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L THERMAL TRANSFER IMAGE FORMING APPARATUS
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The present invention relates to an image
forming apparatus.

A thermal transfer printer has a recording head .
provided with small heating resistor elements integrated on a

substrate and uses an ink sheet or ribbon formed of

macromolecular film coated with wax containing pigment so that
I' the printer forms dots on recording paper by melting ink in a
small area of the ink sheet or ribbon through supply of signals
based on pixel data- to the heating resistor elements
selectively.

Such a thermal transfer image forming apparatus has
been used widely in the field of full-color printing requi;ing

high- density dot forming, because heating resistor elements

as dot forming elements can be arranged in a small size.
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In the case where such a printer is used for full-color
printing, generally, it is necessary to repeat a process of
performing printing in which four colors in fotal, that is,
black in addition to three primary colors of yellow, magenta

and cyan are used, and a recording medium is returned to its

. i gyl b e

initial position for every primary color. Accordingly, there
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arises a problem in that the quality of a printed image is

deteriorated by displacement produced between pixel data to be

printed and printed points on the recording medium.

In oxder to solve .the aforementioned problem,
therefore, a measure to set the print position for every
primery color in a predetermined direction with respect to the
recording medium, that is, to set a2 so-called screen angle so

as to prevent color cloud caused by the positional difference

at the time of the formation of dots as sufficiently as
possible has been adapted.

For example, in a recording apparatus of
anink-jet system, a wire-dot recording system and the like, in
which the size of each dot which can be printed is fixed, there
has been proposed a method in which density is expressed by the
B number of dots formed in a unit area (for example, an area of

i

b 4 x 4 dots) and the position where at least one dot is forfned

3 i
§ in the unit area is defined for every primary color, so that %
i the dot forming position is arranged in a specified direction :
'. with respect to the recording medium. 7 /___j
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density levels increasas, because density levels ar
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by the number of dots.

To solve the aforem-e-ntioned problem, as disclosed in
Japanesé Patent Unexamined Publication No. Sho 6§1-1839774, there
has been proposed a printing system in which the size of a dot
per se formed on a recording medium is made variable to make it
possible to express the density level by the dot per se, and a
plurality of matrices as dot forming angles are set i:o thereby
set both a density gradation and a screen angle desirably while
a threshold is set in advance correspondingly to a unit of
image reading on an original, that is, a so-called pixel.

When such a proposed printing system is used, the
improvement of the gradient and the setting of the screen angle
can be provided simultaneously. The proposed printing system,
however, requires a iarge quantity of matrix data if the
gradient is made higher. There arises therefore a problem in
that the capacity of a memory for storing the large quantity of

é matrix data therein increases.

It lS therefore an object of this invention to
provide an J.mproved thermal image transfer apparatus. This
object is solved by the thermal transfer image forming
apparatus according to independent claims 1 or §. Further
advantageous features, aspects and details of the invention are evident from the
dependent claims, the following description and draw:.ngs The
claims are intended to be understood as a first non-
approach of defining the invention in general terms.

The invention provides an image forming
apparatus in which a plurality of heating res:.stor elements

are arranged in a line on a surface of a subs‘trate, and the
heating resistor elements are made to

lJ.mJ.ting

' generate ‘heat
Selectively in -accordance with Pixel data so as to melt ink of

an ink sheet or an ink rjibbon to thereby form dots on
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TRl transfer printer has a recor dibfheceliad Bemdeplatedeo
i ng resistor elenents integrated on rggd us
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| ribbon formed of macronol ecul ar film ]

Int so that the printer forns:dot:s on recordi ng pa bj,quthg In

el |- area of the ink sheet or:ribbon through supply of signals, based on
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controlling the gradation and color reproduction in such an
jmage forming apparatus.

A first aspect of the present invention is to
p;ovide a thermal transfer image forming apparatus, in which
the thermal interference between heating resistor elements

constituting a dot forming means is made small as sufficiently
as possible so that gradation is expressed by the area of each
dot per se to thereby improve the gradation pﬁoperty and the
resolution, and, on the other hand, the form of application of
gamma conversion characteristics is changed to thereby change,
for every primary color, the positions where main dots
corresponding to at least 2 x 2 pixéls are formed, whereby both
generation of net-like noise and color cloud due to
displacement in dot forming position can be prevented to make
the printing quality excellent.

A second aspect of the invention is to provide a novel
thermal transfer image forming'apparatus in which even in the
case where the quantity of data for setting the screen angle is
small, a screen angle can be set while both the gradient and
resolution are kept.

A third aspect of the invention is to provide a novel
thermal transfer image forming apparatus in which the density

_change of each dot with the temperature change of the recording

head substrate can be prevented by a simple circuit

red

configuration.
According to a preferred embodiment, the present

invention provides a thermal transfer image forming apparatus
which comprises: a recording head having a plurality of

heating resistor elements arranged in a line; means for

Carrying a sheet of recording paper and an ink sheet at
a4 predetermined pitch; an image data reading means for
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®ting, generally, it is necessary to iepeat a process of- perforn1ng
nting in which four colors in total, that is o

[ THIS SHEET HAS BEEN
) REPLACED

continuously reading N-lines’ pixel data (N being an integer of
N 2 2) constituting input image data; a sampling means for
sampling the N-lines’ pixel data into a matrix of N x N pixels;
a gamma conversion means having a first gamma characteristic
conversion function for outputting print data to form main dots
: by performing gamma conversion preportionally in a density
range of from a low density to a high density, a second gamma
characteristic conversion.function for outputting print data
’ being lower in density than the first gamma characteristic
conversion function to form subsidiary dots, and third and
fourth gamma characteristic conversion functions to form no dot
in a large part of the density range, thereby expressing the
pixel density as a dot size for each of the N x N pixels; a
conversion characteristic selection means for assigning the
gamma characteristic conversion functions to the sampled N x N
pixels to arrange dots based on the first gamma characteristic
conversion function at a predetermined angle; and means for
é‘ 'supplying electric energy corresponding to the print data to

the heating resistor elements of the recording head.

Other aspects and details of the invention will
become clear from the following description of embodiments.

Fig. 1 is a block diagram showing the function of a

microcomputer according to one embodiment of the present
L
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invention; ) _
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#=in addition to three primary colors of yellow nmagenta and cyan’are
and a recording nediumis returned to-dits init.ial
mry col or- Accordingly,

posi tion for evey
there arises”a problemin that tih'e quality ofi a
nt.ed i mage i s deteriorated by displacement pro- duced betwaén pi xel data

printed and pinted points on the'fecording medium “’In'dlder to

Fig. 2 is a sectional view showing a thermal transfer
printer according to an embodiment of the invention;

Fig. 3 is an enlarged front view of a‘recording head
used in the present invention;

Fig. 4 is a block diagram showing an example of the
controller of the themmal transfer printer depicted in Fig. 2;

Fig. 5 is a waveform graphlshowinq an example of the
signal for driving the recording head in the present invention;

Fig. 6 is a graph showing gamma characteristic
conversion functions used in the present invention;

Fig. 7 is an explanatory view showing the relation
between energy supplied to the recording head and heating

areas;

Fig. 8 is a graph showing the relation between the

energy supplied to a heating resistor element and the dot size
in the driving method depicted in Fig. 7;

Figs. 9(I) to S(IXII) are explanatory views showing the
relation between the driving method depicted in Fig. 7 and
print patterns;

Fig. 10 is an explanatory view showing the relation
between the supplied enerqy and the heating areas in the
recording head driving method used in the present invention;

Fig. 11 is an explanatory view showing an example of

the conventional recording head driving method;
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nmeasure to set the print position for every pri- mary color in a.
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Figs. 12{I) to 12(II1I) are explanatory views showing
¢he relation between the conventional driving method depicted
in Fig. 11 and print patterns; '

Fig. 13 is an explanatory view showing an example of
application of the gamma characteristic conversion functions
depicted in Fig._s;

Fig. 14 is an explanatory'§iew showing the form of
continuous application of the gamma characteristic conversion
functions depicted in Fig. 13;

Figs. 15(I) to 15(V) are explanatory views showing
print forms obtained by using the gamma characteristic
conversion functions depicted in Fig. 13;

Fig. 16 is an explanatory view showing another example
of application of the gamma characteristic conversion functions
depicted in Fig. 6;

Fig. 17 is an explanatory view showing the form of
continuous application of the gamma characteristic conversion
functions depicted in Fig. 16;

Figs. 18(I) to 18(V) are explanatory views showing
print forms obtained 'by using the gamma characteristic
conversion functions depicted in Fig. 16;

Figs. 19(a) and 19(b) are explanatory views shoY;ng a
further example of application of the gamma characteristic

conversion functions depicted in Fig. 6;
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Fig. 20 is ar explanatory view showing the form of

continuous application of the gamma characteristic conversion
functions depicted in Fig. 19; |

Figs. 21(I) to 21(V) are explanatory views showing
print forms obtained by using the gamma characteristic
conversion functions depicted in Fig. 19;

Figs. 22(a) and 22(b) are explanatory views showing a
further example of‘application of the gamma characteristic
conversion functions depicted in Fig. 6;

Fig. 23 is an explanatory view showing the form of
continuous application of the gamma characteristic conversion
functions depicted in-Fig. 22;

Figs. 24(I) to 24(V) are explanatory views showing
print forms obtained by using the gamma characteristic
conversion functions depicted in Fig..22;

Figs. 25(2) and 25(b) are explanatory views showing a
further example of applicétion of the gamma characteristic
conversion functions depicted in Fig. 6;

Fig. 26 is an explanatory view showing the form of
continuous application of the gamma characteristic conversion
functions depicted in Fig. 25;

Figs. 27(I) to 27(V) are explanatory views show}ng
print forms obtained by wusing the gamma characteriétic

conversion functions depicted in Fig. 25;
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Fig. 28 is a graph showing another example of the gamma

characteristic conversion functions used in the present
invention;

Figs. 29(I) to 29(V) are explanatory views showing
print forms obtained by wusing the gamma characteristic
conversion functions depicted in Fig. 28;

Fig. 30 is a graph showing a further example of the
gamma characteristic conversion functions used iﬁ the present
invention;

Fig. 31 is a graph showing a further example of the

gamma characteristic conversion functions used in the present
invention;
Fig. 32 is a block diagram showing the function of a
microcomputer in a second embodiment of the present invention;
Figs. 33, 34, 35 énd 36 are graphs showing examples of
the gamma characteristic conversion function groups used in the
presént invention;
\ Figs. 37, 38 and 39(I) to 39(V) are views showing an
example of application of the gamma characteristic conversion

function groups and printing results obtained by using thereof;

Figs. 40, 41 and 42(I) to 42(V) are views showing an
example of application of the gamma characteristic conversion
function groups, the form of continuous application thereoi’éo

image data and printing results obtained by the continuous

application; f {
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arr af in a specified di rectlon With. Fespect to-the recordlng medi um
Se systens, however, t here has been a problemin-that-the Aunber of
0 be assigned to one pi xef increases-to nmake the result’ig.i mage
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Figs. 43(a), 43(b), 44 and 45(I) to 45(V) are views
showing an example of application of the gamma characteristic
conversion function groups,.the form of continuous application
thereof to image data and printing results obtained by the
continuous application;
Figs. 46(a), 46(b), 47 and 48(I) to 48(V) are views
showing an example of application of the gamma characteristic
conversion function groups, the form of continuoﬁs application
thereof to image data and printing results obtained by the
continuous application; |
Figs. 439(a), 49(b), SO and S51(I) to S51(V) are views
showing an example of application of the gamma characteristic |

conversion function groups, the form of continuous application

SRV

thereof to image data and printing results obtained by the 5

continuous application;

Figs. 52 and 53 are graphs respectively showing further

examples of the gamma characteristic conversion function
k groups;

form of application of the gamma characteristic conversion

Figs. 54, 55 and 56(I) to 56(V) are views showing the.

function groups depicted in Figs. 52 and 53, the form of

continuous application thereof and printing results obtained by

the continuous application th.ereof;
Fig. 57 is a graph showing an example of the.' gamma

function groups adapted for correction of the thermal history
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of the substrate as a constituent member of the recording head;
and

Figs. 58, 59, 60, 61 and 62 are explanatory views
showing the forms of application of the gamma characteristic
conversion functions for correcting the thermal history of the

recording head.

Embodiments according to the present invention will be
described hereunder in detail with reference to the drawings.

Referring to Fig. 2, there is shown a thgrmal transfer
printing mechanism and a controller according to an embodiment
of this invention. The thermal transfer printing mechanism
comprises a paper supply mechanism 4 for pulling a sheet of
recording paper 1 out of a stacker 2, which stocks sheets of
recording paper 1, through a pickup roller 3 to. convey the
recording paper 1 to a print region, a platen § for conveying
the recording paper 1 and an ink sheet 9 at a predetermined
speed, a thermal transfer recording head 6 which is brought
into forced contact with the platen 5 at the time of printing,
a conveyance roller 8 for returning the recording paper 1 to
the stacker 2 after printing, a stock roller 10 for feeding the
ink ribbon 9, and a takeup roller 1ll1. Further, a qiicuit
substrate 12 having a control circuit incorporated therein,
which will be described later, is put in the lower portion of

a box. 3¥

»
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) threshold is set in advance correspondingly to a unit af, i mage _ =

@y on an onginal, that is, a so-called. pixel. '.Wensuch-& proposéd

B¥'ng systemis used, the inprovenment of the gradiert and;thé setting of

reen angl e can be provided sinultaneously. The pro- posed printing -

2 however, requires a | arge quan- tity of matrix data i radient ¢
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As shown in Fig. 3, the thermal transfer recordiné head
'21.6 jncludes 2 substrate 13, an array of heating resistor
. lements 14, arranged in a line at intervals of é predetermined
f.:pitch on a surface of the substrate 13, and lead wires 15 and

16 led out in 2 direction of feeding of paper.

Referring to Fig. 4, there is shown a control circuit
according to an embodiment of this invention. In the drawing,
the ﬁeference numeral 17 designates a microcomputer
constituting a main portion of the controller. The
microcomputer 17 comprises a CPU 18, an ROM 19 for storing
control programs, data processing programs which will be
described later and gamma characteristic conversion functions,
and an RAM 20 serving as a data processing buffer and also as
a frame memory. The microcomputer 17 is connected, through
interfaces 21 and 22, to an external device such as a personal
computer or the like, a recording head drive’circuit 23, and a
motor drive circuit 24.

The recording head drive circuit 23 is arranged so that

electric energy corresponding to density data outputted from
the interface 22 is supplied to each of the heating resistor
elements 14 of the thermal transfer recording head 6. For
example, as shown in Fig. 5, the recording head drive circuit
23 is arranged so that pulse-like electric power successively
increasing in time T1, T2, T3, T4, ..... Tn correspond;ﬁ;ly to

the density Bl1, B2, B3, B4, ..... Bn is supplied to each of the

- 12 -
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heating resistor elements 14 of the thermal transfer recording
head 6.

The motor drive circuit 24 is provided to drive a motor
25 connected to the pickup roller 3, the platen 5 and the
conveyance roller 8, and the motor drive circuit 24 is arranged
to output a drive pulse to give the motor 25 a rotation
direction and a rotation speed" in accordance with an
instruction outputted from the interface 22. |

Referring to Fig. 1, there is shown the functional
operation of the microcomputer 17 necessary for color printing

with the best use of the aforementioned basic printing

function. 1In the drawing, the reference numeral 30 designates

an image memory for storing image data outputted from the

external device. The image memory 30 stores a predetermined
quantity of image data (for example, one-page’s image data for
each color) outputted from the external device. The reference
numeral 31 designates an image data reading méans for
extracting N-lines’ pixel data (N being an integer of N 2 2)
from the image data stored in the image memory 30 while
shifting the image data by N lines (in this embodiment, by 2
lines), to supply the N-lines’ image data to a line buffer 32.
The reference numeral 33 designates a sampling means for
Sampling N columns (N is an integer of N 2 2) in a mafid
Scanning direction from the image data stored in the J

buffer 32, that is, for sampling N x N pixels (in

——
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'““p055|ble so° RO 1 5 expressed by the area of each<*dot
per se to thereby inprove the gradation property and the resol ution,
on the other band, the form of application. of gamma conversi.on characteri s-
tics is changed to thereby change, for.every prinmary color, “tHe positions

where main dots corresponding: to: oo ) ' R

and,
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embodiment, 2 X 2 pixels), to supply the sampled data to a
gamma conversion means 34.

The gamma conversion means 34 is arranged to store data
for defining the relationship between the density of pixel data
and the conversion print data to designate the density of dot
at the time of printing (hereinafter referred to as "conversion
print data“) correspondingly to the density of pixel data as
shown in Fig. 6 to thereby function as a filter er a print
density setting means for the pixel data given from the
sampling means.

Referring to Fig. 6, there is shown <the gamma
characteristic conversion functions set in the gamma conversion

means 34. A plurality of characteristics (in this embodiment,

four kinds of gamma characteristic conversion functions) are

stored in the gamma conversion means 34.

A gamma characteristic conversion functiqn vyl has a
characteristic in which: conversion print data Da for supplying
minimum energy to keep the temperature of a heating resistor
element constant regardless of the environment is set, in the
case where the density of pixel data is zero, to form no

transfer dot; the density of conversion print data is increased

from Da to a maximum density Db proportionally to the density

of pixel data in an intermediate density region thereof; the

conversion print data Db is kept constant in a range of from

the intermediate density region to a high density regioh; and
[

the density of conversion print data is decreased to a density
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Dc near the density of image data in the maximum density of
pixel data.

The density De is set to a dot densitf value cf.ll.a
dot/mm in the case of binary printing such as character
printing. That is, the density De is generally set to a value
for supplying energy of about 0.125 mJ/dot to a heating
resistor element.

The density Db is set to a value for supplying energy
about twice as much as the energy of the density De. The
density D¢ is set to a value slightly higher than the value of
De. The density Dd is set to a value slightly lower than the
value of De.

A gamma characteristic conversion function y2 has a
characteristic in which the density Dd near the density of
pixel data is generated only in the viciniéy of the maximum
density value of pixel data.

A gamma characteristic conversion function y3 has a
characteristic in which the density Dd is generated only in the
vicinity of the maximum density value of pixel data in the same
manner as the gamma characteristic conversion function y2.

A gamma characteristic conversion function y¢ has a
Characteristic in which: the conversion print data D, fgff
forming a minimum size dot stably is kept constant in the low
density region of pixel data; the density of conversion print
data is in creased substantialiy linearly from Da to a paximum

conversion print data Db proportionally to the density of pixel
-
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data in a range of from the intermediate density region to the
high density region; and the density of conversion print data
is decreased to the density Dc near the density of image data
in the maximum density region of pixel data.

Because the gamma conversion means 34 has the

aforementioned characteristics, gamma characteristics can be
assigned to four pixels in the sampled matrix data so that the

sampling area can be expressed not only through generation of

a main dot as a center of image expression and a subsidiary dot
adjacent to the main dot on the basis of the conversion
characteristics 1 and y4 but through addition of dots ;
respectively based on the conversion characteristics y2 and y3
thereto for the maximum density of pixel data.

The reference numeral 35 designates a conversion
characteristic selection means in which data for assigning the
four gamma characteristic conversion functions yl to v4 to

sampled matrix image data D11, D12, ..... D14, D21, D22, .....

D24, D31, D32, ..... D34, D41, D42, ..... D44 for every primary
color given to the image memory 30. The reference numeral 36 ;é
designates a print buffer connected to the gammer conversion

means. 0

To help the understanding of the present invention, tpg
relationship between the drive form of a heating resistor
element and the resulting dot will be described hereunder.

When printing is performed through enerxgization of one
?

heating resistor element 14 while the adjacent heating resistor

ISR
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. ant : 2z “;zii.fiﬁbb]ect of" the invention is to provide

="a novel t her mal transfer image form ng apparatus in which the den3|ty
changge of each dot with the tenperature change of the recording head
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elements 14’ and 14" are in stoppage as shown in Fig. 7, the
neating resistor element 14 thus driven is free from thermal

interference with the adjacent heating resistor elements 14°

and 14" so that the areas of the adjacent heating resistor
elements 14 and 14" can be used as a dot forming area. As a
result, the size of the resulting dot is proportional to :ff}
relative input energy E supplied: to the heating resistor
element even in the case where the relative input energy E is
separated into 32 stages as shown in Fig. 8. As a result, very
Zﬁ.high gradations can be expressed. Accordingly, dots having a
‘;ﬁdensity faithfully proportional to the density of pixel data

B can be formed. As a result, not only separate dots are formed

n the intermediate density and in the high density but a solid

image (Fig. 9(III)) is formed in the maximum density, when the
fnergy increases as éhown in Figs. 9(I) to 9(III).
Even in the case where printing is performed through

iving on two heating resistor elements 14 and 14' while the

giting resistor elements adjacent to these two heating
;fisto; elements 14 and 14‘ are in stoppage as shown in Fig.
f?thermal interference between heating resistor elements can
3?r8vented practically sufficiently. Accordingly, dots can o

f§°tmed in the same gradation characteristic as in the case

if Unly one heating resistor element is driven as described

On the contrary, when also the adjacent heating T

jf°f elements are driven, thermal interference between the

, \
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3 accordlng to the present invention com prises a recording head having a

¥ plurality or heating resistor, elenent.arranged in a |line;- means for -

carrying a sheet of recording paper ‘anél-an i nk sheet at.a ‘prede- termni ned

, pitch; an inmage data reading means fofr contiin- nously readlng N-i nmes

; pi xel data (N being an |nteger of N[efr]2) constituting_input: |nnnp4dawa a
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heating resistor elements becomes large as shown in Fig. 11.
As a result, there arise disadvantages that dots to be formed
separately are connected at places in the intermediate density
region (Fig. 12(I)) to produce scattering in gradation and that
dots are connected perfectly in the wvicinity of the high
density region (Fig. 12(II)), as shown in Figs. 12(1)' to
12(III). ' :

The case where the aforementioned gamﬁa conversion
characteristics are applied thereto will be described ;
hereunder. i;;;

The form of application as shown in Fig. 13, that is,

the case where conversion characteristics yl, v2, v3 and y4 are

applied respectively to pixel data D1l, D12, D21 and D22 in a
matrix of 2 x 2 pixels sampled by the sampling means 33, will
be described as an example.

The pixel data D11l sampled by the sampling means 33 is

converted into a conversion print data linearly proportiocnal to

the density thereof by the gamma characteristic conversion

function yl of the gamma conversion means 34 selected by the
¥ Conversion characteristic selection means 35. The pixel data

b 012 is converted into a conversion print data by the gamma

&
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%;&mrgy is not applied except the case where the density Dd is P

*;°haracteristic conversion function y2 so that dot fo:minq‘

q“"eﬂ when the density takes its maximum value. The pixel data

gpn‘is converted into a conversion print data so that dot S

?Emmﬁng energy is not applied except the case where the density

This Sheet Has Been Replac

i -



—or—sanpling the N-lines' T 0 a matrix of N X N pixels a gamm
_.convesion means having a first gamma chactristic conversion function for

" out put- ting print dato form rain-dots-by-performng ganmra conversion ;.
proportionally in a density range of frem:a |low density to-a hlgh density,
a second gamma chrac- terstic conversion function for outputtlng print
data being lower in desity than the first gamm characterls-
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pd is given when the density of pixel data takes its maximum
value. The pixel data D22 is converted into a conversion print
data so that energy substantially sufficiently ‘small to avoid

dot forming is applied in the low density region and so that
the convention print data is linearly proportional to the
density of pixel data in the density region of not lower than
the intermediate density region.

As a result, when the first-line pixel.dafa D11 and D12
are printed, a dot corresponding to the pixel data D1l is
formed but a dot corresponding to the adjacent pixel data D12
is not formed for pixel data of intermediate density appearing
frequently in an ordinary image.

When the printing of the first-line pixel data is
completed as described above, the pixel data D21 and D22 in the
same sampling area are printed. Because the functions y3 and -

| v4 are respectively assigned to the pixel data D21 and D22, the
pixel data D22 is printed but the pixel data D21 is not printed
‘ in the intermediate density region. Because adjacent heating

resistor elements are in stoppage alsc in the printing of the

second-line pixel data, the pixel data as a subject of printing
is formed as a dot having a density faithful to the density
subjected to conversion by the function v4. Thereafter,
Printing is continued in the form as shown in Fig. 14, that ié,

by repeating the form of assignment of gamma characteristic

Conversion functions as shown in Fig. 13.
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. ST : -y and thlrd and fourth -ganma
gr‘characterlstlc conversion func- tions to formno dot in a | arge part of- the
density range, thereby expressing the pixel density as a dot size for each
of the N X N pixels; a conversion characteristic sel ection-neans for *
assi gning the gamma characterisi ¢ conversion functions to- the sanpled N X N
pi xel s to arrange dots based on the first gamm char aget
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As a result, four pixels specified from the sampling
area are expressed so that the pixel data D1l and D22 are
printed respectively as a main dot and as a éubsidiary dot.
Accordingly, the four pixel data D1l teo D22 are expressed so
that the main dot is supplemented with the subsidiary dot.

That is, in the case where the density of the area
constituted by the thus sampled four pixels is low, dots
corresponding to'ihe pixel data D1l assigned for the gamma
characteristic conversion function yl are printed (Fig. 15(I)).
As the density of the sampled area increases, dots 40
corresponding to the pixel data D22 assigned for the gamma
characteristic conversion function y4 are also printed (Fig.

15(II)). As the density of pixel data increases further, the

size of dots corresponding to the pixel data D11 and D22
increases so that an image is printed to narrow the island-like
-blank portions 41 (Fig. 15(III)}, 15(IV) and 15(V}). As the

result of forming the island-~-like blank portions 41, ink of the

area proportional to the density of image data is transferred i
to recording paper securely without wasteful peeling of ink

from the ink sheet even in the case of printing of high-density

data.

> s e e B

Fig. 16 shows another form of conversiqp"

. Characteristics set by the conversion characteristic selection

B BRans 34, In Fig. 16, gamma characteristic conversion

?junctions vl, ¥v3, v4 and y2 are respectively assigned tp four

{ﬁxel data D11, D12, D21 and D22 sampled by the sampliﬁg means
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33. As a result, a dot corresponding to the pixel data D11 is
formed preferentially and a pixel after conversion of the pixel
data D21 is formed as a subsidiary dot. When the
aforementioned form is applied while the sampling area is
shifted by one dot per two lines in the main scanning direction
as shown in Fig. 17, only a dot corresponding to the pixel data
D1l in the 2 x 2 matrix is formed in the case where the density
of pixel data in the sampling area is low as shown in Figs.
18(I) to 18(V). Further, the sampling area is shifted by one
pixel as described above when the sampling area is moved by 2
lines in this density. Accordingly, subsidiary dots 42 are
formed between the dots formed as the first-line pixel data.
When printing is continued while the aforementioned procedure
is repeated, an angle connecting dots placed at the shortest
distance, th#t is, a screen angle, takes a value of 63.4 -
degrees.

Figs. 19(a) and 19(b) show other forms of conversion
characteristics set by the conversion characteristic selection
neans 35. In Figs. 1l9(a) and 19(b), gamma characteristic
conversion functions y4, vl, ¥3 and v2 are respectively
assigned to four pixel data D11, D12, D21 and D22 as a first
form (Fig. 19(a)). and gamma characteristic conversioq’y
functions y3, v2, v4 and yl are respectively assigned to four

ixel data D11, D12, D21 and D22 as a second form (Fig.
13(b)). These first and second forms are used alternately as

shown in Fig. 20. That is, when the first form is selected for
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This Sheet Been Replaced s

\\\\\\\\\\\\\\\\\\\\\\\\\

D ittt e e i T 0T L e e

ot




. THIS SHEET HAS BEEN
REPLACED

the four pixel data D11 to D22 in the first sampling area, a
dot based on the pixel data D12 is printed preferentially.
When the next pixel data adjacent to the sampling area are
selected, the pixel data D22 is printed preferentially. As a
result, dots at screen angles of +26.6 degrees ére formed in
the low density region as shown in Fig. 21(I). When the image
density of the sampling area increasés, dots based on the gamma
characteristic conversion function y4 as well as ﬁhe’dots based
on the gamma characteristic conversion function Yl are printed.

As a result, the pixel data D12 and Dll are respectively

printed as main dots and as subsidiary dots in each odd line,
and the pixel data D22 and D21 are respectively printed as main
dots and as subsidiary dots in each even line.

Figs. 22(a) and 22(b) show other forms of conversion
characteristics set by the conversion charécteristic selection

means 35. In Figs. 22(a) and 22(b), gamma characteristic

conversion functions vyi, 72,‘ Y3 and y4 are respectively
assigned to four pixel daﬁa D11, D12, Dzi and D22 as a first
form (ﬁig. 22(a)), and gamma characteristic conversion
functions y4, v3, ¥2 and Yl are respectively assigned to four
pixel data D11, D12, D21 and qzz as a second form (Fig. 22(b)).
These first and second forms are used alternately and in
reverse order after two lines as shown in Fig. 23. .
That is, when the first form is selected for the’four

pixel data D11 to D22 in the first sampling area, a dot based

on the pixel data D11l is printed preferentially. Wwhen the next

- 22 - This Sheet Has Been Replaced
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BRI EF DESCRI PTI ON OF THE DRAW NGS  FIG 1 is a block di agram showing the
‘;qfunctlon of a mcroconputer according to one. embodi nent of.the present

>g~|nvent|on FIG2 is a sectional: V|eW/shomang a thermal transfer printér

according to an enbodi nment of the inventon; © FIG 3 is an enlarged front
¥ view of a recording head

pixel data adjacent to the sampling area are selected, the
pixel data D22 is printed preferentially. As a result, dots at
a screen angle of 45 degrees are formed in Ehe low density
region as shown in Fig. .24(1) When the image dansxty of the
sampling area increases, dots based on the gamma characterlstlc
conversion function y4 as well as the dots based on the gamma
characteristic conversion function yl are printed. As a
result, in each odd line, the pixel data D11 are forﬁed as main
dots and the next pixel data D11 (pixel data D13 in the
continuous form as shown in Fig. 23) adjacent thereto are
formed as subsidiary dots at intervals of one dot from the main

dots. In each even line, the pixel data D22 are formed as main

dots and the pixel data D22 are formed as subsidiary dots at

intervals of one dot from the main dots so as to be prior to

the main dots.

Figs. 25(a) and 25(b) show other forms of conversion
characteristics set by the conversion characteristic selection
means 35. In Figs. 25(a) and 25(b), gamma characteristic
conversion functions y2, y4, 1 and y3 are respectively
assigned to four pixel data D11, D12, D21 and D22 as a first
form (Fig. 25(a)), and gamma characteristic conversion
functions y3,yl, v¢ and y2 are respectively assigned to foyr
pixel data D11, D12, D21 and D22 as a second form (Figqg. 25(b3).

These first and second forms are used alternately and in

reverse order after two lines as shown in Fig. 26.
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r Sedﬁin t he present invention; 415 a black di agram showi ng an :
.‘exanpl e of the controller of the thermal transfer printer depicted in Fl G
2; FIG 5 is a waveform graph showing-an exanple of the signal for ;

driving the recording head in the present i’ nvention; FrGﬁ 6 |s '8 gTaph
showi ng a characteristic con- ) )
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That is, when the first form is selected for the four

pixel data D11 to D22 in the first sampling area, a dot based
on the pixel data D21 is printed preferentially; When the next
area is selected, the pixel data D12 is printed preferentially.
As a result, dots at a screen angle of 135 degrees are formed

in the low density region as shown in Fig. 27(I). When the

image density of the sampling area iﬁcreases, dot; based on the
gamma characteristic conversion function ¥4 as well as the dots
based on the gamma characteristic conversion function yl are
printed. As a result, in each odd line, the pixel data D12 are
formed as main dots and the pixel data D12 (the pixel data D12
-in the continuous form as shown in Fig. 26) in the prior
.adjacent area are formed as subsidiary dots at intervals of one

dot from the main dots. In each even line, the pixel data D21

are formed as main dots and the pixel data D21 are printed as

e et o e et 4

subsidiary dots at intervals of one dot from the main dots so

as to be posterior to the main dots.

In the forms of application of gamma conversion

characteristics as shown in Figs. 13, 1§, 19(2) and 19(b) among |

the aforementioned embodiments, blank portions are formed

substantially circularly and separately so that ink for non-dot

forming portions can be prevented from peeling wastefully. As

a result, a gradation faithful to the density of pixel data can

be expressed.

Fig. 28 shows a second embodiment of the gamma

Characteristic conversion functions. The gamma charaeteristic

————————————
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$»TEr Ssi on functiMn FIG 7 is an explanatory

= view showi ng the rel ation between energy supplied to the recordi ng head and
heati ng areas; FIG 8 is a graph showi ng the rel ation-between t.he_ energy
. supplied to a heating resistor elenment and the dot size in:the dr|v1 ngr

met hod depicted in FIG ., 7; FIGS. 9(1) to 9(lll)are expl anatory vlews
show ng e
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conversion function yi has a characteristic in which: the

conversion print data inéréases to the maximum density Db from
a density to an extent that energy which is sufficient to keep
the thermal condition of a heating resistor element constant in
the same manner as the above-mentioned density Da but does not
form any dot and which is slightly lower than that for the
density Da in a range of from the low density region to the
intermediate density region of the pixel data; the maximum
density Db is then kept constant regardless of the density of
pixel data; and then the conversion print data finally
decreases to a density Dc in the vicinity of the maximum
density of the pixel data.' Each of the gamma characteristic
conversion functions y2 and y3 is set so that a density Dg
suﬁficiently small to form no dot is kept contact in the low

density region of and the conversion print data then increases

to a density Dd proportionally to the image density in a range

of from the intermediate density region to the maximum density

of pixel data. Furthér, the gamma characteristic conversion
function y4 is set so that the density Dd is given only in the
maximum density of pixel data.

When printing is continued through application of the
e Jamma characteristic conversion functions yl to y4 to the pi:xel

data D11, D12, D21 and D22 as shown in Fig. 14, dots based on

':the pixel data D11 are formed in the case where the density of

As a result, dots are

3 #

BPixel data in the sampling area is low.

formed like checkers as shown in Fig. 29(I), so that screen -

7 .
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“””“Trbfelatlon betmeen t he driving neiﬁ ﬁ ﬁeplcted in FIG 7 and print

> patterns; FIG 10 is an explanatory view showi ng the rel ation_between t he
supplled enery and the heating areas -in the recording head dr|V|ng met hod
used in the present FIG 11 is an explanatory V|eM/shomnng an- exanple of

t he conventional recording head driving nethod, -z
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angles of 0 and 90 degrees are set. When the density of pixel

data increases, dots based on the gamma characteristic

TR A

conversion functions y2 and y3 are formed as shown in Fig.
29(III). Because not only the dots based on the gamma

characteristic conversion functions y2 and y3 are small but the

pixel data D21 are not used for forming dots except the maximum

R

density of pixel data, dots are formed while one-dot circular

blank portions 45 are formed. As a result, ink in the blank

e e e e

? portions is prevented from peeling wastefully widely, so that

dots of a gradation faithful to the density of pixel data can i

be formed. : 4
Although description has been made upon the case where

the second embodiment of the gamma characteristic conversion

functions is used in the form as shown in Fig. 14, it is a - f

matter of course that the second embodiment can be used in the

forms as shown in Figs. 17, 20, 23 and 28§.

As described above, positions where main dots are

o o e it a8 A 4

formed are changed by the change of the form of application of

the gamma characteristic conversion functions. Accoxdingly,

sharp color printing can be performed by use of the advantage

of screen angle setting in gravure printing or the like through

setting of different application forms to three primary colors i
r]

to express a color corresponding to pixel data.

Although the gamma characteristic conversion functions i

in Fig. 6 are set so that the function yl decreases, to the

)

density Dc in the maximum density of pixel data and eadh of the

is Sheet Has Been Replaced : f
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= GS”12(I) o 12(||I) are explanatory views showing the relation between |

B%'he conventi onal driving nethod depicted in FIG 11 and print patterns,

IG 13 is an expl anatory vi ew showi ng an éxnpl e of. appl’l cati-6h. .of, the

“gamma characteristic convention funcions depicted-in FIG-"6; FLG 14 is
g an expl anatory view showing the forth of continuous apli @YJSUW ] ;—he—z%amm

- characteristic _ L ﬂxﬁiﬁg N

functions y2 and y3 takes the density D4 in the maximum density
of pixel data, an image of practically sufficient quality can
be obtained by setting .the function ¥l to keep the density Db
even in the maximum density region of pixel data and setting

each of the functions y2 and y3 to keep the zero density in all

density regions of pixel data as shown in Fig.30.

Although the gamma. characteristic conversion functions
in Fig. 28 are set so that the function yl decreases ‘to the
density Dc in the maximum density of pixel data and the

function vy4 takes the density Dd in the maximum density of ’

pixel data, an image of practically sufficient quality can be ”‘
obtained by setting the function yl to keep the maximum density

and setting the function y¢ to keep the zero density. As
described above, a preferred embodiment of the thermal .
transfer image forming  apparatus according to the .
present invention  comprises: a recording head

having a plurality of heating resistor elements arranged in a

[ U—

line; means for carrying a sheet of recording paper and an ink
‘ sheet at a predeterminéd pitch; an image data reading means for
continuously reading N-lines’ pixel data (N being an integer of
N 2 2) constituting ini:ut image data; a sampling means for

sampling the N-lines’ pixel data into a matxix of N x N pixels;

3 gamma conversion means having a first gamma characteristic

’

conversion function for ocutputting print data to form main dots

,' by performing gamma conversion proportional'ly in a density

~rsac

e PABREN st T
¥

range of from a low density to a high density, a secor}d gamma

Characteristic conversion function for outputting pfint data

This Sheet Has Been Replaced
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ftonversion funtions depicted in FIG 13; FIGS. 15(1) to 15(V) are

expl anatory views show ng print forms obai‘ned by using the gamra", LI
characteristic conversion functions depi ct ed in.FIG 13; FI G 16 [ s an
expl anatory vi ew show ng anot her
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being lower in densitv than the first gamma chz—==taristic
conversion function to form subsidiary dots,.an:' ==ixd and
fourth gamma characteristic conversion functions tc Z== no dot
in a2 large part of the density range, thereby ex-w=ssing the
pixel density as a dot size for each of the N x X zixels; a

conversion characteristic selection means for aszizing the

gamma characteristic conversion functions to the sz=’sd N x N

pixels to arrange dots based on the first gamma char—zczeristic

conversion function at a predetermined angle; ancd means for
supplying electric energy corresponding to the priz=: data to
the heating resistor elements of the recording heacd.
Accordingly, if a combination of comcn gamma
characteristic conversion functions is set in the conversion
characteristic selection means, dot forming positicms can be
specified, so that a screen angle can be set with tks quantity

of data reduced as less as possible, and at the same :time, not

only dots formed for each primary color can be arranged at a
predetermined angle while both delicate gradation and high
resolution are attained by changing the size of dots but rich
color expression can be provided by improving ink ssparation
through classification of the area of the non-transfer ink
region into fine parts.

Referring to Fig. 32, there is shown the functioJr:aJ.
operation of the microcomputer 17 (Fig. 4) in the second

embodiment of the present invention. In the drawing, the

reference numeral 50 designates an image memory fér storing

This Sheet Has Been Replaced
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image data outputted from the external device. The image
memory 50 stores a predetermined quantity of image data, for
example, one-pége’s image data for every color,foutputted from - i
the external device. The reference numeral 51 designates an
image data reading means for extracting N-lines’ pixel data (N

being an integer of N 2 2) from the image data stored in the

lmage memory 50 while the image data is being shifted by N
lines, 2 lines in this embodiment, and for sunplyxng the
extracted N-lines’ pixel data to a line buffer 42. The

reference numeral 53 designates a sampling means for sampling

N columns (N being an integer of N 2 2) in a main scanning

*  direction from the pixel data stored in the line buffer 52,
that is, for sampling N x N pixels, to supply the sampled data

to a gamma conversion means 54.
The reference numeral 54 designates the aforeﬁenticned
gamma conversion means in which data for defining the relation

between the density of pixel data and print conversion data

S e v s eires =rae =

(which will be described later) as shown in Figs. 33 through 36

are stored to function as means for changing the density of [

Print data for the pixel data from the sampling means 53 and

. for performing a thinning-out operation.

The reference numeral 55 designates a conversion
/’

Characteristic selection means which stores first, second,

Eithirg and fourth gamma characteristic conversion function . !

froups y11 to y14, v¥21 to y24, v31 to y34 and v4l,ito y44

ﬁ°°!respond1ng to prxmary colors given to the image memory S50. ' '

i
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“depicted in FIG 16; . . - : €.

- ’ - ~n

; ! S0 ory VIeM/ShOMAng the form(ﬁ
;contlnuous appllcatlon of the ganna characterisic conversion functions
depicted in FIG 16; FIGS. 18(1) to:18(V). are kxplanataory vi ews showi ng
print forns obtained by using the ganna charactbrlstlc cqnyerslon fruncti ons

.
fere
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The conversion characteristic selection means 55 selects one
function from each of the function groups on the basis of data
respectively stored in a density correction data storage means
56 and a thermal history correction data storage means 57, and
assigns the thus selected functions to the sampled matrix-like
image data D11, D12, ... Dl4, D21, D22, ... D24, D31, D32, ...
D34, and D41, D42, ... D44. Reference numeral 58 designates a
print buffer connected to the gamma conversion ﬁeans. _ |

Figé. 33 through 36 show an example of the gamma
characteristic conversion function groups set in the gamma
conversion means 54. The gamma characteristic conversion means

has a plurality of characteristics. In this embodiment, it has

16 functions classified into four groups.

Bach of the functions yll to yl4 in the first gamma
characteristic conversion function group shown in Fig. 33 has
a characteristic in which: a conversion print data D, for

sﬁﬁplying minimum energy to form no transfer dot but keep the

environment is set in the case where the density of pixel data
is zero; the conversion print data increasés from D, to the
1?6ximum density Dg proportionally in the intermediate density
é%egion of pixel data; and the conversion print data D, is’képt
i“ a2 range of from the intermediate density region to the high

poNsity region of pixel data. As is obvious from the drawing,

ize functions v1l, yl12, y13 and yl4 constituting.’the first

: ’
P
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% GS. 19(a) and 19(b) are explanatory.views showi ng a further exanple of
&ppllcatlon of the gamma charac- teristj.c conversion functlons depketéd I n
Bl G 6; FIG 20 is an explanatory view show ng the fornLof,contlnuqué
appllcatlon of the gamra characteristic conversion functions depicted-in
ElG 19; FIGS. 21(1) to 21(V) are explanatory views show rint formns
@btalned by using the gamma characteristic J“3SL§”1HASBEF
y REPLACED
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data are similar to one an other but slightly differene by a

:
{
§
[

3 predetermined quantity from one another. The value Dy of the
%' conversion print data is selected as a value fof obtaining dot
‘ density of about 11.8 dot/mm in the case of binary printing
'E such as character printing. That is, typically, the value Dy
is selected as a value for supplying energy of about 0.125
mJ/dot to a heating resistor elemené. The value Dy is selected
as a value for supplying energy twice as much as-the energy of
the density Dj.

Each of the functions y21 to v24 in the second gamma

characteristic conversion function group shown in Fig. 34 has

5{1, a characteristic fundamentally in which: a conversion print . H

?}ﬂ data Dy is kept to form a minimum-size dot stably in the low

density region of pixel data; and the conversion print data

increases to the maximum Dy in a range of from the intermediate

: functions y21 to y24 are set to have similar characteristics

Each of the functions +31 to v34 in the third gamma
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5;¢Characteristic in which the density Dg is generated only in ;

‘ﬁe vicinity of the maximum density of pixel data. ,.The
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racteristic conversion functions depicted in FIG 22; o
V) are expl anatory views showi ng . i,

Each of the functions y4l1 to y44 in the fourth gamma
characteristic conversion function group shown in Fig. 36 has
a characteristic in which: the conversion pri.nt data Dy for
forming a minimum-size dot stably is kept constant in a range
of from the iow density region to the intermediate density

region of pixel data; the conversion print data substantially

o oo ckhoatioda 2 itk prilsi ot aaiim axa b

proportionally increases to the conversion print data Dy in a
range of from the intermediate density. region to the high
density region of pixel data. The functions are set so that
conversion print data slightly different by a predetermined
quantity for pixel data are taken.

The operation of the apparatus having the
aforementioned configuration will be described hereunder.

Description will be made, as an example, about the form
of application as shown in Fig. 37, that is, the case where one
function is selected from each of the first, second, third and
fourth gamma characteristic conversion function groups by the
f_conversion characteristic selection means 55 so that the
selected functions are respectively assigned to the pixel dafa.
D11, D12, D21 and D22 in the matrix of 2 x 2 pixels sampled by
the sampling means.

The pixel data D1l sampled by the sampling means 53 is
®nverted into a conversion print data linearly proportional to
bthe density thereof by one function yll of the first’gamma
hﬂracteristic conversion function group of +the gamma

ONversion means 54 selected by the conversion characteristic

er sion functions depicted in FIG 19; FIGS. 22(a) and 22(b) are

anatory views show ng a further exanpl-e of--appli-cati-on ef the rganme '
ac- teristic conversion functions depicted itn FIG -6; - ;rFI G 23'| s an
anatory view showi ng the form of continuous -appl i cati en of the ganna

BT HAS BEEN
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ornms obtalned by using

#or m of conti nuous appli cati on, of the gamm chafacterlstr'
Functions depicted in FIG 257
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characteri stic conversion functions
spicted in FIG 22; FI GS. 25(a) and 25(b) are explanatory views show ng
Ff urt her exanpl e of application of the gamma-charac- teristic conversion
functi ons depicted in FIG 6; FIG 26 is an explanatory : vreM/shommﬁg the

selection means 35. The pixel data D12 is converted into a
conversion print data by one function 733 of the third gamma
characteristic conversion function group so that dot forming
energy is not applied except the case where the density Dy is
given when the density takes its maximum value. The pixel data
D21 is converted into a conversion print data by one function
y34 of the third gamma characteristic conversion function group
so that dot forming enérqy is not applied in all density
regions. The pixel data D22 is converted into a conversion
print data by one function y21 of the second gamma
characteristic conversion function group so that energy
substantially sufficiently small to avoid dot forming is
applied in the low density region and so that the convention
print data is linearly proportional to the density of pixel
data in the density region of not lower than the intermediate
density region.

When the printing of the first-line pixel data is
completed as described above, the pixel data D21 and D22 in the
same sampling area are printed. Because the functions y34 and
v21l are respectively assigned to the pixel data D21 and D22,
the pixel data D22 is printed but the pixel data D21 is not
printed in the intermediate density region. Because adjacggt
heating resistor elements are stopped alsoc in the printing of
the second-line pixel data, the pixel data ‘as a subject of

Printing is formed as a dot having a density faithful to the

density subjected to «conversion by the function y21.

. L REPLACED 3
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27(1) to 27(V) are explanatory views showing print forms obtained by

:yng t he gamma characteristic conversion functjons depicted in FIG 25;
*G. 28 is a graph show ng anot her exanple of -t he. gama- dhafacterbstlc

f?snver5|on functions used in the present invention, FIGS.-29(F)"td 296V)
& explanatory views showing print forms obtained by u5|ngmLhe »
garacteristic . | THIS SHEET HAS BEEN

gaiaia. -
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Thereafter, printing is continued while the form of assignment
is alternated between the first and second lines through
changing of image data as a subject of the gamma.characteristic
conversion function group shown in Fig. 37 in the form as shown
in Fig. 38.

The form of application shown in Fig. 38 shows the case
where basic 2 x 2 pixel data in %iq. 37 are arranged as a
matrix of 4 x 4 pixels. The combination of pixel data D13,
Di4, D23 and D24, the combination of pixel data D31, D32, D41l
and D42 and the combination of pixel data D33, D34, D43 and D44
are respectively equal in structure to the combination of pixel
data D11, D12, D21 and D22. In each of the combinations of
pixel data, pixel data are converted into conversion print data
slightly different as shown in the drawing. The data D11, D13,
D31 and D33 are assigned for functions yl1l, yl12, y13 and y14 of ‘
the first gamma characteristic conversion function group shown
in Fig. 33. The data D12, D14, D32 and D34 are aséigned for
functions y31, y32 and y33 of the third gamma characteristic
conversion function group shown in Fig. 35. The pixel data
D21, D23, D4l and D43 are assigned for a function y34 of the
third gamma characteristic conversion function group shown in

Fig. 35. The data D22, D24, D42 and D44 are assigned for

I
Fs

functions v21, v22, v23 and vy24 of the second gamma
characteristic conversion function group shown in Fig. 34. As
a result, with respect to the 16 pixels specified as a sampling

area, the pixel data D11, D13, D31 and D33 are pridted as main
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#ron functions depicted in FIG 28; FIG 30 is a graph showi ng a
BEr exanple of the gamma characteristic conversion functions used in
esent invention; FIG 31 is a graph shomnng a furthér exaanefef
ammra characterlstlc conver si on funcllons used in.the- =", . ~.,7 |«
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dots and the pixel data D22, D24, D42 and D44 are printed as
subsidiary dots. Accordingly, the 16 pixel data D11 to D44 are
expressed sO that the main dots are covered withithe subsidiary
dots.

That is, in the case where the density of the area
constituted by the thus sampled 16 pixels is 1low, dots
corresponding to the pixel data Dll} D13, D31 and D33 assigned
for the first gamma characteristic conversion function group
are printed (Fig. 39(I)). As the density of the sampled area
increases, dots 60 corresponding to the pixel data D22, D24,
D42 and D44 as signed for the second gamma characteristic
conversion function group are alsoc printed (Fig. 39(II)). As
the density of pixel data increases further, the size of dots
corresponding to the pixel data D1l and D22 increases so that
an image is printed to narrow the island-like blank.portions 61
(Fig. 39(III), 39(IV) and 39(V)). As the result of forming the
island-like blank portions 61, ink of tﬁe area proportional to
the density of image.data is transferred to recording paper
Securely without wasteful peeling of ink from the ink sheet
Sven in the case of printing of high-density data.

Fig. 40 shows a further form of conversion
Characteristics set by the conversion characteristic select}on
Means 55. In Fig. 40, a function vll of the first g;mma
Characteristic conversion function.group, a function y34 of the
thizd gamma characteristic conversion function group, a

.1

£
Unction y21 of the second gamma characteristic; converszon.
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function group and a function %33 of the third gamma
characteristic conversion function group are respectively
assigned to the four pixel data D11, D12, D21 énd D22 sampled
by the sampling means 53. As a result, a dot corresponding to
the pixel data Dll is formed preferentially and a dot
corresponding to the pixel data D21 is formed as a subsidiary
dot. When the aforementioned form is applied to a matrix of 4
x 4 pixels with gamma characteristic conversion ‘functions
changed slightly in the same manner as in the aforementioned
embodiment while shifting the sampling area by one dot per two
lines in the main scanning direction as shown in Fig. 41, dots
corresponding to the pixel data D11, D13, D31 and D33 in the 4
x 4 matrix are formed in the case where the density of image
data in the sampling area is low as shown in Figs. 42(I) to
42(V). Furthér, the sampling area is shifted by one p;xel as
described above when the sampling area is moved by 2 lines in
this density. | Accordinély, subsidiary dots 62 are formed
between the dots formed as the first-iine pixel data. When
printing is continued while repeating the aforementioned
procedure, an angle connecting dots placed at the shortest
distance, that is, a screen angle, takes a value of 63.4
degrees. Figs. 43(a) and 43(b) show the case where four kinds
of functions are suitably selected from the first; sgcbnd,
third and fourth gamma characteristic conversion function
groups by the conversion characteristic selection means 54 so
’.v'

L
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third gamma characteristic conversion function group, a

ention; FIG 32 is a block diagramshowing the funtion of a
mputer in a second enbodi nent of the present inventio; FI GS. 33,
and 36 are graphs show ng exanples -of the -ganma chanacterstlch
ion funtion groups used in the présent invention; [ -
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'a5 co be assigned to 2 x 2 pixel data Dll, D12, D21 and D22 in

the matrix .

In a first form, a function y4l of the fourth gamma
characteristic conversion function group, a function vll of the
girst gamma characteristic conversion function group, a
function y33 of the third gamma characteristic conversion

function group and a function v34 of the third gamma

- characteristic conversion function group are respectively

assigned to the pixel data D11, D12, D21 and D22 (Fig. 43(a)).
in a second form, a function y31 of the third gamma

characteristic conversion function group, & function y34 of the

L e - o

function y44 of the fourth gamma characteristic conversion

function group and a function yl4 of the first gamma
characteristic conversion function group are respectively
assigned to the pixel data D13, D14, D23 and D24 (Fig. 43(b)).
These first and second forms are used alternately while
slightly changing the gamma characteristic conversion functions
as shown in Fig. 44.

That is, when the first form is selected for the pixel
data D11 to D44 in the first sampling area, a dot based on the
Pixel data D12 is printed preferentially. When the next pixel
data adjacent to the sampling area are selected, the pixe%’aata
024 is printed preferentially. As a result, dots at screen
angles of +26.6 degrees are formed in the low density region as
Shown in Fig. 45(I). When the image density of hﬁe.sampling

- 37 - This Sheet Has Been Replaced
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application
.the ganna characteristic conversion function groups and printing results |
tai ned by using thereof; FIGS. 40, 41 and-42¢1) to-42(M) are.views
Jowi ng an exanpl e of appllcatlon of the.gamm characterlst4c cohver3|qn
ntion groups, the formof continuous application thereof- go -i age dat a

d printing results u i ””‘Sw~”FHASanN!
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area increases, dots based on the fourth gamma characteristic
conversion group as well as the dots based on the first gamma
characteristic conversion function gxroup are printed. As a
result, the pixel data D12 and D11 are respectively printed as
a main dot and as a subsidiary dot in each odd line, and the
pixel data D24 and D23 are respectively printed as a main dot
and as a subsidiary dot in each even line.

Figs. 46(a) and 46(b) show other forms bf converéion
characteristics set by the conversion characteristic selection
means 55. In & first form, a function yll of the first gamma
characteristic conversion function group, a function y33 of the
third gamma characteristic conversion function group, a
function y34 of the third gamma characteristic conversion
function group and a function y21 of the second gamma
characteristic conversion function group are respectively

assigned to the pixel data D11, D12, D21 and D22 (Fig. 46(2)).

"In a second form, a function ¢¥24 of the second gamma
characteristic conversion function group, a function ¢34 of the
third gamma characteristic conversion function group, a
function y31 of the third gamma characteristic conversion
function group and a function <vl4 of <the first gamma
characteristic conversion function group are respect%vely
assigned to the pixel data D13, D14, D23 and D24 (Fig. 46}b)).
These first and second forms are used in the reverse order

after two lines as shown in Fig. 47 and while slightly changing

the gamma characteristic conversion functions. .
———
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¥-ned by the continuous application; FIGS 43(a), 43(b), 44 and 45(|)
5(V) are view showi ng an exanpl e of- application-of the gamma char-,
Btistic conversion function groups, tfhé formef con- tindous appllcatlon
reof to image data and printing results obt ai ned by the-éontlnuous

I cation; FI GS. 46(a), 46(b), 47 and 48(1) to 48(V) a* i ens”showi-ng
-xanple of application of the gamm char - "”ﬂSSHEEFHASBEEN

. REPLACED

In the aforementioned form of application, when the
first form is selected for the four pixel data D1l to D22 in
.@f the first sampling area, a dot based on the piﬁel data D11 is
3 printed preferentially. When the next pixel data adjacent to

the pixel data are selected, the pixel data D22 is printed

il

preferentially. As a result, dots at a screen angle of 45

degrees are formed in the low density region as shown in Fig.

48(I). When the image density of the sampliné afea increases,

dots .based on the second gamma characteristic conversion

function group as well as the dots based on the first gamma

characteristic conversion function group are printed. 2As a

result, in each odd line, the pixel data D1l is formed as a

main dot and the next pixel data D13 adjacent thereto is formed

as a subsidiary dot with separation of one dot from the main

dot. 1In every even line, the pixel data D24 is formed as a

main dot and the pixel data D22 is formed as a subsidiary dot

i with separation of one dot from the main dot so as to be prior

to the main dot.

:? .Figs. 49(a) and 49(b) show other forms of conversion
characteristics set by the conversion characteristic selection
means 55. In a first form, a function y34 of the third gamma
characteristic conversion function group, a function y21 of the
second gamma characteristic conversion function group, a

i ' function yl11 of the first gamma characteristic conv;rsion

function group and a function ¢33 of the third gamma

N Characteristic conversion function group are xespectively

- 39 - - This Sheet Has Been Replaced
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gristic conversion funtlon gr ; ‘m of con- tinuous application
B eof to I mge data and printing results obt ai ned by the conti nuous
¥| i cation; FI GS. 49(a, 49(b), 50 ahd 51(I) to 51(V) “are’ “Vi ews "show ng
Scxanpl e of application of the gamma char- ‘acterisic conveéltsi.on.function
Mo ups, the formof cont tinous application thereof to inage dasa EBdJAQng
J® nting results obtained by the contlnuous application; . REPLACED

assigned to the pixel da+a D11, D12, D21 and D22 (Fig. 49(a)).
In a second form, a function y31 of the third gamma
characteristic conversion function group, a function yl4 of the
first gamma characteristic conversion function group, a
function y24 of the second gamma characteristic conversion
function group and a function ¢34 of the third gamma i
characteristic conversion function group are respectively :
assigned to the pixel data D13, D14, D23 and D24 (Fig. 49(b)). |

These first and second forms are used in the reverse order

after two lines as shown in Fig. 50 and while slightly changing !
the gamma characteristic conversion functions.

In the aforementioned form of application, when the
first form is selected for the four pixel data D1l to D22 in
the first sampling area, a dot based on the pixel data D21 is |
printed preferentially. When the next pixel data are selected,

the pixel data D14 is printed preferentially. As a result,

dots at a screen angle of 135 degrees are formed in the low
density region as shown in Fig. 51(I). When the image density
of the sampling area increases, dots based on the second gamma
characteristic conversion function group as well as the dots
based on the first gamma characteristic conversion function
group are printed. As a result, in every odd line, the pixel
data D14 is formed as a main dot and the prior pixel data’D12
adjacent thereto is formed as a subsidiary dot with sepafation
of one dot from the main dot. In every even line, the pixel

data D21 is formed as a main dot and the pixel data D23 is

¢ —_————
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52 and 53 are graphs respectively showi ng further exanples of the
characteristic conver- sion function.groups; ..FIGS 54,15 and 56(I)
56(V) are views showi ng the forniof ‘appl i cat-i-on of t he, ganna L,
‘acteristic conversion function groups depicted in FIIGS; 52- and 53, the
of continuous application thereof and print- ing regtit
]

- cont i nuous application THIS SHEET HAS BEEN

. REPLACED

formed as a subsidiary dot with separation of one dot from the
main dot so as to be posterior to the main dot.

In the forms of application of gahma conversion
characteristic functions as shown in Figs. 37, 40, 43(a} and
43(b) among the aforementioned embodiments, blank portions are
formed substantially circularly and separately so that ink for
non-dot forming portions can be prevented from peeling
wastefully. As a result, a gradation faithful to the density
of pixel data can be expressed.

Fig. 52 shows an example of a fifth function group used
instead of the aforementioned second gamma characteristic
conversion function group. The function group is constituted
by gamma characteristic conversion functions y51 to y54. Each
of the functions has a characteristic in which: a conversion
print data D¢ is kept constant to form no dot in a range of
from the low density region to the intermediate density region
of pixel data; and the conversion prinﬁ data proportioﬁally
increases to a conversion print data Dy in a range of from the
intermediate density region to the high density region of pixel
data.

Fig. 53 shows a sixth gamma characteristic cbnversion
function group Y61 to y66 used instead of the aforementioned
fourth gamma characteristic conversion function group. Eqéﬁ of
tﬁe functions in the sixth group has a characteristic in which:
a conversion print data D; is kept constant to form no dot in

a range of from the low density region to the jrtermediate

1 This Sheet Has Been Re placed
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e of ; FIG 57 is a graph showi ng an exanple of the gamma function
pips adapted for correction of the-thermal.history of the substrate as a !
i tuent nenber of the recording head; and -.FIGS. 58,,,59 60 61-and 62 :

xpl anatory Vi ews shovm ng the forms of appli catlon of t'he g'amm charc-

P
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density region of pixel data; and the conversion print data
increases to a conversion print data D; in the high density
region of pixel data. The functions are set to conversion
print data which are slightly different by a predetermined ‘
quantity for pixel data.

Fig. 54 shows a printing form in the case where the
fifth and sixth function groups shbwn in Figs. 52 and 53 are
used.' That is, Fig. 54 shows an example of the form of
application in the case where four kinds of functions suitably
selected from the first, third, fifth (Fig. 52) and sixth (Fig.
1 53) gamma characteristic conversion function groups by the
conversion characteristic selection means 55 are assigned to

pixel data D11, D12, D21 and D22 in the matrix of 2 x 2 pixels

selected by the sampling means.

That is, the pixel data D11 sampled by the sa.nipling
means S3 is converted into a conversion print data linearly
proportional to the density thereof by one function v1l of the
‘ gamma characteristic conversion function group of the gamma

conversion means 54 selected by the conversion characteristic

selection means 55. The piicel data D12 is converted into a
conversion print data by one function y64 of the sixth gamma
characteristic conversion function group so that a conversion
print data D; is kept constant to form no dot in a range of
from the low density region to the intermediate density region

of pixel data and then changed to a conversion print data D; in

a range of from the intermediate density region *o the high

)
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density region of pixel data. Further, the pixel data D21 is

converted into a conversion print data by one function yS1 of

the fifth gamma characteristic conversion function group so : 1
that a conversion print data D is kept constant to form no dot
in a range of from the low density region to the intermediate
density region of pixel data and then changed to a conversion
print data Dy in a range of froﬁ the intermediate density
region to the high density region of pixel data. Further, the
pixel data D22 is converted into a conversion print data by one
function v¥34 of the third gamma characteristic conversion

function group so that energy is not applied in the all

regions.

As a result, when the first-line pixel data D1l and D12

are printed, a dot corresponding to the pixel data D11 is
formed for pixel data of intermediate density appearing

frequently in an ordinary image but the adjacent pixel data D12

serves to cover the pixel data 511. When the printing of the
first-line pixel daté is completed as described above, the
pixel data D21 and D22 in the same sampling area are printed.
Because the functions y51 and y34 are respectively assigned to
the pixel data D21 and D22, the pixel data D21 alone serves to
cover the first-line pixel data D1l.

Thereafter, printing is continued in the form as qﬂéwn
in Fig. 55, that is, by alternately repeating the form of
assignment of gamma characteristic conversion functions while

F

This Sheet Has Been Replaced

e LU UL




Vel Of un U v, O

0 geene cnernar nistory o €
g ng head. DETAI LED DESCRI PTI ON OF THE PREFERRED

NTS  Enbodi ments according to the priésent invention will-rbe--

ed herreunder in detail with réference-t'o'the drawngs, «, + -

’
.- s ,oe .

REPLACED

SHEET HAS BEEN I .

slightly‘changing the gamma éharacteristic conversion fuhctions
shown in Fig. 54.

When the density of pixel data in the sémpling area is
low, dots based on the pixel data ﬂii, D13, D31 and D33 are
formed. As a result, dots are formed like checkers as shown in
Fig. 56(I), so that screen angles of 0 and 90 degrees are set.
when the density of pixel data inéreases, dots based on the
fifth and sixth gamma characteristic conversion fﬁncﬁion:groups
are formed as shown in Fig. S6(III). Because not only the dots
based on the fifth and sixth gamma characteristic conversion

function groups are small but the pixel data D21 are not used

for forming dots except the maximum density of pixel data, dots
are formed while forming one-dot circular blank portions 65.

As a result, ink in the blank portions is prevented from

peeling wastefully widely, so that dots of a gradation faithful
to the density of pixel data can be formed.

Aithough tﬁe case where the first, second, fifth and
sixth gamma charactez':istic conversion function groups are
continuously applied to pixel data has been described with

reference to Fig. 55, it is a matter of course that this

embodiment can be applied to the forms as shown in Figs. 38,

41, 44, 47 and 50.

Because the gamma conversion means has the
aforementioned characteristics, the first, second and third

gamma characteristic conversion function groups can be assigned
X i’

Lo respective pixels in the sampled matrix data so that the
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fring to FIG 2, there is shown a thernal

et s of recording paper 1. through a pickup roller 3 to cpt
;'opding paper 1 to a print region, a platen 5 for convey@hg Ei 1
sampling area can be expressed not only through generation of
a main dot as a center of image expression and a subsidiary dot
adjacent to the main dot on the basis of the first and second
gamma characteristic conversion function groups but through
addition of a dot based on the third gamma characteristic
conversion function group thereto for the maximum density of
pixel data.

The gamma conversion characteristics can be selected by
the head density correction data 37 to correct the densities
outputted from the respective heating resistor elements 14 of
the thermal transfer recording head 6 or may be selected by the
thermal history correction data 38 to correct the thermal
iﬁterference through the printing history.

: Fig. 57 shows a seventh gamma characteristic conversion
l function group adépted for correction of the thermal history.
In this embodiment, the seventh gamma characteristic conversion
functisn group is constituted by functions y71 to y74. Each of
ﬁ the functions has a chéracteristic in which: a conversion print

data D, D¢, Dy or Dy sufficiently smell to form no dot or to
form a minimum-size dot is kept constant in a range of from the

low density region to the high density region of pixel data;

and the data increases to a conversion print data Dy, D; or Dy

&
-+

in the maximum density region.
4

Fig. 58 shows the case where dots are printed for every

second column in the first previous line with respect to a

certain line in the paper feeding direction and s211 dots are

transfer printing mechani sm —-
Fa controller accordlng to an enbodi pent .of -this inventjon. The thernal JT?
fisfer printing mechani sm conpri s€s.a: paper: supply necha: nlsn14rf0r
#i.ng a sheet of recording paper I out of afstacker 2,Zwhiich stocks

m*lm?
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H:'bntrol circuit incorporated therein, whi ch will be descri befate

printed in the second previous line with respect to the certain
line. In this case, the pixel data D12, D14, (D16 and D18) are
assigned for the third gamma characteristic conversion group
shown in Fig. 35.

Fig. 59 shows the case where dots are printed for every
second column in the first preceding line with respect to a
certain line in the paper feeding direction and dots are also
printed for every second column line in the second.preceding
line with respect to the certain line so that column positions
of dots are different between the first preceding line and the
second preceding line. In this case, the pixel data D12, D14,
(D16 and D18) are assigned for one function y74 of the seventh
gamma characteristic function group shown in Fig. 57, which
serves to convert the data into a slightly higher conversion
prin£ data compared with the third gamma characteristic

conversion group shown in Fig. 35. Fig. 60 shows the case

where dots are printed for every second column in the first
preceding line with fespect to a certain line in the papef
feeding direction and no dot is printed in the second preceding
line with respect to the certain line. In this case, the pixel
data D12, D14, (D16 and D18) are assigned for one function y73
higher by one gradation level than the function y74 of the
seventh gamma characteristic function group. Fig. 61 shows the
case where no dot is printed in the first preceding lin; with

respect to a certain line in the paper feeding direction and

dots are printed for every second column in sthe second
——_
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Fpaper 1 and an ink sheet 9 at a predeterm ned speed, a thermal transfer
prdi ng head 6 which is brought into forced contact-with the platen 5 at
gtime of printing, a conveyance rotler 8 for- T eturning-the fecords ing
~~;ér 1 to the stacker 2 after printing, a- stock rtoller 10 6r Y% edlng t he
M ri bbon 9, and a takeup roller 11. Further, a circuit subsat® 12° haV|ng
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m the | ower portlon of a box. AS=SMoOWn in FIG 3, the thernal

Efer recording head 6 includes a_ substrate 13,. an array of heating

g3- tor elenents 14, arranged in a Irne at intervals of. a pre- ;- -
5jn1ned pitch on a surface of ther substrat 13, and Iead ‘Wi res:15-and 16
@out in a direction of feedlng of “paper. "RETerrlng to- F#GL“A_;Lﬂg[e S
a control circit : : THIS SHEET pag BERN ]
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preceding line with respect to the certain line. In this case,
the pixel data D12, D14;-(D16 and D18) are assigned for one
function y72 higher by one gradation level than the function
v73 of the seventh gamma characteristic function group. Fig.
62 shows the case where no dot is printed in the first
preceding line with respect to a certain line in the paper
feeding direction and no dot is prinﬁed in the second preceding
line with respect to the certain line. In this case,'the pixel
data D12, D14, (D16 and D18) are assigned for one function y71
higher by one gradation level than the function y72 of the
seventh gamma characteristic function group.

By suitably selecting the functions y71 to y74
constituting the seventh gamma characteristic conversion
function group on the basis of the density correction data

storage means 56 and the thermal history correction data

;
i
i
!
f
I
J
!

storage means 57, the functions y71 to y74 of the seventh gamma
characteristic conversion function group to form no dot in a
large part of the range can be used for correcting the print
density on the basis of the change of the temperature of the
substrate'lB (Fig. 3) .and the change of the environmental
temperature caused by the continuous printing operation.
Accordingly, sharp color printing being always stable can be
performed regardless of the great change of the printing
density. The aforementioned correction can be made ea%ily by

selection of data, so that no arithmetic operation circuit is

¥
&

—
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Erding to an enbodi nent of this invention. |n the draw-:ng;
fer ence nuneral, 17 designates d.m*: cr-ocoaput er  consds £
ftion of the control- ler. The ri¢rbconpter ™17 conprs&as
kf or storing control programs, data- processiifg Pr 0L By
gcribed |later and gamma characteristic conversion
'serving as a data processing buffer and al so as a frang-®

required for correcting the thermal history. As a result, the

structure of the apparatus can pe simplified.
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By. The nmicroconputer 17 is connected, through fifeRmmm
1 external device such as a persenal' conput &1 ror the |.-I ke
¥drive circuit 23, and a notor diiVé ci Ecit”24. The- r.ecorg

Ity data out- putted from.the |nt““f‘?;rcre—‘z—2~~1~sw

N Nlﬂ Il llll

Claims L%_;” BPLACED

1. A thermal transfer image forming apparatus comprising:

a recording head (6) having a plurality of heating
resistor elements (14) arranged in a line;

means (3,10,11) for carrying a sheet (1) of recording
paper and an ink sheet (9) at a predetermined pitch;

image data reading means (31) for continuously reading N-
lines’ pixel data (N being an integer of N > 2)

constituting input image data;

sampling means (33) for sampling said N-~lines'’ ‘pixel data
into a matrix of N x N pixels; i

H
i
!
{

gamma conversion means (34) having a first gamma
characteristic conversion function for outputting print
‘ data to form main dots by performing gamma conversion
proportionally in a density range of from a low density
to a high density, a second gamma characteristic
* conversion function for outputting print data being lower

in density than said first gamma <characteristic

o e e

conversion function to form subsidiary dots, and third
and fourth gamma characteristic conversion functions to
form no dot in a large part of said density range,
thereby expressing the pixel density as a dot size for
each of the N x N pixels;

conversion characteristic selection means (35)l for
assigning the gamma characteristic conversion functions
to the sampled N x N pixels to arrange dots based on the
first gamma characteristic conversion funtition at a
predetermined angle; and : -
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means (36) for suppljing electrical energy corresponding
to the ©print data to the heating resistor elements of
the recording head.

2. A thermal transfer image forming apparatus according to
claim 1, in which said conversidon characteristic
selection means (35) has a selection characteristic which
is set to change the angle of arrangeinent ‘ of dots

correspondingly to each primary color.

3. A thermal transfer image forming apparatus according to

Claim 1, in which said conversion characteristic
; selection means (35) has a selection characteristic which
| is set to combine adjacent two dots in the main scanning
direction in a range of from a low density to an f
intermediate density and arrange the two dots in a
predetermined direction.

A thermal transfer image forming apparatus according to
claim 1, in which said conversion characteristic
selection means (35) has a selection characteristic which
is set to combine adjacent two dots in the subsidiary
scanning direction in a range of form a low density to an

intermediate density and arrange the two dots in a
predetermined direction. '

A thermal transfer image forming apparatus comprising:

a recording head (§) having a plurality of heating

i

resistor elements (14) arranged in a line; -

means (3,10,11) for carrying a sheet (1) of recording
paper and an ink sheet (9) at a predetermined pitch;
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¥ heating resistor elenents 14 of the thermal transfer recording -
6. For exanple, as shown in FIGI-5,%the’ rééordlng head dri,ve cttcuit
arranged so that pulse-like eleétfic. power successi Vgl y rncrea5|ng

‘me T1, T2, T3, T4. .. . T[err] correspondlngly to-thé.density- .

S 1 g,.w.-

AN “)I"ILL‘I Il ‘\S B
I L"
REPLACED EN

image data reading means (51) for continuously reading N-
lines’ pixel data (N being an integer of N >  2)
constituting input image data; '

sampling means (53) for sampling said N-lines’ pixel data

into a matrix of N x N pixels;

gamma conversion means (54) .- having a first gammé

characteristic conversion function group for outputting
print data to form main dots by performihg .gamma
conversion proportionally in a range of from a low
density to a high density of pixel data, second and third
gamma characteristic conversion function groups for
outputting print data proportionally increasing in
1 density in a range of from an intermediate density to the
high density of pixel data, and a fourth gamma
characteristic conversion function group to form no dot

in a large part of the range, to express the pixel
density as dot size for each of said N x N pixels;

conversion characterlstlc selection means (55) for
assigning sald gamma characterlstlc conversion function
groups to arrange dots based on said fixrst gamma
characteristic conversion function group - at a
predetermined angle; and

means (58) for supplying electric energy corresponding to
said print data to said heating resistor elements of said

recording head.

6. A thermal transfer image forming apparatus according to
claim 35, in which said conversicn characteristic
selection means (55) has a selection characteristic which
is set to change the angle of arrangement of dots
correspondingly to each primary color. 4

I T T




p; 83, B4 . . . Bnis supplied to each of the heating resistor -
Pnts 14 of the thermal transfer recording..head 6. The notor drive ' 17
ft 24 is provided to drive a fbtdr 25 cofinected to t.he p{ckup roller ;
pe platen 5 and the conveyante roller B8 —ard-the Trottor drive- circuit
5 arranged to output a drive pulse t l“m"“m\“ m 25 @ rotation |
ction and a rotation speed. |g2accor n“ﬂ\ IS SHEET HAS BEEN
, _ REPLACED !

7. A thermal transfer lmage forming apparatus accordlng to
claim 5, in which said conversion characteristic
selection means (5S5S) has a selection characteristic which
is set to combine adjacent two dots in the main scanning
direction in a range of from a low density to an

intermediate density and arrange the two dots in a
predetermined direction.

- e g ettt St ettt s s 52

8. A thermal transfer image forming apparatﬁs according to
claim 5, in which said conversion characteristic
selection means {55) has a selection characteristic which
is set to combine adjacent two dots in the subsidiary
scanning direction in a range of from a low density to an i
intermediate density and arrange the two dots in a

predetermined direction.

9. A thermal transfer image forming apparatus according to
claim 5, in which functions constituting said third gamma
characteristic conversion function group are respectively
sufficiently small to form no dot in a range of from a
low density to a high density of pixel data and are .
different in the value of conversion print data, so that i
the functions axe selécted correspondingly to the
environmental temperature or the temperature of the
recording head substrate.
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pr ederm ned quantity
} data for each col or) output-

.ence nuneral 31 designate an i mge data.readi-ng neans, for extraoﬁDng
fi nes’ pixel data (N_being an integér of N[err]2) from‘the

|'rrage "dat a
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ms (N is an integer of Nerr]2

In a main sCanning direction
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Jdata and the conversio desi gnat e the density “dot S
.he time of printing (hereinafter re- " farred to as "conversion p{a&s
") correspondingly to the density.of prxel”data.as shown i FIG to
teby function as a filter or a priht: dedsity setting means forr the pi xel
b gi ven fromthe sanpling meaps. = Referring to FIG 6, therels ‘shown
gamma char- acteristic convertion function set in t he gamma con-
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l in the gamma conversion neans 34.
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P8 characteristic conversion function [err] has a characri sti'c:;ilf )
¢ conversion print data Da for supplying-4mni.pum energy to keep'/thg
Fature of a heating resistor ApIit; cpnstant. redardless ofe "fhe " envi -
it is set, in the case V\heran:g;qgﬁs}i fy of pixel: data is Z@F_b, to -
no transfer dot; the density 'of” conversi'on print data‘is inereased

Da to a maxi- mim density Db propartionally to the density of pixel

2 e
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ing. That is, the density De is generally set to a value for -supg/l ng
y of "about 0.125 m)/det to a heating resistor, element. The densi/tap
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'a characteristic conversion TunerT O T erT] has a charact ei stic-ifp
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'um density of pixel data. The reference nuneral 35 desi gnat,é_‘s
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onnected to the ganma conver sror—ears. To help the T s
standi ng of the present invention, the relatlonshlp bet ween theﬂgyﬁve
of a heating resistor elenment.and the-resuiting dot- will-be describéd
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the heating resistor eremem 14 thus driven is free/dfom
: Interference with the adja- cent heating resistor el enent s/ and
[ that the areas of the ad] acehi heatlng T-esi stor el enentss 14 ané? Q4
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0 into 32 stages as shown in FlI G aresult, very high grada&j’}/ons
pe expressed. Accordingly, dots having a density faithfully 30
ortional to the density of ptxel- dat@d.can be formed. As ‘&.r-ésult, not

separate dots are formed in-the inf gpnpﬁggg généit-y- and-in.the high
ity but a solid image (FIG 9(IIl) Tsite i It the maxi.aumdensity,
g the energy increases as shown in FIGS. 9(1) -to 9(I11).
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11. As a result, there arise disatvdntages that dots to be T¢C '%d
ascparately are connected at places in the internedi ate density reg?' /SI(ZI G
3312(1)) to produce scattering i;n gradatron-and that.dots are connected
oerfectly in the vicinity of -tthe high density tegion.(FIG.12(Il)), as
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. The formof application as shown in FIG 13, that i g5/
@ere conversion characteristics [err],-{err},

rgspectively to pixel data D11,: D12, D21 and D22-in -a.matrix-of 2X2 pixels
33, will-be described
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pe@portional to the density thereof by the gamma char-" acteristic
capversion function [err] of the gamm conver- sion neans 34 sel ecte%’)fgo
t e conversion characteristic seleetion-Tealls 35.-The pi xel,-data-D12 is
cafiverted into a conversion print data by:the.gama . characteristic
copiversion function [err] so that dot F—f-’dr@ -ng%"e ergy is not _appkied except

¥ case where the density Ddis give fhén' the density takes its maxium
vaj ue. The ) . :
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el
i ng energy is not applied except the case where.-the density Dd ;gsﬁéypn

data D21 is converted into a conversi-on print data so that do

the density of pixel dat takes its HBX|nun1vaIue The- pi-xel , data ~D22

converted into a conversion pti.nt ¢ data So that- energy substantlally
ol i ciently small to avoi d- dot fodﬁ%_ pplled in the |ow'density
28 on and so that the con- ventio rlh
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of '!-pi xel data in the density region of not-lower--t-han.the.i nterrreQ@Zgﬁ
density region. As a result, when-the A rst-1ine pixel data DLl an &
are printed, a dot corresponding to-ther pi::x@'{ﬁ'ﬂl X :
correspondi ng to the adjacent pixel data Bl_!er Hot -
of intermedi- ate density appearing frequently in an
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f When the printing of thé flrét T |"h"c pi xel data is c Z; 82}4—:‘ ed as
desgri bed above, the pixel data D21 and D22 in the sane sanp @fp are
pripted. Because the finc- tions [erf] and [err] are respectlvely assi gned
to §he .pixel .data D21 and- D22 the’ pl er data D22 |s print ed but the
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dat a,

the pixel

a dot having a density tijt

Cam eréion by the functiom [err].
as shown in FIG 14,

i

Thereafter,
that is). by

data D21 is not printed in the iAtermedrate density
cent heating resistor elenents are
“.second i ne pixel

reglon.
in stoppage also in the pri
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tid conversion functions as sh

own in FIG 13.

As a resul¥

f our p.?@e( 30

specified fromthe sanpling area are expressed-so that the phxel data D11
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constituted by the thus sanpled four pixels is low dots corresponding to
\Khe pi xel data D1I assigned for the gamma characterisgtic conversion
faunction [err] are printed (FIG 15(1)). As the de'séﬁwr Jghassanpled
area increases, dots 40 correponding to the pixel data D22 assigned for the
gamma characteristic convertion func- tion [err] are al ?pﬁr{) rg__e;l (FIG-
15(11). As the density of pixel data increases further . :'e’sf%pipf dot s

correspond- 1
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The present invention relates to an image
forming apparatus.

A thermal transfer printer has a recording head .
provided with small heating resistor elements integrated on a
substréte and uses an ink sheet or ribbon formed of
macromolecular film toated with wax containing pigment so that
the printer forms dots on recording paper by melting ink in a
small area of the ink sheet or ribbon through supply of signals
based on pixel data to the heating resistér elements
selectively.

Such a thermal transfer image forming apparatus has
been used widely in the field of full-color printing requiring
high- density dot forming, because heating resistor elements

as dot forming elements can be arranged in a small size.
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ing to the pixel data D11 and D22 increasses so that an
narrow the island«like blank portions 41 (FIG 15(|
As- the result of forming the i sl and- | I|ke blank portl
proportional to the density of i
securely w thout wasteful peeling of
case of printing of high-density

‘“rr
ENj K 1heé% even in th

\

e i T

In the case where such a printer is used for full-color

printing, generally, it is necessary to repeat a process of
performing printing in which four colors in tbtal, that is,
black in addition to three primary colors of yellow, magenta
and cyan are used, and a recording medium is returned to its
initiél position for every primary color. Accordingly, there
arises a problem in that the quality of a printed image_is
deteriorated by displacement produced between pixel data to be
printed and printed points on the recording medium.

In order to solve the aforementioned problem,
therefbre, a measure to set the print position for every
primary color in a predetermined direction with respect to the
recording medium, that is, to set a so-called screen angle so
as to prevent color cloud caused by the positional difference
at the time of the formation of dots as sufficiently as
possible has been adapted.

For example, in a recording apparatus of
anink-jet system, a wire-dot recording system and the like, in
which the size of each dot which can be printed is fixed, there
has been proposed a method in which density is expressed by the
number of dots formed in a unit area (for example, an area of
4 x 4 dots) and the position where at least one dot is formed
in the unit area is defined for every primary.color, éo that
the dot forming position is arranged in a spééified direction

with respect to the recording medium.
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FIG 16 shows another form of conversion character- ist ;}WE v’cfyilthéﬁg‘
conversion characteristic selection ?H]I% S?fgpﬂisl_]{lﬁw ,
err 13 er
A

characteristic conversion functions [ : “ab {2 g
respecively assigned to four pixel data—Dt—biz—bP24 rtd‘.Dé—J I'ed b

the sanpling means 33. As a result, a dof corresponding td t he. pi- a
D11 is forned 'preferentmab;hys@nq,sgeﬁgxq{ow'éﬁ,ggy tHRPECh8S dnee@xf atﬁﬁ:}:me)k_gl;_

D21 is fornmed as a [
that the number of dots toc be assigned to one plxel increases

to make the resulting image rough as the number of expressible
density levels increases, because density levels are expressed
by the number of dots.

To solve the aforem.e-ntioned problem, as disclosed in
Japanese Patent Unexamined Publication No. Sho 61-189774, there
has been proposed a printing system in which the size of a dot
per se ;Eormed on a recording medium is made variable to make it
possible to express the density level by the dot per se, anq. a
plurality of matrices as dot forming angles are set to thereby
set both a density gradation and a screen angle desirably while
a threshold is set in advance correspondingly to a unit of
image reading on an original, that is, a so-called pixel.

When such a proposed printing system is used, the
improvement of the gradient and the setting of the screen angle
can be provided simultaneously. The proposed printing system,
however, requires a iai:ge guantity of matrix data if the
gradient is made higher. There arises therefore a problem in
that the capacity of a memory for storing the large quantity of

matrix data therein increases.

It is therefore an object of this invention to

provide an improved thermal image transfer apparatus. This
object is solved by the thermal transfer image forming
apparatus according to independent claims 1 or 5. Further

advantageous features, aspects and details of the invention are evident from the
dependent claims, the following description and -drawings. The
claims are intended to be understood as a first non-limiting
approach of defining the invention in general terms.

The invention provides an image forming
apparatus in which a plurality of heating resistor elements
are arranged in a line on a surface of a substrate, and the
heating resistor elements are made to generate heat
selectively in -accordance with pixel data so as to melt ink of
an ink sheet or an ink ribbon to thereby form dots on
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SCIbSi diary dot Wien the aforenentioned formis ap-
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recording paper, and more particularly, to ga 'tEChnlque for

g

controlling the gradation and color reproduct;on -+~ 8uch an
image forming apparatus.

A first aspect of the present invention is to
provide a thermal transfer image forming apparatus, in which
the thermal interference between heating ' resistor elements

constituting a dot forming means is made small as sufficiently
as possible so that gradation is expressed by the area of each
dot per se to thereby improve the gradation pfoperty and the
resolution, and, on the other hand, ‘the form of application of
gamma conversion characteristics is changed to thereby change,
for every primary color, the positions where main dots
corresponding to at least 2 x 2 pixéis are formed, whereby both
generation of net-like noise and color «cloud due to
displacement in dot fofming position can be prevented to make
the printing quality excellent.

A second aspect of the invention is to provide a novel
thermal transfer image forming.apparatus in which even in the
case where the quantity of data for setting the screen angle is
small, a screen angle can be set while both the gradient and
resolution are kept.

A third aspect of the invention is to provide a novel
thermal transfer image forming apparatus in which the density
change of each dot with the temperature change of the recording
head substrate can be prevented by a simple kcircuit
configuration.

According to a preferred embodiment, the present
invention provides a thermal transfer image forming apparatus
which comprises: a recording head having a plurality of
heating resistor elements arranged in a 1line; means for
carrying a sheet of recording paper and an ink sheet at
a predetermined pitch; an image data reading means for

This Sheet Has Been Replaced




“13- plied while the sanpling area is shifted by one dot per two lines
F

the main scanning direction as shown i.n

t:o the pixel
den-

only a dot corre

contlnuously reading N-lines'’ pixel data (N b%ﬂpg an lnteger‘of
N 2 2) constituting input image data; a samp;ing means for
sampling the N-lines’ pixel data into a matrix of N x N pixels;
a gamma conversion means having a first gamma characteristic
conversion function for outputting print data to form main dots
by performing gamma conversion proportionally in a density
range of from a low density to a hidh density, a second gamma
characteristic conversion function for outputting érint data
being lower in density than the first gamma characteristic
conversion function to form subsidiary dots, and third and
fourth gamma characteristic conversion functions to form no dot
in a large part of the density range, thereby expressing the
pixel density as a dot size for each of the N x N pixels; a
conversion characteristic selection means for assigning the
gamma characteristic conversion functions to the sampled N x N
pixels to arrange dots based on the first gamma characteristic
conversion function at a predetermined angle; and means for
supplying electric energy corresponding to the print data to

the heating resistor elements of the recording head.

Other aspects and details of the invention will

become clear from the following description of embodiments.

Fig. 1 is a block diagram showing the function of a
microcomputer according to one embodiment of the present

invention;
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sity of pixel data in the sanmpling area is |low as shown in FIGS. 18(1) to
18(V). Further, the sanpling area is shlfted by one plxel as delb
when the sam pllng area i s noved by
ingly, subsidiary dots 42 are-forned

first-line pixel data. Wien printing ts it ¢ or _
procedure_is re- peated, an angle conneting dots placed ai ﬁhé?gﬁgﬁﬁg

I

- T

st
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Fig. 2 is a sectional view showing a thermal transfer
printer according to an embodiment of the invention;

Fig. 3 is an enlarged front view of a-recording head
used in the'present invention;

Fig. 4 is a block diagram showing an example of the
controller of the thermal transfer printer depicted in Fig. 2;

Fig. 5 is a waveform graph'showing an exémple of the
signal for driving the recording head in the present invention;

Fig. 6 1is a graph showing gamma characteristic
conversion functions used in the present invention;

Fig. 7 is an explanatory view showing the relation
between energy supplied to the recording head and heating
areas;

Fig. 8 is a graph showing the relation between the
energy supplied to a heatiﬁg resistor element and the dot size
in the driving method depicted in Fig. 7;

Figs. 9(I) to 9(III) are explanatory views showing the
relation between the'driving method depicted in Fig. 7 and
print patterns;

Fig. 10 is an explanatory view showing the relation
between the supplied energy and the heating areas in the
recording head driving method used in the present invention;

Fig. 11 is an explanatory view showing an example of

the conventional recording head driving method;

—_—
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di stance, that is, a screen angl e, takes a value of 63.4 FIGS. 19(a) and
19(b) show other fornms of conver- S|on characterlstlcs set b

respectively assigned to four pi?x
form(FIG 19(a)), and gama

Figs. 12(I) to 12(III) are expla Views shoﬁing
the relation between the conventional driving method depicted
in Fig. 11 and print patterns; .

Fig. 13 is an explanatory view showing an example of
application of the gamma characteristic conversion functions
depicted in Fig. 6;

Fig. 14 is an explanatory‘view showing the form of
continuous application of the gamma characteristic conversion
functions depicted in Fig. 13;

Figs. 15(I) to 15(V) are explanatory views showing
print forms obtained by using the gamma' characteristic
conversion functions depicted in Fig. 13;

Fig. 16 is an explanatory view showing another example
of application of the gamma characteristic conversion functions
depicted in Fig. 6;

Fig. 17 is an explanatory view showing the form of
continuous application of the gamma characteristic conversion

. functions depicted in Fig. 16;

Eigs; 18(I) to 18(V) are explanatory views showing
print forms obtained by using the gamma characteristic
conversion functions depicted in Fig. 16; .

Figs. 19(a) and 19(b) are explanatory views showing a
further example of application of the gamma characteristic

conversion functions depicted in Fig. 6;
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charactristic conversion functions [err], [err], [err] and [err] are
respectively assigned to four pixel data D11, D12 D21 and D22 as..a.se
form (FIG 19(b)). These first and second forns are useq“g{'ékqaLﬁry$ﬁ§T
shown in FIG 20. That is, when the flrﬂmsmggﬁrhas§@l§c e he~four
pi xel data D11 to D22 in the first sarjrplg ngrepLACEg dot fopsed on thqu
data D12 is printed preferentlly When The next—prxet—dat a a@j&&@?ﬁ“ the

sanpling area

" a—iﬁﬂ“
o s e e

et TR RIS

B anihiiaad

Fig. 20 is an explanatory view showing the form of
continuous application of the gamma characteristic conversion
functions depicted in Fig. 19;

Figs. 21(I) to 21(V) are explanatory views showing
print forms obtained by using the gamma characteristic
conversion functions depicted in Fig. 19;

Figs. 22(a) and 22(b) are explanatory views showing a
further example of'application of the gamma charéctgristic
conversion functions depicted in Fig. 6;

Fig. 23 is an explanatory view showing the form of
continuous application of the gamma characteristic conversion
functions depicted in Fig. 22;

Figs. 24(I) to 24(V) are explanatory views showing
print forms obtained by using the gamma characteristic
conversion functions depicted in Fig. 22;

Figs. 25(a) and 25(b) are explanatory views showing_a

- further example of application of the gamma characteristic
conversion functions depicted in Fig. 6;

Fig. 26 is an explanatory view showing the form of
continuous application of the gamma characteristic conversion
functions depicted in Fig. 25;

Figs. 27(I) to 27(V) are explanatory views showing
print forms obtained by wusing the gamma characteristic

conversion functions depicted in Fig. 25;
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aFe sel ected, the pixel data D22 is printed preferentially As a result,
dots at screen angles of [err]26.6 degree ned in the Iom/denS|ty

region as shown in FIG 21(1). Wen the ijafs IEBTiHAS Hptpe--sa [Fd]
i ncreases, dot based on the ganmma char r REFl\GEON- Qe’@ndmu 5%Eﬁa EFE
[err] as well as the dots based on the gama characti @oﬁver5|on

function [err] are printed. As a result, the pad data D12 amJ%J@%

e £y e et =

e A A

[V

S e A5

Fig. 28 is a graph showing another examplewefmthergi—’“——’
characteristic conversion functions used in the present
invention;

Figs. 29(I) to 29(V) are explanatory views showing
print forms obtained by using the gamma characteristic
conversion functions depicted in Fig. 28;

Fig. 30 is a graph showind'a further example of the
gamma characteristic conversion functions used in the presént
invention;

Fig. 31 is a graph showing a further example of the
gamma characteristic conversion functions used in the present
invention;

Fig. 32 is a block diagram showing the function of a
microcomputer in a second embodiment of the present invention;

Figs; 33, 34, 35 and 36 are graphs showing examples of
the gamma characteristic conversion function groups used in the
present invention;

Figs. 37, 38 and 39(I) to 39(V) are views showing an
example of application of the gamma characteristic conversion
function groups and printing results obtained by using thereof;

Figs. 40, 41 and 42(I) to 42(V) are views shéwing an
example of application of the gamma characteristic conversion
function groups, the form of continuous application thereof to
image data and printing results obtained by the continuous

application;
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respectively printed as nmain dots and as subsidiary dots

and the pixel data D22 and D21 are resectively printed
subsidiary dots in each even |ine. FILGS. 22(a) and 22
of conver- sion charcterlstlcs set by |thes sapvengl T
sel ection neans 35. In FIGS. "22(a) an %@ib%% gﬁya'dhﬁ
conversion functions [err], [err], [erT] andferri

other f
r;t sbfdj“’/%,}

ot

1 g
oo
I

Figs. 43(a2), 43(b), 44 and 45(I) to 45(V) are views
showing an example of application of the gamma characteristic
conversion function groups, the form of continuéus application
thereof to image data and printing results obtained by the
continuous application;

Figs. 46(a), 46(b), 47 and 48(I) to 48(V) are views
showing an example of application of the gamma characteristic
conversion function groups, the form of continuous application
thereof to image data and printing results obtained by the
continuous application;

Figs. 49(a), 49(b), 50 and S51(I) to 51(V) are views
showing an example of application of the gamma characteristic
conversion function groups, the.form of continuous application
thereof to image data and printing results obtained by the
continuous application;
| Figs. 52 and 53 are graphs respectively showing further
examples of the gamma characteristic conversion function
groups;

Figé. 54, 55 and 56(I) to 56(V) are views showing the
form of application of the gamma characteristic conversion
function groups depicted in Figs. 52 and 53, the -form of
continuous application thereof and printing results obtained by

the continuous application thereof;
Fig. 57 is a graph showing an example of the gamma

function groups adapted for correction of the thermal history
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are respectively assigned to four pixel data D11, D12, D21 and D22 as a

firt form(FIG 22(a)), and gamma characteristic conversion fgncthgnsﬂ~

R

[err], [err], [err] and [err] . T it SHEET
11 T s
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of the substrate as a constituent member of the recording head;
and

Figﬁ. 58, 59, 60, 61 and 62 are explanatory views
showing the forms of application of the gamma characteristic
conversion functions for correcting the thermal history of the

recording head.

Embodiments according to the present invention will be
described hereunder in detail with reference to the drawings.

Referring to Fig. 2, there is shown a thermal transfer
printing mechanism and a controller_according to an embodiment
of this invention. The thermal transfer printing mechanism
comprises a paper supply mechanism 4 for pulling a sheet of
recording paper 1 out of a stacker 2, which stocks sheets of
recording paper 1, through a pickup roller 3 to. convey the
recording paper 1 to a print region, a platen 5 for conveying
the recording paper 1 and an ink sheet 9 at a predetermined
speed, a thermal transfer recording head 6 which is brought
into forced contact with the platen 5 at the time of printing,
a conveyance roller 8 for returning the recording paper 1 to
the stacker ﬁ after printing, a stock roller 10 for feeding the
ink ribbon 9, and a takeup roller 11. Further, a circuit
substrate 12 having a control circuit incorporated therein,
which will be described later, is put in the lower portion of

a box.
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-i4- are respectively assigned to four pixel data D11, D12, D21 and D22 as
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As shown in Fig. 3, the thermal transf record.i
6 includes a substrate 13, an array of heating resistor
elements 14, arranged in a line at intervals of a predetermined
pitch on a surface of the substrate 13, and lead wires 15 and
16 led out in a direction of feeding of paper.

Referring to Fig. 4, there is shown a control circuit
according to an embodiment of this invention. In the drawing,
the reference numeral 17 designates a micfocqmputer
constituting a main portion of the controller. The
microcomputer 17 comprises a CPU 18, an ROM 19 for Storing
control programs, data processing programs which will be
described later and gamma characteristic conversion functions,
and an RAM 20 serving as a data processing buffer and also as
a frame memory. The microcomputer 17 is connected, through
interfaces 21 and 22, t¢ an external device such as a personal
computer or the like, a recording head drive circuit 23, and a
motor drive circuit 24.

The recording head drive circuit 23 is arranged so that
electric energy corresponding to density data outputted from
the interface 22 is supplied to each of the heating resistor
elements 14 of the thermal transfer recording head 6. For
example, as shown in Fig. 5, the recording head drive circuit

23 is arranged so that pulse-like electric power successively

increasing in time T1, T2, T3, T4, ..... Tn correspondingly to
the density Bl, B2, B3, B4, ..... Bn is supplied to each of the
I
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a;-ld'secohd forms are used alternately and in reverse order after two |i
as-shown in FIG 23. That is when tEe/_(i rst_formis_sejectee for &

four, pi xet data D11 to D22 in the fir st TEBNYHHEERG A BrEN @gt«‘i,}hiﬁ:g_n —he

pi xel data D11 is printed preferentially. VWBEA-AME® next [pixet~data adj-aderdt

to the sanpling area are selected, the pjxel data DZZ'Ts|pli r;{@ql\g\[ 1996

prferentially. As a result, dots at a screen angle of 45 xde_;gr"e‘(‘es are
1

Ty et ™

1

1
heating resistor elements 14 of the thermal trark;,ﬁ;en-«recﬁfa—ing'
head 6.

The motor drive circuit 24 is provided to drive a motor
25 connected to the pickup roller 3, the platen 5 and the
conveyance roller 8, and the motor drive circuit 24 is arranged
to output a drive pulse to give the motor 25 a rotation
direction and a rotation speed" in accordance with an
instruction outputted from the interface 22. |

Referring to Fig. 1, there is shown the functional
operation of the microcomputer 17 necessary for color printing
with the best use of the aforementioned basic printing
function. In the drawing, the reference numeral 30 designates
an image memory for storing image data outputted from the
external device. The image memory 30 stores a predetermined
quantity of image data (for example, one-page’s image data for
each color) outputted from the external device. The reference
numeral 31 designates an image data reading means for
extracting N-lines’ pixel data (N being an integer of N 2 2)
from the image data stored in the image memory 30 while
sﬁifting the image data by N lines (in this embodiment, by 2
lines), to supply the N-lines’ image data to a line buffer 32.
The reference numeral 33 designates a sampling means for
sampling N columns (N is an integer of N 2 2) in a main
scanning direction from the image data stored in the line

buffer 32, that is, for sampling N x N pixels (in this

This Sheet Has Been Replaced




férned in the low density region as shown in FIG 24(1). Wen the imge
e papts ,;-b‘aﬁéds "ciﬁ*

density of the sanpling area increases, 'Hpr
characteristic con- version functian [ rr] q%
t he ganmma characteristic conversion fun §
result, in each odd line, the pixel data; P11 are formed as

t he ne%t'pixel data D11 &pixel data D13 }n the conti nuous} orav%§%¥s%§§ ,

s i

1 S
embodiment, 2 x 2 pixels), to supply the saméledwdata“fﬁ”a
gamma conversion means 34.

The gamma conversion means 34 is arrangéd to store data
for defining the relationship between the density of pixel data
and the conversion print data to designate the density of dot
at the time of printing (hereinafter referred to as "conversion
print data”") correspondingly to the density of pixel data as
shown in Fig. 6 to thereby function as a filter or a print
density setting means for the pixel data given from the
sampling means.

Refefring to Fig. 6, there is shown the gamma
characteristic conversion functions set in the gamma conversion
means 34. A plurality of characteristics (in this embodiment,
four kinds of gamma characteristic conversion functions) are
stored in the gamma conversion means 34.

A gamma characteristic conversion function yl1 has a
characteristic in which: conversion print data Da for supplying
minimum energy to keep the temperature of a heating resistor
element constant regardless of the environment is set, in the
case where the density of pixel data is zero, to form no
transfer dot; the density of conversion print data is increased
from Da to a maximum density Db proportionally to the density
of pixel data in an intermediate density region thereof; the
conversion print data Db is kept constant in a range of from
the intermediate density region to a high density region; and

the density of conversion print data is decreased to a density
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FIG 23) adjacent thereto are forned as_subsidiary dots te ne
dot fromthe main dots. In each even I|n¢ﬂmuﬁaE@@& jox ‘Emﬂﬁﬁﬁf as
mai n dots and the pixel data D22 are fqgrned ﬁ@n%ﬁ? HBr (-dots at i npetvals
of one dot fromthe nmain dots so as to |nndom§V‘P9 :
25(a) and 25(b) show other forms of conwey- sion charac eklstlcs set fhe
conversion characteristic : |
L

Dc near the density of image data in the maximum density of
pixel data.

The density De is set to a dot density value of 11.8
dot/mm in the case of binary printing such as character
printing. That is, the density De is generally set to a value
for supplying energy of about 0.125 mJ/dot to a heating
resistor element.

The density Db is set to a value for supplying ‘energy
about twice as much as the energy of the density De. The
density Dc is set to a value slightly higher than the value of
De. The density Dd is set to a value slightly lower than the
value of De.

A gamma characteristic conversion function y2 has a
characteristic in which the density Dd near the density of
pixel data is generated only in the viciniﬁy of the maximum
density value of pixel data.

A gamma characteristic Eonversion function y3 has a
characteristic in which the density Dd is generated only in the
vicinity of the maximum density value of pixel data in the same
manner as the gamma characteristic conversion function y2.

A gamma characteristic conversion function f4 has a
characteristic in which: the conversion print data D, for
forming a minimum size dot stably is kept constant in the low
density region of pixel data; the density of'éonversion print
data is in ¢reased substantially linearly from Da tc a maximum

conversion print data Db proportionally to the density of pixel

—
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sel ection neans 35. In FIGS. 25(a) 25(b) gama characterlstr

conversion functions [err], [err], eWkaﬁﬁ@jh@@ﬁhﬂﬁrgf ,@Lfvéﬁ E$

assigned to four pixel data D11, Dlﬂ DQlenQCDgZ as\ —f+orm (FI\G
25(a)), and ganmma characteristic conversion functtofs plLeyr
and [err] are respectively dassigned to fgur pixel dat 1105 an
D22 as a second form (FIG 25(b)). These first and seciond for use

alternately and in reverse

data in a range of from the intermediate density region to the
high density region; and the density of conversion print data
is decreased to the density Dc near the density of image data
in the maximum density region of pixel data.

Because the gamma conversion means .34 has the
aforementioned characteristics, gamma characteristics can be
assigned to four pixels in the sampied matrix data so that the
sampling area can be expressed not only through genération'of
a main dot as a center of image expression and a subsidiary dot
adjacent to the main dot on the basis of the conversion.
characteristics y1 and vy4 but through addition of dots
respectively based on the conversion charactexistics y2 and y3
thereto for the maximum density of pixel data.

The reference numeral 35 designates a conversion
characteristic selection means in which data for assigning the
four gamma characteristic conversion functions yl to y4 to
sampled matrix image data D11, D12, ..... D14, D21, D22, .....
D24, D31, D32, ..... D34, D41, D42, ..... D44 for every primary
color given to the image memory 30. The reference numeral 36
designates a print buffer connected to the gammer conversion
means.

To help the understanding of the present invention, the
relationship between the drive form of a heating resistor
element and the resulting dot will be described hereunder.

When printing is performed through energization of one

heating resistor element 14 while the adjacent heating resistor
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order after two lines as shown in FIG 26. That is, when the _fi
Is selected for the four pixel datg D11 to D22 in th '
a-dot based on the pixel data D21 iisTysismEEd HasefEENent)i
area is selected, the pixel data DI2 is PERmCER prefpriedtially _

result, dots at a screen angle of 135 dggrees are for iﬁ&‘ﬁ@vﬁg ngity
fi t he

region as*shown in FIG 27(1). Wen the inage density
elements 14’ and 14" are in stoppage as shown in Fig. 7, the

+he
d

heating resistor element 14 thus driven is free from thermal
interference with the adjacent heating resistor elements 14’
and 14" so that the areas of the adjacent heating resistor
elements 14’ and 14" can be used as a dot forming area. As a
result, the size of the resulting dot is proportional to
relative input energy E supplied:'té the heating resistor
element even in the case where the relative input ehergy E.is
separated into 32 stages as shown in Fig. 8. As a result, very
high gradations can be expressed. Accordingly, dots having a
density faifhfully proportional to the density of pixel data
can be formed. As a result, not only separate dots are formed
in the intermediate density and in the high density but a solid
image (Fig. 9(III)) is formed in the maximum density, when the
energy increases as shown in Figs. 9(I) to 9(III).

Even in the case where printing is performed through
driving on two heating resistor elements 14 and 14’ while the
heating resistor elements adjacent to these two heating
resistor elements 14 and 14’ are in stoppage as shown in Fig.
10, thermal interference between heating resistor elements can
be prevented practically sufficiently. Accordingly, dots can
be formed in the same gradation characteristic as in the case
where only one heating resistor element is driven as described
above.

On the contrary, when also the adjacent heating

resistor elements are driven, thermal interference between the
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sanpling area increases, dots based on the garma char- acteri StIC
conversion function [err] as well as 16) WSy
chracteristic conversion function [er e ENAY y ;PEﬂ ach
odd line,~"the pixel data D12 are forrj ArS—FRa 11 ‘

heating resistor elements becomes large as
As a result, there arise disadvantages that dots to be formed
separately are connected at places in the interﬁediate density
region (Fig. 12(I)) to produce scattering in gradation and that
dots are connected perfectly in the vicinity of the high
density region (Fig. 12(II)), as shown in Figs. 12(I)‘ to
12(III). :

The case where the aforementioned gamma éonversion
characteristics are applied thereto will be described
hereunder.

The form of application as shown in Fig. 13, that is,
the case where conversion characteristics y1, y2, y3 and y4 are
applied respectively to pixel data D11, D12, D21 and D22 in a
matrix of 2 'x 2 pixels sampled by the sampling means 33, will
be described as an example.

The pixel data D11 sampled by the sampling means 33 is
converted into a conversion print data linearly proportional to
the density thereof by the gamma characteristic conversion
functioq vl of the gamma conversion means 34 selected by the
conversion characteristic selection means 35. The pixel data
D12 is converted into a conversion print data by the gamma
characteristic conversion function y2 so that .dot forming
energy is not applied except the case where the density Dd is
given when the density takes its maximum value. The pixel data
D21 is converted into a conversion print data so that dot

forming energy is not applied except the case where the density
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Dd is given when the density of pixel data takes its maximum
value. The pixel data D22 is converted into a conversion print
data so that energy substantially sufficiently small to avoid
dot forming is applied in the low density region and so that
the convention print data is linearly proportional to the
density of pixel data in the density region of not lower than
the intermediate density region.

As a result, when the first-line pixel data D1l and D12
are printed, a dot corresponding to the pixel data D11l is
formed but a dot corresponding to the adjacent pixel data D12
is not formed for pixel data of intermediate density appearing
frequently in an ordinary image.

When the printing of.the first-line pixel data is
completed as described above, the pixel data D21 and D22 in the
same sampling area are printed. Because the functions y3 and
Y4 are respectively assigned to the pixel data D21 and D22, the
pixel data D22 is printed but the pixel data D21 is not printed
in the intermediate density region. Because adjacent heating
resistor elements are in stoppage also in the printing of the
second-line pixel data, the pixel data as a subject of printing
is formed as a dot having a density faithful to the .density
subjected to conversioﬁ by the function y4. Thereafter,
printing is continued in the form as shown in Fig. 14, that is,
by repeating the form of assignment of gamma characteristic

conversion functions as shown in Fig. 13.
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- 15- D12 (the pixel data D12 in the-conti
26) in the prior adjacent area are fdr A& SHEAT SR
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As a result, four pixels specified from the sampling
area are expressed so that the pixel data D11 and D22 are
printed respectively as a main dot and as a Subsidiary dot.
Accordingly, the four pixel data D11 to D22 are expressed so
that the main dot is supplemented with the subsidiary dot.

That is, in the case where the density of the area
constituted by the thus sampled four pixels is low, dots
corresponding to the pixel data D11 assigned for the gaﬁma
characteristic conversion function yl are printed (Fig. 15(I)).
As the density of the sampled area increases, dots 40
corresponding to the pixel data D22 assigned for the gamma
characteristic conversion function y4 are also printed (Fig.
15(I1)). As the density of pixel data increases further, the
size of dots corresponding to the pixel data D11 and D22
increases so that an image is printed to narrow the island-like
blank portions 41 (Fig. 15(III), 15(IV) and 15(V)). As the
result of forming the island-like blank portions 41, ink of the
area proportional to the.density of image data is transferred
to recording paper securely without wasteful peeling of ink
from the ink sheet even in the case of printing of high-density
data.

Fig. 16 shows another form of conversion
characteristics set by the conversion characteristic selection
means 34. In Fig. 16, gamma characteristic conversion
functions yl, y3, v4 and y2 are respectively assigned to four

pixel data D11, D12, D21 and D22 sampled by the sampling means
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In the forms of appl i cation of gamm’m\@rgzi aracterlsths as_shown

in FIGS. 13, 16, 19(a) and 19(b) dmong o
bt ank por- tions are formed subst atTat -y~ cdl arlyl a dRE!
that ink Tor non dot formng portions can be pre- from peelin
wastefully. As a result, a gradation fahthful to the |dgnspByNo! 1§&e
data can .be expressed. FI G 28 shows a. second enbodi nent of the gapma

e membmsponne
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33. As a result, a dot corresponding to the pixel data D11l is
formed preferentially and a pixel after conversion of the pixel
data D21 is formed as a subsidiary dot. When the
aforementioned form is applied while ‘the sampling area is
shifted by one dot per two lines in the main scanning direction
as shown in Fig. 17, only a dot corresponding to the pixel data
D11 in the 2 x 2 matrix is formed in the case where the density
of pixel data in the sampling area is low as shown iq‘Fiés.
18(I) to 18(V). Further, the sampling area is shifted by one
pixel as described above when the sampling area is moved by 2
lines in this density. Accordingly, subsidiary dots 42 are
formed between the dots formed as the first-line pixel data.
When printing is continued while the aforementioned procedure
is repeated,'an angle connecting dots placed at the shortest
distance, th%t is, a screen angle, takes a wvalue of 63.4
degrees.

Figs. 19(a) and 139(b) show other forms of conversion
characteristics set by the conversion characteristic selection
means 35. In Figs. 19(a) and 19(b), gamma characteristic
conversion functions vy4, yl, y3 and y2 are respectively
assigned to four pixel data D11, D12, D21 and D22 as a first
form (Fig. 19(a)), and gamma characteristic conversion
functions y3, v2, y4 and yl are respectively assigned to four
pixel data D11, D12, D21 and D22 as a second form (Fig.
19(b)). These first and second forms are used alternately as

shown in Fig. 20. That is, when the first form is selected for
_—
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charactristc conversion functions. The gamma char- acristic conversion
function [err] has a characteristic in_ which: the conversio
i ncreases.,to the maxi - numdensity mp@@[ﬁﬁﬂ“tﬁ&t
energy which is suffcient to keep th e

resistor elenment constant in the sane gﬁga%q&?ﬂ
density Da but does not formany dot and which is slﬂg tI9

for the density bl »‘i"_”~

the four pixel data D1l to D22 in the first] sampling-—area;—a
dot based on the pixel data D12 is printed preferentially.
When the next pixel data adjaéent to the sambling area are
selected, the pixel data D22 is printed preferentially. As a
result, dots at screen angles of 126.6 degrees ére formed in
the low density region as shown in Fig. 21(I). When the image
density of the sampling area increasés, dots based on the gamma
characteristic conversion function y4 as well as the dots based

on the gamma characteristic conversion function yl are printed.

hat

As a result, the pixel data D12 and Dll are respectively

printed as main dots and as subsidiary dots in each odd line,
and the pixel data D22 and D21 are respectively printed as main
dots and as subsidiary dots in each even line.

Figs. 22(a) and 22(b) show other forms of conversion
characteristics set by the conversion characteristic selection
means 35. In Figs. 22(a) and 22(b), gamma characteristic
conversion functions yl, y2, y3 and y4 are respectively
assigned to four pixel data D11, D12, D21 and D22 as a first
form (Eig. 22(a)), and gamma characteristic conversion
functions y4, y3, Y2 and yl are respectively assigned to four
pixel data D11, D12, D21 and D22 as a second form (Fig..22(b)).
These first and second forms are used alternately and in
reverse order after two lines as shown in Fig. 23.

That is, when the first form is selected for the four
pixel data D11 to D22 in the first sampling area, a dot based

on the pixel data D1l is printed preferentially. When the next
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Da in a range of fromthe |ow density region to the internediate density
regi on of the pixel data; the maxi- nunlden3|ty Db i 1
regardl ess of the density of pixél dggﬁ ngﬁug%gfg t he REFhAGENEIN

data finally decreases to a densijt i Ef—rh” maxi
density of the pixel data. 'Each of s?4$

functions [err] and [err] is set so that a density C|entl
to formno dot is Lo

_\‘

pixel data adjacent to the sampling area are selected, the

pixel data D22 is printed preferentially. As a result, dots at
a screen angle of 45 degrees are formed in fhe low density
region as shown in Fig. 24(I). When the image density of the
sampling area increases, dots based on the gamma characteristic
conversion function y4 as well as the dots based on the gamma
characteristic cqnversion function' yl are printed. As a
result, in each odd line, the pixel data D11 are formed as mﬁin
dots and the next pixel data D11 (pixel data D13 in the
continuous form as shown in Fig. 23) adjacent thereto are
formed as subsidiary dots at intervals of one dot from the main
dots. In each even line, the pixel data D22 are formed as main
dots and the pixel data D22 are formed as subsidiary dots at
intervals of one dot from the main dots so as to be prior to
the main dots.

Figs. 25(a) and 25(b) show other forms of conversion
characteristics set by the conversion characteristic selection
means 35. In Figs. 25(a) and 25(b), gamma characteristic
convers@on functions ¥2, v4, yl and y3 are respectively
assigned to four pixel data D11, D12, D21 and D22 as a first
form (Fig. 25(a)), and gamma characteristic conversion
functions ¥3,vl, v4 and y2 are respectively assigned to four
pixel data D11, D12, D21 and D22 as a second form (Fig. 25(b)).
These first and second forms are used alternately and in

reverse order after two lines as shown in Fig. 26.
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kept contact in the low density region of and the con- version print data
then increases to a density Dd pro-I— 1 t he |nage densi
range of fromthe internediate den i'f =iy X QFQ%ﬁfﬂghtm
pi xel data. Further, the gamma char 6

Is set so that the den5|ty Dd is given only in the xnrrum densuw6
pixel data. Wen printing is continued through applleathmsdﬂ3V1

s

P
b e et P

That is, when the first form is sel e four

pixel data ﬁll to D22 in.the first sampling area, a dot based
on the pixel data D21 is printed preferentially; When the next
area is selected, the pixel data D12 is printed preferentially.
As a result, dots at a screen angle of 135 degrees are formed
in the low density region as shown in Fig. 27(I). When the
image density of the sampling area iﬁcreases, dots based on Fhe
gamma characteristic conversion function y4 as well As the dots
based on the gamma characteristic conversion function vyl are
printed. As a result, in each odd line, the pixel data D12 are
formed as main dots and the pixel data D12 (the pixel data D12
in the continuous form as shown in Fig. 26) in the prior
adjacent area are formed as subsidiary dots at intervals of one
dot from the main dots. In each even line, the pixel data D21
are formed as main dots and the pixel data D21 are printed as
subsidiary dots at intervals of one dot from the main dots so
as to be posterior to the main dots.

In the forms of application of gamma conversion
characteristics as shown in Figs. 13, 16, 19(a) and 19(b) among
the aforementioned embodiments; blank portions are formed
substantially circularly and separately so that ink_fox'hon-dot'
forming portions can be prevented from peeling wastefully. As
a result, a gradation faithful to the density of pixel data can
be expressed.

Fig. 28 shows a second embodiment of the gamma

characteristic conversion functions. The gamma characteristic
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the gamma characteristic conversion functions [err] to [err]—+te6 h“'x,
data D11, D12, D21 and D22 as shown in 4 asig;@!,mn’&!tdﬁ %
data D11 are forned in the case whers Py xet—data 1n th

sanpling area is low. As a result, dotis T Re cheé &%Vgﬁg ghaw
in FIG 29(1), so that screen angles .of 26 and en "tihe
density of pixel data ir creases, dots based on the ganﬂannhar cl

conver - i ~
J—

conversion function yl has a characteristic in which: the

conversion print data inéreases to the maximum density Db from
a density to an extent that energy which is sufficient to keep
the thermal condition of a heating resistor element constant in
the same manner as the above-mentioned density Da but does not
form any dot and which is slightly lower than that for the
density Da in a range of from the'iow density region to the
intermediate density region of the pixel data; the maximum
density Db is then kept constant regardless of the density of
pixel data; and then the conversion print data finally
decreases to a density Dc in the vicinity of the maximum
density of the pixel data. Each of the gamma characteristic
conversion functions yz'and Y3 is set so that a density Dg
sufficiently small to form no dot is kept contact in the low
density region of and the conversion print data then increases
to a density Dd proporticnally to the image density in a range
of from the intermediate density region to the maximum density
of pixel data. Furthér, the gamma characteristic conversion
function y4 is set so that the density Dd is given only in the
maximum density of pixel data.

When printing is continued through application of the
gamma characteristic conversion functions yl to y4 to the pixel
data D11, D12, D21 and D22 as shown in Fig. 14, dots based on
the pixel data D11l are formed in the case where the density of
pixel data in the sampling area is low. As a result, dots are

formed like checkers as shown in Fig. 29(I), so that screen
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angles of 0 and 90 degrees are set. When the density of pixel
data increases, dots based on the gamma A characteristic
conversion functioné y2 and y3 are formed as shown in Fig.
29(III). Because not only the dots based on the gamma
characteristic conversion functions y2 and y3 are small but the
pixel data D21 are not used for forming'dots except the maximum
density of pixel data, dots are formed while one—dqt circular
blank portions 45 are formed. BAs a result, ink in the blank
portions is prevented from peeling wastefully widely, so that
dots of a gradation faithful to the density of pixel data can
be formed.

Although description has been made upon the case where

the second embodiment of the gamma characteristic conversion

functions is used in the form as shown in Fig. 14, it is a -

matter of course that the second embodiment can be used in the
forms as shown in Figs. 17, 20, 23 and 26.

As described above, positions where main dots are
formed are changed by.the change of the form of application of
the gamma characteristic conversion functions. Accordingly,
sharp color printing can be performed by use of ﬁhe advantage
of screen angle setting in gravure printing or the like.through
setting of different application forms to three primary colors
to express a color corresponding to pixel daté.

Although the gamma characteristic conQersion functions
in Fig. 6 are set so that the function yl decreases to the

density Dc in the maximum density of pixel data and each of the
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- 16 - sion functions [err] and [err] are formed as shown in FIG 29(111).
Because not only the dots based on t characteristic_conversion —W
functions [err] and [err] are snall ZB@xgggrmnwrgﬁE@r
form ng dots _ L.
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functions y2 and y3 takes the density Dd in the maximum density
of .pixel data, an image of practically sufficient quality can
be obtained by setting the function yl to keep the density Db
even in the maximum density region of pixel data and setting
each of the functions y2 and y3 to keep the zero density in all
density regions of pixel data as shown in Fig.30.

Although the gamma characteristic conversion functions
in Fig. 28 are set so that the function yl decreases ‘to the
density Dc in the maximum density of pixel data and the
function y4 takes the density Dd in the maximum density of
‘pixel data, an image of practically sufficient quality can be
obtained by setting the function yl to keep the maximum density

and setting the function y4 to keep the zero density. As
described above, a preferred embodiment of the thermal
transfer image forming apparatus according to the
present invention comprises: a recording head

having a piurality of heating resistor elements arranged in a

line; means for carrying a sheet of recording paper and an ink
sheet at a prédeterminéd pitch; an image data reading means for
continuously reading N-lines’ pixel data (N being an integer of
N 2 2) constituting input image data; a sampliﬂg means for
sampling the N-lines’ pixel data into a matrix of N x N bixels;
a gamma conversion means having a first gamma characteristic
conversion function for outputting print data to form main dots
by performing'gamma conversion proportionaiiy in a density
range of from a low density to a high density, a second gamma

characteristic conversion.function for outputting print data
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being lower in density than the first gamma characteristic
conversion function to form subsidiary dots, and third and
fourth gamma characteristic conversion functions to form no dot
in a large part of the density range, thereby expressing the
pixel density as a dot size for each of the N x N pixels; a
conversion characteristic selection means for assigning the
gamma characteristic conversion funétions to the sampled N x N
pixels to arrange dots based on the.first gamma charécteristic
conversion function at a predetermined angle; and means for
supplying electric energy corresponding to the print data to.
the heating resistor elements of the recording head.

Accordingly, if a combination of common gamma
characteristic conversion functions is set in the conversion
characteristic selection means, dot forming positions can be
specified, so that a screen angle can be set with the quantity
of data reduced as less as possible, and at the same time, not
only dots formed for each primary color can be arranged at a
predetermined angle while both delicate gradation and high
resolution are attained by changing the size of dots but rich
color expression can be provided by improving ink separation
through classification of the area of the non-transfer ink
region into fine parts.

Referring to Fig. 32, there is shown'the functional
operation of the microcomputer 17 (Fig. 4j in the second
embodiment of the present invention. In the drawing, the

reference numeral 50 designates an image memory for storing

This Sheet Has Been ; i'eplac

LT

amzettinnn



i stic conversion functions is used in 'Fﬁ;§9,
matter of course that the second em bpdi nmemnt,
shown in FIGS. 17, 20, 23 and 26. As

main dots are. forned are changed by the change of the
cation of .the gamma characteristdc convegesion func- tlons Accordlnl

sharp col or

e AT

T, ST

péS|t|ons
onmDE NPHI!

A

printing can be per- |
image data outputted from the external dev%ﬁgfd‘The image
memory 50 stores a predetermined quantity of image data, for
example, one-page’s image data for every color, outputted from
the external device. The reference numeral 51 designates an
image data reading means for extracting N-lines’ pixel data (N
being an integer of N 2 2) from the image data stored in the
image memory 50 while the image data is being shifted by N
lines, 2 lines in this embodiment, and for supplying ﬁhe
extracted N-lines’ pixel data to a line buffer 42. The
reference numeral 53 designates a sampling means for sampling
N columns (N being an integer of N 2 2) in a main scanning
direction from the pixel data stored in the line buffer 52,
that is, for sampling N x N pixels, to supply the sampled data
to a gamma conversion means 54.

The reference numeral 54 designates the aforementioned
gamma conversion means in which data for defining the relation
between the density of pixel data and print conversion data
(which will be described later) as shown in Figs. 33 through 36
are stored to function as means for changing the density of
print data for the pixel dgta from the sampling means 53 and
for performing a thinning-out operation.

The reference numeral 55 designates a conversion
characteristic selection means which stores first, second,
third and fourth gamma characteristic conversion £function
groups yll to yl4, y21 to y24, v¥31 to y34 and y4l to vy44

corresponding to primary colors given to the image memory 50.
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The conversion characteristic selection means 55 selects one
function from each of the function groups on the basis of data
respectively stored in a density correction data storage means
56 and a thermal history correction data storage means 57, and
assigns the thus selected functions to the sampled matrix-like
image data D11, D12, ... D14, D21, D22, ... D24, D31, D32, ...
D34, and D41, D42, ... D44. Reference numeral 58 designates a
print buffer connected to the gamma conversion means. |

Figs. 33 through 36 show an example of the gamma
characteristic conversion function groups set in the gamma
conversion means 54. The gamma characteristic conversion means
has a plurality of characteristics. In this embodiment, it has
16 functions classified into féur groups.

Each of the functions yll to yl4 in the first gamma
characteristic conversion function group shown in Fig. 33 has
a characteristic in which: a conversion print data Dy for
supplying minimum energy to form no transfer dot but keep the
temperature of a heating resistor element regardless of the
environment is set in the case where the density of pixel data
is zero; the conversion print data increasés from Dy to the
maximum density D, proportionally in the intermediate density
region of pixel data; and the conversion print'daté Dy is kept
in a range of from the intermediate density region to the high
density region of pixel data. As is obvious from the drawing,
the functions yll, yl12, y13 and yl4 constituting the first

group are set so that values of conversion print data for pixei
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data are similar to one an other but slightly different by a
predetermined quantity from one another. The value Dy of the
conversion print data is selected as a value for obtaining dot
density of abéut 11.8 dot/mm in the case of binary printing
such as character printing. That is, typically, the value Dy
is selected as a value for supplying energy of about 0.125
mJ/dot to a heating resistor elemené. The value Dy is selected
as a value for supplying energy twice as much as the energy of
the density Dg.

Eaéh of the functions y2l1 to y24 in the second gamma
characteriétic conversion function group shown in Fig. 34 has
a characteristic fundamentally in which: a conversion print
data Dy is kept to form a minimum-size dot stably in the low
density region of pixel data; and the conversion print data
increases to the maximum Dy in a range of from the intermediate
density region to the high density region of pixel data. The
functions y21 to y24 are set to have similar characteristics
like the first group and output conversion print data slightly
different by a predetermined quantity for pixel data.

Each of the functions y31 to y34 in the third gamma
characteristic conversion function group shown in Fig. 35 has
a charactéristic in which the density Dy is generated only in
the vicinity of the maximum density of pixel data. The
functions are set so that conversion print data slightly

different by a predetermined quantity for pixel data are taken.
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Each of the functions y4l to y44 in the fourthgamma
characteristic conversion function group shown in Fig. 36 has
a characteristic in which: the conversion pri.ht data Dy for
forming a minimum-size dot stably is kept constant in a range
of from the iow density region to the intermediate density
region of pixel data; the conversion print data substantially
propertionally increases to the conversion print data Dy in a
range of from the intermediate density region to the high
density region of pixel data. The functions are set so that
conversion print data slightly different by a predetermined
quantity for pixel data are taken.

The operation of the apparatus having the
aforementioned configuration will be described hereunder.

Description will be made, as an example, about the form
of application as shown in Fig. 37, that is, the case where one
function is selected from each of the first, second, third and
fourth gamma characteristic conversion function groups by the
conversion characteristic selection means 55 so that the
selected functions are respectively assigned to the pixel déta
D11, D12, D21 and D22 in the matrix of 2 x 2 pixels sampled by
the sampling means.

The pixel data D11 sampled by the sampling means 53 is
converted into a conversion print data linearly proportional to
the density thereof by one function yll of the first gamma
characteristic conversion function group of the gamma

conversion means 54 selected by the conversion characteristic
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selection means 55. The pixel data D12 is converted into a
conversion print data by one function 733 of the third gamma
characteristic conversion function group so that dot forming
energy is not applied except the case where the density Dy is
given when the density takes its maximum value. The pixel data
D21 is converted into a conversion print data by one function
v34 of the third gamma characteristic conversion function group
so that dot forming energy is not applied in all d__ensity
regions. The pixel data D22 is converted intoc a conversion
print data by one function y21 of the second gamma
characteristic conversion function group so that energy
substantially sufficiently small to avoid dot forming is
applied in the low density region and so that the convention
print data is linearly proportional to the density of pixel
data in the density region of not lower than the intermediate
density region.

When. the printing of the first-line pixel data is
completed as described above, the pixel data D21 and D22 in the
same sampling area are printed. Because the functions ¥34 and
Y21 are respectively assigned to the pixel data D21 and D22,
the pixel data D22 is printed but the pixel data D21 is not
printed in the intermediate density region. Because adjacent
heating resistor elements are stopped also in the printing of
the second-line pixel data, the pixel data ‘as a subject of
printing is formed as a dot having a density faithful to the

density subjected to conversion by the function y2l.
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Thereafter, printing is continued while the form of assignment
is alternated between the first and second lines through
changing of image data as a subject of the gamma-characteristic
conversion function group shown in Fig. 37 in the form as shown
in Fig. 38.
The form of application shown in Fig. 38 shows the case

where basic 2 x 2 pixel data in Fig. 37 are arranged as a
matrix of 4 x 4 pixels. The combination of pixel'data Di3,
D14, D23 and D24, the combination of pixel data D31, D32, D41
and D42 and the combination of pixel data D33, D34, D43 and D44
are respectively equal in structure to the combination of pixel
data D11, D12, D21 and D22. In each of the combinations of
pixel data, pixel data are converted into conversion print data
slightly different as shown in the drawing. The data D11, D13,
D31 and D33 are assigned for functions yll, y12, y13 and yl4 of
the first gamma characteristic conversion function group shown
in Fig. 33. The data D12, D14, D32 and D34 are assigned for
functions ¥31, y32 and y33 of the third gamma characteristic
conversion function group shown in Fig. 35. The pixel data
D21, D23, D41 and D43 are assigned for a function y34 of the
third gamma characteristic conversion function group shown in
Fig. 35. The data D22, D24, D42 and D44 are assigned for
functions 21, ¥22, y23 and y24 of the second Qamma
characteristic conversion function group shown in Fig. 34. As
a result, with respect to the 16 pixels specified as a sampling

area, the pixel data D11, D13, D31 and D33 are printed as main

e
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dots and the pixel data D22, D24, D42 and [44 _are _printed-as

subsidiary dots. Accordingly, the 16 pixel data D1l to D44 are
expressed so that the main dots are covered withzthe subsidiary
dots.

That is, in the case where the density of the area
constituted by the thus sampled 16 pixels is low, dots
corresponding to the pixel data Dll;lDl3, D31 and D33 assigned
for the first gamma characteristic conversion function.gréup
are printed (Fig. 39(I)). As the density of the sampled'aréa
increases, dots 60 corresponding to the pixel data D22, D24,
D42 and D44 as signed for the second gamma characteristic
conversion function group are also printed (Fig. 39(II)). As
the density of pixel data increases further, the size of dots
corresponding to the pixel data D11 and D22 increases so that
an image is printed to narrow the island-like blank portions 61
(Fig. 39(III), 39(IV) and 39(V)). As the result of forming the
island-like blank portions 61, ink of the area proportional to
the density of image'data is transferred to recording paper
securely without wasteful peeling of ink from the ink sheet
even in the éase of printing of high-~density data.

Fig. 40 shows a further form of conversion
characteristics set by the conversion characteristic selection
means 55. In Fig. 40, a function yll of the first gamma
characterisfic conversion function group, a function v34 of the
third gamma characteristic conversion function group, a

function ¥21 of the second gamma characteristic conversion
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function group and a function ¥33 of the third gamma
characteristic conversion function group are respectively
assigned to the four pixel data D11, D12, D21 And D22 sampled
by the sampling means 53. As a result, a dot corresponding to
the pixel data D1l is formed preferentially and a dot
corresponding to the pixel data D21 is formed as a subsidiary
dot. When the aforementioned form ié applied to a matrix of 4
x 4 pixels with gamma characteristic conversion 'functiéns
changed slightly in the same manner as in the aforementioned
embodiment while shifting the sampling area by one dot per two
lines in the main scanning direction as shown in Fig. 41, dots
corresponding to the pixel data D11, D13, D31 and D33 in the 4
X 4 matrix are formed in the case where the density of image
data in the sampling area is low as shown in Figs. 42(I) to
42(V). Furthér, the sampling area is shifted by one pixel as
described above when the sampling area is moved by 2 lines in
this density. Accordingly, subsidiary dots 62 are formed
between the dots formed as the first-line pixel data. When
printing is continued while repeating the aforementioned
procedure, an angle connecting dots placed at the shortest
distance, that is, a screen angle, takes a value of 63.4
degrees. Figs. 43(a) and 43(b) show the case wheré four kinds
of functions are suitably selected from the“first, second,
third and fourth gamma characteristic conversion function

groups by the conversion characteristic selection means 54 so
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as to be assigned to 2 x 2 pixel data D11, D12,
the matrix.

In a first form, a function y4l1 of the fourth gamma
characteristic conversion function group, a function yll of the
first gamma characteristic conversion functién group, a
function ¥33 of the third gamma characteristic conversion
function group and a function '734 of the third gamma
characteristic conversion function group are respectivély
assigned to the pixel data D11, D12, D21 and D22 (Fig. 43(a)).
In a second form, a function y31 of the third gamma
characteristic conversion function group, a function y34 of fhe
third gamma characteristic conversion function group, a
function y44 of tﬁe fourth gamma characteristic conversion
function group and a function y14 of the first gamma
characteristic conversion function group are respectively
assigned to the pixel data D13, D14, D23 and D24 (Fig. 43(b)).
These first and second forms are used alternately while
slightly changing the gamma characteristic conversion functions
as shown in Fig. 44.

That 'is, when the first form is selected for the pixel
data D11 to D44 in the first sampling area, a dot based on the
pixel data D12 is printed preferentially. When the next pixel
data adjacent to the saﬁpling area are selected, the pixel data
D24 is printed preferentially. As a result, dots at screen
angles of $26.6 degrees are formed in the low density region as

shown in Fig. 45(I). When the image density of the sampling
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area increases, dots based on the fourth gammé characteristic
conversion group as well as the dots based on the first gamma
characteristic conversion function group are printed. As a
result, the pixel data D12 and D1l are respectively printed as
a main dot and as a subsidiary dot in each odd iine, and the
pixel data D24 and D23 are respectively printed as a main dot
and as a subsidiary dot in each even line.

Figs. 46(a) and 46(b) show other forms of conversion
characteristics set by the conversion characteristic selection
means 55. In a first form, a function yll of the first gamma
characteristic conversion function group, a function y33 of the
third gamma characteristic conversion function group, a
function y34 of the third gamma characteristic conversion
function group and a function ¢21 of the second gamma
characteristic conversion function group are respectively
assigned to the pixel data D11, D12, D21 and D22 (Fig. 46(a)).
In a second form, a function y24 of the second gamma
characteristic conversion function group, a function y34 of the
third gamma characteristic conversion function group, a
function ¢31 of the third gamma characteristic conversion
function group and a function vyl4 of the £first gamma
characteristic conversion function group are respectively
assigned to the pixel data D13, D14, D23 and D24 (Fig. 46(b)).
These first and second forms are used in the reverse order
after two lines as shown in Fig. 47 and while slightly changing

the gamma characteristic conversion functions.
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into fine parts. Referring to FIG 32, there is showniihe(Fubkt iSohal
operation of the mcroconmputer 17 (FIG_4) in the seci end~enbodiwent} of
the present invention. In the draw | rgs g,fpeTr;g\fseglgﬂ(:F {ﬁv m '
designates an image mem ory for storjing i gagecgat a oy puttéé th
external device. The image nenory 50 St@Es a predetenhined.guantd

i mage data, for exanple, one-page's’'inage.

In the aforementioned form of application, when the
first form is selected for the four pixel data D1l to D22 in
the first sampling area, a dot based on the pikel data D11 is
printed preferentially. When the next pixel data adjacent to
the pixel déta are selected, the pixel data D22 is printed
preferentially. As a result, dots at a screen angle of 45
degrees are formed in the low density region as shown in Fig.
48(I). When the image density of the sampling area inc:easés,
dots based on the second gamma characteristic conversion
function group as well as the dots based on the first gamma
characteristic conversion function group are printed. As a
result, in each odd line, the pixel data D1l is formed as a
main dot and the next pixel data D13 adjacent thereto is formed
as a subsidiary dot with separation of one dot from the main
dot. In every even line, the pixel data D24 is formed as a
main dot and the pixel data D22 is formed as a subsidiary dot
with separation of one dot from the main dot so as to be prior
to the main dot.

.Figs. 49(a) and 49(b) show other forms of conversion
characteristics set by the conversion characteristic selection
means 55. In a first form, a function y34 of the third gamma
characteristic conversion function group, a function ¥21 of the
second gamma characteristic conversion function group, a
function yll1 of the first gamma characteristic conversion
function group and a function %33 of the third gamma

characteristic conversion function group are respectively
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assigned to the pixel data Dl1l, D12, D21 and D22—+Eig1_49€a+¢v*wg..
In a second form, a function ¢31 of the third gamma
characteristic conversion function group, a function Y14 of the
first gamma characteristic conversion function group, a
function y24 of the second gamma characteristic conversion
function group and a function +v34 of the third gamma
characteristic conversion function group are respectively
assigned to_the pixel data D13, D14, D23 and D24 (Fig. ?9(b)).
These first and second forms are used in the reverse order
after two lines as shown in Fig. 50 and while slightly changing
the gamma characteristic conversion functions.

In the aforementioned form of application, when the
first form is selected for the four pixel data D11 to D22 in
the first sampling area, a dot based on the pixel data D21 is
printed preferentially. When the next pixel data are selected,
the pixel data D14 is printed preferentially. As a result,
dots at a screen angle of 135 degrees are formed in the low
density region as shown in Fig. 51(I). When the image density
of the sampling area increases, dots based on the second gamma
characteriseic conversion function gfoup as well as the dots
based on the first gamma characteristic conversion function
group are printed. As a result, in every odd line, the pixel
data D14 is formed as a main dot and the prior pixel data D12
adjacent thereto is formed as a subsidiary dot with separation
of one dot from the main dot. In every even line, the pixel

data D21 is formed as a main dot and the pixel data D23 is
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formed as a subsidiary dot with separation of one dot from the
main dot so as to be posterior to the main dot.

In the forms of application of gahma conversion
characteristic functions as shown in Figs. 37, 40, 43(a) and
43(b) among the aforementioned embodiments, blank portions are
formed substantially circularly and separately so that ink for
non-dot forming portions can be prevented from peeling
wastefully. As a result, a gradation faithful to the density
of pixel data can be expressed.

Fig. 52 shows an example of a fifth function group used
instead of the aforementioned second gamma characteristic
conversion function group. The function group is constituted
by gamma characteristic conversion functions y51 to y54. Each
of the functions has a characteristic in which: a conversion
print data D is kept constant to form no dot in a range of
from the low density region to the intermediate density region
of pixel data; and the conversion print data proporticnally
increases to a conversion print data D; in a range of from the
intermediate density region to the high density region of pixel
data.

Fig. 53 shows a sixth gamma characteristic conversion
function group y61 to y66 used instead of the aforementioned
fourth gamma characteristic conversion function group. Each of
the functions in the sixth group has a characteristic in which:
a conversion print data D. is kept constant to form no dot in

a range of from the low density region to the intermediate

—————
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supply the sanpled data to a gamma conyersi on nean
density region of pixel data; and the conversion print data
increases to a conversion print data D; in the high density
region of pixel data. The functions are set to conversion
print.data which are slightly different by a predetermined
quantity for pixel data.

Fig. 54 shows a printing form in the case where the
fifth and sixth function groups shéWn in Figs. 52 and 53 are
used. That is, Fig. 54 shows an example of the fpmm'of
application in the case where four kinds of functions suitably
selected from the first, third, fifth (Fig. 52) and sixth (Fig.
53) gamma characteristic conversion function groups by the
conversion characteristic selection means 55 are assigned to
pixel data D11, D12, D21 and D22 in the matrix of 2 x 2 pixels
selected by the sampling means.

That is, the pixel data D1l sampled by the sampling
means 53 is converted into a conversion print data linearly
proportional to the density thereof by one function yll of the
gamma characteristic conversion function group of the gamma
conversion means 54 selected by the conversion characteristic
selection means 55. The pixel data D12 is converted into a
conversion print data by one function y64 of the sixth gamma
characteristic conversion function group so that ahconversion
print data Dg is kept constant to form no dot in a range of
from the low density region to the intermediate density region
of pixel data and then changed to a conversion print data D; in

a range of from the intermediate density region to the high
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density region of pixel data. Further, the pixéimdataw92$~§&~wmi
converted into a conversion print data by one function ¥51 of
the fifth gamma characteristic conversioﬁ fuﬁction group SO
that a conversion print data D; is kept constant to form no dot
in a range of from the low density region to the intermediate
density region of pixel data and then changed to a conversion
print data D; in a range of froﬁ the intermediate density
region to thé high density region of pixel data. Further, fhe
pixel data D22 is converted into a conversion print data by one
function y34 of the third gamma characteristic conversion
function group so that energy is not applied in the all
regions.

As a result, when the first-line pixel data D11l and D12
are printed, a dot cofresponding to the pixel data D11l is
formed for pixel data of intermediate density appearing
frequently in an ordinary image but the adjacent pixel data D12
serves to cover the pixel data Dl1l1. When the printing of the
first-line pixel daté is completed as described above, the
pixel aata D21 and D22 in the same sampling area are printed.
Because the functions y51 and y34 are respectively assigned to
the pixel data D21 and D22, the pixel data D21 alone sérves to
cover the first-line pixel data D11l.

Thereafter, printing is continued in the form as shown
in Fig. 55, that is, by alternately repeating the form of

assignment of gamma characteristic conversion functions while
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The reference nuneral 55 designates a conve on characterifs L RG]
means which stores fist, sec- ond, third aqﬁ%iqy, gh g@@§$ﬁ§$i§ﬂiT
conversion function groups [err] to [err],; [erri‘gﬁ ?%Wmm$ err] to [err]
and [err] to [err] corresponding to primary C Q2N tq he QiS¢ 1996
menory 50. The conversion characteristiggel ec- tion nmean sel ects one
function fronleach of the function groups on the basis of dat a respectivelry
stored :

slightly changing the gamma characteristic conversion functions
shown in Fig. 54.

When the density of pixel data in the sampling area is
low, dots based on the pixel data D11, D13, D31 and D33 are
formed. As a result, dots are formed like checkers as shown in
Fig. 56(I), so that screen angles of 0 and 90 degrees are set.
When the density of pixel data inéreases, dots based on the
fifth and sixth gamma characteristic conversion function:groﬁps
are formed as shown in Fig. 56(III). Because not only the dots
based on the fifth and sixth gamma characteristic conversion
function groups are small but the pixel data D21 are not used
for forming dots except the maximum density of pixel data, dots
are formed while forming one-dot circular blank portions 65.
As a result, ink in the blank portions is prevented from
peeling wastefully widely, so that dots of a gradation faithful
to the density of pixel data can be formed.

Although the case where the first, second, fifth and
sixth gamma charactefistic conversion function groups are
continuously applied to pixel data has been described with
reference to Fig. 55, it is a matter of course that this
embodiment can be applied to the forms as shown in Figs. 38,
41, 44, 47 and 50.

Because the gamma conversion means has the
aforementioned characteristics, the first, second and third
gamma characteristic conversion function groups can be assigned

to respective pixels in the sampled matrix data so that the
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i;‘l a density correction data storage means 56 and a thernal history
correction data storage neans 57, and assigns the thus selected functions

te the sanpled ma- trix-like imge data D11, D12. ... D14, D2l D2z = o =
D24, D31, npD32, ... D34, and D41 D42.... D44. Refer-_ence _numar'r;i'mL'L’"‘33“8%"5”!“:“ﬁ SHEET
designates a print buffer connected to e ganmh TCOVEER O FEAN a FI GS.
33 through 36 show an exanple of the gamma REPLAC™ 1] 05 NOV 1996

sampling area can be expressed not only through gerezatien—-ef— -
a main dot as a center of image expression and a subsidiary dot
adjacent to the main dot on the basis of the first and second
gamma characteristic conversion function groups but through
addition of a dot based on the third gamma characteristic
conversion function group thereto for the maximum density of
pixel data. |

The gamma conversion characteristics can be selected by
ﬁhe head density correction data 37 to correct the densities
outputted from the respective heating resistor elements 14 of
the thermal transfer recording head 6 or may be selected by the
thermal history correction data 38 to correct the thermal
interferenceé through the printing history.

Fig. 57 shows a seventh gamma characteristic conversion
function group adapted for correction of the thermal history.
In this embodiment, the seventh gamma characteristic conversion
function group is constituted by functions y71 to vy74. Each of
the functions has a chéracteristic in which: a conversion print
data Dy, D¢, Dp or Dy sufficiently small to form no dot or to
form a minimum-size dot is kept constant in a range of from the
low density region to the high density region of pixél data;
and the data increases to a conversion print data D;, D; or Dy
in ﬁhe maximum density region.

Fig. 58 shows the case where dots are ﬁrinted for every
second column in the first previous line with respect to a

certain line in the ?aper feeding direction and all dots are
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characteristic conversion function groups set in the gannaj§9?¥ggak*
means 54. The gamma characteristic conversion means has a pl UHRLAEEMEHT SHEET

characteristics. In this enbodinment, it has 1FFhﬁ5;@ELthlfied t-6
four groups. Each of the function [err] t S NTORSEE rStﬁ%?QHE
characristic conversion function group shg }'“A§§Dhas <O ROV 1996

characteristic in which: a conversion print_data

Lot

printed in the second previous line with respect to the certain
line. In this case, the pixel data D12, D14, (DlG'and D18) are
assigned for the third gamma characteristic conversion group
shown in Fig. 35.

Fig. 59 shows the case where dots are printed for every
second column in the first preceding line with respect to a
certain line in the paper feeding direction and dots are also
printed for every second column lin; in the second preceaing
line with respect to the certain line so that column positions
of dots are different between the first preceding line and the
second preceding line. - In this case, the pixel data D12, D14,
(D16 and D18) are assigned for one function y74 of the seventh
gamma characteristic function group shown in Fig. 57, which
serves to convert the data into a slightly higher conversion
print data compared with the third gamma characteristic
conversion group shown in Fig. 35. Fig. 60 shows the case
where dots are printed for every second column in the first
preceding line with iespect to a certain line in the paper
feeding direction and no dot is printed in the second preceding
line with respect to the certain line. in this case, the pixel
data D12, D14, (D16 and D18) are assigned for one fundtion Y73
higher by one gradation level than the function Y74 of the
seventh gamma characteristic function group. Fig. 61 sﬁows the
case where no dot is printed in the first preceding line with
respect to a certain line in the paper feeding direction and

dots are printed for every second column in the second
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DD for supplying mninmumenergy to formno transfer dot but keep the
tenperatre of a heating resistor ele- nent regardl ess of the environnent is
set in the case where the density of pixel a§ﬁ1|§Pg§&H$ ‘H ronversrvn~~w~
prinnt data increases fromDlerr] to the naxijmum ﬁﬁﬁﬂk¥g %‘ Jporthnahryff
in the internedi ate density region of. pigel ‘data—ane—the nnler5|on prim
data Do is kept in B range of fromthe intrrmediate density; regV6nNmyq@8

Lo

preceding line with respect to the certain line. fIn thls case,

haniaaec TN,

the pixel data D12, D14, (D16 and D18) are assigned for one

function y72 higher by one gradation level thén the function
v73 of the seventh gamma characteristic function group. Fig.
62 shows the case where no dot 1is printed in the first
preceding line with respect to a certain line in the paper
feeding direction and no dot is prinfed in the second preceding
line with respect to the certain line. 1In this case;‘the pikel
data D12, D14, (D16 and D18) are assigned for one function y71
higher by one gradation level than the function ¥72 of the
seventh gamma characteristic function group.

By suitably selecting the functions y71 to y74
constituting the seventh gamma characteristic conversion
function group on the basis of the density correction data
storage means 56 and the thermal history correction data
storage means 57, the functions y71 to y74 of the seventh gamma
characteristic conversion function group to form no dot in a-
large part of the range can be used for correcting the print
density on the basis of the change of the temperature of the
substrate 13 (Fig. 3) and the change of the environmental
temperature caused by the continuous printing operation.
Accordingly, sharp color printing being always stable can be
performed regardless of the great change of the printing
density. The aforementioned correction can be made easily by

selection of data, so that no arithmetic operation circuit is

——e—
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ructure ot_f the apparatus can be simplified
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-19- hi gh density region of pixel data. As is obvious fromthe draw ng,

thefunctions[err]lz [err] 12, [err]13a | 4 constitut- %
'piJfA E ——prXel.dat

are simlar
gquanti t

to one an ot her but sightly

|

Claims
A thermal transfer image forming apparatus comprising:

a recording head (6) having a plurality of heating
resistor elements (14) arranged in a line;

means (3,10,11) for carrying a sheet (1) of recording
paper and an ink sheet (9) at a predetermined pitch; '

image data reading means (31) for continuously reading N-
lines’ pixel data (N being an integer of N > 2)
constituting input image data;

sampling means (33) for sampling said N-lines’ pixel data

into a matrix of N x N pixels;

gamma conversion means (34) having a first gamma
characteristic conversion function for outputting print
data to form main dots by performing gamma conversion

proportionally in a density range of from a low density.

to a high density, a second gamma characteristic
conversion function for outputting print data being lower
in density than said first gamma charaéteristic
conversion function to form subsidiary dots, and third
and fourth gamma characteristic conversion functions to
form no dot in a large part of said density range,
thereby expressing the pixel density as a dot size for
each of the N x N pixels;

conversion characteristic selection means (35) for
assigning the gamma characteristic conversion functions
to the sampled N x N pixels to arrange dots based on the
first gamma characteristic conversion function at a

predetermined angle; and I
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another. The value Derr] of the conversion print data is selected as a

val ue for obtaining dot density of about X case of binary
printing such as char- acter printing. Th t A—tt-he—vat -
Derr] is se- —tected—as—a—value for suppl ¥i a\@ﬁ&"‘ﬁ?"ﬂﬂg SHEET

g[“af SZIfZ? Zupot i RPN == o 22 ?ﬁeﬂﬁéiéyii \fﬁ'giﬁéﬁé’. 9%
errj.

means (36) for suppljing electrical energy corresponding.
to the print data to the heating resistor elements of

the recording head.

2. A thermal transfer image forming apparatus according to
claim 1, in which said conversion characteristic
selection means (35) has a selection characteristic which
is set to change the angle of arranéehent of dots
correspondingly to each primary color. .

3. A thermal transfer image forming apparatus according to
Claim 1, in which said conversion <characteristic
selection means (35) has a selection characteristic which
is set to combine adjacent two dots in the main scanning
direction in a range of from a low density to an
intermediate density and arrange the two dots in a

predetermined direction.

4. A thermal transfer image forming apparatus according to
claim 1, in which said conversion characteristic
selection means (35) has a selection characteristic which
is set to combine adjacent two dots in the subsidiary
scanning direction in a range of form a low density to an
intermediate density and arrange the two dots in a

predetermined direction.
5. A thermal transfer image forming apparatus comprising:

a ‘recording head (6) having a plurality of heating
resistor elements (14) arranged in a line; -

means (3,10,11]) for carrying a sheet (1) of recording
paper and an ink sheet (9) at a predetermined pitch;
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Each of the functions [err]21 to [err]24 in the second gé#ﬁéﬁd éf Brist

conversion function group shown in FIG..34 has a charac i stic

conversion print atta kncreases to the maxinum L)|_ €T 1] range of Trom

fundanent al | yt i si on py IraAts stand RCEREN _S keph NGY 196mla
m ni mum size;da‘ "m "!ﬂmmnr IIIOM/denS|tyRFagKg@ ofE&xel data; and tihe

the internmedi ate density region to theShlgh density redi on of pixel dat

The functions [err]21

image data reading means (51) for continuously reading N-
lines’ pixel data (N being an integer of N > 2)

constituting input lmage data;

sampling means (53) for sampling said N-lines’ pixel data

into a matrix of N x N pixels;

gamma conversion means (54) . having a first gammé
characteristic conversion function group for outputting
print data to form main dots by performihg gamma
conversion proporticnally in a range of from a low
density to a high density of pixel data, second and third
gamma characteristic conversion function groups for
outputting print data proportionally increasing in
density in a range of from an intermediate density to the
high density of pixel data, and a fourth gamma
characteristic conversion function group to form no dot
in a large part of the range, to express the pizxel
density as dot size for each of said N x N pixels;

conversion characteristic selection wmeans (535) for
assigning said gamma characteristic conversion function
groups to arrange dots based on said first gamma
characteristic conversion function group - at a
predetermined angle; and

means (58) for supplying electric energy corresponding to
said print data to said heating resistor elements of said
recoxrding head.

6. A thermal transfer image forming apparatus according to
claim 5, in which said conversion characteristic
selection means (55) has a selection characteristic which
is set to change the angle of arrangement of dots
correspondingly to each primary color. '
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to [err]24 are set to have simlar characteristics
and output_conversion print data slightly differ- ent by a pred

quantity for
third ganmma
chaacteristi

vicinity of the maxi mum density of plxeézdata The funcﬁlbn§ ke
that conversion print data

7.
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A thermal transfer image forming apparatus according to
claim S, in which said conversion characteristic

selection means (55) has a selection characteristic which

"is set to combine adjacent two dots in the main scanning

direction in a range of from a 1low density to an
intermediate density and arrange the two dots in a

predetermined direction.

A thermal transfer image forming apparatué accotding to
claim 5, in which said conversion characteristic
selection means (55) has a selection characteristic which

li ke the first group

the
ap a

|

o e s

is set to combine adjacent two dots in the subsidiary

scanning direction in a range of from a low density to an
intermediate density and arrange the two dots in a

predetermined direction.

A thermal transfer image forming apparatus according to
claim 5, in which functions constituting said third gamma
characteristic conversion function group are respectively
sufficiently small to form no dot in a range of from a
low density to a high density of pixel data and are
different in the value of conversion print data, so that
the functions are selected correspondingly to the
environmental temperature or the temperature of the
recording head substrate.

— e
e
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slightly different by a predetermined quantity._for pixel
Each of the functions [err]41 to [err]44 in thg T’mgrshf,,
conversion function group shown in FIG 36 has|a chagmgé n whi ch:

the' conversion print data Dierr] for form ng a n A= e _dot.fst-abty—ts—]
kept constant in a range of fromthe |oBBdensity region to the intetwed ateE!
density region of pixel data; the conver- R -

data are taken.
acteristic
-I?é"‘tﬁr?ii

¥
THERMAL TRANSFER IMAGE FORMING APPARATUS Iy e 96
| O5SNOV I
3
i

i et

Eonmiraermied e S e

|
ABSTRACT i
i

A thermal transfer image forming apparatus comprises: a recording
head (6) 22 having a plurality of heating resistor elements
arranged in a line; an image data reading means (31) for
continuousgly reading N-lines’ pixel data, a sampling means (33)
for sampling the N-lines’ pixel data to a matrix of N x N pixels,
a gamma conversion means (34) having a first gamma characteristic
conversion function for outputting print data to form main dots,
a second gamma characteristic conversion function for outputting
print data being lower in density than the first gamma
characteristic conversion function to form subsidiary dots, and
third and fourth gamma characteristic conversion functions to
form no dot in a large part of the density range, and a
conversion characteristic selection means (35) for a assigning
the gamma characteristic conversion functions to the sampled

N x N pixels.

FIGURE 1
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sion print data

Derr]

density regi on of pixel

print data slightly different by a predeternﬁﬁﬂduqmant|tvwfarwﬁfx E;géfa
oremerr“ N

are taken.
configuration wll

The operation of the apparatus having tnesa
be described hereundey.

substantially increases to the conversion print data
in a range of fromthe interned

e density region to the high
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Description will be nade,

shown in FIG 37. that is,

as an exanpge

t he case
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si on function groups by the conversion characterlstlc sel ecrion nmeans 55 so

that the selected functions are respecfiy g the pixel data
D11, D12, D21 and D22 in the matrix of | ed by the sanpling

nmeans. The pixel data D11 sanpled by = ?_53~4-ps——eenv-e¥-t-ed—
into a converson print data linearly proQortlonaI to the dah%u;?&; e‘;thmﬁéiﬁﬁ'l b
one function [err]11 g e e
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one function [err]33 of the third ganm 8 gnversi on functipn
group so that dot form ng energy is not except tl‘ge;fcafsé;smmwﬂh
density Dlerr] is given when the density takes its maxi rn;mgval ue. The
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pi xel data D21 is converted into a conversion print data by one function

[err]34 of the third gamma characteri Z[Lr conversion function group so that

dot forming energy is not applied in al THEeSISRTWAESHRNP . he pixel data
D22°is converted into a conversion prijnt_darapiyceone T up¢t kem deereliR BHOET
the second gamma characteristic conversign TURCTToOm o g so--t-hat-—-erergy
substantially sufficiently small to avoid dot formng isia
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density | i é‘vq‘%‘f 'ié%

wd kRS

{

§
i
i
3
{

FIG. 12 1 FIG. 12 [

20920000
0o bgpae
TainE
%@ 7] e
6 0 @@@@99
e poed o0
0 z

FIG. 12 [T

// - This Sheet Has Been Repl

[

I
l

\




reglon and so that the convention print data is Ilnearly proportional to

the density of pixel data in the density o ver than the
i nternmedi ate density re- gion. When t he ﬁg%%ﬁf¥p£ 25%?W§“flrst i ne plxel

data is com peted as described above, the—pixel—data—D2] @ggbimy
sane sanpling area are printed. Because ;he func- tions [ert}éA

are respectively assigned to the pixel P .
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data D21 and D22, the pixel data D22 is printed but the pixel data D21 is
not printed in the internedi ate densit gion. Because adjacent heating
resistor elenents are stopped also in th’éHIﬁrSiI-mE"'rquiggﬁﬁEssecond-I i ne pixel -
data, the pixel data as a subject of printingEHa.cEor med @as..a.-dot—havi g,

density faithful to the density subjected to converst {byreEEREHE I 6h!
[err]21. Thereafter, printing is continued while the for‘smg@fwmas@‘l”@“ﬁrmnt i
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between the first and second |ines through.¢ghangi ng of inage data as a

subj ect of the ganma characteristic con e‘E'SiSQJ§;§~¥1 GLon oup shown in FI G
37 in the formas shown in FIG 38. The form;;QAC@B;ﬁ’ihE’ ion shown in FIG
38 shows the
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case where basic 2x2 pixel data in FIG 37 are arranged as
pi xel s. The conbination of pixel D13, D4y ya)

pi xel data D31, D32, D41 an D42 and thejéESFE At
D34, D43 and D44 are respectvely equal i ‘

pi xel data D11, D12, D21 and D22. In egch of the conbi nat
dat a,

b o oS |
By I '“Hata D33, f
loﬁ W06

FIG. 25 a FIG. 25 b’”""
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pi xel data are converted in conversion print data slightl{y Mo @ﬁFrT
shown in the drawing. The data D11, D13, D31 _and D33 are as§1‘~5ﬂ’ fo“r’ ohet
functions [err] 11, [err]12. [err]13 and [ ¢rfHIS8HBET e phEg St *garma
characei stc con- version function group shown iREPEAGD 33. hel datan0iy 21996
D14, D32 and D34 are assigned for functipops [err] 3T, [erris2 [and [err] 33 of
the third gamma characteristic conver- sion function group shoWwrTnm FIG
35. The pi xel data
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D21. D23. D41 and D43 are assigned for a function [err]34 of the third

gamma  characteristic conversion functif
D22. D24. D42 and D44 are assigned for flufi
and [err]24 of the second gama |
shown in FIG 34. As a result with respe
data D11, D13,

sanpling area,
and

t he pi xel
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the pi xel ata D22, D24. D42 and D44 are print ed as subsidiary .dcrs.

Acccordingly the 16 pi xel data D11 to EFZIZFH o] that the mai m
dots are covered with the suesidiary do. '
density of the area constituted by the t ;
correspondi ng yo the pixel data D11. Dl:"l4 D31 and D33 as
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functi on group are printed (FIG 39(1)). As the density of the sanpled area

|ncrease dots 60 corresponding to th NF}T S 22 D24, D42 and
stgned "or the second gamma char acter stl‘t‘“‘é%vaéff&S;BBme g;‘ qtgpsb{:gﬁé

also printed (FIG 39(11)). As the de ':aﬁé,‘iwt-me

the siz of dots correspond- ing to the pj5$< 22 |ncr!ea§gs\
that an image is printed to narrow the istand-Ilike bl ank p UE@N@‘ &
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61 (FIG 39(IIl1), 39(1V) and 39(V)). .As the result of form ng the
I sl and-1i kebl ank portions 61, ink of th "(ar”é'a p’reﬁem+onal to the den
of image data is transferred to recordijng paper: secu
peeling of ink fromthe ink sheet even %
hi gh-density dat a. FIG 40 shows a fungher form of conver gi on ch
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-22- teristics set by the conversion characteristic selection neans 55. In

FIG 40, a function [err]11 of the fipgst- wgaarra__anaracterl stic conversion

function group, a function [err]34 of HIRSHERT HAS characterisic

conversion tion group. a function [ rr] 21 RGILACHER second gamma char ac-

teristic conversion function group and ggfunction [err]33 of . - Ly
i .'/dﬂ“,.‘c'f" - [
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the third gama characteristic conversion function group are respectively
%F“B%ﬁwand_tnz_sanpled by the

assigned to the four pixel data Dll,'T%? =
sanpling neans 53. As a result, a dot| corrEEBbHASHEENG t he pixel data D11

is formed preferentially and a dot c HAACERg to the pixel--data D21 is
formed as a subsidiary dot Wien the aforgmentioned forgmi’s. apptied te-aj
matrix of 4X4 pixels with gamma characteristic conversion.func-" 3
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tions changed slightly in the same manner as in the. aforenmentioned
enbodi nrent while shifting the sam piJg.area by one dot per two lines in
the main s direction as shown in FIGﬁ'nﬁsg.gyﬁﬂ ondi ng to the -pixel
data D11, D13, D31 and D33 in the 4X4 ma- fgp Xof mgd*TﬁMIhe Ga%ehkhe
the density of inmage data in the sanplin — *showmﬂhnwFr

to 42(V). Further, the sanpling area is s%ifted by one a ?

FIG. 40 [ ] o :
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density. Accordingly, subsid- iary otss6uBEEHROBRRG Joet ween the. ﬂg%sfﬂ@{‘}
formed as the first-line pixel dataj WerrgLhothng i§ co fﬁ@eﬁ;*ﬁ‘m‘i‘fd‘e‘\m'{;_;;; !
repeating the aforemt ioned procedr€, an angrecom—nC | 't
t he shortest distance, that is, a screeq angl e, takes a val
degrees. FIGS. 43(a) and 43(b) show the tase where four

FIG. 43 a FIG. 4

pi xel as described above when the Sanllng area is noved by 2 lines in this
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tlon group. a function [err]33 of thc third gamman charac terisiic

conversion function group and a functj err]34 of the third ganmma
characteristic conversion function gr SREGELVT 2| y assi-ghed-t-o-t+he—
pi xel datm D11. D12, D21 and D23 (FI{ 388211’1)/\(rbn a secohdREfABERMENTUSEERTon
[err]31 of the thlrd gama characterlst|$ conve et f upctrTON Yroup—a
function [err]34 of the third gamma ch 3cteristic convels OMW@}‘:@%

group, a function F/G 498 F/G 4.9
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[uerr]44 of the fourth gamma characteristic convension
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(FIG 43(b)). Taese fisrt and second forms are ased alternatevy while
sligtly changing the gamma charac- LEEopyetstef functions as snown
.n FIG . 44, That s, when the firs e¢%§k%§%i éggﬁﬁé for the pitei  data
D11 to D44 in he first saming area, 5 - pi xel data Di2iis
printed preerentiaiy. Wien the next phgel data adjacgtfto.the saﬁﬁfﬂni
area are selected, the pixel data D24 is printed preféréntial]l 5 !
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a result, dots
density region
sanpling area
tic conversion
characteuistic
pi xel data D12
subsi di ary

formed in the | ow
he i mage density of the
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at screen angles of 26.6 degrees are
as shown in FIG 45(1} A
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a function [err]31 of the third ganmma characteristic con- version function
group and a function [err]14 of the first ganma characteristic conversion

fsunction group are respectively assign to the pixel data D13 —BP23
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In the aforenmenti oned form of appl iication, when the first formis selected
for the four pixel data D11 to D22'in the first sanpling area, a dot based

on the pixel 'data D11 is printed preferent(llLabj,jf’lelq!) t he nﬁkP!PA(féﬁﬁ\ﬁaé%LT
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THERMAL TRANSFER [MAGE FORMING
APPARATUS USING DIFFERENT GAMMA
FUNCTIONS FOR DIFFERENT DENSITY RANGES

BACKGROUND OF THE INVENTION

1. Fieid of the Invention .

The oresent invention relates to an image forming
apparatus in which a oiurality of 2eating resistor ele-
ments are arranged in a line on 2 surface of a substrate,
and the heating resistor zlements are made to generate
heat selectively in accordance with pixel data so as to
melt ink of an ink sheet or an ink ribbon to thereby form
dots on recording paper, and more particuiarly, to a
technique for controlling the gradation and color repro-
duction in such an image forming apparatus.

2. Description of the Related Art _

A thermal transfer printer has 1 recording head pro-
vided with small heating resistor elements integrated on
a substrate and uses an ink sheet or ribbon formed of
macromolecular film coated with wax containing pig-
ment so that the printer forms dots on recording paper
by melting ink in a small area of the ink sheet or ribbon
through supply of signals based on pixel data to the
heating resistor elements selectively.

Such a thermal transfer image forming apparatus has -
been nsed widely in the field of full-color printing re-
quiring high- density dot forming, because heating resis-
tor elements as dot forming elements can be arranged in
a small size

In the case where such a printer is used for full-color
printing, generally, it is necessary to repeat a process of
performing printing in which four colors in total, that is,
black in addition to three primary colors of yellow,
magenta and cyan are used, and a recording medium is
returned to its initial position for every primary color.
Accordingly, there arises a problem in that the quality
of a printed image is deteriorated by displacement pro-
duced between pixel data to be printed and printed
points on the recording medinm.

In order to solve the aforementioned problem, there- - -
fore, a measure to set the print position for every pri-
mary color in a predetermined direction with respect to
the recording medium, that is, to set a so-called screen
angle so as to prevent color cloud caused by the posi-
tional difference at the time of the formation of dots as
sufficiently as possible has been adapted.
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For example, in 2 recording apparatus of an ink-jet
system, a wire-dot recording system and the like, in
which the size of each dot which can be printed is fixed,
there has been proposed a method in which density is
expressed by the number of dots formed in 2 unit area
{for example, an area of 4X 4 dots) and the position
where at least one dot is formed in the unit area is de-
fined for every primary color, so that the dot forming
position is arranged in a specified direction with respect
to the recording medium.

In those systems, however, there has been a problem
in that the number of dots to be assigned to one pixel
increases.to make the resulting image rough as the num-
ber of expressible dencity levels increases, because den-
sity levels are expressed by the anmber of dots.

To solve the zforementicned problem, as disclosed in
Japanese Patent Unexamined Publication No. Sho
61-189774, there has been proposed a printing system in
which the size of 2 dot per se formed on a recording

- medium is made variable to make it possible to express
the deusity level by the dot per se, and a plurality of
matrices as dot forming angies are set to thereby set
both a density gradation and a screen angle desirably
while 2 threshold is set in advance correspondingly to a
unit of image reading on an original, that is, a so-called
pixel.

When such a proposed printing system is used, the
improvement of the gradient and the setting of the
screen angie can be provided simultaneously. The pro-
posed printing system, however, requires 2 large quan-
tity of matrix data if the gradient is made higher. There
arises therefore a problem in that the capacity of 2 mem-
ory for storing the large quantity of matrix data therein
increases.

SUMMARY OF THE INVENTION

A first object of the present invention is to provide a
thermal transfer image forming apparatus, in which the
thermal interference between heating resistor elements
constituting a dot forming means is made small as suffi-
ciently as possible so that gradation is expressed by the
area of each dot per se to thereby improve the gradation
property and the resolation, and, on the other hand, the
form of application of gamma conversion characteris-
tics is changed to thereby change, for every primary
color, the positions where main dots corresponding to



D22 is printed preferentially. As a result, dots at a scre
degrees are formed in the [ow density region as shown in FIGRCWEMF
the image density of the sanpling area increases, dots basgd en
gama characteristic conversion function group as well as thejd
the first gamma characteristic con- version function group s
aresult, in each add line, e pixel dat¥a-Dl1 is forned as a

)\J‘%N%e'f‘ﬁﬂ

ar least 2 X2 preels are {ormed, whereby toth zencra-
tion of aet-like noise and color cloud due to displacs-
ment in dot {orming position can be preveatad o make
the prinfing quality excallent.

A second object of the invention & to provide a novel
thermal tansfer image forming apparatus m which even
in the case where the quantity of data for setting the
scresn angle is small, a scrsen angie can be set while
both the gradient and r=solution are k=pt

A third object of the invention is to provide a novel
thermal trazsier image forming apparatus in which the
density change of cach dot with the temperature change
of the recording head snbstrate can be prevented by a

simple circuit configuration.
« To serferm the afccementicned ctiects, accerding to

the present inventicn, the thermal traosfer image ferm-
mg apraratns according 0 the present mventon com-
przs:s. a recording head .mvmb a ulumkry of nmtmg
_resistcr elecents armanged in 2 ling; meons for carrying
a sheat cf recording paper and 20 ink sheet at a prede-
terxined pitch; an dmage cam reading means fcr contin-
nousiy reading N-imes’ px:: { data (N being an integer of
N=Z2) constituting imput image data; a sampling means
for sampling the N-lines' pixel datz into a matrix of
NXN pixsls; 2 gamma conversion means having 2 first
gamma characteristic conversion function for curput-
ting pnnt data o form main dots by pesforming gsmma
conversion properticnally in a deasity range of from a
low density to a high density, a second gamma charac-
teristic conversicn functicn for outputting print data
being lower m density than the first gamma characteris-
tic conversicn function to form subsidiary” dots, and
third and fourth gamma characteristic conversion func-
tions to form no dot in a large part of the dens*.ty range,
thereby expressing the pixel density as a dot size for
each of the N XN plxels, a conversion characteristic
selection means for assigning the gamma characteristic
conversion functions to the sampled NXN pixels to
arrange dots based on the first gamma characteristic
conversion function at a predetcrmined angle; and
means for supplying electric energy corresponding to
the print data to the heating resistor elements of the
recording bead.
Other objects of the invention will become clear from
the following description of embodiments.



t he next pixel data D13 adjacent thereto is formed as a subsidiary dot with
separation of one dot fromthe nmain dot. In every even Ilq-e———t—-he—-prre‘lz,"
D24 is formed as a main dot and the pixel data D22 is for m{p@é{)ﬂ@@b& =
iary dot with separation of one dot fromthe main dot so &s
the main dot. FI GS. 49(a) and 49(b) show other fornms of {c n\Qeli-qug%&
charactei sics set by the conversion cha_r_i4ct_eri stic ‘

BRIEF DESCRIPTION OF THE DRAWINGS —

F1G. 1 is 2 black diagram showing the function of a
microcomputer according to one embodiment of the
present invention;

FIG. 2 is a sectional view showing 2 thermal transfer
printer according to an embodiment of the invention;

F1G. 3 13 an enlarged front view of a recording head
used in the preseat inveation;

FIG. 4 is a block diagram showing an example of the
controller of the thermal transfer ponter depicted in
FIG. 2; ,

FIG. S is 2 waveform graph showing an example of
the signal for driving the recording head in the present
mvention; :

FIG. 6 i3 a graph showing gamma characteristic con-
version functions used in the present invention;

FIG. 7 is an explanatory view showmg the relation
between energy supplied to the recording head and
heating areas;

FIG. 8 i3 2 graph showing the relation between the
cuergy supplied to 2 heating resistor clement and the
dot size in the driving wethod depicted in FIG. 7;

FIGS. 9() to 9(I1II) are explanatory views showing
the relation between the driving method depicted in
FIG. 7 2nd print patterns;

FIG. 10 is an explanatory view showing the relation
between the supplied energy and the heating areas in
theremrdmghmd dnvmgmethod used in the present
invention;

FIG. 11 is an explanatory view showing an example
of the conventional recording head driving method;

FIGS. 12(T) to 12(IIT) are explanatory views showing
the relation between the conventional driving method
depicted. in FIG. 11 and print patterns;

FIG. 13 is an explanatory view showing an example
of application of the gamma characteristic conversion
fonctions depicted in FIG. 6;

FIG. 14 is an explanatory view showing the forth of
continuous application of the gamma characteristic
conversion functions depicted i FIG. 13; -

FIGS. 15(1) to 15(V) are explanatory views showing
prnt forms obtained by using themmchamctcnsuc
conversion fenctions depicted in FIG. 13;

FIG. 16 is an explanatory view showing another
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example- of application of the gamma charmemﬂ£,

conversion functions depicted in FIG. 6;

FIG. 17 is an explanatory view showing the form of
continuous application of the gamma characteristic
conversion functions depicted in FIG. 16;

FIGS. 18(]) to 18(V) are explanatory views showing
print forms obtained by using the gamma characteristic
conversion functions depicted in FIG. 16;

FIGS. 19(c) and 19(D) are explanatory views showing
a further example of application of the gamma charac-
teristic conversion functions depicmd in FIG. 6;

FIG. 20 is an explanatory view showing the form of
continuous application of the gamma characteristic
conversion functions depicted in FIG. 19;

FIGS. 21(1) to 21(V) are explanatory views showing
print forms obtained byusmgthegammacharactmstm
conversion functions-depicted in FIG. 19;

FIGS. 22(2) and 22(b) are explanatory views ghowing
a further sxample of application of the gamma charac-
teristic conversion functions depicted in FIG. 6;

FIG. 23 is an explanatory view showing the form of
continvous application of the gamma characteristic
conversion functions depicted m FIG. 22;

FIGS. 24(0) to 24(V) are explanatory views showing
print forms cbtained by using the gamma characteristic
conversion {unctions depicted in FIG. 22;

FIGS. 25(a) and 25(b) are explanatory views showing
a further exampie of application of the gamma charac-
teristic conversion functions depicted in FIG. §;

FIG. 26 is an =xplanatory view showing the form of
continucus applicaticn of the gamma characteristic
conversion fanctons depicted in FIG. 25;

FIGS. 27(1) to 27(V) are explanatory views showing .
print forms cbtained by using the gamma characteristic
conversion innctions depicted in FIG. 25;

FIG. 28 is a graph showing another example of the
gamma characteristic conversion functions used in the
present nvention;

FIGS. 29(Q0) to 29(V) are explanatory views showing
print forms cbtained by using the gamma characteristic
conversion functions depicted in FIG. 28;

FIG. 30 is a graph showing a further example of the
gamma characteristic conversion functions used in the
present invention;

FIG. 31 is a graph showing a further example of the
gamma characteristic conversion functions used in the
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present invention;

FIG. 32 is 2 block diagram showing the function olLr‘”"‘"‘

microcomputer in a second embodiment of the present
invennion;

FIGS. 33, 34, 35 and 36 are graphs showing examples
of the gamma characteristic conversion function groups
used in the present mnvention;

FIGS. 37, 38 and 39(I) to 3(V) are views showing an
example of application of the gamma characteristic
convexsion function groups and printing resulfs ob-
tained by using thereof;

FIGS. 40, 41 and 42(Y) to 42(V) are views showing an
example of application of the gamma characteristic
conversion function groups, the form of continuous
application thereof to image data and printing resclits
cbtained by the continnous application;

FIGS. 43(a), 43(5), 44 and 45(1) to 45(V) are views
showing an example of application of the gamma char-
actedstic conversion fanction groups, the form of con-
tinzous application thereof to image data and printing
results obtained by the continuous appiication;

FIGS. 46(a), 46(b), 47 and 48(]) ta 48(V) are views
showing an example of application of the gamm= char-
acteristic conversion function groups, the form of con-
tingous application thereof to image data and printing
results obtained by the contineous application;

FIGS. 49(a), 49(b), 50 and 51(I) to 51(V) are vicws
showing an example of application of the gamma char-
acteristic conversion function groups, the form of con-
timuous application thereof to image data and printing
results obtained by the continuous application;

FIGS. 52 and 53 are graphs respectively showing
further examples of the gamma charactersistic conver-
sion function groups;

FIGS. 54, 55 and 56(I) to 56(V) are views showing
the form of application of the gamma characteristic
conversion function groups depicted in FIGS. 52 and
§3, the form of continuous application thereof and print-
ing results cobtained by the contnuous application
thereof’; '

F1G. 57 is a graph showing an example of the gamma
fonction groups adapted for correction of the thermal
history of the substrate as 2 constituent member of the
recording head; and

FIGS. 58, 59, 60, §1 and 62 are explanatory views
showing the forms of application of the gamma charac-




used in the reverse order after two lines as shown in FIG 50 and while
slightly changing the gamma charac- teristic conversion functions Ln tbﬂ
af orenenti oned form of application, when the first formig Lr upﬁdg\ufcgq"gm
four pixel data D11 to D22 in the first sanpling area, a d sed on

pi xel data D21 is printed preferentially. Wen the next pgxel d?tjl q egg
sel ected, the pixel data D14 is printed ypreferetially. 21 n 15

teristic conversion functions for correcting the thermm
history of the recording head.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Embodiments according to the present inventon will
be described herzunder in detail with reference to the
drawings.

Referting to FIG. 2, there is shown a thermal transfer
printing mechanism and a controller according to an
embodiment of this invention. The thermal transfer
printing mechanism comprises a paper supply mecha-
nism 4 for pulling a sheet of recording paper 1 out of a
stacker 2, which stocks sheets of recording paper 1,
through a pickup roller 3 to convey the recording paper
1 to a print region, a platea 5 for conveying the record-
ing paper 1 and an ink sheet 9 at a predetermined speed,
a thermal transfer recording head 6 which is brought
into forced contact with the platen § at the time of
printing, a conveyance roller 8 for returning the record-
ing paper 1 to the stacker 2 after printing, a stock rolier
10 for feeding the ink ribbon 9, and a takeup rolier 1L
Further, a circuit substrate 32 having a control circuit
“incorporated therein, which will be described later, is
put in the lower portion of a box.

As shown in FIG. 3, the thermal transfer recording
head 6 includes a substrate 13, an array of heating resis-
tor elements 14, arranged in 2 line at intervals of a pre-
determined pitch on a surface of the substrate 13, and
lead wires 15 and 16 led out in a direction of feeding of
paper. '

Referring to FIG. 4, there is shown 2 control circuit
according to an embodiment of this inveation. In the
drawing, the reference numeral 17 designates a mi-
crocomputer consnmungamampomon of the control-
ler. The cmcompm 17 comprises 2 CPU 18, an
ROM 19 for storing control programs, data processing
programs which will be described Ister and gemma
characteristic conversion functions, and an RAM 20
serving as a data processing buffer and also as a frame
memory. The microcomputer 17 is comnected, through
interfaces 21 and 22, to an externxl device such as a
personal computer or the like, a recording head drive
circuit 23, and a motor drive circuit 24.

The recording head drive circuit 23 is arranged so
that electric energy corresponding to demsity data out-
putted from the interface 22 is supplied to cach of the




As a result, dots at a screen angle of 135 degrees are forned in the | ow
density region as showmn in FIG 51(1). Wen the inage density of the
sanpling area increases, dots based on the second ganma ch rﬁrﬂjﬁmﬁﬁm GHEE
conversion function group as well as the dots based on the fil'st _gama -
characteristic conversion function . 2 1 JAN 1998

heating resistor elements 14 of the thermal transfer L
recording head 6. For example, as shown in FIG. §, the
recording head drive circuit 23 is arranged so that
puise-like electric power successively increasing in time
T1, T2, T3, TA. . . . Ta correspondingly to the density
B1,B2, B3, B4, .. ansupphedtoeachoftheheamg
resistor elcments 14 of the thermal transfer recordmg
head 6.

The motor drive circuit 24 is provided to drive a
motor 25 connected to the pickup roller 3, the platen 5
and the conveyance roller 8, and the motor drive circuit
24 is arranged to outpat a drive pulse to give the motor
25 a rotation direction and a rotation speed in accor-
dance with an instruction outputted rom the interface
22

Referring to FIG. 1, there is shown the functional
operation of the microcomputer 17 necessary for color
printing with the best use of the aforementioned basic
printing fonction. In the drawing, the reference aumerad
30 designates an image memory for storing image data
outputted from the external device. The image memory
30 stores a predetermuned quantity of image data (for
example, one-page’s image data for each color) ourput-
ted irom the external device. The reference numeral 31
designates an image data reading means for extracting
N-lines’ pixel data (N being an integer of NZ2) from the
image data stored i the image memory 30 while shift-
ing the image data by N lines (in this embodiment, by 2
lines), to supply the N-lines’ image data to a line buffer
32. The reference numeral 33 designates a sampling
means for sampling N columns (N is an integer of NZ2)

‘ in a main scapning direction from the image data stored
in the line buffer 32, that is, for sampling N X N pixels
(in this embodiment, 2 X 2 pixels), to supply the sampied
dzta to a gamma conversion means 34.

The gamma conversion means 34 ig arranged to store
data for defining the reiationship between the density of
pixel data and the conversion print data to designate the
density of dot at the time of printing (hereinafter re-
ferred to as “conversion print data™) correspondingly to
the density of pixel data as shown in FIG. 6 to thereby
function as a filter or a print density setting means for
the pixel data given from the sampling means.

Referring to FIG. 6, there is shown the gamma char-
acteristic convession fuactions set in the gamma con-
version means 34. A plurality of characteristics (in this
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embodiment, four kinds of gamma characteristic con-
version functions) are stored in the gamma counversion
means 34.

A gamma characteristic conversion functicn y1 has 2
characteristic m which: conversion print data Da for
supplying minimum energy to keep the temperature of a
heating resistor element constant regardiess of the envi-
ronment is set, in the case where the density of pixel
data is zero, to form no transfer dot; the density of
conversion print data is increased from Da to a maxi-
mum density Db proportionally to the density of pixel

data in an intermediate density region thereof; the con-
version print data Db is kept constant in 2 range of from
the intermediate density region to a high deusity region;
and the deusity of conversion print data is decreased to
a density Dc near the density of image data in the maxi-
mum density of pixel data.

The density De is set to a dot density value of 11.8
dot/mm in the case of binary printing such as character
printing. That is, the density De is generally set to a
value for snpplymg energy of about 0.125 mJ/dot toa
heating resistor element.

The density Db is set to a value for supplying energy
about twice as much as the energy of the density De.
The density Dc is set to a value slightly higher than the
value of De. The density Dd is set to a value slightly
lower than the value of De.

A gamma characteristic conversion function Y2 hasa
characteristic in which the density Dd near the density
of pixel data is generated only in the vicinity of the
maximum density value of pixel data.

A gamma characteristic conversion function y3 hasa
characteristic in which the density Dd is generated only
in the vicinity of the maximum density value of pixel

_ data in the same manner as the gamma characteristic
conversion function y2.

A gamma characteristic conversion function y4 has 2
characteristic in which: the conversion print data D, for
forming 1 minimum size dot stably is kept constant In
the Jow density region of pixel data; the density of con-
version print datz is increased substanually linearly
.. from Da to a2 maximnm conversion print data Db pro-
portionally :o the density of pixel data in a range of
from the intermediate density regon to the high de:mty
region: and the density of conversion print data is do-
creased 1o the density De near the density of image data

2 4 JAN 1988
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-25- group are printed. As a result, in every odd line the pixel data D14
Is fornmed as a nain dot and the prior pixel data D12 adjacent thereto is

formed as a subaidiary dot with separation of one dot from.iheain-dot
In every even line, the pixel data D21 is forned as a nai qu_tAG&m.\zﬂfﬁ'%rET
pi xel data D23 is fornmed as a subsidiary dot wth separ at ijon—ef—enre—dot
fromthe main dot so as to be - 10 - 99 ‘M”nm

in the maximum density region of pixel dama.

Because the samma conversion means 34 has th
aforementioned characteristics, gamma characterisacs
can be assigned to four pixels in the sampied matrix data
so that the sampiing area can be expressed not only
through generaton of 2 main dot as a center of image
expression and a subsidiary dot adjacent o the main dot
on the basis of the conversion characteristics -yl and 74
but through addition of dots respectively based on the
conversion characteristics .y2 and y3 thereto for the
maximum density of pixel data.

The reference numeral 35 daignats a conversion
characteristic selection means in which dats for assign-
ing the four gamma characteristic conversion functions
Y1 to ¥4 to sampled matrix image data D11, D12, .
Di4, D21, D22, . ..D24,D31,D32,...D34.D41.D42

. . D44 for every primary color given to the image

memory 30. The reference numeral 36 designates a print
buffer connected to the gamma conversion means.

To help the understanding of the preseat invention,
the relationship between the drive form of a heating
resistor element and the resulting dot will be described
hereunder.

When printing is performed through energization of
one heating resistor element 14 while the adjacent heat-
ing resistor elements 14’ and 14" are in stoppage as
shown in FIG. 7, the heating resistor element 14 thus
driven is free from thermal interference with the adja-
cent heating resistor elements 14° and 14" so that the
areas of the adjacent heating resistor elements 14" and
14" can be used as a dot forming area. As a result, the
size of the resulting dot is proportionai to relative input
energy E supplied to the heating resistor element even
in the casc where the relative input energy E is sepa-
rated into 32 stages as shown iu FIG. 8 Asa result, very
high pradations can be expressed. Accordingly, dots

having a density faithfully proportional to the density of
pixel data can be formed. As a result, not only separate -
dots are formed in the intermediate density and in the
high density but a solid image (FIG. 9(II)) is formed in
‘the maximum density, when the energy increases as

- shown in FIGS. 9(I) to S(III).

Even in the case where printing is performed through
driving on two heating resistor elements 14 and 14’
while the heating resistor elemeats adjacent to these
two heating resistor elements 14 and 14’ are in stoppage
as shown in FIG. 10, thermal interference between



posterior to the nmain dot.

conver si on

43(b) anong the aforenenti oned enbodi nents,

In the forms of application of gamm
characteristic functions as shown in FIGS. 37. 40, 43(a)___and

substantially circularly and separately so that ink for non

portions can

be prevented from peeling wasteflly. As a resu

gradation faithful to the density of _pi1i<e_l data can be

heating resistor elements can be prevented practically
sufficiently. Accordingly, dots can be formed in the
same gradation characteristic as in the case where only
one heating resistor element is driven as described
above.

On the contrary, when also the adjacent heating rests-
tor elements are driven, thermal interference between
the heating resistor elements becomes large as shown in
FIG. 11. As a result, there arise disadvantages that dots

to be formed separately are connected at places in the

intermediate density region (FIG. 12(I)) o produce.
. scattering in gradation and that dots are comnected

perfectly in the vicinity of the high deasity region (FIG.
12(1D)), as shown in FIGS. 12(T) o 12(I00)..

- The case where the aforementioned gamma ccnver-
sion characteristics are applied thereto will be described
hereunder.

The form of application as shown in FIG. 13, that is,
the case where conversion characterisacs y1, v2, v3
and v4 are applied respectively to pixel data D11, D13,
D21 and D22 in a matrix of 2 X2 pixels sampled by the
sampling means 33, will be described as an example.

The pixel data D11 sampled by the sampling means
33 is converted into a2 conversion print- data linearly
proportional to the density thereof by the gamma char-
acteristic conversion function y1 of the gamma conver-
sion means 34 selected by the conversion characteristic
selection means 35. The pixel data D12 is converted into
a conversion print data by the gamma characterxistic
conversion function y2 so that dot forming energy is
not applied except the case where the density Dd is
given when the density takes its maximum vaiue. The
pixel data D21 is converted into a conversion print data
g0 that dot forming energy is not applied except the case
where the density Dd is given when the density of pixel
data takes its maximum value. The pixel data D22 is
converted into 2 conversion print data so that energy
substantially sufficientty small to avoid dot forming is
applied in the low density region and so that the con-
vention print data is linearly proportional to the density
of pixel data in the deusity region of not lower than the
intermediate density region.

As a result, when the first-line pixel data D11 and
D12 are printed, a dot corresponding to the pixel data
D11 is formed but a dot corresponding to the adjacent
pixel data D12 is not formed for pixel data of intermedi-
ate density appearing frequently in an ordinary image.

)
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expressed. FIG 52 shows an exanple of a function group used instead of
t he af orenenti oned second gamma character- istic conversion function

group. The function group is constituted by ganma charact eqistic -
conversion func- tions [err]51 to [err]54. Each of the f undt REPIAGRYENG SHEET

character- istic in which: a conversion print data Dc is keptl con- St ant
to formno dot in a range of fromthe |ow density JAN 15998
- 12 - ,

When the printing of the first-line pixel data is com-

pleted as described above, the pixel data D21 and D22
in the same sampling area are printed. Because the func-
tions y3 and y4 are respectively assigned to the pixel
data D21 and D22, the pixel data D22 is printed but the
pixel data D21 is not printed in the intermediate deusity

-+ region- Becanse adjacent heating resistor elements are
in stoppage also in the printing of the second-line pixel
data, the pixel data as a subject of printing is formed as
a dot having a density faithful to the density subjected
to conversion by the finction y4. Thereafter, printing is
continued in the form as shown in FIG. 14, that is, by
tepeaung the form of assignment of gamma characteris-
tic conversion functions as shown in FIG. 13.

As a result, four pixels specified from the sampling
area dre expressed so that the pixel data D11 and D22
are printed respectively as a main dot and as a subsid-
iary dot. Accordingly, the four pixel data D11 to D22
are expressed so that the main dot is supplemented with
the subsidiary dot.

That is, in the case where the density of the area
constituted by the thus sampled four pixels is low, dots
corresponding to the pixel data D11 assigned for the
gamma characteristic conversion function yl are
printed (FIG. 15(I)). As the density of the sampied area
increases, dots 40 corresponding to the pixel data D22
assigned for the gamma characteristic conversion func-
tion y4 are also printed (FIG. 15(II)). As the density of
pixel data increases further, the size of dots correspond-
ing to the pixel data D11 and D22 increases so that-an
mmage is priated to narrow the isiand-like blank portions
41 (FIG. 15(II1), 15(IV) and 15(V)). As the resuit of
forming the island-like biank portions 41, mk of the area
proportional to the deasity of image data is transferred
to recording paper securely without wastefii] peeling of
ink from the ink sheet even in the case of printing of
high-density data.

FIG. 16 shows another form of conversion character-
istics set by the conversion characteristic selection
means 34. In FI1G. 16, gamma characteristic conversion
functions y1, ¥3, v4 and v2 are respectively assigned o
four pixel data D11, D12, D21 and D22 sampled by the
sampling means 33. As a result, a dot corresponding to
the pixel data D11 is formed preferentiaily and a pixel
after conversion of the pixel data D21 is formed as a
subsidiary dot. When the aforementioned form is ap-



region to the

of fromthe
pi xel dat a.
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I nternmedi ate region of pixel data; and the conversion print
data proportionally increases to a conversion print data

Derr] in a range

density region to the high density region_of

FIG 53 shows a sixth gamma characteri sticﬁgfﬁ Fr“l',ﬁpﬁlrﬁ T
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plied while the sampling area is shifted by one dot pér ;
two lines in the main scanning direction as showan

| 21 JAN 1398

FIG. 17, only a dot corresponding to the pixel data D11
in the 2X2 matrix is formed in the case where the den-
sity of pixel dara in the sampling arez is low as shown in
FIGS. 18(0) o 13(V). Further, the sampling area i3
shifted by one pixel as described above when the sam-
pling area is moved by 2 lines in this density. Accord-
ingly, subsidiary dots 42 are formed between the dots
formed as the first-line pixel data. When printing is
continued while the aforementioned procedure is re-
peated, an angie connecting dots placed at the shortest
distance, that is, & screen angle, takes a value of 63.4
ees.

FIGS. 19(2) and 19(5) show other forms of conver-
sion characteristics set by the conversion characteristic
selection means 35. In FIGS. 19(a) and 1%(b), gamma
characteristic conversion functions y4, y1, ¥3 and y2

are respectively assigned to four pixel data D11, D12,.

D21 and. D22 as a first form (FIG. 19(a)), and gamma
characteristic conversion functions v3, ¥2, ¥4 and 1
are respectively assigned to four pixel data D11, D12,
D21 and D22 as a second form (FIG. 19(5)). These first
and second forms are used alternately as shown in FIG.
20..That is, when the first form is selected for the four
pixel data D11 to D22 in the first sampling ares, a dot
based on the pixel data D12 is printed preferentially.
When the next pixel data adjacent to the sampling area
are selected, the pixel data D22 is printed prefercntiaily.
As a result, dots at screen angles of +26.6 degrees are
formed in the low density region as shown in FIG.
21(1). When the image density of the sampling area

increases, dots based on the gamma characteristic con-

version function y4 as well as the dots based on the
gamma characteristic conversion fanction y1 are
printed. As a2 result, the pixel data D12 and D11 are
respectively printed as main dots and as subsidiary dots

in each odd line, and the pixel data D22 and D21 are !

respectively printed as main dots and as subsidiary dots
in each even line.

FIGS. 22(a) and 22(b) show other forms of conver-
sion characteristics set by the conversion characteristic

- selection means 35. In FIGS. 22(a) and 22(}), gamma

characteristic conversion functions y1, y2, ¥3 and y4
are respectively assigned to four pixel data D11, D12,
D21 and D22 as a first form (FIG. 22(a)), and gamma
characteristic conversion functions y4, 3, ¥2 and y1

-



function group. Each of the functions in the sixth group has a
characteristic in which: a conversion print data Dc is kept constant to
forth no dot in a range of fromthe |ow density region to thg—+ntermediate
density re- gion of pixel data; and the conversion print datp RERLACEFMBSESHEET
to a conversion print data Dferr]in the high density region pf pr*eJ—-daLa-—-..
The functions are set to conversion print dgfa which are slightl ffj_ﬂ[\fhf _m_gt
by a predeter- JAM 159!

are respectively assigned to four pixel data D11, D12,

D21 and D22 2s a2 second form (FIG. 22(5)). These fixst
and second forms are used aiternately and m reverse
order after two lines as shown in FIG. 23.

That is. whea the first form s seiected {or the four

pixel data D11 to D22 in the {rst sampling area, a dot
based on the pixel data D11 is printed preferentally.
When the next pixel data adjaceat o the sampling area
are selectad, the pixel data D22 is printed preferentiaily.
As 2 resuit, dots at 2 screen angle of 45 degrees are
formed in the low density region as showm in FIG.
24(T). When the image demsity of the sampiing area
increases, dots based on the gamma characteristic con-
version function y4 as well as the dots based on the
gamma characteristic converdion function yl are
printed. As a resuit, im eack odd line, the pixel data D11
are formed as main dots and the next pixel data D11
(pixel data D13 in the comtinucus form as shown in
FIG. 23} adjacent thereto are formed as subsidiary dots
at mtervals of one dot from the main dots. In each even
line, the pixel data D22 are formed as main dots and the
pixet data D22 are formed as subsidiary dots at intervals
of one dot from the main dots so as to be prior to the
main dots.
" FIGS. 25(z) and 25(3) show other forms of conver-
sion characteristics set by the conversion characteristic
selection means 35. In FIGS. 25(a) and 25(5), zamma
characteristic conversion functions y2, y4, y1 and y3
are respectively assigned to four pixel data D11, D12,
D21 and D22 as a first form (FIG. 25(2)), and gamma
characternistic conversion functions y3,y1, y4 and y2
are respectively assigned to four pixel data D11, D12,
D21 and D22 as a second form (FIG. 25(5)). These first
and second forms are used alternatety and in reverse
order after two lines as shown in FIG. 26.

That is, when the first form is selected for the four
pixel data D11 to D22 in the first sampling area, a dot
based on the pixel data D21 is printed preferentially.
When the pext area is selected, the pixel data D12 is
printed preferentially. As a result, dots at a screen angle
of 135 deg:warcformcdinthelowdensitytegionas
shown in FIG. 27(T). When the image density of the
umplmg area increases, dots based on the gamma char-
acteristic conversion function y4 as well as the dots
based on the gamma characteristic conversion fanction
91 are printed. As a result, in each odd line, the pixel
data D12 are formed as main dots and the pixel data



m ned quantity for pixel data. FIG 54 shows a printing for
where the fifth and sixth function groups shown in FIGS. 52 and 53 are

used. That is,

FIG 54 shows an exanple of the form of appl
case where four kinds of function suitably selected fromth
fifth (FIG 52) and sixth (FIG 33) gamma characteristic copv
function groups by the conversion charac-

min the case

- 15 -

D12 (the pixel data D12 in the conrinuous form a:L,_ .

shown in FIG. 26) in the prior adjacent area are formed
as subsidiary dots at intervals of one dot from the main
dots. In each even line, the pixel data D21 are formed as
main dots and the pixel data D21 are printed 1s subsid-
iary dots-at intervals of one dot from the main dots so as
o be posterior to the main dots.

In the forms of application of gamma conversion
characteristics as shown in FIGS. 13, 16, 19%(a) and 19(5)
among the aforementioned embodiments, blank por-
tions are formed substamtially circularly and seperately
50 that ink for non-dot forming portions can be pre-
vented from pecling wastefully. As a result, a gradation
faithful to the density of pixel data can be expressed.

FIG. 28 shows a second embodiment of the gamma
characteristic conversion functions. The gamma char-
acteristic conversion function y1 has a characteristic in
which: the conversion print data mcreases to the maxi-
mm density Db from a density to an extent that energy
which is sufficient to keep the thermal condition of a
heating resistor element constant in the same manner as
the above-mentioned density Da but does not form any
dot and which is slightly lower than that for the density
painarangeoffmm the low density region to the
mtermediate density region of the pixel data; the maxi-
mum density Db is then kept constant regardless of the
density of pixel data; and then the conversion print data
My decresses to a density Dc in the vicimity of the
maxmum demnsity of the pixei data. Each of the zammma
characteristic conversion functions v2 and ¥3 is set so
that a density Dg sufficiently smail to form a0 dot is
km contact in the low deusity region of and the con-
version print data then increases to a density Dd pro-
portcnally to the image density m a range of from the
u!tezmediate density region to the maximum density of
pixel data. Further, the gamma characteristic conver-
sion function 74 is set so that the density Dd is given
only in the maximum density of pixel data.

When printing is continued through application of
the gamma characteristic conversion fanctions y1 0 y4
to the pixel data D11, D12, D21 and D22 as shown in
FIG. 14, dots based on the pixel data D11 are formed in
the case wiere the density of pixel data in the sampling
areais ipw. As a result, dots are formed like checkers as
shown in FIG. 29(T), so that screen angies of 0 and 90
degrees are set. When the density of pixel data ir
creases, dots based on the gamma characteristic conver-
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sion functions 2 and ¥3 are formed as shown in FIu

29(III). Because not only the dots based on the gamma
characteristic conversion functions y2 and ¥3 are small
but the pizel data D21 are pot used for forming dots
except the maximum density of pixel data, dots are
formed while one-dot circular blank portions 45 are
formed. As a result, ink in the blank portions is pre-
vented from pecling wastefuily widely, so that dots of 2
gradation faithful to the density of pixel data can be
formed.

Although description has been made upon the case
where the second embodiment of the gamma character-
istic conversion functions is used in the form as shown
in FIG. 14, it is 2 matter of course that the second em-
bodiment can be used in the forms as shown in FIGS.
17, 20, 23 and 26.

As described above, positions where main dots arc.
formed are changed by the change of the form of appli-
cation of the gamma characteristic conversion func-
tions. Accordingly, sharp color printing can be per-
formed by use of the advantage of screen angle setting
in gravure printing or the like throngh setting of differ-
ent application forms to three primary colors to express
a color corresponding to pixel data.

Although the gamma characteristic conversion func-
tions in FIG. 6 are set so that the function ¥1 decreases
_ to the density Dc in the maximum density of pixel data

and each of the functions y2 and ¥3 takes the density
Dd in the maximom density of pixel dara, an image of
practically sufficient quality can be obtained by setting
the function ¥1 to kesp the density Db even in the
maximum density region of pixel data and setting each
of the functions 2 and 3 to keep the zero density in all
density regions of pixel data 2s shown in FIG. 30.

Although the gamma characteristic conversion func-
tions in FIG. 28 are set so that the function y1 decreases
to the density Dc in the maximum density of pixel data
and the function ¥4 takes the density Dd ir the maxi-
mum density of pixel data, an image of practically suffi-
cient quality can be obtained by setting the function y1
10 keep the maximum density and setting the function
74mkeepthezcmdcnmy As described above, the
thermal transfer { image ﬁotmmg apparatus according to
the present invention comprises: a recording head hav-
ing a plurality of heatmg resistor elements arranged in a
Iine; means for carrying a sheet of recording paper and
an ink sheet at a predetermined pm:h an image data



-26- teristic selection neans 55 are assigned to pixel D11, D12, D21 and
D22 in the matrix of 2x2 pixels selected by the sanpling neans. That is,

t he pi xel

data D11 sanpl ed by the sanpling
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reading means for continzously reading N-ines’ pi]xel

data (N being an integer of N=2) constifuling input
image data: a sampling means {or sampling the N—XinL’

pixel data into a matrix of NXN pixels; 2 gamma con-
version means having a first gamma characteristic con-
version function for outputting print data to form main
dots by performing gamma convession proportionally
in a density range of from a low deusity to 3 high den-
sity, a second gamma characteristic conversion function
for outputting print data being lower in density than the
first gamma characteristic conversion fuaction to form
subsidiary dots, and third and fourth gamma character-
istic conversion functions to form a0 dot i 1 large part
of the density range, thereby expressing the pixel den-
sity as a dot size for each of the NN pixels; a conver-
sion charactenistic selection means for assigning the
gamma characteristic conversion functions to the sam-
pled N XN pixels to arrange dots based on the first
gamma characteristic conversion function at a predeter-
mined angle; and means for supplying electric energy
corresponding to the print data to the heating resistor
elements of the recording head.

Accordingly, if a combination of common gamma
characteristic conversion functions is set in the conver-
sion characteristic selection means, dot forming posi-
tions can be specified, so that a screen angle can be set
with the quantity of data reduced as less as possible, and
at the same time, not only dots formed for each primary
color can be arranged at a predetermined angle while
both delicate gradation and high resolution are attained
by changing the size of dots but rich color expression
can be provided by improving ink separation through
classification of the area of the non-transfer ink region
into fine parts.

Referring to FIG. 32, there is shown the functional
operation of the microcomputer 17 (FIG. 4) in the sec-
ond embodiment of the present invention. In the draw-
ing, the reference numeral 50 designates an image mem-
ory for storing image data outputted from the external
device. The tmage memory 50 stores a predetermined
quantity of image data, for example, one-page’s image
data for every color, outputted from the external de-
vice. The reference numeral 51 designates an image data
reading means for extracting N-lines’ pixel data (N
being an integer of N=2) from the image data stored in
the image memory S0 while the image data is being
shifted by N lines, 2 lines in this embodiment, and for



means 53 is converted into a conversion print data lin- early proportional
to the density thereof by one func- tion [err]11 of the gamma chartertic
conversion func- tion group of the gamma conversi on nmeans 54 sel ected by

t he conversion characteristic selection neans 55. The piXeI data D12 s
converted into a conversion print data by one function [ %ftkﬂ@hwmﬁewﬁngﬁ
gama character- istic conversion functiqg group so that |a conver .

LZ‘! s ||
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supplying the extracted N-lines’ pixel data to a i
buffer 42. The reference numeral 53 designates a
pling means for sampling N columns (N being an i
ger of N=2) in a main scanning direction from the pisel
data stored in the line buffer 52, that is, for sampling
NXN pixels, to sapply the sampled data to a gamma
conversion means 54.

The reference numeral 54 designates the aforemen-
tioned gamma conversion means in which data for de-
fining the relation between the density of pixel data and
print conversion data (which will be described later) as
shown in FIGS. 33 through 36 are stored to function as
means for changing the density of print data for the
pixel data from the sampling means 53 and for perform-
ing a thinning-out gperation.

The reference numeral 55 designates 2 conversion
characteristic selection means which stores first, sec-
ond, third and fourth gamma characteristic conversion
function groups y11 to y14, y21 to y24, v31 to y34 and
741«:y44conzspmnhnguopnnuuycoknsgummzothe
image memory 50. The conyversion charactenistic selec-
ton means 55 selects one function frcm 2ach of the
function groups on the basis of data respectvely stored
in a density correction data siorage means 56 and a
thermai history correction data storage means 57, and
assigns the thus selected functions to the sampied ma-
trix-iike image data D11, D12, ... D14, D21, D22, . ..
D24, D31. D32, ... D34, and D41, D42, ... D44. Refer-
ence numeral 58 designates a-print buifer connected
the zamma conversion means.

FIGS. 33 through 36 show an example of the gamma
characteristic conversion ‘unction groups. set in the
gamma conversion means 54. The gamma characteristic
conversion means has a plarality of characteristics. In
this embodiment, it has 16 functions classified into four
ETOuDs.

Each of the functions 11 to y34 in the first gamma
<ﬂuuncuuunn:convecnonfhncnong:ounsho“n1uLFIC£
33 bas a characteristic in which: a conversion print data
Dp for supplying minimam energy to form no transfer
dot but keep the temperature of 1 heating resistor ele-
ment regardless of the environment is set in the case
where the dexsity of pixel data is zero; the conversion
pnat data increases from Dp to the maximum density
Do proporticnaily in the intermediate density region of
pixel data; and the conversion print data Dgis kept ina
range of from the intermediate demsity region 0 the




print data Dierr] is kept constant to formno dot in a range of fromthe
| ow density region to the internedi ate den- sity region of pixel data and
then changed to a conver- sion print data Derr] in a range of formthe

i nternmedi ate density region to the high density region of pixel data.

Further, the pixel data D21 is converted into a conver- sion print data by
one function [err]51 of the fifth gamma chdracteristic conver$imp|fngRRENPSHEET
group so that a con- - 19 -

high density region of pixel data. As is obvious from the 21 1AM 888 &
drawing, the functions y11, 12, v13 and y14 constitut- e

ing the first group are set so that values of conversion
print data for pixel data are similar to one an other but oo -
slightly different by a predetermined quantity from one

another. The value Dg of the conversion print data is:

selected as 2 valpe for obtaining dot deasity of about

11.8 dot/mm in the case of binary printing such as char-

acter printing. That is, typically, the value Dy is se-

lected as a value for-supplying energy of about 0.125

mli/dot to a heating resistor element. The value Dgis

selected as a value for supplying energy twice as much

as the energy of the density Dg.

Each of the fuactions y21 to y24 in the second

gamma characteristic conversion function group shown
in FIG. 34 has 2 characteristic fundamentally in which:
a conversion print data Dgis kept to form a minimum-
size dot stably in the low density region of pixel data;
and the conversion print dara increases to the maximum
Doin a range of from the intermediate density region to
the high density region of pixel data. The functions y21
to 24 are set to have similar characterigtics like the first
group and output conversion print data slightly differ-
ent by a predetermined quantity for pixel data. -

Each of the functions y31 tc 34 in the third gamma
characteristic conversion function group shown in FIG. -
35 has a characteristic in which the density Dygris gener-
ated only in the vicinity of the maximum density of pixel
data. The functions are set so that conversion print data
slightly different by a predetermined.quantity for pixel
data are taken.

Each of the functions ¥41 to y44 in the fourth gamma

characteristic conversion function group shown in FIG.
36 has a characteristic in which: the conversion print
dat2 Dg for forming 2 minimum-size dot stably is kept
constant in a range of from the low density region to the
Il}termgdiate density region of pixel data; the conver-
sion prmt data substantiaily proportionally increases to
fhe conversion prnt data Dys in a range of from the
mtermediate density region to the high density region of
pixel data. The functions are set so that conversion print
data slightly different by a predetermined quantity for
pixel data are taken. _

The operation of the apparatus having the aforemen-
tioned configuration will be described hereunder.

Description will be made, as an example, about the
form of application as shown in FIG. 37, that i, the case




version print data Dcis kept constant to formno dot in a range of fromthe
|l ow density region to the internedi- ate density region_of pixel..dat- ~an
t hen changed to a convention print D[err]in a range of Er—emdhﬁjﬁhﬁé&hﬁ
dite density region to the high dehsity region of pixel AtA - Fue -t He
pi xel data D22 is converted into a conversion print dath l Oﬂ HWE%S&B an

[err]34 of the third gamma characteristic conversion fungt 20 e
t hat ' - 20 -

where one function is selected from =ach of tﬂx first,
second, third and jourth gamma characteristic conver-
sion fumctdon groups by the conversion characteristic
selection means 53 so that the selected functions are
respectvely assigned to the pixel dara D11, D12, D21
and D22 in the matrix of 2X2 pixeis sampled by the
sampling means.

The pixel data D11 sampled by the sampling means
53 is converted intc a conversion print data iinearly
proportional to the density thereof by one function y11
of the first gamma characteristic conversion function
group of the gamma conversion means 34 selected by
the conversion characteristic selection means 55. The
pixel data D12 is converted mto a conversion print data
by one functicn ¥33 of the third gamma characteristic
coaversion function group so that dot forming energy is
not applied except the case where the dessity Do is
given when the density takes its maximum value. The
pixcl data D21 is converted into a conversion print data
by one function y34 of the third gamma characteristic
conversion function group so that dot forming energy is
not applied in all density regions. The pixel data D22 is
converted into a conversion print data by one function
y21 of the second gamima characteristic comversion
function group so that energy substantially sufficiently
small to avoid dot forming is appiied in the low density
region and so that the convention print data is linearly
proportional to the density of pixel data in the density
region of not lower than the intermediate density re-
gion.

When the printing of the first-line pixel data is com-
pleted as described above, the pixel data D21 and D22
in the same sampling area are printed. Because the func-
tions y34 and y21 are respectively assigned to the pixel
data D21 and D22, the pixel data D22 is printed but the
pixel data D21 is not printed in the intermediate density
region. Because adjacent heating resistor elements are
stopped also in the printing of the second-line pixel data,
the pixel data as a subject of printing is formed as a dot
having a2 density faithful to the density subjected to
conversion by the fanction y21. Thereafler, printing is
continued while the form of assignment is alternated
between the first and second kines through changing of
image data as a2 subject of the gamma characteristic
conversion function group shown in FIG. 37 in the
form as shown in FIG. 38.

The form of application shown in FIG. 38 shows the



P

energy is not applied in the all regions. * As a result, when the

first-1ine pixel

data D11 and D12 are printed,

a dot corresponding to the

pi xel data D11 is formed for pixel data of internediate density appearing__

frequently in an ordinary image but the adja- cent pixel
data D11. Wen 't he printing of the first-
com pleted as descried above, the pixel data D21 and D22

cover the pixel
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case where basic 2 X 2 pixal data in FIG. 37 are arranéed

as a matrix of 4 X 4 pixels. The combination of pixel
D13, D14, D23 and D24, the combination of pixel data
D31, D32, D41 and D42 and the combination of pixel
datz D33, D34, D43 and D44 are respectively equal in
structure to the combination of pixel data D11, D12,
D21 and D22. In each of the combinations of pixel data,
pixel data are converted into conmversion print data
slightly different as shown in the drawing. The data
D11, D13, D31 and D33 are assigned for functons y11,

¥12, v13 and y14 of ;he first gamma characteristic con-

version function group shown in FIG. 33. The data
D12, D14, D32 and )34 are assigned for fanctions y31,
732 and 33 of the third gamma characteristic conver-
sion function group shown in FIG. 35. The pixel data
D21, D23, 241 and D43 ars assigned :or a funczcn +34
ot the third 7amma characteristic ccnversion {unction
group shewn i FIG. 35, The data D22, D24, D42 and

Ddd are assigned ‘or funczens +21, 22, 23 and v24 of
the seccnd zamma charactenstic converiicn funcuon
Zroup siown @ FIG.B4. As a resuit. with respect 0 the
16 xeis svecified as a1 jampiing area, the pixel data
D11, D13, D31 and D33 are printed 1s main dots and
the pixsi dara D22, D24, D42 ind D44 are orinted as
subsidiary dcts. Accerdingly. the 16 pixel dama D11 to
Ddd are =xpressed sc hot the main dots are coversd
with ihe sucsidiary dots.

That s, in the case where the density of the area
constituted v the thus samried 16 pixeis is lew, dots
corresconding o the pixei data D11, D13, D31 and 533
assigmed for the first ‘gamma characteristic conversica
functon moup are printed (FI1G. 39(T)). As the density
of the sampied area incr=ases, dots 80 corresponding to
the ixef daea D22, D24, D42 and D44 as signed for the
second gzamma characteristic ccnversion function
group 1Ire aso orinted (FIG. 3%(1I)). As the density of
pixei data increases further, the size of dots correspond-
ing to the pixe! data D11 and D22 increases so that an
image is printed to narrow the island-like blank portions
61 (FIG. 39(TD), 3%(LV) and 39(V)). As the resuit of
forming the istand-like blank portions 61, mk of the area
proportional to the density of image data is transferred
to recording paper securely without wasteful peeling of
ink from the ink sheet cven in the case of printing of
high-density data.

FIG. 40 shows 2 further form of conversion charac-



in the sane sanpling area are printed Becase the fhnc- tions [err]51 and
[err]34 are respectively assigned to the pixel data D21 and D22, the pixel
data D21 al one serves to cqver the first-line pixel data D11. Thereafter,
printting is continued in the formas shown in FIG 55, that is, by
alternately repeating the formof assignment of gamma characteri-Sti-Gammmrme
conversion functions while slightly changi ng the gamma Ahp‘;_:gagﬂjgma\ﬂ SHEET
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teristics set by the conversion characteristic Sdcmi 21 JAM 1098 * %
means 55. In FIG. 40, a function y11 of the first gax ~
characteristic conversion function group, a fuagton
¥34 of the third gamma characteristic converssion
tion group, a function ¥21 of the second gamma charac-
teristic conversion function group and a function y33 of
the third gamma characteristic conversion function
group arc respectively assigned to the four pixel data
D11, D12, D21 and D22 sampled by the sampiing
means 53. As a result, a dot corresponding to the pixel
data D11 is formed preferentially and 2 dot correspond-
ing to the pixel data D21 is formed as a subsidiary dot.
When the aforementioned form is applied to a matrix of
4} 4 pixels with gamrnpa characteristic conversion fugc-
tions changed slightly in the same manner as in the.
aforementioned embodiment while shifting the sam-
pling area by one dot per two lines in the main scanning
direction a3 shown tn FIG. 41, dots corresponding to
the pixel data D11, D13, D31 and D33 in the 4X4 ma-
trix are formed in the case where the density of image
data in the sampling ares is low as shown in FIGS. 42(3)
to 42(V). Further, the sampling area is shifted by one
pixel as described above when the sampling ares is
moved by 2 lines in this density. Accordingly, subsid-
fary dots 62 are formed between the dots formed as the
first-line pixel data. When printing s continued while
repeating the aforementioned procedure, an angle con-
necting dots placed at the shortest distance, that is, 2
screen angle, takes a value of 63.4 degress. FIGS. 43(a)
and 4X}) show the case where four kinds of functions
are suitably selected from the first, second, third and
fourth gamma characteristic conversion function
groups by the conversion characteristic selection means
54 50 25 to be assigned tonan:cldeu D12, D21
and D22 in the matrix. .

In a first form, a function ¥41 of the fourth gemma
characteristic conversion function group, a function
v11 of the first gamma charactenstic conversion func-
tion group. a function y33 of the third gamma charac-
teristic conversion function group and a functon y34 of
the third gamma charactcnstic conversion fncticn
group are respecuvely assigned lo the pizel dama D11,
D12, D21 and D22 (F1G. 43(a)). In a secound form. a
function y31 of the thied gamma characteristic conver-
sion functicn group. & function y34 of the third gamma
characteristic conversion function group. a function
v44 of the fourth gamma characteristic conversion

e

-



I stic conversion functions showmn in FIG 54. When the density of pixel
data in the sanpling area is | ow, dots based on the pixel data D11, D13,

D31 and
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functicn zroup md 1 ‘tccdcn 14 of -he 1‘::?'. 2amma ]
Characreristic convermion 1nCION ITOUP ITEI-SESBege——— ot
tveiv assigned :p the sizei dara D13, D14, D23 and D24
(FIG 43(5)). Taese Irst and seccnd forms s ased
alternateiy wiile siigntly changiag the gamma charac-
teristic conversicn furcdons as shown in FI1G. W

That i, wien the 3r3t Zorm s selected for e pixel
data D11 to D4 in he Srst sampling arsa, 2 dct based
ca the pixel dara D12 s printed preterentially. When
the zext pixel data idjacent 1o the sampiing area are
selected, the pixel data D24 is printcd nreferatiaﬂy As
a result, dots at screen angles of *=16.6 degrees are
formed i the low density regicn as shown in FIG.
45(). When the image demsity of the sampling area
increases, dots based on the fourth gamma characteris-
tic conversion group is well as the dots tased on the
ficst gamma characteristic conversion function group
are printed. As a result, the pixel data D12 and D11 are
respectively printed as a main dot and a3 a subsidiary
dot in each odd line, and the pixel data D24 and D23 are
respectively printed as a main dot and 2s a subsidiary
dot in each even line.

FIGS. 46(a) and 46(b) show other forms of conver-
sion characteristics set by the conversion characteristic
selection means 55. In a2 first form, a function 11 of the
first gamma characteristic conversion fanction group, a
function ¥33 of the third gamma cbaracteristic conver-
sion function group, a function y34 of the third gamma
characteristic conversion fonction group and a function
21 of the second gamma characteristic conversion
function group are respectively assigned to the pixel
data D11, D12, D21 and D22 (F1G. 46(a)). In a second
form,aﬁmcnonmofthcsccondgammacharactem-
tic conversion function group, a function ¥34 of the
third gamma characteristic conversion function group,
2 function ¥31 of the third gamma characteristic con-
version fanction group and a fanction ¥14 of the &rst
gamma characteristic conversion function group are
respectively assigned to the pixel data D13, D14, D23

and 1524 (FIG. 46(5)). These first and second forms are
used in the reverse order after two lines as showr in

F1G. 47 and while slightly changing the gamma charac-
teristic conversion functions.

In the aforementioned form of applicaticn, when the
first form is selected for the four pixel data D11 to D22
mthcﬁmsamphngarca.adotbasedonthepucldata
D11 is printed preferentially. When the next pixel data

e S



-27- D33 are formed. As a result, dotsare forned |ike cfreck="—ers as—
shown in FIG 56(1), so that screen angles of 0 and REPLAGEMENT SHEET
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adjacent to the pixel data are selected, the pixel data
D22 is printed preferentiaily. As a result. dots at a
scresn angle of 45 degrees are formed in the low deasity
region as shown in FIG. 48(I). When the mmage density
of the sampling area increases, dots based on the second
gamma characteristic conversion function group 2s well
as the dots based on the first gamma characteristic con-
version function group are printed. As a result, in each
odd line, the pixel data D11 is formed as 2 main dot and
the next pixel data D13 adjacent thereto is formed as a
subsidiary dot with separation of one dot from the main
dot. In svery 2ven iine, the pixel data D24 is formed as
a mam dot and the pizel data D22 is formed as a subsid-
iary dot with separation of one dot from the main dot so
as to0 de prior !0 the main dot.

FIGS. 9(d) and 48(5) show other forms of conver-
sion characteristics set by the conversion characteristic
selecdon means 35. In a first form, a function 34 of the
third gamma characteristic conversion function group,
a function 421 of the second gamma charactenstic con-
version function group, a function y11 of the frst
gamma characteristic ccnversion function group and a
fancdon ¢33 of the third gamma characteristic conver-
sion fonction group are respectively assigned to the
pixel data D11, D12, D21 and D22 (FIG. 49(2)). In a
second form, a function 731 of the third gamma charac-
teristic conversion function group, a function ¥14 of the
first gamma characteristic conversion function group, a
fonction 24 of the second gamma characteristic con-
version function group and a function y34 of the third
gamma characteristic conversion function group are
respectively assigned to the pixel data D13, D14, D23
and D24 (F1G. 49(5)). These first and second forms are
used in the reverse order after two lines as shown im
FIG. 50 and while slightly changing the gamma charac-
tetistic convession functions.

In the aforementioned form of application, when the
first form is selected for the four pixel data D11 to D22
in the first sampling area, a dot based on the pixel data
D21 is printed preferentially. When the next pixel data
are selected, the pixef data D14 is printed preferentially.
As a result, dots at a screen angle of 135 degrees are
formed in the low density region as shown in FIG.
S1(I). When the image density of the sampling area
increases, dots based on the second gamma characteris-
tic conversion function group as well as the dots based
on the first gamma characteristic conversion function




90 degrees are set Wien the density of pixel data in- creass, dots based
on the fifth and sixth ganma charnc- tristic conversion function groups
are formed as shown in FIG 56(I1). Because not only the dots based on the
fifth and sixth gama characteritic conversion func- tion groups are snall

but the pixel data D21 are not used for form ng dots e [ gl
bR T

density of pixel data, dots are fornmed while formng o
..25-
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group are printed. As a resalt, in every odd Ijnej et
pixel data D14 is formed as a main dot and the prior j
pixel data D12 adjacent thereto is formed as a s;llmdm'r e

dot with separation of one dot from the main dot. In

every even line, the pixel data D21 is formed as a main

dot and the pixel data D23 is formed a3 a subsidiary dot

Wwith separation of one dot from the main dot so as to be

posterior to the main dot.

In the forms of application of gamma conversion

characteristic functions as shown in FIGS. 37, 49, 43(a)
and 43(3) among the aforementioned embodiments,
blank portions are formed substantially circularly and
separately so that ink for non-dot forming portions can
be prevented from pecling wastefully. As a result, a
gradation faithful to the density of pixel data can be
expressed.
_ FIG. 52 shows an exampie of a function group used
instead of the afarementioned second gamma character-
istic conversion fanction group. The function group is
constituted by gamma characteristic conversion fanc-
tions y51 to ¥54. Each of the functions has 2 character-
stic in which: a conversion print date D¢ is kept con-
ml?.t to form no dot in a range of from the low density
region to the intermediate density region of pixel data;
and the conversion print data proportionally increases
o a conversion print data Dyin a range of from the
mtermediate density region to the high density region of
pixel data. '

. FIG. 53 shows a sixth gamma characteristic conver-
sion function group ¥61 to y66 used instead of the afore-
mentioned fourth gamma characteristic conversion
fanction group. Each of the functions in the sixth group
bas a characteristic in which: a conversion print data
Dc is kept constant to forth a0 dot in a range of from
the low density region to the intermediate dewsity re-
gion of pixel data; and the conversion print data in-
creases to0 2 conversion print data Dyin the high density
region of pixel data. The functions are set to conversion
print data which are slightly different by a predeter-
mined quantity ior pixel data.

FIG. 54 shows 2 printing form in the case where the -
fifth and sixth function groups shown in FIGS. 52 and
53 are used. That is, FIG. 54 shows an example of the
form of application in the case where four kinds of
functions suitably selected from the first, third, fifth
(FIG. S;) and sixth (FIG. 53) zamma characteristic
conversion function groups by the conversion charac-




bl ank portions 65. As a result ink in the blank portions is prevented from
peeling wastefully widely, so that dots of a gradation faithful to the

density of pixel data can be forned. Al t hough the cas A
second, fiflth and sixth gamra characteristic conversion ﬁgﬁgAY’ﬂﬁ“‘gr gf
are continuously applied to pixel data has been de- scrijped wth refererce
to FIG 55, it is a matter of 21 JAN 153
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teristic selection means 53 are assigned 0 pixel JaT
D11, D12, D21 and D22 in the matrix of 2X2 pixels
selected by the sampling means.

That is, the pixel data D11 sampled by the sampling
means 53 is converted into a conversion print data lin-
early proportional to the degcsity thereof by one func-
tion Y11 of the gamma characteristic conversion fanc-
ticn group of the gamma conversion means 54 selected
by the conversion characteristic selection means S5S.
The pixel data D12 is converted into a conversion print
data by one function 64 of the sixth gamma character-
istic conversion function group 30 that a conversion
primt data Dp is kept constant to form no dot in 2 range
of from the low density region to the intermediate den-
sity region of pixel data and then changed to a conver-
sion print data Drin a range of from the intermediate
density region to the high density region of pixel data.
Further, the pixel data D21 is converted into a conver-
sion print data by one function 51 of the fifth gamma
characteristic conversion function group so that a con-
version print data Dcis kept constant to form no dot in
a range of from the low density region to the intermedi-
ate density region of pixel data and then changed to a
conversion print data Drin a range of from the interme-
diate density region to the high density regicn of pixel
data. Further, the pixel data D22 is converted into a
conversicn. print data by one function ¥34 of the third
gamma characteristic conversion function group so that
energy is not applied in the all regions.

-As a result, when the first-line pixel data D11 and
D12 are printed, a dot corresponding to the pixel data
D11 is formed for pixel data of intermediate density
appearing frequently in an ordinary image but the adja-
cent pixel data D12 sexves to cover the pixel data D131.
When the printing of the first-line pixel data is com-
pleted as described above, the pixel data D21 and D22
in the same sampling area are printed. Becanse the func- -
tions yS1 and 34 are respectively assigned to the pixel
data D21 and D22, the pixel data D21 alone serves to
cqQver the first-line pixel data D11.

Thereafter, printing is continued in the form as
shown in FIG. 55, that is, by alternately repeating the
form of assignment of gamma characteristic conversion
functions while slightly changing the gamma character-
istic conversion functions shown in FIG. 54.

When the deusity of pixei data in the sampling area is
low, dots based on the pixel data D11, D13, D31 and



course that this enbodi nent can be applied to the forms as shown in FIGS
38, 41, 44, 47 and 50. Because the gamma conversi on neans has the afore-
mentioned characteristics, the first, second and third _ganmms -
characteristic conversion function groups can be assig et CEREPE Bkt
pixels in the sanpled matrix data so that the sanpling awe cah—be
a c%p
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expressed not only through generatianypf_ a main dot as Heghﬂfmggm

D33 are formed. As a result, dots are formed like check-
ers as shown in FIG. 56(I), <o that screen angles of 03nd
90 degrees are set. When the density of pixel data in-
Creases, dots based on the fifth and sixth gamma charac-
teristic conversion fanction groups are formed as shown
in FIG. S6(III). Because not only the dots based on the
fifth and sixth gamma characteristic conversion func-
tion zroups ar= small but the pixei data D21 are not used
for forming dots except the maximum density of pixel
darta, dots are formaed while forming one-dot circular
blank portions 65. As a result. ink in the blank portions
is prevented from peeling wastefully widely, so that
dats of a gradaticn faithful to the density of pixel data
can be iformed.

Although the case where the first, second, fifth and
sixth gamma characteristic conversion function groups
are continuously applied to pixel data has been de-
scribed with reference to FIG. S5, it is a matter of
course that this embodiment can be appiied to the forms
as shown in FIGS. 38, 41, 44, 47 and 50.

Because the gamma conversion means has the afore-
mentioned characteristics, the first, second and third-
gamma characteristic conversion function groups can
be assigned to respective pixels in the sampled matrix
data 50 that the sampling are= can be expressed not only
through generation of a main dot as a center of image
expression and a subsidiary dot adjacent to the main dot
on the basis of the first and second gamma characteristic
conversion function groups but through addition of a
dot based on the third gamma characteristic conversion
function group thereto for the maximum density of
pixel data.

The gamma conversion characteristics can be se-
lected by the head density-correction data 37 to correct
the densities outputted from the respective heating re-
sistor elements 14 of the thermal transfer recording
headliornuurbcad:cﬂadbythethannalh&nc:yccntx>
tion data 38 to correct the thermal interference through
the printing history.

FIG. 57 shows a seventh gamma characteristic con-
version function group adapted. for correction of the
thermal history. In this embodiment, the seventh
gamma characteristic corversion function group is con-
stituted by functions ¥71 to y74. Each of the functions
Rhas a characteristic in which: a coaversion print data
D3, D¢, Dp or Dg sufficiently small to form no dot or
to form a minimum-size dot is kept constant in a range




expression and a subaidiary dot adjacent to the main dot
the first and second ganma characteristic

through addition of a dot based on the third ganma characteristic

conver si on

The gamma convesi on characteristics can be 2se- | ect ed yhgﬁleﬁﬂg
correction data 37 to correc -

on the basis of
conversion function groups but

function group thereto for the maxi num densift

el o
ad’dg

A

of from the low density region to the high dexsity re-
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gion of pixel data; and the data increases toa co vcrstOn
print data Dy, Dyor Dgin the maximum densi

FIG. 58 shows the case where dots are printed for -

cvery second column in the first previous line with

respect 0 a certain line in the paper feeding direction
and all dots are printed in the second previous line with
respect to the certain line. In this case, the pixel data
D12, D14, (D16 and D18) are assigned for the third
gamma characteristic conversion group shown in FIG.
3s.

FIG. 59 shows the case where dots are printed for
every second column in the first preceding line with
respect to a certain line in the paper feeding direction
and dots are also printed for every second column line
in the second preceding line with respect to the certain
line so that column positions of dots are different be-
tween the first preceding line and the second preceding
line. In this case, the pixel data D12, D14, (D16 and
D18) are assigned for one function y74 of the seventh
gamma characteristic function group shown in FIG. 57,
which serves to convert the data into a slightly higher
conversion print data compared with the third gamma
characteristic conversion group shown in FIG. 35.
FIG. 60 shows the case where dots are printed for
every second column in the first preceding lime with
respect to a certain line in the paper feeding direction
and no dot is printed in the second preceding line with
respect to the certain iine. In this case, the pixel data
D12, D14, (D16 and D18) are assigned for one function
73 higher by one gradation level than the function y74
of the seventh gamma characteristic function group.
FIG. 61 shows the case where o dot is printed in the
first preceding line with respect to a certain line in the
paper {eeding direction and dots are printed for every
second columm in the second preceding line with re-
spect to the certain line. In this case, the pixel data D12,
D14, (D16 and D18) are assigned for one function v72
higher by one gradation level than the function y73 of
the seventh gamma characteristic function group. FI1G.
62 shows the case where no dot is printed in the first
preceding line with respect to a certain fine in the paper
feeding direction and no dot is printed in the second
preceding line with respect to the certain line. In this
case, the pixel data D12, D14, (D16 and D18) are as-
signed for one function y71 higher by one gradation
level than the function ¥72 of the seventh gamma char-



the densities outputted fromthe respective heating re- sistor elenents 14
of the thermal transfer recording head 6 or may be sel ected by the thernal
history conec- tion data 38 to correct the thermal interference. through-
the printing history. FIG 57 showns a seventh gamma cHapa g@kfg;&er’x ssAiic SEEET
version function group adapted. for correction of the thefngal _history—ln
this enbodi ment, the seventh 14908 |
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acteristic funcuon group : e
By suitably selecting the ﬁmcuons Y71 to y74 consti-

tuting the seventh gamma characteristic conversion

function group on the basis of the density correction

data storage means 56 and the thermal history correc-

tion data storage means 57, the functions y71 to y74 of

the seventh gamma characteristic conversion function

group to form no dot in a large part of the range can be

used for correcting the print density on the basis of the

change of the temperature of the substrate 13 (F1G. 3)

and the change of the environmental temperature

caused by the continuous printing operation. Accord-

ingly, sharp color printing being always stable can be

performed regardless of the great change of the printing

density. The aforementioned correction can be made

easily by selection of data, so that no arithmetic opera-

tion circuit is required for correcting the thermal his-

tory. As a resuit, the structure of the apparatus can be

simplified.




gamma characteristic conversion function group is con- stituted by
functions [err]71 to [err]74. Each tions has a characteristic

in which: a conversion print data D[f rr] or D[err]
sufficiently small to formno dot or m”ll m si ze jdot gkgp%w ———
constant in a range .Lfé";m Wi SHEET

B S T ———
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What is claimed is:
}_ A thermal transfer image forming apparatus con-_

g: _

a recording head having a plurality of beating resistor

elemeants arranged in a line for recording images on
recording paper;

means for carrying a sheet of said recording paper

and an mk sheet at a predetermined pitch past said
recording head;

image data reading means for continuously reading

pixel data of N lines constitating input image data,
where N is an mnteger=2;

sampling means for sampling said pixel data of N lines

into' a2 matrix of NXXN pixels, wherein said pixel
data varies in density;
gamma conversion means for converting said pixel
data associated with each of said pixels n said
matrix into output print data, said gamma conver-
gion means having a first gamma characteristic
conversion function for outputting print data
which forms main dots by performing gamma con-
version proportionally in a pixel data density range
of from a low density to a high density, a second
gamma characteristic conversion function for out-
putting print data being lower in density than said
first gamma characteristic conversion function for -
forming sobsidiary dots, and third and fourth
gamma characteristic conversion functions for out-
putting print data to form no dot in a large part of
said aensity range, thereby expressing pixe! density
as a2 dot size for each of the NX N pixels;

c0nversi0n characteristic selection means for assign-
ing the gamma characteristic conversion functions
to the sampled N XN pixels to arrange dots based
on the first gamma characteristic conversion func-
tion at a predetermined angie; and

means for supplying electric energy corresponding to

the print data to the heating resistor efements of the
recording head so that images are recorded on said
recording paper by forming said dots in accor-
dance with said print data.

2. A thermal transfer image forming apparatus ac-
cording to claim 1, in which said conversion character-
istic selection means has a selection characteristic
which is set to change the angle of arrangement of dots
correspondingly to each primary color.
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3. A thermal transfer image forming apparatus™ ac-
cording to claim 1, in which said conversion character-
istic selection means has a selection characteristic
which is set to combine adjacent two dots in 2 main
scanning direction in a range of from 2 low density to an
intermediate density and arrange the two dots in a pre-
determined direction.

4. A thermal transfer image forming apparatus ac-
wrdmg to claim 1, in which said conversion character-
istic selection means -has a selection characteristic
which is set to combine adjacent two dots in 2 subsid-
iary scanning direction in 2 range of from 2 low demsity
to an intermediate density and arrange the two dotsm a
predetermined direction.

5. A thermal transfer image forming apparatus com-
orising:

a recording head having a plurality of heatmg resistor
elements arranged in a line for recording images on
recording paper;

means for carrying a sheet of recording paper and an
ink sheet at a predetermined pitch past said record-
ing head;

image data reading means for continuously reading
pixel data of N lines constituting input image data
wherein N is an integer=2;

sampling means for sampling said pixel data into a
matrix of N XN pixels wherein said pixel data var-
tes in density;

gamma conversion means for converting said' pixel
data associated with each of said pixels in said
matrix into output print dats, said gamma conver-
sion means having a first gamma characteristic

conversion function group for outputting print
data which forms main dots by performing gamma

conversion proportionally it 2 range of from a low
deasity to & high density of pixel data, second and
third gamma characteristic conversion function
groups for outputting orint data for forming dots
by performing gamma conversion proportionally
increasing in density in a range of from an interme-
diate density to the high density of pixel data, and
a fourth gamma characteristic conversion function
group for outputting print data to form no dotin a
large part of the range, to express pixel density as
dot size for each of said N XN pixels;




of fromthe |ow density region to the high density re- gion of pixel data,;
or D[err]

and the data increases to a conversion print data Derr],

in the maxi mum density region FIG 58 shows the case where-
printed for every second colum in the first previous |

Derr]

s ‘..- e aan |

oS, dr. o
RERMAERVIESS pe“t:t‘ t

a certain line in the paper feeding direction and all dots—areprifited rn

the second previous line with respect to the certain lifhe] Inithi 1g8ke

t he pi xel data

_32 -

|

0

conversion characteristic selection means for asgiﬁ-'
ing said gamma caaracteristic conversion function
groups to arrange dots based on said first gamma
characteristic conversion function group at a pre-
determined angle; and

means for supplying electric energy correspondiag to

said print data to said heating resistor elements of
said recording head so that jimages are recorded on
said recording paper by forming said dots in accor-
dance with said print data.

6. A thermal transfer image forming apparatus ac-
cording to claim 5, in which said conversion character-
istic selection means has a selection characteristic
which is set to change the angle of arrangement of dots
correspondingly to each primary color.

7. A thermal transfer image forming apparatus ac-
cording to claim 5, in which said conversion character-
istic sclection means has a selection characteristic
which is set to combine adjacent two dots in the main
scanning direction in a range of from a low density to an
intermediate density and arrange the two dots in a pre-
determined direction.

8. A thermal transfer-image forming apparatus ac-
cording to claim 5, in which said conversion character-
istic sclection means has a selection characteristic
which is set to combine adjacent two dots in the subsid-
iary scanning direction in a range of from a low density
to an intermediate density and arrange the twodotsina
predetermined direction.

9. A thermal transfer image forming apparatus ac-
cording to claim 5, in which functions constituting said
third gamma characteristic conversion function group
are respectively sufficiently small to form no dot in a
range of from a low density to a high density of pixel
data and are different in the value of conversion print
data, so that the functions are selected correspondingly
to the environmental temperature or the temperature of
the recording head substrate.

)



D12, D14, (D16 and D18) are assigned for the third gamma characteristic
conversion group shown in FIG 35. FIG 59 shows the case where dots are
printed for every second colum in the first preceding line with respect to

a certain line in the paper feeding direction and dots arfg al-so-printed—oy
every second colum line in the second preceding |ine vvith%@‘afﬁi@ggéﬁoﬁﬂﬁﬂ

certain -1 -
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line so that colum positions of dots are different be- twemthe first
preceding line and the second preceding line. In this case, the pixel data
D12, D14, (D16 and D18) are assigned for one function [err]74 of the
sevent h gamma characteristic function group shown in FIG @ - 51 Nkt C10Y7
to convert the data into a slightly higher conversion prlnt“ddtﬁfédﬁpéreﬁ
with the third gamma characteri stic conversion group shoﬁn
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FIG 60 shows the case where dots are printed for every second colum in
the first preceding line with respect to a certain line in the paper
feeding direction and no dot is printed in the second precgdi..ng,.l..Ln.e.‘_.AAilh.*._.T
respect to the certain line. In this case, the pixel data Dlg:BldryENiosand
D18) are assigned for one function y73 higher by one grada igMemeL.Lha.a-
the function [err]74 of the seventh gamma characteristic fyndti
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FIG 61 shows the case where no dot is printed in the first preceding |line

with respect to a certain line in the paper feeding direction and dots al
printed for every second columm in the second preceding || e epq

to the certain line. In this case, the pixel data D12, DI %E@Emﬁﬁ@ﬁw ﬁ@ﬁ)

are assigned for one function [err]12 higher by one grada}li «%ev@F“?ﬁan\
the function [err]73 of the seventh gaan characteristic tu c%??nlg%f?%i_i
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62 shows the case where no dot is printed in the first preceding.i-ne-wn-tim
respect to a certain line in the paper feeding directionjagepin@etieiii Shcet
printed in the second preceding line with respect to theic ' i+

4+ﬁr—ﬁ1
this case, the pixel data D12, D14, (Dper )_wg_r_e as4 sl gigdjfgﬁ @e
{EThang e fjunct 4 dn P” p? 2 of
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- 29 - acteristic function group. By suitably selecting the functions
[err]71 to [err]74 consti- tuting the seventh ganma characteristic

conversion function group on the basi s—ef—the—density correction data.
storage means 56 and the thermal hi st dr VASoHEEE HAS BEEN '
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tion data storage neans 57, the functions [err]11 to [err]74 of the seventh
ganmma characteristic conversion function group to formno dot in a large
part of the range can be used for corfegii g the-pr+at. denstty Gl [N, basi
of the change of the tenperature of t & BEEN IGHEQ}‘B’{(&;%@F??’hé’”’”TZSS
change of the environnmental tenperatul thercontinuous

printing operation. Accord- ingly, sharpgcelor printing petng ﬁLﬂﬁ%é&ﬁ&able
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performed regardl ess of the great change of
af orenenti oned correction can be nmade easil

no arithmetic opera-

his- tory. As a result,
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30 VWhat is clainmed is: 1. A thermal transfer inmage formng apparatus
com prising: a recording head having a plurality of heaj_i.ng._r_esi.st.@k_-. ,
elenments arranged in a line for recordi | mages on r e¢ OREINAGERAREIrSHEET
means for carrying a sheet of said recqr UEBGHREPEMS pray !
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constituting input image
means for sanpling said pixel data of NI
pi xel s, wherein said pixe
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ganmma conversion neans for converting said pixel

each of said pixels in said

conver -

function for outputting print data

gamma con-

%

CONVERSION PRINT DATA

CONVERSION PRINT DATA

version proportionally in a pixel
froma low density to a high. density,

&

g P 7

&

a second
_13-

FIG. 30

0 2. N
LOW DENSITY  HIGH DENSITY

PIXEL DATA

FIG. 31

Dbf-———r————

ogfr — — — — — -
! yf’
DO 7N
Dg -
0 —

LOW DENSTTY  HIGH DENSITY
PIXEL DATA

data associated with
matrix into output print data,
sion neans having a first gamma characteristic

sai d gama
conver si on

whi ch forns nmin dd
dat a dengd

1 er1 0. T
| BEPRAURHENT SHgy

2 1 JAN 1398 |




gama characteristic conversion function for out- putting print data
being lower in density than said first ganma characteristic conversion
function for form ng subsidiary dots, and third and festh—....game. .
characteristic conversion functions for out- putting arﬂ}?niti_ﬁga!pgﬁ‘r(g,ﬁ@ n
no dot in a large part of sai d density range, thereby 1g-|E;4—e-srsa.p,g;]h-qp.l,
density as a dot size for each of the N X N pixels; | 21 JAM 1098
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conversion characteristic selection neans for assign- I ng the gamma
characteristic conversion functions to the sanpled N x Npixels.to. . . ..
arrange dots based on the first gamma characteristic conRERIIEMAGNGrET
tion at a predeternmined anglei and neans for supplying ellegtric_energy...
corresponding to the print data to the heating resistof l%naﬂ%qéh
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recordi ng paper by formng said dots in accor- dance with said print
dat a. 2. Athermal transfer imge form ng apparatus ac- cording to claim
1, in which said conversion character- istic selection neansjhas..a

sel ection characteristic which is set to change the angle of aﬁﬁ@ﬁg?;mzrq%kpr
dots correspondingly to each primary col or. A
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-31 3. Athermal transfer inmage form ng apparatus ac- cording to claim
1, in which said conversion character- istic selection means has ... pp—
sel ection characteristic which is set to conbine adjacent t@; Shite

; . . . : _ ROR cihbla & =
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I nternedi ate density and arrange the two dots in a pre- determ ned

di rection. 4. A thermal transfer image form ng apparatns ac- cording to

claim1l1, in which said conversion character—iStic selectiagn 1G5 has A ]
o e e Steer

sel ection characteriStic which is set to cﬂ%ﬁ&héﬁmﬁ}éﬁg‘@gfg
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ABSTRACT

THERMAL TRANSFER IMAGE FORMING APPARATUS USING DIFFERENT
GAMMA FUNCTIONS FOR DIFFERENT DENSITY RANGES

A thermal transfer image forming apparatus comprises:
a recording head having a plurality of heating resistor
elements arranged in a line; 2 mechanism for carrying a
sheet of recording paper and an ink sheet at a predeter-
mined pitch; a microcomputer inclnding an image data
reading means for continuously reading N-lines’ pixel
data (N being an integer of N=2) constituting input
pixel data, a sampling means for sampling the N-lines’
pixel data to a matrix of N=N pixels, 2 gamma conver-
sion means having a first gamma characteristic conver-
sion function for outputting print data to form main dots
by performing gamma conversion proportionally in a
range of from a low density to a high density, a second
gamma characteristic conversion function for output-
ting print data being lower in density than the first
gamrma characteristic conversion function to form sub-
sidiary dots, and third and fourth gamma characteristic
conversion functions to form no dot in 2 large part of
the density range, to thereby express the pixel density as
dot size for cach of the N XN pixels, and a conversion
characteristic selection means for assigning the gamma
characteristic conversion functions to the sampled
N XN pixels to arrange dots based on the first gamma
characteristic conversion function at a predetermined
angie; and 2 drive circuit for supplying electric energy
corresponding to the print data to the heating resistor
elements of the recording head.
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