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THERMAL TRMlSFER IMAGE FORMING APPARATUS 

___ .. ..-.. ~··--.. -·--
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REPLACED 

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 co~taining pigment so that 

the printer forms dots on recording paper by melting ink in a 

small area of the ink sheet or ribbon through supply of signals 

based on pixel data to the heating resistor elements 

selectively. 

Such a thermal transfer image forming apparatus has 
.I V 

' been used widely in the field of full-color printing requiring 

high- density dot forming, because heating resistor elements 

as dot forming elements can be arranged in a small size. 
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In the case where such a printer is used for full-color 

printing, generally, it is necessary to repeat a process of 

performing printing in which four colors in total, that is, 

black in addition to three primary colors of yellow, magenta 

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

initial position for every primary color. Accordingly, there 

arises a problem in that the quality of a printed image is 

deteriorated by displacement produced between pixel data to be 

printed and printed points on the recording medium. 

In order to solve the aforementioned problem, 

therefore, a measure to set the print position for every 

primary color in a predetermined direction with respect to the 

recording medium, that is, to set a so-called screen angle so 

as to prevent color cloud caused by the positional difference 

at the time of the fo:cmation 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 
,r , 

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

in the unit area is defined for every primary color, so that 

the dot forming position is arran9ed in a specified direction 

With respect to the recording medium. 
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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 ar -~~---. 
THb SHEET HAS BEEN 

by the number of dots. REPLACED . 

To solve the aforementioned problem, as disclosed in 

Japanese Patent Unexamined Publication No. Sho 61-189774, there 

has been proposed a printing system in which the size of a dot 

per se formed on a recording medium is made variable to make it 

possible to express the density level by the dot pe~ 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 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 large 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 therein increases. 

It is therefore an object of this invention to 

This 
f orrning 

provide an improved thermal image transfer apparatus. 
object is solved by the thermal transfer image 
apparatus according to independent claims 1 or s. Further 
advantageous features, aspects and details of the invention are evident fran the 

dependent claims, the following description and drawing~. The 
claims are intended to be understood as a first non-llmiting 
approach of defining the invention in general terms. 

The invention provides an image forming 
apparatus in which a plurality of heating resistor elements 
are arranged in a line· on a surface of a subsi~ate, and the 
heating resistor elements are made to generate heat 
selectively in ·a·ccordance with pixel data so as to melt ink of 
an ink sheet or an ink ribbon to thereby form dots on 
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recording paper, and more· particuiariy, to a technique" f ;r 
controlling the gradation and color reproduction in such an 
j_nlage forming apparatus. 

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

constituting a dot forming means is made small as sufficiently 

as possible so that gradation is expressed by the area of each 

dot per se to thereby improve the gradation property and the 

resolution, and, on the other hand, the fo:r:m of application of 

gamma conversion characteristics is chariged to thereby change, 

for every primary color, the positions where main dots 

corresponding to at least 2 x 2 pixels 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 imaqe 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 

configuration. 

According to a preferred embodiment, the present 
invention provides a thermal transfer image forming apparatus 
Which comprises: a recording ·head having a plUJ'ality 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 reading means for 
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continuously reading N-lines' pixel data (N being an integer of 

N ~ 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 ganuna conversion proportionally in a density 

range of from a low dens~ty to a high density, ~ second gamma 

characteristic conversion function for outputting pri~t 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 predete:i:mined angle; and means for 

supplying electric energy corresponding to the print data to 

the heating resistor elements of the recording head. 

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

. . . . 

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

microcomputer according to one embodiment of t;.j\e present 
• 

invention; 

- 5 -



-----==-=------------·-
- ~· r .. • ... •• . . 

f ... 
• r 

.. .. ' r r ' 

THIS SHEET HAS BEEN 
REPLACED 

Fiq. 2 is a sectional view showing a thermal transfer 

printer according to an embodiment of the inve~tion; 

Fig. 3 is an enlarged front view of a recording head 

used in the present invention; 

Fig. 4 is a block diagram showing an example of the 

controller of the thermal transfer printer depicted in Fig. 2; 

Fig. 5 is a waveform graph showing an 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 9(III) are explanatory views showing the 

relation between the driving method depicted in Fig. 7 and 

print patterns; 

Fig. 10 is an explanatory view showing the relation 

between the supplied energy and the heating areas in the 

recording head driving method used in the present invent~on; 

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(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 example of 

application of the gamma characteristic conversion functions 

depicted in Fig. 6; 

Fig. 14 is an explanatory view showing the form of 

continuous application of the gamma characteristic conversion 

functions depicted in Fig. 13; 

Figs. lS(I) to lS(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 conversior_i 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 lS(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 ex~ple of application of the gam.TUa characteristic 

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

continuous application of the gamma characteristic conversion 

functions depicted in Fig~ 19; 

Figs. 21{!) to 2l(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 ganuna characteristic conversion 

functions depicted in·Fig. 22; 

Figs. 24 (I) to 24 (V) are explanatory views showing 

print f o:cms obtained by using the gamma characteristic 

conversion functions depicted in Fig. 22; 

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

further example of application of the gamma characteristic 

conversion functions depicted in Fig. 6; 

Fig. 26 is an explanatory view showing the form of 

continuous application of the gamma characteristic conversion 

functions depicted in Fiq. 25; 

Figs. 27(I) to 27(V) are explanatory views showing , 

print forms obtained by using the gamma characterfstic 

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 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 

ganuna characteristic conversion functions used in the present 

invention; 

Fig. 32 is a block diagram showing the function of a 

microcomputer in a second embodiment of the present invention; 

Figs. 33, 34, 35 and 36 are graphs showing examples of 

the gamma characteristic conversion function groups used in the 

present invention; 

Figs. 37, 38 and 39(I) to 39(V) are views showing an 

example of application of the gamma characteristic conversion 

function groups and printing results obtained by using thereof; 

Figs. 40, 41 and 42(!) to 42(V) are views showing an 

example of application of the gamma characteristic conversion 

function groups, the form of continuous application thereof, ·'to 

image data and printing results obtained by the continuous 

application; 
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Figs. 43(a), 43(b), 44 and 4S{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 pr in ting results obtained by the 

continuous application; 

Figs. 45(a), 46(b), 47 and 4S(I) to 48(V) are views 

showing an example of application of the gamma characteristic 

conversion function groups, the form of continuous appl~cation 

thereof to image data and printing results obtained by the 

continuous application; 

Figs. 49{a), 49(b), 50 and Sl(I) to Sl{V} are views 

showing an example of application of the gamma characteristic 

conversion function groups, the form of continuous application 

thereof to image data and printing results obtained by the 

continuous application; 

Figs. 52 and 53 are graphs respectively showing further 

examples of the gamma ·characteristic conversion function 

groups; 

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

form of application of the gamma characteristic conversion 

function groups depicted in Figs. 5 2 and 5 3, the form of 

continuous application thereof and printing results obtained by 

the continuous application thereof; 

Fig. 57 is a graph showing an example of the gamma 

function groups adapted for correction of the thermal history 

• -----
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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 thermal transfer 

printing mechanism and a controller according to an embodiment 

of this invention. The thermal transfer printing mechanism 

comprises a paper supply mechanism 4 for pulling .a sheet of 

recording paper 1 out of a stacker 2, which stocks sheets of 

recording paper 1, through a pickup roller 3 to. convey the 

recording paper l to a print region, a platen 5 for conveying 

the recording paper l 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 11. 
.1 • a circuit 

J 
Further, 

substrate 12 having a control circuit incorPorated therein, 

which will be described later, is put in the lower portion of 

a box. 
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As shown in Fig. 3, the thermal transfer recording head 

6 includes a substrate 13, an array of heating resistor 

t 14, arranged in a line at intervals of a predetermined 
8 1emen s 

pitch on a surface of the substra~~ 13, and lead wires 15 and 

16 led out in a direction of feeding of paper. 

Referring to Fig. 4, there is shown a control circuit 

according to an embodiment of this lnvention .. In the drawing, 

the reference numeral 17 designates a microc?mputer 

constituting a main portion of the controller. The 

microcomputer 17 comprises a CPO 18, an ROM 19 for storing 

control programs, data processing programs which will be 

described later and gamma characteristic conversion functions, 

and an RAM 20 serving as a data processing buffer and also as 

a frame memory. The microcomputer 17 is connected, through 

interfaces 21 and 22, to an external device such as a personal 

computer or the like, a recording head drive circuit 23, and a 

motor drive circuit 24. 

The recording head drive circuit 23 is arranged so that 

electric energy corresponding to density data outputted from 

the interface 22 is supplied to each of the heating resistor 

elements 14 of the thermal transfer recording head 6. For 

example, as shown in Fig. 5, the recording head drive circuit 

23 is arranged so that pulse-like electric power successively 
, 

increasing in time Tl, T2, T3, T4, ••... Tn correspondfngly to 

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

-· " 
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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 ta the pickup roller 3, the platen 5 and the 

conveyance roller 8, and the motor drive circuit 24 is arranged 

to output a drive pulse to give the motor 25 a rotation 

direction and a rotation speed · in accordance with an 

instruction outputted from the interface 22. 

Referring to Fig. 1, there is shown the functional 

operation of the microcomputer 17 necessary for color printing 

with the best use of the aforementioned basic printing 

function. In the drawing, the reference numeral 30 designates 

an image memory for storing image data outputted from the 

external device. The image memory 30 stores a predeter.mined 

quantity of image data (for example, one-page's image data for 

each color) outputted from.the external device. The reference 

numeral 31 designates an image data reading means for 

extracting N-lines' pixel data (N being an integer of N ~ 2) 

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) in a maj 

scanning direction from the image data stored in the J 

huff er 32, that is, for sampling N x N pixels (in 

•• • This Sheet Has Been Replaced 
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embodiment, 2 x 2 pixels), to supply the sampled data to a 

gamma conversion means 34. 

The gamma conversion means 34 is arranged to store data 

for defining the relationship between the density of pixel data 

and the conversion print data to designate the density of dot 

at the time of printing {hereinafter referred to as "conversion 

print data.") correspondingly to the density of pixel data as 

shown in Fig. 6 to thereby function as a filter or 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 Oa 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 Oa to a maximum density Db proportionally to the densi~y 

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 regi~h; and 
• 

the density of conversion print data is decreased to a density 

----------------
- 14 -

'i 
. ' 
' 

ll Iii I 
Ht 1 
;:J ! 
!:j I 

n. ! 
; \ 

11 
\ I 
11 
I 1 
I! 
i l ' 
! i ;. ' 
lf ! ; : 

l ·1 ! \ i l 

I i \I 
! I I I 
I I \I: 

I i 
I ! 

\ 



.~ .... ,,. . .. 
....... . . 

- . - -~ ~ ,. 
• 1_ : •• --· ~ 

:P1. 

.• 
. ,. 

·­........ 

1 • ... ~ 

t Tl..··HS.S~$ET HAS BEEN 
REPLACED .----------' 

oc near the density of image data in the maximum density of 

pixel data. 

The density De is set to a dot density value of 11.8 

dot/nun 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 De 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 Od near the density of 

pixel data is generated only in the vicinity of the maximum 

density value of pixel data. 

A gamma characteristic conversion function y3 has a 

characteristic in which the density Odis generated only in the 

vicinity of the maximum density value of pixel data in the same 

manner as the qanuna characteristic conversion function y2. 

A gamma characteristic conversion function y4 has a 

characteristic in which: the conversion print data Da for 

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 Oa to a ~aximwn 
;, 

conversion print data Ob proportionally to the density of pixel 
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data in a range of from the intei;mediate density region to the 

high density region; and the density of conversion print data 

is decreased to the density De 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 genera~ion 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 yl and y4 but through addition of dots 

respectively based on the conversion characteristics y2 and y3 

thereto for the maximum density of pixel data. 

The reference numeral 35 designates a conversion 

characteristic selection means in which data for assigning the 

four gamma characteristic conversion functions yl to y4 to 

sampled matrix image data Dll, 012, .•... 014, 021, 022, •.••. 

D24, 031, 032, ...•. 034, 041, 042, •..•. 044 for every primary 

color given to the image memory 30. The reference nwneral 36 

designates a print buffer connected to the gammer conversion 

means. 

To help the understanding of the present invention, thj! , 

relationship between the drive form of a heating resistor 

element and the resulting dot will be described hereunder. 

When printing is perfo:r:med through energization of one 
•• 

heating resistor element 14 while the adjacent heating. resistor 

---------------
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elements 14' and 14n are in stoppage as shown in Fig. 7, the 

heating resistor element 14. thus driven is free from thermal 

interference with the adjacent heating resistor elements 14' 

and 14.. so that the areas of the adjacent heating resistor 

elements 14' and 14" can be used as a dot forming area. As a 

result, the size of the resulting dot is proportional to 

re la ti ve input energy E supplied to the heating resistor 

element even in the case where the relative input energy E is 

separated into 32 stages as shown in Fig. 8. As a result, very 

,!. 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 
ls 
~, 

-~nergy increases as shown in Figs. 9 (I) to 9 (III). 
·;. 

Even in the case where printing is performed through 
. 

:.lving on two heating resistor elements 14 and 14' while the 

resistor elements adjacent to these two heating 

14 and 14' are in stoppage as shown in Fig. 

i thermal interference between heating resistor elements can 

·:~revented practically sufficiently. Accordingly, dots can 

·~0rtned in the same qrada tion characteristic as in the case 

one heating resistor element is driven as described 

•• • 
On the contrary, when also the adjacent heatlnq 

·;~c elements are driven, thennal interference between the 
,. 
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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(!)) 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(!) to 

12(III). 

The case where the aforementioned gamma 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, y2, y3 and y4 are 

applied respectively to pixel data Dll, 012, 021 and 022 in a 

matrix of 2 x 2 pixels sampled by the sampling means 33, will 

be described as an example. 

The pixel data 011 sampled by the sampling means 33 is 

converted into a conversion print data linearly proportional to 

the density thereof by the qamma characteristic conversion 

function yl of the gamma conversion means 34 selected by the 

conversion characteristic selection means 35. The pixel data 

012 is converted into a conversion print data by the gamma 

~ Characteristic conversion function y2 so that dot foz:min~'" 
! 
;energy is not applied except the case where the density Dd is 

'.~ 9iven when the density takes its maximum value. The pixel data 

.. ._O(l is converted into a conversion print data so th(\ti dot 
.!Q • • 
: t'nU.ng energy is not applied except the case where the density 

iiiiU1IT!Hlii -18 
-

' 

I 
i 
i 
! 
I· r 

; 
: 
; 

' 

' 
; 

' . 
. 

1; 
! 
l: 

! .. 
i!f 

j 
I 

\ 

I\ 
11 
l I 
'l . 
' l 
' 
' t I 
~ 
! 

-'---

I I I ii U 



.......... 
. ,~·· ... ..... ... !\. ' 

-~--··· _._::.·_ 

r-----
l THIS SHEET HAS BEEN 
J REPLACED 
~~~~~~~~~--' 

Dd is given when the density of pixel data takes its maxi.mum 

value. The pixel data 022 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 011 and 012 

are printed, a dot corresponding to the pixel data Dll is 

formed but a dot corresponding to the adjacent pixel data 012 

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 021 and 022 in the 

same sampling area are printed. Because the functions y3 and 

y4 are respectively assigned to the pixel data 021 and 022, the 

pixel data D22 is printed but the pixel data 021 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 y4. Thereafter,,. 
, 

Printing is continued in the form as shown in Fig. 14, that is, 

by repeating the form of assignment of gamma characteristic 

conversion functions as shown in Fig. 13. 
----
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As a result, four pixels specified from the sampling 

area are expressed so that the pixel data Dll and 022 are 

printed respectively as a main dot and as a subsidiary dot. 

Accordingly, the four pixel data 011 to 022 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 Dll assigned for th~. gamma 

characteristic conversion function yl are printed {Fig. lS(I)). 

As the density of the sampled area increases, dots 40 

corresponding to the pixel data 022 assigned for the gamma 

characteristic conversion function y4 are also prin~ed (Fig. 

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

size of dots corresponding to the pixel data 011 and 022 

increases so that an image is printed to narrow the island-like 

·blank portions 41 {Fig. lS(IIIJ, lS(IV) and lS{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 . " conversion shows another form of 

Characteristics Set by the conversion characteristic selection 

34. In Fig. 16, qanuna characteristic conversion 

:-. functions y 1, y 3 , y 4 and y 2 are res pee ti ve~ y as.signed ~Q four 
:: 

·~i~el data Dll, 012, 021 and 022 sampled by the sampli~g means ------·--
B Replaced 
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33. As a result, a dot corresponding to the pixel data 011 is 

formed preferentially and a pixel after conversion of the pixel 

data 021 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 

Dll in the 2 x 2 matrix is formed in the case where the density 

of pixel data in the sampling area is low as showri i~ Figs. 

18(!) 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, that is, a screen angle, takes a value of 6 3. 4 · 

degrees. 

Figs. 19(a) and l9(b) show other forms of conversion 

characteristics set by.the conversion characteristic selection 

means 35. In Figs. 19(a) and 19 (b) 1 gamma characteristic 

conversion functions y4, ., 1, y3 and y2 are respectively 

assigned to four pixel data 011, 012, 021 and 022 as a first 

form (Fig. 19(a)), and characteristic conversiOI} 
,Ji' 

gamma 

functions y3, y2, y4 and yl are respectively assigned to four 

pixel data 011, 012, 021 and 022 as a second form (Fig. 

19(b)). These first and second forms are used alternat~ly as 
• 

sh.own in Fig. 20. That is, when the first form is selected for 
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the four pixel data Dll to 022 in the first sampling area, a 

dot based on the pixel ·data 012 is printed preferentially. 

when the next pixel data adjacent to the sampling area are 

selected, the pixel data 022 is printed preferentially. As a 
result, dots at screen angles of t26.6 degrees are formed in 
the low density region as shown in Fig. 2l(I). When the image 

density of the sampling area increases, dots based on the gamma 
characteristic conversion function y4 as well as the dot~ based 
on the gamma characteristic conversion function yl are printed. 
As a result, the pixel data 012 and 011 are respectively 
printed as main dots and as subsidiary dots in each odd line, 
and the pixel data 022 and.021 are respectively printed as main 

dots and as subsidiary dots in each even line. 

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

means 35. In Figs. 22 (a) and 2 2 ( b) , gamma characteristic 
conversion functions yl, y2, y3 and y4 are respectively 
assigned to four pixel data Dll, 012, 021 and 022 as a first 
form (Fig. 22 (a)), and gamma characteristic conversion 
functions y4, y3, y2 and yl are respectively assigned to four 
pixel data Dll, 012, 021 and D22 as a second form (Fig. 22(b)). 

' 
These first and second forms are used alternately and in 
reverse order after two lines as shown in Fig. 23. 

, 
That is, when the first form is selected for the four 

pixel data Oll to 022 in the first sampling area, a dot based 
on the pixel data Dll is printed preferentially. 
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pixel data adjacent to the sampling area are selected, the 

pixel data 022 is printed preferentially. As a result 1 dots at 

a screen angle of 45 degrees are formed in the low density 

region as shown in Fig. 24(I). When the image d~nsity of the 

sampling area increases, dots based on the gamma characteristic 

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 Dll are formed as main 

dots and the next pixel data Dll (pixel data 013 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 022 are formed as subsidiary dots at 

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

the main dots. 

Figs. 2S(a) and 25(b) show other forms of conversion 

characteristics set by the conversion characteristic selection 

means 35. In Fiqs. · 25 (a) and 25 ( b) , gamma characteristic 

conversion functions y2, y4, yl and y3 are respectively 

assigned to four pixel ·data 011, 012, 021 and 022 as a first 

form (Fig. 25(a)), and qanuna characteristic conversion 

functions y3,yl, y4 and y2 are respectively assigned to four 

pixel data Dll, 012, 021 and 022 as a second form (Fiq. 2S(b)). 

These first and second forms are used alternately and in 

reverse order after two lines as shown in Fig. 26. 
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That is, when th~ first form is selected for the four 

pixel data Dll to 022 in the first sampling area, a dot based 

on the pixel data 021 is printed preferentially. When the next 

area is selected, the pixel data 012 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 y4 as well as the dots 

based on the gannna characteristic conversion function yl are 

printed. As a result, in each odd line, the pixel data 012 are 

formed as main dots and the pixel data 012 (the pixel data 012 

·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 021 

are formed as main dots and the pixel data 021 are printed as 

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

as to be posterior to the main dots. 

In the forms of application of gamma conversion 

characteristics as shown in Figs. 13, 16, 19(a) and 19(b) among 

the aforementioned embodiments, blank portions are formed 

substantially circularly and separately so that ink for non-dot 

forming portions can be prevented from peeling wastefully. Ajl 

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

be expressed. 
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conversion function yl has a characteristic in which: the 

conversion print data increases to the maximum density Ob 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 Oa 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 Ob is then kept constant regardless of the density of 

pixel data; and then the conversion print data finally 

decreases to a density De in the vicinity of the maximum 

density of the pixel data. Each of the gamma characteristic 

conversion functions y2 and yJ 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. Further, 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 

characteristic conversion functions yl to y4 to the pixel .. 
I 

·:data 011, 012, 021 and 022 as shown in Fig. 14, dots based on 

·;he pixel data 011 are formed in the case where the density of 

Pixel data in the sampling area is low. As a result, dots are 
•• 

~O.rtned like checkers ~s shown in Fig. 29(!), so ehat screen 
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angles of 0 and 90 degrees are set. When the density of pixel 

data increases, dots based on the gamma characteristic 

conversion functions y2 and y3 are formed as shown in Fig. 

29(III). Because not only the dots based on the gamma 

characteristic conversion functions y2 and y3 are small but the 

pixel data 021 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 26. 

As described above, positions where main dots are 

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

the gamma characteristic conversion functions. Accordingly, 

sharp color printing can be performed by use of the advantage 

of screen angle setting in gravure printing or the like through 

setting of different application forms to three primary colo~s 

to express a color corresponding to pixel data. 

Although the gamma characteristic conversion functions 

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

density De in the maximum density of pixel data and ea~h of the 
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functions y2 and y3 takes the density Cd in the maximum density 

of pixel data, an image of practically sufficient quality can 

be obtained by setting the function yl to keep the density Db 

even in the maximum density region of pixel data and setting 

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

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

Although the gamma.characteristic conversion functions 

in Fig. 28 are set so that the function yl decreases ·to the 

density De in the maximum density of pixel data and the 

function y4 takes the density Dd in the maximum density of 

pixel data, an image of practically sufficient quality can be 

obtained by setting the function yl to keep the maximum density 

and setting the function y4 to keep the zero density. As 

described above, a preferred embodiment of the thermal 

transfer image forming apparatus according to the 

present invention comprises: a recording head 

having a 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 reading means for 

continuously reading N-lines' pixel data (N being an integer of 

N ~ 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 fo:z::m main dots 

by perf arming gamma conversion proportional.ly in a density 

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

characteristic conversion function for outputting p;int data 

l 
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being lower in density than the first gamma c:=---~ristic 

conversion function to fonn subsidiary dots, a:i:: :.:..:..=d and 

fourth gamma characteristic conversion functions t=.:: no dot 

in a large part of the density range, thereby ex.:-::ssing the 

pixel density as a dot size for each of the N x x ::xels; a 

conversion characteristic selection means for as:;:-~ng the 

gamma charact~ristic conversion functions to the s~·~·ed. N x N 

pixels to arrange dots based on the first gamma ch:_~eristic 

conversion function at a predetermined angle; anC. means for 

supplying electric energy corresponding to the pr=-=.~ data to 

the heating resistor elements of the recording heac. 

Accordingly, if a combination of c~ gamma 

characteristic conversion functions is set in the c:::nversion 

characteristic selection means, dot forming positicn:s can be 

specified, so that a screen angle can be set with ~a quantity 

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

only dots formed for each primary color can be arr::o~qed at a 

predetermined angle while both delicate gradation and high 

resolution are attained by changing the size of dots but rich 

color expression can be· provided by improving ink separation 

through classification of the area of the non-transfer ink 

region into fine parts. 

Referring to Fig. 32, there is shown the £unct1~nal 

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 f6~ storing 
• 

-------·---------
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image data outputted from the external device. The image 

memory 50 sto~es a predetermined quantity of image data, for 

example, one-page's image data for every color,· outputted from 

the external device. The reference numeral 51 desiqnates an 

image data reading means for extracting N-lines' pixel data (N 

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

image memory 50 while the image data is being shifted by N 

lines / 2 lines in this embodiment, and for supplyi?g 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) in a main scanning 

direction from the pixel data stored in the line buffer 52, 

that is, for sampling N x N pixels, to supply the sampled data 

to a gamma conversion means 54. 

The reference numeral 54 designates the aforementioned 

gamma conversion means in which data for defining the.relation 

between the density of pixel data and print conversion data 

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

are stored to function as means for changing the density of 

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

... for performing a thinning-out opera ti on. 
:~· 

~i:_s.:, 

~-~f-
The reference numeral . " conversion 55 designates a 

.:. characteristic selection means which stores first, second 1 

fourth gamma characteristic conversion £unction 

to yl4, y21 to y24, y3l to y34 and y41, ,to y44 

• ~C~rasponding to prima:cy colors given to the image memory SO. 
\"------------~--
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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 Dll, 012, ... 014, 021, 022, ... 024, D31, D32, ... 

034, and 041, 042, ... 044. Reference numeral 58 designates a 

print buffer connected to the gamma conversion means. 

Figs. 33 through 36 show an example of the gamma 

characteristic conversion function groups set in the ganuna 

conversion means 54. The gamma characteristic conversion means 

has a plurality of characterist.ics. In this embodiment, it has 

16 functions classified into four groups. 

Each of the functions yll to yl4 in the first gamma 

characteristic conversion function group shown in Fig. 33 has 

·l~-~~ a characteristic in which: a conversion print data Do for 

supplying minimum energy to fol:ltt no transfer dot but keep the 

temperature of a heating resistor element regardless of ·the 

,environment is set in the case where the density of pixel data 

)s zero; the conversion print data increases from Do to the 
' 
' 
~ximum density Do proportionally in the intermediate density 

, 
egion of pixel data; and the conversion print data Do is kept 

.n a range of from the intermediate density region to the high 

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

;e functions yll, yl2, yl3 and yl4 constituting.~he first 
• • 

. oup are set so that values of conversion print data for pixel 
-------------
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data are similar to one an other but slightly different by a 

predetermined quantity from one another. The value D! 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 character printing. That is, typically, the value Da 

is selected as a value for supplying energy of about 0.125 

i:nJ/dot to a heating resistor element. The value D0 is selected 

as a value for supplying energy twice as much as the energy of 

the density DB. 

Each of the functions y21 to y24 in the second gamma 

characteristic conversion function group shown in Fig. 34 has 

a characteristic fundamentally in which: a conversion print 

data ~ 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 00 in a range of from the intermediate 
~~> 
~\··density region to the high density region of pixel data. The 

. ·~ -

\_functions y2l to y24 are set to have similar characteristics 

:~like the first group a~d output conversion print data slightly 

:;.different by a predetermined quantity for pixel data. 

Each of the functions y31 to y34 in the third gamma 

~~aracteristic conversion function group shown in Fig. 35 has 
. 

characteristic in which the density Dg is generated only in 

the maximum density of pixel data. , ,The 
I • 

~· ., . 
• A;; Ctions are set so that conversion print data slightly 

'~ferent by a predetermined quantity for pixel data are taken. 
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Each of the functions y41 to y44 in the fourth gamma 

characteristic conversion function group shown in Fig. 36 has 

a characteristic in which: the conversion print data ~ 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 

proportionally increases to the conversion print data ~ 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 £unction groups by the 

conversion characteristic selection means 55 so that the 

selected functions are respectively assigned to the pixel data 

Dll, 012, 021 and 022 in the matrix of 2 x 2 pixels sampled by 

sampling means. 

The pixel data 011 sampled by the sampling means 53 is 

. '~·_converted into a conversion print data linearly proportional to 

~~he density thereof by one function yll of the first gamma 
!· 

conversion function group of the gamma 

means 54 selected by the conversion cha.racteristic 
• 

- 32 -

' I 
I 
i 
I 

i : 
: i . i 
I 

;i 
! 

I· 
I 



.......... .,. .....•.. "' .. 
... ~.·· . ..... . .... §frV;;•-9.Wi!lf!'•9' ..... , .... t.g+ 

----.. -.- --- -· -

,. r ..... :- - ,. ~ ,. (" 

.. r . ,,. i-

. - ' r e 
.~ 

.. 1 THfS sr-nmT-I-lAS~ sgEN ; L REPLACED ___ , 

selection means 55. The pixel data 012 is converted into a 

conversion print data by· one function y33 of the third gamma 

characteristic conversion function group so that dot f onning 

energy is not applied except the case where the density 00 is 

given when the density takes its maximum value. The pixel data 

021 is converted into a conversion print data by one function 

y34 of the third gamma characteristic conversion function group 

so that dot fanning energy is not applied in all ~~nsity 

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 ~s 

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 021 and 022 in the 

same sampling area are printed. Because the functions y34 and 

y21 are respectively assigned to the pixel data 021 and 022, 

the pixel data 022 is printed but the pixel data D21 is not 

printed in the intermediate density region. Because adjace~t 
• 

heating resistor elements are stopped also in the printinq 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 
;,ii 

density subjected to conversion by the func'tjion y2l. 
-------------- ·---
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Thereafter, printing i5 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." 3 7 in the form as shown 

in Fig. 38. 

The form of application shown in Fig. 38 shows the case 

where basic 2 x 2 pixel data in Fig. 37 are arranged as a 

matrix of 4 x 4 pixels. The combination of pixel data 013, 

014, 023 and 024, the combination of pixel data 031, 032, 041 

and 042 and the combination of pixel data 0331 034, 043 and D44 

are respectively equal in structure to the combination of pixel 

data Dll, 012, 021 and 022.. 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 011, 013, 

031 and 033 are assigned for functions yll, yl2, yl3 and yl4 of 

the first ganuna characteristic conversion function group shown 

in Fig. 33. The data 012, 014, 032 and 034 are assigned for 

functions y3l, y32 and y33 of the third gamma characteristic 

conversion function group shown in Fig. 35. The pixel data 

021, 023, 041 and 043 are assigned for a function y34 of the 

third gamma characteristic conversion function group shown in 

Fig. 35. The data 022, D24, 042 and 044 are assigned for 

functions y21, y22, y23 and y24 of the second .qamma 

characteristic conversion function group shown in Fig. 34. As 

a result, with respect to the 16 pixels specified as a sampling 

·• area, the pixe_l data 011, Dl3, D31 and 033 are pri~ted as main 
• 
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dots and the pixel data 022, 024, 042 and 044 are printed as 

subsidiary dots. Accordingly, the 16 pixel data Dll to 044 are 

exoressed 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 low, dots 

corresponding to the pixel data 011, 013, 031 and 033 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 022, 024, 

042 and 044 as signed for the second ganuna characteristic 

conversion function group are also printed (Fig. 39(II)). As 

the density of pixel data increases further, the size of dots 

corresponding to the pixel data 011 and 022 increases so that 

an image is printed to narrow the island-like blank portions 61 

(Fig. 39{III), 39(IV) and 39(V)). As the result of forming the 

island-like blank portions 61, ink of the area proportional to 

the density of image data is transferred to recording paper 

·· · securely without wasteful peelinq of ink from the ink sheet 

even in the case of printinq of high-density data. 

Fig. 40 shows a further form of conversion 

.,: characteristics set by the conversion characteristic selection 

·t·, means 55. 
, , 

In Fig. 40, a function yll of the first qamma 

:'. characteristic conversion function group, a function y34 of the 
··, 

i third gamma characteristic conversion function group, a 

~-. function y2l of the second gamma characteristic_. ·~onversion 

- 35 -
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function group and a function y33 of the third gamma 

characteristic conversion function group are respectively 

assigned to the four pixel data 011, 012, 021 and 022 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 forrn 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 Dll, 013, 031 and 033 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). 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 62 are formed 

between the dots formed as the first-line pixel data. When 

printing is continued while repeating the aforementioned 

procedure, an angle connecting dots placed at the shortest 

distance, that is, a screen angle, takes a value of 63. 4 

degrees. Figs. 43(a) ~nd 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 
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to be assigned to 2 x 2 .pixel data Dll, 012, D21 and 022 in 

( . 
,;;..the matrix~ 

In a first fo:on, a function y41 of the fourth gamma 
··. 
: ha.racteristic conversion function group, a function yll of the .• c 

· .. first gamma characteristic conversion function group, a 

function y33 of the third gamma characteristic conversion 

group and a function y34 of the third gamma 

" . t' ~- characteris ic conversion function group are respe~tively 

assigned to the pixel data 011, 012, 021 and 022 (Fig. 43(a)). 

rn a second form, a function y31 of the third gamma 

characteristic conversion function group, a function y34 of the 

third gamma characteristic conversion function group, a 

function y44 of the fourth gamma characteristic conversion 

function group and a function yl4 of the first gamma 

characteristic conversfon function group are respectively 

assigned to the pixel data 013, 014, 023 and 024 (Fig. 43(b)). 

These first ·and second forms are used alternately while 

slightly changing the gamma characteristic conversion functions 

as showi:i in Fig. 44. 

That is, when the first form is selected for the pixel 

data 011 to 044 in the first sampling area, a dot based on the 

Pixel data 012 is printed preferentially. When the next pixel 

data adjacent to the sampling area are selected,. the pixel'data 
I 

D24 is printed preferentially. As a result~ dots at screen 

angles of ±26.6 degrees are formed in the low density region as 

3ho"1n in Fig. 4S{I). When the image density of ~~e 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 ga.'Tlma 

characteristic conversion function group are printed. As a 

result, the pixel data 012 and 011 are respectively printed as 

a main dot and as a subsidiary dot in each odd line, and the 

pixel data 024 and 023 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 conyersion 

characteristics set by the conversion characteristic selection 

means SS. In a first form, a function yll of the first gamma 

characteristic conversion function group, a function y33 of the 

third gamma characteristic conversion function group, a 

function y34 of the third gamma characteristic conversion 

function group and a function y21 of the second gamma 

characteristic conversion function group are respectively 

assigned to the pixel data 011, 012, 021 and 022 (Fig. 46(a)). 

In a second form, a function y24 of the second ganuna 

characteristic conversion function group, a function y34 of the 

third ~amma characteristic conversion function group, a 

function y 31 of the third gamma characteristic conversion 

function group and a function yl4 of the first gamma 

characteristic conversion function group are respectively 
' 

assigned to the pixel data 013, 014, 023 and 024 {Fig. 46(b)). 

These first and second forms are used in the reverse order ·· 

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

the gamma characteristic conversion functions. • 
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In the aforementioned form of application, when the 

first form is selected for the four pixel data Dll to 022 in 

the first sampling area, a dot based on the pixel data Dll is 

printed preferentially. When the next pixel data adjacent to 

the pixel data are selected, the pixel data 022 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 conversion function group are printed. As a 

result, in each odd line, the pixel data 011 is formed as a 

main dot and the next pixel data 013 adjacent thereto is formed 

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

dot. In every even line, the pixel data 024 is formed as a 

main dot and the pixel data 022 is formed as a subsidiary dot 

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

to the main dot . 

. Figs. 49(a) and 49(b) show other forms of conversion 

characteristics set by the conversion characteristic selection 

means 55. In a first form, a function y34 of the third gamma 

characteristic conversion function group, a function y21 of the 

second gamma characteristic conversion function group, a 

function yll of the first gamma characteristic conversion 

function group and a function y33 of the third gamma 

characteristic conversion function group are .i:espectively 
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assigned to the pixel da~a 011, Dl2, D21 and 022 (Fig. 49{a)). 

In a second form, a function y31 of the third gamma 

characteristic conversion function group, a function y 14 of the 

first gamma characteristic conversion function group, a 

function y24 of the second gamma characteristic conversion 

function group and a function y34 of the third gamma 

characteristic conversion function group are respectively 

assigned to the pixel data 013, 014, 023 and 024 (Fig. ~9{b)). 

These first and second forms are used in the reverse order 

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

the gamma characteristic conversion functions. 

In the aforementioned form of application, when the 

first f orrn is selected for the four pixel data 011 to 022 in 

the first sampling area, a dot based on the pixel data 021 is 

printed preferentially; When the next pixel data are selected, 

the pixel data 014 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. Sl(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 014 is formed as a main dot and the prior pixel data"Dl2 
I 

adjacent thereto is formed as a subsidiary dot with separation 

of one dot from the main dot. In every even line, the pixel 

data 021 is formed as a main dot and the pixel )ioata 023 is 
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formed as a subsidiary cot 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 fun~tions as shown in Figs. 37, 40, 43(a} and 

43(b) among the aforementioned embodiments, blan.~ portions are 

formed substantially circularly and separately so that ink for 

non-dot f orminq portions can be prevented from peeling 

wastefully. As a result, a gradation faithful to the 4ensity 

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 ySl to y54. Each 

of the functions has a characteristic in which: a conversion 

print data De is kept constant to form no dot in a range of 

from the low density region to the intermediate density region 

of pixel data; and the conversion print data proportionally 

increases to a conversion print data D1 in a range of from the 

intermediate density region to the high density region of pixel 

data. 

Fig. 53 shows a sixth gamma characteristic conversion 

function group y61 to y66 used instead of the aforementioned 

fourth gamma characteristic conversion function group. E~ch of 

the functions in the sixth group has a characteristic in which: 

a conversion print data De is kept constant to form no dot in 

a range of f.rom the low density region to the i>'rltermedia te 
• 
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density region of pixel data; and the conve::sion print data 

increases to a conversion print data 01 in ~i.e high density 

region of pixel data. The functions are sat to conversion 

print data which are slightly different by a p=edetermined 

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 fprm of 

application in the case where four kinds of functions suitably 

selected from the first, third, fifth (Fig. 52) and sixth (Fig. 

53) ganuna characteristic conversion function groups by the 

conversion characteristic selection means 55 are assigned to 

pixel data 011, 012, 021 and D22 in the matrix of 2 x 2 pixels 

selected by the sampling means. 

That is, the pixel data 011 sampled by the sampling 

means 53 is converted into a conversion print data linearly 

proportional to the density thereof by one function yll of the 

gamma characteristic conversion function group of the ganuna 

conversion means 54 selected by the conversion characteristic 

selection means 55. The pixel data 012 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 Da is kept constant to form no dot in a range of 
' 

from the low density region to the intermediate density region 

of pixel data and then changed to a conversion print data D.r in 
.• 

a range of from the intermediate density region ~o the high ··--
- 42 -
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density region of pixel data. Further, the pixel data 021 is 

converted into a conversion print data by one function ySl of 

the fifth gamma characteristic conversion function group so 

that a conversion print data De 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 Dt in a range of from the intermediate density 

region to the high density region of pixel data. Further, the 

pixel data 022 is converted into a conversion print data by one 

function y34 of the third gamma characteristic conversion 

function group so that energy is not applied in the all 

regions. 

As a result, when the first-line pixel data Dll and 012 

are printed, a dot corresponding to the pixel data 011 is 

formed for pixel data of inteJ:mediate density appearing 

frequently in an ordinary image but the adjacent pixel data 012 

serves to cover the pixel data Dll. When the printing of the 

first-line pixel data is completed as described above, the 

pixel data 021 and 022 in the same sampling area are printed. 

Because the functions y51 and y34 are respectively assigned to 

the pixel data 021 and 022, the pixel data 021 alone serves to 

cover the first-line pixel data 011. 

" Thereafter, printing is continued in the form as sliown 
I 

in Fig. 55, that is, by alternately repeating the form of 

assigrunent of gamma characteristic conversion functions while 
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slightly changing the gamma characteristic conversion functions 

shown in Fig. 54. 

When the density of pixel data in the sampling area is 

low, dots based on the pixel data 011, 013, 031 and 033 are 

formed. As a result, dots are formed like checkers as shown in 

Fig. 56(!), so that screen angles of 0 and 90 degrees are set. 

when the density of pixel data increases, dots based on the 

fifth and sixth gamma characteristic conversion function :groups 

are formed as shown in Fig. 56(III). Because not only the dots 

based on the fifth and sixth gamma characteristic conversion 

function groups are small but the pixel data 021 are not used 

for forming dots except the maximum density of pixel data, dots 

are formed while forming one-dot circular blank portions 65. 

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

peeling wastefully widely, so that dots of a gradation faithful 

to the density of pixel data can be formed. 

Although the case where the first, second, fifth and 

sixth gamma characteristic conversion function groups are 

continuously applied to pixel data has been described with 

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

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

41, 44, 47 and SO. 

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 dat~ 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 

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 thennal history. 

In this embodiment, the seventh gamma characteristic converslon 

function group is constituted by functions y71 to y74. Each of 

the functions has a characteristic in which: a conversion print 

data DB, De, Do or D:: sufficiently small to form no dot or to 

form a minimum-size dot ·is kept constant in a range of from the 

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

and the data increases to a conversion print data 01 , DJ or Ox 

in the maximum density region. " 
J 

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•~ll dots are 
• 

r r 
r 

r 
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~ printed in the second previous line with respect to the certain i 

line. In this case, the.pixel data 012, 014, (016 and 018) 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 colwnn in the first preceding line with respect to a 

certain line in the paper feeding direction and dots are also 

printed for every second colwnn 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 012, 014, 

(016 and 018) are assigned for one function y74 of the seventh 

gamma characteristic function group shown in Fig. 57, which 

serves to convert the data into a slightly higher conversion 

print data compared with the third gamma characteristic 

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

where dots are printed for every second column in the first 

preceding line with 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 012, 014, (016 and 018) 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 
I 

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 
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preceding line wi_th respect to the certain line. In this case, 

the pixel data 012, 014; (016 and Dl8) are assigned for one 

function y72 hiqher by one gradation level than the function 

y73 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 012, 014, (016 and 018) 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 ganuna characteristic conversion 

function group on the basis of the density correction data 

storage means 56 and the thermal history correction data 

storage means 57, the functions y71 to y74 of the seventh gamma 

characteristic conversion function group to form no dot in a· 

large part of the range can be used for correcting the print 

density on the basis of the change of the temperature of the 

substrate 13 (Fig. 3) .and the change of the environmental 

temperature caused by the continuous printing operation. 

Accordingly, sharp color printing being always stable can be 

performed regardless of the great change of the p:i::,inting 

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 be simplified. 
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1. A thermal transfer image forming apparatus comprising: 

,. a recording head ( 6} having a plurality of heating 

resistor elements (14) arranged in a line; 

means ( 3, 10 , 11) for carrying a sheet ( 1) of recording 

paper and an ink sheet (9) at a predetermined pitch; 

image data reading means (31) for continuously reading N­

lines' pixel data (N being an integer of N > 2} 

constituting input image data; 

sampling means ( 3 3 ) for sampling said N-lines' 'pixel data 

into a matrix of N x N pixels; 

gamma conversion means ( 34) having a first gamma 

characteristic conversion function for outputting print 

data to form main dots by perfo.t:ming 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 ~ensity than said first gamma characteristic 

conversion function :to f o:cn subsidiacy dots, _ and third 

and fourth gamma characteristic conversion functions to 

form no dot in a large part of said density range, 

thereby expressing the pixel density as a dot size for 

O each of the N x N pixels; 

ls 

,,i1 

J 

conversion characteristic selection means ( 35) for 

assigning the gamma characteristic conversion functions 

to the sampled N x N pixels to arrange dots based on the 

first gamma characteristic conversion funt!tion at a 
• predetermined angle; and ---·-------

l 
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means ( 36) for supplying electrical energy corresponding. 
to the print data to the heating resistor elements of 
the recording head. 

2. A thermal transfer image f onning apparatus according to 
claim l, in which said conversion characteristic 
selection means (35) has a selection characteristic which 
is set to change· the angle of arrangement 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 
direction in a range of 

intermediate density and 
predetermined direction. 

two dots 

from a 
arrange 

in the main scanning 
low density to an 

the two dots in a 

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

5. A thennal transfer image forming apparatus comprising: 

a recording head (6) having a plurality of he~ting 

resistor elements (14) arranged in a line; · 

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

characteristic conversion function group · for outputting 

print data to form main dots by perfo:cming .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 

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 characteristic conversion function 

groups to arrange dots based on said first gamma 

characteristic conversion function group · at a 

predetermined angle; and 

means (58) for supplying electric energy corresponding to 

said print data to said heating resistor elements of said 

recording head. 

6 • A thermal transfer image f o:cming apparatus according to 

claim 5, in which said conversion characteristic 

selection means (SS) has a selection characteristic which 

is set to change the angle of arrangem~nt of dots 
;,• 

correspondingly to each primary color. • 
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A thermal transfer image foJ::m.ing apparatus acco~ding to 

claim 5, in which said conversion characteristic 

selection means (SS} 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. 

8. A thermal transfer image forming apparatus according to 

claim S, in which said conversion characteristic 

selection means (SS) has a selection characteristic which 

is set to combine adjacent two dots in the subsidiacy 

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 trans£ er image forming apparatus according to 

claim S, in which functions constituting said third gamma 

characteristic conversion function group are respectively 

sufficiently small to fo.Dll 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, 

the functions are selected correspondingly 

environmental temperature or the temperature 

recording head substrate. 
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