo-
graph. The standing type represents, for example, a standing
sculpture such as a 3D sculpture.

The object development system employs software pro-
gramming components such as programming tools, software
programs codes, algorithms, etc., to analyze the received
three-dimensional (3D) image based on different analytical
parameters for determining the object development require-
ments and the display type of the received 3D image. The
object development system, for example, functionally, struc-
turally, and artistically analyzes a 3D image of an entire 3D
object to determine object development requirements com-
prising, for example, functional requirements, structural
requirements, esthetic or artistic requirements, mobility
requirements, etc., for development of the 3D object. The
object development system determines functional require-
ments comprising, for example, incorporation of functional
features such as an electronic part, an electrical part, etc., in
a 3D object. The object development system determines
structural requirements comprising, for example, shape,
geometry, size or dimensions of the 3D object, physical
strength required in each component of the 3D object,
materials for building one or more components of the 3D
object, etc. The object development system selects strong
materials such as metals that can be cast or milled with 3D
design technology for building the components of the 3D
object. The object development system determines esthetic
or artistic requirements comprising, for example, colors,
shades, texture requirements, etc., of the 3D object, for
improving and enhancing an artistic appearance of the 3D
object. The object development system determines mobility
requirements comprising, for example, incorporation of
mobile parts in the 3D object. In an embodiment, the object
development system notifies a user about the determined
object development requirements for material selection for
printing and developing the 3D object.

The object development system creates 103 a support
structure for the three-dimensional (3D) object based on the
determined object development requirements and the dis-
play type of the received 3D image. As used herein, “support
structure” refers to a 3D structural image of an internal
frame of a 3D object. 3D printed units of an object can be
assembled on a 3D printed support structure. The object
development system employs software programming com-
ponents such as programming tools, software programs
codes, algorithms, etc., to create the support structure for the
3D object. The object development system creates the
support structure as an inner structural frame, which after
being 3D printed, can support the 3D object and maintain
overall physical strength, for example, against any external
force applied to the 3D object, wear and tear, and other
destabilizing factors against the 3D object. The 3D printed
support structure provides structural strength to an
assembled 3D object. The object development system con-
figures the support structure for minimal printing material
usage and maximal strength. The support structure is con-
figured, for example, as a metal frame, a baseboard struc-
ture, a complex metal frame with branches, a metal stand, a
support base, etc., to provide support to the 3D object. For
example, if an object comprises a baseboard structure, the
object development system creates the baseboard structure
for the 3D object based on the shape, size, and dimensions
of the baseboard structure. In this example, the weight of the
entire 3D object is balanced at the center of the baseboard
structure.

In an embodiment, the created support structure com-
prises one or more branching elements movably attached to
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a support element and/or to each other for facilitating
movement in the three-dimensional (3D) object. As used
herein, “branching elements” refer to branches or arms
added to a support element of the support structure for
providing additional support during assembly of a 3D object
on a 3D printed support structure. The branching elements
are, for example, configured as arm branches of the created
support structure. Also, as used herein, “support element”
refers to a base element of a 3D object that provides a base
during assembly of the 3D object. Other structural elements
of'the 3D object are assembled on the support element. Once
the branching elements and the support element of the
support structure are printed using a 3D printing device, the
printed branching elements and the printed support element
are movably attached to each other using one or more
connecting elements, for example, hinges that allow the
printed branching elements to move around the connecting
elements. As used herein, “connecting element” refers to any
suitable component, for example, a groove, a hinge, a screw,
a 3D fitting plug, a magnet, a cross bar, a dent, a wedge, etc.,
used to attach printed branching elements to each other
and/or to a printed support element. For example, to develop
a complex 3D object, branching elements shaped as spines
are configured in the support structure. In an embodiment,
the object development system configures one or more
branching elements on the support structure based on the
complexity of the 3D object.

In an embodiment, the connecting elements are used
during assembling and building of the three-dimensional
(3D) object. The connecting elements are used to engage
small 3D printed units with each other and/or with large 3D
printed units to create large 3D objects. For example, in the
case of a standing sculpture with a baseboard structure, the
object development system creates a support structure that
can be 3D printed as a metal frame using a metal printing
material. The 3D object, that is, the standing sculpture can
be engaged with the 3D printed metal frame by inserting
connecting elements, for example, screws through the base-
board structure of the 3D object. In this example, the weight
of the entire standing sculpture is balanced at the center of
the baseboard structure. In an embodiment, the metal frames
can be 3D printed and manufactured using commercial 3D
manufacturing techniques, for example, 3D metal casting,
3D metal milling, 3D metal printing, 3D metal machining,
etc., in large quantities.

In an embodiment, the object development system con-
figures the support structure to incorporate one or more of
multiple control mechanisms in the created support struc-
ture. As used herein, “control mechanism” refers to one or
more motion control elements that generate and control
movement of one or more movable parts of a three-dimen-
sional (3D) object. The control mechanisms comprise, for
example, mechanical motion control elements, electrical
motion control elements, electronic motion control ele-
ments, etc. The control mechanisms facilitate movement of
the 3D object. The object development system configures
the support structure to incorporate control mechanisms
such as motors, mobile and motorized structures, and elec-
tronic control mechanisms for generating and controlling
movements of the 3D object based on programmed elec-
tronic signals. The motors can be incorporated into mobile
parts of the 3D object during the assembly stage to allow
motorized movements of the mobile parts. Electronic con-
trol mechanisms can be interfaced with the motors to
generate automated movements in the 3D object. For
example, in the case of 3D mannequins, motors and elec-
tronic control mechanisms incorporated within a metal
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frame generate movements in the arms of the 3D manne-
quins based on the programmed electronic signals. In
another embodiment, the object development system con-
figures the support structure to incorporate multiple elec-
tronic components in the created support structure. The
electronic components comprise, for example, electronic
viewing devices, electronic hearing devices, electronic aim-
ing devices, electronic fans, and other electronic compo-
nents that can be added to a printed support structure to
create a multifunctional 3D object, for example, a high
technology face helmet or a high technology mask.

After creation of the support structure, the object devel-
opment system fits 104 the received three-dimensional (3D)
image on the created support structure, for example, over a
baseboard structure or a stand. The object development
system employs software programming components such as
programming tools, software programs codes, algorithms,
etc., to fit the received 3D image on the created support
structure. The object development system fits the received
3D image on the created support structure to ensure that
once a 3D object is assembled on a printed support structure,
the printed support structure is capable of structurally sup-
porting the 3D object and maintaining structural integrity of
the 3D object.

The object development system constructs 105 a multi-
layered volumetric three-dimensional (3D) image from the
received 3D image fitted on the created support structure.
The multi-layered volumetric 3D image is configured as a
shell layered image. The object development system
employs software programming components such as pro-
gramming tools, software programs codes, algorithms, etc.,
to construct the multi-layered volumetric 3D image. In an
embodiment, the object development system constructs the
multi-layered volumetric 3D image, for example, by execut-
ing geometrical division algorithms, structural division algo-
rithms, functional division algorithms, etc. For example, the
object development system constructs a multi-layered volu-
metric 3D image by executing a geometrical division algo-
rithm that divides a 3D image of an object into multiple shell
layers based on a shape of the object, such that structural
stability of the printed object is maintained by printed shell
layers of the printed object. The multi-layered volumetric
3D image comprises 3D image data that defines the volume
of the 3D object rather than just a 3D surface of the 3D
object. The 3D image data comprises, for example, volu-
metric data used in 3D printing. In the shell layer, the object
development system adds a minimum of, for example, 2
layers to 3 layers of blocks to maintain structural strength of
the 3D object to be developed.

The object development system segments 106 the con-
structed multi-layered volumetric three-dimensional (3D)
image into multiple 3D printable units. As used herein, “3D
printable units” refer to images of multiple basic units or
blocks that, once printed by a 3D printing device, can be
assembled together to build a 3D object. The object devel-
opment system defines a segmentation pattern for the multi-
layered volumetric 3D image of a 3D object. In an embodi-
ment, the object development system segments the
constructed multi-layered volumetric 3D image into small
3D printable units based on a division algorithm executed by
the object development system. For example, the object
development system segments the constructed multi-layered
volumetric 3D image by executing geometrical division
algorithms as exemplarily illustrated in FIGS. 6A-6B, or
functional division algorithms and/or structural division
algorithms as exemplarily illustrated in FIGS. 7A-7B. The
geometrical division algorithms instruct the object develop-
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ment system to perform a regular shaped division of the
constructed multi-layered volumetric 3D image with con-
sideration to structural stability, for example, similar to
stacking bricks. By setting a size and boundaries of the 3D
printable units, the geometrical division algorithms program
the object development system to perform the division of the
constructed multi-layered volumetric 3D image in a single
operation. The functional division algorithms and/or the
structural division algorithms executed by the object devel-
opment system divide the constructed multi-layered volu-
metric 3D image into 3D printable units of irregular shapes
based on details or characteristics of the 3D object, with
individual considerations to each irregular shape and region
of each 3D printable unit. The object development system
divides each 3D printable unit of each irregular shape into
layers with irregular shapes and thicknesses, which require
multiple operations.

The object development system employs software pro-
gramming components such as programming tools, software
programs codes, algorithms, etc., to segment the constructed
multi-layered volumetric three-dimensional (3D) image into
multiple 3D printable units. In an embodiment, the object
development system segments the constructed multi-layered
volumetric 3D image free of the created support structure. In
this embodiment, the object development system segments
only the constructed multi-layered volumetric 3D image into
multiple 3D printable units, which are 3D printed, while the
created support structure is developed using conventional
3D manufacturing technologies such as milling, casting, etc.
The 3D printable units that are 3D printed are hereafter
referred to as “3D printed units”. The 3D printed units are
assembled to develop the 3D object. The 3D object is then
positioned on the developed support structure. The object
development system divides the constructed multi-layered
volumetric 3D image into 3D printable units based on
printable dimensions and a type of 3D printing device, for
example, a 3D printer such as MakerBot® of MakerBot
Industries, LL.C, Cube® of 3D Systems, Inc., etc., used by
a user. In an embodiment, after the object development
system determines all the object development requirements,
the object development system employs 3D design software
to divide the constructed multi-layered volumetric 3D image
of the 3D object into 3D printable units of small sizes that
can be printed by a 3D printing device. The 3D printable
units can be, for example, dissimilar printable units 406a,
4065, 502, etc., exemplarily illustrated in FIG. 4, FIGS.
5A-5C, and FIGS. 6 A-6B, or self-similar printable units 707
exemplarily illustrated in FIGS. 7B-7C. The 3D printable
units are of multiple shapes, for example, a cubical shape, a
tetrahedral shape, a cylindrical shape, a spherical shape, any
irregular 3D shape, etc. Once the 3D printable units are
printed by a 3D printing device, the 3D printed units can be
fitted into each other like a 3D puzzle during assembly of the
large 3D object. The object development system divides the
constructed multi-layered volumetric 3D image of a large
sized 3D object into multiple small 3D printable units, for
example, by a factor of 2. These 3D printable units have
different shapes and sizes that once printed by a 3D printing
device can be assembled to build large 3D objects.

In an embodiment, the object development system con-
figures one or more connection grooves in each of the
three-dimensional (3D) printable units. The connection
grooves facilitate insertion of one or more connecting ele-
ments, as exemplarily illustrated in FIGS. 6 A-6B, for assem-
bling and securing each of the 3D printed units on a created
and manufactured support structure.
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In an embodiment, the object development system iden-
tifies and eliminates a partial portion or a whole portion of
one or more of the three-dimensional (3D) printable units
from the constructed multi-layered volumetric 3D image for
optimizing the development of the 3D object. The object
development system eliminates unnecessary volumes of the
3D printable units without compromising the physical and
structural stability of the 3D printable units. In an embodi-
ment, the object development system analyzes the 3D print-
able units of the 3D object based on elimination criteria
comprising, for example, identification of non-visible 3D
printable units from an outside view, identification of 3D
printable units that can be eliminated without affecting
structural stability of the 3D object, etc. For example, the 3D
printable units 406a exemplarily illustrated in FIG. 4, are not
visible from an outside view and removal of the 3D printable
units 406a will not affect the structural stability of the 3D
object. The object development system therefore eliminates
these 3D printable units 4064 in the printing process of the
3D object. By eliminating a partial portion or a whole
portion of one or more of the 3D printable units, the object
development system avoids undesirable and unnecessary
volumes inside the 3D object without compromising physi-
cal aspects, structural aspects, stability, etc., of the 3D
object. The object development system removes the unde-
sirable 3D printable units for reducing printing material
required for building or developing the 3D object and for
reducing the weight of the 3D object. The object develop-
ment system maintains the structural integrity of the 3D
object. The assembly of the 3D object on the support frame
avoids any structural instability that can be caused by the
absence of the eliminated 3D printable units from the
developed 3D object.

In an embodiment, the object development system con-
figures structural spaces between the three-dimensional (3D)
printable units for precluding deformities in the 3D object.
The object development system considers gaps between the
3D printable units while segmenting the multi-layered volu-
metric 3D image into the 3D printable units. These gaps
need to be considered due to multiple factors, for example,
surface roughness, texture between the assembled 3D
printed units, etc., so that the final 3D object is not deformed
during and after assembly.

The object development system transmits 107 the three-
dimensional (3D) printable units to one or more 3D printing
devices for printing each of the 3D printable units for
assembling and developing the 3D object. In an embodi-
ment, the object development system is physically con-
nected to the 3D printing devices to transmit the 3D print-
able units to the 3D printing devices. In another
embodiment, the object development system is connected to
the 3D printing devices via a network, for example, a
wireless network, to transmit the 3D printable units to the
3D printing devices. In an embodiment, the support structure
for the 3D object is manufactured separate from printing of
the 3D printable units. Materials required for 3D printing the
support structure typically require strong physical properties
that are absent in many conventional 3D printing materials.
The support structure is, for example, machined, cast, or
milled with strong materials such as stainless steel using
precision 3D development technologies. The support struc-
ture and the 3D printable units are digitally produced
separately and gathered together to be assembled together to
build a 3D object. In an example, the support structure is first
machined, cast, or milled, and then the 3D printable units are
3D printed using a 3D printing device. The 3D printed units
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are assembled on the manufactured support structure to
develop and build the 3D object.

In an embodiment, the object development system trans-
mits the three-dimensional (3D) printable units to one or
more 3D printing devices based on a configurable printing
sequence for printing each of the 3D printable units for
assembling and developing the 3D object. In an embodi-
ment, the object development system determines the con-
figurable printing sequence, and labels each 3D printable
unit with a sequence number so that, after printing, the 3D
printed units can be assembled in a correct order based on
the configurable printing sequence. Consider an example
where a user wishes to 3D print a toy dog using a 3D printing
device. The user registers with the object development
system via a graphical user interface (GUI) provided by the
object development system. The object development system
receives a 3D image of the toy dog from the user’s laptop,
constructs a multi-layered volumetric 3D image from the
received 3D image, and segments the constructed multi-
layered volumetric 3D image into multiple 3D printable
units. The object development system then configures a
printing sequence for printing of the 3D printable units by a
3D printing device. The object development system labels
each 3D printable unit based on an order of arrangement of
the 3D printable units to form a 3D printed toy dog. The
object development system assigns labels 1, 2, 3,4, 5, 6, etc.,
for the toy dog’s face, ears, neck, hands, legs, tail, etc.,
respectively. In this example, the object development system
configures the printing sequence in an ascending order of the
assigned labels. In another embodiment, the object devel-
opment system receives inputs from a user device for
determining the configurable printing sequence.

A user can physically engage and assemble the three-
dimensional (3D) printed units with each other to build the
3D object. In an embodiment, the object development sys-
tem displays each 3D printable unit to a user before and/or
after assembly, via the graphical user interface (GUI) pro-
vided by the object development system. In this embodi-
ment, the object development system receives inputs from a
user device, for example, if the user wishes to change the
position of each of the 3D printable units, modify a shape or
size of each 3D printable unit, etc.

In an embodiment, the object development system cat-
egorizes and groups each of the three-dimensional (3D)
printable units into one or more portable print files for
managing the printing of each 3D printable unit based on the
configurable printing sequence. The object development
system arranges the portable print files of the grouped 3D
printable units in the configurable printing sequence and
transmits the portable print files over the network to different
types of 3D printing devices for printing. The transmitted
portable print files can be printed at different time sequences
as required by the user. In an embodiment, colored printing
material can be used to create colored 3D objects.

In an embodiment, the object development system labels
each three-dimensional (3D) printable unit using a labeling
mechanism or a labeling system for identifying a position of
each 3D printable unit and tracking positioning of each 3D
printed unit during assembly of each 3D printed unit on a
printed support structure to develop the 3D object. For
example, as exemplarily illustrated in FIG. 7A, branching of
branches 703 of a fractal tree 702 occurs 6 times; hence, the
object development system assigns a six digit label to label
the six branches 703. Thus, by tracking the assigned labels,
a user can determine the branch 703 which the 3D printed
unit belongs to or is associated with. In an embodiment, the
object development system creates and renders a step by






