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THERMAL TRANSFER  IMAGE FORMING    APPARATUS USING DIFFERENT GAMMA
FUNCTIONS FOR DIFFERENCE DENSITY RANGES       BACKGROUND OF THE INVENTION
1. Field of the Invention   The present invention relates to an image
forming apparatus in which a plurality of heating resistor ele- 



meats 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 recording paper, and more particularly, 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 a 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 used widely in the
field of full-color printing ro- 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 evey
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 pinted points on the recording medium.   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 a 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 a unit area  (for example, an
area of 4X4 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 density levels increases, became den-
sity levels are expressed by the number of dots. 



To solve the aforementioned problem, as disclosed in Japanese Patent
Unexamined Publication No. Sho 61-189774, there has been proposed a prining
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 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 onginal, 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 pro- posed printing
system, however, requires a large quan- tity of matrix data if the gradient
is made higher. There 



arises therefore a problem in that the capacity ofa 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 trasfer image forming aparatus, 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 resolution, and,
on the other band, 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   





at least 2X2 pixels are formed, whereby both genera- tion of net-like noise
and color cloud due to displace- ment in dot forming position can be
prevented to make the printig quality excelent.    A second object 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 object of the invention is to provide
a novel  thermal transfer image forming apparatus in which the  density
changge of each dot with the temperature change  of the recording head
substrate can be prevented by a  simple circuit configuration.    To
perfcrm the aforementioned objects, according to 



the present inventicn the thermal transfer image form- ing apparatus
according to the present invention com- prises a recording head having a
plurality or heating resistor element arranged in a line; means for
carrying a sheet of recording paper and an ink sheet at a prede- termined
pitch; an  image data reading means for contin- nously reading  N-imes
pixel data (N being an integer of N[err]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
convesion means having a first gamma chactristic conversion function for
output- ting print dato form main dots by performing gamma conversion
proportionally in a density range of from a low density to a high density,
a second gamma  chrac- terstic conversion function for outputting print
data being lower in desity than the first gamma characteris- 



tic conversion function to form subsidiary dots, and third and fourth gamma
characteristic conversion func- tions 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 characterisic conversion functions to the sampled N X N
pixels to arrange dots based on the first gamma  characteristic 



conversion funtion 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 objects of the invention will
become clear from the following description of embodimets.   





BRIEF DESCRIPTION OF THE DRAWINGS   FIG. 1 is a block diagram showing the
function of a microcomputer according to one embodiment of the present
invention;   FIG 2 is a sectional view showing a thermal transfer printer
according to an embodiment of the inventon;   FIG. 3 is an enlarged front
view of a recording head 



used in the present invention;   FIG. 4 is a black diagram showing an
example of the controller of the thermal transfer printer depicted in FIG.
2;   FIG. 5 is a waveform graph showing an example of the signal for
driving the recording head in the present invention;   FIG. 6 is a graph
showing  a characteristic con- 



version 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 9(III)are explanatory views
showing 



the relation between the driving method depicted in FIG. 7 and print
patterns;   FIG. l0 is an explanatory view showing the relation between the
supplied enery and the heating areas in the recording head driving method
used in the present    FIG. 11 is an explanatory view showing an example of
the conventional recording head driving  method; 



FIGS. 12(I) to 12(III) 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 exmple of application  of the
gamma characteristic convention funcions depicted in FIG. 6;   FIG. 14 is
an explanatory view showing the forth of continuous aplication of the gamma
characteristic 



conversion funtions depicted in FIG. 13;   FIGS. 15(I) to 15(V) are
explanatory views showing print forms obained by using the gamma
characteristic conversion functions depicted in FIG  13;   FIG. 16 is an
explanatory view showing another    
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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 characterisic 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 showing a further example of
application of the gamma charac- teristic conversion functions depicted 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(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
charac- teristic 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 charac- teristic 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
using the gamma characteristic conversion functions depicted in FIG. 25;
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 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 a block diagram showing the funtion of a
microcomputer in a second embodiment of the present inventio;    FIGS. 33,
34. 35 and 36 are graphs showing examples of the gamma characterstic
conversion funtion  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
ob- tained by using thereof;   FIGS. 40, 41 and 42(I) to 42(V) are views
showing an example of application of the gamma  characteristic conversion
funtion groups, the form of continuous application thereof to image data
and printing results 



obtained by the continuous application;   FIGS 43(a), 43(b), 44 and 45(I)
to 45(V) are view showing an example of application of the gamma char-
actetistic conversion function groups, the form of con- tinuous 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 char- 



acteristic conversion funtion groups, the form of con- tinuous application
thereof to image data and printing results   obtained by the continuous
application;   FIGS. 49(a, 49(b), 50 and 51(I) to 51(V) are views showing
an example of application of the gamma char- acterisic conversion function
groups, the form of con- timous 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 conver- sion function groups;   FIGS. 54,15 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 print- ing 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 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 charc-





7 teristic conversion funtion for correctig the thermal history of the
recording head.       DETAILED DESCRIPTION OF THE          PREFERRED
EMBODMENTS   Embodiments according to the present invention will be
described herreunder 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 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 conveythe
recording paper 1 to a print region, a platen 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 5 at
the time of printing, a conveyance roller 8 for returning the record- ing
paper 1 to the stacker 2 after printing, a stock roller 10 for feeding the
ink ribbon 9, and a takeup roller 11. Further, a circuit subsate 12 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 a 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 a control circit 



according to an embodiment of this invention. In the drawing, the.
reference numeral, 17 designates a mi- crocomputer constituting a main
portion of the control- ler. The microcompter 17 comprises a CPU 18, an ROM
19 for storing control programs, data processing programs which will be
described later  and gamma characteristic conversion  function, 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 circit 24.   The recording head
drive circuit 23 is aranged so that electric energy corresponding to
density data out- putted from the interface 22 is supplied to each of the  





- 8-   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. . . T[err] correspondingly to the density 



B1 B2, 83, B4 . . . Bn is supplied to each of the heating  resistor
elements 14 of the thermal transfer recording  head 6.  The motor drive
circit 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 accor- 



dance 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 aforementioued basic
printing function. In the drawing, the refferenrce numeral  30 designates
an image memory for storing image data  outputted from the exteral device.
The image memory 



30 stores a predermined quantity of image data (for  example, one page's
image data for each color) output-  ted from the extrnal device. The
refrence numeral 31  designate an image data reading means for extracting
N-lines' pixel data (N being an integer of N[err]2) from the  image data
stored in 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 N[err]2)  in a main scanning direction from the
mage 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 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 re-  farred 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  convertion function set in the gamma con- 



version means  34. A plurality of characteristics (in this        



embodiment, four kids of gamma charactistic con- version functions) are
stored in the gamma conversion means 34. 



A gamma characteristic conversion function [err] has a characristic in
which: conversion print data Da for supplying minimum energy to keep the
temperature of a heating resistor element constant regardless of the envi-
roument 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 intermidiate density region thereof; the con- version print data
Db is kept constant in arange of from the intermediate density region to a
high density region; and the density of conversion print data is deceased
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 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 Dc. 



A gamma characteristic conversion function [err] has a characteistic 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 [err] has a characteristic in which the
density Dd is genrated only in the vicinity of the maximum, density value
of pixel data in the same manner as the gamma characteristic 



conversion function [err].   A gamma characteristic conversion function
[err]  has a characteristic in which: the conversion print data D[err] for
forming a minimum size dot stably is kept constant in the low density
region of pixel data; the density of con- version print data is increased
substantially linearly from Da  to a maximum conversion print data Db pro-
portionally to the density of pixel data in a range of 



from the intermediate density region to the high density region; nd the
density of conversion print data is do- creased to the density Dc near the
density of image data      



-10-     in the maximun density region of pixel data.    Because the gamma
conversion means 34 has the 



aforementioned characteristics, gamma chracteristics can be asigned to four
pixels in  the sampled matrix data so that the sampling  area can  be
expressed not only through generaion 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 [err] and [err] but through addition of dots
respectively based on the conversion characteristics [err] and [err]
thereto for the 



maximum  density of pixel data.    The reference numeral 35 designates a
conversion characteristic selection mean in, which data for assign- ing the
four gamma characteristic conversion functions [err] to [err]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 gamma 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 on 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 proportional to relative input energy E supplied to the heating
resistor element even in the case where the relative input energy E is
sepa- 



rated into 32 stages as shown in FIG. & As a result, very high gradations
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(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 resis- tor elements
are driven, thermal inteferece 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)) 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
ccnver- sian chracteristics are applied thereto will be described 



hereunder.   The form of application as shown in FIG. 13, that is, the case
where conversion characteristics [err], [err], [err] and [err] are applied
respectively to pixel data D11, D12, D21 and D22 in a matrix of 2X2 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 char- acteristic
conversion function [err] 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 characteristic
conversion function [err] so that dot forming energy is not applied except
the case where the density Dd is given when the density takes its maxium
vaiue. 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 Dd is given
when the density of pixel dat  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 con- vention 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 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-  





-12-     When the printing of the first-linc pixel data is com-  pleted as
described above, the pixel data D21 and D22  in the same sampling area are
printed. Because the fimc-  tions [err] and [err] 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
conversion by the function [err]. Thereafter, printing is  continued in the
form as shown in FIG. 14, that is, by  repeating the form of    assigment
of gamma characteris- 



tic conversion functions as shown in FIG. 13.    As a result, four pixels
specified from the sampling area are expressed so that the pixel data D11
and 1)22 ame 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  [err] are printed (FIG. 15(I)). As the density of the sampled
area increases, dots 40 correponding to the pixel data D22 assigned for the
gamma characteristic convertion func- tion [err] 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 increasses 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 paver
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 character- istics set by the
conversion characteristic selection means 34. In FIG. 16, gamma
characteristic conversion functions [err], [err], [err] and [err] are
respecively assigned to 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 preferentially and a pixel after conversion of the pixel data
D21 is formed as a 



subsidiary dot When the aforementioned form is ap-        



-13- plied 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
den- 



sity 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 deibed 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 angle conneting dots placed at the shortest 



distance, that is, a screen angle, takes a value of 63.4    FIGS. 19(a) and
19(b) show other forms of conver- sion characteristics set by the
conversion charactistic selection means 35. In FIGS. 19(a) and 19(b), gamma
characteristic conversion functions [err], [err], [err] and [err] are
respectively assigned to four pixel data D11, D12, D21 and.D22 as a first
form (FIG. 19(a)), and gamma 



charactristic conversion functions [err], [err], [err] and [err] 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 the four
pixel data D11 to D22 in the first sampling arm, a dot based on the pixel
data D12 is printed preferentily. 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 [err]26.6 degrees are formed in the low density
region as shown in FIG. 21(I). When the image density of the sampling area
increases, dot based on the  gamma   characterisic con- version function
[err] as well as the dots based on the gamma charactistic conversion
function  [err] are printed. As a result, the pad 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 resectively printed as main dots and as
subsidiary dots in each even line.   FIGS. 22(a) and 22(b) show other forms
of conver- sion charcteristics set by the conversion characteristic
selection means 35. In FIGS. 22(a) and 22(b), gamma characteristic
conversion functions [err], [err], [err] and [err] 



are respectively assigned to four pixel data D11, D12, D21 and D22 as a
firt form (FIG. 22(a)), and gamma characteristic conversion functions
[err], [err], [err] and [err]      



-14-  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 sejected for the
four pixel data D11 to D22 in the first sampling area, a dot based on the
pixel data D11 is printed preferentially. When the next pixel data adjacent
to the sampling area are selected, the pixel data D22 is printed
prferentially. As a result, dots at a screen angle of 45 degrees are 



formed in the low density region as shown in FIG. 24(I). When the image
density of the sampling area increases, dots based on the gamma
characteristic con- version functian  [err] as well as the dots based on
the gamma characteristic conversion function [err] are printed. As a
result, in each odd line, the pixel data D11 are formed 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 conver- sion characteristics set by the
conversion characteristic 



selection means 35. In FIGS. 25(a) and 25(b), gamma characteristic
conversion functions [err], [err], [err] and [err] are respectively
assigned to four pixel data D11, D12, D21 and D22 as a first form (FIG.
25(a)), and gamma characteristic conversion functions [err],[err], [err]
and [err] 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.   That is, when the first from
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 char- acteristic
conversion function [err] as well as the dots based on the gamma
chracteristic conversion function [err] are printed. As a result, in each
odd line, the pixel data D12 are formed as main dots and the pixel data    





- 15-   D12 (the pixel data D12 in the continuous form as   shown in FIG.
26) in the prior adjacent area are formed   a subsidiary dots at intervals
of one dot from the main   dots. In each even line, the pixel data D21 are
formed as        dots and the pixel data D21 are printed as subsid-   iary
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 por-  tions are formed substatially circularly and separately  so
that ink for non dot forming portions can be pre-  vented 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 



charactristc conversion functions. The gamma char-  acristic conversion
function [err] has a characteristic in  which: the conversion print data
increases to the maxi-  mum density Db from a density to an extent that
energy  which is suffcient 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 maxi-  mum 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 vicmity of the  maximum
density of the pixel data. Each of the gamma  characteristic conversion
functions [err] and [err] is set so  that a density Dg sufficiently small
to form no dot is 



kept contact in the low density region of and the con-  version print data
then increases to a density Dd pro-  portionally to the image density in a
range of from the  intermediate density region to the maximum density of
pixel data. Further, the gamma characteristic conver-  sion function [err]
is set so that the density Dd is given  only in the maximum densiry of
pixel data.  When printing is continued through application of 



the gamma characteristic conversion functions [err] to [err]  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 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 angles of 0 and 90 degrees are set When the
density of pixel data ir creases, dots based on the gamma characteristic
conver- 





- 16 - sion functions [err] and [err] are formed as shown in FIG. 29(III).
Because not only the dots based on the gamma characteristic conversion
functions [err] and [err] 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 pre- vented 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 character- 



istic conversion functions is used in the form as shown in FIG. 14, it is a
matter of course that the second em- bodimemt 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 appli-
cation of the gamma characteristdc 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 through setting of differ- ent application forms to three
primary colors to express a color coesponding to pixel data.   Although the
gamma  characterstic conversion func- tions in FIG. 6 are set so that the
function [err] decreases to the density Dc im the maximum density of pixel
data and each of the functions [err] and [err] takes the density 



Dd in the maxinum density of pixel data, an image of practically sufficient
quality can be obtained by setting the function [err] to keep the density
Db even in the maximum density region of pixel data and setting each of the
functions [err] and [err] to keep the zero density in all density regions
of pixel data as shown m FIG. 30.   Although the gamma characteristic
conversion func- tions in  FIG. 28 are set so that the function [err]
decreases 



to the density Dc in the maximum density of pixel data and the function
[err] takes the density Dd in the maxi- mum density of pixel data, an image
of practicaly suffi- cient quality can be obtained by setting the function
[err] to keep the maximum density and setting the function [err] to keep
the zero density. As described above, the thermal transfer image forming
apparatus according to the present invention comprises: a recording head
hav- 



ing a plurality of heating resistor elements arranged in a line; means for
carrying a sheet of recording paper and an ink sheet at a predetermined
pitch; an image data      



-17 -  reading means for continuously reading N-lines' pixel 



data (N being an integer of N[err]2) constituating input image data: a
sampling means for sampling the N-lines' pixel data into a matrix of N X N
pixel; a gamma con- version means having a first gamma characteristic con-
version 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 de- sity, a second gamma characteristic conversion function 



for outputting print data being lower in density than the first gamma
chacteristic conversion function to form subsidiary dots, and third and
fourth gamms character- istic conversion functions to form no dot in a
large part of the density range, thereby expressing the pixel den- sity as
a dot size for each of the N X N pixels; a conver- sion characteristic
selectior means for assigning the gamma characteristic conversion functions
to the sam- 



pled N X N 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 predetrmined 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 image 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[err]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   
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supplying the extracted N-lines' pixel data to a line  buffer 42. The
reference numeral 53 designates a sam-  pling means for sampling N columns
(N being an  ger of N [err]2) in amain scanning direction from the pixel
data stored in the line buffer 52, that is, for sampling  NXN pixels, to
supply 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 dat for the pixel data from the sampling means 53 and
for perform- ing a thinning-out operation. 



The reference numeral 55 designates a conversion characteristic selection
means which stores fist, sec- ond, third and fourth gamma characteristic
conversion function groups [err]  to [err], [err] to [err], [err] to [err]
and [err] to [err] corresponding to primary colors given to the image
memory 50. The conversion characteristic selec- tion 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 ma- trix-like image data D11, D12. ... D14, D21 D22,....
D24, D31, D32,... D34, and D41 D42.... D44. Refer- ence 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
four groups.   Each of the function [err] to [err] in the first gamma
characristic conversion function group shown in FIG. 33 has a
characteristic in which: a conversion print data 



DD for supplying minimum energy to form no transfer dot but keep the
temperatre of a heating resistor ele- ment regardless of the environment is
set in the case where the density of pixel data is zero; the conversion
print data increases from D[err] to the maximum density Do proportionally
in the intermediate density region of pixel data; and the conversion print
data Do is kept in B range of from the intrmediate density region to the 





-19-   high density region of pixel data. As is obvious from the  drawing,
the functions [err]12, [err]12, [err]13 and [err]l4 constitut-  ing the
first group are set so that values of conversion  print data for pixel data
are similar to one an other but  sightly different by a predetermined
quantity from one 



another. The value D[err] of the conversion print data is  selected as a
value for obtaining dot density of about  11.8 dot/mm in the case of binary
printing such as char-  acter printing. That is, typically, the value
D[err] is se-  lected as a value for supplying energy of about 0.125
mJ/dot to a heating resistor element. The value D[err] is  selected as a
value for supplying energy twice as much  as the energy of the density
D[err]. 



Each of the functions [err]21 to [err]24 in the second gamma characteristic
conversion function group shown in FIG. 34 has a characteristic
fundamentally in which: a conversion print dama D[err] 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 D[err] in a range of from
the  intermediate density region to the high density region of pixel data.
The functions [err]21 



to [err]24 are set to have similar characteristics  like the first group
and output conversion print data slightly differ- ent by a predetermined
quantity for pixel data.   Each of the functions [err]31 to [err]34 in the
third gamma characteristic conversion function group shown in FIG. 35 has a
chaacteristic in which the densiy D[err] is 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 [err]41 to [err]44 in the fourth gamma characteristic
conversion function group shown in FIG. 36 has a characteristic in which:
the conversion print data D[err] 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 conver- 



sion print data  substantially increases to the conversion print data
D[err] 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 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 is, the case       



-20-  where one function is selected from each of the first second, third
and fourth gamma characteristic conver- 



sion function groups by the conversion characteristic selecrion means 55 so
that the selected functions are respectively assigned to the pixel data
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 converson print data linearly proportional to the density thereof by
one function [err]11 



of the first 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 [err]33 of the third gamma characteristic conversion function
group so that dot forming energy is not applied except the case where the
density D[err] is given when the density takes its maximum value. The 



pixel data D21 is converted into a conversion print data by one function
[err]34 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 [err]21 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 re- gion.   When the printing of the first-ine pixel
data is com- peted as described above, the pixel data D21 and D22 in the
same sampling area are printed. Because the func- tions [err]34 and [err]21
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
[err]21. 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    
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case where basic 2x2 pixel data in FIG 37 are arranged  as a matrix of 4x4
pixels. The combination of pixel  D13, D14, D23 and D24, the combination of
pixel data  D31, D32, D41 an D42 and the combination of pixel  data D33,
D34, D43 and D44 are respectvely 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 in  conversion print data  slightly different as
shown in the drawing. The data  D11, D13, D31 and D33 are assigned for
functions [err]11, [err]12. [err]13 and [err]14 of the first gamma
characeistc con- version function group shown in FIG. 33. The data D12,
D14, D32 and D34 are assigned for functions [err]31, [err]32 and [err]33 of
the third gamma characteristic conver- sion function group shown in FIG.
35. The pixel data 



D21. D23. D41 and D43 are assigned for a function [err]34 of the  third
gamma   characteristic conversion function group shown in FIG.35. The data
D22. D24. D42 and D44 are assigned for functions  [err]21,[err]22, [err]23
and [err]24 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 printd as main dots
and 



the pixel ata D22, D24. D42 and D44 are printed as subsidiary .dcrs.
Acccordingly the 16 pixel data  D11 to D44 are expressed so that the maim
dots are covered with the suesidiary do.    That is, in the case where the
density of the area constituted by the thus sampled 16 pixels is low, dots
corresponding yo the pixel data D11. D13, D31 and D33 assiged for the
gamma  charactistic conversion 



function group are printed (FIG. 39(I)). As the density of the sampled area
increase, dots 60 corresponding to the pixel data D22 D24, D42 and D44 as
signed "or the second gamma characteristic conversion function group are
also printed (FIG. 39(II)). As the density of pixel data increases further,
the siz of dots correspond- ing 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-likeblank portions 61, ink of the area proportional to the density
of image data is transferred to recording paper securely without wastful
peeling of ink from the ink sheet even in the case of printing of
high-density data.   FIG. 40 shows a further form of conversion charic-  





-22- teristics set by the conversion characteristic selection means 55. In
FIG 40, a function [err]11 of the first  gamma characteristic conversion
function group, a function [err]34 of the third gamma characterisic
conversion tion group. a function [err]2l of the second gamma charac-
teristic conversion function group and a function [err]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 corresponiing to the pixel data D11
is formed preferentially and a dot correspond- ing to the pixel data D21 is
formed as a subsidiary dot When the aforementioned form is applied to a
matrix of 4X4 pixels with gamma characteristic conversion func- 



tions changed slightly in the same manner as in the. aforementioned
embodiment while shifting the sam- ping area by one dot per two lines in
the main s direction as shown in 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 area is low as shown in FIGS. 42)
to 42(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, subsid- iary dots 6 are formed between the dots
formed as the first-line pixel data. When printing is continued while
repeating the aforemnt ioned procedre, an angle con- nCt   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, second, third and fourth  gamma
characteristic conversion  function groups by the conversion characteristic
selection means 54 so as to be assigned to 2 X 2 pixel data D11, D12, D21
and D22 in the matrix.   In a first form, a function [err]4l of the fourth
gamma caracteristic conversion function group, a functiom [err]11 of the
first gamma characteristic conversion func- 



tion group. a function [err]33 of thc third gamman charac terisiic
conversion function group and a function [err]34 of the third   gamma
characteristic conversion function group are respectively assigned to the
pixel datm D11. D12,  D21 and D23 (FIG. 43(a)). In a second form a function
[err]31 of the third gamma characteristic conver- sion function group a
function [err]34 of the third gammna characteristic conversion function
group, a function 



[err]44 of the fourth gamma characteristic convension        



-23-   function group  and  function [err]14 of the first  gamma
characteristic conversion function group are  tiveiy assiged to the pixel
data D13, D14. D23 and D24 



(FIG. 43(b)). Taese fisrt and second forms are ased  alternatevy while
sligtly changing the  gamma charac-  terisic conversion functions as snown
in FIG . 44.    That s, when the first form is selected for the pitei  data
D11 to D44 in he first samling area, i dct based  on the pixel data D12 is
printed preerentiaiy. When  the next  pixel data adjacet to the sampling
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 area     increases, dots based on the fourth gamma characteris-
tic conversion group as well as the dots based on the first  gamma
characteuistic conversion function group 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 of conver- sion charaiStics set by the
conversion characteristic selection means 55. In a first form, a function
[err]11 of the first gamma characteristic conversion function group, a
function [err]33 of the third gamma characteristic conver- 



sion function group, a function [err]34 of the third gamma characteristic
conversion function group and a function [err]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
[err]24 of the second gamma characteris- tic conversion  function group, a
function [err]34 of the third gamma characteristic conversion function
group, 



a function [err]31 of the third gamma characteristic con- version function
group and a function [err]14 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 charac- teristic 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 D11 is printed preferentially. When the net pixel data



-24-  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 sampling area increases, dots based on the second
gamma characteristic conversion function group as well as the dots based on
the first gamma characteristic con- version function group are printed. As
a result, in each add line, e pixel data D11 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  subsid-
iary 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 conver- sion
characteisics set by the conversion charicteristic 



selection means 35. In a first form, a function [err]34 of the third gamma
characteristic conversion function group, a function [err]21 of the second
gamma characteristic con- version function group, a function [err]11 of the
first gamma characteristic conversion function group and a function [err]33
of the third gamma characteristic conver- sion function group are
respectively assigned to the pixel data D11, D12, D21 and D22 (FIG. 49(a)).
In a 



second form, a function [err]31 of the third gamma charac- teristic
conversion function group, a function [err]14 of the first gamma
characteristic conversion function group, a function [err]24 of the second
gamma charactenstic con- version function group and a function [err]34 of
the third gamma characteristic conversion function group are repectively
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 charac- teristic 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 preferetially. 



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 characteris- tic
conversion function group as well as the dots based on the first gamma
characteristic conversion function   





-25-  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 subaidiary  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 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 gamma
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 wasteflly. As a result, a
gradation faithful to the density of pixel data can be 



expressed.    FIG. 52 shows an example of a function group used  instead of
the aforementioned second gamma character-  istic conversion function
group. The function group is  constituted by gamma characteristic
conversion func-  tions [err]51 to [err]54. Each of the functions has a
character-  istic in which: a conversion print data Dc is kept con-  Stant
to form no dot in a range of from the low density 



region to the  intermediate region of pixel data;  and the conversion print
data proportionally increases  to a conversion print data D[err] in a range
of from the  intermediate   density region to the high density region of
pixel data.    FIG. 53 shows a sixth gamma characteristic conver- sion
function group [err]61 to [err]66 used instead of the afore- mentioned
fourth gamma characteristic conversion 



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 from the low density region to the intermediate
density re- gion of pixel data; and the conversion print data in- creases
to a conversion print data D[err]in the high density region of pixel data.
The functions are set to conversion print data which are slightly different
by a predeter- 



mined quantity for pixel data.   FIG. 54 shows a 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 function suitably selected from the first third,
fifth (FIG. 52) and sixth (FIG. 33) gamma characteristic conversion
function groups by the conversion charac- 





-26-  teristic selection means 55 are assigned to pixel 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 density thereof by one func- tion [err]11 of the gamma chartertic
conversion func- tion 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 [err]64 of the sixth
gamma character- istic conversion function group so that a conversion 



print data D[err] is kept constant to form no dot in a 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 D[err] in a range of form 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 [err]51 of the fifth gamma chdracteristic 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 dati and
then changed to a convention print D [err]in a range of from the interme-
dite 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
[err]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 serves to
cover the pixel data D11. When the printing of the first-line pixel data is
com- pleted as descried above, the pixel data D21 and D22 



in the same sampling area are printed Becase the fhmc- tions [err]51 and
[err]34 are respectively assigned to the pixel data D21 and D22, the pixel
data D21 alone serves to cqver the first-line pixel data D11.   Thereafter,
printting 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 density of pixel
data in the sampling area is low, dots based on the pixel data D11, D13,
D31 and      



-27-   D33 are formed. As a result, dotsare formed like check-  ers as
shown in FIG. 56(I), so that screen angles of 0 and 



90 degrees are set When the density of pixel data in-  creass, dots based
on the fifth and sixth gamma charmc-  tristic conversion function groups
are formed as shown  in FIG. 56(II). Because not only the dots based on the
fifth and sixth gamma characteritic conversion func-  tion 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, fiflth and  sixth gamma characteristic conversion function groups
are continuously applied to pixel data has been de-  scribed 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 afore-
mentioned 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 sampling area can be
expressed not only  through generation of a main dot as a center of image 



expression and a subaidiary 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 convesion characteristics can be se-  lected by the head density
correction data 37 to correc 



the densities outputted from the respective heating re-  sistor elements 14
of the thermal transfer recording  head 6 or may be selected by the thermal
history conec-  tion data 38 to correct the thermal interference through
the printing history.  FIG. 57 showns a seventh gamma characteristic con-
version function group adapted. for correction of the  thermal history. In
this embodiment, the seventh 



gamma characteristic conversion function group is con-  stituted by
functions [err]71 to [err]74. Each of the functions  has a characteristic
in which: a conversion print data  D[err] D[err[, D[err] or D[err]
sufficiently small to form no dot or to form a minimum-size dot is kept
constant in a range    
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of from the low density region to the high density re- gion of pixel data;
and the data increases to a conversion print data D[err], D[err] or D[err]
in the maximum density region   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 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. 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 be- twem 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 [err]74 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 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 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 [err]74 of the seventh gamma characteristic function group. 



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 are
printed for every second column 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 [err]12 higher by one gradation level than
the function [err]73 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
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 [err]71 higher by one gradation level than the function [err]72 of
the seventh gamma char-  
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[err]71 to [err]74 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 [err]11 to [err]74 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. 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 result, the structure of the apparatus can be simplified.





30   What is claimed is:   1. A thermal transfer image forming apparatus
com- prising:   a recording head having a plurality of heating resistor
elements arranged in a line for recording images on     recording paper;
means for carrying a sheet of said recording paper 



and an ink sheet at a predetermined pitch past said     recording head;
image data reading mean for continuously reading     pixel data of N lines
constituting input image data,     where N is an integer[err]2;   sampling
means for sampling said pixel data of N lines     into a matrix of NXN
pixels, wherein said pixel     data varies in density; 



gamma conversion means for converting said pixel     data associated with
each of said pixels in said     matrix into output print data, said gamma
conver-     sion 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 subsidiary dots, and third and fourth     gamma
characteristic conversion functions for out-     putting print data to form
no dot in a large part of     said density range, thereby expressing pixel
density     as a dot size for each of the N X N pixels; 



conversion characteristic selection means for assign-     ing the gamma
characteristic conversion functions     to the sampled N x N pixels to
arrange dots based     on the first gamma characteristic conversion func-
tion at a predetermined anglei and   means for supplying electric energy
corresponding to     the print data to the heating resistor elements 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.  





-31    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 a
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.   4. A thermal transfer image forming apparatns 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 a
subsid- iary scanning direction in a range of from a low density to an
intermediate density and arrange the two dots in a 



predetermined direction.   5. A thermal transfer image forming apparatus
com- prising:   a recording head having a plurality of heating 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
predetemined 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[err]2;   sampling means for sampling said pixel data into a
matrix of NXN pixels wherein said pixel data var-     ies in density;
gamma conversion means for converting said pixel 



data associated with each of said pixels in said     matrix into output
print data, 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 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 for forming dots     by performing gamma
conversion proportionally     increaing 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 dot in a     large part of the range, to express
pixel density as     dot size for each of said N X N pixels; 





-32-     conversion characteristic selection means for     ing said gamma
characteristic 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 corresponding to     said print
data to said heating resistor elements of     said recording head so that
images 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 selection mean 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 selection 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 two dots in a 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.    
































