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(57) ABSTRACT 
A primary test printing process of a plurality of copy 
forgery-inhibited pattern images generated by changing one 
or both of print densities of the latent-image and back 
ground-image parts in a first pattern on the basis of a 
predetermined parameter is performed. The user Selects one 
copy-forgery-inhibited pattern image which has the latent 
image and background-image parts with approximate print 
densities from the plurality of copy-forgery-inhibited pattern 
images generated by the primary test printing process. A 
Secondary test printing process of a plurality of copy 
forgery-inhibited pattern images generated by changing one 
or both of print densities of the latent-image and back 
ground-image parts in a Second pattern on the basis of the 
parameter used to determine the print densities of the 
latent-image and background-image parts of the Selected 
copy-forgery-inhibited pattern image is performed. The user 
Selects one copy-forgery-inhibited pattern image which has 
the latent-image and background-image parts with approxi 
mate print densities from the plurality of copy-forgery 
inhibited pattern images generated by the Secondary test 
printing process, and the parameter of the Selected copy 
forgery-inhibited pattern image is determined as a copy 
forgery-inhibited pattern density parameter. 
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COPY-FORGERY-INHIBITED PATTERN DENSITY 
PARAMETER DETERMINATION METHOD, 

COPY-FORGERY-INHIBITED PATTERN MAGE 
GENERATION METHOD, AND IMAGE 

PROCESSINGAPPARATUS 

FIELD OF THE INVENTION 

0001. The present invention relates to a technique for 
compositing a copy-forgery-inhibited pattern on the back 
ground of a document, and outputting a composite document 
for the purpose of inhibiting illicit forgery and information 
leakage due to copies of important documents. 

BACKGROUND OF THE INVENTION 

0002 On some receipts, securities, and certificates, a 
Special pattern which emerges as a character String or image 
when they are copied is printed on the background, So as to 
prevent them from being readily copied. Such special pat 
tern is generally called a "copy-forgery-inhibited pattern', 
which applies a mechanism that does not allow an original 
to be readily copied, thus psychologically inhibiting a copy 
of an original. 
0003. This copy-forgery-inhibited pattern is formed of 
two regions, i.e., a region where dots remain after copying 
and a region where dots disappear after copying. These two 
regions have Substantially the same densities, and a hidden 
character string or image such as “COPY” cannot be seem 
ingly recognized macroscopically, but these regions micro 
scopically have different properties. Note that the hidden 
character String or image will be referred to as a “latent 
image’ hereinafter. 
0004 For example, the region where dots remain after 
copying (to be referred to as a latent-image part hereinafter) 
is formed of groups of dots where dots are concentrated, and 
the region where dots disappear or become lighter than the 
density of the latent-image part of a copy after copying (to 
be referred to as a background-image part hereinafter) is 
formed of Scattered dots. In this manner, the two regions 
which have substantially the same densities but different 
properties can be created. 
0005 The concentrated dots and scattered dots can be 
generated by halftoning using halftone dot Screens with 
different Screen ruling values or dithering using dither 
matrices having different features as an image process. 
0006. In halftoning, a halftone dot screen with a low 
Screen ruling value is preferably used to obtain the concen 
trated dot layout, and a halftone dot Screen with a high 
Screen ruling value is preferably used to obtain the Scattered 
dot layout. 
0007. In the dithering using a dither matrix, a dot-con 
centration dither matrix is preferably used to obtain the 
concentrated dot layout, and a dot-Scattering dither matrix is 
preferably used to obtain the Scattered dot layout. 
0008. Therefore, when a copy-forgery-inhibited pattern 
image is generated using the aforementioned halftoning, 
halftoning with a low Screen ruling value is Suited to a 
latent-image part, and halftoning with a high Screen ruling 
value is Suited to a background-image part. When a copy 
forgery-inhibited pattern image is generated using the afore 
mentioned dithering, dithering using a dot-concentration 
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dither matrix is Suited to a latent-image part, and dithering 
using a dot-Scattering dither matrix is Suited to a back 
ground-image part. 
0009. In general, a copying machine suffers a limitation 
on image reproduction performance depending on the input 
resolution upon reading Small dots of a document to be 
copied or the output resolution upon reproducing Small dots. 
Therefore, when a document includes isolated Small dots 
beyond the limitation on the image reproduction perfor 
mance of the copying machine, these Small dots cannot be 
perfectly reproduced on its copy, and the isolated Small dots 
disappear. 
0010 That is, when the background-image part of the 
copy-forgery-inhibited pattern is designed to exceed the 
limitation of dots that can be reproduced by the copying 
machine, large dots (concentrated dots) of the copy-forgery 
inhibited pattern can be reproduced by copying, but Small 
dots (Scattered dots) cannot be reproduced. Hence, a hidden 
image (latent-image) emerges. Also, even when Scattered 
dots do not completely disappear after copying, if they have 
an apparent density difference from concentrated dots after 
copying, a hidden image (latent-image) emerges. 
0011. In the copy-forgery-inhibited pattern, a technique 
called "camouflage' which makes it harder to recognize a 
hidden character String or image as a latent-image is well 
known. This camouflage technique is a method of laying out 
a pattern which has a density different from that of the 
latent-image part and background-image part on the entire 
copy-forgery-inhibited pattern image. This technique has an 
effect of macroscopically emphasizing the camouflage pat 
tern with a density different from that of the latent-image 
part and background-image part, and further obscuring a 
latent-image at a glance. The copy-forgery-inhibited pattern 
with the camouflage pattern has an effect of giving a 
decorative impression to a print compared to a copy-forgery 
inhibited pattern without any camouflage pattern. Dots 
inside the camouflage pattern preferably disappear as much 
as possible So as to allow easy recognition of a latent-image 
after copying. In case of the Simplest implementation, cam 
ouflage can be realized by printing no dots at positions 
corresponding to the camouflage pattern. 
0012. An overview of the copy-forgery-inhibited pattern 
has been explained. 
0013 Conventionally, a print paper vendor prints a copy 
forgery-inhibited pattern including a character String or 
image (latent-image) Such as "copy’ or the like on dedicated 
sheets, and Sells Such sheets as copy-inhibition paper sheets. 
The government and other public offices, and companies buy 
Such copy-inhibition paper sheets, and print documents 
whose authenticity is to be guaranteed on copy-inhibition 
paper sheets, thus inhibiting copies of prints. 
0014. Since the aforementioned copy-inhibition paper 
sheets are prepared by pre-printing a copy-forgery-inhibited 
pattern on dedicated sheets by a print paper Vendor, they 
have demerits in terms of cost Such as cost produced upon 
using dedicated Sheets, cost produced upon preparing pre 
print sheets more than necessary, and the like. 
0015. By contrast, in recent years, a technique for creat 
ing a copy-forgery-inhibited pattern image by Software, and 
outputting a document with that copy-forgery-inhibited pat 
tern image on its background using a laser printer (to be 
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referred to as “on-demand copy-forgery-inhibited pattern 
output method by printer” hereinafter) has been realized 
(e.g., see patent reference 1: Japanese Patent Laid-Open No. 
2001-197297). 
0016. With this on-demand copy-forgery-inhibited pat 
tern output method by a printer, Since a document with a 
copy-forgery-inhibited pattern image on its background can 
be printed using plain paper, only a required number of 
documents with a copy-forgery-inhibited pattern image on 
their backgrounds can be printed when needed. Therefore, 
copy-inhibition paper sheets need not be prepared more than 
necessary unlike in the conventional method. That is, the 
on-demand copy-forgery-inhibited pattern output method by 
a printer can greatly reduce cost of Sheets compared to the 
conventional document copy-inhibition method using copy 
inhibition paper sheets. 
0.017. The user of the conventional copy-inhibition paper 
sheets can use only a hidden character String or image 
(latent-image) prepared in advance or a made-to-order hid 
den character String or image (latent-image). 
0.018. However, with the on-demand copy-forgery-inhib 
ited pattern output method by a printer, the user can generate 
a copy-forgery-inhibited pattern image including an arbi 
trary hidden character String or image (latent-image) by a 
Software proceSS for each print, and can print it on-demand 
using a printer. Hence, the user can freely customize a 
hidden character String or image (latent-image). 
0019. By exploiting a merit of on-demand selection of a 
latent-image, not only a corporation logo mark or a character 
String of copy inhibition, which is used conventionally, but 
also various kinds of information Such as a Serial number or 
IP address used to identify an output printer, a computer 
name or IP address used to identify a computer that issues 
a print command; a user name or login name used to identify 
a user who issues a print command, a print job number, print 
date, print location, the file name of a digital document, and 
the like used to identify when and by whom a print proceSS 
is done, and So forth can be Selected as an image or character 
String to be embedded as a latent-image. 
0020. As a result, the on-demand copy-forgery-inhibited 
pattern output method by a printer can implement an 
advanced tracking function that cannot be implemented by 
the conventional pre-printed copy-inhibition paper sheets. 
0021. In the on-demand copy-forgery-inhibited pattern 
output method by a printer, variations of the densities of the 
latent-image part and background-image part depending on 
the printer engine characteristics, print environment (tem 
perature and humidity), and the State of output paper sheets 
(media), and the like are predicted. 
0022. In order to lay out a copy-forgery-inhibited pattern 
image on the background of a document whose copies are to 
be inhibited, and to implement a copy-inhibition effect, the 
densities of the latent-image and background-image parts of 
the copy-forgery-inhibited pattern image must be appropri 
ately adjusted, So that the latent-image and background 
image parts of the copy-forgery-inhibited pattern image 
have nearly equal densities, and the latent-image part in a 
copy emerges after copying. In this specification, parameters 
used to determine the print densities of the background and 
latent-image parts of a copy-forgery-inhibited pattern image 
upon generating the copy-forgery-inhibited pattern image 
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will be referred to as “copy-forgery-inhibited pattern density 
parameters'. Note that elements of the copy-forgery-inhib 
ited pattern density parameters will be described in detail 
later. 

0023. As a method of finding out the copy-forgery 
inhibited pattern density parameters, a test printing process 
is executed before a document and copy-forgery-inhibited 
pattern image are composited. The user checks this test print 
to visually find out a copy-forgery-inhibited pattern image in 
which the latent-image and background-image parts have 
Substantially equal densities upon printing, and a latent 
image emerges after copying by a target copying machine. 
Then, parameters used upon generating the found copy 
forgery-inhibited pattern image are determined as optimal 
copy-forgery-inhibited pattern density parameters. Such 
method is normally used. After that, a copy-forgery-inhib 
ited pattern image is generated based on the determined 
optimal copy-forgery-inhibited pattern density parameters, 
and is composited to the document who copies are to be 
inhibited, thus printing out a composite image. 

0024 However, some printers have largely different half 
tone reproduction characteristics of the latent-image and 
background-image parts due to the printer engine charac 
teristics and individual differences. Also, the latent-image 
and background-image parts have different halftone repro 
duction characteristics owing to different types of output 
paper sheets. For example, in case of an ink-jet printer, the 
latent-image and background-image parts may have differ 
ent halftone reproduction characteristics due to blurring of 
dots depending on the characteristics of output paper sheets. 
Some printerS have large density variations depending on a 
print environment and aging. For example, in case of a laser 
printer, the electric field distribution of a photosensitive 
drum is Susceptible to changes in the humidity and tempera 
ture. When the electric field distribution becomes broad and 
Smooth, reproduction of Scattered dots or isolated dots 
becomes unstable. 

0025. In general, in the test printing process of a copy 
forgery-inhibited pattern image, one or both of the densities 
of the latent-image and background-image parts must be 
changed little by little so that the density difference between 
the finally obtained latent-image and background-image 
parts is visually imperceptible, thus adjusting one or both 
densities. 

0026. When the halftone reproduction characteristics of 
the latent-image and background-image parts that depend on 
the printer engine characteristics, output paper sheets, and 
the like are determined, optimal copy-forgery-inhibited pat 
tern density parameters can be determined in correspon 
dence with a model or paper sheet involved. 
0027. However, upon finding out optimal copy-forgery 
inhibited pattern density parameters in consideration of 
changes in densities of the latent-image and background 
image parts depending on the print environment, aging, and 
the like, if a density change width produced as a result of a 
change in print environment or aging is also considered, a 
large number of combinations of copy-forgery-inhibited 
pattern density parameters are prepared by dividing a rela 
tive broad range from lower to higher densities in incre 
ments of a change width as slight as the density difference 
between the latent-image and background-image parts can 
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not be visually recognized, and undergo a test printing 
process, So as to find out optimal copy-forgery-inhibited 
pattern density parameters. 
0028. In case of a printer which suffers a large density 
variation width depending on a change in print environment 
or aging, the number of combinations of copy-forgery 
inhibited pattern density parameters required to find out an 
optimal copy-forgery-inhibited pattern image increases 
inevitably according to the density variation width. It is 
possible to execute test printing processes of all copy 
forgery-inhibited pattern density parameters, but many 
paper sheets are wasted by the test printing processes. 
0029. Therefore, in a printer which has unknown halftone 
reproduction characteristics of the latent-image and back 
ground-image parts depending on its engine characteristics 
or output paper sheets (e.g., a printer of an old generation or 
a printer in the future), or a printer which Suffers a large 
density change of the latent-image and background-image 
parts depending on the print environment, aging, and the 
like, it is difficult to obtain an optimal copy-forgery-inhib 
ited pattern image by a Single test printing process. For this 
reason, in the on-demand copy-forgery-inhibited pattern 
output method by a printer, printers that can output a 
copy-forgery-inhibited pattern image are limited. 
0.030. However, if there is means for efficiently finding 
out optimal copy-forgery-inhibited pattern density param 
eters, and that means is provided to users who print a 
copy-forgery-inhibited pattern using a copy-forgery-inhib 
ited pattern generated by the on-demand copy-forgery 
inhibited pattern output method by a printer, there is a merit 
of generally applying the on-demand copy-forgery-inhibited 
pattern output method by a printer to more printers. 
0031. On a conventional copy-inhibition paper sheet, the 
densities of the latent-image and background-image parts 
are fixed, and the density of a copy-forgery-inhibited pattern 
image cannot be changed in correspondence with document 
data. However, when the latent-image and background 
image parts of a copy-forgery-inhibited pattern have nearly 
equal densities upon printing, and the copy-forgery-inhib 
ited pattern has a nature that a latent-image emerges when 
that copy-forgery-inhibited pattern is copied by a target 
copying machine, the density can be freely Selected. 
0.032 Since the aforementioned on-demand copy-forg 
ery-inhibited pattern output method by a printer can easily 
change the density of a copy-forgery-inhibited pattern, a 
creator of the copy-forgery-inhibited pattern can freely 
Select the density of the copy-forgery-inhibited pattern as a 
merit. 

0.033 For example, the density of the copy-forgery-in 
hibited pattern can be changed by increasing or decreasing 
the gray level of a multi-valued background before execu 
tion of halftoning or error diffusion using a Scheme 
described in the on-demand copy-forgery-inhibited pattern 
output method by a printer described in patent reference 1. 
An application that composites and outputs a copy-forgery 
inhibited pattern has a user interface that prompts the user to 
Select the density of a copy-forgery-inhibited pattern, and 
makes the user Select the copy-forgery-inhibited pattern 
density. The application executes a test printing proceSS at 
the Selected density, and can determine parameters which 
can make the densities of the latent-image and background 
image parts nearly equal to each other upon printing. 
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0034. However, in case of the above implementation, at 
the density of a copy-forgery-inhibited pattern Selected by 
the creator of the copy-forgery-inhibited pattern from the 
user interface, the background may not disappear upon 
copying due to too high a density, or parameters at which a 
latent-image emerges upon copying may not be found due to 
too low a density. In this case, the creator of the copy 
forgery-inhibited pattern must Select another density of the 
copy-forgery-inhibited pattern, execute a test printing pro 
ceSS, and copy the printed copy-forgery-inhibited pattern. 
Therefore, the Sequence for finding out optimal copy-forg 
ery-inhibited pattern parameters is troubleSome for the cre 
ator of the copy-forgery-inhibited pattern. 

SUMMARY OF THE INVENTION 

0035) It is an object of the present invention to efficiently 
determine copy-forgery-inhibited pattern density parameters 
which are used to optimally determine the print densities of 
a latent-image part and background-image part and are 
required to generate a copy-forgery-inhibited pattern image 
in which the latent-image and background-image parts have 
approximate print densities and the background-image part 
disappears after copying, even when the halftone reproduc 
tion characteristics of the latent-image and background 
image parts are different due to the printer engine charac 
teristics, output paper characteristics, individual differences, 
and the like, and density variations due to a print environ 
ment and aging are large in the on-demand copy-forgery 
inhibited pattern output method by a printer. 
0036. It is another object of the present invention to select 
optimal density parameters as a copy-forgery-inhibited pat 
tern image in which a latent-image part and background 
image part have equal densities and a latent-image appears 
after copying, upon generating the copy-forgery-inhibited 
pattern image including latent-image and background-image 
parts. 

0037. In order to achieve the above objects, according to 
one aspect of the present invention, there is provided a 
copy-forgery-inhibited pattern density parameter determina 
tion method in an image processing apparatus for generating 
a copy-forgery-inhibited pattern image including a latent 
image part and background-image part, comprising: 

0038 a step of performing a primary test printing 
process of a plurality of copy-forgery-inhibited pat 
tern images generated by changing one or both of 
print densities of the latent-image and background 
image parts in a first pattern on the basis of a 
predetermined parameter; 

0039 a step of prompting a user to select one 
copy-forgery-inhibited pattern image which has the 
latent-image and background-image parts with 
approximate print densities from the plurality of 
copy-forgery-inhibited pattern images generated by 
the primary test printing process, 

0040 a step of performing a secondary test printing 
process of a plurality of copy-forgery-inhibited pat 
tern images generated by changing one or both of 
print densities of the latent-image and background 
image parts in a Second pattern on the basis of the 
parameter used to determine the print densities of the 
latent-image and background-image parts of the 
Selected copy-forgery-inhibited pattern image, and 
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0041 a step of prompting the user to select one 
copy-forgery-inhibited pattern image which has the 
latent-image and background-image parts with 
approximate print densities from the plurality of 
copy-forgery-inhibited pattern images generated by 
the Secondary test printing process, and determining 
the parameter of the Selected copy-forgery-inhibited 
pattern image as a copy-forgery-inhibited pattern 
density parameter. 

0042. According to one aspect of the present invention, 
there is provided a copy-forgery-inhibited pattern image 
generation method in an image processing apparatus for 
generating a copy-forgery-inhibited pattern image including 
a latent-image part and background-image part, comprising: 

0043 a step of performing a test printing process of 
copy-forgery-inhibited pattern images generated by 
changing only a print density that defines the latent 
image part in one direction of a print paper sheet and 
by changing only a print density that defines the 
background-image part in the other direction; 

0044) a step of prompting a user to select a copy 
forgery-inhibited pattern image in which the latent 
image and background-image parts have equal den 
Sities, and a latent-image emerges after copying, on 
the basis of the copy-forgery-inhibited pattern 
images generated by the test printing process, and 

0045 a step of generating a copy-forgery-inhibited 
pattern image including the latent-image and back 
ground-image parts on the basis of the print density 
of the Selected copy-forgery-inhibited pattern image. 

0.046 According to one aspect of the present invention, 
there is provided an image processing apparatus for gener 
ating a copy-forgery-inhibited pattern image including a 
latent-image part and background-image part, comprising: 

0047 means for performing a primary test printing 
process of a plurality of copy-forgery-inhibited pat 
tern images generated by changing one or both of 
print densities of the latent-image and background 
image parts in a first pattern on the basis of a 
predetermined parameter; 

0048 means for prompting a user to select one 
copy-forgery-inhibited pattern image which has the 
latent-image and background-image parts with 
approximate print densities from the plurality of 
copy-forgery-inhibited pattern images generated by 
the primary test printing process, 

0049 means for performing a secondary test print 
ing process of a plurality of copy-forgery-inhibited 
pattern images generated by changing one or both of 
print densities of the latent-image and background 
image parts in a Second pattern on the basis of the 
parameter used to determine the print densities of the 
latent-image and background-image parts of the 
Selected copy-forgery-inhibited pattern image, and 

0050 means for prompting the user to select one 
copy-forgery-inhibited pattern image which has the 
latent-image and background-image parts with 
approximate print densities from the plurality of 
copy-forgery-inhibited pattern images generated by 
the Secondary test printing process, and determining 
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the parameter of the Selected copy-forgery-inhibited 
pattern image as a copy-forgery-inhibited pattern 
density parameter. 

0051. According to one aspect of the present invention, 
there is provided an image processing apparatus for gener 
ating a copy-forgery-inhibited pattern image including a 
latent-image part and background-image part, comprising: 

0052 means for performing a test printing process 
of copy-forgery-inhibited pattern images generated 
by changing only a print density that defines the 
latent-image part in one direction of a print paper 
sheet and by changing only a print density that 
defines the background-image part in the other direc 
tion; 

0053 means for prompting a user to select a copy 
forgery-inhibited pattern image in which the latent 
image and background-image parts have equal den 
Sities, and a latent-image emerges after copying, on 
the basis of the copy-forgery-inhibited pattern 
images generated by the test printing process, and 

0054 means for generating a copy-forgery-inhibited 
pattern image including the latent-image and back 
ground-image parts on the basis of the print density 
of the Selected copy-forgery-inhibited pattern image. 

0055. Other features and advantages of the present inven 
tion will be apparent from the following description taken in 
conjunction with the accompanying drawings, in which like 
reference characters designate the same or similar parts 
throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0056 FIG. 1 is a block diagram showing the internal 
process of a copy-forgery-inhibited pattern compositing/ 
printing apparatus according to the first embodiment; 
0057 FIG. 2 is a flowchart showing the internal process 
ing Sequence of a copy-forgery-inhibited pattern image 
generation unit 101 in the first embodiment; 
0.058 FIG. 3 shows an example of a 4x4 spiral dither 
matrix; 
0059 FIG. 4 shows threshold patterns (dot layouts) 
obtained by applying a threshold process to predetermined 
input image Signals using the 4x4Screw dither matrix shown 
in FIG. 3; 
0060) 
matrix; 
0061 FIG. 6 shows threshold patterns (dot layouts) 
obtained by applying a threshold process to predetermined 
input image Signals using the 4x4Bayer dither matrix shown 
in FIG. 5; 
0062 FIG. 7 is a view for comparing the area ratios of a 
background threshold pattern and latent-image threshold 
pattern; 

0063 FIG. 8 shows graphs showing the relationships 
between the area ratios of black pixels of threshold patterns 
obtained by applying a threshold process to input image 
Signals using a dither matrix, and the densities upon printing 
the threshold patterns; 

FIG. 5 shows an example of a 4x4 Bayer dither 
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0.064 FIG. 9 is a view showing the generation process of 
a copy-forgery-inhibited pattern image using a copy-forg 
ery-inhibited pattern compositing/printing apparatus shown 
in FIG. 1; 

0065 FIG. 10 show examples of a copy-forgery-inhib 
ited pattern basic image 115 and camouflage region desig 
nation image 117; 

0.066 FIG. 11 shows examples of a latent-image thresh 
old pattern 114 and background threshold pattern 116; 

0067 FIG. 12 partially shows a copy-forgery-inhibited 
pattern image generated by the copy-forgery-inhibited pat 
tern image generation unit 101 by a boundary process, 

0068 FIG. 13 is a view showing a composition process 
of an input document image and copy-forgery-inhibited 
pattern image; 

0069 FIG. 14 is a view showing a method of compos 
iting a copy-forgery-inhibited pattern image to an input 
document image to which various images have already been 
composited and which has no layer Structure; 

0070 FIG. 15 is a block diagram showing the internal 
arrangement of a copy-forgery-inhibited pattern composit 
ing/printing apparatus for compositing a copy-forgery-in 
hibited pattern image to an input document image to which 
various images have already been composited and which has 
no layer Structure; 

0071 FIG.16 shows a latent-image threshold pattern and 
background threshold patterns obtained by applying a 
threshold process to the gray levels of a plurality of input 
image Signals using a dither matrix; 

0.072 FIG. 17 shows an example of a test print sheet on 
which patches are two-dimensionally laid out by changing 
the densities of background-image and latent-image parts, 

0073 FIG. 18 is a flowchart showing the simplest test 
print Sequence; 

0.074 FIG. 19 is a flowchart of a test printing process 
with a reinforced density adjustment function compared to 
the test printing process shown in the flowchart of FIG. 18; 

0075 FIG.20 shows two different types of sheets used in 
the test printing process, the processing Sequence of which 
is shown in FIG. 19, 

0.076 FIG. 21 is a flowchart showing the processing 
Sequence of a multi-step test printing process with an 
advanced function; 

0.077 FIG. 22 is a block diagram showing the internal 
arrangement of an apparatus which executes a copy-forgery 
inhibited pattern test printing process, 

0078 FIG. 23 is a block diagram showing a copy 
forgery-inhibited pattern compositing/printing apparatus 
with a copy-forgery-inhibited pattern density calibration 
function; 

007.9 FIG. 24 shows a modification of a test print sheet 
explained in the first embodiment; and 

0080 FIG. 25 is a block diagram showing the basic 
arrangement of a computer in the Second embodiment. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0081. The best mode of carrying out the invention will be 
described in detail hereinafter with reference to the accom 
panying drawings. In this embodiment, an image corre 
sponding to a background-image part is designed to dis 
cretely lay out dots using a dot-Scattering dither matrix, and 
an image corresponding to a latent-image part is designed to 
concentratedly lay out dots using a dot-concentration dither 
matrix. 

0082 The background-image part will be explained as a 
“region which disappears' upon copying for the descriptive 
convenience of the present invention. However, the present 
invention is not limited to this. For example, the back 
ground-image part may be printed to have a lower density 
than the latent-image part, So that when a print formed with 
a copy-forgery-inhibited pattern image is copied by a copy 
ing machine, a perSon can recognize that the obtained copy 
is not an original (the print formed with the copy-forgery 
inhibited pattern image) by the visualized latent-image part. 
That is, an image of the background-image part need not 
“disappear” from the copy, and need only have a density 
level that allows the user to identify the latent-image part. 

0083. A dither matrix used to generate an image of the 
background-image part will be referred to as a background 
dither matrix hereinafter, and a dither matrix used to gen 
erate an image of the latent-image part will be referred to as 
a latent-image dither matrix hereinafter. 

0084 Dithering is a method of comparing a multi-valued 
input image Signal with a threshold value calculated accord 
ing to a given rule, and outputting a binary image based on 
their magnitude relationship. A dither matrix is a threshold 
matrix in which threshold values used to binarize an input 
image Signal by dithering are two-dimensionally laid out. 

0085. By binarizing the pixel values of an input image 
Signal by corresponding threshold values of the dither 
matrix, a binary image (threshold pattern) is obtained. In the 
binary image to be obtained, when the gray level of the input 
image signal is less than a threshold value of the dither 
matrix, one bit (e.g., 1) is assigned to the pixel value; when 
the gray level is equal to or larger than the threshold value, 
the other bit (e.g., 0) is assigned. 
0086. In this embodiment, a binary image which forms 
the background-image part, and a binary image which forms 
the latent-image part are generated in advance by dithering 
by inputting appropriate input image Signals, So that the 
background-image part and latent-image part have Substan 
tially the same densities when they are printed on a paper 
sheet using a printer. 

0087. A method of generating a background threshold 
pattern and latent-image threshold pattern, which can Set the 
background-image part and latent-image part to have Sub 
Stantially the same densities upon printing on a paper sheet 
using a printer will be described in detail later. 
0088. In the following description, a binary image that 
forms the background-image part will be referred to as a 
background threshold pattern, and a binary image that forms 
the latent-image part will be referred to as a latent-image 
threshold pattern. 
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0089 First Embodiment 
0090. In this embodiment, a combination of a back 
ground threshold pattern and latent-image threshold pattern 
as patterns (binary images) which form the background 
image part and latent-image part and can Set equal densities 
for the background-image part and latent-image part upon 
printing is determined in advance, and logical operations are 
executed using the background threshold pattern, the latent 
image threshold pattern, a copy-forgery-inhibited pattern 
basic image as a binary image that designates the latent 
image part and background-image part, and a camouflage 
region designation image as a binary image that designates 
a camouflage region, thereby generating a copy-forgery 
inhibited pattern image at high Speed using a Small memory 
SZC. 

0.091 Note that the background threshold pattern and 
latent-image threshold pattern are parameters that determine 
the densities of the background-image part and latent-image 
part of a copy-forgery-inhibited pattern image upon printing, 
and are practical elements of "copy-forgery-inhibited pattern 
density parameters'. 

0092. Since a copy-forgery-inhibited pattern image is 
generated by executing logical operations for determining 
ON/OFF of dots of the copy-forgery-inhibited pattern image 
for each pixel, the memory size required to generate the 
copy-forgery-inhibited pattern image is greatly reduced. 

0093 FIG. 1 is a block diagram showing the internal 
process of a copy-forgery-inhibited pattern compositing/ 
printing apparatus of the first embodiment. This copy 
forgery-inhibited pattern compositing/printing apparatus 
comprises a copy-forgery-inhibited pattern image genera 
tion unit 101, composition unit 102, print data processing 
unit 103, and print unit 104. In this embodiment, the 
copy-forgery-inhibited pattern compositing/printing appara 
tus will be explained as a device including the aforemen 
tioned units. However, the present invention is not limited to 
Such specific arrangement. For example, the copy-forgery 
inhibited pattern compositing/printing apparatus may be 
configured as a System in which the copy-forgery-inhibited 
pattern image generation unit 101, composition unit 102, 
and print data processing unit 103 are implemented by a 
Single device Such as a computer or the like, and a printing 
device which can communicate with this computer has the 
print unit 104. 
0094. The copy-forgery-inhibited pattern image genera 
tion unit 101 receives an input background-image 112, color 
information 111, processing region information 113, latent 
image threshold pattern 114, background threshold pattern 
116, copy-forgery-inhibited pattern basic image 115, and 
camouflage region designation image 117, and generates and 
outputs a copy-forgery-inhibited pattern image 118. The 
copy-forgery-inhibited pattern image generation unit 101 
generates the copy-forgery-inhibited pattern image 118 by 
applying image processes to the input background image 
112 according to predetermined rules. Note that the input 
background image 112 can be either a multi-valued image or 
binary image. The processing region information 113 indi 
cates a region which is to undergo a copy-forgery-inhibited 
pattern embedding process in input image information. 
0.095 The copy-forgery-inhibited pattern basic image 
115 is used to designate minimum elements including the 
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latent-image part and background-image part, and is made 
up of 1 bit per pixel. One bit (e.g., 1) of the copy-forgery 
inhibited pattern basic image 115 designates the latent 
image part, and the other bit (e.g., 0) designates the back 
ground-image part. The camouflage region designation 
image 117 is used to designate a region where a lower 
density is to be set So as to provide a camouflage effect, and 
is made up of 1 bit per pixel as in the copy-forgery-inhibited 
pattern basic image 115. One bit (e.g., 1) of the camouflage 
region designation image 117 designates a non-camouflage 
region, and the other bit (e.g., 0) designates a camouflage 
region where a lower density is to be set compared to the 
Surrounding portion. 

0096 FIG. 10 shows examples of the copy-forgery 
inhibited pattern basic image 115 and camouflage region 
designation image 117. Referring to FIG. 10, reference 
numeral 1001 denotes an example of the copy-forgery 
inhibited pattern basic image 115. Reference numeral 1002 
denotes an example of the camouflage region designation 
image 117. 

0097 AS has already been described above, the back 
ground threshold pattern 116 and latent-image threshold 
pattern 114 are generated by applying threshold processes 
using the threshold values of the background and latent 
image dither matrices to appropriate image Signals, So that 
these patterns are to be output to have an equal density when 
they are printed out. 

0.098 FIG. 11 shows examples of the latent-image 
threshold pattern 114 and background threshold pattern 116. 
Referring to FIG. 11, reference numeral 1101 denotes a 
latent-image threshold pattern; and 1102, a background 
threshold pattern. 
0099. The copy-forgery-inhibited pattern image 118 gen 
erated by the copy-forgery-inhibited pattern image genera 
tion unit 101 is output to the composition unit 102. The 
generation method of the copy-forgery-inhibited pattern 
image 118 will be described in detail later. 
0100. The composition unit 102 generates a copy-forg 
ery-inhibited pattern composited output document image by 
compositing the input document image 119 and the gener 
ated copy-forgery-inhibited pattern image 118. When the 
copy-forgery-inhibited pattern image 118 is directly output 
as a copy-forgery-inhibited pattern composited output docu 
ment image irrespective of the contents of the input docu 
ment image 119, the composition unit 102 need not refer to 
the input document image 119. At this time, the copy 
forgery-inhibited pattern image 118 and objects which form 
the input document image 119 may undergo a color match 
ing process, and the objects which form the input document 
image 119 may be composited to the copy-forgery-inhibited 
pattern image 118 to generate the copy-forgery-inhibited 
pattern composited output document image. Alternatively, 
the next print data processing unit 103 may apply a color 
matching process to the copy-forgery-inhibited pattern com 
posited output document image. 

0101 The print data processing unit 103 receives the 
copy-forgery-inhibited pattern composited output document 
image composited by the composition unit 102 as rendering 
information via a rendering interface of an OS (operating 
system) (e.g., Graphic Device Interface (GDI) of Windows(R) 
series of Microsoft Corporation, QuickDraw of MacOS 
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Series as an OS of Apple Computer, Inc., and the like are 
well known), and Sequentially converts it into a print com 
mand. At this time, image processes Such as a color match 
ing process, RGB-CMYK conversion, halftone process, and 
the like are executed as needed. The print data processing 
unit 103 sends, as the copy-forgery-inhibited pattern com 
posited output document image data, a data format that can 
be interpreted by the print unit 104 (e.g., a data format 
described in a page description language, or a data format 
rasterized to a print bitmap) to the next print unit 104. 
0102) The print unit 104 prints out a copy-forgery-inhib 
ited pattern composited output document image in accor 
dance with information of the input copy-forgery-inhibited 
pattern composited output document image data. A laser 
beam printer will be exemplified below. The print unit 104 
comprises a printer controller and printer engine (not 
shown). This printer controller comprises a print informa 
tion control unit, page memory, output control unit, and the 
like. The print information control unit interprets a page 
description language (PDL) sent from the print data pro 
cessing unit 103, and rasterizes patterns corresponding to 
rendering and printing commands on the page memory. 
0103) In this case, image processes such as RGB-CMYK 
conversion, a halftone process, and the like are executed as 
needed. When a print bitmap is determined in place of the 
data format described in the page description language, 
image data is directly rasterized on the page memory. 
0104. The output control unit converts the contents of the 
page memory into a video signal, and outputs it to the printer 
engine. This printer engine comprises, e.g., a print medium 
convey mechanism, Semiconductor laser unit, photosensi 
tive drum, developing unit, fixing unit, drum cleaning unit, 
Separation unit, and the like, and prints using a known 
electrophotography process. 
0105. When the copy-forgery-inhibited pattern image 
generation unit 101 generates a copy-forgery-inhibited pat 
tern image which is designed to output respective pixels 
using only a primary color (cyan, yellow, magenta, or black) 
of the printer, it is not desirable that respective pixels which 
are expressed to be output using the primary color (cyan, 
yellow, magenta, or black) of the printer are printed using a 
plurality of different colors of inks or toners. Therefore, the 
print data processing unit 103 and print unit 104 are pref 
erably set not to simultaneously express pixel values (e.g., 
cyan, magenta, yellow, or black) corresponding to the copy 
forgery-inhibited pattern image in the copy-forgery-inhib 
ited pattern composited output document image using a 
plurality of different colors of inkS or toners, i.e., a mixed 
color. 

0106 More specifically, a setup that prints a copy-forg 
ery-inhibited pattern image always using a monochrome ink 
or toner even after a color conversion proceSS Such as color 
matching or the like is skipped and a halftone proceSS is 
executed is preferably introduced. However, this is not the 
case when one pixel of the copy-forgery-inhibited pattern 
image is expressed by light and dark inks or large and Small 
ink dots of an identical color by an ink-jet printer. AS color 
variations of a copy-forgery-inhibited pattern image, a copy 
forgery-inhibited pattern image which looks green may be 
generated by laying out cyan and yellow pixels in a balanced 
manner. In this case as well, if one pixel of the copy-forgery 
inhibited pattern image is formed of the primary color (cyan, 
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yellow, magenta, or black) of the printer, it is preferably 
accurately output using only a corresponding cyan or yellow 
toner or ink. 

0107 However, an image that can implement a copy 
forgery-inhibited pattern effect can be generated without 
printing out one pixel of the copy-forgery-inhibited pattern 
image using only the primary color (cyan, yellow, magenta, 
or black) of the printer. Even when one pixel of the copy 
forgery-inhibited pattern image is expressed by a plurality of 
different colors of inkS or toners, Such copy-forgery-inhib 
ited pattern image can be used as a copy-forgery-inhibited 
pattern as long as a latent-image remains after copying. 
0108. In this embodiment, assume that all of the copy 
forgery-inhibited pattern image, input document image, 
copy-forgery-inhibited pattern composited output document 
image, and copy-forgery-inhibited pattern composited out 
put document image data are digital data, and a copy 
forgery-inhibited pattern composited output document rep 
resents an image printed on a paper sheet. 
0109 The internal process of a copy-forgery-inhibited 
pattern generation apparatus will be described below using 
FG, 2. 

0110 FIG. 2 is a flowchart showing the internal process 
ing Sequence of the copy-forgery-inhibited pattern image 
generation unit 101 in the first embodiment. In step S201, a 
copy-forgery-inhibited pattern image generation process 
starts via a user interface or the like. In step S202, the input 
background image 112, background threshold pattern 116, 
latent-image threshold pattern 114, copy-forgery-inhibited 
pattern basic image 115, and camouflage region designation 
image 117 are loaded. 
0111. In step S203, an initial pixel upon generation of a 
copy-forgery-inhibited pattern image is determined. For 
example, when the entire input image undergoes an image 
process in the raster Scan order from the upper left position 
to the lower right position to be converted into a copy 
forgery-inhibited pattern image, the upper left position is Set 
as an initial position. 
0112 In step S204, the background threshold pattern 116, 
latent-image threshold pattern 114, copy-forgery-inhibited 
pattern basic image 115, and camouflage region designation 
image 117 are to be laid out in a tile pattern from the upper 
left position, and equation (1) given by: 

in Write DotOn = n(Camouflagex (1) 

(nSmall Dotonxn|Hidden Mark + nLarge Dotonx nHidden Mark) 

0113 where 
0114 nGamouflage: 0 if a pixel of interest in the 
camouflage region designation image is a pixel 
which forms a camouflage pattern; otherwise, 1 

0115 nSmall DotOn: 1 if the pixel value of the 
background threshold pattern is black; 0 if it is white 
(the colors are not limited to these specific colors) 

0116 nLargeIDot On: 1 if a pixel value of the latent 
image threshold pattern is black; 0 if it is white (the 
colors are not limited to these specific colors) 
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0117 nHidden Mark: 1 if a pixel of interest in the 
copy-forgery-inhibited pattern basic image is a pixel 
which forms a latent image, 0 if it is a pixel that 
forms a background image 

0118 /nHiddenMark: NOT of nHiddenMark. It 
assumes 0 for the latent-image part; 1 for the back 
ground-image part. 

0119) is calculated for a pixel to be processed of the input 
background image 112 to check if a corresponding pixel 
value is to be written in a dot upon printing. At this time, a 
pixel value corresponds to the input color information 111. 
0120 Note that whether or not a corresponding pixel 
value is to be written in a dot upon printing may be 
determined with reference to the pixel value of the input 
background image at that time. In this case, a term (nBack 
ground) obtained with reference to the input background 
image may be multiplied by the right-handed Side of equa 
tion (1). This nBackground assumes 1 if the input back 
ground image corresponds to a region (white region) having 
a specific value; otherwise, it assumes 0. 
0121 For each pixel to be processed, a calculation need 
not be made using all elements of equation (1). The pro 
cessing can be speeded up by omitting unnecessary calcu 
lations as follows. 

0122) For example, if nHiddenMark=1, /nHiddenMark= 
0; if nHiddenMark=0, ?nHiddenMark=1. Therefore, if nHid 
denMark=1, a value given by: 

(nSmall DotOnxin Hidden Mark+nLargeDotOnxn Hid 
denMark) (2) 

0123 may be used as the value of nLarge Dot On, if 
nHiddenMark=0, a value given by equation (2) may be used 
as the value of nSmallIDotOn. 

0.124. Also, the value of nGamouflage is multiplied by the 
result of all other values in parentheses, and if nGamou 
flage=0, nWrite DotOn=0. Therefore, if nGamouflage=0, a 
calculation of equation (2) after nGamouflage can be omit 
ted. 

0.125 Since an image, which has a height and width equal 
to least common multiples of those of the background 
threshold pattern 116, latent-image threshold pattern 114, 
copy-forgery-inhibited pattern basic image 115, and cam 
ouflage region designation image 117, becomes a minimum 
unit of repetition in the copy-forgery-inhibited pattern image 
to be generated, the copy-forgery-inhibited pattern image 
generation unit 101 generates only a portion of the copy 
forgery-inhibited pattern image as the minimum unit of 
repetition, and repetitively arranges that portion of the 
copy-forgery-inhibited pattern image in a tile pattern to 
match the size of the input background image, thus short 
ening the processing time required to generate the copy 
forgery-inhibited pattern image 118. 

0126 In step S205, the calculation result (the value of 
nWriteDotOn) in step S204 is checked. If nWriteDotOn=1, 
the flow advances to step S206; if nWriteDotOn=0, the flow 
advances to step S207. 
0127. In step S206, a process for writing a corresponding 
pixel value in a dot upon printing is executed. The pixel 
value can be changed depending on the color of the copy 
forgery-inhibited pattern image 118. When a black copy 
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forgery-inhibited pattern is to be generated, the pixel to be 
processed of the input background image 112 is Set to be 
black. In addition, if cyan, magenta, or yellow is Set in 
correspondence with the toner or ink color of the printer, a 
color copy-forgery-inhibited pattern image 118 can be gen 
erated. 

0128 If the input background image 112 is image data 
which is formed of one to Several bits per pixel, an index 
color can be used to express a pixel value. The indeX color 
is an expression method of image data. That is, each color 
information that frequently appears in a target color image 
is set as an index (for example index 0=white, index 1 =cyan, 
and the like), and each pixel value is expressed by the 
number of the index that describes the color information (for 
example, the first pixel value is the value of index 1, the 
Second pixel value is the value of index 2, . . . ). 
0129. It is checked in step S207 if all the pixels of the 
region to be processed of the input background image 112 
have been processed. If all the pixels of the region to be 
processed of the input background image 112 have been not 
processed yet, the flow advances to step S208 to select the 
next pixel to be processed, and the processes in StepS S204 
to S206 are repeated. If all the pixels of the region to be 
processed of the input background image 112 have been 
processed, the flow advances to step S209 to end the image 
process in the copy-forgery-inhibited pattern image genera 
tion unit 101. With the above process, the copy-forgery 
inhibited pattern image 118 can be generated by applying the 
image process to the input background image. 
0.130. A dot layout method in the latent-image part and 
background-image part in this embodiment will be described 
below. This embodiment will explain a case wherein the 
latent-image part is generated based on the dot-concentra 
tion dither matrix, and the background-image part is gener 
ated based on the dot-Scattering dither matrix. As a typical 
dot-concentration dither matrix used to generate the latent 
image part, a spiral dither matrix is prevalent. 
0131 FIG. 3 shows an example of a 4x4 spiral dither 
matrix. Threshold values of the 4x4 spiral dither matrix are 
laid out in a spiral pattern So that their numerical values 
increase in turn from the center. 

0132 FIG. 4 shows threshold patterns (dot layouts) 
obtained by applying a threshold process to predetermined 
input image Signals using the 4x4 Spiral dither matrix shown 
in FIG.3. Referring to FIG.4, reference numerals 401, 402, 
and 403 respectively denote threshold patterns obtained by 
applying a threshold process to input image Signals 3, 6, and 
9 using the dither matrix in FIG. 3. In each of the threshold 
patterns (dot layouts) obtained in this case, dots are laid out 
to be concentrated. 

0133) On the other hand, as a typical dot-scattering dither 
matrix used to form the background-image part, a Bayer 
dither matrix is prevalent. A Bayer NxN dither matrix is 
given by: 

4DN2 4DN12 -- 2UN 2 

0134) where N is the power of 2, and UN is an NXN 
matrix, each element of which is 1. 
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0135 FIG. 5 shows an example of a 4x4 Bayer dither 
matrix. A threshold pattern generated by applying dithering 
to an arbitrary input image Signal using the Bayer dither 
matrix is designed to Scatter respective dots. 
0136 FIG. 6 shows threshold patterns (dot layouts) 
obtained by applying a threshold process to predetermined 
input image Signals using the 4x4Bayer dither matrix shown 
in FIG. 5. Referring to FIG. 6, reference numerals 601, 602, 
and 603 respectively denote threshold patterns obtained by 
applying a threshold process to input image Signals 2, 4, and 
5 using the dither matrix in FIG. 5. In each of the threshold 
patterns (dot layouts) obtained in this case, dots are laid out 
to be Scattered. In the Bayer dither matrix, respective 
elements of a threshold matrix are laid out in turn at 
positions where they do not contact each other if possible, 
and threshold patterns have lattice-like dot layouts. In Bayer 
dithering, periodic texture often Stands out due to a matrix 
with increasing dither matrix size, but a periodic fine pattern 
is obtained at a specific gray level as a merit. 
0.137 In this embodiment, a case will be mainly 
explained wherein the Bayer dither matrix is used as that 
used for the background. However, the present invention is 
not limited to the Bayer dither matrix. Other dot-scattering 
dither matrices may be used. 
0138 For example, a blue noise mask is an example of 
dot-Scattering dither matrices used for background. With this 
blue noise mask, all threshold patterns at an arbitrary gray 
level have blue noise characteristics, and the distribution of 
black pixels which form each threshold pattern is random 
but has high uniformity, thus obscuring granularity. The blue 
noise characteristics mean that an output pattern of dots 
upon Setting an arbitrary gray level is locally aperiodic and 
isotropic, and has a Small number of low-frequency com 
ponents. A threshold pattern generated using the blue noise 
mask can obtain a visually preferable output pattern: gen 
eration of moiré is prevented, paper feed nonuniformity is 
obscured, and So forth. 
0.139. In place of the blue noise mask, a dot-scattering 
dither matrix that can form a threshold pattern at a specific 
or arbitrary gray level, which is periodic (or pseudo-peri 
odic) and anisotropic and has a small number of low 
frequency components may be used. In this embodiment, the 
background-image part may be formed using error diffusion 
although it is not a method using a threshold pattern. When 
a background threshold pattern is generated using the afore 
mentioned Bayer dither matrix or blue noise mask, the value 
of nSmall DotOn in equation (1) can be read out with 
reference to the background threshold pattern. On the other 
hand, when error diffusion is used, the Sum of a gray level 
corresponding to a background density and errors distributed 
from Surrounding pixels is compared with a predetermined 
threshold value for each pixel to determine ON/OFF of dots 
in a pixel to be processed, and the value determined in this 
case may be used as that of nSmalldot On. At this time, 
errors generated upon ON/OFF of dots are distributed to 
neighboring pixels after they are weighted. The pixel value 
of a pixel to be processed is the Sum of an original input 
pixel value corresponding to the background density and the 
distributed error. 

0140 Assume that gray levels corresponding to back 
ground densities are prepared in advance as in the back 
ground threshold pattern. Error diffusion requires a long 
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processing time as its demerit, but can obtain an image with 
good Visual characteristics in which dots are uniformly 
Scattered as its merit. Since error diffusion is already well 
known, a detailed description thereof will be omitted in this 
embodiment. Likewise, a method obtained by improving 
error diffusion can be applied. 
0.141. Also, threshold patterns corresponding to respec 
tive gray levels need not be generated based on a dither 
matrix. A background threshold pattern and latent-image 
threshold pattern may be independently generated for each 
gray level. In this case, threshold patterns with high image 
quality can be corrected for respective gray levels, as a 
merit. 

0.142 FIG. 7 is a view for comparing the area ratios of 
the background threshold pattern and latent-image threshold 
pattern. As shown in FIG. 7, let X S and Y S be the height 
and width of the background dither matrix, T S be the gray 
level of an input image Signal, XL and Y L be the height 
and width of the latent-image dither matrix, and T L be the 
gray level of an input image Signal. 

0143. Then, the occupation ratio of black pixels in the 
background threshold pattern is given by P S=TS/ 
(XSYS), and that of black pixels in the latent-image 
threshold pattern is given by P L=T L/(X LY L). 
014.4 FIG. 8 show graphs showing the relationships 
between the area ratios of black pixels of threshold patterns 
obtained by applying a threshold process to input image 
Signals using a dither matrix, and the densities upon printing 
the threshold patterns. In dithering, Since the area ratio of 
black pixels changes depending on the gray levels of input 
image Signals, the abscissa of FIG. 8 may be considered as 
the gray levels of input image Signals. 

0145 Note that the dither matrix of the background 
image part (background threshold pattern) and the dither 
matrix of the latent-image part (latent-image threshold pat 
tern) need not always have the same side size, but they may 
have different sizes. For example, when the background 
dither matrix and latent-image dither matrix have identical 
grayScale characteristics (e.g., 801), if the values on the 
abscissa (the area ratios of black pixels) are nearly equal to 
each other irrespective of the sizes of the dither matrices of 
the background-image part and latent-image part, i.e., if the 
gray levels T S and T L of input image signals that make 
PS and P L nearly equal to each other are used, the 
background threshold pattern and latent-image threshold 
pattern have nearly equal densities, and a copy-forgery 
inhibited pattern image that can obscure a latent-image can 
be generated. 

0146) However, in practice, the background and latent 
image dither matrices do not always have identical grayScale 
characteristics depending on the characteristics of a printer. 

0147 For example, assume that the grayScale character 
istics of the latent-image dither matrix are expressed by a 
moderate S curve (e.g., 802), and those of the background 
dither matrix are expressed by a steep S curve (e.g., 803). In 
Such case, even when the area ratioS of black pixels of the 
background and latent-image threshold patterns are Set to be 
nearly equal to each other, the densities of the background 
image and latent-image parts do not become equal to each 
other upon printing. 
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0.148. By appropriately adjusting one of the background 
image and latent-image parts or input image Signals to both 
the dither matrices, the density of one of the background 
image and latent-image parts can be approximate to that of 
the other upon printing. 
0149 If the number of gray levels that can be expressed 
by the background or latent-image dither matrix is large, the 
density of the background or latent-image part can be finely 
adjusted by adjusting the gray level of an input image Signal. 
0150. When the latent-image dither matrix is the dot 
concentration dither matrix, as shown in FIG. 3, and when 
the gray level of an input image Signal becomes equal to or 
lower than a given value, isolated dots are formed, and the 
latent-image part is prone to disappear. On the other hand, 
when the gray level of an input image Signal becomes equal 
to or higher than a given value, dots are concentrated, and 
groups of dots themselves that form the latent-image are 
clearly visually recognized. 

0151. Therefore, in the latent-image dither matrix, the 
gray levels of possible input image Signals preferably fall 
within a predetermined range. In the latent-image dither 
matrix shown in FIG. 3, even when the dither matrix size 
changes, if the gray level of an input image Signal remains 
the Same, nearly identical concentrated dot layouts can be 
obtained. Therefore, by maintaining constant the gray level 
of an input image Signal to the latent-image dither matrix, 
and changing the dither matrix Size, the density per unit area 
can be changed. 
0152 On the other hand, when the background dither 
matrix is the dot-scattering dither matrix, shown in FIG. 8, 
the density can be changed by changing the gray level of an 
input image Signal while uniformly printing dots on the 
entire image. Therefore, the background dither matrix hav 
ing a broader grayScale range (i.e., a larger dither matrix 
Size) excels in density adjustment of the background-image 
part. 

0153. When a copy-forgery-inhibited pattern is to be 
output using a printer, an adjustment function of adjusting 
the density variations of the printer is required. Such func 
tion will be described in detail later. 

0154 FIG. 9 is a view showing the generation process of 
a copy-forgery-inhibited pattern image using the copy 
forgery-inhibited pattern compositing/printing apparatus 
shown in FIG. 1. Referring to FIG. 9, reference numerals 
901, 902, and 903 respectively denote a latent-image thresh 
old pattern, background threshold pattern, and copy-forgery 
inhibited pattern basic image, and 904, a copy-forgery 
inhibited pattern image generated based on equation (1). 
Note that no camouflage pattern is introduced in the gen 
eration stage of the image 904. 
O155 In the copy-forgery-inhibited pattern image 904 
shown in FIG. 9, a group of dots as a combination of the 
latent-image and background threshold patterns is generated 
at a boundary portion of the latent-image and background in 
the copy-forgery-inhibited pattern basic image 903, as indi 
cated by a circled region 910. Such group of dots is readily 
generated when the boundary between the latent-image and 
background of the copy-forgery-inhibited pattern basic 
image 903 is not synchronized with the size of the latent 
image threshold pattern. Also, Since Such groups of dots 
concentratedly appear at the boundary between the latent 
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image and background of the copy-forgery-inhibited pattern 
basic image, an approximate shape of the latent-image 
Stands out, thus reducing the effect of the copy-forgery 
inhibited pattern as a demerit. 
0156 Therefore, in order to generate a copy-forgery 
inhibited pattern image with high image quality, a process 
that prevents groups of dots from being generated at the 
boundary between the latent-image and background in the 
copy-forgery-inhibited pattern basic image is required. 
O157. In this embodiment, the process that prevents 
groups of dots from being generated at the boundary 
between the latent-image and background in the copy 
forgery-inhibited pattern basic image will be referred to as 
a “boundary process' hereinafter. AS an example of this 
boundary process, a method of reading only the pixel values 
of the repetitively laid-out copy-forgery-inhibited pattern 
basic images, which correspond to the centers of repetitively 
laid out latent-image threshold patterns (a pixel which is 
moved from the upper left position by those which are 
obtained by omitting the half of one side of each latent 
image threshold pattern is used as the center) to set values 
of HiddenMarkLattice, and processing pixels which belong 
to one latent-image threshold pattern using identical values 
of HiddenMarkLattice is available. This processing method 
is described by: 

in WriteDotOn=nCamouflagex (nSmall DotOnxnHid 
denMarkLattice+nLargeIDotOnxnHidden MarkLattice) 

0158. Using this method, each latent-image threshold 
pattern is formed together with a white background unless it 
is located at the end of an image. Therefore, when the white 
background is present around black pixels of the latent 
image threshold pattern, it serves as a buffer Zone to prevent 
black pixels of the latent-image and background threshold 
patterns from contacting, and the boundary between the 
latent-image and background designated by the copy-forg 
ery-inhibited pattern basic image can be prevented from 
Standing out. 

0159. In FIG. 9, reference numeral 905 denotes a copy 
forgery-inhibited pattern image that has undergone the 
boundary process. As can be seen from the image 905, no 
groups of dots as combinations of the latent-image and 
background threshold patterns are generated at the boundary 
between the latent-image and background designated by the 
copy-forgery-inhibited pattern basic image. 
0160. As an example of another boundary process, a 
method of pre-processing the boundary between the latent 
image and background in the input copy-forgery-inhibited 
pattern basic image in Synchronism with the size of each 
latent-image threshold pattern is available. With this 
method, latent-image threshold patterns are repetitively laid 
out in the copy-forgery-inhibited pattern basic image, and 
the pixel values of the copy-forgery-inhibited pattern basic 
image, corresponding to the centers of the latent-image 
threshold patterns, are read, thus generating a Sub-Sampled 
copy-forgery-inhibited pattern basic image. The Sub 
Sampled copy-forgery-inhibited pattern basic image is 
enlarged, So that the size of one pixel becomes an integer 
multiple of that of the latent-image threshold pattern, 
thereby preparing a modified copy-forgery-inhibited pattern 
basic image. Finally, a copy-forgery-inhibited pattern image 
is generated based on equation (1) with respect to the 
modified copy-forgery-inhibited pattern basic image, thus 
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generating a copy-forgery-inhibited pattern image free from 
any groups of dots indicated by 910. 
0.161 When the aforementioned “boundary process” is 
added to the copy-forgery-inhibited pattern image genera 
tion unit 101, the copy-forgery-inhibited pattern basic image 
need not be prepared by Synchronizing the boundary 
between the latent-image and background designated by the 
copy-forgery-inhibited pattern basic image with the size of 
each latent-image threshold pattern, resulting high usability 
for the user. 

0162 FIG. 12 partially shows a copy-forgery-inhibited 
pattern image generated by the copy-forgery-inhibited pat 
tern image generation unit 101 by the boundary process. 
Upon generating the copy-forgery-inhibited pattern image 
shown in FIG. 12, the images 1001 and 1002 shown in FIG. 
10 are respectively used as the copy-forgery-inhibited pat 
tern basic image and camouflage region designation image, 
and the images 1101 and 1102 shown in FIG. 11 are 
respectively used as the latent-image threshold pattern and 
background threshold pattern. Note that the broken lines 
which bound the images 1001, 1002, 1101, and 1102 indi 
cate the image boundaries, which are not present in an actual 
image. Since the copy-forgery-inhibited pattern image 
shown in FIG. 12 has undergone the boundary process, the 
boundary between the latent-image and background does not 
Suffer any dot grouping phenomenon, and the latent-image 
part becomes harder to recognize. 
0163 The process in the composition unit 102 that com 
posites the copy-forgery-inhibited pattern image generated 
by the aforementioned copy-forgery-inhibited pattern image 
generation unit 101 and an input document image (e.g., a 
slip, certificate, or the like) will be described below. 
0164 FIG. 13 shows a composition process of an input 
document image and copy-forgery-inhibited pattern image. 
Referring to FIG. 13, reference numeral 1301 denotes text 
attribute data; 1302, graphic attribute data; and 1303, an 
image attribute copy-forgery-inhibited pattern image. 
0.165. The composition unit 102 Superposes the images 
1301 to 1303 in accordance with the priority order (layer 
Structure) associated with a layout in Software manner using 
a rendering interface of an OS, thus generating an image 
1304 obtained by compositing the text attribute data, graphic 
attribute data, and image attribute copy-forgery-inhibited 
pattern image. This process is Substantially the same as 
Screen rendering (display rendering) in drawing Software as 
a general application of a computer. Note that the compo 
Sition unit 102 may execute a unique image composition 
proceSS independent from the rendering interface process of 
the OS. 

0166 In the example shown in FIG. 13, the image 
attribute copy-forgery-inhibited pattern image 1303 is Super 
posed as the lowermost layer of the text attribute data 1301 
and graphic attribute data 1302. For example, at a position 
where the image attribute copy-forgery-inhibited pattern 
image 1303 and text attribute data 1301 are to be super 
posed, the text attribute data 1301 is preferentially rendered. 
Therefore, the copy-forgery-inhibited pattern image is 
appropriately laid out on the background of the input docu 
ment image, and does not lower the visibility of the text 
attribute data and graphic attribute data. 
0167. In the example shown in FIG. 13, the copy 
forgery-inhibited pattern image 1303 has the same size as 
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that of the input image. When the copy-forgery-inhibited 
pattern image is to be Superposed only on a local region, the 
copy-forgery-inhibited pattern image generation unit 101 
inputs an input background image with a size corresponding 
to the local region, and generates only a copy-forgery 
inhibited pattern image that matches the input image Size, 
and the composition unit 102 can composite it to the input 
document image. AS the copy-forgery-inhibited pattern 
image to be generated has a Smaller Size, the processing in 
the copy-forgery-inhibited pattern image generation unit 
101 can be speeded up. 
0.168. The copy-forgery-inhibited pattern composited 
output document image output from the composition unit 
102 may be data expressed by the rendering interface of the 
OS or a bitmap image as a composition result. The copy 
forgery-inhibited pattern composited output document 
image is Sent to the next print data processing unit 103. 
0169. The print data processing unit 103 receives the 
copy-forgery-inhibited pattern composited output document 
image composited by the composition unit 102 as rendering 
information via the rendering interface of the OS, and 
Sequentially converts it into commands. At this time, the unit 
103 executes image processes Such as a color matching 
process, RGB-CMYK conversion, halftone process, and the 
like. The print data processing unit 103 sends a data format 
(e.g., a data format described in the page description lan 
guage or a data format rasterized to a print bitmap) that can 
be interpreted by the print unit 104 as copy-forgery-inhibited 
pattern composited output document image data to the next 
print unit 104. 
0170 The print unit 104 prints out a copy-forgery-inhib 
ited pattern composited output document in accordance with 
the information of the input copy-forgery-inhibited pattern 
composited output document image data. 
0171 FIG. 14 shows a method of compositing a copy 
forgery-inhibited pattern image to an input document image 
which has already been composited with various images and 
has no layer structure. Referring to FIG. 14, reference 
numeral 1401 denotes an input document image which has 
already been composited with various images and has no 
layer Structure, and 1402, a region which has a specific pixel 
value (e.g., a white background region) and at which a 
copy-forgery-inhibited pattern image is to be laid out. 
0172. Note that the remaining region of the input docu 
ment image 1401 has no specific value (e.g., it is not a white 
background region). 
0173 FIG. 15 is a block diagram showing the internal 
arrangement of a copy-forgery-inhibited pattern composit 
ing/printing apparatus for compositing a copy-forgery-in 
hibited pattern image to an input document image which has 
already been composited with various images and has no 
layer Structure. The copy-forgery-inhibited pattern compos 
iting/printing apparatus shown in FIG. 15 is Suited to a case 
wherein a copy-forgery-inhibited pattern image is to be 
composited to an image (e.g., 1401) which has already been 
composited with various images and has no layer Structure. 
0.174 As shown in FIG. 15, this copy-forgery-inhibited 
pattern compositing/printing apparatus comprises a copy 
forgery-inhibited pattern image composited output docu 
ment generation unit 1501, print data processing unit 1502, 
and print unit 1503. The copy-forgery-inhibited pattern 
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image composited output document generation unit 1501 
receives an input document image, color information, pro 
cessing region information, latent-image threshold pattern, 
background threshold pattern, copy-forgery-inhibited pat 
tern basic image, and camouflage region designation image, 
and generates and outputs a copy-forgery-inhibited pattern 
composited input document. 
0.175. The copy-forgery-inhibited pattern image compos 
ited output document generation unit 1501 detects a region 
having a specific pixel value (e.g., a white background 
region) from an input document image, composites a copy 
forgery-inhibited pattern image to only that region, and 
outputs a copy-forgery-inhibited pattern image composited 
output document image. More Specifically, whether or not a 
pixel value corresponding to a copy-forgery-inhibited pat 
tern image is to be written in a pixel in the input document 
image is determined using: 

in WriteDotOn=nbackgroundxncamouflagex (nSmall 
DotOnxnHidden Mark+nLargeIDotOnxnHidden Mark) (3) 

0176 which is prepared by multiplying equation (3) by 
an item (nBackground) that refers to the input document 
image. 

0177. Note that nBackground=1 when the input docu 
ment image is a region (white background region) with a 
Specific pixel value; otherwise, nBackground=0. 
0.178 AS in the copy-forgery-inhibited pattern image 
generation unit 101 shown in FIG. 1, the copy-forgery 
inhibited pattern image composited output document gen 
eration unit 1501 can speed up processes by omitting 
unnecessary calculations. Since nBackground is a multipli 
cation to the whole equation, equation (3) is calculated for 
only a pixel with nBackground=1 to determine whether or 
not a pixel value corresponding to a copy-forgery-inhibited 
pattern image is written is determined. 
0179 Since the copy-forgery-inhibited pattern image 
composited output document generation unit 1501 executes 
Substantially the same process as that of the copy-forgery 
inhibited pattern image generation unit 101 shown in FIG. 
1 except that it refers to pixel values of the input document 
image, a detailed description thereof will be omitted. 
0180. The copy-forgery-inhibited pattern image compos 
ited output document image generated by the copy-forgery 
inhibited pattern image composited output document gen 
eration unit 1501 is output to the print data processing unit 
1502. The print data processing unit 1502 executes Substan 
tially the same process as that in the print data processing 
unit 103 shown in FIG. 1. At this time, the region compos 
ited with the copy-forgery-inhibited pattern image prefer 
ably undergoes image processes that Skip a color conversion 
proceSS Such as color matching or the like, So as to prevent 
a pixel value of one pixel from forming a dot of a mixed 
color expressed by a plurality of different inks or toners upon 
printing. 

0181. The print data processing unit 1502 converts the 
processed data into a data format (e.g., a data format 
described in the page description language or a data format 
rasterized to a print bitmap) that can be interpreted by the 
print unit 104 and sends it as copy-forgery-inhibited pattern 
composited output document image data to the next print 
unit 1503. 
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0182. The print unit 1503 prints out a copy-forgery 
inhibited pattern composited output document in accordance 
with the information of the input copy-forgery-inhibited 
pattern composited output document image data. In this 
manner, a copy-forgery-inhibited pattern image can be com 
posited to a region having a specific pixel value (e.g., a white 
background region) of an input document image, and a 
composite image can be output. 
0183 According to the aforementioned embodiment, a 
copy-forgery-inhibited pattern image can be efficiently laid 
out and composited to a predetermined region of an input 
image by executing logical operations using background and 
latent-image threshold patterns as already binarized patterns, 
a copy-forgery-inhibited pattern basic image as a binary 
image that designates the latent-image part and background 
image part, a camouflage region designation image as a 
binary image that designates a camouflage region, and bit 
information indicating whether or not a pixel value of an 
input image is a predetermined pixel. 
0.184 Also, a copy-forgery-inhibited pattern image can 
be generated at high Speed using a Small memory Size by 
executing logical operations using background and latent 
image threshold patterns as binary images, a copy-forgery 
inhibited pattern basic image as a binary image that desig 
nates the latent-image part and background-image part, and 
a camouflage region designation image as a binary image 
that designates a camouflage region. 
0185. Furthermore, a copy-forgery-inhibited pattern 
image can be efficiently laid out in a predetermined region 
(e.g., a white background region) of an input image by 
checking if the copy-forgery-inhibited pattern image is to be 
composited to the input image by logical operations using 
bit information indicating whether or not the pixel value of 
an input image is a predetermined pixel with reference to the 
pixel value of the input image as needed. 
0186 The generation method of a copy-forgery-inhibited 
pattern image and the composition method of the copy 
forgery-inhibited pattern image and input document image 
have been explained in detail. However, when a copy 
forgery-inhibited pattern image is to be actually output using 
a printer, the latent-image part and background-image part 
are not always output at densities the user intended due to 
various causes. 

0187. The causes include density instability depending 
on various conditions Such as different engine characteristics 
of printers, different dither matrices used to output threshold 
patterns, individual differences of printers, print environ 
ments Such as humidity, temperature, and the like, aging of 
an engine, different paper sheets (media), different inks or 
toners of printers, and the like. That is, input gray levels 
optimal to the dither matrices for the background-image part 
and latent-image part are more likely to vary depending on 
printer models, dither matrices, printers themselves, print 
environments, paper sheets, inkS and toners, and the like. 
0188 Therefore, even when the engine characteristics of 
printers or print environments are different, a copy-forgery 
inhibited pattern image must be generated after background 
and latent-image threshold patterns which have nearly equal 
densities upon printing are obtained. However, it is practi 
cally difficult to automatically calculate optimal background 
and latent-image threshold patterns in consideration of all 
variation factors including variations due to a print environ 
ment. 



US 2005/0058476 A1 

0189 Hence, a function of obtaining background and 
latent-image threshold patterns which can Set the back 
ground-image and latent-image parts to have Substantially 
the same densities for each printer before execution of the 
copy-forgery-inhibited pattern compositing/printing appara 
tus, i.e., a copy-forgery-inhibited pattern density calibration 
function need be implemented. 
0190. As a method of implementing the copy-forgery 
inhibited pattern density calibration function, a method of 
changing the gray level of an input image Signal input to one 
or both of the background dither matrix and latent-image 
dither matrix So as to adjust the densities to be Substantially 
equal to each other may be used. 
0191 FIG.16 shows a latent-image threshold pattern and 
background threshold patterns obtained by applying a 
threshold process to the gray levels of a plurality of input 
image Signals using a dither matrix. Referring to FIG. 16, 
reference numeral 1601 denotes a latent-image threshold 
pattern obtained by inputting a gray level “6” to a latent 
image dither matrix which is defined by 10 pixels per Side. 
The area ratio of black pixels is 6%. 
0.192 On the other hand, reference numerals 1602 to 
1604 denote background threshold patterns obtained by 
respectively inputting gray levels “12”, “16', and “20' to a 
background dither matrix which is defined by 16 pixels per 
Side. The area ratioS of black pixels of these patterns are 
respectively 4.69%, 6.25%, and 7.81%. If a background 
dither matrix is defined by 4x4 pixels, and undergoes density 
adjustment by changing the gray level of an input image 
Signal, the area ratio of black pixels has only a range of 17 
Steps (=4x4+1), and only a change in gray level of about 6% 
per Step is given. For this reason, a delicate density adjust 
ment cannot be done. 

0193 However, the density of each of the background 
threshold patterns 1602 to 1604, which are output from the 
dither matrix which can express many gray levels, can be 
finely adjusted by Selecting the gray level of an input image 
Signal, and Such patterns are Suitable for density calibration. 
0194 An overview of a copy-forgery-inhibited pattern 
test printing proceSS required to implement the copy-forg 
ery-inhibited pattern density calibration function will be 
explained below. The copy-forgery-inhibited pattern test 
printing process can be implemented by an application or 
printer driver on a computer. 

0.195 FIG. 22 is a block diagram showing the internal 
arrangement of an apparatus that executes a copy-forgery 
inhibited pattern test printing process. AS shown in FIG. 22, 
the apparatus that executes the copy-forgery-inhibited pat 
tern test printing proceSS has a Setting information input unit 
2201, pattern generation unit 2202, test print copy-forgery 
inhibited pattern image generation unit 2203, print data 
processing unit 2204, and print unit 2205. 
0196) Note that the apparatus arrangement is not limited 
to this, and need only have an arrangement that can Solve the 
problems of the present invention. Also, the apparatus need 
not be exclusively used for the copy-forgery-inhibited pat 
tern test printing process. 

0197) The setting information input unit 2201 executes a 
proceSS for reading Setting information from an initial Set 
ting file that Saves Setting information, or a proceSS for 
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receiving Setting information input via a user interface. The 
pattern generation unit 2202 generateS patterns required to 
generate a copy-forgery-inhibited pattern on the basis of the 
Setting information input from the Setting information input 
unit 2201, and outputs them to the next test print copy 
forgery-inhibited pattern image generation unit. In case of 
this embodiment, the patterns to be generated based on the 
input Setting information includes a background threshold 
pattern and latent-image threshold pattern. In the copy 
forgery-inhibited pattern test printing process, the pattern 
generation unit 2202 generates a plurality of background 
threshold patterns and latent-image threshold patterns. 
0198 The test print copy-forgery-inhibited pattern image 
generation unit 2203 generates a test block copy-forgery 
inhibited pattern image on the basis of the patterns input 
from the pattern generation unit 2202. Details of the test 
print copy-forgery-inhibited pattern image generation unit 
2203 will be described later. 

0199 The print data processing unit 2204 applies 
required image processes to the test print copy-forgery 
inhibited pattern image generated by the test print copy 
forgery-inhibited pattern image generation unit 2203. Note 
that the print data processing unit applies image processes to 
the test print copy-forgery-inhibited pattern image So as to 
prevent the pixel value (cyan, magenta, yellow, or black) of 
a copy-forgery-inhibited pattern image from being 
expressed by any mixed color formed by mixing a plurality 
of inks or toners upon printing. The test print copy-forgery 
inhibited pattern image that has undergone the required 
image processes is converted into a data format (e.g., a data 
format described in the page description language or a data 
format rasterized to a print bitmap) that can be interpreted by 
the print, and is sent to the next print unit 2204. The print 
unit 2204 prints out a test print copy-forgery-inhibited 
pattern image in accordance with the input data. 

0200. A test print sheet, on which a plurality of copy 
forgery-inhibited pattern images that are generated by the 
test print copy-forgery-inhibited pattern image generation 
unit 2203 and are formed by changing the densities of both 
the background-image and latent-image parts are two-di 
mensionally laid out, will be explained below. Respective 
copy-forgery-inhibited pattern image laid out on the sheet 
will be referred to as patches hereinafter. On the test print 
sheet on which the densities of the background-image and 
latent-image parts are changed two-dimensionally, copy 
forgery-inhibited patterns from lower densities to higher 
densities are also printed, and a plurality of patches having 
Substantially the same densities of the background-image 
and latent-image parts are present within a Single sheet. 
Therefore, the densities of copy-forgery-inhibited patterns 
can be presented as Selectable input values to the user. 
0201 In the on-demand copy-forgery-inhibited pattern 
output method by a printer described So far, the user can 
freely Select the copy-forgery-inhibited pattern basic image, 
camouflage region designation image, and color informa 
tion. In addition, the densities of copy-forgery-inhibited 
patterns can also be set as input values that can be Selected 
by the user. If means that allows the user to select the density 
of a copy-forgery-inhibited pattern can be provided, a merit 
of increasing the number of choices can be provided for the 
user. In order to improve the user's convenience, a device 
that allows the user to quickly find out an optimal density of 
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a copy-forgery-inhibited pattern image is required. When the 
test print sheet on which copy-forgery-inhibited pattern 
images are two-dimensionally laid out by changing the 
densities of both the background-image and latent-image 
parts is used, the user can quickly find out copy-forgery 
inhibited pattern density parameters (i.e., latent-image and 
background threshold patterns) required to generate a copy 
forgery-inhibited pattern image which has the latent-image 
and background-image parts with Substantially the same 
densities, and in which a latent-image can clearly emerge 
upon copying. The test print sheet on which copy-forgery 
inhibited pattern images are two-dimensionally laid out by 
changing the densities of both the background-image and 
latent-image parts not only allows the user to acquire many 
kinds of information per sheet, but also has high browsabil 
ity and convenience. Also, Since the number of test print 
sheets to be output when the user finds out an optimal 
copy-forgery-inhibited pattern density can be reduced, a 
paper cost reduction can also be achieved. 
0202 FIG. 17 shows an example of a test print sheet on 
which patches are two-dimensionally laid out by changing 
the densities of the background-image and latent-image 
parts. Each patch includes the latent-image and background 
image parts, and may also include a camouflage region. In 
each patch in FIG. 17, the central portion indicates the 
latent-image part, and the circumferential portion indicates 
the background-image part. In the example shown in FIG. 
17, the copy-forgery-inhibited pattern basic image used to 
designate the latent-image and background-image parts has 
a rectangular shape. However, the present invention is not 
limited to the rectangular shape. For example, a character 
string such as "VOID" or the like may be used. Also, the 
latent-image and background-image parts may be juxta 
posed as independent patches. Hence, the copy-forgery 
inhibited pattern basic image is not particularly limited as 
long as copy-forgery-inhibited pattern images are laid out to 
be visually recognizable. 

0203) On the test print sheet shown in FIG. 17, the 
density of the latent-image part is changed in the widthwise 
direction of a paper sheet, and the density of the back 
ground-image part is changed in the longitudinal direction. 
A patch present at the center of each of patch arrays which 
are laid out in the longitudinal direction is Set to have 
Substantially the same densities of the latent-image and 
background-image parts. As a result, even when density 
variations are present due to an environment or deterioration 
of engine performance, the user can easily find out a patch 
having the Substantially the same densities of the latent 
image and background-image parts. 
0204. However, in practice, since density variations are 
present due to the printer characteristics and print environ 
ment, a patch at the center of each of patch arrays which are 
laid out in the longitudinal direction does not always have 
Substantially the same densities of the latent-image and 
background-image parts. 

0205 The test print sheet is set so that the density of the 
background-image part is darkened in one direction (up 
direction of the plane of the page in FIG. 17), and it is 
lightened in the other direction (down direction of the plane 
of the page in FIG. 17). 
0206. In the example shown in FIG. 17, the density of the 
background-image part of a copy-forgery-inhibited pattern 
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is changed in the longitudinal direction. As a method of 
changing the density of the background-image part, a 
method of changing the gray level of an input image Signal 
to the background-image part dither matrix is available, as 
described above. 

0207 For example, when the background dither matrix 
has a size of 16x16 pixels as shown in FIG. 16, the area ratio 
of black pixels of a threshold pattern changes about 1.5% by 
changing the gray level of an input image Signal to the 
background dither matrix by 4. 
0208. In this embodiment, a change amount of the gray 
level of an input image Signal to the background dither 
matrix upon changing the density of the background-image 
part in the test printing process is called a “contrast Step', 
and is used as an indeX that represents the magnitude of the 
density adjustment unit of the background-image part. 

0209. On the other hand, in the example shown in FIG. 
17, the density of the latent-image part is changed in the 
widthwise direction. AS one of methods of changing the 
density of the latent-image part, a method of fixing the gray 
level of an input image Signal to the latent-image dither 
matrix, and reducing the vertical and horizontal sizes of the 
latent-image dither matrix is available. 
0210 For example, if a threshold pattern is generated by 
Setting the latent-image dither matrix Size to be 10x10 pixels 
and the gray level of an input image Signal to be 9, the area 
ratio of black pixels is 9%; if a threshold pattern is generated 
by Setting the latent-image dither matrix Size to be 12x12 
pixels and the gray level of an input image Signal to be 9, the 
area ratio of black pixels is 6.25%; and if a threshold pattern 
is generated by Setting the latent-image dither matrix Size to 
be 14x14 pixels and the gray level of an input image Signal 
to be 9, the area ratio of black pixels is about 4.6%. 
0211 Therefore, the density of the latent-image part can 
be changed by changing the latent-image dither matrix Size. 
When the latent-image dither matrix sizes are 10x10, 12x12, 
and 14x14, the numbers of gray levels that can be theoreti 
cally expressed are 101 levels (=10x10+1), 145 levels 
(=12x12+1), and 197 levels (=14x14+1). 
0212. As another method of changing the density of the 
latent-image part, a method of fixing the latent-image dither 
matrix Size, and changing the gray level of an input image 
Signal to the latent-image dither matrix is available. For 
example, if the latent-image dither matrix Size is fixed to 
10x10, and the gray level of an input image Signal is 
changed to “6”, “9”, and “12, the area ratios of black pixels 
are respectively 6%, 9%, and 12%. However, if dots of the 
latent-image part are as Small as they would disappear after 
copying, a required condition for the latent-image part (i.e., 
dots remain even after copying) cannot be met. Therefore, 
the gray level of an input image Signal to the latent-image 
dither matrix must be set to be equal to or larger than a given 
level. 

0213 As still another method, a latent-image threshold 
pattern may be generated by changing both the latent-image 
dither matrix Size and the gray level of an input image Signal 
to the latent-image dither matrix, thereby changing the 
density. 

0214 FIG. 23 is a block diagram showing a copy 
forgery-inhibited pattern compositing/printing apparatus 
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comprising the copy-forgery-inhibited pattern density cali 
bration function. In this arrangement, a Selection informa 
tion input unit 2301 and pattern generation unit 2302 are 
connected before the copy-forgery-inhibited pattern com 
positing/generating apparatus shown in FIG. 1 (2303 in 
FIG. 23). The internal arrangement of the copy-forgery 
inhibited pattern compositing/printing apparatus which has 
the copy-forgery-inhibited pattern density calibration func 
tion will be explained below. 
0215. The selection information input unit 2301 inputs 
information (e.g., a number printed near a patch) associated 
with a patch which is determined to be optimal one as 
Selection information via a user interface. At this time, a 
patch of an optimal copy-forgery-inhibited pattern image is 
the one which has a density of user's choice, and in which 
the background-image and latent-image parts have Substan 
tially the same densities, and the latent-image part remains 
and the background-image part disappears when a test print 
sheet is copied using a target copying machine. When the 
target copying machine is not available, whether or not the 
latent-image part remains and the background-image part 
disappears may be checked by copying the test print sheet 
using an available copying machine. 
0216) The pattern generation unit 2302 generates patterns 
required to generate a copy-forgery-inhibited pattern on the 
basis of the Selection information input from the Selection 
information input unit 2301, and inputs them to the next 
copy-forgery-inhibited pattern compositing/printing appara 
tus 2303. In case of this embodiment, the patterns to be 
generated based on the input Selection information include 
the background and latent-image threshold patterns. 
0217. The copy-forgery-inhibited pattern compositing/ 
printing apparatuS 2303 generates a copy-forgery-inhibited 
pattern image on the basis of the background and latent 
image threshold patterns input from the pattern generation 
unit 2302 as the previous Stage, composites the copy 
forgery-inhibited pattern image to an input document image, 
and prints out an output document. Since the processes in the 
copy-forgery-inhibited pattern compositing/printing appara 
tus 2303 have already been described in detail above, a 
description thereof will be omitted. 
0218. According to this embodiment, the copy-forgery 
inhibited pattern compositing/printing apparatus which has 
the copy-forgery-inhibited pattern density calibration func 
tion can be provided. 
0219 Even when a patch has equal densities of the 
background-image and latent-image parts upon printing, if a 
test print sheet including Such patch is copied by the target 
copying machine, the latent-image part may remain, but the 
background-image part may not disappear completely. 
0220 However, at this time, a patch whose density of the 
latent-image part is largely different from that after copying 
may be determined as an optimal one. If a latent-image 
emerges after copying, an effect as the copy-forgery-inhib 
ited pattern can be provided. In this embodiment, not only a 
patch in which the latent-image part remains and the back 
ground-image part disappears after copying, but also a patch 
in which the density of the background-image part after 
copying is Sufficiently lower than that of the latent-image 
part can be Selected as an optimal patch. 
0221 FIG. 18 is a flowchart showing the simplest test 
print Sequence. Initially, the test printing proceSS Starts in 
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step S1801 in accordance with an input from a user interface 
or the like. In step S1802, a process for reading setting 
information from an initial Setting file that Saves Setting 
information, or a proceSS for receiving Setting information 
input via a user interface is executed. In step S1803, copy 
forgery-inhibited pattern density parameters that determine 
the print densities of the latent-image and background-image 
parts upon generating a copy-forgery-inhibited pattern 
image are generated on the basis of the Setting information 
input in step S1802. In this embodiment, the copy-forgery 
inhibited pattern density patterns to be generated based on 
the input Setting information include background and latent 
image threshold patterns. In step S1804, a test print sheet 
shown in FIG. 17 is generated on the basis of the copy 
forgery-inhibited pattern density parameters input from Step 
S1803, and is printed out by the printer. 
0222. In step S1805, the user visually compares the 
densities of the latent-image and background-image parts of 
individual patches on the test print sheet. In Visual evalua 
tion, the user Selects an optimal patch in which the latent 
image and background-image parts have Substantially equal 
densities, and the latent-image part remains and the back 
ground-image part disappears (or it has a Sufficient contrast 
difference compared to the latent-image part) upon copying 
the test print sheet by a target copying machine using a 
number associated with that patch. For example, in the 
example shown in FIG. 17, patches with different densities 
are arranged in arrays A, B, and C in the widthwise direction 
of a paper sheet, patches having background-image parts 
with different densities are arranged in the longitudinal 
direction of the paper sheet, and values indicating the 
densities of the background-image parts are described aside 
respective patches. ASSume that a patch with a preferred 
density as a copy-forgery-inhibited pattern image is included 
in array A, and the value that represents the density of the 
background-image part is 16. In Such case, that patch can be 
Selected as A-16. 

0223) When the test print function that allows the user to 
find out an optimal patch by a Single test printing process, as 
shown in FIG. 17, is implemented, the test print sheet often 
includes patches which have Substantially equal densities of 
the background-image and latent-image parts, and in which 
latent-images are visually inconspicuous. In Such case, the 
range of threshold patterns that can Set Substantially equal 
densities of the background-image and latent-image parts 
must be recognized as initial device density parameters 
(device profile data) in consideration of the printer charac 
teristics. 

0224. As a practical example of the initial device density 
parameters, latent-image threshold patterns required to gen 
erate copy-forgery-inhibited pattern images in which latent 
image parts have densities in arrays A, B, and C of a test 
print sheet, background threshold patterns which can form 
background-image parts having print densities Substantially 
equal to those of arrays A, B, and C (i.e., contrast Zero 
patterns in respective arrays), density change widths of 
background-image parts, which are to be changed in the 
longitudinal direction of the test print sheet (contrast Step 
parameters in respective arrays), and the like can be used. 
The density change range of background-image parts (a 
range of changing background threshold patterns in respec 
tive ranges; array A in FIG. 17 has a range from 12 to 20) 
can also be used as an initial parameter. 
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0225. In step S1806, the number (e.g., A-16) associated 
with the patch selected in step S1805 is input as selection 
information via a user interface or the like. In step S1807, 
copy-forgery-inhibited pattern density parameters used to 
determine the print densities of the latent-image and back 
ground-image parts of a copy-forgery-inhibited pattern 
image are generated on the basis of the information input in 
step S1806. More specifically, the copy-forgery-inhibited 
pattern density parameters correspond to latent-image and 
background threshold patterns which can form background 
image and latent-image parts to have Substantially equal 
densities, and allow the background-image part to disappear 
upon copying. In Step S1808, a copy-forgery-inhibited pat 
tern image is generated based on the copy-forgery-inhibited 
pattern density parameters generated in Step S1807, and is 
composited to an input document image, thus printing out a 
composite image. The proceSS in this Step is the same as that 
of the copy-forgery-inhibited pattern compositing/printing 
apparatus described using FIG. 1. 
0226. In the test print sequence shown in FIG. 18, if the 
user cannot find out an optimal patch which has latent-image 
and background-image parts with Substantially equal densi 
ties from a test print sheet printed by a Single test printing 
process, density calibration cannot be implemented. How 
ever, when the printer Suffers a large density variation, or 
when the halftone reproduction characteristics of the printer 
largely depend on a model or individual, if a large contrast 
Step value is used, an optimal position at which the densities 
of the background-image and latent-image parts become 
Substantially equal to each other cannot often be found by a 
Single process. 
0227 FIG. 19 is a flowchart of a test printing process 
with a reinforced density adjustment function compared to 
the test printing process shown in the flowchart of FIG. 18. 
A large difference from FIG. 18 is that this flowchart has 
two modes, i.e., coarse and fine test print modes. 
0228) Step S1930 shown in FIG. 19 is a step of executing 
the coarse test print mode, and step S1940 is a step of 
executing the fine test print mode. In the following descrip 
tion, the coarse test print mode as a primary test printing 
proceSS will be referred to as “coarse tuning, and the fine 
test print mode as a Secondary test printing proceSS will be 
referred to as “fine tuning”. 
0229. As internal processes in steps S1930 and S1940, 
substantially the same processes as those in steps S1804 to 
S1806 in the simple test printing process shown in FIG. 18 
are executed. 

0230 FIG.20 shows two different types of sheets used in 
the test printing process, the processing Sequence of which 
is shown in FIG. 19. Referring to FIG. 20, reference 
numeral 2001 denotes an example of a coarse tuning test 
print sheet to be output in step S1904; and 2002, an example 
of a fine tuning test print sheet to be output in step S1908. 
0231. Two steps of test printing processes will be 
described in turn below using FIGS. 19 and 20. In the 
primary test print (coarse tuning) process shown in FIG. 19, 
a test printing proceSS Starts in Step S1901 in accordance 
with an input from a user interface or the like. In step S1902, 
a process for reading Setting information from an initial 
Setting file that Saves Setting information, or a process for 
receiving Setting information input via the user interface is 
executed. 
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0232. In step S1903, copy-forgery-inhibited pattern den 
sity parameters that determine the print densities of the 
latent-image and background-image parts of a copy-forgery 
inhibited pattern image are generated on the basis of the 
setting information input in step S1902. In this embodiment, 
the copy-forgery-inhibited pattern density patterns to be 
generated based on the input Setting information include 
background and latent-image threshold patterns. In Step 
S1904, a coarse tuning test print sheet 2001 is generated, and 
is printed out by the printer. 

0233. On the coarse tuning test print sheet 2001, the 
density of the latent-image part changes in patches which are 
arranged in the widthwise direction of a paper sheet, and the 
density of the background-image part changes in patches 
which are arranged in the longitudinal direction, as in FIG. 
19. Also, on the coarse tuning test print sheet 2001, back 
ground threshold patterns in patches which are laid out in the 
longitudinal direction are generated by changing the gray 
level of an input image Signal to the dither matrix in 8-step 
increments (i.e., contrast Step=8). 
0234. When the input gray level to the background dither 
matrix is Zero, Since no dots are printed on the background 
image part, Such background-image part is not Suited to a 
copy-forgery-inhibited pattern image. Therefore, another 
nonzero value (e.g., 8) may be set for a gray level close to 
Zero. However, when an image for the input gray level=0 to 
the background dither matrix is output, appearance of a 
latent-image (contrast between the latent-image part and 
white background) when a background-image part that 
disappears completely, i.e., in an ideal State wherein the 
latent-image emerges after copying, can be confirmed as a 
merit. 

0235. On the coarse tuning test print sheet 2001, since a 
change in density of the background-image part is large 
between neighboring patches in the longitudinal direction, it 
is difficult to precisely adjust the densities of the back 
ground-image part and latent-image part. However, copy 
forgery-inhibited pattern density parameters used to gener 
ate a copy-forgery-inhibited pattern image which has a 
background-image part and latent-image part with Substan 
tially the same densities can be quickly narrowed down. 
0236 Upon generating a threshold pattern using a Bayer 
dither matrix, when the input gray level exceeds a half gray 
level “128”, the generated threshold pattern is expressed by 
dots which contact each other (not by isolated dots), and an 
effect of disappearance of the background-image part upon 
copying is hardly obtained. Therefore, for the purpose of 
finding out an optimal copy-forgery-inhibited pattern image, 
the background-image part Suffices to cover the grayScale 
range of 0 to 128. 
0237 Note that the coarse tuning test print sheet 2001 in 
FIG. 20 shows only the grayscale range of 0 to 32 of the 
background-image part for the Sake of illustrative conve 
nience. However, the coarse tuning test print sheet 2001 
preferably covers the full grayscale range (0 to 256) 
expressed by a 16x16 background threshold pattern or the 
grayScale range (0 to 128) that can be used as the back 
ground-image part. 

0238. The following description will continue under the 
assumption that the coarse tuning test print sheet 2001 
Substantially covers the grayScale range from which nearly 



US 2005/0058476 A1 

the same density as that of the latent-image part is expected 
to be obtained (e.g., 0 to 32 in case of the coarse tuning test 
print sheet 2001). 
0239). In order to find out optimal copy-forgery-inhibited 
pattern density parameters required to generate a copy 
forgery-inhibited pattern image which can approximate the 
print densities of the latent-image part and background 
image part using a printer whose halftone reproduction 
characteristics are unknown or a printer which Suffers a large 
density variation of the background-image part due to an 
environment, background threshold patterns are generated at 
coarse contrast Steps to cover the full-value range that the 
background-image part can assume or the value range that 
the background-image part can Substantially assume, So as 
to output a test print sheet. In this manner, the range of 
copy-forgery-inhibited pattern density parameters which can 
Set Substantially the same densities of the background-image 
part and latent-image part can be narrowed down without 
any pre-existing knowledge even using a printer whose 
halftone reproduction characteristics are unknown or a 
printer which Suffers a large density variation of the back 
ground-image part due to a print environment or aging. Such 
coarse tuning test print sheet is designed to be generally 
applied to many printers, and is worthful Since it does not 
require any device-dependent Setups. 

0240. In step S1905, the densities of the latent-image and 
background-image parts in respective patches on the test 
print sheet are visually compared. In this step, Substantially 
the same process as that described in step S1805 is executed. 
However, Since the contrast Step of the background-image 
part is large, there is a high possibility that the number of an 
optimal patch cannot be found. Therefore, in Such case, a 
range in which an optimal patch is expected to be found is 
Selected. 

0241. In this coarse tuning, Some methods of designating 
the range in which an optimal patch is expected to be found 
are available. In one method, the range in which an optimal 
patch is expected to be found is designated using a central 
value. For example, when the third uppermost patch (A-16) 
has a smallest difference between the densities of the latent 
image and background-image parts in array A on the coarse 
tuning test print sheet 2001, the third uppermost patch 
(A-16) in array A is designated as the center where an 
optimal patch is expected to be found. 

0242. In fine tuning to be described later, when the 
background density is changed more finely to have the 
designated patch as the center, there is a high possibility that 
optimal copy-forgery-inhibited pattern density parameters 
required to generate a copy-forgery-inhibited pattern image 
which has Substantially equal densities of the latent-image 
and background-image parts are found. 

0243 In another method, a period in which an optimal 
patch is expected to be found is designated. For example, 
assume that the third uppermost patch (A-16) in array A on 
a coarse tuning test print sheet 2001 has a background-image 
part lighter than a latent-image part, and the fourth upper 
most patch (A-24) has a background-image part darker than 
a latent-image part. In this case, there is a high possibility 
that an optimal patch is found between the third and fourth 
uppermost patches (A-16) and (A-24) in array A. Therefore, 
a period in which the magnitude relationship between the 
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densities of the background-image and latent-image parts 
changes is designated as a period in which an optimal patch 
is expected to be found. 
0244. In this case, the user can input the numbers of both 
the third and fourth uppermost patches (A-16) and (A-24) in 
array A. However, Since the method of designating a period 
by inputting two input values to an operation menu is often 
troublesome, the user may calculate an intermediate value 
between the third and fourth uppermost patches (A-16) and 
(A-24) and may input the intermediate value (A-20) as the 
center where an optimal patch is expected to be found. 
0245 AS in patches in array A, information associated 
with the center or period where an optimal patch is expected 
to be found is input to arrays B and C, and corresponding 
patches can be output using a two-dimensional test print 
sheet (e.g., the fine tuning test print sheet 2002). 
0246 This fine tuning test print sheet 2002 designates 
patches (B-8) and (C-8) each of which has the smallest 
difference between the densities of the latent-image and 
background-image parts in arrays B and C in addition to 
array A. In this case, copy-forgery-inhibited pattern param 
eters of different densities can be determined by a Single test 
printing process. 
0247. However, when an optimal patch is to be found by 
changing the density of the background-image part in 
patches in array A, a test print sheet on which the densities 
of the background-image and latent-image parts are changed 
two-dimensionally need not be printed in the fine tuning 
process, and a test print sheet on which only the density of 
the background-image part is changed with respect to the 
latent-image part with the designated density need only be 
output. 

0248. In step S1906, the user who executes the test 
printing proceSS inputs information, associated with the 
center or period where an optimal patch is expected to be 
found from the test print sheet, via the user interface on the 
basis of the visual evaluation result in step S1905. Although 
not shown in FIG. 19, information previously input in step 
S1906 may be saved in a setting file as initial setting 
information upon executing fine tuning step S1940, and that 
file may be read out. 
0249. In step S1907, copy-forgery-inhibited pattern den 
sity parameters required to generate a copy-forgery-inhib 
ited pattern image which can Set Substantially equal densities 
of the background-image and latent-image parts are gener 
ated on the basis of the information input in step S1906. In 
this embodiment, a plurality of background threshold pat 
terns which are to be printed as the densities within the range 
input in step S1906, and a latent-image threshold pattern 
with the Selected density are generated. 
0250). In step S1908, a fine tuning test print sheet is 
generated and printed on the basis of the copy-forgery 
inhibited pattern density parameters generated in Step 
S1907. For example, on the fine tuning test print sheet 2002 
shown in FIG. 20, the gray level of an input image signal to 
the background dither matrix is changed more finely to have, 
as the centers, the third uppermost patch (A-16) in array A, 
the Second uppermost patch (B-8) in array B, and the Second 
uppermost patch (C-8) in array C on the coarse tuning test 
print sheet 2001, which are selected in the coarse tuning 
process in step S1907, while setting the contrast step=2. 
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Therefore, patches in which the background-image and 
latent-image parts have closer densities compared to the 
coarse tuning test print sheet 2001 can be detected. 
0251. In this way, in step S1940 that executes fine tuning, 
a fine tuning test print sheet which allows the user to find out 
a patch in which the background-image and latent-image 
parts have closer densities more accurately than in Step 
S1930 that executes coarse tuning is generated. In step 
S1909, the densities of the latent-image and background 
image parts in respective patches on the test print sheet are 
Visually compared. In Visual evaluation, the user finds out a 
patch in which the latent-image and background-image parts 
have Substantially equal densities, and the latent-image part 
remains and the background-image part disappears (or it has 
a Sufficient contrast difference compared to the latent-image 
part) upon copying the test print sheet by a target copying 
machine, and Selects the number (e.g., (A-18)) of the opti 
mal patch from the test print sheet. At this time, if the 
two-dimensional test printing proceSS is done by also chang 
ing the density of the latent-image part, a patch having a 
preferred density as a copy-forgery-inhibited pattern image 
can be selected from not only array A but also arrays B and 
C. 

0252) In step S1910, the user inputs the number associ 
ated with the patch selected in step S1909 as selection 
information via the user interface. In step S1911, copy 
forgery-inhibited pattern density parameters required togen 
erate a copy-forgery-inhibited pattern image in which the 
background-image and latent-image parts have approximate 
print densities are generated on the basis of the information 
input in step S1910. More specifically, in this embodiment, 
latent-image and background threshold patterns which can 
form the background-image and latent-image parts to have 
nearly equal densities are generated. In Step S1912, a 
copy-forgery-inhibited pattern image is generated based on 
the copy-forgery-inhibited pattern density parameters gen 
erated in Step S1911, and is composited to an input docu 
ment image, thus printing out a composite image. The 
proceSS in this Step is the same as that in the copy-forgery 
inhibited pattern printing apparatus described using FIG. 1. 

0253) Note that both the processes in step S1930 that 
executes coarse tuning and step S1940 that executes fine 
tuning need not always be executed. For example, only upon 
installing a printer or making a periodic maintenance or 
when a copy-forgery-inhibited pattern image cannot be 
appropriately output, coarse tuning Step S1930 is executed. 
When a copy-forgery-inhibited pattern is printed routinely, 
the process in this step S1930 may be omitted, and only the 
process in fine tuning step S1940 may be executed. 

0254. Since coarse tuning is omitted in ordinary use, the 
time required for copy-forgery-inhibited pattern density 
calibration can be reduced. At this time, information asso 
ciated with appropriate parameters as a copy-forgery-inhib 
ited pattern obtained in step S1930 that executes coarse 
tuning is saved in a Setting file. When only fine tuning is 
executed while omitting coarse tuning, the patch output 
range of the fine tuning test print sheet 2002 can be read out 
from the Saved Setting file, and the fine tuning test print sheet 
can be generated. In this case, it is desirable to design to 
reduce the number of times of coarse tuning to be re 
executed even when a print environment has changed, in 
terms of convenience. 
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0255 For example, assume that the coarse tuning test 
print sheet 2001 is printed, a patch (A-16) in array A has the 
Smallest density difference between the latent-image and 
background-image parts, and a Setup for detailed adjustment 
in the fine tuning process is made to have (A-16) as the 
center. However, assume that an actual printer has Suffered 
a density variation due to an environment to have a patch 
(A-20) as the center. 
0256 If a density variation due to an environment has 
occurred to have the patch (A-16) as the center on the fine 
tuning test print sheet 2002, patches within the range (i.e., 
A-12 to A-20) of contrast step=4 before and after (A-16) can 
be followed, and the chance of returning to coarse tuning is 
reduced. However, when a density variation due to an 
environment has occurred to have (A-20) as the center, only 
patches within the range (i.e., A-12 to A-20) of contrast 
Step=8 in one direction can be followed on the fine tuning 
test print sheet 2002, and coarse tuning must be redone when 
the density has changed in the direction of A-24. 

0257. In such case, when the user selects the center of 
fine density change in fine tuning from patches on the coarse 
tuning test print sheet 2001, the contraststep before and after 
the center on the coarse tuning test print sheet 2001 is set to 
be twice the contrast Step before and after the center required 
on the fine tuning test print sheet 2002. With this setup, since 
fine tuning can cover the range of neighboring patches to 
have the central patch Selected from the coarse tuning test 
print sheet 2001, the chance of returning to coarse tuning can 
be reduced. 

0258. In another example, in fine tuning, a relatively 
large number of patches may be set So that not only the range 
before and after the patch Selected as the center in coarse 
tuning but also the range of Several patches before and after 
the center can be covered. In Such case, even when a density 
variation has occurred more or less, the chance of returning 
to coarse tuning can be reduced. 
0259. At this time, although not shown, the apparatus or 
Software which implements the two-step test print function, 
the processing sequence of which is shown in FIG. 19, has 
a Step of prompting the user to Select whether the test 
printing proceSS Starts from coarse tuning or from fine tuning 
on the basis of information obtained by the previously 
executed coarse tuning while Skipping coarse tuning. If the 
user Selects to start the test printing proceSS from coarse 
tuning, the processes shown in steps S1902 to S1912 are 
executed in turn. If the user Selects to Start the test printing 
process from fine tuning, the Saved information associated 
with coarse tuning is read out (corresponding to the process 
in step S1902), copy-forgery-inhibited pattern parameters 
are generated (corresponding to the process in Step S1903), 
and the Subsequent fine tuning processes (steps S1908 to 
S1912) are executed. 
0260 The function of step S1930 that executes coarse 
tuning may be set as a detailed function (maintenance 
function) that can be executed by only a Service person who 
installs or maintains a printer, and may be inhibited from 
being operated by normal users. For example, Software that 
requests a password upon executing this step S1930 may be 
implemented. 

0261) Also, when units except for the print unit (printer 
controller and printer engine) of the copy-forgery-inhibited 



US 2005/0058476 A1 

pattern compositing/printing apparatus shown in FIG. 1 or 
15 are implemented as Software in a computer, acceSS 
control may be applied using an acceSS control function of 
an OS So that only the administrator of the computer can 
execute the function of this step S1930. 
0262. With the above setups, a trouble that an optimal 
copy-forgery-inhibited pattern image cannot be found in 
only step S1940 of executing fine tuning due to a simple 
Setting error or purposeful change by a third party can be 
avoided. 

0263. Furthermore, access control may be applied by 
Similarly requesting a password or administrator's authority 
for step S1930 of coarse tuning and step S1940 of fine 
tuning. Not only a normal user can be prevented from falling 
into a trouble that he or She cannot find an optimal copy 
forgery-inhibited pattern image due to a simple Setting error 
or purposeful change by a third party, but also, Such user can 
easily print out a document composited with a copy-forgery 
inhibited pattern without considering any copy-forgery 
inhibited pattern density calibration. 
0264. The fine tuning test print sheet 2002 in FIG. 20 
outputs Samples generated by changing the densities of both 
the background-image and latent-image parts. Alternatively, 
a desired density of the latent-image part may be determined 
by coarse tuning, and a fine tuning test print sheets that 
outputs only patches generated by changing the density of 
the background-image part with respect to the determined 
density of the latent-image part may be output. 
0265. In this case, since the area of patches that can be 
output increases within a single sheet, a large number of 
patches may be output per sheet by reducing the contrast 
Step, or patches may be output using the copy-forgery 
inhibited pattern basic image and camouflage region desig 
nation image, which are Scheduled to be printed after they 
are composited to an actual input document. 
0266 On the coarse tuning test print sheet 2001 and fine 
tuning test print sheet 2002 in FIG. 20, the density and 
density change width of the background-image part may be 
common to respective arrayS or may be different for respec 
tive arrays. The coarse tuning test print sheet 2001 and fine 
tuning test print sheet 2002 may adopt quite different layouts 
of copy-forgery-inhibited pattern images. 
0267 Finally, the processing sequence of a multi-step test 
printing process that generalizes the 2-step test print func 
tion (coarse tuning and fine tuning) will be described. 
0268 FIG. 21 is a flowchart showing the processing 
Sequence of a multi-step test printing process with an 
advanced function. A test printing process Starts in Step 
S2101 in accordance with an input from a user interface or 
the like. In step S2102, initial setting information required to 
generate a copy-forgery-inhibited pattern image is read out. 
For example, the initial Setting information is Stored in a 
Setting file in an HDD or memory on a computer, and 
Software of the computer reads it out. 
0269. In step S2103, copy-forgery-inhibited pattern den 
sity parameters that determine the densities of the latent 
image and background-image parts of a copy-forgery-inhib 
ited pattern image are generated on the basis of the Setting 
information input in step S2102. More specifically, in this 
embodiment, latent-image and background threshold pat 
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terns that can form the background-image and latent-image 
parts to have nearly equal densities are generated. 

0270. In step S2104, a test print sheet is generated and 
printed based on the copy-forgery-inhibited pattern density 
parameters generated in step S2103. On the test print sheet, 
patches may be laid out by two-dimensionally changing the 
densities of the background-image and latent-image parts, or 
by changing the density of the background-image part, as 
shown in FIG. 17. It is visually evaluated in step S2105 for 
each patch on the test print sheet if the background-image 
and latent-image parts have nearly equal densities, if the 
latent-image part remains and the background-image part 
disappears (or it has a Sufficient contrast difference com 
pared to the latent-image part) in each patch of the test print 
sheet copied by a target copying machine, and So forth. 

0271) If it is determined in step S2106 that a patch in 
which the latent-image and background-image parts have 
Substantially equal densities, and the latent-image part 
remains and the background-image part disappears (or it has 
a Sufficient contrast difference compared to the latent-image 
part) upon copying the test print sheet by a target copying 
machine is found from the test print sheet, the flow advances 
to step S2108. However, if no patch in which the latent 
image and background-image parts have Substantially equal 
densities, and the latent-image part remains and the back 
ground-image part disappears (or it has a Sufficient contrast 
difference compared to the latent-image part) upon copying 
the test print sheet by a target copying machine is found, the 
flow advances to step S2107. 
0272. In step S2107, information associated with the 
center or period where an optimal patch is expected to be 
found from the test print sheet is input via the user interface 
using a number or the like associated with the patch, as has 
already been described using FIG. 10. At this time, a 
contrast Step as an indeX used to determine the density 
change width of the background-image part is input 
together. 

0273. As the contrast step, a value Smaller than the 
contrast Step used in the already output test print sheet is 
preferably Set. Note that a specification that automatically 
Sets the contrast Step value by Software may be adopted. 
0274. In step S2108, copy-forgery-inhibited pattern den 
sity parameters used to determine the print densities of the 
latent-image and background-image parts of a copy-forgery 
inhibited pattern image are generated on the basis of the 
information input in step S2107. The flow returns to step 
S2104 to print a test print sheet based on the copy-forgery 
inhibited pattern density parameters generated in Step 
S2108. The flow advances to step S2105 again to make 
Visual evaluation again. Information associated with the 
center or period where an optimal patch is expected to be 
found is re-set until an optimal patch is found, thus repeating 
the loop. 

0275. In step S2109, a number associated with the patch 
which is selected in step S2105 and in which the latent 
image and background-image parts have Substantially equal 
densities, and the latent-image part remains and the back 
ground-image part disappears upon copying the test print 
sheet by a target copying machine is input via the user 
interface or the like. In step S2110, copy-forgery-inhibited 
pattern density parameters used to determine the print den 



US 2005/0058476 A1 

Sities of the latent-image and background-image parts of a 
copy-forgery-inhibited pattern image are generated on the 
basis of the information input in step S2109. More specifi 
cally, in this embodiment, latent-image and background 
threshold patterns which can form the background-image 
and latent-image parts to have nearly equal densities and 
allow the background-image part to disappear upon copying 
are generated. 

0276. In step S2111, a copy-forgery-inhibited pattern 
image is generated based on the copy-forgery-inhibited 
pattern density parameters generated in Step S2110, and is 
composited to an input document image, thus printing out a 
composite image. The proceSS in this Step is the same as that 
of the copy-forgery-inhibited pattern compositing/printing 
apparatus described using FIG. 1. 

0277 Finally, a modification of the test print sheets 
shown in FIGS. 17 and 20 will be described. 

0278 FIG. 24 shows a modification of the test print 
sheet. On the test print sheets shown in FIGS. 17 and 20, the 
background-image and latent-image parts are laid out in one 
patch. On the test print sheet shown in FIG. 24, rectangles 
(2401, 2403, 24.05) of the latent-image part and those (2402, 
2403, 2406) of the background-image part are formed, the 
densities are fixed inside each rectangle of the latent-image 
part, and columns A, B, and C have different densities. 

0279. In each rectangle of the background-image part, the 
density changes Smoothly (to form a gradation from lower to 
higher densities). The gradation that forms the interior of 
each rectangle of the background-image part is generated by 
background threshold patterns based on a background dither 
matrix. Beside each rectangle of the background-image part, 
numbers used to identify background threshold patterns are 
assigned. Upon visually designating the densities of the 
latent-image and background-image parts, a position where 
the densities become nearly equal to each other can be 
designated by a number (e.g., (A-16) or the like) as in the 
test print sheets shown in FIGS. 17 and 20. 

0280 Using the test print sheet shown in FIG. 24, coarse 
and fine test print functions can be implemented in the same 
manner as the test print sheets shown in FIGS. 17 and 20. 
In the coarse test printing process, a gradation range in 
which the latent-image and background-image parts may 
have nearly equal densities is designated using a number 
assigned to the background-image part. In the fine test 
printing process, the designated gradation range is broad 
ened, and the densities of the background-image and latent 
image parts can be compared accurately. 

0281. The test print sheet shown in FIG. 24 may be used 
in place of the coarse tuning test print sheet 2001 shown in 
FIG. 20. Since the density of the background-image part 
changes continuously, a point where the densities of the 
latent-image and background-image parts become nearly 
equal to each other can be finely and easily determined 
compared to the coarse tuning test print sheet 2001 which 
coarsely changes the gray level of the background-image 
part. Also, a camouflage pattern may be applied to columns 
A, B, and C, and the densities of the background-image and 
latent-image parts can be compared using copy-forgery 
inhibited pattern imageS which are approximate to a copy 
forgery-inhibited pattern image to be finally generated. 
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0282) Second Embodiment 
0283 The second embodiment according to the present 
invention will be described in detail hereinafter with refer 
ence to the accompanying drawings. In the Second embodi 
ment, respective processes described in the first embodiment 
are implemented by a computer. 

0284 FIG. 25 is a block diagram showing the basic 
arrangement of a computer in the Second embodiment. For 
example, when this computer executes all the functions 
except for the print unit (or the printer engine of the print 
unit) in FIGS. 1, 15, 22, and 23 in the first embodiment, the 
respective functions are expressed by a program, which is 
loaded by this computer, thus implementing all the functions 
except for the print unit (or the printer engine of the print 
unit) in FIGS. 1, 15, 22, and 23 in the first embodiment. 
0285) Referring to FIG. 25, reference numeral 2511 
denotes a CPU which controls the overall computer, and 
executes respective processes described in the first embodi 
ment using programs and data Stored in a RAM 2512 and 
ROM 2513. Reference numeral 2512 denotes a RAM which 
has an area for temporarily Storing programs and data loaded 
from an external Storage device 2518 or programs and data 
downloaded from another computer system 2524 via an I/F 
(interface) 2523, and also an area required for the CPU 2511 
to execute various processes. 

0286 Reference numeral 2513 denotes a ROM which 
Stores functional programs, Setting data, and the like of the 
computer. Reference numeral 2514 denotes a display control 
device which executes a control proceSS for displaying 
images, characters, and the like on a display 2515. Reference 
numeral 2515 denotes which displayS images, characters, 
and the like. Note that a CRT, liquid crystal display, and the 
like can be applied as the display. 

0287 Reference numeral 2516 denotes an operation 
input device which includes devices Such as a keyboard, 
mouse, and the like that allow the user to input various 
instructions to the CPU 2511. When the user manually 
inputs the camouflage region designation image, copy 
forgery-inhibited pattern basic image, and the like, he or she 
inputs them via this operation input device 2516. Reference 
numeral 2517 denotes an I/O which notifies the CPU 2511 
of various instructions and the like input via the operation 
input device 2516. 

0288 Reference numeral 2518 denotes an external stor 
age device Such as a hard disk or the like, which Serves as 
a large-capacity information Storage device, and Stores an 
OS, a program that makes the CPU 2511 execute the 
processes of the first embodiment, a background dither 
matrix, a latent-image dither matrix, a generated copy 
forgery-inhibited pattern image, an input document image, 
and the like. Information is written in/read out from the 
external storage device 2518 via an I/O 2519. 

0289 Reference numeral 2521 denotes a printer which 
outputs a document and image. Output data is Sent from the 
RAM 2512 or external storage device 2518 to the printer 
2521 via an I/O 2522. As the printer used to output a 
document and image, for example, an ink-jet printer, laser 
beam printer, thermal transfer printer, dot-impact printer, 
and the like may be used. 
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0290 Reference numeral 2530 denotes a bus used to 
interconnect the CPU 2511, ROM 2513, RAM 2512, I/O 
2522, I/O 2519, display control device 2514, I/F 2523, and 
I/O 2517. 

0291. In the second embodiment, the processes of the 
copy-forgery-inhibited pattern compositing/printing appara 
tus or the copy-forgery-inhibited pattern compositing/print 
ing apparatus with the test print function, except for the print 
unit, are executed by the computer. Alternatively, processes 
to be executed by the computer may be executed using a 
dedicated hardware circuit in the printer instead. 
0292. Note that the above embodiments present merely 
examples of the present invention, and the technical Scope of 
the present invention must not be limited by Such embodi 
ments. That is, the present invention can be practiced in 
various forms without departing from its technical Scope or 
its principal features. 
0293 Note that the present invention may be applied to 
either a system constituted by a plurality of devices (e.g., a 
host computer, interface device, reader, printer, and the like), 
or an apparatus consisting of a single equipment (e.g., a 
copying machine, facsimile apparatus, or the like). 
0294 The objects of the present invention are also 
achieved by Supplying a recording medium, which records 
a program code of a Software program that can implement 
the functions of the above-mentioned embodiments to the 
System or apparatus, and reading out and executing the 
program code Stored in the recording medium by a computer 
(or a CPU or MPU) of the system or apparatus. 
0295). In this case, the program code itself read out from 
the recording medium implements the functions of the 
above-mentioned embodiments, and the recording medium 
which Stores the program code constitutes the present inven 
tion. 

0296. As the recording medium for Supplying the pro 
gram code, for example, a floppy (E) disk, hard disk, optical 
disk, magneto-optical disk, CD-ROM, CD-R, magnetic tape, 
nonvolatile memory card, ROM, and the like may be used. 
0297. The functions of the above-mentioned embodi 
ments may be implemented not only by executing the 
readout program code by the computer but also by Some or 
all of actual processing operations executed by an OS 
(operating System) running on the computer on the basis of 
an instruction of the program code. 
0298. Furthermore, the functions of the above-mentioned 
embodiments may be implemented by Some or all of actual 
processing operations executed by a CPU or the like 
arranged in a function extension board or a function exten 
Sion unit, which is inserted in or connected to the computer, 
after the program code read out from the recording medium 
is written in a memory of the extension board or unit. 
0299 The present invention has been explained by way 
of its preferred embodiments. However, the present inven 
tion is not limited to the aforementioned embodiments, and 
various modifications can be made within the Scope of the 
appended claims. 
0300 Claim of Priority 
0301 This application claims priority from Japanese 
Patent Applications No. 2003-324691 filed on Sep. 17, 2003 
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and No. 2003-324692 filed on Sep. 17, 2003, which are 
hereby incorporated by reference herein. 

What is claimed is: 
1. A copy-forgery-inhibited pattern density parameter 

determination method in an image processing apparatus for 
generating a copy-forgery-inhibited pattern image including 
a latent-image part and background-image part, comprising: 

a step of performing a primary test printing process of a 
plurality of copy-forgery-inhibited pattern images gen 
erated by changing one or both of print densities of the 
latent-image and background-image parts in a first 
pattern on the basis of a predetermined parameter; 

a step of prompting a user to Select one copy-forgery 
inhibited pattern image which has the latent-image and 
background-image parts with approximate print densi 
ties from the plurality of copy-forgery-inhibited pattern 
images generated by the primary test printing process, 

a step of performing a Secondary test printing process of 
a plurality of copy-forgery-inhibited pattern images 
generated by changing one or both of print densities of 
the latent-image and background-image parts in a Sec 
ond pattern on the basis of the parameter used to 
determine the print densities of the latent-image and 
background-image parts of the Selected copy-forgery 
inhibited pattern image; and 

a step of prompting the user to Select one copy-forgery 
inhibited pattern image which has the latent-image and 
background-image parts with approximate print densi 
ties from the plurality of copy-forgery-inhibited pattern 
images generated by the Secondary test printing pro 
ceSS, and determining the parameter of the Selected 
copy-forgery-inhibited pattern image as a copy-forg 
ery-inhibited pattern density parameter. 

2. The method according to claim 1, wherein a change 
amount of the print density which is changed in the Second 
pattern is Set to be Smaller than a change amount of the print 
density which is changed in the first pattern. 

3. The method according to claim 1, wherein the Step of 
performing the Secondary test printing process includes a 
Step of Storing a gray level value Selected in the primary test 
printing process as the predetermined parameter, and using 
the Stored parameter in the Secondary test printing process 
when the Step of performing the primary test printing 
process is skipped. 

4. The method according to claim 1, wherein when a 
copy-forgery-inhibited pattern image which has the latent 
image and background-image parts with appropriate print 
densities is not Selected from the plurality of copy-forgery 
inhibited pattern images generated by the Secondary test 
printing process, the Step of performing the primary test 
printing proceSS is repeated. 

5. The method according to claim 1, further comprising: 
a step of generating a copy-forgery-inhibited pattern 

image on the basis of the determined copy-forgery 
inhibited pattern density parameter; 

a step of compositing the generated copy-forgery-inhib 
ited pattern image to an input document image; and 

a step of printing a composite image. 
6. A copy-forgery-inhibited pattern image generation 

method in an image processing apparatus for generating a 
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copy-forgery-inhibited pattern image including a latent 
image part and background-image part, comprising: 

a Step of performing a test printing process of copy 
forgery-inhibited pattern images generated by changing 
only a print density that defines the latent-image part in 
one direction of a print paper sheet and by changing 
only a print density that defines the background-image 
part in the other direction; 

a Step of prompting a user to Select a copy-forgery 
inhibited pattern image in which the latent-image and 
background-image parts have equal densities, and a 
latent-image emerges after copying, on the basis of the 
copy-forgery-inhibited pattern images generated by the 
test printing process, and 

a step of generating a copy-forgery-inhibited pattern 
image including the latent-image and background-im 
age parts on the basis of the print density of the Selected 
copy-forgery-inhibited pattern image. 

7. The method according to claim 6, wherein the print 
density in the one direction depends on the print density in 
the other direction. 

8. The method according to claim 6, wherein a change 
amount of the print density in the one direction depends on 
the print density in the other direction. 

9. The method according to claim 6, further comprising: 
a step of compositing the input document image to the 

generated copy-forgery-inhibited pattern image, and 
a step of printing a composite image. 
10. An image processing apparatus for generating a copy 

forgery-inhibited pattern image including a latent-image part 
and background-image part, comprising: 
means for performing a primary test printing process of a 

plurality of copy-forgery-inhibited pattern images gen 
erated by changing one or both of print densities of the 
latent-image and background-image parts in a first 
pattern on the basis of a predetermined parameter; 

means for prompting a user to Select one copy-forgery 
inhibited pattern image which has the latent-image and 
background-image parts with approximate print densi 
ties from the plurality of copy-forgery-inhibited pattern 
images generated by the primary test printing process, 

means for performing a Secondary test printing process of 
a plurality of copy-forgery-inhibited pattern images 
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generated by changing one or both of print densities of 
the latent-image and background-image parts in a Sec 
ond pattern on the basis of the parameter used to 
determine the print densities of the latent-image and 
background-image parts of the Selected copy-forgery 
inhibited pattern image; and 

means for prompting the user to Select one copy-forgery 
inhibited pattern image which has the latent-image and 
background-image parts with approximate print densi 
ties from the plurality of copy-forgery-inhibited pattern 
images generated by the Secondary test printing pro 
ceSS, and determining the parameter of the Selected 
copy-forgery-inhibited pattern image as a copy-forg 
ery-inhibited pattern density parameter. 

11. An image processing apparatus for generating a copy 
forgery-inhibited pattern image including a latent-image part 
and background-image part, comprising: 
means for performing a test printing process of copy 

forgery-inhibited pattern images generated by changing 
only a print density that defines the latent-image part in 
one direction of a print paper sheet and by changing 
only a print density that defines the background-image 
part in the other direction; 

means for prompting a user to Select a copy-forgery 
inhibited pattern image in which the latent-image and 
background-image parts have equal densities, and a 
latent-image emerges after copying, on the basis of the 
copy-forgery-inhibited pattern images generated by the 
test printing process, and 

means for generating a copy-forgery-inhibited pattern 
image including the latent-image and background-im 
age parts on the basis of the print density of the Selected 
copy-forgery-inhibited pattern image. 

12. A program for making a computer execute a copy 
forgery-inhibited pattern density parameter determination 
method of claim 1. 

13. A program for making a computer execute a copy 
forgery-inhibited pattern density parameter determination 
method of claim 6. 

14. A computer-readable recording medium recording a 
program of claim 12. 

15. A computer-readable recording medium recording a 
program of claim 13. 


