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(54) Image forming method and image forming apparatus

(57)  Animage with sufficient gray-scale representa-
tion and high resolution is formed on a medium to be
recorded, such as an intermediate transfer body, using
a thermal printer employing thermal transfer ink. When
thermal transfer ink of a thermal transfer ink ribbon (18)
is thermally transferred onto an intermediate transfer
body (12) by a thermal head (14), gray-scale values of
pixels of a filter image having a threshold value pattern
used to determine whether each of a plurality of pixels

Fig.1

of an original image is an object to be printed, based on
gray-scale values of the pixels, are compared with the
gray-scale values of the pixels of the original image, and
then the gray-scale values of the pixels of the original
image are converted based on the result of the compar-
ison. A gray-scale conversion table in which energy ap-
plied to the pixels at the time of printing is prescribed
corresponding to the gray-scale values of the pixels is
compared with the converted gray-scale values of the
pixels of the original image.
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Description
2. BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[0001] The presentinvention relates to an image form-
ing method and an image forming apparatus, and more
particularly, to an image forming method that forms im-
ages by thermally transferring, for example, ink of a ther-
mal transfer ink ribbon onto a medium to be recorded
and then by recording the images by transferring the im-
ages onto the medium using heat and pressure, and to
an image forming apparatus.

DESCRIPTION OF THE RELATED ART

[0002] Conventionally, in representing a multi-grada-
tion using a color material, such as a thermal transfer ink
ribbon or an ordinary thermal paper, on which only two
gray-scale values per unit pixel can be represented in a
thermal printer for forming images by controlling the in-
tensity of a current passing through a thermal head, the
images with the multi-gradation are obtained through a
halftoning process, such as a dither method or an error
diffusion method. However, the dither method has a dis-
advantage in that a dither matrix becomes large and the
resolution becomes lowered as the number of gray-scale
values to be desired increases. In addition, the error dif-
fusion method has been used for a line thermal printer
(see Japanese Unexamined Patent Application Publica-
tion No. 2002-86786). However, the error diffusion meth-
od is not common for a thermal printer has a great effect
of accumulated heat on a thermal head.

[0003] In addition, there has been proposed a method
of representing a multi-gradation by controlling an area
per dot recorded on a recording medium, using a print
system including an ink ribbon having an adjusted appli-
cation thickness of ink, a recording medium having a sub-
strate and a porous-surface layer formed on the sub-
strate, the porous-surface layer having a specific range
in size, athermal head provided with a plurality of heating
resistors formedin aline atregularintervals, temperature
gradient of each of the heated heating resistors being
such that temperature is the highest at a middle portion
thereof and becomes lower toward ends thereof, and a
gray-scale control circuit for controlling ink fusion areas
heated by the heating resistors by controlling the intensity
of a current passing through the thermal head (see Jap-
anese Patent No. 2850930 and Japanese Unexamined
Patent Application Publication No. 2000-85171). This
method enables multi-gradation images with higher res-
olution and higher quality as compared to the dither meth-
od. However, the method has a restricted application to
only a special porous recording medium.

[0004] Onthe other hand, a method of forming images
on avariety of recording media by first forming the images
on an intermediate transfer medium having an image re-
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ceiving layer and an adhesive layer and then by trans-
ferring the images on a recording medium using heat and
pressure has already been put to a practical use (see
Japanese Unexamined Patent Application Publication
No. 2002-79765). According to this method, there is no
effect on the intermediate transfer medium even if the
recording medium is changed. Also, since this method
may consider only transferability of the images onto the
recording medium, it allows formation of the images on
various kinds of recording media as compared to a direct
printing method. In addition, in this method, since a heat
roller made of soft heat-resistant rubber is used to trans-
fer the image onto the recording medium, it is possible
to form the images on a recording medium having more
or less unevenness.

[0005] Inaddition, there has been proposed a melttype
color thermal transfer recording method in which a ther-
mal head having a plurality of heating elements arranged
therein in a main scanning direction is used, a recording
paper moves relative to the thermal head at least in a
sub-scanning direction vertical to the main scanning di-
rection, driving of each of the heating elements is con-
trolled during the relative movement, the length of ink
dots in the-sub scanning direction changes depending
on the density of pixels to be recorded, and a halftone
color image is recorded on the recording paper by cyan,
magenta, and yellow ink dots, wherein at least cyan and
magenta are so arranged as to be different in their den-
sities of pixels in the sub-scanning direction (see Japa-
nese Patent No. 2577115 and Japanese Unexamined
Patent Application Publication No. 5-116356). This meth-
od can prevent the variation of the color tone of images
and the occurrence of pattern moir s due to any deviation
of color registration in the sub scanning direction.
[0006] However, the porous-surface layer is required
to be formed on a surface of the recording medium in
order to form the images by the dot area gradation. On
the other hand, in the method of forming the images using
the intermediate transfer medium, the porous-surface
layer is not formed since an intermediate transfer layer
to be transferred must be transparent and smooth. Ac-
cordingly, in the method of forming the images using the
intermediate transfer medium, the images must be
formed using a sublimation thermal transfer method that
can represent gradation for each dot or the dither method
or the error diffusion method using the thermal transfer
ink ribbon, or must be formed on the smooth intermediate
transfer layer by unstable and variable narrow dot area
gradation. In addition, in this method, when the dot gra-
dation is recorded on the intermediate transfer medium
having no porous-surface layer, dots are formed with
weak printing energy when forming images at low den-
sity. Accordingly, it is difficult to form the dots reliably,
unstable spots may occur in the images, and images hav-
ing granularity may occur. Moreover, since the images
are apt to be affected by deviation of characteristics of
the thermal head, irregularity of sensitivity of the inter-
mediate transfer medium, environments, such as ambi-
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ent temperature, it is difficult to achieve high-quality im-
ages.

[0007] The sublimation thermal transfer method can
obtain a smooth gradation characteristic and allows im-
ages to be formed with high precision since this method
does not require an area gradation by a dot modulation.
However, since dye-based ink is used in this method, a
problem may occur in the durability of the dye due to
mismatch with the recording medium, thus requiring to
choose a proper recording medium.

[0008] Inaddition, in the method in which at least cyan
and magenta are arranged so as to be different in their
densities of pixels in the sub-scanning direction, since
the density ofimages is represented by varying the length
of dots, the number of gray-scale values is too small to
record images of photographic quality, and accordingly,
it is difficult to achieve high-quality images.

[0009] Accordingly, itis an object of the present inven-
tion to form images on a medium to be recorded with
sufficient gradation representation and high resolution
using thermal transfer ink.

3. SUMMARY OF THE INVENTION

[0010] To achieve the above object, according to an
aspect of the invention, there is provided a method of
forming animage by thermally transferring thermal trans-
fer ink of a thermal transfer ink ribbon onto a medium to
be recorded by a thermal head. The method includes
comparing gray-scale values of pixels of a filter image
having a threshold value pattern used to determine
whether each of a plurality of pixels of an original image
is an object to be printed, based on gray-scale values of
the plurality of pixels, with the gray-scale values of the
pixels of the original image to convert the gray-scale val-
ues of the pixels of the original image on the basis of the
result of the comparison; comparing a gray-scale con-
version table in which energy applied to each pixel at the
time of printing is prescribed corresponding to the gray-
scale value of the pixel with the converted gray-scale
values of the pixels of the original image to further convert
the gray-scale values of the pixels of the original image
on the basis of the result of the comparison; and control-
ling the application of a current to the thermal head ac-
cording to the converted gray-scale values of the pixels
of the original image.

[0011] According to this image forming method, a dot
area gradation can be realized by supplying to thermal
head energy corresponding to the gray-scale value of
the original image to at least one pixel within the threshold
value pattern. That is, by combining an image having an
area modulated by a combined pattern of dots of pixels
and animage having some of dots constituting the pattern
modulated in their area, a dot area-modulated image can
be realized, and a multi-gradation representation at an
ordinary observation can be realized, which makes it pos-
sible to form multi-gradation images with high resolution
and high quality.
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[0012] In addition, according to another aspect of the
invention, there is provided a method of forming animage
by thermally transferring thermal transfer ink of a thermal
transfer ink ribbon onto a medium to be recorded by a
thermal head. The method includes dividing an original
image into patterns each composed of a plurality of pix-
els; comparing gray-scale values of the pixels of the di-
vided patterns with a gray-scale conversiontable in which
energy applied to the pixels of each pattern at the time
of printing is set to be different and converting a gray-
scale of the pixels of each pattern, corresponding to the
gray-scale values of the pixels, to convert the gray-scale
values of the pixels of each pattern on the basis of the
result of the comparison; and controlling the application
of a current to the thermal head based on the converted
gray-scale values of pixels of the original image.

[0013] According to this image forming method, since
the originalimage is divided into patterns each composed
of a plurality of pixels and image conversion is performed,
using different gray-scale conversion tables, for different
elements of each pattern, an image by an area gradation
of the pattern can be combined with an image by an area
gradation of each dot, which makes it possible to form
multi-gradation images with high resolution and high
quality.

[0014] Inaddition,the presentinvention can be applied
to an image forming method used for a thermal printer
including an image forming device that forms images by
thermally transferring thermal transfer ink of a thermal
transfer ink ribbon onto a medium to be recorded by a
thermal head. The image forming device performs the
following steps:

(1) comparing gray-scale values of pixels of a filter
image having a threshold value pattern used to de-
termine whether each of a plurality of pixels of an
original image is an object to be printed, based on
gray-scale values of the plurality of pixels, with the
gray-scale values of the pixels of the original image
to convert the gray-scale values of the pixels of the
original image on the basis of the result of the com-
parison; comparing a gray-scale conversion table in
which energy applied to the pixels at the time of print-
ing is prescribed corresponding to the gray-scale val-
ues of the pixels with the converted gray-scale val-
ues of the pixels of the original image to further con-
vert the gray-scale values of the pixels of the con-
verted original image on the basis of the result of the
comparison; and controlling the application of a cur-
rent to the thermal head according to the converted
gray-scale values of the pixels of the converted orig-
inal image.

(2) dividing an original image into patterns each com-
posed of a plurality of pixels; comparing gray-scale
values of the pixels of the divided patterns with a
gray-scale conversion table in which energy applied
to the pixels of each pattern at the time of printing is
set to be different corresponding to the gray-scale
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values of the pixel to convert the gray-scale values
of the pixels of each pattern on the basis of the result
of the comparison; and controlling the application of
acurrentto the thermal head based on the converted
gray-scale values of pixels of the original image.

[0015] In addition, according to still another aspect of
the invention, there is provided an image forming appa-
ratus that thermally transfers thermal transfer ink of a
thermal transfer ink ribbon onto a medium to be recorded
by a thermal head. The image forming apparatus in-
cludes an image processing unit that compares gray-
scale values of pixels of a filter image having a threshold
value pattern used to determine whether each of a plu-
rality of pixels of an original image is an object to be print-
ed, based on gray-scale values of the plurality of pixels,
with the gray-scale values of the pixels of the original
image to convert the gray-scale values of the pixels of
the original image on the basis of the result of the com-
parison; a gray-scale converting unit that compares a
gray-scale conversion table in which energy applied to
each pixel atthe time of printing is prescribed correspond-
ing to the gray-scale value of the pixel with the gray-scale
values of the pixels of the original image converted by
the image processing unit to further convert the gray-
scale values of the pixels of the converted original image
on the basis of the result of the comparison; and a current
application control unit that controls the application of a
current to the thermal head according to the gray-scale
values of the pixels of the original image converted by
the gray-scale converting unit.

[0016] Further, according to yet another aspect of the
invention, there is provided an image forming apparatus
that thermally transfers thermal transfer ink of a thermal
transfer ink ribbon onto a medium to be recorded by a
thermal head. The image forming apparatus includes a
dividing unit that divides an original image into patterns
each composed of a plurality of pixels; a gray-scale con-
verting unit that compares gray-scale values of the pixels
of the patterns divided by the dividing unit with a gray-
scale conversion table in which energy applied to the
pixels of each pattern at the time of printing is set to be
different, corresponding to the gray-scale value of the
pixels, to convert the gray-scale values of the pixels of
each pattern on the basis of the result of the comparison;
and a current application control unit that controls the
application of a current to the thermal head based on the
gray-scale values of the pixels of the original image con-
verted by the gray-scale converting unit.

[0017] In addition, in the method of forming an image
by thermally transferring thermal transfer ink of a thermal
transfer ink ribbon onto a medium to be recorded by a
thermal head, the method including comparing gray-
scale values of pixels of a filter image having a threshold
value pattern used to determine whether each of a plu-
rality of pixels of an original image is an object to be print-
ed, based on gray-scale values of the plurality of pixels,
with the gray-scale values of the pixels of the original
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image to convert the gray-scale values of the pixels of
the original image on the basis of the result of the com-
parison; comparing a gray-scale conversion table in
which energy applied to each pixel at the time of printing
is prescribed corresponding to the gray-scale value of
the pixel with the converted gray-scale values of the pix-
els of the original image to further convert the gray-scale
values of the pixels of the converted original image on
the basis of the result of the comparison; and controlling
the application of a current to the thermal head according
to the converted gray-scale values of the pixels of the
converted original image, it is preferable that, when color
separation in each color is performed on the original im-
age, a feed resolution of the separated original image be
converted, and that feed resolutions of each color be dif-
ferent from each other.

[0018] According to this image forming method, a dot
area gradation can be realized by supplying energy cor-
responding to the gray-scale values of the original image
to at least one pixel within the threshold value pattern to
thermal head. That is, by combining an image having an
area modulated by a combined pattern of dots of pixels
and animage having some of dots constituting the pattern
modulated in their area, a dot area-modulated image can
be realized, and a multi-gradation representation at an
ordinary observation can be realized, which makes it pos-
sible to form multi-gradation images with high resolution
and high quality. In addition, by varying the feed resolu-
tion of at least magenta and cyan in each color, it is pos-
sible to disperse a change in color sense due to slight
deviation of dots for each color within a small range and
to suppress the overall variation of the color sense.
[0019] Further, in the method of forming an image by
thermally transferring thermal transfer ink of a thermal
transfer ink ribbon onto a medium to be recorded by a
thermal head, the method including dividing an original
image into patterns each composed of a plurality of pix-
els; comparing gray-scale values of the pixels of the di-
vided patterns with a gray-scale conversion table in which
energy applied to the pixels of each pattern at the time
of printing is set to be different, corresponding to the gray-
scale values of the pixels, to convert the gray-scale val-
ues of the pixels of each pattern on the basis of the result
of the comparison; and controlling the application of a
currentto the thermal head based on the converted gray-
scale values of pixels of the original image, itis preferable
that, when color separation is performed on the original
image, a feed resolution of the separated original image
be converted, and that feed resolutions of at least ma-
genta and cyan in each color be different from each other.
[0020] According to this image forming method, since
the originalimage is divided into patterns each composed
of aplurality of pixels and image conversion is performed,
using different gray-scale conversion tables, for each el-
ements of each pattern, an image by an area gradation
of the pattern can be combined with an image by an area
gradation of each dot, which makes it possible to form
multi-gradation images with high resolution and high
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quality. In addition, by varying the feed resolutions of at
least magenta and cyan, it is possible to disperse a
change in color sense due to slight deviation of dots for
each color within a small range, and to suppress the over-
all variation of the color sense.

[0021] Furthermore, according to still yet another as-
pect of the invention, a computer-readable program al-
lows a computer to execute the steps of the image form-
ing device, and a recording medium has the computer-
readable program recorded thereon.

4. BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

FIG. 1 is a block diagram illustrating main portions
of a thermal printer according to a first embodiment
of the present invention;

FIG. 2 is a block diagram illustrating an image form-
ing apparatus according to the first embodiment of
the present invention;

FIG. 3 is a diagram illustrating patterns A and B ac-
cording to the first embodiment of the present inven-
tion;

FIG. 4is adiagram illustrating a method of arranging
the patterns A and B according to the first embodi-
ment of the present invention;

FIG. 5 is a diagram illustrating a calculating method
according to the first embodiment of the present in-
vention;

FIG. 6 is a diagram illustrating the configuration of a
gray-scale conversiontable according to the firstem-
bodiment of the present invention;

FIG. 7 is a diagram illustrating the relationship be-
tween gray-scale values of an original image and a
printing dot in the pattern according to the first em-
bodiment of the present invention;

FIG. 8is a block diagram illustrating an image form-
ing apparatus according to a second embodiment of
the present invention;

FIG. 9 is a diagram illustrating patterns according to
the second embodiment of the present invention;
FIG. 10is a diagram illustrating a gray-scale conver-
sion table according to the second embodiment of
the present invention;

FIG. 11 is a diagram illustrating an example of each
color pattern according to a third embodiment of the
present invention; and

FIG. 12 is a diagram illustrating an example of a dot
pattern of an image formed according to the third
embodiment of the present invention.

5. DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0023] Hereinafter, preferred embodiments of the in-
vention will be described with reference to the accompa-
nying drawings. In the following description, RGB refers
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to red, green, and blue, and CMYK refers to cyan, ma-
genta, yellow, and black. Also, each color level is repre-
sented by integers between 0 and 255. In addition, an
intermediate transfer body is used as a medium to be
recorded in the following embodiments of the invention,
but the principle of the present invention can be similarly
applied to other media to be recorded.

[First Embodiment]

[0024] FIG. 1is a block diagram illustrating main por-
tions of a thermal printer, and FIG. 2 is a block diagram
illustrating an image forming apparatus.

[0025] InFIG.1,athermalprinter 10includesathermal
head 14 serving as a thermal recording unit when images
are formed on an intermediate transfer body 12. The ther-
mal head 14 is arranged opposite to a platen roller 16.
The thermal head 14 is arranged on the platen roller 16
via a thermal transfer ink ribbon 18 and the intermediate
transfer body 12 in such a manner that the thermal head
14 can be advanced/retreated to/from the platen roller
16. The intermediate transfer body 12 is fed between the
platen roller 16 and the thermal head 14 via a feed roller
22 by rotation of a supply roller 20, and is then wound on
a winding roller 32 via feed rollers 24, 26, 28, and 30.
The thermal transfer ink ribbon 18 is fed between the
platen roller 16 and the thermal head 14 via a feed roller
36 by rotation of a supply core 34, and is then wound on
a winding core 40 via a feed roller 38. A heat roller 42 is
arranged between the feed roller 26 and the feed roller
28 in such a manner that the heat roller 42 can be con-
tacted/separated to/from the intermediate transfer body
12. Arecording medium 44 is arranged in a reciprocating
manner opposite to the heat roller 42 with the intermedi-
ate transfer body 12 disposed therebetween.

[0026] Whentheintermediate transfer body 12 and the
thermal transfer ink ribbon 18 are fed between the platen
roller 16 and the thermal head 14, thermal-fusible ink of
the thermal transfer ink ribbon 18 is thermally transferred
onto a receiving layer of the intermediate transfer body
12 by applying a current to the thermal head 14, thereby
forming an image on the intermediate transfer body 12.
When the intermediate transfer body 12 having the image
formed thereon is fed between the feed roller 26 and the
feedroller 28, the intermediate transfer body 12 is heated
while being pressed against and contacted with the re-
cording medium 44 by the heatroller 42 during the move-
ment between the feed roller 26 and the feed roller 28,
thereby recording animage on the recording medium 44.
[0027] That is, the thermal printer 10 functions as an
image forming unit for forming an image by thermally
transferring the fusible thermal transfer ink of the thermal
transfer ink ribbon 18 onto the intermediate transfer body
12 by the thermal head 14 and an image recording unit
for transferring the image formed on the intermediate
transfer body 12 onto the recording medium 44. In the
thermal printer 10, the recording of images is performed
for each color.
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[0028] An image forming apparatus 46 for recording
animage on the recording medium 44 includes an image
processing unit 48, a gray-scale converting unit 50, and
a recording control unit 52 as components of the thermal
printer 10, as shown in FIG. 2.

[0029] The image processing unit 48 is configured as
an image processing means for comparing gray-scale
values of pixels of a filter image having a threshold value
pattern used to determine whether each of a plurality of
pixels of an original image is an object to be printed,
based on the gray-scale values of the plurality of pixels,
with gray-scale values of pixels of the original image, and
for converting the gray-scale values of the pixels of the
original image on the basis of the result of the compari-
son. The gray-scale converting unit 50 is configured as
a gray-scale converting means for comparing a gray-
scale conversion table in which energy when each pixel
is printed is specified according to the gray-scale value
of the pixel with the gray-scale values of the pixels of the
original image converted by the image processing
means, and for converting the gray-scale value of the
pixels of the original image converted by the image
processing unit 48. The recording control unit 52 is con-
figured as a current application control means for con-
trolling the application of a current to the thermal head
14 according to the gray-scale values of the pixels of the
original image converted by a gray-scale converting
means.

[0030] More specifically, for example, the image
processing unit 48 uses two threshold value patterns for
defining threshold values for an image process at the
size of two pixels by two pixel to eight pixels by eight
pixels as the threshold value pattern used to determine
whether each of the plurality of pixels of the original image
is an object to be printed, based on the gray-scale values
of the plurality of pixels, and processes the originalimage
on basis of two filter images produced by arranging the
two threshold value patterns according to the size of the
original image.

[0031] FIG. 3is adiagram illustrating an example of a
threshold value patterns A and B of three pixels by three
pixels. Hereinafter, assuming that a pixel at the upper left
side of the threshold value patterns A and B is an origin
(0, 0)p, a horizontal direction is an X-axis, and a vertical
direction is a Y-axis, coordinates of the threshold value
patterns A and B are denoted by (X, Y)p. Similarly, as-
suming that a pixel at the upper left side of each of the
original and filter images is an origin (0, 0)i, a horizontal
direction is an x-axis, and a vertical direction is a y-axis,
coordinates of each image is denoted by (x, y)i.

[0032] In addition, a numerical value indicated at the
upper left side of each element of the threshold value
patterns A and B shownin Fig. 3is avalue of the threshold
value pattern A, showing. an upper limit value (gray-scale
value) defining the range of the threshold value. Also, a
numerical value indicated at the lower right side of each
element of the threshold value patterns Aand B is a value
of the threshold value pattern B, showing a lower limit
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value (gray-scale value) defining the range of the thresh-
old value. For example, in FIG. 3, a value of the threshold
value pattern A at coordinates (0, 0) p is 33, and a value
of the threshold value pattern B at coordinates (0, O)p is
0. FIG. 3 shows an example of a threshold value pattern
for any of colors of a CMYK image.

[0033] The threshold value patterns A and B may use
adifferent size and value for each color. Also, the number
of pixels in the horizontal direction may not be equal to
the number of pixels in the vertical direction. However,
depending on a setting, since undesired patterns may
regularly occur in the image and thus an insufficient gray-
scale value may be obtained, it is necessary to experi-
mentally set the size and value of the threshold value
patterns A and B. For example, when this embodiment
is applied to a thermal printer having a resolution of 400
dpi, printing with high quality is possible even in a four
pixel-by-four pixel threshold value pattern, but it is pref-
erable to use athree pixel-by-three pixel threshold value
pattern in order to obtain higher resolution of the image
while maintaining the same gray-scale value.

[0034] FIG. 4 shows an example of a method of ar-
ranging the threshold value patterns A and B to create
filter images C and D. As shown in FIG. 4, the threshold
value patterns A and B may be arranged as it is, shifting
the patterns A and B in the horizontal direction, or shifting
the patterns A and B in the vertical direction. In addition,
when the threshold value patterns A and B are arranged
to create the filter images, the arrangement method may
be changed for each color. However, the threshold value
patterns A and B for any color should be arranged such
that one element (pixel) corresponds to another element.
The filter images C and D may be in advance stored in,
for example, a printer driver, or may be created by ex-
panding unit patterns on a memory.

[0035] FIG. 5 shows a method of converting an image.
First, an original image lis converted into a CMYK image,
if necessary, and the gray-scale value of each of pixels
ofthe originalimage | is compared with a coordinate value
corresponding to the filter images C and D (Step S1).
Assuming that the gray-scale value of any coordinates
(a, b)i of the original image | is Po(a, b)i, the gray-scale
values of the same coordinates of the filter images C and
D are Pa (a, b) i and Pb(a, b) i, and the gray-scale value
of the same coordinates after conversion is Pe(a, b)i,
image conversion is performed by replacing Pe (a, b) i
with Pa (a, b) iif Po (a, b) i is larger than Pa (a, b) i (Step
S2), by replacing Pe(a, b) i with 0 if Po(a, b) i is smaller
than Pb(a, b) i (Steps S2 and S4), and by replacing Pe
(a, b) i with Po (a, b) i otherwise (Step S5).

[0036] Accordingtotheimage calculation as described
above, a pixel corresponding to the coordinates (a, b) p
of the threshold value patterns A and B of the original
image | is converted into a gray-scale having a range of
from Fa(a, b)p to Fb(a, b)p. Accordingly, based on the
threshold value patterns A and B shown in FIG. 3, it can
be determined which dot of the threshold value patterns
A and B for the gray-scale of any original image | is print-
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ed. This allows realization of area gray-scale represen-
tation by a combined pattern of dots.

[0037] Next, gray-scale conversion is performed on
the converted CMYK image, using a gray-scale conver-
sion table T. FIG. 6 shows an example of the gray-scale
conversion table T for one color of the CMYK image.
According to the gray-scale values of the pixels after the
gray-scale conversion, an application of current to the
thermal head 14 is controlled, and a printing operation is
performed.

[0038] Thus, by supplying energy corresponding to the
gray-scale value of the original image | to the thermal
head 14, for at least one pixel of the threshold value pat-
terns A and B, a dot area gradation is realized, and a
multi-gradation representation at an ordinary observation
can be realized.

[0039] Althoughthe firstembodiment presupposesthe
CMYK printing, it should be appreciated that image con-
version and printing can be performed in the same way
even with a grayscale color in a printer for performing
monochrome printing using, for example, a thermal pa-
per, or with CMY or RGB colors in a printer for performing
CMY printing.

[0040] Inthe first embodiment, in the converted image
shown in FIG. 5, the number of printing dots within a
pattern increases according to the gray-scale values of
the original image I, and the time for applying a current
to the thermal head 14 for at least one dot is changed
according to the gray-scale values of the original image I.
[0041] FIG. 7 shows a relationship between the gray-
scale value of the original image | and a printing dot in
the threshold value patterns A and B shown in FIG. 3.
For example, if the gray-scale value of the original image
| falls within a range of 0 to 33, only a dot at coordinates
(0, O)p is printed. As the gray-scale value of the original
image | increases, that is, the color of the original image
| becomes dense, the gray-scale value after the image
conversion at the coordinates (0, 0)p increases. In addi-
tion, according to the gray-scale conversion table T
shown in FIG. 6, the time for applying a current to the
thermal head 14 increases, and hence supply energy
increases, thus realizing a dot modulation. In FIG. 7, '
indicates a dot printed with constant energy without re-
lying onthe gray-scale value, 'r’ indicates a print dot which
is dot-modulated by the gray-scale value, and a blank
indicates a dot not to be printed.

[0042] Similarly, if the gray-scale value of the original
image | falls within a range of 34 to 51, as the gray-scale
value of the original image | increases, the gray-scale
value at coordinates (1, 1)p increases with the gray-scale
value of a dot at coordinates (0, 0)p fixed, and the energy
supplied to a dot increases according to the gray-scale
conversiontable T shownin FIG. 6. Similarly, as the gray-
scale value of the original image | increases, the number
of printing dots increases, and energy supplied to at least
one dot increases according to the threshold value pat-
terns A and B shown in FIG. 3 and the gray-scale con-
version table T shown in FIG. 6.
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[Second Embodiment]

[0043] In the first embodiment, the multi-gradation im-
age with high resolution and high quality is stably ob-
tained through a relatively simple method by a combina-
tion of the area gradation by the pattern and the dot area
gradation. However, in a high-density region of images,
a variation in printing energy of each pixels may occur in
a pattern, and undesired stress may be applied to the
intermediate transfer body 12 and the thermal transfer
ink ribbon 18. Now, improvement of the image forming
apparatus 46 to overcome this problem will be described
by way of example.

[0044] FIG. 8 is a block diagram illustrating an image
forming apparatus according to a second embodiment
of the present invention. As shown in FIG. 8, an image
forming apparatus 46 includes a pattern generating unit
54, a gray-scale converting unit 56, and a recording con-
trol unit 58.

[0045] The pattern generating unit 54 is configured as
a dividing means for dividing an original image into pat-
terns each composed of a plurality of pixels. The gray-
scale converting unit 56 is configured as a gray-scale
converting unit for comparing gray-scale values of pixels
of patterns divided by the pattern generating unit 54 with
a gray-scale conversion table in which print energy is set
to be different for the gray-scale values of pixels of pat-
terns during printing, and for transforming the gray-scale
values of pixels of each pattern. The recording control
unit 58 is configured as a current application control
means for controlling the application of a current to the
thermal head 14 based on the gray-scale values of pixels
of the original image converted by the gray-scale con-
verting unit 56.

[0046] FIG. 9 shows an example of a pattern PT for
one of CMYK colors, and FIG. 10 shows an example of
gray-scale conversion tables Ta to Ti of elements a to i
of the pattern PT. The size of the pattern PT should be
determined according to the print resolution of a printer
and print stability of a combination of the printer, the ink
ribbon 18, and the intermediate transfer body 12, and is
in the order of two pixels by two pixels to eight pixels by
eight pixels approximately. In the pattern PT, the number
of vertical pixels may be different from that of horizontal
pixels, or the size of the pattern PT may be varied for
each of the CMYK colors. FIG. 9 shows the pattern PT
having three pixels by three pixels. In addition, the gray-
scale conversion tables Ta to Ti should prepared by the
sum of numbers of elements of patterns for colors.
[0047] Hereinafter, a method of converting an image
will be described. First, an original image | is converted
into a CMYK image. The converting method may be ei-
ther an LUT method or a calculation converting method.
[0048] Next, as shown in FIG. 9, the original image |
is divided into a plurality of patterns PT. The patterns PT
may be arranged as they are, shifting the patterns PT in
the horizontal direction, or shifting the patterns PT in the
vertical direction, or may be arranged to be different for
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each color in the same way as the creation method of
the filter images C and D in the first embodiment.
[0049] Next, gray-scale conversion is performed on
the gray-scale value of each pixel of the original image
I, on the basis of the gray-scale conversion tables Ta to
Ti prepared for the elements a to i of the patterns PT as
shown in FIG. 10. For example, the gray-scale conver-
sion table Ta is used for a pixel having coordinates cor-
responding to the element a of the pattern PT, and the
gray-scale conversion table Ti is used for a pixel having
coordinates corresponding to the element i of the pattern
PT. According to an image obtained by this conversion,
the application of a current to the thermal head 14 is
controlled, and an image is formed on the intermediate
transfer medium.

[0050] Inthesecond embodiment, by adjusting the pat-
tern PT shown in FIG. 9 and the gray-scale conversion
tables Ta to Ti shown in FIG. 10, it is possible to adjust
energy corresponding to the gray-scale value, and to
suppress a variation in energy in the pattern PT in the
high-density region of images. Thus, itis possible to over-
come the problem of the first embodiment, and to achieve
simple patterning and gray-scale conversion, resulting in
high-speed image processing.

[Third Embodiment]

[0051] In addition, in the first and second embodi-
ments, by combining variations of feed resolution of each
of Y, M, C and K, for example, resolution which may be
slightly lowered by the patterning can be improved, and
color irregularity due to a deviation of color registration
in the sub-scanning direction can be prevented.

[0052] FIG. 11 shows an example of the arrangement
of color patterns indicated on Fig. 11 when a four-color
ribbon is used. FIG. 12 shows a dot pattern of an image
formed by overlapping the color patterns. In the first and
second embodiments, the original image is divided into
CMYK colors, and resolution in the feed direction for a
specific color image or all color images is converted.
Thereafter, patterning and gray-scale conversion is per-
formed on each color. Then, according to the gray-scale
values of pixels after the gray-scale conversion, the ap-
plication of a current to the thermal head 14 is controlled,
and printing is performed. Since the resolution of Y at an
ordinary observation is difficult to be perceived, it is pref-
erable to vary the resolution of M and C. As shown in
FIG. 11, D1 and D4 have the resolution of the original
image, D2 has 4/3 times the resolution of the original
image, and D3 has 5/3 times the resolution of the original
image.

[0053] In this manner, by varying the feed resolution
of each color, an overlap of dots is changed in a period
by the length of a common multiple of feed pitches, and
fine color irregularities occur. However, if a period of the
color irregularities is sufficiently small, the color irregu-
larities cannot be perceived by ordinary observation. As
a whole, since deviation of dots occurs in advance with
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a period, deviation of fine dots occurring between colors
cannot be perceived. As a result, the color irregularities
are not perceived by ordinary observation.

[0054] In addition, if patterns for each colors have the
same arrangement, there appears a period of the length
of the product of a common multiple of feed pitches and
the size of the pattern in the feed direction, and stripes
in the horizontal direction is perceived by ordinary obser-
vation. However, by varying the arrangement of the pat-
terns shownin the firstand second embodiments for each
color, it is possible to avoid such a phenomenon.
[0055] Further, in the first and second embodiments,
although the resolution at an ordinary observation is low-
ered due to the size of the pattern, by increasing the feed
resolution, there appears an effect of reducing the size
of the pattern, thus enabling the improvement of the res-
olution.

[0056] In the first and second embodiments, when
printing is performed on a low-density region of images,
only some dots of the pattern PT are printed. Therefore,
the density becomes lowed even if large energy is applied
to form dots. That s, itis possible to apparently lower the
density using an energy zone in which dots can be stably
formed. According to the method of the presentinvention,
itis possible to obtain a gray-scale value having sufficient
density using the energy zone in which dots can be stably
formed. Accordingly, it is possible to stably form images
with high quality.

[0057] The second embodiment is similar to the first
embodiment in that, when the printing is performed on
the low density region of images, since only some dots
of the pattern PT are printed, the density becomes low-
ered even if large energy is applied to form dots. In ad-
dition, when the printing is performed on a high-density
region of images, itis possible to adjust the energy used
to form the dots in the gray-scale conversion tables Ta
to Ti shown in FIG. 9. Therefore, by applying required
minimal energy to the dots, itis possible to suppress ther-
mal stress applied to the ink ribbon 18, the intermediate
transfer body 12, and the like to a minimum, and to sup-
press troubles, such as print creases, to a minimum.
[0058] According tothe thirdembodiment, itis possible
toreduce the colorirregularities due to the slight deviation
of dots between colors, and to solve the lowering of the
resolution due to the patterning.

[0059] In addition, the first to third embodiments can
be applied to white, red, blue, and green ink ribbons,
special color ribbons, deposition silver ribbons for bond-
ing and transferring metal deposition films and the like,
print silver ribbons, and combinations thereof, as well as
the Y, M, C and K ink ribbons.

[0060] As described above, according to the present
invention, by combining the area gradation representa-
tion by the pattern with the dot area gradation represen-
tation, it is possible to stably form images with high res-
olution and high quality. In the above embodiments, it is
possible to stably print images with high quality in an
intermediate transfer type thermal printer provided with
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athermal head having a resolution of 400 dpi. Of course,
the presentinvention is applicable to all printing methods
using general thermal heads as well as the intermediate
transfer type thermal printer.

[0061] Asdescribed above, according tothe invention,
images can be stably formed on a medium to be recorded
by the thermal printer using the thermal transfer ink, and
the multi-gradation images can be formed with high res-
olution and high quality.

Claims

1. A method of forming an image by thermally transfer-
ring thermal transfer ink of a thermal transfer ink rib-
bon onto a mediumto be recorded by a thermal head,
the method comprising the steps of:

comparing gray-scale values of pixels of a filter
image having a threshold value pattern used to
determine whether each of a plurality of pixels
of an original image is an object to be printed,
based on gray-scale values of the plurality of
pixels, with the gray-scale values of the pixels
of the original image to convert the gray-scale
values of the pixels of the original image on the
basis of the result of the comparison;
comparing a gray-scale conversion table in
which energy applied to each pixel at the time
of printing is prescribed corresponding to the
gray-scale value of the pixel with the converted
gray-scale values of the pixels of the original im-
age to further convert the gray-scale values of
the pixels of the original image on the basis of
the result of the comparison; and

controlling the application of a current to the ther-
mal head depending on the converted gray-
scale values of the pixels of the original image.

2. A method of forming an image by thermally transfer-
ring thermal transfer ink of a thermal transfer ink rib-
bon onto amediumto be recorded by athermal head,
the method comprising the steps of:

dividing an original image into patterns each
composed of a plurality of pixels;

comparing gray-scale values of the pixels of the
divided patterns with a gray-scale conversion ta-
ble in which energy applied to the pixels of each
pattern atthe time of printing is set to be different,
corresponding to the gray-scale values of the
pixels, to convert the gray-scale values of the
pixels of each pattern on the basis of the result
of the comparison; and

controlling the application of a currentto the ther-
mal head based onthe converted gray-scale val-
ues of pixels of the original image.
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3.

An image forming method used for a thermal printer
including animage forming device that forms images
by thermally transferring thermal transfer ink of a
thermal transfer ink ribbon onto a medium to be re-
corded by a thermal head,

wherein the image forming device performsthe steps
of:

comparing gray-scale values of pixels of a filter
image having a threshold value pattern used to
determine whether each of a plurality of pixels
of an original image is an object to be printed,
based on gray-scale values of the plurality of
pixels, with the gray-scale values of the pixels
of the original image to convert the gray-scale
values of the pixels of the original image on the
basis of the result of the comparison;
comparing a gray-scale conversion table in
which energy applied to the pixels at the time of
printing is prescribed corresponding to the gray-
scale values of the pixels with the converted
gray-scale values of the pixels of the original im-
age to further convert the gray-scale values of
the pixels of the converted original image on the
basis of the result of the comparison; and
controlling the application of a currentto the ther-
mal head depending on the converted gray-
scale values of the pixels of the original image.

An image forming method used for a thermal printer
including an image forming device that forms images
by thermally transferring thermal transfer ink of a
thermal transfer ink ribbon onto a medium to be re-
corded by a thermal head,

wherein the image forming device performs the steps
of:

dividing an original image into patterns each
composed of a plurality of pixels;

comparing gray-scale values of the pixels of the
divided patterns with a gray-scale conversion ta-
ble in which energy applied to the pixels of each
pattern at the time of printing is set to be different
corresponding to the gray-scale values of the
pixel to convert the gray-scale values of the pix-
els of each pattern on the basis of the result of
the comparison; and

controlling the application of a currentto the ther-
mal head based onthe converted gray-scale val-
ues of pixels of the original image.

An image forming apparatus that thermally transfers
thermal transfer ink of a thermal transfer ink ribbon
onto a medium to be recorded by a thermal head,
comprising:

an image processing unit that compares gray-
scale values of pixels of a filter image having a
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threshold value pattern used to determine
whether each of a plurality of pixels of an original
image is an object to be printed, based on gray-
scale values of the plurality of pixels, with the
gray-scale values of the pixels of the original im-
age to convert the gray-scale values of the pixels
of the original image on the basis of the result
of the comparison;

a gray-scale converting unit that compares a
gray-scale conversion table in which energy ap-
plied to each pixel at the time of printing is pre-
scribed corresponding to the gray-scale value
of the pixel with the gray-scale values of the pix-
els of the original image converted by the image
processing unit to further convert the gray-scale
values of the pixels of the original image on the
basis of the result of the comparison; and

a current application control unit that controls
the application of a current to the thermal head
depending on the gray-scale values of the pixels
ofthe originalimage converted by the gray-scale
converting unit.

Animage forming apparatus that thermally transfers
thermal transfer ink of a thermal transfer ink ribbon
onto a medium to be recorded by a thermal head,
comprising:

a dividing unit that divides an original image into
patterns each composed of a plurality of pixels;
agray-scale converting unitthat compares gray-
scale values of the pixels of the patterns divided
by the dividing unit with a gray-scale conversion
table in which energy applied to the pixels of
each pattern at the time of printing is set to be
different, corresponding to the gray-scale value
of the pixels, to convert the gray-scale values of
the pixels of each pattern on the basis of the
result of the comparison; and

a current application control unit that controls
the application of a current to the thermal head
based on the gray-scale values of the pixels of
the original image converted by the gray-scale
converting unit.

The image forming method according to claim 1,
wherein, when color separation is performed on the
original image, a feed resolution of the separated
original image is converted, and feed resolutions of
at least magenta and cyan are different from each
other.

A computer-readable program that allows a compu-
ter to execute the steps of the image forming device
according to claim 3 or 4.

A recording medium having the computer-readable
program according to claim 8 recorded thereon.
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