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METHOD AND SYSTEM FOR PROVIDING A SELF-ADAPTIVE IMAGE

BACKGRQUND
{0001]  Advertising is an essential means for companies o promote their

products and services. Today, businesses often spend north of hundreds of
millions of dollars per year on various marketing campaigns. The signage market
is dominated by various-sized adverlisemenis as companies seek appropriate
signs that will have the maximum impact on potential consumers. One such
signage includes backlit posters that allow content o be displayed twenty-four
hours a day. More particularly, these backlit posters are displayed within a light
box during the day — with the light off in order to save energy — and then with rear
ifumination during the evening to reach the nighttime audience.

BRIEF BESCRIPTION QF THE DRAWINGS

{00021 The features and advantages of the present disclosure as well as

additional features and advantages thereof will be more clearly undersiood
hereinafter as a result of a detailed description of implementations when {aken in
conjunction with the following drawings in which:

00031 FIG. 1 illusitrates a simplified block diagram of the self-adaptive
image system according to an example implementation.

[0004] FIG. 2 iliusirates a side profile view of the seif-adaptive image and
laver construction according (o an example implementation.

{00051 FIG. 3 illustrales a simplified flow chart of the processing steps for
printing a self-adaptive image according to an example implementation.

[0008] FIG. 4 illusirates a simplified flow chart for calibraling color
attributes of the self-adaptive image according to an example implementation.

{00077  FIG. 5 illustrates another simplified flow chart of the processing

steps for printing a self-adaplive image according o an example implementation.

DETAILED DESORIPTION OF THE INVENTION

0008] The following discussion is directed to various examples. Although

one or more of these examples may be discussed in delail, the implementations
disclosed should not be interpreted, or otherwise used, as limiting the scope of
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the disclosure, including the claims. In addition, one skilled in the art will
understand that the following description has broad application, and the
discussion of any implementations is meant only to be an example of one
implementation, and not intended (o intimate that the scope of the disclosure,
including the claims, is limited o that implementation. Furthermore, as used
herein, the designators “A”, "B” and "N’ particularly with respect {o the reference
numerals in the drawings, indicate that a number of the particular feature so
designated can be included with examples of the present disclosure. The
designators can represent the same or different numbers of the parlicular
features.

{00091 The figures herein follow a numbering convention in which the first
digit or digits correspond to the drawing figure number and the remaining digits
identify an element or component in the drawing. Similar elements or
components between different figures may be identified by the user of similar
digits. For example, 143 may reference element "43” in Figure 1, and a similar
element may be referenced as 243 in Figure 2. Elements shown in the various
figures herein can be added, exchanged, and/or eliminated so as o provide 3
number of additional examples of the present disclosure. In addition, the
proportion and the relative scale of the elements provided in the figures are
intended fo illustrate the examples of the present disciosure, and should not be
taken in a imiting sense.

[00010] In genersl, the color characlerization of a printed image varies
greatly depending on the illumination type. For example, typically images
characterized for front-lit applications tend to display pale colors when viewed
using a back light. On the other hand, images characterized for backli
Humination (i.e., uses more ink to saturate colors during rear illumination)
produce darker graphics when displayed in natural light {(i.e., front #luminalion).
Prior attempts o resclve this issue include printing with a8 synthetic profile
designed with a mix of both Hluminations {i.e., backlit and frontlit). However, this
is more of an intermediate solution that provides an image not oplimized for
gither lighting condition, and though acceptable, is often slightly darker during the
day and slightly paler during the night. This is partly because images viewed
while light reflects on the display surface have more saturated colors as the light
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gets colored twice due o multiples pass through the ink layer, while images
viewed from rear lighting (i.e., backiit) have paler colors as light only passes once
through the ink layer.

[00011]  Still another solution involves printing one image on a substrate and
then printing the same image again mirrored on the back side of the same
subsirate such that both images are sligned. However, this method requires a
very precise alignment between both sides of the substrale and also requires
rmultiple print operations, which directly impacts throughput, and is not valid in
most roll to roll applications since alignment errors tends {0 accumulate across
the entire length of the ink roll. While it is possible to find an ink amount that
works for both ilumination modes accepting some performance tradeoffs, there is
stil @ need in the art for a robust solution that optimizes the image for both
viewing conditions.

000121 Implementations of the present disclosure enable a method and
system for providing a self-adaptive image. According to one example, a layer of
white ink is deposited belween a first and second ink iayer printed on a substrate.
Consegquently, only the top part of the image is seen using a front light while the
effect on bottom part of the image is negligible. Moreover, when using a back
light the bottom part of the image reinforces the color avoiding the pale aspect of
prior solutions.  Still further, both lavers of the image can be color-managed
independently to optimize both viewing conditions.

[00013] Referring now in more delail {o the drawings in which like numerals
identify corresponding parts throughout the views, FIG. 1 lllustrales a simplified
block diagram of the self-adaptive image system according to an example
implemeniation. As shown in the present example, the system 100 includes a
user 105, printer system 110, and print media 120.

{00014] User 105 represents an individua! operating 2 computing device
capable of communicaling with the printer system 110. According to one
implementation, the user and computing device 105 may include a notebook
computer, tablet computing device, smariphone, or similar device having features
to communicate {(wired or wirelessly) with a peripheral device such as printer 110.

Print media or substrate 125 represents paper, poster, cardboard, or similar
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material used by the printing device 110 Jor embedding text andior graphics
thaereon.

{00015] According to one implementation, printing system 110 represenis a
commercial, laseriet, or large-format printer configured o print images on a print
media 125. In one example, the printer includes printing element 113, processing
unit 115, and colorimetry management module 117, The printing element 113
represents an ink delivery device for depositing ink {white and non-white} onlo
print media 125. Processing unit 112 represents a central processing unit (CPU),
micracontroller, microprocessor, or logic configured o analyze and execute
programming instructions associated with the colorimetry management module
117. Storage medium 114 represents volalile storage (g.g. random access
memory}, non-volatile store {e.g. hard disk drive, read-only memory, compact
disc read only memory, flash storage, efc.), or combinations thereof
Furthermore, storage medium 114 includes firmware or software 116 that is
executable by processor 115 and, that when executed, causes the processing
unit 115 o perform some or all of the functionality described herein. Moreover,
the colorimetry management module 117 may be implemented as an exgcutable
programming madule or firmware within the storage medium 114,

{00016] In one example, the colorimetry management module 117 is
configured o provide optimized color attributes and profiles for each non-white
layer to be printed. For instance, the colorimetry management module 117 may
provide instructions {o the processing unit to utilize a first oplimized color profile
sefting for the lower ink layer and a second oplimized color profile setting for the
upper ink layer as will be described in further detail below. The color profile
settings for each ink layer may represent a set of datg that characterizes a color
space input and may be in accordance with standards of the Intermnational Color
Consortium {e.g. ICC profile). The management module 117 may further include
an element for measuring color attributes of an image such as spactrophotometer
for example in order {0 establish the proper color settings for each layer of the
image. According to one exampie, elements of the colorimetry management
module 110 m implemented as upgradeable firmware for execution within

axisting print systems.
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00017 FIG. 2 8 a side profile view of the self-adaptive image and layer
construction according to an example implementation. The print output 225
includes print substrate 220 having muitiple ink layers deposited thereon. The
multi-layered ink structure includes a bottom image layer 227, white layer 228,
and an upper image layer 229. The directional arrows represent how light gets
colored in both transmission mode (backlit) and reflection mode (frontlit). As
shown here, the white layer 228 reflects most of the light while only transmitling a
fraction of the incoming light. Furthermore, each non-white image layer 227 and
229 provides ample color with respect to the input light during backlit #lumination
{i.e., transmission mode). And during front light #Hlumination {i.e., reflection
made}, the upper image layer 228 provides the majority of color light input
{represented by magnitude directional arrow 236) as the light-color contribution
from the bottom image layer 228 is negligible {represented by magnitude
directional arrow 237).

100018] Moreover, the color can be optimized for both lighting conditions by
determining an appropriale ink level for each non-white image layer (upper layer
229 and bottom layer 227). In one example, a total non-white ink amount of
200% is distributed onto the image layers at an ink level ratio of 1:1 such that
each layer 227 and 229 receive an ink level of 100%. Still further, accurate
colors can be established by applying a different color profiles for each image
laver 227 and 229 as will be described in further detail with reference to FIG. 5.

[000198] FIG. 3 illustrales a simplified flow chart of the processing steps for
printing a seif-adaptive image according to an example implementation. Initially,
in block 302 a first non-white ink layer associated with an image o be printed is
deposited on the substrate. For example, a user operating a computing device
may send a print job of an image o be printed to the printer device s0 as o
cause the printer device to execule instructions from the processing unit {o
deposit a first non-white ink layer. Thereafter, instructions for depositing a white
ink layer above the first non-while ink layer is sent in block 304,  Lastly,
instructions are transmitied for the printing element of the print device to deposit
a second non-white layer associated the image {0 be printed above the white ink

fayer in block 3086.



WO 2015/116109 PCT/US2014/013899
-8 -

1000201 FIG. 4 ilustrates a simplified flow chart for calibrating color
atiributes of the self-adaptive image according 1o an example implementation. As
mentioned above, application of varying color profites for the image layers aids in
providing the most accurate color for the printed image. In block 402, a first
target color profile sample is printed by the print device. In block 404, the
colorimetry atiributes of the printed sample are measured while in reflection
mode. In one example, a specirophotometer associated with the printer device
may be utilized o measure colorimetry factors such as the saturation, color
prightness, hue, and other color atiribules of the printed profile sample. Next, in
block 406, a color profile setling for the upper ink layer (i.e., reflection color
profile) is computed based on the colorimetry measurement s¢ as to ensure that
the most accurale colors appear during frontlit dHlumination.  The color profile
setting may relate generally to color management within a specific color space
{e.g., RGB and CMYK) for the print device and print element during deposition of
link on the substrate. For example, the colorimetry management module may
determine that the lower ink layer should be printed with darker have a
Thereafter, in block 408 a second color profile sample is printed as a lower ink
layer while the first color profile sample is printed as an upper layer. In block 410,
the colorimetry attributes of the second color profile sample is then measured
while backlit iHluminated. The print color profile setting for the lower ink layer {ie,,
transmission color profile} is computed in block 412 so as o oplimize the
colorimetry attributes of the image during the backiit ilumination condition.

000211 FIG. 5 illustrates another simplified flow chart of the processing
steps for printing & self-adaptive image according to an example implementation.
First, in block 502 a print job from an operating user is received at the printer
device. Furthermore, the processing unit of the printer device is configured to
retrieve the color profiles associated with the print function in block 504. Based
on the profile setting (i.e., fransmission or reflective), a lower ink layer is printed
on the substrate in accordance with the colorimetry attributes associated with the
transmission profile in block 506, For example, the lower ink layer may be
printed with slightly darker ink since less light is reflected on this layer during

frontlit ilumination.  In block 506, a white layer is printed over the lower ink layer
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as described above. Lastly, an upper non-white ink layer is printed over the white
ink layer in the reflective profile setting in biock 508.

1000221 Accordingly, the image color during direct illumination or reflection
mode may still be still optimized since the effect of the lower layer on the coloris
negiigible with inclusion of the white layer. And since the color correction is
concentrated in the lower image, the color of the image is also optimized in the
backlit setling or transmission mode. That is, the top laver of the image is printed
using a profile optimized for reflective lighting and the bottom layer of the image
is printed using a profile optimized for backlit kghting.  Consequently,
implementations of the present disclosure provide a self-adaptive image and
accurate colorimetry attributes (e.g., color and brightness) for both viewing
conditions.

1000231 Implementations of the present disciosure provide a method and
system for providing a self-adaptive print image. Moreover, many advantages
are afforded by the implementations of the present disclosure. For instance, the
present examples enable users to print images that are optimized o be displayed
in both backiit and frontlit conditions in a single printing process, thus preserving
the printing throughput and allowing business o display adveriisements
throughout the day in multiple lighting conditions.  Furthermore, the present
contfiguration allows for potential energy and cost savings associated with
signage advertisemenis during the day time.

100024] Furthermore, while the disclosure has been described with respect
to particular examples, one skilled in the art will recognize that numerous
modifications are possible. Moreover, not aill components, features, structures,
characteristics, eic. described and ilustrated herein need be included in a
particular example or implementation. T the specification states a component,
feature, structure, or characteristic “may”, "might”, "can” or "could” be included,
for example, that particular component, feature, structure, or characteristic is not
required o be included. If the specification or claim refers to "a" or "an” glement,
that does not mean there is only one of the element. I the specification or claims
refer to "an additional” element, that does not preciude there being more than

one of the additional element.
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000251 it is to be noled that, although some examples have been described
in reference o particular implementations, other implementations are possible
according 1o some examples. Additionally, the arrangement o order of elements
or other features illustrated in the drawings or described herein need not be
arranged in the particular way illustrated and described. Many other
arrangements are possible according to some examples.

(00028 The technigues are not restricled 1o the particular details listed
herein. Indeed, those skilled in the art having the benefit of this disclosure will
appreciate that many other variations from the foregoing description and
drawings may be made within the scope of the present techniques. Accordingly,
it s the following claims including any amendments thereto that define the scope

of the technigues.
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WHAT IS CLAIMED 15:

1. A method for providing a self-adaptive image:
depositing a first non-white ink layer on a subsirate;
depositing a white ink layer over the first non-white ink layer; and
depositing a second non-white ink layer over the white ink layer.

2. The method of claim 1, further comprising:

printing a first color profile sample on the substrate;

measure the color atiributes associated with the first color profile sample
while in a first display mode; and

compute an upper layer color profile based on the atiribute measurement.

3. The method of claim 2, further comprising:

printing a second color profile sample as a first layer and the first color
profile sample as a second layer,;

measure the color atiributes of the second layer while in a second display
mode; and

compute a lower layer color profile based on the altribute measurement of
the second layer.

4. The method of claim 1, wherein the first layer comprises a color
profile optimized for reflective lighting and the second layer comprises of a color

profile optimized for backlit lighting.

5. The method of claim 3, wherein the step of depositing the first non-
white ink layer includes printing the ink in accordance with the lower layer color
profile.

B. The method of claim 3, wherein the step of depositing the second
non-white ink layer includes printing ink in accordance with the upper layer color
profile.
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7. A system for providing a seif-adaptive image comprising:
a printer configured o print white and non-white ink on media,
wherein the image includes a white ink laver deposited between an upper

non-white ink layer and a lower non-white ink layer.

8. The system of claim 7, wherein the printer includes a colorimetry

measurement module for measuring colorimelry attribules of a profile sample.

g. The system of claim &, wherein a fransmission color profile is
determined based on a measurement of colorimetry alfribules of a profile sample
associated with the lower ink layer and a first display mode.

10. The system of claim 8, wherein a reflective color profile is
determinad based on a measurement of colorimetry attributes of a profile sample

associated with the upper ink layer and a second display made.

11, The system of claim 8, whergin the lower layer of the image is
printed on the media in accordance with the transmission color profile.

12. The system of claim 10, wherein the upper layer of the image is
printed on the media in accordance with the reflective color profile.

13. A non-transitory computer readable medium for providing a self-
adaptive image having programmed instructions stored thereon for causing a
processer o

print & lower non-white ink layer on a substrate;

print & white ink layer over the first non-white ink layer; and

print an upper non-white ink layer over the white ink layer.

14, The non-transiiory computer readable medium of claim 13, wherein
the programmed instructions stored thereon further cause the processor o:

print & color profiling target on the substrate;

measure the colorimelry atiributes of the layers in a first mode; and
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determine an upper color profile based on the colorimetry measurement;

print the color profiling target only on the upper layer;

measure the colorimelry attributes of the upper layer in a second display
mode; and

determine a lower color profile based on the colorimetlry attributes of the
upper layer.

15, The non-transitory computer readable medium of claim 14, wherein
the lower ink layer of the image is printed on the substrate in the lowser color
profile and

wherein the upper ink layer of the image is printed on the substrate in the

upper color profile.
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302

DEPOSIT FIRST NON-WHITE INK LAYER ON
SUBSTRATE

DEPOSIT WHITE INK LAYER ON FIRST NON-WHITE

INK LAYER

DEPQOSIT SECOND NON-WHITE INK LAYER OVER
WHITE INK LAYER
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402

PRINT A COLOR PROFILING TARGET

404 l

MEASURE COLORIMETRY ATTRIBUTES OF
THE LAYERS IN REFLECTIVE MODE

COMPUTE A REFLECTIVE COLOR PROFILE SETTING
i BASED ON SATURATION MEASUREMENT

PRINT COLOR PROFILING TARGET A5 UPPER
LAYER ONLY

410 i

MEASURE COLORIMETRY ATTRIBUTES OF THE
UPPER LAYER

M2

COMPUTE TRANSMISSION COLOR PROFILE
SETTING BASED ON THE SATURATION
MEASUREMENT OF UPPER LAYER
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RECEIVE PRINT JOB FROM OPERATING USER

504

RETREIVE COLOR PROFILES ASSOCIATED
WITH PRINT JOB

PRINT LOWER INK LAYER ON SUBSTRATE
WITH TRANSMISSION COLOR PROFILE
SETTING

PRINT WHITE LATER OVER LOWER INK LAYE

| PRINT UPPER INK LAYER ON SUBSTRATE
{ WITH REFLECTIVE COLOR PROFILE SETTING
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