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or a geometry for a non-planar surface of an article; dete;

'mining a tangent orientation for a print head in three dimensions; and us-

ing the tangent orientation and positioning the print head relative to the non-planar surface of the article. Embodiments of appara-
tus for printing on articles having non-planar surfaces are also disclosed.
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APPARATUS AND METHOD FOR PRINTING ON ARTICLES HAVING A NON-

PLANAR SURFACE
TECHNICAL FIELD
10001} The present invention relates to an apparatus and method for printing images on
articles having a non-planar surface.
BACKGROUND
[0002] Tnal and error methods for printing on substrates are commonly inconsistent,

tedious, and time-consuming, especially at the production level. Printing with an acceptable
level of quality on objects that include one or more non-planar (e.g., curved) portions, such as

a shoulder portion of a plastic container, can prove to be challenging.

10003 ] For some applications, it i1s desirable for the print head to move to a more

optimal print position and/or orientation relative to the surface to be printed.

SUMMARY

[0004] The present invention discloses, inter alia, an apparatus for printing on an article
having a non-planar surface. An embodiment of the apparatus includes a means for
determining a tangent for a non-planar surface of an article, and a means for positioning a
print head relative to the article using information associated with the tangent. Methods for

printing on articles having non-planar surfaces are additionally disclosed.

[0005] In one aspect, there 1s provided a method for printing on an article having a
non-planar surface, the method comprising: obtaining coordinates or a geometry for a non-
planar surface of an article; determining a tangent orientation for a print head in three
dimensions; using the tangent orientation and positioning the print head relative to the non-
planar surface of the article; and selecting a range of points based on specified or determined

print width associated with a printing surface or substrate.
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[00054a] In another aspect, there is provided a method for printing on an article having a
non-planar surface, the method comprising: obtaining a geometry for a non-planar surface of

said article; determining a deviation of curvature with respect to the non-planar surface;
determining a tangent/slope for a plurality of points on the non-planar surface that are within
a print region or area; determining a sabre angle based upon a provided or determined print
density; using the determined sabre angle to determine a process direction angle, a cross

process direction angle, or both a process direction angle and a cross process direction angle.

[0005b] In another aspect, there is provided a method for printing on an article having a
non-planar surface, the method comprising: providing an article with a non-planar surface
having a print area or print region; providing or obtaining a desired print resolution and an
associated sabre line; selecting or identifying a number of points near the sabre line that are
on or within the print area or print region; determining a tangent for the non-planar surface;
and positioning a print head relative to said article using information associated with the

tangent.

(0005¢] In another aspect, there is provided a method for printing on an article having a
non-planar surface, the method comprising: providing a plurality of points in two dimensions,
the plurality of points representing points selected or identified in connection with a print
surface/substrate; providing a sabre line with a sabre angle; selecting a plurality of points on
the print surface and identifying three-dimensional coordinates at the print surface for the
plurality of points; providing a minimum number of points along or about a sabre line;
measuring the offset distances between successive ones of the points; assessing the line
placement on the surface with respect to the sabre line; calculating the distance between the
coordinates; and applying trigonometric functions between distances calculated between the

coordinates and the offset distances between each coordinate point to provide a print angle for

that point.

10005d] In another aspect, there is provided a method for printing on an article having a
non-planar surface, the method comprising: (a) selecting a plurality of points based on a print

width on an identified printing surface; (b) identifying coordinates with respect to a common
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reference point; (c) selecting a plurality of points along a sabre line, the sabre line having a
sabre angle; (d) obtaining an offset distance between successive points along the sabre line;
(e) selecting a coordinate that describes the curvature of the printing surface; (f) determining
a print angle based on the selected coordinate; (g) using a distance equation to determine the
distances between identified coordinates; and (h) using trigonometric functions between the
determined distance between identified coordinates and the offset distance to provide a print

angle for a specific point.

[0005¢] In a further aspect, there is provided an apparatus for printing on an article
having a non-planar surface, the apparatus comprising: a print head including a plurality ot
nozzles; a means for determining a tangent for a print surface or print substrate on a non-
planar print surface of said article; and a means for positioning the print head relative to the

non-planar surface based on the determined tangent using a sabre angle.

|00051] In a turther aspect, there i1s provided a method tor printing on an article having a
non-planar surface, the method comprising: obtaining coordinates or a geometry for a non-
planar surface of an article; determining a tangent orientation for a print head in three
dimensions; using the tangent orientation and positioning the print head relative to the non-
planar surface of the article, wherein the positioning of the print head involves at least a sabre
angle; and selecting a range of points based on specified or determined print width associated

with a printing surface or substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

(0006] Embodiments of the invention will now be described, by way of example, with

reference to the accompanying drawings, wherein:

10007] FI1G. 1 1s a graphical representation of a plot of points selected with respect to a

printing surface or substrate;

[0008] FIG. 2 1s an example of an article having a non-planar surface and an associated

printing region or area - with indicated sabre line;
10009] FIG. 3 1s an 1llustration of a print head orientation in three-dimensional space;

[00010] FIG. 4 1s an illustration of an example of a print head;

23
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[00011] FIG. 5 is a representation of a sabre angle relative to an X-axis;

[00012] FIG. 6 is a schematic representation of a print head orientation relative to a non-

planar surface of an article;

[00013] FIG. 7 is a representation of a second angle relative to a Y-axis that generally

illustrates how a print head may be turned relative to a top-view of an article; and

[00014] FIG. 8 is a schematic representation of a tangent line with respect to a non-

planar portion of an article.

DETAILED DESCRIPTION

[00015] Reference will now be made in detail to embodiments of the present invention,
examples of which are described herein and illustrated in the accompanying drawings. While
the invention will be described in conjunction with embodiments, it will be understood that
they are not intended to limit the invention to these embodiments. On the contrary, the
invention is intended to cover alternatives, modifications and equivalents, which may be

included within the scope of the invention as defined by the appended claims.

(00016] Among other things, the present invention utilizes a mathematically-based
formula or calculation (e.g., correlation) to provide a specified/optimized print head angle.
The specified/optimized print head angle may involve three principal axes that are associated
with a sabre angle, a cross process angle, and a process angle. The information associated

with the calculation/correlation can provide, infer alia, print head positioning information,

2b
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including information concerning the angle the print head should be rotated or positioned to
improve or better “optimize” print quality. Such improved relative print head
positioning/orientation can, without limitation, provide greater print image consistency with

respect to non-planar surfaces.

[00017] An embodiment of the invention involves a study of a deviation of curvature
with respect to a relevant non-planar print surface. The method includes a calculation of a
tangent/slope for a range of points on the curved surface that are within an intended print
region or area. To assist with the alignment of an associated print head, up to three principle
angles may be determined/defined. The angles include a sabre angle, a process direction
angle, and a cross process direction angle. Based upon a specified or desired print density
(dp1), a sabre angle can be determined. Using the sabre angle as a reference, the other angles,
1.€., the process direction and/or cross process direction angles, can be determined. An

example of such a procedure 1s further described herein.

[00018] An embodiment of the procedure includes picking a range of points (e.g., 1 to
250, or even more) based on a specified or determined print width associated with the surface
of a printing surface (or printing substrate). Three-dimensional coordinates (X, Y, and 7))
associated with the surface to be printed may be 1dentified or found with respect to a common

reference entity — for example, using 3-D drafting/modeling software.

[00019] Based on the desired print resolution, sabre angle, and print dimensions, an
embodiment of a system provided in connection with the invention can select or pick a
minimum/specified number of points along or about the sabre line. This information can be
used to help find a more realistic tangent for points on the surface. It 1s noted that generally
an increased number of points will provide a better numerical converging during an iteration

process.

[00020] Measuring the offset distances between successive points (e.g., using a least-
squares analysis or other “best fit” line-fitting calculations) can help assess the line placement
“accuracy’ (or optimized placement) on the surface (or substrate, as the case may be as to

printing surface) with respect to the sabre line.

[00021] The coordinates that are determined to best represent or embody the curvature
of the substrate or surface to be printed on are selected before the print angle(s) are

calculated. For example, 1f the x-coordinates describe a curvature of cross process, then those
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points can be used to calculate the cross process angle. The direction process angle may be

similarly determined.

[00022] Next, the distance between the coordinates may be calculated using the
following equation:

D= Square Root of [(x>-X;) ~ + (Y2-y1) ~ + (z>-z1) ] (the “distances equation”)

[00023] Using the trigonometric functions between the distances calculated and the
offset between each coordinate point can provide the required angle for that point. The
foregoing process can be repeated for other points 1n the point selection range. It desired, the
points can be plotted in graphical form. The points and/or plotting thereof, can describe the
nature of point deviation and/or provide the tangent/slope of these points at the reference
sable angle. Using an imaginary line technique, the average angle for all the slope points can

be tound. The same process can be used to determine the other angle.

[00024] Fig. 1 illustrates the procedural points in a schematic format. Fig. 1 generally
illustrates an X axis and a Y axis. Line 10 represents a sabre line drawn at the sabre angle
provided by the printing resolution (1.e., dp1). Points 20 represent points picked at the print
surface/substrate — the points define the x, y, z coordinates. Delta A is the offset distance that

is maintained at each point. Based on the geometry, the system can maintain constant delta A

or keep variable offset distance.

[00025] The following is provided by way of a non-limiting example. Fig. 2 illustrates a
portion of an article 40 (e.g., a beaker) with a non-planar surface (e.g., upper portion of the
beaker) having an identified print area or print region 50. The geometry of the article 40
provides an example of a printing surface/substrate. A sabre line 60 1s shown relative to the
print region 50. Based on the desired printing resolution, the inclined line 1s the head sabre.

Next, a desired number of points are picked up, typically based on the predefined range, close

to the sabre line and within the printing region.

[00026] Fig. 3 illustrates a generic print head orientation in three-dimensional space.
With reference to the figure, plane XZ represents the plane of the sabre angle, which 1s
determined by the print resolution. Angle XOZ is the sabre angle. Plane XY represents the
plane of the cross process on the head with respect to the printing surface/substrate in 3D

space. Angle XOY 1s the cross process angle. Plane YZ represents the plane of the process
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on the head with respect to the printing surface/substrate in 3D space. Angle YOZ 1s the
process angle. It 1s noted that the figure and foregoing description are intended to provide an
exemplary relationship. The atorementioned planes are subject to change and modification

with respect to different printing techniques and/or setups.

[00027] An embodiment of a procedure involving aspects of the invention (such as those
noted above) may comprise several steps. In a non-limiting embodiment:

(a) a range of points (e.g., 1 to 250, or more) 1s selected based on the
desired/required print width on an 1dentified printing surface/substrate;

(b) the X, Y, and Z coordinates — with respect to a common reference
point/entity — may be found, for example, using drafting/modeling
software;

(¢) based on the required/desired printing resolution, sabre angle, and print
dimensions, a minimum number of points (e.g., 10 to 30) are picked
along the sabre line (the points may be used to help find more realistic
tangents for every point on the surface);

(d) offset distances are measured between each successive point to better
understand its placement accuracy on the printing surface/substrate
with respect to the sabre line;

(e) the coordinate that best describes the curvature of the printing
surface/substrate 1s selected betore calculating the associated printing
angles — for example, if the X coordinates describe the curvature of
Cross process, then those points can be used for determining the cross
process angle;

(1) a similar determination (as noted in (e¢)) may be used to determine the
process direction angle;

(2) the distances between coordinates are then formulated using the
“distances equation’’;

(h) using trigonometric functions between the distances calculated and the
offset between each coordinate point provides the required/desired
angle for that point;

(1) the foregoing steps may be repeated for all (or at least most) of the

points 1dentified 1n the point selection range;
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() the points may, optionally, be plotted (e.g., on a graph sheet) — the
plotting of the points describes the nature of point deviation or the

tangent/slope at such points at the reference sabre angle;

(k) line-fitting techniques are used to find the average angle for the slope
points; and
(1) the process may be repeated with respect to the other non-sabre angle.

[00028] Fig. 4 depicts a generic print head 70 including a plurality of nozzles. The print
head 70 may, without limitation, comprise a print head of the type used for digital ink
printing. The head may include as many as 320 or more nozzles. The nozzles, which may be
conventional in nature, commonly eject ink 1n a straight line. Fig. 5 generally 1llustrates a
first angle (o), or sabre angle, with reference to an X-axis and a sabre line 90. With further
reference to the figure, the process direction 1s 1dentified by the letter P and the
accompanying arrow. As generally 1llustrated, the sabre angle reduces the print height

(viewed vertically 1n the X direction), but will at the same time increase the associated dots

per inch (dp1).

[00029] A sample container shoulder application is illustrated in Fig. 6. In the illustrated
embodiment, a container 100 1s shown including a non-planar shoulder portion 110. The
container 100 may, without limitation, comprise a plastic container. A print head 120 1s
schematically shown positioned to print toward a tangent line 130 associated with the
shoulder portion 110 of the illustrated container 100. An embodiment of a means for
positioning the print head 120 1s generally 1llustrated in FIG. 6 in the form of a mechanical
apparatus 132. The mechanical apparatus may, for example, comprise a plurality of movable
portions or segments. Without limitation, the mechanical apparatus or arm may include a
first portion or segment 134, a second portion or segment 136, and a third portion or segment
138. As generally shown 1n the illustrated embodiment, the first portion or segment 134 may
be configured to rotate about a Z-axis; the second portion or segment 136 may be configured
to rotate about an X-axis; and the third portion or segment 138 may be configured to rotate or
swing about a Y-axis. The portions or segments 134, 136, and 138 may be operationally
positioned independently or 1in coordination by a controller. The controller controls the
moving/positioning of a print head 120 (which may be connected or operationally attached to
a portion of the mechanical apparatus 132 —e.g., to portion or segment 138) for printing at a

specified position and/or orientation (e.g., on a tangent relative to a print surface). Such a
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configuration can, among other things, permit better optimization of a print head based on the

geometry associated with non-planar surfaces associated with the container.

[00030] Fig. 7 depicts a top-view of an article 140 (which may be a container) and an
angle () associated with a Y-axis. The illustrated embodiment generally shows how a print
head may be rotated or turned to minimize distortion. Fi1g. 8 shows a simplified cross
sectional representation of a tangent line 150 with respect to an article 160 (e.g., bottle)

having a non-planar (curved) portion 170.

[00031] Among the other aspects and features discussed, the present invention provides
a system that can obtain a geometry of a surface, calculate an optimized orientation of the
print head in three dimensions (via X-Y-Z coordinates), and use that information to better
position the print head to optimize printing relative to a given non-planar surface(s) of an

article.

[00032] The foregoing descriptions of specific embodiments of the present invention
have been presented for purposes of illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise forms disclosed, and various modifications
and variations are possible in light of the above teaching. The embodiments were chosen and
described 1n order to explain the principles of the invention and its practical application, to
thereby enable others skilled in the art to utilize the invention and various embodiments with
various modifications as are suited to the particular use contemplated. It 1s intended that the

scope of the invention be defined by the claims and their equivalents.
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CLAIMS:

l. A method for printing on an article having a non-planar surface, the method
comprising:

obtaining coordinates or a geometry for a non-planar surface of an article;

determining a tangent orientation for a print head in three dimensions;

using the tangent orientation and positioning the print head relative to the non-planar
surface of the article, wherein the positioning of the print head involves at least a sabre angle;
and

selecting a range of points based on specified or determined print width associated

with a printing surface or substrate.

2. The method of claim 1, wherein the positioning of the print head involves the

sabre angle, a cross process angle, and a process angle.

3. The method of claim 2, wherein the sabre angle i1s used to calculate the cross

process angle and the process angle.

4, The method of claim 1, including selecting points along or about a sabre line

based on a desired print resolution, a sabre angle, and print dimensions.

3. The method of claim 4, wherein a minimum or specified number of the points
along or about a sabre line are used to refine tangents at one or more of the points on the non-

planar surface.

6. The method of claim 4 or 5, wherein offset distances between successive ones

of the points are determined.

7. The method of claim 6, wherein the determination of offset distances involves

using a least-squares analysis or a line-fitting calculation.

8. The method of any one of claims 1 to 7, wherein the geometry of the non-

planar surface is identified from or provided by a common reference entity.

9. The method of claim 8, wherein the common reference entity is provided by

three-dimensional drafting or modeling software.
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10.  The method of any one of claims 1 to 7, wherein the coordinates or geometry
for the non-planar surtace are determined prior to calculating one or more angles associated

with the positioning of the print head.

11. A method for printing on an articie having a non-planar surface, the method
comprising:

providing an article with a non-planar surface having a print area or print region;

providing or obtaining a desired print resolution and an associated sabre line;

selecting or identifying a number of points near the sabre line that are on or within the
print area or print region;

determining a tangent for the non-planar surface; and

positioning a print head relative to said article using information associated with the

tangent.

12.  An apparatus for printing on an article having a non-planar surface, the
apparatus comprising:

a print head including a plurality of nozzles;

a means for determining a tangent for a print surface or print substrate on a non-planar
print surface of said article; and

a means for positioning the print head relative to the non-planar surface based on the

determined tangent using a sabre angle.

13.  The apparatus of claim 12, wherein the means for positioning the print head

comprises a mechanical arm providing at least two degrees of rotational treedom.
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