- THERMAL TRANSFER IMAGE FORMING APPARATUS

p—————
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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
initial 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 aata 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
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 forﬁéd
in the unit area is defined for every primary color, so that
the dot forming position is arranged in a specified direction
£ 4

with respect to the recording medium. !
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In those system§, however, there ha# B2en a problem’in

?"P

 that the number of dots to be assigned to one pixel increases

to make the resulting image rough as the number of expressible

density levels increasas, because density levels are—e %
THIS SHEET HAS BEEN
REPLACED

by the number of dots.

To solve the aforementioned 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 fo 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

matrix data tberein increases.

It ;s therefore an object of this invention to

provide an improved thermal image transfer apparatus. This
object 1is 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 drawings,. The
claims are intended to be understood as a first non-llmlting
approach of defining the invention in general terms.

The invention provides an image forming
apparatus in which a plurality of heating reSLStor 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 rjibbon to thereby form dots on
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recording paper, and more particularly, to a technique for
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 plupality of
heating resistor elements arranged in a line;

Carrying a sheet of recording paper and an ink
4 predetermined pitch; an

sheet at
image data reading means for

means for .
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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 prqportionally 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

invention; . - | B
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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 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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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-charactéristic

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;
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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
thereof to image data and printing results obtained by the
continuous ap@lication;

Figs. 52 and 53 are graphs respectively showing further
exﬁmples of the gamma <characteristic conversion 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 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 theﬁgamma

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. s?

»
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As shown in Fig. 3, the thermal transfer recording head
i?‘e jncludes & substrate 13, an array of heating resistor
glements 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 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,

17 designates a microcomputer

the reference numeral

a main portion of the controller. The

constituting
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 thexrmal 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

THIS SIUm BH« o
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increasing in time T1, T2, T3, T4, ..... Tn correspondingly to
the density Bl1, B2, B3, B4, ..... Bn is supplied to each of the
-~ 12 - B —
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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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embodiment, 2 X 2 pixels), to supply the sampled data to 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 ér 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 function yl 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 densit&

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, fot

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 substantially 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 iﬁ 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
designates a print buffer connected to the gammer conversion
means.

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
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elements 14’ and 14" are in stoppage 2as shown in Figq. 7,'the

neating resistor element 14 thus driven 1s free from thermal

interference with the adjacent heating resist&r 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: to the heating resistor
element even in the case where the relative inpu£ 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
Zi'density faithfully proportional to the density of pixel data
. an be formed. As a result, not only separate dots are formed
n the intermediate density and in the high density but a solid
P image (Fig. 9(III)) is formed in the maximum density, when the
ergy increases as éhown in Figs. 9(I) to 9(III).

Even in the case where printing is performed through
Briving on two heating resistor elements 14 and 14’ while the
gating resistor elements adjacent to these two heating
isto; elements 14 and 14‘ are in stoppage as shown in Fig.
%?thermal interference between heating resistor elements can
E?revented practically sufficiently. Accordingly, dots can
é}°tmed in the same gradation characteristic as in the case

¥ N - - .
;f Unly one heating resistor element is driven as described

On the contrary, when also the adjacent heating

jf°f elements are driven, thermal interference between the

- 17 -
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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).1:0
12(III). ' :

The case where the aforementioned gamxﬁa conversion
characteristics are applied thereto will be described
hereunder.

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

P12 is converted into a conversion print data by the gamma

]
=58
k2 2
S

- fnergy is not applied except the case where the density Dd is P

3 Characteristic conversion function y2 so that dot forminq‘

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

b s converted into a conversion print data so that dot SIS

Sming energy is not applied except the case where the density
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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 data D1l 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 i

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,

14
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.

R é
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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
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
;“eans 34. In Fig. 16, gamma characteristic conversion
Efunctions vl, ¥v3, v4 and y2 are respectively assigned tp four

{ﬁxel data D11, D12, D21 and D22 sampled by the sampliﬁg means

B
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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 v4, +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

s

shown in Fig. 20. That is, when the first form is selected for

— —— T
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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 D1l 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 data D11, D12, Dzi and D22 as a first

form (Fig. 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
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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
charactéristics sét by the conversion characteristic selection
means 35. In Figs. 25(a) and 25(b), gamma characteristic
convers;on functions y2, vy4, 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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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 increases, dots 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

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

P

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.

————————————

\
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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

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 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
; gamma 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
BPixel data in the sampling area is low. As a result, dots are

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

z! z T ——————
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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
conversion functions y2 and y3 are formed as shown in Fig.
29(I1I1). 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-dot circular
blank portions 45 are formed. 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 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 28§.

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. Accoxdingly,
sharp color printing cah 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
to express a color corresponding to pixel data. ‘

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 eath of the
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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 kéep 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 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 p'lurality of heating resistor elements arranged in a

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;
2 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

o Sy

range of from a low density to a high density, a second gamma

Characteristic conversion function for outputting pfint data

e AR st

e
—
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being lower in densityv than the first gamma chz—==Tsristic
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 assiz—ing the

gamma characteristic conversion funEtions to the sz=z’=d N x N
pixels to arrange dots based on the.first gamma cha-z-teristic
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 J:;educed 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
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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

image memory 50 while the image dﬁta is being shifted by N
lines, 2 lines in this embodiment, and for supplyipg 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 [
i3 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,

2third and fourth gamma characteristic conversion function . :
froups y11 to y14, v¥21 to y24, v31 to y34 and 741 ito yad

ﬁ°°!respond1ng to prxmary colors given to the image memory 50. ' '

i
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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
'éﬁbplying minimum energy to form no transfer dot but keep the
4temperature 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 D, to the
1?aximum density Dg proportionally in the intermediate density
é%egion of pixel data; and the conversion print data D, is’képt
a2 range of from the intermediate density region to the high

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

ize functions vll, y12, yl3 and vy14 constxtutxngﬂ%he first
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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
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conversion print data is selected as a value fof obtaining dot
density of about 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 Dj.

Each of the functions y21 to v24 in the second gamma
characteristic conversion function group shown in Fig. 34 has
:ft; a characteristic fundamentally in which: a conversion print

i 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 +31 to v34 in the third gamma
§ﬁaracteristic conversion function group shown in Fig. 35 has
Charactéristic in which the density Dg is generated only in

® vicinity of the maximum density of pixel data. ,.The
B, L

g.Ctions are set so that conversion print data slightly

-9
R

~t?ferent by a predetermined quantity for pixel data are taken.

a?
.
L J

THIS SHERT HAS BEEN
REPLACED

S

et

SRR B T e—— e s

Ml

|

|

|

- 31 - This Sheet Has Been Replaced




Py oy
.
)
1

]

)

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 low density region to the intermediate density

region of pixel data; the conversion print data substantially

b i dhoa bzl ik b i R e o e e

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
- 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
.COnverted into a conversion print data linearly proportional to
g,__the density thereof by one function yll of the first’gamma

chﬂracteristic conversion function group of +the gamma

soonversion means 54 selected by the conversion characteristic
?
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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

’-9

density subjected to «conversion by the function y21.
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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,
D14, 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 yll, yl2, y13 and yl4 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

4
r

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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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 with: the 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 ti;le 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 conve.rsion function group, a

¥

f . L
Unction y21 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 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
k

¥
¢
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g to be assigned to 2 x 2 pixel data D11, D12, D21 and D22 in
¢he 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
gunction 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 fhe

third gamma characteristic conversion function group, a

ke —————— -

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
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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

. ¥
L4

the gamma characteristic conversion functions.
———
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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 piﬁel data D11 is
printed preferentially. When the next pixel data adjacent to
the pixel data 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 sampliné 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 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
with separation of one dot from the main dot sc 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
function yl1 of the first gamma characteristic conv;rsion

function group and a function ¢33 of the third gamma

Characteristic conversion function group are xespectively
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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
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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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
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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, £ifth (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 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 raqée 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 datal Further, the pixel data D21 is
converted into a conversion print data by one function yS1 of
the fifth gamma characteristic conversion 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 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
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slightly changing the gamma éharacteristic conversion functions
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 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 datg'so that the
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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 r
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

interference 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 y74. Each of

ﬁ the functions has a characteristic 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 211 dots are
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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 inthe second
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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

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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required for correcting the thermal history.

structure of the apparatus can pe simplified.

.Lé

As a result, the
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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
conversion function to form subsidiary dots, and third
and fourth gamma characteristic conversion functions to

o e e

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;

x4

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 fux}t"_"‘tion 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.

+ 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

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

5. A thermal transfer image forming apparatus comprising:

g a recording head (6) having a plurality of heating

i

5 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;

Py

s
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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 characteristic selection means (55) for
assigning said gamma éharacteristic 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. )

LTI T TR




i diiadest

PR P ..

52

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.

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
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 axe selécted correspondingly to the
environmental temperature or the temperature of the
recording head substrate.
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