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DESCRIPTION

IMAGE PROCESSING APPARATUS AND METHOD CONTROLLING THE AMOUNT OF TRANSPARENT
INK FOR RECORDING

TECHNICAL FIELD

The present invention relates to an image
processing apparatus, an image processing method, and a
computer program, which control the amount of a color

10 material used for recording.

BACKGROUND ART -
Digital printing technologies haVe been inéreasing
the utility value in on-demand pfinting markets and
15 printing markets requiring a small number of‘documentsl
in recent years. In pa:ticular, full-color printing
using an electrophotographic technology holds
supériority iﬁ the productivity, printing cosﬁ, ease of
maintenance, etc. over other printing tecﬁnologies and
20 has been rapidly expanding its market. |
Both full-color printing using toner of four
colors (cyan, magenta, yellow, and black (CMYK)) by the
electrophotographic technology, and multicolor printing
using special toner, are receiving attention and come
25 within the range of special printing markets requiring
a higher level of on-demand features and immediacy.

Multicolor printing using special toner is
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exemplified by a system of forming an image with
transparent toner on a sheet of paper that is subjecfed
to electrophotographic printing, and using the |
information in the image to prove that the document is
an original. Although the printed information is not
normally invisible, the printed information becomes

visible by irradiating it with ultraviolet light, and

it is possible to indicate that the print is not

falsified or is not reprocduced by copying.

As described above, using special toner can
provide new added value differen£ from the value of the
normal digital printing to further expand the world of
digital printing.’ | |

- Although the transparent toner layer is
superimposed on a black-and-white print in the above
éxample, applying'the transparent toner in‘color
printing in the same manner as in the black-and-white
printing achieves a similar‘efféct. For example, |
Japanese Patent Laid-Open No. H10-055085 discloses a
technology of using the transparent toner in the color
printing to control the glossiness of a printed surface.

This type of multi-color printing using the
transparent toner etc. differs from the four-color
printing in that the total amount of toner used in the
printing is greatly increased.

Particularly in the application of special toner

to color printing using the electrophotographic
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technology, in addition to a toner image with the toner
of the four colors C, M, Y, and K, a special toner
image with the transparent toner or the like is formed
on an intermediate transfer unit, and it is necessary
to transfer, heat, and fix the special toner image on a
sheet of paper. Since an ‘increased total amount of
toner is processed in each electrophotogfaphic process,
a heavier load is applied to each electrophotographic
process.

In order to lighten the load on each
electrophotographic proéesé, after a series of
processes including the development, transfer, and
fixing of the torier of the four colors C, M, ¥, and K
has beeh performed, thelsame series of processes using
the special toner, su;h as the transparent toner, may
be performed on the same sheet of paper. However, with
this strucﬁure, it is necessary to perform the same
series of processes multiple times, and thus the
productivity of the apparaﬁus is reduced.

-In an electrophofographic process using the four
colors C, M, Y, and K, the color components of three
CMY colors are substituted with the K (black) color
component for every pixel in order to restrict the
amount of toner. However, since the special toner
cannot be replaced with another toner component, it is
not possible to perform the same process when the

special toner,'such as the transparent toner, is added.
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In addition, although the amount of toner is
conventionally controlled for every pixel, applying the
same process to the printing of additional image
information with the toner having a special function,
such as the transparent toner, not only increases the
amount of calculation but also makes the relative
amount of the transparent toner for every'pixél
unstable to .possibly decrease the stability of the
additional information.

In the technology disclosed in Japanese Patent
Laid-Open No. H10-055085, in order to keep the gloss of
a.print constant, different amounts of the transparent
toner are used for different kinds opraper to control
the glossiness for every pixel. However, the control
of the amount of toner per unit area is not performed

in this technology.

DISCLOSURE OF THE INVENTION

Thé presenﬁ invention provides an image procéssing
apparatus capable of controlling the amount of toner
per unit area without reducing the productivity of the

apparatus even when an image is printed with special

toner.

According to an embodiment of the present
invention, an image processing apparatus includes a
calculation unit configured to calculate an amount of a

first coloring material in an area including a
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plurality of pixels; a determination unit configured to
determine an allowable amount of a second coloring
material in the area on the basis of the amount of the
first coloring material, calculated by the calculation
unit, and a limit of the amount of the coloring
material; and a contrOl unit configured to control an

amount of the second coloring material in the area so

as not to exceed the allowable amount of the second

coloring material.

According tovanother embodiment of the present
invention, an image processing method includes the
steps of calculating an amount of a first coloring
material in an area including a plurélity of pixels;
determining an allowable amount of a second coloring'
material in the area on the basis of the calculated
amount of the first coloring‘material and a limit of
the amount of the coloring material; and controlling an
amount of the second coloring material in‘the area so

as not to exceed the allowable amount of the second

.coloring material.

'

According to yet another embodimént of the present
invention, a computer—readable program includes program
code including the steps of calculating an amount of a
first coloring material in an area including a
plurality of pixels; determining an allowable amount of-
a second coloring material in the area on the basis of

the calculated amount of the first coloring material
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and a limit of the amount of the coloring material; and
controlling an amount of the second coloring material
in the area so as not to exceed the allowable amount of
the second coloring material.

Further features of the present invention will
become apparent from the following description of

exemplary embodiments with reference to the attached

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the invention and, together
with the description, serve to explain the principles
of the invention.

Fig. 1 is a block diagram illustrating image
processing accdrding to a first exemplary embodiment of
the present invention.

Fig. 2 is a cross-sectional view of a digital
multifunction machine according to ﬁhe exemplary
embodiments of the present invention.

Fig. 3 shows an exemplary screen display of a user
intefface according to the exemplary embodiments of the
present invention.

Fig. 4 shows an example of an output image to
which a transparent toner pattern is added, according

to the exemplatry embodiments of the present invention.
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Fig. 5 illustrates calculation of the total amount
of toner, according to the exemplary embodiments of the
present invention.

Fig. 6 shows exemplary mask patterns according to
the exemplary embodiments of the present invention.

Fig. 7 is a block diagram illdstrating image
processing according to‘a third exemplary embodiment.

Fig. 8 shows another exemplary mask pattern
according to a fourth exemplary embodiment of the
present inventian.

Fig. 9 shows aﬁ exemplary user interface according
to a sixth exemplary embodiment of the present
invention. | |

Fig. 10 is a block diagram schematically showing
an example of the structure of an image forming
apparatus according to the exemplary embodiments of the
present invention.

Fig. 11 is a flowchart showing the ehtire process
in the image procassing apparatus according to the

first exemplary embodiment of the present invention.

BEST MODES FOR CARRYING OUT THE INVENTION

Embodiments of the present invention will be
described in detail with reference to the attached
drawings.

First Exemplary Embodiment
Fig. 10 is a block diagram schematically showing

an example of the structure of an image forming
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apparatus 1000 according to a first exemplary
embodiment of the present invention. A common digital
multifunction machine having copy, print, facsimile and
other functions is used as the image forming'apparatus
1000 in the first exemplary embodiment.’ Referring to
Fig. 10, the image forming apparatus 1000 includes‘a
scanner unit 1001 that scans the document and a
controller unit 1002 that performs imagé processing for
the image data scanned by the écanner unit 1001 and
stores the processed imagé data in‘a memory 1005ﬁ The
image forming apparatus 1000 also inciudes an |
operational unit 1004 that sets various print setup

conditions for the image data scanned by the scanner

unit 1001. The image forming apparatus 1000 further

" includes a printer unit 1003 that forms a visual image

of the image data read out from the memory 1005 on a
recording sheet of paper in accordance with the print
setup conditions set in the operational unit 1004. The
image forming apparatus 1000 is connected to a server
1007 managing the image data and to a personal computer
(PC) 1008 instruéting the image forming épparatus 1000
to perform printing over a network 1006, such as a
local area network (LAN).

Fig. 2 is a cross-sectional view of the digital

multifunction machine realizing the image forming

"apparatus 1000 according to the first exemplary

embodiment of the present invention. The structure-of
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the image forming apparatus 1000 according to the first
exemplary embodiment will be described in detail with
reference to Fig. 2. As described above, the image
forming apparatus 1000 has the copy, print, facsimile,
and other functions. As shown in Fig. Z, the image
forming apparatus 1000 according to the first exemplary
embodiment includes a scanner 201 and a printer 202 for
printing and recording.

The scanner 201 scans a document and performs
digital signal processing. The printer 202 prints an

output image corresponding to the document image

" scanned by the scanner 201 on a sheet of paper in full

color.

In the scanner 201, a pressure plate 200 presses
down a document 204 on a document glass plate
(hereinafter referred to as a platen) 203. The
document 204 on the platen 203 is irradiated with‘lighf

from lamps 205 to form an image on three solid-state

- image sensors (hereinafter referred to as charge

coupled devices (CCDs)) 210-1, 210-2, and 210-3 through
mirrors 206 to 208 and a lens 209. ‘Three image signals
of red (R), greeﬁ (G), and blue (B) are supplied to a
signal processor 211 as full-color information. The
lamps 205 and the mirror 206 move at a velocity of v
and the mirrors 207 and 208 move at a velocity of 1/2v
in a Qirectipn perpendicular to the electrical scanning

direction (primary scanning direction) of the CCDs 210-
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1 to 210-3 to scan the document 204 in a secondary
scanning direction. The document 204 is scanned at a
resolution of 600 dpi (dots per inch) both in the
primary scanning direction and in the secondary
scanning direction. The read image signals are’étored
in the memory 1005 in the signal processor 211
(correspondind to the controller unit 1002 in Fig. 10)
in units of pages.

The controller unit 1002 electrically prbcesses
the image signal stored therein for every piXel'to
separate the image signal into components of magenta
(M), cyan (C), yellow (Y¥), and black (K) and transmits
the components to the printer 202. The controller unit
1002 includes a transparent-toner image genefatoi 106,
described below with reference to Fig. 1, which
generates transparent image data (CL) for every pixel
and supplies the generated transparent image’data (CL)
to the printer 202. The process in the contfoller unit
1002 will be deséribed in detail below with reference |
to Fig. 1. |

The image signals of M, C, ¥, K, and CL, which are
transmitted from the controller unit 1002, are supp;ied
to a laser driver 212 in the printer 202. The laser
driver 212 modulates and drives a semiconduétor laser
213 in accordance with the transmitted image signals.
The laser beam from the semiconductor laser 213 passes

through a polygon mirror 214, an £-0 lens 215, and &
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mirror 216 to scan over a photosensitive drum 217. As
in the scanning, the image is written at a resclution
of 600 dpi (dots per inch) both in the primary scanning
direction and in the secondary scanning direction.

A rotational developing unit 218 includes a
magenta developing section 219, a cyan developing

section 220, a yellow developing section'221, a black

~developing section 222, and a transparent developing

section 223. The five developing sections alternately
come into contact with the photosensitive drum 217 to
develop an electrostatic image formed on the
photosensitive'drum 217 with the toner of each‘type.

A sheet of paper fed from a sheet cassette 225 or
a sheet cassette 226 is wrapped around a transfer drum
224 to transfer the image developed on the
photosensitive drum 217 to the sheet of paper.

After the toner of the five colors M, C, Y, K, and
CL (transparent) are seguentially transferred ih the
manner described above, the sheet of paper passes
through a fixing unit 227 and is ejected after the
toner is fixed on the sheet of paper.
Image Processing Flow

Fig.'l is a block diagram showing in detail an
example of the structure of the controller unit 1002
performing the image processing in the image forming
apparatus 1000 shown in Fig. 10." The image processing

performed in the image forming apparatus 1000 will be
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described with reference to Figs. 1 and 10.

The controller unit 1002 receives an image signal
from the scanner unit 1001. Although the received
image signel ﬁypically has three colors red (R), green
(G), and blue (B) in 256-grayscale, the image signal is
not limited to these colors in the 256-grayscale. An
image data input device 101 receives the;image in units
of pixels, the image being scanned by the scanner 201
and being temporarily stored in the memory 1005 in
units of pages. A color converter 102 converts the
image signals of R, G, and B in the color space.of the
scanner 201 into the image‘signals of C, M, Y, end K in
the color space for printout, for every pixel. The
generated image'signals of C, M, Y, and K are subjected
to tone correction in a toﬁe corrector 103 so that
normal toné characteristics are yielded, andlare
subjected to’pseude halftone processing, such es a
dither method, for image formation in a halftone
processer 104.

A transparenf—toner pattern specifier 105 is used
for specifying an output pattern of transparent toner
through the user interface of the operational unit 1004
in the image forming apparatus 1000 or through a
keyboard, a mouse, a digital pen, or a poihting device
(not shown) of the PC 1008. It is presumed here that
the transparent toner is used to superimpose a pattern

for assuring the original document on the image. For
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example, a character string, such as "secret" or
"confidential", may be specified, the print date or
information concerning a user may be selected from
multiple choices, or a character string may be directly
specified with a keyboard or the like.

The information specified by the transparent-toner
pattern specifier 105 is supplied to the'transparent—
toner image generator 106. The transpafent—toner image
generator 106 generates an image pattern to be output
with the transparent toner in accordance with the
specified information in a bitmap format for every
pixel.

A total-amount-of-toner calculatbr 107 calculates

the total amount of toner of the four colors C, M, Y,

and K, excluding the transparent toner component. 'The
total amount of tonerAis‘calculated for every pixel on
the basis of the total amount of signals of the four
colors (C, M, Y, and K). The total amount of toner is
ordinarily represented as a percentage with respect'to
the maximum value of monochrome, which corresponds to
100%. When the image signal is represented by an 8-bit
integer, the maximum value of monochrome is "255", so
that the sum of thé amounts of the toner of the four
colors C, M, Y, and K is multiplied by 100/255 to
calculate the total amount of toner.

For example, if C=80, M=95, ¥=140, and K=110 for a

pixel in an 8-bit image signal, the total amount of -’
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toner is given by the following equation.
[Formula 1]
Total amount of toner = (C + M + Y + K) x 100/255
(1)

In this case, the total amount of toner results in
167%. The upper limit of the total amount of toner is
normally 200% to 280%, and is determined in accordance
with the structure of an imaging précess or the like.

According to the first exemplary embodiment of the
present invention, it is required that the sum of the
amount of ‘the transparent toner and the total amount of
toner of the four colors does not exceed an upper limit.
If it is presumed that the upper limit is 240%, a
difference between the tofal amount of toner in
Equation (1) and the upper limit is the density ratio
permitted for the transparent toner layer. . Accordingly,
an allowable amount for the transparent toner layer'is
given by the following equatioh.

{Formula 2]
Allowable amount = 240 - 167 = 73% ... (2)

In other words, if the total amount of toner of

the four colors is given by Equation (1), the

transpafent toner layer having a density ratio of 100%
cannot be formed on the same pixel and, therefore, the
density ratio must be set to a value that does not
exceed 73% in order to form an image of the transparent

toner.
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According to the first exemplary embodiment of the
present invention, the print area ratio of the
transparent toner layef is controlled so that the
density ratio of the transparent toner layer does not
exceed the allowable amount.

A transparent-toner print—area—ratib calculator
108 converts the allowable amount into the print area
ratio of the transparent toner. The transparent-toner
print-area-ratio calculator 108 will be described in
detail below.

A mask pattern generator 109 generates a mask
pattern used for mask'processing of a transparent toner
signal on the basis of the print area ratio calculated
by the transparent-toner print-area-ratio calculator
108. |

The image signal generated by the transparent-
toner image generator 106 is supplied to a mask
processor 111 through a line delay unit 110. The mask
processor 111 performs the mask processing by using the
mask pattern generated by the mask pattern generator
109. The mask processing will be described in detail
below.

The transparent toner signal generated by the mask
processor 111 is supplied to an image forming unit 112
along with the image signal of the four colors (C, M, Y,
and K) generated by the halftone processor 104. The

image forming unit 112 mixes the full-color image of C,
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M, Y, and K with the transparent toner image and prints
the mixed image on a sheet of paper to provide a final
output image.
Entire Process Flow

5 Fig. 11 is a flowchart showing the entire process
in the controller unit 1002.  In Step SllOl, the
transparent-toner pattern specifier 105 in the
operational unit 1004 specifies a transparentytoner
pattern.

10 In Step S$1102, image data is input in the image
data input device 101. Image data scanned by the
scanner unit 1001 or image data stored in the memory
1005 may be input in the image data input device 101.

In Step S1103, the total amount of toner of the

15 four colors C, M, Y, and K is calculéted to determine a
print area ratio of the transparent toner.

In Step S1104, mask processing is performed by
using the mask patternlin accordancé with the
determined print area ratio of the transparent toner

20 and the specified transparent toner pattern.

In Step S1105, the transparent toner image
subjected to the mask processing is printed.

The order of Step S$1101 and Step S1102 may be
reversed. That is, image data may first be input in

25 Step S1102 and, then, a transparent toner pattern may
be specified in Step S1101.

Setﬁp of Transparent Toner Pattern
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Fig. 3 shows an example of the screen display of a
user interface displayed in the transparent-toner
pattern specifier 105. This screen is displayed in the
operational unit 1004 in the image forming apparatus
1000 or on a remote operational screen of the display
of an information processing apparatus, such as the PC
1008,‘connected to the image forming appératus 1000
over a network or the like.

- Referring to Fié. 3, reference numeral 301 denotes
information concerning a speéific character string,
which is selected from "Confidential", "Secret, "Copy
Prohibited", and so on in a pulldown menu. Reference
numeral 302 denotes information concérning an arbitrary
character string. Pressing an "INPUT" buttoh at the
right side displays a soft keyboard with which an
arbitrary charaéter string can be input. The input
character string is displayed'in the text box.

Reference numeral 303 denotes information concerning

“ the operation date, which is automatically displayed‘by

a‘clock built in the apparatus. Reference numeral 304
denotes ID information of a user who uses the apparatus.
The input ID code is automatically displayed when the
user logs into the apparatus.

Reference numerals 305 and 306 specify an output
format. 'In the example in Fig. 3, the size and angle
of- the character string to be printed can be specified

by using pulldown menus. The items 301 to 306 can be
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set, and check boxes for the items 301 to 304 can be

used to specify whether the corresponding information
is printed. Referring to Fig. 3, the check boxes for
the items 301 and 303 are checked.

Reference numeral 307 denotes a preview screen for
an output result that is printed on a sheet of paper in
accordance with the items 301 to 306. The preview
screen can be watched to confirm the output result in
advahce.

Fig. 4 shows an example of an image to which a
transparent toner pattern specified by the transparent-
toner pattern specifier 105 is added. Reference
numeral 401 denotes the original image and reference
numeral 402 denotes an image output on a sheet of paper,
which image results from the scanning of the original
image 401 by the scanner unit 1001, the image |
processing for the scanned image data in the controller
unit 1002, and the addition of the transparent toner
layer. In the example in Fig. 4, theAspecific
character string 301 is set to "Copy Prohibited" and
the operation date 303 is set to "10/10/2004" in the
user interface of the transparent-toner pattern
speéifier 105, shown in Fig. 3.

Since the specified character string superimposed
on the image 402 is actually drawn with the transparent
toner, it is not easy to recognize the character string

as an image. However, holding the output image to the
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light and observing the image at an angle allows the
user to recognize the character string printed with the
transparent toner, because of the glossiness of the
transparent toner.

Control of Print Ratio Of Transparent Toner

A method of controlling the amount of the
transparent toner, performed in the total-amount-of-
toner calculator 107, the transparent-toner print-area-
ratio calculator 108, the mask pattern generator 109,
the line delay unit 110, and the mask processor 111,
described above, will now be described.

The total-amount-of-toner calcuiator 107 will be
described in detail with reference to Fig. 5. Fig. 5
illustrates the distribution of the values of the
pixels in the C, M, Y, and K signal components in
windows each includihg 5 x 5 pixels and a process of
calculating the total amounf of toner of each pixel in
the window; The window means a predetermined area
including multiple pixels. Windows 501 to 504 include
eight-bit iﬁtegers (0 to 255) representing exemplary
vélues of the image signals C, M, Y, and K, when the
areas each including 5 x 5 pixels are cut out from the
image. The total-amount-of-toner calculator 107
generates a total-amount-of-toner signal for every
corresponding pixel according to Equation (1). A
window 505 includes the total-amount-of-toner signals

yielded from the areas 501 to 504 each including 5 X 5
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pixels according to Equation (1). The numerals in the
window 505 are represented by percentages because
Equation (1) is used.

The total-amount-of-toner signal for every pixel
in the windows, output from the total-amount-of-toner
calculator 107, is su?plied'to the transparent-toner
print-area-ratio calculator 108. Thé trénsparent—toner
print-area-ratio calculator 108 adds the values in the
window 505 and calculates an average of the values to
yield an average of the total amount of toner. The
average of the total amount of toner becomes 204.6% in
the example in Fig. 5. The transparent-toner print-
area-ratio calculator 108 then calculates a difference
between the average of the total amount of toner and a
predetermined upper limit by éalculation similar to
Equation (2). With the upper limit being set to 240%
as in the above example,'the allowable ratio for the
transparent tonef layer is given by the following’
equation;

[Formula 3]

Allowable amount for transparent toner = 240 -
204.6 = 35. 4% .. (3)

The transparent-toner print-area-ratio calculator
108 truncates the numerals after the decimal point of
the allowable amount for the transparent toner,
calculated according to Equation (3), and supplies the

allowable amount of the transparent toner to the mask
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pattern generator 109 as an integer.

This integer represents a.ratio indicating how
much transparent toner can be added to the toner of
four colors C, M, Y, and K for every window including 5
x 5 pixels. If the allowable amount exceeds 100%, the
transparent toner can be recorded in the window at the
maximum denéity. In contrast, if the allowable amount
is less than or equal to 100% as in the result of
Equation (3), a normal output image’' cannot be generated
unless the density of the transparent toner is reduced.

Acéording to the first exemplary embodiment of the
present invention, controlling the area printed with
the transparent toner in the target window in
accordance with .the ratio in Equation (3) allows a
normal image to be output. For this control, the mask
pattern generator 109 generates a mask pattern used for
turning .-on/off thé printing with the transparent toner
for every pixel. The mask pattern will be described in
détail‘with reference to Fig. 6.

Fig. 6 shows 26 mask pattetns from (1) to (206).
Each square represents a pixel and 5 x 5 pixels form

one window. A black square represents a pixel in which

“the transparent toner is turned on (printed) while a

~white square represents a pixel in which the

transparent toner is turned off (not printed). The
windows (1) to (26) in Fig. 6 have different number of

pixels to be turned on, and the percentages at the
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right side of the numbers represent the ratios of the
pixels to be turned on to the entire 5 x 5 pixels
(total of 25 pixels). If the ratio of pixels in which

the transparent toner is turned on is 0%, the mask

- pattern shown in (1) in Fig. 6.is selected. If the

ratio is 4%, the mask pattern shown in (2) in Fig. 6 1is
selected and one central pixél is turned on. As the |
ratio becomes higher, an increasing number of pixels
adﬁacent to the central pixel of the mask pattern are
turned on. If the ratio is 100%,'the mask pattérn
shown in (26) in Fig. 6 is seiected and all the pixels
in the mask pattern are turned on. Of the mask
patterns in Fig. -6, the area in whichAthe transparent
toner is turned on is expanded as the ratio becomes
higher. The area is not discretely expanded but is
continuously expanded around a certain pixel. Such
mask patterns expanding contihuously, such as the ones
shown in Fig. 6, are referred to as pixel-cluster-type
mask‘patterns. Specifically, when the allowable amount
calculated by the transparent-toner print-area-ratio
calculator 108 ié considered as an area ratio, setting
the area ratio in Fig. 6 to a value lower than the
allowable amount allows the sum of the amount of the
transparent toner and the amount of toner of the four
colors C, M, Y, and K in the window to be set so as ﬁot
to exceed the upper limit of the amount of toner. 1In

other words, it is possible to correctly control the’
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amount of toner per unit area in consideration of the
toner of the four colors C, M,.Y, and K and the
transparent toner.

The transparent toner becomes easily visible and
has an enhanced transparency by intensively applying
the transparent toner to the multiple pixels, such as'
the ones shown in Fig. 6, compared with fhe case where
the transparent toner is discretely applied to the.
pixels. Accordingly, according to the first exemplary
embodiment of the present invention, the transparent
toner layer is controlled per unit area, instead of
being discretely controlled for every pixel, to
intensively apply the transparent toner to the multiple
pixels, as shown in Fig. 6. As described above,
controlling the transparent toner for every pixel
discretely applies the transparent toner and, thus, it
is unlikely to achieve an enhénced transparency.

Since the allowable amount for the transparent
toner is 35.4% in Equation (3), the mask pattern shown
in (9) in Fig. 6 is selected as the mask pattern having
a print area ratio of not more than 35.4%. Similarly,
the mask pattern shown in (26) in Fig. 6 is selected if
the allowable amount is 100% or more, and the mask
pattern shown in (1) in Fig. 6 is selected if the
allowable amount is 0% or less. Applying the mask
pattern shown in (1) in Fig. 6 when the area having an

allowable amount of 0% or less occupies a larger
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percentage of .the image completely misses the
information added by the transparent toner. In such a

case, the position of the pixel to be printed is made

variable if the allowable amount is 0% or less whereas

one pixel is printed in the area including 5 x 5 pixels
if the allowable amount is 4% or less. Specifically, a
pixel having a minimum amount of toner of the four
colors C, M, Y, and K in the window including the 5 % 5
pixels is selected and the print position is set to the
selected pixel. The above process of changing the
positioﬁ where the transparent toner is printed, for
the area having.an allowable amount of 0% or less, may
be always effective or may become automatically
effective if areas of a number that is greater than a
predetermined threshold, having an allowable amount of
0%, continuously appear. The mask pattern selected in
the above maﬁner is supplied from the mask pattern
generator'109 to the mask processor 111. The
transparent toner image signal‘generated by the
transparent-toner image generator 106 is delayed by a
time corresponding to five lines in the line,delay unit
110 in order to wait for completion of the processing
of the window including 5 x 5 pixels in the total-
amount-of-toner calculator 107, the transparent—toner
print-area-ratio calculator 108, and the mask pattern
generator 109. The transparent toner image signal

delayed in the line delay unit 110 is mixed with the
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mask pattern supplied from the mask pattern generator
109 in the mask processor 111 for every window and the
mixed image signal is finally supplied to the image
form%ng unit 112.

Specifically, the transparent toner image signal
generated by the transparent-toner image generator 106
is output as a digital signal having a value "1" for
the pixel in which the transparent toner is printed and
is output as a digital signal having a value "0" for
the pixel in which the transparent toner is not printed.
The mask pattern supplied from the mask pattern
generator'109 is output as a digital signal having the
value "1" for the pixel that is turned on and is output

as a digital signal having the value "0" for the pixel

-that is turned off. Performing AND operation for every

pixel in the mask processor 111 can generate a
trapsparent—ﬁoner—image print signal having a value "O0"
or "1", to be finally supplied to the image forming
unit,llz.

The image forming unit 112 performs image
formation in accordance with the digital signal having
a value "0" or "1", supplied from the mask processor
111, so that the transparent toner is printed out at a
maximum density (a maximum amount of toner) for every
pixel.

'AS described above, according to the first

exemplary embodiment of the present invention, it is
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possible to store the amount of toner of the four
colors C, M, Y, and K and to control the amount of
toner per unit‘area when the toner of the four colors C,
M, Y, and K and the transparent toner are used.
Second Exemplary Embodiment

A second exemplary embodiment of the present
invention will be described. The same réfereﬁce.
numerals are used in the second exemplarykembodiment to
identify appropriately the same components shown in the
first exemplary embodiment. A detailed description of
such componentsvis omitted herein.

The transparent toner is superimposed on the

‘document that is-scanned by the scanner and is copied

in the first exemplary embodiment. In contrast,
according to the second exemplary embodiment, the
transparent toner is superimposed on an electronic
document that‘is printed from an information processing
apparatus, such as a PC, via a printer driver.

A bitmap image supplied from a raster image
processor (RIP), which expands electronic information
described in a page description language etc. into a
raster image, is input into the image data input device
101 in Fig. 1.

The transparent toner pattern may be input and set

‘on an operation screen of the printer driver in the

computer. Specifically, the transparent toner pattern

may be set in the printer driver of the PC 1008



WO 2007/004411 PCT/JP2006/312189

10

15

20

25

27

connected to the image forming apparatus 1000 vié a
network, such as a LAN. 1In such a case, the user
interface shown in Fig. 3 is displayed as a setup
screen of the printer driver and necessary settings are
specified in the PC 1008.

As described above, according to the second
exemplary embodiment of the present inveﬁtion, it is
possible to store the amount of toner of the four
colors C, M, Y, and K and to corréctly control the
amount of the transparent toner even when the
electronic document is printed from the ?C via the
printer driver.

Third Exemplary Embodiment

A third exemplary embodiment of the present
invention will be described. The same reference
numerals are used in the third exemplary émbodiment to
identify appiopriately the same components shown in the
first exemplary embodiment. A detailed description of
such components is omitted herein.

The total amount of toner is calculated before thé
halftone processihg in the first and second exemplary
embodiments. In contrast, according to the third
exemplary embodiment, the total amount of toner is
calculated after the halftone processing.

Fig. 7 is a block diagram showing in detail an
example of the structure of a controller‘unit 1002

according to the third exemplary embodiment. The
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controller unit 1002 in the third exemplary embodiment
differs from the controller unit 1002 in the first
exemplary embodiment only in a total-amount-of-toner
calculator 107-2. Other components in the controller
unit 1002 in the third exemplary embodiment are the
same as the controller unit‘lOOé in the first exemplary
émbodiment.

The calculation of the total amount of toner in
the total-amount-of-toner calculator 107-2 is performed
by using signal values after the halftone processing.
After the halftone processing is performed in the
halftone processor 104, the binary signal having a
value "0" or "1"-is output. Accordihgly, the total
amount of toner’of the four colors C, M, ¥, and K is
calculated by adding the amounts of the toner of the
pixels having the value "1", among the pixels that are
turned on (having the value "1") and the pixels that
are turned off f{having the value "0").

For example, if all the four coloxs C, M, Y, and K
are turned on, the ratio of the émount of toner is
calculated by 4/4 = 100%. If the two colors of the
fdur colors C, M, Y, and K are turned on, the ratio of
the amount of toner is calculated by 2/4 = 50%. After
the ratio of the amounf of toner per pixel (any of 0%,
25%, 50%, 75%, or 100%) is calculated, adding thé
values of the pixels in a predetermined window to

calculate an average value can yield a desired area’



WO 2007/004411 PCT/JP2006/312189

10

15

20

25

ratio. This method is similar to that in the first
exemplary embodiment and the subsequent processing is
performed in the same manner as in the first exemplary.
embodiment.

As described above, accoraing to the third
exemplary embodiment of the present invention, it is
possible to calculate the total amount of toner of the
four colors C, M, Y, and‘K for the pixels after the
halftone processing, to store the amount of the toner
of the four colors C, M, Y, and K, and to control the
amount of toner per unit area.

Fourth Exemplary Embodiment ‘

A fourth eﬁemplary embodiment of the presént
invention will be described. The same reference
numerals are used in the fourth exemplary embodiment to
identify appropriately the same pomponents shown in the
first exemplary embodiment. A detailed description of
such components is omitted herein.

4 .
The mask pattern including 5 x 5 pixels, shown in
Fig. 6, is used as one unit in the first to third
exemplary embodiments. In contrast, according to the
fourth exemplary embodiment, a mask pattern including
10 x 10 pixels, such as the one shown in Fig. 8, is
used as one unit.

Defininé.the mask pattern that includes 10 x 10
pixels és one unit and that grows from the central

pixel halves a spatial frequency (doubles the period)
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at which the transparent toner layer is printed after
mask processing.

For example, in order to convert the mask pattern
having an area ratip of 36% shown in (10) in Fig. 6
into a mask pattern including the 10 x 10 pixels, the
mask pattern including 10 x 10 pixels, shown in Fig. 8,
is used. |

Decreasing the spatial freguency corresponds to a
reduction in spatial density of the transparent toner
layer and results in a reduction in load on the fixing
unit. Hence, a decrease in the spatial frequency
allows the upper limit of the foﬁal amount of toner
including the transparent toner to be slightly
increased. Specifically, although the upper limit of
the amount of tonér is 240% when the mask patterns
shown in Fig. 6 are used, the upper limit of the amount
6f toner can be increased to 280% when the mask pattern
including 10 x 10 pixels, shown in Fig. 8, is used. |
Accordingly, it is possible to use a structure in which
the upper limit is controlled in accordance with the
spatial frequency of the mask pattern.

In addition, varying the mask frequency of the
transparent toner layer can also control the glossiness.
Hence, the frequency of the mask pattern may be set to
a higher frequency in order to increase the glossineés,
whereas the frequency of the mask pattern may be set to

a lower frequehcy in order to decrease the glossiness.
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The unit of the mask pattern is not limited to 5 x
5 pixels and 10 x 10 pixels, and may be set to a larger
area including 16 x 16 pixels or 32 x 32 pixels. Since
a larger area decreases the spatial frequency at which
the transparent toner is printed (lengthen the period),
a load on the electrophotographic process is reduced.

As described above in the first exemplary
embodiment, modification of the mask pattern is

possibly required in an area having an extremely small

~allowable amount. If it is possible to predict such a

problem, the mask pattern having a lower spatial
frequency, such as the one including 10 x 10 pixels
according to the- fourth exemplary embodiment, may be
applied.

Fifth'Exemplary Embodiment

A fifth exemplary embodiment of the present
inventien will be described.t The same reference
numerals are used in the fifth exemplary embodiment to
identify appropriately the same components shown in the
first exemplary embodiment. A detailed description of
such components is omitted herein.

The transparent toner is used for printing, in
addition to the toner of the four colors C, M, Y, and K,
in the first to fourth exemplary embodiments. 1In
contrast, accofding to the fifth exemplary embodiment,
the toner of a special color is used for printing,

instead of the transparent toner.
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For example, fluorescent toner or orange toner is
used for printing as the toner of a special color, in
addition to the toner of the normal four colors C, M, Y,
and K. If the total amount of toner exceeds the upper
limit, spatial mask processing is performed in order to
decrease the area ratio of the toner of a certain color.
For example, when the orange toner is uséd as the’toner
of the special color, the area‘ratio based on the
amount of the toner of two colors Y and M is calculated
and the mask processing is performed for the orange
toner on the basis of the calculated aréa ratio.

This is based on a prediction that, 1f the toner

of magenta and yellow relating to thé hue of colors

similar to orange has a higher area ratio, decreasing

- the area ratio of the orange toner, which is relatively

invisible, does not have a great influence on the hue.
‘As described above, accofding to the fifth

exemplary embodiment of the present invention, it is

possible to use the orange toner or the fluorescent

toner, instead of the transparent toner, as the special

toner to be printed on a sheet of paper. In this case,

it is possible for a user to recognize an added
character string without using means for holding the
output image to the light and observing the image at an
angle.

Sixth Exemplary Embodiment

A sixth exemplary embodiment of the present
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invention will be described. The same reference
numerals are used in the sixth exemplary embodiment to
identify appropriately the same components shown in the
first exemplary embodiment. A detailed description of
such components is omitted herein.

The amount of toner per unit area is controlled to
simultaneously print the toner of.the foﬁr colors C, M,

Y, and K and the transpareﬁt toner on a sheet of paper

~and to cause the sheet of paper to pass through the

fixing unit in the first to fifth exemplary embodlments.
In contrast, according to the sixth exemplary
embodiment, after the toner of the four colors C, M, Y,
and K is printed- on a sheet of paperAand is fixed, the
sheet of paper is returned back to the first stage of
the paper path and the sheet of paper is ejected after
the transparent toner is printed on the same sheet of
ﬁaper and the sheet of paper passes throﬁgh the fixing
unit once again.

With this structure, it is possible to surely form
the transparent toner layer independently ofjthe émount
of the toner of the four ceolors C, M, Y, and K,
although the performénce is degraded because of the
longer time during which the image forming process is
performed.

Fig. 9 illustrates an operation screen used for

selecting a mode of the mask processing for the

transparent toner. The operation screen in Fig. 9 is
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displayed in the operational unit 1004 or in the
display of the PC 1008 in the image forming apparatus
1000 in Step S1101 in Fig.'ll. In this operation
screen, check boxes can be used to specify whethe:
priority is given to the effect of the transparent
toner or whether priority is given to the print speed.

If the mode in which priority is giVen to the
effect of the transparent toner is selected, the
processing according to the sixth exemplary embodiment
is performed. That is, after the toner of the four
colors C, M, Y, and K is printed on a sheet of paper
and the fixing is performed, the transparent toner is
printed on the same sheet of paper and the fixing is
performed for the transparent toner layer. In contrast,
if the mode in which priority is given to the print
speed is selected, the processing according to the
first exemplary embodiment is performed. That is, the
toner of the four colors C, M, Y, and K and the
transparent toner are simultaneously printed on a sheet
of paper while controlling the amount of toner per unit
area and, then, the fixing is performed.

The processing according to the sixth exemplary
embodiment is selectedl%n a case where priority is
given to the effect of the transparent toner and it is
desired that the transparent toner layer be well formed.

As described above, according to the sixth

exemplary embodiment of the present invention, if
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priority is given to the effect of the transparent
toner, it is possible to form -the transparent toner
layer independently of the print area ratio of the
toner of the four colors C, M, Y, and K, although the
performance is degraded because of the longer time
during which the image forming process is performed.
If priority is given to the print speed, it is possible -
to increase the print speed, compared with the case
where priority is given to the effect, although the
mask processing is performed for the transparent toner
layer. Consequently, each mode can be selected
according to the user's application.
Other Embodiments

The present invention is applicable to a system
inciuding multiple apparatuses (for example, a host
computer, an interface device, a scanner, and a
printer) or to an apparatus (for example, a copier or a
facsimile machine) including one device.

The present'invention can be embodied by supplying
a storage medium (or a recording medium) having the
program code (software) realizing the functions
according to the above exemplary embodiments to a
system or an apparatus, the computer (or the central
processing unit (CPU) or the micro processing unit
(MPU)) in which system or apparatus reads out and
executes the program code stored in the storage medium.

In this case, the program code itself read out from 'the
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storage medium realizes the functions of the
embodiments described above. .The present invention is
applicable to the storage medium having the program
code stored therein. The computer that execﬁtes the
readout program code realizes the functions of the
embodiments described above. In addition, the
operating system (0OS) or the like runniﬂg on the
computer may execute all or part oflthe actual
processing based on instructions in the program code to
realize the functions of the embodiments described
above.

Alternatively, after the program code read out
from the storage medium has been written in a memory
that is provided in an expansion card included in the
computei or in an expansion unit connected to the
computer, the CPU or the like in the expansion board or
the expansion unit may execute all or part of the
actual processing based on instructions in the program
code to realize the functions of the embodiménts
described above.

When the present invention is applied to the
storage medium, the program code corresponding to the
flowchart described above is stored in the étorage
medium.

While the present invention has been described
with reference to exemplary embodiments, it is to be

understood that the invention is not limited to the’
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disclosed exemplary embodiments. The scope of the
following claims is to be accorded the broadest
interpretation so as to encompass all modifications,

equivalent structures and functions.

This application claims the priority’of Japanese
Application No. 2005-192202 filed June 30, 2005, which
is hereby incorporated by reference herein in its

10 entirety.
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CLAIMS

1. An image processing apparatus comprising:

a.calculation unit configured to calculate an
amount of a first coloring material in an area
including a plurality of pixels;

a determination unit configured to determine an
allowable amount of a second coloring material in the
area on the basis of the amount of the first coloring
material, calculated by the calculation unit, and a
limit of the amount of the coloring material; and

a control unit configured to control an amount of
the second coloring material in the area so as not to
exceed the allowable amount of the second coloring
material.

2. The image proceSsing apparatus according to
Claim 1,

wherein the first coloring material is at least
one of cyan; magenta, yellow, and black, and

| wherein the second coloring material is a
substantially colorless and transparent coloring
material having no- specific hue.

3. The image processing apparatus according to
Claim 1,

wherein the first coloring material is at least
one of cyan, magenta, yellow, and black, and

wherein tle second coloring material has a
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saturation higher than that of a color resulting from
mixing of two or more colors in the first coloring
material.
4. The image processing apparatus accoraing to
5 Claim 1,
| wherein the determination unit determines a mask
pattern corresponding to the allowable amount of the
second coloring material in the area, and
wherein the control unit sets printing or non-
10 printing with the second coloring material for every
pixel on the basis of the mask pattern.
5. The image processing apparatus according to
Claim 4,
wherein the mask pattern is a pixel-cluster-type
15 mask pattern.
6. The image processing. apparatus according to
Claim 1, further comprising a specification unit
~configured to specify an image to be generated with the
second coloring material.
20 7. The image processing apparatus according to
Claim 6,
wherein the image generated with the second
coloring material, specified by the specification unit,
includes at least one of a specific character string,
25 an arbitrary character string, a date when the image
data is generated, and a user ID.

8. The image processing apparatus according to-
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Claim 1,

wherein the limit of the amount of the coloring
material is determined in accordance with a spatial
frequency of the mask pattern.

9. The image processing apparatus according to
Claim 6, |

wherein the specification.unit indicates
disablement of the control unit.

10. The image processing apparatus according to
Claim 1, further cOmprisihg a unit configured to
display a user interface with which either a first mode
or a second mode is selected,

wherein printiﬁg and fixing are.performed with the
first éolQring material and, then, the printing and
fixing are performed on the first coloring material
with the second coloring material if the first mode is
selected, andvthe calculation unit, the determination
unit, and the control unit are caused to operate if the
secoﬁd mode is selected.

11. The image processing apparatus according to
Claim 10,

wherein the first mode gives priority to an effect
and the second mode gives priority to a speed.

12. An image processing method comprising the
steps of:

calculating an amount of a first cecloring material

in an area including a plurality of pixels;
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determining an allowable amount of a sécond
coloring material in the area -on the basis of the
calculated amount of the first coloring material and a
limit of the amount of the coloring material; and

controlling an amount of the second coloring
material in the area so as not to exceed the allowable
amount of the second coloring material.

13. The image processing method according to
Claim 12,

wherein the first coloring material is at least
one of. cyan, magenta, yellow, and black, and

wherein the second coloring material is a
substantially colorless and transparént coloring
material having no specific hue.

14. The image processing method according to
Claim 12, ‘

wherein a mask pattern corresponding to the

allowable amount of the second coloring material in the

area 1is determined in the determining step, and

wherein printing or.non—printing with the second
coloring material is set for every pixel on the basis
of the mask pattern in the controlling step.

15. The image processing method according to
Claim 14,

wherein the mask pattern is a pixel-cluster-type
mask pattern.

16. The image processing method according to
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wherein the limit of the amount of the coloring
material is determined in accordance with a spatial
frequency of the mask pattern.

17. The image processing method according to
Claim 12,

wherein a user interface with whichveither a first
mode or a second mode is selected is displayed, and

wherein printing and fixing are performed with the
first coloring material and, then, the printing and
fixing are performed on the first coloring material‘
with the second coloring material if the first mode is
selected,'and the calculating step,’ﬁhe determining
step, and the cbntrolling step are performed if the
second mode is selected. -

18. The imagé processing method according to
Claim 17,

whefein the firét mode gives priority to an effect
and the second mode gives priority to a speed.

19. A computer-readable program including program
code comprising the steps of:

calculating an amount of a first coloring material
in an area including a plurality of pixels;

determining an allowable amount of a second
‘coloring material in the area on the basis of the
calculated amount of the first coloring material and a

limit of the amount of the coloring material; and
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controlling an amount of the second coloring
material in the area so as not- to exceed the allowable

amount of the second coloring material.
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FIG. 8
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FIG. 11
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