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(57) ABSTRACT

The present application relates to the technical field of 3D
printing, and more particularly to a method and a device for
placing a 3D model, a computer-readable storage medium,
and a 3D printer. The method includes: performing a dimen-
sion reduction processing to a first 3D model and a second
3D model, respectively, to obtain a first plane graphics
corresponding to the first 3D model and a second plane
graphics corresponding to the second 3D model; determin-
ing a minimum bounding rectangle of the first plane graph-
ics; determining a convex hull of the second plane graphics,
and determining an insertion point in the convex hull; and
performing a successive insertion attempt to the minimum
bounding rectangle at the insertion point, and determining a
final placement position.
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METHOD AND DEVICE FOR PLACING 3D
MODEL, STORAGE MEDIUM AND 3D
PRINTER

TECHNICAL FIELD

[0001] The present application relates to the technical field
of 3D printing, and more particularly to a method and a
device for placing a 3D model, a computer-readable storage
medium, and a 3D printer.

BACKGROUND

[0002] In the existing 3D printing technology, in order to
make full use of time and space resources, two or more 3D
models can be printed at the same time. However, in the
process of pre-processing the model, the model is generally
placed based on the experience of the operator, and the space
between the two models is often too large, which results in
low space utilization and low production efficiency.

TECHNICAL PROBLEM

[0003] Embodiments of the present application provide a
method and a device for placing a 3D model, a computer-
readable storage medium, and a 3D printer, to overcome the
problem in the art that the space utilization is low and the
production efficiency is low.

SUMMARY

[0004] A first aspect of an embodiment of the present
application provides a method for placing a 3D model,
which can include steps of:

[0005] performing a dimension reduction processing to a
first 3D model and a second 3D model, respectively, to
obtain a first plane graphics corresponding to the first 3D
model and a second plane graphics corresponding to the
second 3D model,;

[0006] determining a minimum bounding rectangle of the
first plane graphics;

[0007] determining a convex hull of the second plane
graphics, and determining an insertion point in the convex
hull; and

[0008] performing a successive insertion attempt to the
minimum bounding rectangle at the insertion point, and
determining a final placement position.

[0009] Further, the step of determining an insertion point
in the convex hull includes:

[0010] sampling the convex hulls to obtain depth values of
sampling points;

[0011] traversing the depth values of the sampling points
using monotone queue algorithm to obtain output values of
the sampling points; and

[0012] determining a sample point with a greatest output
value to be the insertion point.

[0013] Further, the step of traversing the depth values of
the sampling points using monotone queue algorithm to
obtain output values of the sampling points includes:
[0014] constructing a depth value sequence through the
depth values of the sampling points;

[0015] determining a sliding window corresponding to the
minimum bounding rectangle; and

[0016] successively sliding the sliding window in the
depth value sequence using the monotone queue algorithm,
to obtain the output values of the sliding window at the
sampling points.
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[0017] Further, the step of performing a successive inser-
tion attempt to the minimum bounding rectangle at the
insertion point, and determining a final placement position
includes:

[0018] performing, using a dichotomy approximation
algorithm, the successive insertion attempt to the minimum
bounding rectangle at the insertion point, until a boundary
collision occurs between the minimum bounding rectangle
and the second plane graphics;

[0019] determining a position before the boundary colli-
sion occurs between the minimum bounding rectangle and
the second plane graphics to be a first position;

[0020] performing, using dichotomy approximation algo-
rithm, the successive insertion attempt to the first plane
graphics starting from the first position, until the boundary
collision occurs between the first plane graphics and the
second plane graphics; and

[0021] determining a position before the boundary colli-
sion occurs between the first plane graphics and the second
plane graphics to be the final placement position.

[0022] Further, the step of performing, using a dichotomy
approximation algorithm, the successive insertion attempt to
the minimum bounding rectangle at the insertion point
includes:

[0023] determining a half of an advance depth of a n-th
insertion attempt to be an advance depth of a (n+l)-th
insertion attempt, wherein the n is a positive integer.
[0024] Further, the step of performing a dimension reduc-
tion processing to a first 3D model and a second 3D model,
respectively, to obtain a first plane graphics corresponding to
the first 3D model and a second plane graphics correspond-
ing to the second 3D model includes:

[0025] projecting the first 3D model and the second 3D
model onto a preset plane at a preset angle to obtain the first
plane graphics and the second plane graphics.

[0026] Further, before performing the dimension reduc-
tion processing to a first 3D model and a second 3D model,
respectively, the method further includes:

[0027] importing a preset standard 3D model; and
[0028] performing a model cloning according to the stan-
dard 3D model to obtain the first 3D model and the second
3D model.

[0029] A second aspect of an embodiment of the present
application provides a device for placing a 3D model, which
can include:

[0030] a dimension reduction processing module, config-
ured for performing a dimension reduction processing to a
first 3D model and a second 3D model, respectively, to
obtain a first plane graphics corresponding to the first 3D
model and a second plane graphics corresponding to the
second 3D model;

[0031] a minimum bounding rectangle determination
module, configured for determining a minimum bounding
rectangle of the first plane graphics;

[0032] an insertion point determination module, config-
ured for determining a convex hull of the second plane
graphics, and determining an insertion point in the convex
hull; and

[0033] an insertion attempt module, configured for per-
forming a successive insertion attempt to the minimum
bounding rectangle at the insertion point, and determining a
final placement position.
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[0034] Further, the insertion point determination module
includes:
[0035] a sampling unit, configured for sampling the con-

vex hulls to obtain depth values of sampling points;
[0036] a monotone queue processing unit, configured for
traversing the depth values of the sampling points using
monotone queue algorithm to obtain output values of the
sampling points; and

[0037] an insertion point determination unit, configured
for determining a sample point with a greatest output value
to be the insertion point.

[0038] Further, the monotone queue processing unit
includes:
[0039] a depth value sequence construction sub-unit, con-

figured for constructing a depth value sequence through the
depth values of the sampling points;

[0040] a sliding window length determination sub-unit,
configured for determining a sliding window corresponding
to the minimum bounding rectangle; and

[0041] a monotone queue processing sub-unit, configured
for successively sliding the sliding window in the depth
value sequence using the monotone queue algorithm, to
obtain the output values of the sliding window at the
sampling points.

[0042] Further, the insertion attempt module includes:
[0043] a first processing unit, configured for performing,
using a dichotomy approximation algorithm, the successive
insertion attempt to the minimum bounding rectangle at the
insertion point, until a boundary collision occurs between
the minimum bounding rectangle and the second plane
graphics;

[0044] a first position determination unit, configured for
determining a position before the boundary collision occurs
between the minimum bounding rectangle and the second
plane graphics to be a first position;

[0045] a second processing unit, configured for perform-
ing, using dichotomy approximation algorithm, the succes-
sive insertion attempt to the first plane graphics starting from
the first position, until the boundary collision occurs
between the first plane graphics and the second plane
graphics; and

[0046] a final position determination unit, configured for
determining a position before the boundary collision occurs
between the first plane graphics and the second plane
graphics to be the final placement position.

[0047] Further, the first processing unit includes:

[0048] anadvance dept determination sub-unit, configured
for determining a half of an advance depth of a n-th insertion
attempt to be an advance depth of a (n+1)-th insertion
attempt, wherein the n is a positive integer.

[0049] Further, the dimension reduction processing mod-
ule specifically configured for projecting the first 3D model
and the second 3D model onto a preset plane at a preset
angle to obtain the first plane graphics and the second plane
graphics.

[0050] Further, the device for placing the 3D mode further
includes:
[0051] a model importing module, configured for import-

ing a preset standard 3D model; and

[0052] amodel cloning module, configured for performing
a model cloning according to the standard 3D model to
obtain the first 3D model and the second 3D model.
[0053] A third aspect of an embodiment of the present
application provides a computer-readable storage medium,
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the computer-readable storage medium stores a computer
program, when the computer program is executed by a
processor, steps of implementing the method for placing the
3D model mentioned above are executed.

[0054] A fourth aspect of an embodiment of the present
application provides a 3D printer, including a memory, a
processor and a computer program stored in the memory and
capable of running on the processor, and the processor
implements the steps of the method for placing the 3D model
mentioned above when executing the computer program.
[0055] A fifth aspect of an embodiment of the present
application provides a computer program product, when the
computer program product runs on a 3D printer, the 3D
printer executes the the steps of the method for placing the
3D model mentioned above.

BENEFICIAL EFFECT

[0056] Compared with the prior art, the embodiments of
the present application have the following beneficial effects
that in the embodiments of the present application, perform-
ing a dimension reduction processing to a first 3D model and
a second 3D model, respectively, to obtain a first plane
graphics corresponding to the first 3D model and a second
plane graphics corresponding to the second 3D model;
determining a minimum bounding rectangle of the first plane
graphics; determining a convex hull of the second plane
graphics, and determining an insertion point in the convex
hull; and performing a successive insertion attempt to the
minimum bounding rectangle at the insertion point, and
determining a final placement position. Through the
embodiments of the present application, the placement posi-
tion of the model can be optimized, and as many models as
possible can be placed in a limited space, which greatly
improves the production efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] In order to more clearly describe the technical
solution in the embodiments of the present application, the
following will briefly introduce the drawings needed in the
embodiments or the prior technical description. Obviously,
the drawings in the following description are only some
embodiments of the present application. For ordinary tech-
nicians in the art, they can also obtain other drawings based
on these drawings without paying creative labor.

[0058] FIG. 1 is a flowchart of an embodiment of a method
for placing a 3D model in the present application;

[0059] FIG. 2 is a schematic diagram of performing a
dimension reduction processing to a 3D model;

[0060] FIG. 3 is a schematic diagram of a minimum
bounding rectangle;

[0061] FIG. 4 is a schematic diagram of a convex hull;
[0062] FIG. 5 is a schematic diagram of sampling on a
convex hull;

[0063] FIG. 6 is a schematic diagram of an insertion point;
[0064] FIG. 7 is a schematic diagram of performing a

successive insertion attempt using a dichotomy approxima-
tion algorithm;

[0065] FIG. 8 is a schematic diagram of a placement effect
of a tooth model;

[0066] FIG. 9 is a schematic diagram of a placement effect
of a pistol toy model;



US 2023/0226769 Al

[0067] FIG. 10 is a structural diagram of an embodiment
of'a device for placing a 3D model in the present application;
and

[0068] FIG. 11 is a schematic block diagram of a 3D
printer in an embodiment of the present application.

DETAILED DESCRIPTION OF EMBODIMENTS

[0069] In order to make the invention purpose, features
and advantages of the present application more obvious and
understandable, the technical solutions in the embodiments
of the present application will be described clearly and
completely in combination with the drawings in the embodi-
ments of the present application. Obviously, the embodi-
ments described below are only part of the embodiments of
the present application, not all of them. Based on the
embodiments in the present application, all other embodi-
ments obtained by ordinary technicians in the art without
doing creative work belong to the scope of protection in the
present application.

[0070] It should be understood that when used in the
description and the appended claims, the term “including”
indicates the existence of the described features, whole,
steps, operations, elements and/or components, but does not
exclude the existence or addition of one or more other
features, whole, steps, operations, elements, components
and/or combinations thereof.

[0071] It should also be understood that the terms used in
the description of the present application are only for the
purpose of describing specific embodiments and are not
intended to limit the present application. As used in the
description of the present application and the appended
claims, the singular forms of “one”, “one of” and “the” are
intended to include the plural forms unless the context
clearly indicates otherwise.

[0072] It should also be further understood that the term
“and/or” used in the description of the present application
and the appended claims refers to any combination of one or
more of the items listed in association and all possible
combinations, and includes these combinations.

[0073] As used in this specification and the appended
claims, the term “if” can be interpreted as “when” or “once”
or “in response to determining” or “in response to detecting”
depending on the context. Similarly, the phrases “if deter-
mining” or “if [described condition or event] is detected”
can be interpreted according to the context to mean “once
determined” or “in response to determining” or “once [de-
scribed condition or event] is detected” or “in response to
detecting of [described condition or event]”.

[0074] In addition, in the description of the present appli-
cation, the terms “first”, “second”, “third”, etc. are only used
to distinguish descriptions, and cannot be understood as
indicating or implying relative importance.

[0075] The 3D printing is a new type of rapid prototyping
manufacturing technology, which manufactures products
based on the principle of multi-layer superposition growth,
the 3D printing can overcome the special structural obstacles
that cannot be realized by traditional machining, and can
realize the simple production of any complex structural
components. The photo-curing 3D printing based on liquid
crystal display (LCD) is to slice 3D objects through a certain
algorithm and generate slice graphics, which are output on
the LCD screen by the projection device. Due to the photo
reaction performance of the photosensitive resin, light selec-
tively shines on the photosensitive resin through the slice
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graphics, the irradiated photosensitive resin undergoes a a
photo-curing reaction. After a period of time, the photo-
curing reaction is complete, and the photosensitive resin
changes from liquid to solid. The curing of the given
graphics is completed at a certain height, that is, a layer of
slices is printed. At this time, the model is raised to a certain
height, that is, the height of the next layer of slice to be
cured. The LCD screen outputs the graphics of the next layer
of'slice so that the photosensitive resin is exposed and cured
with a given shape and time. After the exposure, the next
layer is completed. All slicing layers are output in sequence,
the next layer is always cured and shaped based on the
previous layer to finally complete the curing of the whole
model.

[0076] At present, in the process of photo-curing 3D
printing model pre-processing, the efficient placement posi-
tions of a plurality of models in the same area have impor-
tant research significance. The efficient placement strategy
can place as many models as possible in a limited space, so
that the models are placed neatly, the appearance is well, the
space utilization is maximize, and the production efficiency
can be improved.

[0077] However, under the existing technology, the place-
ment positions of a plurality of models in the same area are
basically based on human senses and experience. For the
placement of a plurality of small models, it is generally
disordered; the plurality of models are placed in the same
area with large spacing, the space utilization is low and the
production efficiency is low; For small and medium-sized
models, the placement positions of the plurality of models in
the same area is uneven, the appearance is uneven and the
placement speed is slow. Therefore, the embodiments of the
present application provide an efficient method for placing a
3D model (3D models) in a limited space.

[0078] As shown in FIG. 1, an embodiment of the method
for placing the 3D model in the present application can
include:

[0079] Step S101, performing a dimension reduction pro-
cessing to a first 3D model and a second 3D model,
respectively, to obtain a first plane graphics corresponding to
the first 3D model and a second plane graphics correspond-
ing to the second 3D model.

[0080] When the 3D printer performs 3D printing, the 3D
model to be printed is needed to be imported firstly, the
imported 3D model can be in Stereolithography (STL)
format or other formats. The embodiment of the present
application does not specifically define this.

[0081] For simplicity, when two 3D models need to be
placed, one of the two 3D models can be kept unchanged,
and the other can be inserted into a gap between the two 3D
models as much as possible. Here, the 3D model to be
inserted is recorded as the first 3D model, and the 3D model
with unchanged position is recorded as the second 3D
model.

[0082] The first 3D model and the second 3D model can
be different models or the same model. If the first 3D model
and the second 3D model are different, then the first 3D
model and the second 3D model need to be imported
separately. If the first 3D model and the second 3D model are
the same, then a preset standard 3D model is imported, and
a model cloning is performed according to the standard 3D
model to obtain the first 3D model and the second 3D model.
[0083] Due to the complexity of directly considering the
placement position of the model in 3D space, in the embodi-
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ment of the present application, the model can be reduced in
dimension to convert the model from 3D (three-dimen-
sional) to 2D (two-dimensional). The first 3D model and the
second 3D model are projected onto the preset plane accord-
ing to the preset angle to obtain the plane graphics corre-
sponding to the first 3D model (recorded as the first plane
graphics) and the plane graphics corresponding to the sec-
ond 3D model (recorded as the second plane graphics).

[0084] FIG. 2 is a schematic diagram of performing a
dimension reduction processing to a 3D model. Under the
preset Cartesian coordinate system, the 3D model is pro-
jected downward along the Z-axis to the plane determined
by the X-axis and Y-axis, so that cube” is converted to be
“plane”.

[0085] Step S102: determining a minimum bounding rect-
angle of the first plane image.

[0086] The plane graphics projected by the 3D model is
likely to be an irregular graphics, which is difficult to move
and insert. In order to facilitate the rapid insertion and
orderly placement of the model, as shown in FIG. 3, in the
embodiment of the present application, the minimum bound-
ing rectangle of the first plane graphics can be determined,
so that all points in the first plane graphics fall into a
rectangular box as small as possible.

[0087] Step S103, determining a convex hull of the second
plane image, and determining an insertion point in the
convex hull.

[0088] Since the second plane graphics is also likely to be
an irregular graphics, it can be circumscribed to determine
a more regular circumscribed convex polygon, that is, the
convex hull. As shown in FIG. 4, the left figure shows the
original irregular graphic, and the right figure shows the
convex hull.

[0089] After the convex hull is determined, the convex
hull can be sampled to obtain the depth value of each
sampling point. Specifically, as shown in FIG. 5, the sam-
pling points can be sequentially determined on the edge of
the convex hull according to the preset sampling interval.
The sampling interval can be set according to the actual
situation, for example, the sampling interval can be set to 0.2
mm, 0.5 mm, 1 mm or other values, which is not specifically
defined in the embodiment of the present application. For
any sampling point on an edge of the convex hull, a vertical
line perpendicular to the edge is made through the sampling
point. The vertical line intersects the second plane graphics
for the first time to obtain an intersection point. The distance
between the intersection point and the sampling point is
determined as the depth value of the sampling point.

[0090] After the depth values of the sampling points are
obtained, the monotone queue algorithm can be used to
traverse the depth values of the sampling points to obtain the
output value of each sampling point. Specifically, a depth
value sequence can be firstly constructed through the depth
values of the sampling points; then a sliding window cor-
responding to the minimum bounding rectangle can be
determined, the window length of the sliding window is the
width of the minimum bounding rectangle, and then the
sliding window is successively slid in the depth value
sequence using the monotone queue algorithm, to obtain the
output values of the sliding window at the sampling points.
Finally, the sampling point with the greatest output value is
determined as the insertion point. FIG. 6 shows the sche-
matic diagram of the insertion point.
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[0091] Step S104, performing a successive insertion
attempt to the minimum bounding rectangle at the insertion
point, and determining a final placement position.

[0092] Firstly, performing, using a dichotomy approxima-
tion algorithm, the successive insertion attempt to the mini-
mum bounding rectangle at the insertion point, until a
boundary collision occurs between the minimum bounding
rectangle and the second plane graphics. In the process of
insertion attempt, a half of an advance depth of a n-th
insertion attempt is determined to be an advance depth of a
(n+1)-th insertion attempt, and the n is a positive integer. As
shown in FIG. 7, the minimum bounding rectangle is placed
at the insertion point in the initial state, the advance depth of
the first insertion attempt is recorded as d,, the advance
depth of the second insertion attempt is recorded as d,, . . .
, the advance depth of the n-th insertion attempt is recorded
as d,, and the advance depth of the (n+1)-th insertion
attempt is recorded as d,,,, and so on, then d,=0.5*d,,
d,=0.5*d,, ..., d,,;=0.5%d, ..., that is, the advance depth
of each insertion attempt is half of the previous insertion
attempt.

[0093] When the boundary collision occurs between the
minimum bounding rectangle and the second plane graphics,
the position before the boundary collision occurs between
the minimum bounding rectangle and the second plane
graphics is determined as the first position. For example, if
there is no collision occurs at the time of the fourth insertion
attempt, but a collision occurs at the time of the fifth
insertion attempt, the position of the minimum bounding
rectangle at the time of the fourth insertion attempt is
determined as the first position.

[0094] Then, the minimum bounding rectangle of the first
plane graphics is removed, the successive insertion attempt
is performed to the first plane graphics starting from the first
position using dichotomy approximation algorithm, until the
boundary collision occurs between the first plane graphics
and the second plane graphics. The insertion process of the
first plane graphics is similar to the insertion process of the
minimum bounding rectangle, which can refer to the above
specific description, which will not be repeated here.
[0095] When the first plane graphics and the second plane
graphics collide at the boundary, the position before the
boundary collision occurs between the first plane graphics
and the second plane graphics is determined as the final
placement position.

[0096] It should be noted that the above process is aimed
at the placement of two models. When there are more
models, the above process is still applicable. Specifically, the
placement of two models can be placed firstly. After the
placement position is determined, the two models can be
regarded as a whole model, and then the whole model is
placed together with a third model. After the placement
position is determined, the three models can be regarded as
a further whole model, then the further whole model is
placed together with a fourth model, and so on until all
models are placed.

[0097] FIG. 8 is a schematic diagram of a placement effect
of a tooth model; the top figure is the schematic diagram of
the effect before using the method for placing in the embodi-
ment of the present application, and the bottom figure is the
schematic diagram of the effect after using the method for
placing in the embodiment of the present application. FIG.
9 is a schematic diagram of a placement effect of a pistol toy
model; the top figure is the schematic diagram of the effect



US 2023/0226769 Al

before using the method for placing in the embodiment of
the present application, and the bottom figure is the sche-
matic diagram of the effect after using the method for
placing in the embodiment of the present application. It can
be seen that before using the method for placing in the
embodiment of the present application, the models are
placed in disorder and irregularity, with large space spacing
and low production efficiency. After using the method for
placing in the embodiment of the present application, the
models are placed in order, with small space spacing and
high production efficiency.

[0098] In summary, in the embodiments of the present
application, performing a dimension reduction processing to
a first 3D model and a second 3D model, respectively, to
obtain a first plane graphics corresponding to the first 3D
model and a second plane graphics corresponding to the
second 3D model; determining a minimum bounding rect-
angle of the first plane graphics; determining a convex hull
of the second plane graphics, and determining an insertion
point in the convex hull; and performing a successive
insertion attempt to the minimum bounding rectangle at the
insertion point, and determining a final placement position.
Through the embodiments of the present application, the
placement position of the model can be optimized, and as
many models as possible can be placed in a limited space,
which greatly improves the production efficiency.

[0099] It should be understood that the size of the
sequence number of the steps in the above embodiments
does not mean the order of execution, and the execution
order of each process should be determined by its function
and internal logic, which without any restriction on the
implementation process of the embodiments of the present
application.

[0100] Corresponding to the method for placing a 3D
model described in the above embodiment, FIG. 10 shows
an embodiment structure diagram of a device for placing a
3D model provided in the embodiment of the present
application.

[0101] In the embodiment, the device for placing a 3D
model can include:

[0102] a dimension reduction processing module 1001,
configured for performing a dimension reduction processing
to a first 3D model and a second 3D model, respectively, to
obtain a first plane graphics corresponding to the first 3D
model and a second plane graphics corresponding to the
second 3D model,;

[0103] a minimum bounding rectangle determination
module 1002, configured for determining a minimum
bounding rectangle of the first plane graphics;

[0104] aninsertion point determination module 1003, con-
figured for determining a convex hull of the second plane
graphics, and determining an insertion point in the convex
hull; and

[0105] an insertion attempt module 1004, configured for
performing a successive insertion attempt to the minimum
bounding rectangle at the insertion point, and determining a
final placement position.

[0106] Further, the insertion point determination module
can include:
[0107] a sampling unit, configured for sampling the con-

vex hulls to obtain depth values of sampling points;

Jul. 20, 2023

[0108] a monotone queue processing unit, configured for
traversing the depth values of the sampling points using
monotone queue algorithm to obtain output values of the
sampling points; and

[0109] an insertion point determination unit, configured
for determining a sample point with a greatest output value
to be the insertion point.

[0110] Further, the monotone queue processing unit can
include:
[0111] a depth value sequence construction sub-unit, con-

figured for constructing a depth value sequence through the
depth values of the sampling points;

[0112] a sliding window length determination sub-unit,
configured for determining a sliding window corresponding
to the minimum bounding rectangle; and

[0113] a monotone queue processing sub-unit, configured
for successively sliding the sliding window in the depth
value sequence using the monotone queue algorithm, to
obtain the output values of the sliding window at the
sampling points.

[0114] Further, the insertion attempt module can include:
[0115] a first processing unit, configured for performing,
using a dichotomy approximation algorithm, the successive
insertion attempt to the minimum bounding rectangle at the
insertion point, until a boundary collision occurs between
the minimum bounding rectangle and the second plane
graphics;

[0116] a first position determination unit, configured for
determining a position before the boundary collision occurs
between the minimum bounding rectangle and the second
plane graphics to be a first position;

[0117] a second processing unit, configured for perform-
ing, using dichotomy approximation algorithm, the succes-
sive insertion attempt to the first plane graphics starting from
the first position, until the boundary collision occurs
between the first plane graphics and the second plane
graphics; and

[0118] a final position determination unit, configured for
determining a position before the boundary collision occurs
between the first plane graphics and the second plane
graphics to be the final placement position.

[0119] Further, the first processing unit can include:
[0120] anadvance dept determination sub-unit, configured
for determining a half of an advance depth of a n-th insertion
attempt to be an advance depth of a (n+1)-th insertion
attempt, and the n is a positive integer.

[0121] Further, the dimension reduction processing mod-
ule is specifically configured for projecting the first 3D
model and the second 3D model onto a preset plane at a
preset angle to obtain the first plane graphics and the second
plane graphics.

[0122] Furthermore, the device for placing the 3D mode
can further include:

[0123] a model importing module, configured for import-
ing a preset standard 3D model; and

[0124] a model cloning module, configured for performing
a model cloning according to the standard 3D model to
obtain the first 3D model and the second 3D model.
[0125] Those skilled in the art can clearly understand that,
for the convenience and simplicity of description, the spe-
cific working process of the above described devices, mod-
ules and units can refer to the corresponding process in the
above method embodiments, and will not be repeated here.
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[0126] In the above embodiments, the description of each
embodiment has its own emphasis. For the part not detailed
or recorded in one embodiment, please refer to the relevant
description of other embodiments.

[0127] FIG. 11 shows the schematic block diagram ofa 3D
printer provided by the embodiment of the present applica-
tion. For the convenience of explanation, only the parts
related to the embodiment of the present application are
shown.

[0128] As shown in FIG. 11, the 3D printer 11 of the
embodiment includes a processor 110, a memory 111, and a
computer program 112 stored in the memory 111 and
capable of running on the processor 110. When the processor
110 executes the computer program 112, it realizes the steps
in the embodiment of the method for placing 3D models,
such as steps S101 to S104 shown in FIG. 1. Alternatively,
when the processor 110 executes the computer program 112,
it realizes the functions of each module/unit in the above
device embodiments, such as the functions of modules 1001
to 1004 shown in FIG. 10.

[0129] By way of example, the computer program 112 can
be divided into one or more modules/units, which are stored
in the memory 111 and executed by the processor 110 to
complete the present application. The one or more modules/
units may be a series of computer program instruction
segments capable of performing specific functions, which
are used to describe the execution process of the computer
program 112 in the 3D printer 11.

[0130] Those skilled in the art can understand that FIG. 11
is only an example of the 3D printer 11, and does not
constitute a definition of the 3D printer 11. It can include
more or fewer components than shown, or combine some
components, or different components. For example, the 3D
printer 11 can also include input and output devices, network
access devices, buses, and so on.

[0131] The processor 110 can be CPU (Central Processing
Unit), and can also be other general purpose processor, DSP
(Digital Signal Processor), ASIC (Application Specific Inte-
grated Circuit), FGPA (Field-Programmable Gate Array), or
some other programmable logic devices, discrete gate or
transistor logic device, discrete hardware component, etc.
The general purpose processor can be a microprocessor, or
alternatively, the processor can also be any conventional
processor and so on.

[0132] The memory 111 can be an internal storage unit of
the 3D printer 11, such as a hard disk or a memory of the 3D
printer 11. The memory 111 can also be an external storage
device of the 3D printer 11, such as a plug-in hard disk, a
SMC (Smart Media Card), a SD (Secure Digital) card, a FC
(Flash Card) equipped on the measuring device 10. Further,
the memory 111 may include both the internal storage unit
and the external storage device of the 3D printer 11, either.
The memory 111 is configured to store the computer pro-
grams, and other procedures and data needed by the 3D
printer 11 for determining well bore cross-sectional shape.
The memory 111 can also be configured to storing data that
has been output or being ready to be output temporarily.
[0133] It can be clearly understood by the persons skilled
in the art that, for describing conveniently and concisely,
dividing of the aforesaid various functional units, functional
modules is described exemplarily merely, in an actual appli-
cation, the aforesaid functions can be assigned to different
functional units and functional modules to be accomplished,
that is, an inner structure of a data synchronizing device is
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divided into functional units or modules so as to accomplish
the whole or a part of functionalities described above. The
various functional units, modules in the embodiments can be
integrated into a processing unit, or each of the units exists
independently and physically, or two or more than two of the
units are integrated into a single unit. The aforesaid inte-
grated unit can by either actualized in the form of hardware
or in the form of software functional units. In addition,
specific names of the various functional units and modules
are only used for distinguishing from each other conve-
niently, but not intended to limit the protection scope of the
present application. Regarding a specific working process of
the units and modules in the aforesaid device, reference can
be made to a corresponding process in the aforesaid method
embodiments, it is not repeatedly described herein.

[0134] In the aforesaid embodiments, the description of
each of the embodiments is emphasized respectively, regard-
ing a part of one embodiment which isn’t described or
disclosed in detail, please refer to relevant descriptions in
some other embodiment.

[0135] Those skilled in the art may aware that, the ele-
ments and algorithm steps of each of the examples described
in connection with the embodiments disclosed herein can be
implemented in electronic hardware, or in combination with
computer software and electronic hardware. Whether these
functions are implemented by hardware or software depends
on the specific application and design constraints of the
technical solution. The skilled people could use different
methods to implement the described functions for each
particular application, however, such implementations
should not be considered as going beyond the scope of the
present application.

[0136] It should be understood that, in the embodiments of
the present application, the disclosed device/3D printer and
method could be implemented in other ways. For example,
the device/3D printer described above are merely illustra-
tive; for example, the division of the units is only a logical
function division, and other division could be used in the
actual implementation, for example, multiple units or com-
ponents could be combined or integrated into another sys-
tem, or some features can be ignored, or not performed. In
another aspect, the coupling or direct coupling or commu-
nicating connection shown or discussed could be an indirect,
or a communicating connection through some interfaces,
devices or units, which could be electrical, mechanical, or
otherwise.

[0137] The units described as separate components could
or could not be physically separate, the components shown
as units could or could not be physical units, which can be
located in one place, or can be distributed to multiple
network elements. Parts or all of the elements could be
selected according to the actual needs to achieve the object
of the present embodiment.

[0138] In addition, the various functional units in each of
the embodiments of the present application can be integrated
into a single processing unit, or exist individually and
physically, or two or more than two units are integrated into
a single unit. The aforesaid integrated unit can either be
achieved by hardware, or be achieved in the form of
software functional units.

[0139] If the integrated unit is achieved in the form of
software functional units, and is sold or used as an inde-
pendent product, it can be stored in a computer readable
storage medium. Based on this understanding, a whole or
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part of flow process of implementing the method in the
aforesaid embodiments of the present application can also be
accomplished by using computer program to instruct rel-
evant hardware. When the computer program is executed by
the processor, the steps in the various method embodiments
described above can be implemented. Wherein, the com-
puter program comprises computer program codes, which
can be in the form of source code, object code, executable
documents or some intermediate form, etc. The computer
readable medium can include: any entity or device that can
carry the computer program codes, recording medium, USB
flash disk, mobile hard disk, hard disk, optical disk, com-
puter storage device, ROM (Read-Only Memory), RAM
(Random Access Memory), electrical carrier signal, tele-
communication signal and software distribution medium,
etc. It needs to be explained that, the contents contained in
the computer readable medium can be added or reduced
appropriately according to the requirement of legislation and
patent practice in a judicial district, for example, in some
judicial districts, according to legislation and patent practice,
the computer readable medium does not include electrical
carrier signal and telecommunication signal.

[0140] As stated above, the aforesaid embodiments are
only intended to explain but not to limit the technical
solutions of the present application. Although the present
application has been explained in detail with reference to the
above-described embodiments, it should be understood for
the ordinary skilled one in the art that, the technical solutions
described in each of the above-described embodiments can
still be amended, or some technical features in the technical
solutions can be replaced equivalently; these amendments or
equivalent replacements, which won’t make the essence of
corresponding technical solution to be broken away from the
spirit and the scope of the technical solution in various
embodiments of the present application, should all be
included in the protection scope of the present application.

1. A method for placing a 3D model, comprising:

performing a dimension reduction processing to a first 3D

model and a second 3D model, respectively, to obtain
a first plane graphics corresponding to the first 3D
model and a second plane graphics corresponding to
the second 3D model,;

determining a minimum bounding rectangle of the first

plane graphics;

determining a convex hull of the second plane graphics,

and determining an insertion point in the convex hull;
and

performing a successive insertion attempt to the minimum

bounding rectangle at the insertion point, and deter-
mining a final placement position.

2. The method for placing the 3D model according to
claim 1, wherein the step of determining an insertion point
in the convex hull comprises:

sampling the convex hulls to obtain depth values of

sampling points;

traversing the depth values of the sampling points using a

monotone queue algorithm to obtain output values of
the sampling points; and

determining a sample point with a greatest output value to

be the insertion point.

3. The method for placing the 3D model according to
claim 2, wherein the step of traversing the depth values of
the sampling points using monotone queue algorithm to
obtain output values of the sampling points comprises:
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constructing a depth value sequence through the depth
values of the sampling points;

determining a sliding window corresponding to the mini-
mum bounding rectangle; and

successively sliding the sliding window in the depth value
sequence using the monotone queue algorithm, to
obtain the output values of the sliding window at the
sampling points.

4. The method for placing the 3D model according to
claim 1, wherein the step of performing a successive inser-
tion attempt to the minimum bounding rectangle at the
insertion point, and determining a final placement position
comprises:

performing, using a dichotomy approximation algorithm,
the successive insertion attempt to the minimum
bounding rectangle at the insertion point, until a bound-
ary collision occurs between the minimum bounding
rectangle and the second plane graphics;

determining a position before the boundary collision
occurs between the minimum bounding rectangle and
the second plane graphics to be a first position;

performing, using dichotomy approximation algorithm,
the successive insertion attempt to the first plane graph-
ics starting from the first position, until the boundary
collision occurs between the first plane graphics and the
second plane graphics; and

determining a position before the boundary collision
occurs between the first plane graphics and the second
plane graphics to be the final placement position.

5. The method for placing the 3D model according to
claim 4, wherein the step of performing, using a dichotomy
approximation algorithm, the successive insertion attempt to
the minimum bounding rectangle at the insertion point
comprises:

determining a half of an advance depth of a n-th insertion
attempt to be an advance depth of a (n+1)-th insertion
attempt, wherein the n is a positive integer.

6. The method for placing the 3D model according to
claim 1, wherein the step of performing a dimension reduc-
tion processing to a first 3D model and a second 3D model,
respectively, to obtain a first plane graphics corresponding to
the first 3D model and a second plane graphics correspond-
ing to the second 3D model comprises:

projecting the first 3D model and the second 3D model
onto a preset plane at a preset angle to obtain the first
plane graphics and the second plane graphics.

7. The method for placing the 3D model according to
claims 1 to 6 claim 1, before performing the dimension
reduction processing to a first 3D model and a second 3D
model, respectively, the method further comprising:

importing a preset standard 3D model; and

performing a model cloning according to the standard 3D
model to obtain the first 3D model and the second 3D
model.

8. A device for placing a 3D model, comprising:

a dimension reduction processing module, configured for
performing a dimension reduction processing to a first
3D model and a second 3D model, respectively, to
obtain a first plane graphics corresponding to the first
3D model and a second plane graphics corresponding
to the second 3D model;

a minimum bounding rectangle determination module,
configured for determining a minimum bounding rect-
angle of the first plane graphics;
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an insertion point determination module, configured for
determining a convex hull of the second plane graphics,
and determining an insertion point in the convex hull;
and

an insertion attempt module, configured for performing a
successive insertion attempt to the minimum bounding
rectangle at the insertion point, and determining a final
placement position.

9. The device for placing the 3D model according to claim

8, wherein the insertion point determination module com-
prises:

a sampling unit, configured for sampling the convex hulls
to obtain depth values of sampling points;

a monotone queue processing unit, configured for travers-
ing the depth values of the sampling points using
monotone queue algorithm to obtain output values of
the sampling points; and

an insertion point determination unit, configured for
determining a sample point with a greatest output value
to be the insertion point.

10. The device for placing the 3D model according to
claim 9, wherein the monotone queue processing unit com-
prises:

a depth value sequence construction sub-unit, configured
for constructing a depth value sequence through the
depth values of the sampling points;

a sliding window length determination sub-unit, config-
ured for determining a sliding window corresponding
to the minimum bounding rectangle; and

a monotone queue processing sub-unit, configured for
successively sliding the sliding window in the depth
value sequence using the monotone queue algorithm, to
obtain the output values of the sliding window at the
sampling points.

11. The device for placing the 3D model according to

claim 8, wherein the insertion attempt module comprises:

a first processing unit, configured for performing, using a
dichotomy approximation algorithm, the successive
insertion attempt to the minimum bounding rectangle at
the insertion point, until a boundary collision occurs
between the minimum bounding rectangle and the
second plane graphics;

a first position determination unit, configured for deter-
mining a position before the boundary collision occurs
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between the minimum bounding rectangle and the
second plane graphics to be a first position;

a second processing unit, configured for performing,
using dichotomy approximation algorithm, the succes-
sive insertion attempt to the first plane graphics starting
from the first position, until the boundary collision
occurs between the first plane graphics and the second
plane graphics; and

a final position determination unit, configured for deter-
mining a position before the boundary collision occurs
between the first plane graphics and the second plane
graphics to be the final placement position.

12. The device for placing the 3D model according to

claim 11, wherein the first processing unit comprises:

an advance dept determination sub-unit, configured for
determining a half of an advance depth of a n-th
insertion attempt to be an advance depth of a (n+1)-th
insertion attempt, wherein the n is a positive integer.

13. The device for placing the 3D model according to

claim 8, wherein the dimension reduction processing mod-
ule specifically configured for projecting the first 3D model
and the second 3D model onto a preset plane at a preset
angle to obtain the first plane graphics and the second plane
graphics.

14. The device for placing the 3D model according to

claim 8, further comprising:

a model importing module, configured for importing a
preset standard 3D model; and

a model cloning module, configured for performing a
model cloning according to the standard 3D model to
obtain the first 3D model and the second 3D model.

15. A non-transitory computer-readable storage medium,

wherein the non-transitory computer-readable storage
medium stores a computer program, when the computer
program is executed by a processor, steps of implementing
the method for placing the 3D model according to claim 1
are executed.

16. A 3D printer, comprising a memory, a processor and

a computer program stored in the memory and capable of
running on the processor, wherein the processor implements
the steps of the method for placing the 3D model according
to claim 1 when executing the computer program.
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