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(54) METHOD FOR COMPENSATING COLOR OF COLORED 3D OBJECT

(57) A method for compensating color of colored 3D object includes following steps: importing a 3D object (4);
performing an object slicing process to the 3D object (4) for generating multiple object printing-route information for
multiple printing layers; performing an image slicing process to the 3D object (4) for generating multiple color printing
information for the multiple printing layers; performing a compensation process to each color printing information for
generating updated color printing information, each of the updated color printing information compensates the color of
an oblique face (5) of the 3D object (4) which has an oblique angle within a specific range.
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Description

1. Technical Field

[0001] The technical field relates to a colored 3D object, and specifically relates to a method for compensating color
of the colored 3D object.

2. Description of Related Art

[0002] Due to the maturity of the development of 3D printing technology and also the narrowed size and dropped price
of the current 3D printers, the 3D printers are growing and becoming popular very quick these years. Additionally, for
making the printed 3D models more acceptable to the users, parts of the manufacturers have brought new types of 3D
printers to the market that can print colored 3D models.
[0003] When performing printing through the aforementioned 3D printer, it first prints materials to constitute object
blocks, then jets different colors of inks right on the object blocks, so as to perform coloring to the object blocks. Therefore,
a full-colored 3D model can be made and stacked through multiple colored object blocks.
[0004] Though the 3D printers can print any shapes of 3D models, however, the 3D printers jet the color ink vertically
from the top right through the bottom, if any 3D model comprises a face which is downward tilted, the face is difficult to
be colored by the 3D printer.
[0005] Accordingly, if one face of any 3D model is downward tilted, the aforementioned object block corresponding to
that face may have a downward tilted angle as well. When performing coloring to the object block, only upper half of the
object block can be moistened by the ink jetted by the 3D printer. As a result, the completed color of the object block
will be lighter than the actual color needed for the 3D model.
[0006] Furthermore, according to the existence of the tilted angle, the 3D printer may perform uneven coloring on the
object block, so as to affect the exterior of the full-colored 3D model.

SUMMARY OF THE INVENTION

[0007] The invention is directed to a method for compensating color of colored 3D object, which may perform com-
pensation on the color of one or more faces upon a 3D object that have a specific oblique angle.
[0008] In one of the exemplary embodiments, the method of the present application comprises following steps of:
importing a 3D object; performing an object slicing process to the 3D object for generating multiple object printing-route
information for multiple printing layers; performing an image slicing process to the 3D object for generating multiple color
printing information for the multiple printing layers; performing a compensation process to each color printing information
for generating updated color printing information, wherein each of the updated color printing information has been
compensated one the color of an oblique face of the 3D object which has an oblique angle within a specific range
[0009] Therefore, when printing a physical 3D model, a 3D printer may control a 3D nozzle to print multiple slicing
objects corresponding to multiple printing layers in order according to the multiple printing-route information, and controls
a 2D nozzle to perform coloring to each slicing object of each printing layer respectively according to the multiple updated
color printing information.
[0010] In comparison with related art, each embodiment disclosed in the present invention may perform compensation
on the color of each tilted face of the 3D object, so as to prevent the 3D object from being colored lighter or uneven due
to the downward tilted face(s) which is hard to be colored.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Fig. 1 is a schematic view of a 3D printer according to one embodiment of the present disclosure.
Fig. 2 is a flowchart for slicing and printing according to one embodiment of the present disclosure.
Fig. 3A is a schematic view of a first oblique face according to one embodiment of the present disclosure.
Fig. 3B is a schematic view of a second oblique face according to one embodiment of the present disclosure.
Fig. 4 is a schematic view of a 3D object.
Fig. 5 is a schematic view of an oblique angle according to one embodiment of the present disclosure.
Fig. 6 is a color compensating flowchart according to one embodiment of the present disclosure.
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DETAILED DESCRIPTION OF THE INVENTION

[0012] In cooperation with the attached drawings, the technical contents and detailed description of the present in-
vention are described thereinafter according to multiple embodiments, being not used to limit its executing scope. Any
equivalent variation and modification made according to appended claims is all covered by the claims claimed by the
present invention.
[0013] This invention discloses a method for compensating color of colored 3D object (refers to as the method here-
inafter), the method is mainly adopted by a 3D printer that arranged with a nozzle for jetting a material and other nozzle
for jetting colored ink and the 3D printer may print full-colored 3D models through the nozzles.
[0014] Fig. 1 is a schematic view of a 3D printer according to one embodiment of the present disclosure. The embod-
iment of Fig. 1 discloses a certain type of 3D printer (refers to as the printer 1 hereinafter), the printer 1 comprises a
printing platform 11, and comprises, upon the printing platform 11, a 3D nozzle 12 for jetting a material in order to print
3D objects, and a 2D nozzle 13 for jetting different colors of inks in order to perform coloring on the printed 3D objects.
[0015] In one embodiment, the 2D nozzle 13 may be the ink nozzle adopted by current 2D printers (or called plane
printers), which comprises or connects with multiple ink cartridges storing different colors of inks. In the embodiment,
the 2D nozzle 13 may connect with at least four ink cartridges, which respectively store Cyan ink, Magenta ink, Yellow
ink, and Black ink, but not limited thereto.
[0016] In the embodiment of Fig. 1, the printer 1 is illustrated with a fused deposition modeling (FDM) 3D printer, which
the 3D nozzle 12 of the printer 1 adopts a thermoplastic filament as the material.
[0017] In the embodiment of Fig. 1, the 3D nozzle 12 and the 2D nozzle 13 are arranged at same control stick 14 of
the printer 1. In particular, the 3D nozzle 12 and the 2D nozzle 13 are arranged respectively on two opposite faces of
one end of the control stick 14, and the printer 1 may control the 3D nozzle 12 and the 2D nozzle 13 to move through
controlling the control stick 14. In another embodiment, the printer 1 may comprise multiple control sticks, and uses
different control sticks to arrange and control the 3D nozzle 12 and the 2D nozzle 13 alternatively.
[0018] When perform printing, the printer 1 may control the 3D nozzle 12 to print, layer-by-layer, each slice object
corresponding to each printing layer of a colored 3D object upon the printing platform 11, and may control the 2D nozzle
13 to perform coloring on each printed slice object. In an embodiment, the 2D nozzle 13 may perform coloring on the
contour of each slice object.
[0019] Fig. 2 is a flowchart for slicing and printing according to one embodiment of the present disclosure. The em-
bodiment of Fig. 2 discloses multiple compensating steps, wherein the compensating steps are executed by the printer
1 or a processor of a computer (not shown) connected with the printer 1 for performing a color compensation process.
Also, the embodiment of Fig. 2 discloses multiple printing steps, wherein the printing steps are executed by the printer
1 for performing printing a 3D object and coloring on the 3D object according to compensated information.
[0020] First, a 3D object is imported by the printer 1 or the processor of the computer (step S10). In the embodiment,
the 3D object may be a completely-edited 3D object. If the printer 1 performs printing according to the 3D object, the
printer 1 may print a physical full-colored 3D model.
[0021] After the importation of the 3D object, the processor may then respectively perform a 3D object processing
procedure (step S12) and a 2D image processing procedure (step S14) on the 3D object. In one embodiment, the
processor may perform the 3D object processing procedure or the 2D image processing procedure first alternatively. In
another embodiment, the processor may adopt a multiplexer and performs the 3D object processing procedure and the
2D image processing procedure simultaneously.
[0022] During the aforementioned 3D object processing procedure, the processor performs an object slicing process
on the 3D object, so as to generate multiple object printing-route information for multiple printing layers of the 3D object
(step S120). The amount of the multiple object printing-route information equals to the amount of the multiple printing
layers of the 3D object, i.e., each printing layer of the 3D object has a corresponding one of object printing-route infor-
mation.
[0023] Next, the processor stores the multiple object printing-route information as multiple routing files (step S122),
wherein each of the routing files corresponds to one of the printing layers. In one embodiment, the processor stores the
multiple routing files to a storing unit of the printer 1 or the computer. In another embodiment, the processor stores the
multiple routing files to a portable storage through a connect port. In another embodiment, the processor stores the
multiple routing files to a cloud database through the Internet.
[0024] During the 2D image processing procedure, the processor performs an image slicing process on the 3D object,
so as to generate multiple color printing information for the multiple printing layers of the 3D object (step S140). The
amount of the multiple color printing information equals to the amount of the multiple printing layers, i.e., each printing
layer of the 3D object has a corresponding one of color printing information.
[0025] In one embodiment, the amount of the multiple color printing information equals to the amount of the multiple
object printing-route information as well, in other words, each printing layer of the 3D object has a corresponding one
of the object printing-route information and a corresponding one of the color printing information.
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[0026] After step S140, the processor performs a compensation process to the multiple color printing information, so
as to generate multiple updated color printing information (step S142). In this embodiment, each of the updated color
printing information has been compensated on the color of one or more oblique faces of the 3D object. More specific,
each of the updated color printing information has been compensated one the color of one or more oblique faces which
are downward tilted of the 3D object.
[0027] In one embodiment, the aforementioned oblique face may have an oblique angle that is within a specific range.
In other words, the 3D object may comprise multiple oblique faces, some of which having an oblique angle(s) outside
the specific range will not be compensated by the processor in their corresponding color printing information, and the
others having an oblique angle(s) within the specific range (like an oblique face 5 as shown in Fig. 3B) will be compensated
by the processor in their corresponding color printing information.
[0028] After step S142, the processor stores the multiple updated color printing information as multiple image files to
the storing unit, the portable storage or the database (step S144), wherein each of the image files respectively corresponds
to one of the printing layers.
[0029] Fig. 3A is a schematic view of a first oblique face according to one embodiment of the present disclosure. The
embodiment of Fig. 3A discloses a 3D object 2, which comprises multiple faces thereon. The following description will
be discussed by using a first oblique face 3 of the 3D object 2.
[0030] Please refer to Fig. 4 simultaneously, which is a schematic view of a 3D object. The embodiment of Fig. 4
discloses a 3D object 6. In the view of the processor, the contours of the 3D object 6 are constituted by multiple triangular
faces 61, i.e., the contours and the color of the 3D object 6 are all determined with respect to the settings of the triangular
faces 61 of the 3D object 6. The technical feature corresponding to the triangular faces is a well-known technology in
the art of 3D drawing, no more discussion is needed.
[0031] In the embodiment of Fig. 3A, the first oblique face 3 is constituted by a first triangular face 31 and a second
triangular face 32, in other words, the color of the first oblique face 3 is determined by the first triangular face 31 and
the second triangular face 32. Additionally, the embodiment of Fig. 3A shows a normal vector n(nx,ny,nz) which is
perpendicular to the first oblique face 3, and the normal vector n of the first oblique face 3 is upward oriented (it means
that the first oblique face 3 is a upward tilted face).
[0032] Due to the upward-oriented normal vector of the first oblique face 3, the printer 1 may not cause a problem
when performing coloring on the first oblique face 3 (for example, the first oblique face 3 is not hard to be colored, so
the color of the first oblique face 3 may not be colored slight or uneven). In this embodiment, the first oblique face 3 is
not deemed as a need-to-adjust oblique face of the 3D object 2, the processor will not perform color compensation on
the color printing information related to the first oblique face 3 in aforementioned step S142.
[0033] Fig. 3B is a schematic view of a second oblique face according to one embodiment of the present disclosure.
The embodiment of Fig. 3B discloses another 3D object 4, which comprises multiple faces thereon. The following
description will be discussed by using a second oblique face 5 of the 3D object 4.
[0034] In the embodiment of Fig. 3B, the second oblique face 5 is constituted by a third triangular face 51 and a fourth
triangular face 52, in other words, the color of the second oblique face 5 is determined by the third triangular face 51
and the fourth triangular face 52. Additionally, the embodiment of Fig. 3B shows another normal vector n(nx,ny,nz) which
is perpendicular to the second oblique face 5, and the normal vector n of the second oblique face 5 is downward oriented
(it means that the second oblique face 5 is a downward tilted face).
[0035] Due to the downward-oriented normal vector of the second oblique face 5, the printer 1 may cause a problem
when performing coloring on the second oblique face 5 (specifically, the second oblique face 5 is hard to be colored, so
the color of the second oblique face 5 may be colored uneven, or may be slighter than the correct color). In this embodiment,
the aforementioned second oblique face 5 is deemed as a need-to-adjust oblique face of the 3D object 4. Accordingly,
the processor will perform color compensation on the color printing information related to the second oblique face 5 in
aforementioned step S142.
[0036] More specifically, in the embodiment of the present disclosure, any face that has a downward-oriented normal
vector of a 3D object will be deemed as a need-to-adjust oblique face by the processor, and will be performed with color
compensation when the processor performs the image slicing process.
[0037] Fig. 5 is a schematic view of an oblique angle according to one embodiment of the present disclosure. In one
embodiment, the processor compares a triangular face 61 with a plane that constituted by an X axis and a Y axis for
determining an oblique angle t of the triangular face 61, wherein an angle of the plane is deemed as 0 degree.
[0038] In the embodiment of Fig. 5, a Z axis is perpendicular to the plane that constituted by the X axis and the Y axis,

and an angle of the Z axis is 90 degrees  In this embodiment, the aforementioned specific range may be set

as a range that is bigger than 0 degree and smaller than 90 degrees.
[0039] In another embodiment, the processor may preset a tolerance (such as 3 degrees, 5 degrees, etc.) according
to the printing accuracy of the printer 1 to be used. In particular, if the printer 1 has high printing accuracy, it won’t face
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a hard-to-coloring problem within a tolerance range of 3 degrees to 5 degrees. Accordingly, the specific range in this
embodiment may be set as a range that is bigger than 3 degrees and smaller than 87 degrees, or set as another range
that is bigger than 5 degrees and smaller than 85 degrees, but not limited thereto.
[0040] Please refer back to Fig. 3. After step S12 and step S14, the processor has completed the slicing procedure
and the color compensation procedure for the 3D object.
[0041] When performing printing, the printer 1 may obtain one of the routing files from the storing unit, the portable
storage or the database, and controls the 3D nozzle 12 of the printer 1 according to the routing file to print the slicing
object corresponding to one of the printing layers (such as a first layer) (step S16).
[0042] Additionally, the printer 1 may obtain one of the image files from the storing unit, the portable storage or the
database as well, and controls the 2D nozzle 13 according to the image file during the printing of the slicing object, so
as to perform coloring on the slicing object of same printing layer (step S18). In particular, when performing coloring,
the printer 1 controls the amount of the ink jetted by the 2D nozzle 13 according to the color printing information or the
updated color printing information recorded in the image file, so as to adjust the color of each coloring point on the slicing
object.
[0043] After the slicing object of one printing layer has printed and colored completely, the printer 1 determines whether
a full-colored 3D model corresponding to the 3D object is printed completely or not (step S20), i.e., the printer 1 determines
whether the printing action and the coloring action for all printing layers of the 3D object are completed. If the full-colored
3D model is not completed yet (i.e., the current printing layer is not a last printing layer of the 3D object), the printer 1
will then obtain another one of the routing files and another one of the image files of the next printing layer (step S22),
and re-executes step S16 and step S18, so as to perform the printing action and the coloring action for the next printing
layer, until the full-colored 3D model has been printed completely.
[0044] Fig. 6 is a color compensating flowchart according to one embodiment of the present disclosure. In particular,
Fig. 6 discloses how the compensation process is performed in step S140 of Fig. 2.
[0045] First, the processor obtains the color printing information, and then obtains respectively a triangular face related
to each coloring point of the 3D object (step S30), and then respectively obtains a normal vector of each triangular face
(step S32). In the following description, only the multiple coloring points on a same oblique face are used to discuss,
wherein the multiple coloring points are belonging to same triangular face.
[0046] After step S32, the processor calculates an angle between the triangular face and the plane according to the
normal vector (step S34), wherein the calculated angle equals to the oblique angle of the oblique face (i.e., the afore-
mentioned oblique angle t).
[0047] Additionally, the normal vector of the triangular face may be: n(nx,ny,nz), and the processor calculates the
angle according to an angle calculation formula, where the angle calculation formula may be:

 

[0048] Next, the processor determines whether the calculated angle is within the default specific range or not (step
S36), i.e., the processor determines the oblique face is upward tilted or downward tilted by comparing the oblique face
with the plane. In one embodiment, if the calculated angle is bigger than 0 degree and smaller than 90 degrees, the
processor determines the angle is within the specific range and the oblique face is downward tilted. On the other hand,
if the angle is smaller than 0 degree or bigger than 90 degrees, the processor may determine the angle is outside the
specific range and the oblique face is upward tilted.
[0049] If the processor determines that the angle is within the specific range after step S36, the processor then performs
the compensation process on the color of each of the coloring points according to the angle (step S38). In particular,
the processor compensates parts or all of the color printing information that related to each of the coloring points. More
specific, the processor performs a deepened process to the color printing information that related to each of the coloring
points.
[0050] According to the experiments, if the specific range is set within 0 degree to 90 degrees, the larger the oblique
angle of the oblique face is (approaching to 90 degrees), the easier the printer 1 can perform the coloring actions. As a
result, the compensation action performed by the processor to the coloring information of each coloring point in this
scenario will be smaller (i.e., the criterion of the deepened process will be smaller). On the contrary, the smaller the
oblique angle of the oblique face is (approaching to 0 degree), the harder the printer 1 can perform the coloring actions.
As a result, the compensation action performed by the processor to the coloring information of each coloring point in
this scenario will be larger (i.e., the criterion of the deepened process will be larger).
[0051] Each of the aforementioned color printing information respectively records Cyan information, Magenta infor-
mation, Yellow information and Black information of each coloring point. In one embodiment, the processor performs
the compensation process to the Cyan information of each coloring point according to a first formula, performs the
compensation process to the Magenta information of each coloring point according to a second formula, performs the
compensation process to the Yellow information of each coloring point according to a third formula, and performs the
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compensation process to the Black information of each coloring point according to a fourth formula. In the embodiment,
the aforementioned four formulas may be exemplified as the following: 

[0052] According to the above four formulas, wherein "a", "b", "c" are respectively indicating compensation factors, "t"
indicates the aforementioned oblique angle, "C" indicates the Cyan information, "C"’ indicates the compensated Cyan
information, "M" indicates the Magenta information, "M"’ indicates the compensated Magenta information, "Y" indicates
the Yellow information, "Y"’ indicates the compensated Yellow information, "K" indicates the Black information, and "K"’
indicates the compensated Black information.
[0053] The above compensation factors "a", "b", and "c" may be set according to the printing accuracy of the printer
1 to be used, and different printers may use different compensation factors.
[0054] In particular, the Cyan information, the Magenta information, the Yellow information and the Black information
respectively record values within 0∼100. When performing coloring on the slicing objects, the printer 1 controls the ink
amount of Cyan ink, Magenta ink, Yellow ink and Black ink that jetted by the 2D nozzle 13 according to the Cyan
information, the Magenta information, the Yellow information and the Black information of the corresponding image file.
In one embodiment, the 2D nozzle 13 does not jet ink when the aforementioned value is recorded as 0, and the 2D
nozzle 13 will jet maximum amount of ink when the aforementioned value is recorded as 100.
[0055] If the Cyan information, the Magenta information, the Yellow information and the Black information are recording
the aforementioned value that within 0∼100, then the above formulas may be modified as the following: 

[0056] According to the above four formulas, wherein "min" indicates to take the minimum value, "100" indicates the
maximum amount corresponding to each color of ink jetted by the 2D nozzle 13 of the printer 1. In other words, the
updated color information will not record a value exceeding the maximum amount of ink jetted by the 2D nozzle 13 of
the printer 1.
[0057] By using the method of each embodiment disclosed in the present invention, the color of a downward tilted
face of a 3D object may be effectively compensated, so as to make the color of a printed full-colored model more even
and accuracy.

Claims

1. A method for compensating color of colored 3D object, comprising:
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a) importing a 3D object (4) at a processor;
b) performing an object slicing process on the 3D object (4) for generating multiple object printing-route infor-
mation of multiple printing layers;
c) performing an image slicing process on the 3D object (4) for generating multiple color printing information of
the multiple printing layers;
d) performing a compensation process to the multiple color printing information for generating multiple updated
color printing information, wherein each updated color printing information has been compensated on the color
of an oblique face (5) of the 3D object (4), and an oblique angle (t) of the oblique face (5) is within a specific
range; and
e) storing the multiple object printing-route information as multiple routing files at a storing unit, and storing the
multiple updated color printing information as multiple image files at the storing unit.

2. The method in claim 1, wherein the specific range is bigger than 0 degree and smaller than 90 degrees.

3. The method in claim 1 or 2, wherein the processor regards any face of the 3D object (4) having a downward-oriented
normal vector as the oblique face (5).

4. The method in any of the claims 1 to 3, wherein the step d further comprises following steps:

d1) obtaining a triangular face (51,52) related to each coloring point of the oblique face (5);
d2) obtaining a normal vector of the triangular face (51,52);
d3) calculating an angle between the triangular face (51,52) and a plane according to the normal vector, wherein
the angle equals to the oblique angle (t) of the oblique face (5); and
d4) performing the compensation process to the color of each coloring point according to the calculated angle
when the angle is within the specific range.

5. The method in any of the claims 1 to 4, wherein the normal vector is n(nx,ny,nz), and the angle is

 

6. The method in any of the claims 4 to 5, wherein the color printing information respectively record Cyan information,
Magenta information, Yellow information, and Black information of each coloring point.

7. The method in any of the claims 1 to 6, wherein the step d4 performs the compensation process to the color of each
coloring point according to a first formula, a second formula, a third formula, and a fourth formula, wherein the first
formula is: C’= a * C + b * t + c, the second formula is: M’= a * M + b * t + c, the third formula is: Y’= a * Y + b * t +
c, and the fourth formula is: K’= a * K + b * t + c, wherein a, b, c indicates compensation factors, t indicates the
calculated angle, C indicates the Cyan information, C’ indicates a compensated Cyan information, M indicates the
Magenta information, M’ indicates a compensated Magenta information, Y indicates the Yellow information, Y’
indicates a compensated Yellow information, K indicates the Black information, K’ indicates a compensated Black
information.

8. The method in claim 7, wherein the Cyan information, the Magenta information, the Yellow information, and the
Black information respectively record values within 0 to 100, and the first formula is: C’=min(a * C + b * t + c , 100),
the second formula is: M’=min(a * M + b * t + c , 100), the third formula is: Y’=min(a * Y + b * t + c , 100), and the
fourth formula is : K’=min(a * K + b * t + c , 100).

9. The method in any of the claims 1 to 8, wherein further comprises following steps:

f)controlling a 3D nozzle (12) of a 3D printer (1) to print a slicing object of each of the printing layers layer by
layer according to the multiple routing files; and
g) controlling a 2D nozzle (13) of the 3D printer (1) to perform coloring on the slicing object of each of the printing
layers respectively according to the multiple image files.

10. The method in any of the claims 1 to 9, wherein the 3D printer (1) is a fused deposition modeling (FDM) type 3D printer.
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