-1- SI GNAL PROCESSI NG DEVI CE FOR VI DEO'PRI NTER BACKGROUND OF THE | NVENTI ON’
This invention relates to a signal processing -device in a video printer in
which a thermal head is used for the hard-copying of TV (television)
broadcast images or the like. Recently, a video printer for readlly)

har d- copyi ng video inmages has been under devel opnent, and a number

‘patent applications have been filed. Figure 24 shows one ,eryg WA%
conventional video printer signal processing device whi ch{hést

di scl osed by Japanese Patent Appllcaglgn_(CPl) No. 84671/1987 (the term
"OPl". as used herein nmeans an "unexam ned published application"). In this
signal processing device, printing is. carried out with a line divided into
a plurality of blocks for the purpose of economnical use of electric power.
In Figure 24, reference nuneral ‘101 designates anal og signal’ processing
means; 102, an anal og-to- dlgltal (AD) converter 103, an-inage nenory;
104, nmenory contr QIGRMNE HSS IN HVYIQE tR RO (HB ER®nverter; 106,
anal og signal out put proce53|n3 neans 107 color selectlng neans; 108 a
line menory; 105, joint BACBGRQUND QE; ENVENT LG

menory 109 (hereinafter referred to as "a ROM 109", mhen'applicable)

This invention relates to.a'signal_processing
device in a video printer in which a thermal heed is used
for the herd-copying of TV (television) broadcast images :;
or the like. |
Recently, a video printer for readlly hard-copying
video 1mages has been under development, and a humber of
patent appllcatlons have been filed. Flgure 24 shows one
example of.a'conventionel video printer eignal processing
device which hee;been disclosed by Japanese Patent.;
Application (OPI) No. 84671/1987 (the term "OPI" as used
herein means an funexamined published'application")@ In
this signal proeessing_device,-printing is carried out
with a line divided ihto;a plurality of blocks for the -
 purp§se of ecoﬁomical use'of-electfic power.
In Figure 24, reference numeral 101 designates
-analog signal-precessing means; 102; an analog-to-digital
(A/D) converter; 103, an.image memory; 104, memoiy
control means; 105, a digital-to-analog (D/A) converter;
106, analog signai output processing means; 107, color

selecting means; 108, a line memory; 105, joint



and a correction data nmenory 110; and 111, printing control nmeans. Further
in Figure 24, reference nuneral 160 designates a half-tone control neans
conprising a correction data i-nserting circuit 112, a white data inserting
circuit N3, a white data generating circuit 114, a data processing circuit
115, and gradati on pul se generating nmeans 116; 117, . a thermal |ine head,
118, a tenperature sensor; and 119, tenperature signal conversi on nmeans.
The operation of the video printer signé1zgfbcessing devi ce thus organi zed
wi |l now be described. An image signal applied to the video input term nal
170 is supplied to the anal og signal processing nmeans 101, where it is

converted int prBeessdhg frebficcebnpaidiRg( Bl HEkaC Hedl-SndF2memoryha ogol or
signals are applied to the anal og-to-digital converter circuit 102, where
they are convéherdinafteR r&femdeB tbgasal'acBOM 19i9¢nawhen EpplRcaBlandd B
digital color signals are simultaneously stored by the inage nenory 103.
The t hr ee- col 8RAdRgFPEFeFkigE data Bevpsy RAOthendmidd ,ndF¥dnEing3 are read
out at the sane eed by the nmenory control nmeans 103 as they are-stored.
Fur t her nor e, F38§g°SiBF¥5F'inage data are converted- by the .

digitel-to-anal 09 xgBeng@MR" FRhuldS 2k GeblEehloRiuhtids 4Bo © 2 B
designates a half-tone control'meaﬁs comprising a
correction data insertinglcircuit 112, a white data

&ff inserting circuit 113, a white data generating circuit
114, a data processing circuit 115, and gradation pulse
generating means 116; 117, a thermal line head; 118, a
temperature sensor; and 119, temperature signal

- conversion means.

The operation of the video printer signal
processing device thus organized will now be described.
An image signal applied to the video input
terminal 170 .is sﬁpplied to the analog signal'p;ocessing
means 101, where it is converted.into R (red), G (green)

and B (blue) color signals. The color signals are
applied to the'analog-to—digital converter circuit 102,
where they are converted into R, G and B digital color
signals. The R, G and B digital color'signals are °
simultaneously stored by the image memory 103. The
three-color digital image data stored in the image memory
103 are read out at the same speed by'the memory control

means 103 as they are stored. Furthermore, these digital

image data are converted by the digital-to-analog



signal s-whi ch are the same as those of the menory input inmages. The anal og
signals are supplied to the anal og signal output processing neans 106,
where they are converted into a video signal. On the other hand, one. of the

R, Gand B digital signals, i.e. one color, is selected by the col og/

sel ecting nmeans 107 and stored in the l'ine nenory 108. The term "one |ine
of data" as used .herein is intended to gean "a vertical |ine of data" as
shown in Figure 25. A whole line of data are not printed at one tine; i.e.

each is divided into a plurality of blocks (two blocks in this case) for
printing. O these data, the data at the joints of blocks is supplied to
the data R@@MVELteiekdd jintie thehjtdyestad asor(fectG @id ke a@kPg hus

processed is applied tqQ the corrected data nenor %é?. I n the conversion of
e the GhBiils Sthish ahe Gidy Sanco @8 (LhARASE 48 FREhLABE | &
applied thr, he f,emperat ure signal conversi.an ans,119 y digital
signal, to 1?“%&%déat a %\/I ,ogsfﬁgrﬂ'%trlsc&ﬁ?ersﬁp(ﬂ%l(fﬁoco t}eesatpoafi"saqig to the
head t enperat Hys o4 ' ' u i fgital signal
e addr os S G Bl prdbbadiiidHedrs UK Witk by M O T
suppl i ed t xdriveiald -{ie £0Aded A 160. In the half-tone control neans

160, the data at the joint of blocks is replaced by joint correction data
by the 4- On the other hand, one of the R, G and B digital
signals, i.e. one color, is selected_by_the color
. Selecting means 107 and stored in the line memory 108. :J
The term "one line of data'" as used herein is intended to
mean "a vertidal line of data" as shown in Figure 25. A
whole line of data are not printed at one time; i.e. each
is divided into a plurality of blocks (two blocks in this
case) for printing. Of these data, the data at the
joints of blocks is supplied to the data éOM 109, where
it is subjected to co;rection. The data thus processed
is applied to the corrected data memory 110. In the
conversion of data, the output temperature signal of the .
. temperature.sensor 118 is applied through the temperature o/
signal conversion means 119,_as_a_digital signal, to the
.data ROM 109, so that conversion data corresponding to
-the head temperature at that time instant -is outputted
with the digital signal as address.
One line of image data stored in ﬁhe line memory
108 is supplied to the half-tone control means 160. In
_the half-tone control means 160, the data at the joint of

‘blocks is replaced by joint correction data by the



correction data inserting circuit 112, and is. converted by the white data
inserting circuit 113 into data trains suitable for divisiron printing as
shown in the parts (c) and (b) of Figure 26, which are supplied through the
data proagssing circuit 115 to the thermal ‘line head 117 , so that they are
printed. The time interval that the thermal line head is electrically
energi zed is determ ned by the output strolae pulse of the gradation pul se
generating neans 116. As descri bed above, when the printer acconplishes the
transfer of data for each block, the next line (which is the line on the

right of the thermal |ine _head_ in Flgure 25) of data is_loaded in the line
nmenory 108, thE°ﬁFPﬁFFﬁB GBEPaﬁpﬁﬂrF ngtﬁi?@ﬂlégéﬂﬁ' Pﬁdthﬁ 9PB§8r§Pﬁnter

Houro onr ThB% tRelLRSRECAAKE  IhESHEYng] cABETY, DSt RO RaRAO Ratlle,
line to the righttgB3k Eb?ed§§1éﬂgh dgi'?.ﬂt?%ﬂ; s eﬁww if Eheubsﬁ%é (&hat

is, the printing of one color 1s en ri ghtnost |1ne e printer
errpl oys the syaham(bf) pEi PigGgeCREPrehsuRCasei ¥abplMeachhrsughnehal Beta
enpl oyed by thermal printers. That is, when a printing nechani sm (not
shown) acconplprbeesalpgluirog;bpklattonthe thermalol inehbepdi 80&J sbeet is
set at the original printing start position, and a printing operation in

t he next col or! hétcégﬁYeérguPrith@n t Bheptimei Agtepy¥rat kbt khe

thermal line head is electrically energized is determined
by the output strobe pulse of the gradation pulse
generating means 116. | |

As describéd above, when the printer accomplishes
the transfer of data for each_block, the next line (which

. is the line on the right of the thermal line head in.
Figufe 25) of data is loaded in the line memory 108, the
printing operation is started again.

In the video printer, its thermal head is arranged
vertically of the TV picture as shown in Figure 25.. The
printing is carried out line by line from the_left,most

e  line to the right most line as indicated by the arrow in
Figure 25. That is, the p:inting of one color is ended
at-the,gightmost_line._ The printer employs the system of
printing colors successively which is gene:ally employed
by thermal printers. That is, when a printing mechanism

.(not shown)_accomplishes-a.printing operation in one

_colpr, the printed sheet is set at the original printing

.start position, and a printing operation in the next.

color is carried out. When the printing operations in



-5- three colors are carried out in this manner, the printing operation of
ane sheet is ended. A one line division printing operation will be -
described with reference to Figure 26. In this connection, it is assuned
that the thermal head has 512 heat-generating resistors, the 1st th{gugh
256-th heat generating resistors for a block A and the 257-th through
512-th heat generating resistors for a block B. In the division printing
operation, in the first process the broek™B is printed, while the block A
is not printed (as shown in the part (b) of Figure 26); and in the next
process, the block Ais printed, but the block Bis not printed (as shown

in the parttﬁﬁéeOéof$9§r§r36%%;%}%§?Oﬁiﬁﬁﬁﬁiﬁﬁérﬁhﬂﬁéfﬂetﬁénﬁriﬁting

acconpl i shed by performng t ck printing operation twce. In Figure
26, Dn reprependsidheotlabfe ofhéde isténdwd®!i ng generating el enent, and a

represents the correction rate of the joint of blocks. The-reason why
correction is requAremefbiné hdiyisivn @grintoiky openstiom|wikl be .
heat - sensitive type printer in which the printing operation i$ carried ou
with one Ii%@?’gb%dﬂi%or?ﬁ\%rm%k@ FigurealbgentR kg resistor at the
m ddl e of the therpal head,is coal.e the block whjch i. ot . ted, as-a
result of WPRRCTHECDrihtiHy RRTURES égé?o' éﬁ%ﬁm' ch?aacgﬁ?dgﬁgly, if no
correction ho, Qiy&Ret e 1§ +OL Lt &fs, the 1st through 256-th heat
'_ generating réesistors for a block A, and the 257-th

through 512-th heat generating resistors for a block B. j:)

In the division printing operation, in the first |
process the block B is printed, while.the block A is not
printed (as shown in the part (b) of Figure 26); and in
the next process,.tﬁe block'A is printed, but the block B
is not printed (as shown in the part (a) of Figure 26).

Thus, the printing of one line is accomplished by

performing the block printing operation twice. In Figure

26, Dn represents the data of'the n-th heating generating
element, and a represents the correction rate of the 'h
joint of blocks.

The reason why correction is required for the
joint of blocké'is'as follows: In ‘heat-sensitive type
printer in which the printing operation.is:carriéd~out
with one line divided into two blocks, the heat
.generating reSistor-at-ﬁhe middlé of the thermal head is
coocled by the block which is not heated, as a result of
which the printing density is lowered as much;

Accordingly, if no correction is given to the joint of



6 bl ocks, then the boundary between the blocks is lowered in printing
density: mhen printed, thus showng a white stripe. In order to elimnate
this difficulty, correction of printing density is carried out for the
joint of \otocks (hereinafter referred to as "joint density correction",
when applicable). Thus, in the division printing nethod, as for each |ine,

the joint of blocks-is printed tw ce, andsthe remai ni ng parts are printed
only once. Now, the necessity of changing°the correction data for the joint

of bl ocks according to tenperature will be described. Figure 27 is a
graphi cal representation indicating gradation with electrical energization

time of the hepseks) Eh@h”@h@%oﬁx‘i@af%”ﬂ@tﬁeéﬁd{:ﬁétS§o@ﬂé”§§ falarihth a

tenperature a; the curve B, nor mal a wth a tenperature b; the curve C,

correction daim piifitifie denpetyatwhen aprinted lethusVehbvingr acehies data
with the tenperature b, where a < b. In order to print with a gradation m
t he el ectri casteipe gi'zbmi order neo célihinabtadtshsufifHbcatyit h t he
tenperature a, and [err] with the tenperature b; and for the joint portion,

the el ectricaf® Eﬁﬁﬁiﬁ%%l?%np¥$%%l%%d@¢@S%EY[é?rfairQEQA?Httﬁertﬁhﬁerature
S 20 LETEL ot o E TR B e By DEEScLER Lo Tl sblgec0T o0t On
density correction", when applicable). '
Thus, in the division printing method, as for each
g; : line, the joint of blocks is printed twice, and the .
remaining parts are printed only once.
| Now, the necessity of changing the correction data
for the joint of blocks according to temperature will be
described. Figure 27 is a graphical representation
indicating gradation with electrical energization time of
the head.
In Figure 27, the curve A indicates normal data
with a temperature a; the curve B, normal data with a
- temperature b; the curve C, correction data with the
temperature a; and the curve D, correction data with the
temperature b, where a<b.

In order to print with a gradation m,: the
electrical energization time of the head should be t,-
with the temperature a, and t; with the temperature b;
and'for the joint portion, the electrical energization
time should be t. x 2 with the temperature a, and t, x 2
with the temperature b, where t,/tg = t./t,. Thus, the

correction data must be changed with temperature. In



-7- this case, the correction data can be changed with tenperature and with'
gradation. This joint density correction is achieved when the joint
processing means 150 corrects the input data. That is, the joint portion's
data to be supplied to the head is subjected to data correction by {fe data
ROM 109. A plurality of trains of correction data according to head
tenperatures have been witten in the data ROM 109 in advance. The head 117
has the tenperature sensor 118, as was descri bed above. The head
tenperature detected by the tenperature sensor 118 is converted into a
~digital tenperature signal by the tenperature signal conversion neans 119.
Wth the atHisf chbe,dthet abrkespeont Aatastgiabe thandaiawkel 109 switches
.the above-described correction data groups, and supplies the correction
dat a assi gheunpevathret engewathr gradathencor Thiti goid&t deneityy 110, where
it is stored. Thereafter, according to the above-described printing
operation,CﬁﬁfﬁcFéOPr&ﬁsFSFFBHeﬁrUg?FhEhFia@lﬁﬁnﬂF9c§§8195 fR&8NKal f - t one.

trol - 160. I n thi ti when the t f Jiom f data t
e or r ect LAOGEEAFEEEpnERR, RRPUF cO8Fa  noTBat: Ser| BHeddPAENsert i ng ol rou
112 i : /L NE : | .Qf .t ' dat
Temory 1a0PPECeRa Saphtalth BaruBl 168! RO nAENNAE' ShGeEREIT Y PO G212
data correction by the data ROM 109.

A.plurali;y of trains of correction déta according
to head temperatures have been written in the data ROM -;3
109 in advance.

The head 117 has the temperature_sensor 118, as
was described above. The head temperature detected by
the témperature sensor 118 is converted into a digital

~ temperature signal by the temperature signal conversion
means 119. With the aid of the digital temperatute
signal, the data ROM 109 switches the above-described
‘correction data groups, and supplies the correction data
assigned to the temperature to the correction data memory
110, where it is stored. - S ~/

Thereafter, according to the above-described
'printing operation, data is transferred from the line
memory 108 to the half-tone control means 160. In this
operation, when the transfer tiﬁing_of data to be
corrected occurs, the armature of the correction data
‘inserting circuit 112 is operated to supply the output
correction data of the correction data memory 110 to the

data proceséing cirecuit 115. 1In this connection, the



-8- white data inserting circuit 113 has been so operated that the data
transferred to the not-printed block of the head is replaced by white data.
One exanpl e of the arrangenment of the joint processing neans 150 and the
hal f-tone_control neans 160 will be described with reference to Figure 28,
i n which parts corresponding functionally to those which have been
described with reference to Figure 24 aregtherefore designated by the sane
ref erence nunerals or characters. In Figure 28, reference nuneral 218
designates a data conparator; 219, a data discrimnator; 220, a decoder;
221, a gamm read-onlg menory (hereinafter referred to nerely as "a ROV,
when appl i cabifRite ata jinseferng uebrenht okt 2rhas kool FecPPratada

225, an anal opFb-Ch; 1aTe (SrapeEehvef to, oo cROE Aringed HiPuR CE Hheo7
gradation conflob [ 2084 rghifld ledihe circuit shown in Figure 28
%ed. I'n E%IS cgﬁﬁ T

wi Il be descri ectron, i I's assuned that one |line of data

is stored in the |itge "&x@hy1408f £hé SdrrihGeénttofOrhé OjolRBNS 111 reads
fromthe line menory 108 data groups with head addressed to be corrected,

and supplies precesoindaneans 1950 408. tHéchalbf at 6/l 469t val pmeansol6@cti on
data corresponding to the '
will be de;cribed with reference to Figure 28, in which
- parts corresponding-fdnctiQnally.to those which have been
; described with reference to Figure 24 are therefore
| designated by the same reference numerals or characters.
In Figure 28, reference numeral 218 designates a
data comparator; 219, a data discriminator; 220, a
decoder; 221, a gamma read-only.memory (hereinafter
referred to merely as "a ROM", when applicable); ZZZy,a
temperature characﬁeristic,correction data selector; ;18,
a temperature sensor; 224, a temperature signal
amplifie;; 225, an analog-to—digit;l (A/D) converter; .
226, a microcomputer; and 227, gradation control means.
if' - The operation of the circuit shown in Figﬁre 28
will be described. 1In this connection, it is assumed
that one line of daté is stored in the line memory 108.
First, the print control_meansjlll reads from‘the_line
memory 108 data groups with head addressed_to be
corrected, and supplies them to the data rom 109. The

data ROM 109 outputs cor:ection_data_corresppnding to the



-9- input data. In the correction data nenory 110, the wite/read address
I s determ ned by the decoder 220. Thereafter, the printer is placed in -
printing state, and the data fromthe | ine nenory 108 are successively
supplied through the correction data inserting circuit 112 to the fi@gkl ow ng
stage. Wien, in this case, the transfer timng of data to be corrected
occurs, .the armature of the correctiangdata inserting circuit 112 is
tripped by the printing control section 111 to select one of the inputs,
that is, to select the correction data supplied by the correction data
menory 110, These continuous data trains are supplied through the white
data insertinguti datat 118 tbetberdechiconpatatvem@rp. 110p the data
conmparator 218, the input data is_conpared w th gradati on data provided by
the gradatiBRitBATeef ABdResSo¥s detemmined cbyrthal deredgrza2Pon data for

control |1 nohag.gkeet: eak SRCLALZALLOm Rl a0 P andill) b
means of theigagacy; SEon Ph, LindMuhdly Dof Erd shifelsgplIyD. 0% na™
thermal heagupplie&h€ngbagnt tRE EHLEEcOEOR @htAUiABAPEiAGOOVERUES

112 to the following stage. | _

- When, in this case, the transfer timing of data to-
be.corrected occurs, .the armature of the correction-data , ;;
inserting circuit 112 is tripped by the printing control
section 111 to seiect one of the inputs, that is, to
select:the correction'data-supplied.by'the correction
data memory 110." These continuous data trains are
_supp;ied through the white data inserting circuit 113 to
the data comparator 218. In the data comparator 218, the
input_data'is compared with gradation data provided by
the gradation control means 227, so that eiectrical-
energization data for controlling the electrical _
energizaticn of (turning on and off) the heat—genera;ing E)
elements of the thermal head 117 is outputted. The
e;ect:ical energization data is applied to one of the
.blqcks of the head by means of the data discriminator

. After the transfer of data to the thermal head

117, the gradation pulse generating means 116 outputs



- 10 - a strobe pulse to permt the electrical energization of the -

heat - generating el enents. Thereafter, the |ine nenory 108 out puts dat a,
which is applied through the correction data inserting circuit 112,. the
white daﬁa’inserting circuit 113 , and the data processing circuit 115 to
the thermal head 117, to permt the electrical energization of the

heat - generating el enents. In‘this caseu_gﬁ?spomn in the parts (a) and (b)
of Figure 26, by neans of the.data discrim nator 219, the white data to the
head is distributed to the block which is opposite to that in the previous
data arrangenent. Thus, in the case of the two-block head, when the

above- descri bgdsteapef ph18é aatgehﬁi@aﬁﬁé-eélwu{:rw&meenéhﬁiaa'tmbhnefof one
line is achieved. Now, a tenperature control systemfor the joint

processi ng nethe hekkt-gendeatingeelerentéiec bEperneafijenf the limesfer of a
line, the line menory 108 applies the data on the joint portioen thereof to
t he data RCNBmEEQrEhKQE entpatsfdaba; whight iscappihedstBRPUEE| $hgccor di ng

to tenperatures. On the Qther hand,  the tenperature sensoy.. 118 s provi ded
near the jOihF°BFeSF69RSSBFath%s?ﬁg+ﬂﬁlchﬁﬁﬂlil¥¥50uﬁﬁﬁtVﬁﬁﬁeagFéﬁperature

o gnal 2t ol hhAESs e LETRET £, ot oL, A ATBELLAGERY Lipchewer ature
115 to the thermal head 117, to pe;mit the electrical
energization of the heat-generating elements. In this

s case, as shown in the parts (a) and (b) of Figure 26, by
means of the data discriminator 219, the white data to
the head is distributed to the block which is opposite to
that in the previous data arrangement. Thus, in the case
of Ehé two-block head, when the above-described transfer
of data is carried out twice, the printing of one line is
achieﬁed. |

Now, a temperature control system for the joint
processing means will be described.:
At the beginning of the transfer of a line;

the line memory 108'applies the data on the joint

portion thereof to the data ROMs 109 which are different

in data content separaﬁélyVaccording to temperatures. On

the other hand, the temperature sensor 118 is provided -

near the joint of blocks of the thermal head 117,

outputting a temperature signal at all times. ‘The

temperature signal is amplified by the temperature signal

. amplifier 224 to the level which is required for analog-




to-digital conversion. "The tenperature signal thus anplified 1is
applied to the analog-to=digital (A/D) converter 225, where it 1is
converted into a digital tenperature signal of several bits. - The
digital tenperature signal is supplied to the mcroconputer 226. T

m croconputer 226, receiving a contr11 signal provided by the print control
means 111 for every line, changes tthe digital tenperature signal for every
line which is always delivered from the analog-to-digital converter
and is variable. The reason why the tenperature signal is changed for
every |line as described above is as follows: Although the head
tenperature increases- during the printing operation, the tenperature
si gnal cannot be changed during the transfer of data. Therefore, it goes
wi t hout sayorgighigiali t atmvdms icanged The etvempegaidate orsighael | ofmusdat a
supplied to the data ROV 109 are corrected into.joint correction data,

respect i vePPPLMEiER add® a@RRMEEd o0 §¥Pe ?%ﬁpe?&?&PQ‘&ﬁﬂ@i&kﬁqktl ch/D)
correction data sel ec 222 he, | oi nt ctiop data
di fferent P8 é §furé25'th8ﬁrearéE t ns?%??§ﬁ£e$ ?E% t%npé#%%ﬁ?é
chor acter, SpEIESEh chidaa selectabyizty Il oh | ipetiid il eator e
tenperatur%emﬁbgaghre sigifal is supplied to the microcomputer 226.
The microcomputef 226, receivihg a control signal provided
by the print cqntrcl'means 111 for every line, chaﬁges the .\J
digital temperature'signél for every line which is always
.delivered from the analog—ﬁo-digital converter.-and is
variable. |
‘The reason why the temperature sighallis.changed_

- for every line as described above is- as folléws:. Aithough
the"head' temperature increases during' the prihting_
operatioﬁ, the'température-signal cannot be dhanged during
the transfer of data. = Therefore, itigoés Qithouf saying
that it may'be'ehanged for every gradation. ' ad

~ The joint data supplied to the data ROMs 109 are
corrected into joint correction data, respectively, which
are applied to the temperature characteristic correction

' data selector 222. Of the joint correction data with
different temperatures which are tfansferfed to the
.temperature characteristi&_correction data  selector 222,
one which is. suitable for the. temperature at that time

instant 'is selected by the digital temperature signal



whi ch changes every line, and is stored in the correction data nenory 110.
Next, the printing data are supplied to the correction data inserting
circuit 112 by the line nmenory 108. In this operation, the data on the
joint portion, after being replaced by the correction data stored in the
correction data nenory 110, is applied to the conparator 218 in the data
processing circuit 115, where it is conpajgd-with the gradation data

provi ded by the gradation control neans 227. The data processing circuit
115 divides the data into data (1) and data (2) which are transferred to
the bl ocks A and B of the head, respectively. In this operation, the white
dat a provi ded¥Wbjchhehanges euenygbhveat ang éir shpredldn| shencorredtion
alternately into the data &1) and the data (2). The white data is inserted
into the data ?g? BRBOFKelddta. (2) for every line, and the printing of one

other hand. the or ackPRbn” BFceaakiRa: PR BEAS SIRBLLRR; Ef Becontrol | ed
2! gr adat] o GorEeeLeofl MBLh SepkeIng Q1SEALLRIIOBY, She RIRR ALGOP! ! OS.
desi gned as deesti bed 8hoyeopdbetebn’ ethkhga¥rhden ﬁhénbéﬁnhsgortion,

di sadvantageous in that the white stripe attributing to the bl ock division
type drive ofaftertheingl repdacedhbghthe correction data stored in the
correction data memory 110, is applied to the comparator

U 218 in the data processing circuit 115, where it_is
compared with the gradation data provided by the
gradation control means 227. The data processing circuit
115 divides the data into data (1) and data (2) which are
transferred to the blocks A and B of the head,
respectively. In this operation, the white data provided
by the white data generating circuit 114 is- inserted
alternately into the data (1) and the data (2). The.
white data is inserted into the data (1) and the data.(Z)
for every line, and the printing of one line is . _

- accomplished by printing the block B and the block A. On
the other hand, the gradation pulse generating means 116,
which is controlled by the gradation data outputted by
the gradation control means 227, applies a gradation data.
parameter to the head. | _ B

' The known video printer is designed as. described
above. Therefore, the video printer is disadvantageous
in that the white stripe attributing to the block

division type drive of the thermal head, which is



- 13 - intended to use electric power nore economcally, can be corrected,
but cannot be elimnated. In addition, the known video printer suffers from
technical problens in that it has no aperture correction neans which shoul d
be provided for a video printer, or it has a hi gh precision color
conversi on neans which is essenti al ﬁ{ fine copy images. SUMVARY OF THE

| NVENTI ON Accordi ngly, an object of t 359 nvention is to solve the
above-descri bed probl ens acconpanying the known video printer. Mre :
specifically, an object of the invention is to provide a signal processing
device fo 04+ Rr e tri ri buting
to the bl%%Eeélv?ngnh?%p%lg%#&giggﬂ“ﬁ%# erna e%%@b%ggﬁérﬁgﬁhgk%perture

correcti ogofpEcEs, eshu—.oea%olv B fd PO £ONPEACAEE1 £A0M ,CoWey OUt the
col or conversion w'th hi gh precision, and which can achieve a printing

operati Onkibwh BigBodpRSnkier IFhfFena danee védinibeli probleas liere is

provided a signal processing device for a video printer in which inages

digiti zedthathia hasdabeaperdthrargy e ienuesays awHighashiondid dve bit

nunber and expressed by an RGB additive color process are printed and

recorded pyouidr@ folr sultidect ipprindmoy @r otesbascanpighi pgecisdon f or

receiving R G and B inmge data, and printing and recording control data;
color conversion means which is essentlal for fine copy

images.
SUMMARY OF-THE”INVENTION-- o
Accordingly, an object of this invention is to
solve the above-described problems accompanying the known
video printer. More specifically, an object of the
invention is to provide a signal processing device for a
video printer which cah eliminate the white stripe
attributing to the block division type drive'of_the
thermal head, perform the aperture correction for
correction of high frequency components, and carry out
the color conversion with high precision, and which can
achieve a printing operation with high density. - - A

In accordance with the invention there is provided
a signal processing device for a video printer in which
images digitized with a predetermined sampling frequency
and quantization bit number and expressed by an RGB -
additive color process are printed and recorded by a YMC
ink subtractive color process, comprising:
- means for receiving R, G and-B-image~da£a, and

. printing and recording control data; -



--13a - neans for requesting the synchroni zation and transfer of said two
ki nds of data; pretreatnent neans for subjecting said R -G and B i nage data
to color conversion to obtain Y, Mand Cink data; first nenory neans in
whi ch colser conversion data used by said pretreatnent means and gradation
control data have been stored; second neggry means‘ for storing said Y, M
and C ink data operating as tenporary nefmfy means which conprises a
plurality of line buffers for. snpbothly and continuously carryi ng out
processes; neans for generati'ng address signals for said. first and second

menory neans; arith he Eah Eé¥yﬁ r Lao-di geasiqnal.. aperture
correction operati oﬁg%?%conver%téeﬁf : in‘g&%g?g&é%g?g&?r‘ag%oga%&dgecond
menory meanst faAsEBLULE Ba 1R0HRS YehdAlGE t@agdi d second menmory neans; heat
generation control nmeans connected to the output of said second nenory

nmeans for control | i pget rieaitiiednty ntidths eFSY g OpeiAall saidn RJUld ia@le B
gradations with each line of a printing thermal head divided into a

plurality ofikbdgekdata ¢aclkedliore ainviaisidei g ebtaindygsMaapdircatinky U of
overprinted sub-lines, each of which sub-lines conprising picture el.enents
in a differe@ataange of gradation val ues, therebeing S gradation values in
each range and the value of U being at |east 4; and
: first memory means in which color conversion data

used by said pretreatment means and gradation control .

‘data have been stored;

second memory means for storing said ¥, M and C

ink data operating as temporary memory means which.
comprises a plurality of line buffers for smoothly and
continuously carrying out processes;

means for generating address signals for said. .
first and second memory means;

-arithmetic means for performing a two-dimensional
aperture correction operation on converted ¥, M and C ink
data from said second memory means and returning
corrected data to said second memory means;

heat generation control means connected to the
output of said second memory means :for controlling a .
printing and recording operation in multiple gradations
with each line of a printing thermal'head:divided'into a
- plurality of blocks T, each line of data being printed as
a plurality U of overprinted sub-lines, each of which
sub-lines comprising picture elements in a different

range of gradation values, therebeing S gradation values

in each range and the value of U being at least 4; and



14 means for generating clock signals having periods [err] (the fundenental
period of heat generation), [err] x Sx T, and [err] x Sx T x U BRI EF
DESCRI PTI ON OF THE DRAWNGS | n the acconpanying drawings: FIG 1 is a block
di agram showi ng a signal processing device for a video printer accokging to
this invention;, FIG 2 is an explanat%éé di agram show ng a digital nenory
map used in the signal processing devi according to the invention; FIG 3
- i's an explanatory di agram showi ng the arrangenent of one exanple of a
thermal head used in the printer; FIG 4 is a block diagram show ng a cl ock

[ he. si_qnal,: | Ng. ' f _the._i Lan, . i
e oy et neRsHIR s BRSO PN £ £ L8N 0  BRLARE: pRlBod = o
nead: Fl Gt O(tRedsLRAGHIRGE JdaTRC Y nddY FedEPEELBA)ONLOTx S pperation

of the devfce according to thé Invention; agPam T br &

descri pti gngok fhe 4 oF GORVer & gngn the invention;, FIG-8 is a map
di agram showi ng one exarpl e of the col or conversion table shown in FIG 2;
FIG 9 is an expl anatBRYEFi PESERIPOIOR OFS THEPDRAWING®Ne exanpl e of an
aperture arithnmetic operation nmethod enployed 'n the invention;*FIG 10 is
a bl ock di agram shovihey agmompanpieg drawvangshnPiGe anis shbdwakn FIG 1;-
FIG 11 is a bl ock diagram show ng one _

: diagram showing a signal processing device for a video -

printer according to this invention; FIG. 2 is an
explanatory diagram showing a digital memory map used in ;J
the signal processiﬁg device according to the invention;
FIG. 3 is an explanatory diagram showing the arrangement
of. one example of a thermal head used in the printer;
FIG. 4 is a block diagram showing a clock generator in
the signal processing device of the invention; FIG. 5 is
an explanatory diagram outlining the heat generation
control of the thermal head; FIG. 6 is-a fundamental time
chart for a description of the operation of the device
according to the ihvention; FIG. 7. is a diagram for a-
‘description of the color conversion in the_invention}
FIG. 8 is a map:diagram showing one example of the color
conversion table shown in FIG. 2; FIG. 9 is an
- explanatory diagram for a description of one example of
- an aperture arithmetiec operation methbd“employed inithe
invention; FIG. 10 is a block diagram showing one example
of-a arithmetic unit shown in FIG. 1; FIG.'ll is a block

“diagram showing one



- 15 - exanple of a head drive shown in FIG 1; FIG 12 is an expl anatory
di agram showi ng one exanple of a head data distribution; "TFIG 13 is an
expl anatory di agram show ng one exanple of the connection of a SRAM and a
ROM FIG\.A4 is a block di agram showi ng one exanple of a data distributor
shown in FIG 1, FIG 15 is an explanatory di agram show ng one exanpl e of
the relation bet ween input data and cont¥i~ data for data distribution;
FIG 16 is a diagram showing experinmental characteristic curves

i ndi cating applied electric power with optical density with the nunbers of
sub-lines as paraneters, and a heat generating nethod therefor; FIG 17 is
an expl anatory di agram showi ng one exanple of a thermal head for A4 size,
and a drive nethod _thereof; FIG _ 18 is an expl anator{ di agram show ng t he
map of the SRENAMPLEn & ai iﬂ@aSr.dm‘mg shevat iion F¥FG 119 A6 .a bRodle an

di agram show n a ciccuit nvx/nchan nte ol ati nit is
a:jdgd to a \#e&% 3 3’ r}“p ‘%‘a%’@a'?sl °:?J'Irlﬂiglng°‘&?11'iﬁxai“ﬁllea 9 g(ﬂl bFF nu‘Eﬁlti Ihe

oper ati on of hhigt%'lwuibnshoe;ﬁ' 118! Gs 1gn Ry fladar ﬁégkgﬁata{da%b?%m

di agram showi ng exa recor 'S an ory

show ng one ebﬁ@'e@:aﬂlbl% B@a@h@r bban@ettiieﬂ oF & TRM a\udﬂtah ROM/ B1d'9 14
operation; FIG | ock diagram showing a video printer

enpl oyed the &lsgnaj mmsmmgi@m castdwiryg S oﬁuenéxaﬂpllél Gof24 d's @abaock
di agram show ng a conventional signal

distributor shown in FIG. 1,.FIG. 15 'is an explanatory

W diagram showing one example of the relation between input
data and control data for data distribution; FIG. 16 is a
.'d'iagram s'howing experimental characteristic curves
indicating applied electric power with optical density
with the numbers of sub-lines as parameters, and a heat
generating method th'erefor;_FIG."l? is an explanatory
diagram showing one example of a thermal head for A4 size,
and a drive ‘method thereof; FIG. 18 is an explanatory
diagram showing the map of the SRAM in an A4 size printing
operation; FIG. 19 is a block diagram showing one example

Your - of a circuit in which an interpolating unit is added -to a
head driver; FIG. 20 is a timing chart for a description
of t-he operation of the circuit shown in FIG. 19; FIG. 21
'is - an explanatory ‘diagram showing examples of records; -
FIG. 22 is an explanatory diagram showing one example of a
head drive method in a small width printing --opératign;
FIG. - 23 is a “"block diagram  showing -a 'video printer
employed the signal processing device of this invention;

FIG. 24 is a block diagram showing a conventional signal



- 16 - processing circuit for a printer; FIG 25 is an explanatory di agram
showi ng one exanple of an inmage recorded with the conventional signal.
processing circuit, and a white stripe appearing between blocks; FIG 26 is
an expl anatory di agram show ng out put data of the conventional signal
processing circuit; FIG 27 is a graphgcal representation indicating
gradation (density) with head electrical energization tine with head
tenperatures as paraneters; and FIG 28 is a block diagram show ng exanpl es
of joint processing neans and halftone controlling means. DESCRI PTI ON OF
PREFERRED EMBODI MENTS One enbodi ment of this invention wi || be described

with reference to the acconpanying draw ngs. FIG Is a block diagram
outlining the arrangement of a signal proce55| device for video
printer \AhPEﬁCF§5t1W@ erfbbbEFWeRt  &PTt hé‘ i RERREBAS - % G 2%, i8ferdhce
char acter nates L hput _termnal for t nultiplex data of an
age s orEFP AR CORY ARATERE-F AT T o) 20F e?xawe#sr ‘85 £8

DATA", VW@QC@P@L&CQQES) tr{eb c%é%néfrﬂ gioggsé‘lpbt dy Az‘cpﬂtp,g for e

than one) control signa I nstructin entifrcation and the
latch tinang aofhitbestPipé éﬁpéermaétséweéar deckQ-a?I'(';a QeNE's ahen

applicable); 2a, an output termnal for a REQ signal f or requiring the

explanato;y diagram .showing output data of the

conventional signal processing circuit; FIG. 27 is -a
. graphical representation indicating gradation (density) :;
with head electrical energization time with head
.Eemperatures'as parameters; and FIG. 28 is a block diagram
showing examples of . joint processing means and halftone

controlling means. |

DESCRIPTION OF PREFERRED EMBODIMENTS
- One embodiment of this invention will be described
with reference to the accompanying drawings.

FIG. 1 is a block. diagram - outlining the
arrangement of a signal processing device for - video
printer which is the embodiment of the invention. In FIG. o
1, reference character la designates an input terminal for
a 6-bit multiplex data  of an image signal and a command
signal (hereinafter referred to .as "a DATA", when
applicable); 1b, an input terminal for an A-bit (A being
more than .one) control sighal for instructing- the

. identification .and the latch timing of the .DATA
(hereinafter referred to as "a CONT", when applicable);

2a, an output terminal for a REQ signal for requiring the



-°17 - transfer of a predeterm ned nunber (B) of picture elenents of one
line;=2b, an output termnal for a REQ CLK signal instructing the timng of
transfer; 3, a data distributor (signal receiving neans, and
synchronkvatlon transfer request neans) for dlstrlbutlng the DATA to.

vari ous neans; 4, a clock generator (clock generating nmeans) wth an
oscillator 4a; 5, a picture el enent resdiver for R G and B | mge signals;
6, an address generator for generating address signals for nenory
(described later)'; 7, a multiplex (MPX) circuit for nmultiplexing a
plurality of signals; 8, a nenory conprising a ROM (first nenory neans) and
a SRAM (second nenory neans); 9, an arithmetic unit (arithmetic nmeans) for
carrying out an aperture correction arithnetic operation, etc.; 10, a
head driver .(ramsfgenefaE @redntersinehmynber fRBY mhgpictvee dalemnénts
the thernal head, IIa an outgut termnal for a thernmal head drive data

(hereinafter r@fed®l e ns2PREAR GutRUE VhéﬂlﬁiblFBEMQﬂREQﬁEFﬁlﬁlgaﬁl
out put tern1naInLQru% iﬂth% E% gfgé,gggggggg _ thea“EQD-DKTA the
e

t hermal head (hereinaft err e ghT1PU
applicable). Opgignadn réedeving e?nbhﬁk%, MR s(y}fah:o%nozwz&mp&ﬁﬁéfer

means which are additionally incCorporated in the“clock generator 4, th
head driver 10request feanisyetfior @istribuithd cheepwTy €0 variocus means:
4, a clock generator (clock generating means) with an
i ‘oscillator 4a; 5, a picture element resolver for R, G and
B image signals; 6, an address generator for generating
.&ddress signals for memory- (described later); "7, a
multiplex (MPX) cirecuit for multiplexing a plurality of
signals; 8, a memory'comprising a ROM (first memory meané)
and a SRAM (second memory means); 9,-én arithmetic unit
- (arithmetic means) for carrying out an aperture correction
arithmetic operation, etc.; 10, a head driver (heat
generation control means) for forming drive data for the
_thermal head; lla, an output terminal for a thermal head
A - drive data (hereinafter referred to ‘as "“HEAD-DATA", when
applicable); and 1llb, an output  terminal for a control
signal for transferring the HEAD-DATA to the thermal head
(hereinafter referred to as "a ‘ HEAD-CONT", when
- applicable).
' -Operation mode - selecting ‘means ' (not '~ shown)
comprises means which are additionally incorpdfated in the
clock generator 4, the head driver 10, the arithmetic unit

9, and the memory 8.



- 18 - In the parts (a) and (b) of FIG 2, one exanples of an address map
in the menory 8in the enbodi nent shown in FIG 1 is. showm wth respect to
the ROM and the SRAM The ROM as shown in the part (a) of FIG 2, consists
of a color conversion table section for converting R G and B i mageys data
intoY, Mand C ink density data, _and a gradation table section for
printing with nultiple gradatlon'déﬁsrty I ndependently of tenperature.
Addresses are forned with 15 bits; that is, a table code of 1 bit and a
vari abl e code of 14 bits. On the ot her hand, the SRAM as shown in the
part (b) of FIG 2, is made up of three line buffers for tenporarily
storing density data (hereinafter referred to as "LB 1, LB IIl, and LB 111",
when applicable), and two head buffers for tenporarily storing density
data after alrer thue epacdsr de)i @gndaribhnefi FlGepdatémm ekamplesr ni ng

t he HEAD-DATA (herelnafter .. referred to as "HB I, and HB Il", when
appl i cabl @F. .20 | #AGRESHamAP( - diher| REMOrY ¢ Rdnp|the emRAAHRERE eSREYNONS not

uood | FRG 5P SRR, Tieh AR B Bhe R e RS IRB O, g
eS0T, Sl 2 YGH b Mnd ey, Uecere! ADecChERLY shopr
thrOUQh_H@H@dﬂ“é&h@ﬁfﬁ?@@néﬁbﬁé E@c&ianmﬂaﬁﬁbonvertlng R, G and B
image data into ¥, M and € ink deﬁsity data, and a
gradation table section for printing with multiple j\)
gradation density independently of £empérature. Addresses
are formed with 15 bits; that is, a table code of 1 bit
and a variable code of-l4-bits;. On the other hand, the
. SRAM, as shown in the part (b) of FIG. 2, is made up of
three line buffers for témporarily-storing density data
(hereinafter referred to as "“LB I, LB II, and LB III",
when applicable), and two head buffers for temporarily
. storing density data. after an aperture correction
arithmetic operation 'for'.forming the HEAD-DATA
. (hereinafter = referred -to as "HB I, and EB 1II", when ‘4
applicable).. In the part (b) of FIG. 2, the blank regions
. are regions not used. Each addréss consists of 1 byte (8
bits) data. |
FIG. 3 shows one example of a data interface for a
- thermal head 117 with 640 heat-generating resistors which
is connected at .the rear stage_qf:tﬁe cirecuit shown in
FIG. 1. As shown in FIG. 3, the HEAD-DATA comprises ten

signals HD1 through HD10 which are connected toc ten blocks



-~ 19 - Bl through B10, respectively, each bl ock having 64 heat- generating
resistors. The. HEAD- CONT conprises a transfer clock signal CLK a
latch signal LTH, and a heat generation pernmtting signal STB, which
are connggted to all the blocks. The thermal head. 117 has been discl osed
for instance by Japanese Patent Application Publication No. 21469-1987 in
detail under the sanme nane, and t hereford Tts detail ed description is
omtted here. Now, the operation of the enbodinment thus organized

will be described. For sinplification in description, first the
parts of the enbodiment will be described, and then the whole. (1. Col or
I mage printing operation) The printing . of a desired inmge

[ i ed tli byl i —Th ti f h, Li [ i nl

dotorm ned by PhotoPbUaPL BT THRPGE e henerathr brotkaaEiiats beatre
arrangement of éﬁ@&&éfﬁ% gepeLebes, 4 wiéﬂﬁﬂiﬁnﬁbﬁ#1é%é%r4ses*9-%kﬁhs%e:
reference-chaf%cter a designates an oscillating el ene *or determning an

original osci¢ledk ons{igravencyk,[ear] 1iatbh el | I@t@); 484 28 Rheat
frequency divider; 43, an S frequency divider; 44, -a T frequency divider;
and 45, a U frezperatyicnvpdemitthoge sdigrali t SEBenwhiishd latér caghedbedutymut
signals f1 through f5, respectively, as shown in FIG 4.

all the blocks. The thermal head 117 has been disclosed

.fdr instance by Japanese Patent Application Publication
No. 21469-1987 in detail under the same name, and
therefore its detailed description is omitted here. .

Now, the operation of the embodiment . thus
organized will be described. "FPor simplification in
désc:iption, first the parts of the embodiment will be
~described, and then the whole. |

(1. Color image printing operation)

The printing - - of a desired image is
catiied outline byline. The operation for each line is
méin;y determined by the circuitry of the clock generator
gg . 4. One example of the arrangement of-tﬂe'clock generator

4 is as shown in FIG. 4. 1In FIG. 4, reference character

Qa_designates an o;cillating element for determining an

original oscillation freguency f£osc; 41, an oscillator;

42, an R frequency divider; 43, an S frequency divider;

44, a T frequency divider; and 45, a U frequency divider.

Those circuit elements 41 through 45 output signals f1

throughafs,'respectively, as shown in FIG. 4.



- 20 - The operation of the <clock generator 4 thus organized wll be
described. The oscillator 41 oscillates at the frequency which is
equal to the oscillation frequency [err] of the oscillating elenment 4a, and
outputs a pulse signal f1 of duty 50%t hrough 1/2 frequency divisiaw. The
R frequency divider 42 outputs a signal f2 which is obtained by
frequency-di vi di ng the pul se signak 28, -for instance, with R = 172, . and
its one period is called one slot (hereinafter referred to as "SLT",
when applicable), and its tinme is represented by [err]. The S frequency
divider 43 outputs a signal f3 which is obtained by frequency-
dividing the SLT signal, for instance, with S = 64, and its one period is
cal |l ed one phase (hereinafter referred to as "PHS", when applicable). The
T frequency divi deTheutppésatisngnef fehehichotks openernatioby #refbescy-
dividing.the PHS signal . .for_ instance, with T =5, and its one period is
cal | ed oneCEgARIZeR Wik é??\aﬁet%?“rhﬁ%rred to as "SBL", when applicabl e).

The U f di yvj der 45, f5 _wh bt d b

The Ut reauency O X3S odS PHAOML ot SUTands® Al e BreBpitigsd
iod i d, I

o | cabi LA AR eqdY CQ?%Z*'SB%fﬁ{ﬂf%@ﬁ%%“%%ﬁ# B, e

an i”age1oéﬁE&ii@iﬁﬁoéﬁemehQ 4a, and outputs a pulse signal £l of

| . duty 50% through 1/2 frequency division. The R frequency
divider 42 outputs a signal £2 which is 6btained by QJ

_ frequency-dividing'thé puisé signal £1, for instance, with

_-ﬁ = 172, and ‘its one period is called one slot
.(hereinafter referred tO'as“"SLT“;-yheﬁ_applicable), and

. its time is représénted by ts. The S frequency divider 43
outputs a signal £3 which is obtained - by' frequency-
dividing the SLT signal, for instance, with S = 64, and

its one period is calied one phase (hereinafter referred

to as "PHS", when applicable). The T frequency divider
outputs a signal f4 which is obtained by £frequency-
dividing. the PHS signal, for instance, with T = 5, and its

- one .period is called one sub-line (ﬁefeinafter referred to

. as- "SBL", when applicable). The U frequency divider 45

"~ outputs a signal £5 which |is obtained by frequency-
dividing the SBL signal, for instance, with U = 4, and its

one period is called one line (hereinafter referred to as

. "LIN", when . applicable). One LIN..corresponds -to one

horizontal scanning line of an image; 'and therefore, in



- 21 - the case of the NTSC system about 480 LINs formone picture. The
printing and recording of a color inmage, is acconplished by thermally
transferring three kinds of ink, yellow (Y) ink, magenta (M ink, and cyan
(© ink, {Un succession. In the printing and recordi ng operation,. the
printing and recording tine Pt of an inmage is: [err] =Jerr] x Sx T x UXx
(nunber of scanning lines) x (nunber -of2ki-nds of ink) -+ [err], being
the fundanental operating equation, where [err] is the heat generation
control reference time, and [err] is the sumof the inmage receiving sheet
supplying and renoving tinme, the recording preparatory tinme, etc. (2. Heat
generating drive of the thermal head) Heat generation control according to
t he above- described fundanental operating equation is given to the thernal

head. The hegie gagfeat 68N Kt NXECI Ssgstanf | iabeshit Nn4B0G LINs THwrn hemnel
head 117 is made up of ten blocks Bl through B10 each incl.uding
sixty-four (WBUdtuteat- generating resistors. For convenience in
description, it is assuned  that the blocks Bl _and B2 are, «drive
simul taneously, the TBeo@®&inting and BRCORING PleP sPREPEaNEBREEyY 1% he

ook B BRconp1idida BY' YRErmaly | APEOMELYs 1n§"¥n e Rikls of LG
yellow (Y) ink, magenta (M) ink, and cyan (C) ink, in
succession. In the printing and recording operation, the
W printing and recording time.Pt of an image is:
Pt = tg X S x T x U x (number of scanning lines) x
(number of kinds of ink) + B, being the fundamental
operating equation,
| where ‘tg is the heat genefation control referencé
time, and B is the sum of the image receiving sheet
supplying and removing time, the recording preparatory
time, etc. | |
(2. Heat generating drive of the thermal head)
Heat generation control according to the above-
described fundamental operaﬁing equation is given'£6 the
thermal head. The heat generation control is as outlined
in FIG. 5. The thermal head 117 is made up of ten blocks
Bl through Bl0 each including sixty=four (64) heat-
' generating resistors. For convenience in description, it
is ‘assumed that "the’ blocks *Bl' and B2 are ‘drive
‘simultaneously, the blocks B3 and B4 ‘are driven
simultaneously, " the blocks BS and B6 are driven

simultaneously, and so forth. In FIG. 5, each shaded



-22- portion represent the "on" drive time of the respective heat
generating resistors; the heat generation control of the blocksBl and B2 is
effected with PHSO with SBLs, the heat generation control of the bl ocks B3
and-B4 is carried out with PHS1 with SBLs, and so on; and the portigns

ot her than the shaded portion represent the forcible "off" drive tine. The
heat generation control is carried-o82 for the tinme of 64x[err] per SBL,
and therefore in one LIN, the tine of 256xt5 is assigned to one

heat - generating. resistor. That is, the heat generation control is so
effected that the printing and recording of one picture elenent is carried
out 256 SLTs to show sixty-four (64) .gradation. The effect and object of
the thermal control with one line divided into four sub-lines are to

r epeat edl ypomtitan stgpresent ther cbon't odeivei rikime t p€ fherarespectivie white
stripe attributing to the block division type drive. This-has been
described 83t piierating, repkstanici fheatiedt LANeragfiRiccPRiept of

PR O3 b K L 08, 8, B, SREPERR, e R g oS R oo
s ar ot e Ry aratopt Dotfeal 1 CHE R 3 a8k 85 CELEIEBCT (T
maxi mum dyid isBith PES JitHEBLd\CAnd SIS § Odind CORE BbrtiondNBther

frequency divider 44 determ nes the nunber of phase

~ than the shaded portion represent the forcible "off" drive
time._ The heat generation control is carried out for the L}
time of 64xts per SBL, and therefore in one LIN, the time
.6f_ 256xtg iS'-assignéd- to one heat-generating resistor.
That is, the heat genetation control is so effected that
the printing and recording of one picture element is
carried out 256 SLTs to show sixty-four (64) gradation.
‘The effect and object of the thermal control with one line
divided into four sub-lines are to repeatedly write sub-

lines thereby to eliminate the formation of the white
stripe_att;ibuting to the block division type drive. This
has been described in detail in the specification of
Japanese Patent Application No. 254203/1985 which has been
filed by the present-applicant.
| FIGS. 4 and 5 relate to each other as follows: In
FIG. 4, the R frequency divider determines . the heat
generation control reference time tg of the thermal head

.117. The S frequency divider 43 determines the maximum

duration time. in one. heat generation .control. The T

frequency divider 44 determines the number .of phase



- 23 - drives; that is, the nunber of blocks for division. The U frequency
di vider 45 determ nes the nunber of sub-lines. Described above it the

rel ati on between a cl ock generating nmethod and a. thermal head driving
met hod wi D respect to one line. (3. Brief description of the signa
processing operation) The signal praocesging device according to the
I nvention perfornms fundanental processes such as (1) a DATA inputting
process, (2) a DATA transfer requesting process. (3) a HEAD DATA
transferring process, (4) a color conversion process formR G and B

I mage data to Y, Mand C printing density, and (5) an aperture correction
process for quantization data. FIG. 6 outlines the timng of those
processes. In FI.G 6, the part shqws one SLT consisting, of intervals Tl

and T2, whi GFivies: that ﬂ&nd t@ﬂm 8Ty \RAOCkSIEQR R EEEFHgR - ThEhe U
fundament al | terval occ %eerg g&:(a t‘?‘}lgﬁ%g‘ilr e'}/l_(la%t ha@&rﬁgces ingpg éggg
line. The pa e 0 D ri at
durii the i :E .
's transforred® 3#%' o#% Aind Yetledf ndiwedh X c108RCERAERLARS,

HD10., while ihléth'b@ff @Ianeheeaann&iéasa "afividg héeaé&ew&tpeé t to
renalnlng four conbinations of signals. In this case, since one b ck I's of

64 bits, t.he one line. .
_ {3. Brief description of the signal processing
Y operation)

. - The signal processing device according to the
'invention performs fundamental processes such as (1) a
- DATA inputting process, (2) a DATA transfer requeéting
process. (3) a HEAD-DATA transferring process, (4) a
color conversion process form R, G and B image data to ¥,
M and C printing density, and (5) an aperture correction

_ process for quantization data.
FIG. 6 outlines the timing of those processes. 1In
FIG. 6, the part (a) shows one SLT consisting of ‘intervals
S . Tl and T2, which  is the £fundamental interval  for
-processing. - The fundamental interval occurs repeatedly to
achieve the processing of one line. The part (b) of FIG.
6 shows the transfer of HEAD-DATA carried out during the
- interval Tl in the part (a) of FI1G. 6. Heat. generation
data. is transferred to one of the five combinations of the
sigﬁals HDl through HD10, while an "off" signal (normally
"05) is transferred to the remaining four combinations of

‘signals. In this case, since one block is of 64 bits, the



- 24 - transfer data is also of 64 bits. However, since two blocks are
driven at the sanme tinme, 128 bits are transferred as a whole. The
part (c) of FIG 6 shows the CLK signal in the HEAD-CONT which is used to
transfer the HEAD- DATA shown in the part (b) of FIG 6 to the shify
register in the thermal head 117. Simlarly as in the data, the CLK
signal consists of sixty-four (64)2putses. The part (d) of FIG 6 shows the
general position of the LTH signal in the HEAD CONT which is to tenporarily
store in a latch circuit group in the rear stage the data transferred to
the shift register in the thermal head 117. In synchronization wwth the LTH
signal, head generation is turned on.and off. The part (e) of FIG 6
shows the general position of the REQ~CLK (FIG 1) which requests for the
transferri-ggaasfbbe ddtds a8d f1400QE dpd abiksa pi Hovieved! ,LNEDhce €AGH
quantized with 6 bits. The part (f) of FIG 6 shows the-allowable position
of R G andl8cksngereat driiwem t &k i rthespsame t bimke rag8esbiafs t e eREQ CLK
si gnal (the part (e) .of FIG 6).. The part (g shdws a col or
conver si on® 5FB§§§§‘B€rFSrﬁrﬂ?ﬂiﬁﬂtlTﬂF PaRe %ﬁ?t°@hf13f B @hyssHoVE an

appar ont 1 Pof e RRopE GO AT SOt EEh BB MBI R rENAARE (fhator er
o HEQD D BEnbDBARRAERIwr On DERE gk g renyt?tag %f TR espEL i ed

‘register in the thermal head 117. Similarly as in the
data, the CLK signal"consists of sixty-four (64) puises. ;}
The part (d) of FIG. 6 shows the general position of the |
LTE signal in the HEAD-CONT which is to temporarily store
in a 1latch circuit group in the rear stage &he. data
transferred to the ghift register in the thermal head 117.
In synchrénization_with the LTH signal, head generation is
ﬁu:ned on and off. The part'fe) of FIG. 6 shows the
_general position of the REQ-CLK (FIG. 1) whiéh requests
for the transferring of the R, G and B image data of a
picture element, each quantized with 6 bits. The pért (E) .~
of FIG. 6 shows the allowable position of R, G and B image
data inputted in response to the request of the REQ-CLK
éignal (the part (e) of FPIG. 6). The paré-lg)“of'FIG. 6
shows a color conversion process performing position. The
part (h) of FIG. 6 shows an aperture correction arithmetic
operation performing position. |

As is apparent from the above description, during
thelinterval T1, the transfer of HEAD DATA the request for

DATA, and the inputting of DATA are carried out; and



-'25 - during the interval T2, the latch control of the thermal head 117,
and the <color conversion process and the aperture correction
arithnetic operation are performed. The processes shown in FIG. 6 are for
only one gLT. As for one line, the transfer of HEAD-DATA is carried
out continuously (S x T x U=64 x5 x 4) = 1280 tinmes, and the inputting
of DATA, 640 tinmes corresponding to the,munber of picture elenents of one
line. (4. Summary of the color conversion) Col or conversion is one of the
nost inmportant techniques for the device which prints or records in color
according to a YMC (yell ow, magenta and cyan) subtractive col or m xing

met hod the color image which is expressed.according to an RGB (red, green

and blue) additive .color m xing nethod. It will be described according
to the "col or C&GY?ﬁé'QHe”&hﬂ%? '%@‘“%ﬁeb!aééHaQﬂﬁﬁr%ﬂfﬁﬁ €ﬁ@'kﬁ%&h@ﬂ
No. 60520/1987 filed by the present applicant. In nbodi ment  shown
in FIG 1, ensa@tlnrlpormmwmefocob@t orccmmﬂmn process paadur € he
el ement resol ver .the MPX circuit 7, the color. conversion tabl e bl ock of
t he ROM of the npqotyrg conne@heooxax##hmeexen@pegatlowle;e pesﬁensed@ne
exanple of the picture elenent reso%ver gg FIG 7 fereni
nuneral 71 designates i APGt REGGRIEAS £ PYRLhdRaF &G0t GonRE i ctfreog Emétite
of R . SLT..  As for one’ line, the transfer of HEAD-DATA is
carried out continuously (S x T x U =64 x5 x 4) = 1280
&; " times, and the inputting of DATA, 640 times
corresponding to the nnmber-'of picture elements of one
-Iine.

(4. Summary of the color conversion)

Color conversion is one of the most important
techniques for the device which prints or records in color
accoraing to a”YMC:(yellow,'magenta and cyan) subtractive
‘color m1x1ng method the color 1mage whlch is expressed
according to an RGB (red, green and blue) addltlve color
mixing method. It will be described according to the

U .

“color conversion method" disclosed by Japanese Patent
-eApplicaticn No. 6052071987 filed by the present appllcant.
' In the embodiment shown in _FIG. 1, essential

~ components fc:'color'conversion are the picture “element
resolver 5, the MPX circuit 7, the color conversion table
block of the ROM of the memory 8, and the arithmetic unit
9. FIG. 7 shows one exemple' of the picture element
resolver 7. 1In PIG.'7,Trefefence nune{elz71 designaces

~input termxnals for the data of one picture element of R,.



-26- G and B; 72, amnlrrumvalue caIcuIatorvmthK—MN(R G B); 73,'
a subtracter; 74, a selector; and 75a, 75b and 75c, output terminals for
t hree pi cture el ement resol ution si gnhal s. The operation of the picture

el ement resolver 5 is as follows: The R, G and B data (each bei kg 6 bits)
at the input termnals 71 are appliesgto he m ni nrum val ue cal cul ator 72 and
the subtracter 73. The m ni mum val ue cal cul ator 72, conprising a

digitalized conparator and a selector, outputs K= MN (R G B) and a code a
(2 bits) indicating which of the RR G and B data is the m ninum (= K).

The data K corresponds to the achromatic col or conmponent of a color
image, and is of 6 bits. The subtracter 73, receiving R G B
and K, performs subtractions (RK), (GK and ( B-K), and output
the resul t & cind he7 sBr r Ac FiGHAURh Ve Ul CalHEEPT LS Ki £s MITheld t hr ee

signals corye nd..to the colo cogponent s t ur at nd h of the
colgor |magé;r ﬁw i 'éb'éfa?{w%r' ggm?s 6%CQPHe al§ bt? éctltﬁéa‘?%

conpr ess three
Si gﬁal s is zero E %,"‘t"%’héegrz'&el{}f(;a]'tlggr\ér‘ﬁﬂ:lf He% rriina{ee{‘l ye]ft.f?Jl sel e OP&%QS That

i's, the folgligwang.val ues CLR are selectively outputted according to the-

code a:. Wth K=B CR=(RK) 25+ (GK) Wth K=G CLR=(RK) 25 +

(B-K) - .. The operation of the picture element resolver 5 is

| as follows: The R, G and B datd (each being 6 bits) at

the input terminals 71 are applied to he minimum value U
calculator 72 and the subtracter 73. The minimum value
calculator 72, comprising a digitalized compaiator and a
selector, outputs K = MIN (R,G,B) and a code a (2 bits)
indicatiog whic_h of .the_R, G and B data is the minimum
(= K). The da-ta K corresponds to the achromatic color
component of a color imag.e,. .and is of 6 bits. The
subtrac,ter 73, recezving R, G, B and K, performs
subtractions (R-K), (G-K) and (B-K), -and output the
resulto of the is_uo-tra'_l'-ctions which are rounded into 5 bits.
_'1-‘_hes_er t_:hrée si‘.g.na.ls correspond to .the_ color components
_(satura-tlion and' hue) of the color image. The rounding of
the- results of the 'subtractions is. to compress the
capac:.ty of the ROM of the memory 8. Since one of the
three signals is _zero (0), the zero term is eliminated by
‘the selector 74. That is, the following values CLR are

selectively outputted according to the code a:

.With K. = B, CLR (R-K) 25 + (G-K)

With K= G, CLR = (R-K) 25 + (B-K)



-27- Wth K=R CLR = (GK) 25 + (B-K) The CLR signals are of 10 bhits.

The picture elenent resolver 5 operates as~descri bed above, to output

the feature extraction signals CLR, K and a of an RG image. FIG 8 shows
one exanpkg of the detailed address map of the color conversion table of
the ROMin the nenory 8. As shown in.-Fkfa - 8, an address Al4 has a col or
conversion table section code; addresses Al3 and Al2, selection codes for
the partial col or conversion of color conmponent with the m ni num signal
speci fying codes a ("00", "01" and "10") and for the partial color
conversion of achromatic col or conponent with the fixed code "11";
addresses Al and Al1Q, selection codes consisting of YMC printing ink

speci fying codes in successive color printing and recordi ng operation and a
code k for obtaining thdiddhfoTalic Gr (Eo¥dorRentts (BMKOh secondarily

| tSi.and addr A9 through AD of ten-(10) bits,
CorreCt1 on’val 8 el P GIRUERLF [PEM BE CRA oRbER: EalReadBEES* Rale KARSHG
1 byte, havi it Y5 0foraliolle 128K bidScr THEa CUBEIS) | |
conbr 1 ses.the 1 TG RE 1ouciraes (86 Bdder {5fa DG, 8" QREPHES ene

specifying codefeatidrehexeeapesbhessgadb €LR,akeanded bg BhORGHS ikhge.
partial data [err] as to col or conponents. In step (2), the code a, the
code k ("11") and the c@IGasi8 eshows one example of the detailed address

map of the color conversion table'of the ROM in the memory
8. As shown in FIG. 8, an address Al4 ‘has a color
conversion tablé section' code; addresses Al3 and al2,
.sélection codes for the partial color conversion of color
component with the minimum signal specifying codes a
{"00", "01l"” and "10") and for the partial color conversion
of achromatic color component with the fixed code "1l1“;
addresses All and Al0, selection codes consisting of ¥YMC
printing ink specifying codes in successive color printing
and recording operation and a code k for obtaining the
achromatic color components which secondarily accompany
\ . color components; and addresses A9 through A0 of ten (10)
. bits, correction value k' obtained from k, CLR and k.
Each address has data of 1 byte, having a capacity of

about 128k bits.

. The conversion procedure comprises the following
four steps:  In step (1), the'code.aj the ink 'specifying
code, and the composite signal CLR are used to provide the
partial datd y;/mi/cy as to color components. In step

(2), the code a, the code k ("l1") and the composite



T

-28- signal CLR are used to obtain the correction data [err] (being 4 bits)
of achromatic cel or conponents. In step (3), the code a (= "11"), the ink
speci fying -code, the correction value k' and the achromatic col or,
conponent k are used to provide the partial data [err] as to achrqQmatic

col or conponents. In step (4), the fignal color conversion data y/nic is

cal cul ated through the additions of the above-described partial data y =
[err] [err] The data y/nic are printing ink density data for picture

el ements. (5. Qutline of the picture elenment arithnetic operation) The
picture element arithnmetic operation is carried out by the arithnmetic unit
9. The arithnmetic operation includes (1) addition, and (2) aperture
correction arithnmetic operation. The addition is carried out. with an
adder . Tigngler QlRe euer eesedn o i chitsinc bther aadwrecwicn dataledkcri bed.

I n general the anal og aperture correctiaon for television signals is
carried outbeing. f’r&jﬁ'é%cy‘-’%aﬁ&hépmﬁ?‘éﬁl FMY t 6oBPRAENRtSOn .t FR &H&R hand,

i gnar s wi (1) 64808 A Bl dront S1" | na tBamet Ty SPECRIEY [SSMBouLHED. 5
e S0 AEREPYAL e CERECREh BRI TS, CasuthRn
~are used to provide the partial data yz2/mp/cz2 as to
‘achromatic color components. 1In step-(4), the final color
conversion data y/m/C:is calculated through the additions ;;
of the above-described partial data y = y3 + y2./ m = m; +
ﬁﬁ_/ ¢ = c1 + e2. The data y/m/c are printing ink density
data for picture_eleﬁents.
(5. Outline of the picture element arithmetic
operation)
The picture element arithmetic operation is
carried out by the arithmetic unit 9. The arithmetic
.operation includes (1) addition, and (2) aperthre
correction arithmetic operation. The addition is carried
~out with an adder. The aperture correction arithmetic _’“J
- operation will be described. In general, the .analog
aperture correction for.television signals is carried out
in a frequency band of from 1 MHz to 4 MHz. On the other
hand, in quantizing each horizontal scanning line of NTSC
”sjstem television signals with 640. picture elements, the
- sampling frequency is about 12.5 MHz. Therefore, if the
 aperture__ccr:ection_ arithmetic operation is carried out

with the quantization data having a_pegk value:in a range



- 29 - of from1l MHz to 4 MHz, then the peak frequency is 3.12 M. The
frequency is close to the color. carrier frequency 3.58 MHz,” t hus
bei ng di sadvant ageous in that, although the resultant image is inproved in
shar pnessi_the color carrier frequency is clearly printed in the form of
dots. It is considered that ‘this difficulty attributes to the fact that,
whil e the image reproduced on a tel evisfdrset is rather difficult to
sufficiently recogni ze because it is noving, but, when the one shot is

printed, then it is a still picture which can be readily recognized. An
aperture correction arithnetic operation which is free fromthe
above-described difficulty will be described with reference to FIG 9. In

FIG 9, reference character [err] designates an ainmed picture elenent.

The ai med pi ctaff efrehelemMHz atsl ot Nz ,f dierpi their peakerdquedieyy uis| Bzed to
perform for instance, the following arithnetic operation, to obtain an
aperture corrd#don vahe Fxequasndy PUs+1)Mosss ko dhen seebhoms §arrierhe
printing in density data y/mc_through_ color_ .conversion are used,

This is to SATeguRhy ?héa M8z, cthug heing dipadvankageougatin kbpére

col or conver s| o, anl LTEt]C, operal| ghe, Jusl. b, carLyed oul o 82,0 ghke
color carrier freqnéhcy'is.clearly printed in the form of
dots. It is considered that this difficuity'attribﬁtes to
;; . the fact that, while the image reproduced on a .television
set is rather difficult to sufficiently recognize because
it is moving, but, when the one shot is printed, then it
'is a still picture which can be readily recognized.;

B An aperture correction arithmetic operation which
is free from the above-described difficuity”'wiil be
described with reference to FIG. 9.

| In FIG. 9, reference character Pyu designates an
aimed picture element. The aimed picture element and
‘other four picture elements are utilized to perfofm, for
instance, the following arithmetié operation, to obtain an
aperture correction value Dj: |
‘Da =1.5xPyy - 0~125(P(u?1'5x'+ Pr(m-1) + P-N(M-I-l)'-
+ P(N+1)M) | o
As for data such as Pyy, the printing in density data
'y/m/é through color conversion are used. This is to
eliminate the difficulty that, with imagé data before
color conversion, arithmetic fbpeiationé musﬁ"be carried

out in a parallel mode for' R, G and B data, with the



- 30 - result that the circuitry becones intricate and the processing tine’
Is increased. In the arithmetic operation, data for three lines are

required, and - therefore the nenories LB I, LB Il and LB IIl in the SRAM
of the menory 8 are used as tenporary storing nenories. Figure 10 ghows the
arrangenment of the arithnetic unit 9. |In Figure 10, reference nunerals 21

t hrough 27 designated D type flip-flap dor storing data of 1 byte
(hereinafter referred to nerely as "DFFs 21 through 27", when applicable);
28, 29, 2A, 2B, 2D and 2E", full adders (hereinafter referred to as FAs 28,
29, 2A, 2B, 2D and 2E mhen appllcable) 2C, an inverter; and 2F and 2G

t hree- st atee@mlputhé)uftm Sscibhettt rpfbetonies eim’eﬂiéa)tmmdytm "3STs 2F
and 2G', when applicable). -In addition, a nenory bus BUS, and bus control
si gnal s . CElpx¢cesEng otinet isatinepeasedt hrbe- shat arbubmetiduffers and
transferring the results of _arithnmetic operations to the nepory bus BUS are
enpl oyed. Ppeier: ofetr foE %P??%n%%¢%su%¥? requizeds APdws:: The DFFs

201 o SRk BEGEL, €Be ThEnBE RNk 1R A 0T ARt 458 CPER B ERERRICD, T
col or convessi o) ﬁéﬁoﬁn@%félﬁyefteéeee %gqufozﬂn Aensgoge T ot i

col or conponent partial®data. [err]| are ter y st ed In the DFF 22
then the results ofigeifétionsNows il@ér&rﬁﬁﬁg&hlé@tltéﬁdtbd Abetife€8c The

results of addition s

unit 9. In Flgure 10, reference numerals 21 through 27
designated D type flip-flops for storing data of 1 byte QJ
(hereinafter referred;to merely as'“DFFe_Zl_through 27",
“when applicable);_za,_zg, 2A, 2B, 2D and 2E", full adders
(hereinafter referred to as FAs 28, 29, 2A,_ZB; 2D and 2E
when applicable); ZC,-ah_inverter;_and 2F and 2G, three-
state,eutput buffexe (hereinafter referred to merely as
“3STs 2F and 2G", when applicable). . Ih_addition,ha
memory bus BUS, and bus control signals OE1l and OE2- for
activating the threefsta;e outpﬁt buffers and
transferring the results of arithmetic operétions to the

_memory bus BUS are employed. T . ~

The operation of the arithmetic unit 9 is as

follows: The DFFs 21 and 22 and the FA 28 are provided
for addition. For instance, when the color component
partial data y,/m,/c, described in paragraph 4 (Summary of

~the color conversion) are temporarily,etored_in the DFF

- 21, and the achromatic color component partial data .
Y./m,/c, are temporarily stered in the DFF 22 -then the
results of additiony =y, +y,/m=m +m, / € =¢ +C,

are outputted by the FA 28. The results of addition is



- 31 - transferred to the menory bus BUS wth predetermned tining
with the aid of the bus control signal OELl of the 3ST 2F. Next, the density.
data [err] P(N+1)Mare tenporarily stored in the DFFs 23, 24, 25 and 26,
respecti vely. These density data are added by neans of the FA2 29 and 2A,
and the FA 2B. The result -of additiop §9rLesponds to a term of
subtraction, so that the conplenentary OoOperation of "I" is <carried

out by the inverter 2C. On the other hand, the density data [err] is
tenmporarily stored in the DFF 27, and is nultiplied by a factor 1.5 in the
FA 2D. The FA 2E uses the density data and the result of the conplenentary
operation of "I", to performthe conplenentary addition of "2" according to
the arithmetic equation. In this operation negative values are rounded
to "0". . Thirgnsiferrede tapethar eme®prEct PUsdeRYSt ywiltha preditermhped

density data DA i,s also.transferred_to the nenory bus BUS with.the aid of
t he bus cont rgllméf‘gnz!‘iltﬁizt.ahe'?h BEFENRRpg e??ﬁtg?bnéf‘g,“aﬂm&ﬂkr?ff the

description ohghhemis omtted for sinplification in description.:The
arithnetic un|F 9, bei ng designed as described above, will inprove. the

Sharpriess, of o, NeICNGe CAR0ER! 301 LB OWRIRL [T AL ana

. P(n+1)M are -temporarily stored in the DFFs' 23, 24, 25 and

26, respectively. These density data are added by means

(L of the FA2 29 and 2A, and the FA 2B. The result of

addition corresponds to a term of subﬁraction, so that the

:domplementary operation of "1" is .carriéd ‘out by the

inverter 2C. On the other hand, the density-daté'Pnu is

- temporarily stored in the DFF 27, and is multiplied by a

factor 1.5 in the FA 2D. The FA 2E uses the density data

and the result of the complementary operation of "1", to

- perform the complementary addition of "2" according to the

arithmetic equation. In this operation negative values

.are rounded to "0".. This 1is the aperture-corrected

_ s density data Da. The density data Da is also transferred

to the memory bus BUS with the aid of the bus control

signal OE2. The DFFs need fetch signals; however, the

description of them is omitted for simplification in

description.

The.arithmetic unit 9, being designed as described

above, will improve the sharpness of high £frequency
.components which .is lowered through quantization.

(6. Formation of the head dri#e data)



- 32 - The driving of the thermal head has been outlined in paragraph 2
(heat generation drive .of the thermal head); and therefore formation
of the head drive data will be described here. This process concerns the
head driver 10 and the ROM and the SRAM of the nmenory 8, and uses\Lhe
gradation table of the ROM and the hegﬂﬁbuffers HB 1 and HB Il of the SRAM
Sinply stated, the gradation table sh d have a capacity of 256 bytes,
because sixty-four (64) gradations are obtained through the heat generation
control of the resistors with 256 SLTs. However, the printing and
recording tenperature is greatly changed because of the heat generation of
he thermal head itself, and the anbient tenperature of the printing and
recording machine is also greatly changed, for instance, by seasona

variation, as a resuHe fr Wiy dheth@SthéaMhlPhelS Bas’ Wl ddtied
uniformis density (OD value), and the gradation characteristic 1Is

changed, .'sén tparagfapbe Zorthmats geperatien drivee gfaythel ativermsl
| owered; that is , the Sicture qualhéé is lowered. In order_to overcone
this difficheeg) i anfs thezesozpy fogmasion ofh&hee iradidriveardate vhbl mal

nead ther bt BRSEASIR WIS d 1oTBls CBPhEShe “BBREY-BA, e R BRI
O s 2 10 BRAAUHEE SO hdiife (RN GP LRE BRRGY'd)0 akfifsel OLRL'  Of

gradation table of the ROM and the head buffers HB I and

HBE II of the SRAM.  Simply stated, the gradation table';;
should have a capacity of256 bytes, because sixty-four
k64) gradations are obtained through the heat generation
control of the resistors with 256 SLTs. However, the
printing and. }eco:dingf temperature is greatly changed
‘because of the heat generation of he thermal head itself,
- and the ambient temperature of the printing‘#nd recording
machine is also greatly changed, for instance, by seasonal
variation, as a result of which the resultant print or

record is not uniform is density (OD value), and the -
gradation characteristic 1is changed, so that false
contours - are formed, or the gray bélaﬁce is lowered: that
is, .the picture quality is lowered. ' In order to overcome
this difficulty, it is necessary tofdetéét the temperature
of. the thermal héad thereby to perform the thermal control

according to the temperature thus detected.

In the gradation table in the ROM shown in the
part. (a) of FIG. -2, the address is made up of an ink

specifying code Ty of two most significant bits, a



-*33 - tenperature code Tc. of 4 bits, and gradation code of 8 bits for
each col or and each tenperature code; “that is, it is of 14 bits. The ink
specifying code [err] is to indicate which of the Y, Mand Cink sheets is
used forprinting. The tenperature code [err] is a signal which is forned
by quantizing with 4-bits * the output the tenperature sensor 118
provided for the thermal head 117. The abdve-described conversion is
carried out by a circuit other than that of the invention, and uses the
data inputted to the data distributor 3 through the DATA line. The
gradation code is obtained by coding the value which is provided by
repeating for each of PHSO through PHS4, five times, the nunmerical values O
to 63 with SBL1 (FIG 5), the nunerical values 64 to 127 with SBL2, the
numeri cal  val uésmpggatt@r_eelchet hT&BE, 4nbitise mmdr igraldatibnescod®? oiffo €55
wi th SBLA4. g .practice, the gradatlon code i s obtai ned by cenbi nati on of
the outputs f3Pik§ £8FoR3CRe SQ1IPFeANEnERCH HeRRerature q9 %recﬁ}hafkylih vide

45 (FIG 4 Sugh t f d bt d
codl(ng 0" t%w oﬂ'ﬁhl&g Qr egl(rjlg T %ef%’(()sg{’?ssé‘h;gn?g g_.r %333% e"bc(F) hﬁ? ﬂ‘g'?t

éhan the nunbeﬁth:hQ@daéﬁé’@r M HEREhed iGfk SeRééey Egeu‘i@da S g?fﬂtlng.
I scl osed in detail by Japanese Patent Application No. 145484/ 1 ,
entitled "Il magenher l,trémm;lwu neddef iTediPy at heipna&Eenmizipdl isaformed by
quantizing with 4-bits the oﬁtput of the temperature
sensor 118 provided for the thermal head 117.

The above~described conversion is carried out by a
circuit other than that of the invention,'and;uSes the
data inputted to the data distributor 3 through the DATA
line. The gradation code is obtained by coding-the'value
which is provided by repeating for each of PHSO through
PHS4, five times, the numerical values 0 to' 63 with SBL1
(FIG. 5), the numerical values 64 to 127 with SBL2, the
numerical values 128 to 191 with SBL3, and the numerical
values 192 to 255 with SBL4. 1In practice, the gradation
ggf o code is obtained by combination of the outputs - -f3-and £S5

~of the S frequency divider 43 and U frequency divide 45

(PIG. 4).. Such gradation data for the addresses are
obtained by . coding 0 through g (g being the positive

_integer equal to or higher than the number of gradations.

‘A method of setting the data-h&s been disclosed in detail

by .Japanese Patent Application No. 145484/1986, entitled

"Image Printing Machine", filed by the present applicant.



The gradation table of the ROM has been described. Now, a nethod
of using the head buffers HB 1 and HB Il of the SRAMwi || be described.
The two line buffers are to use a read (hereinafter referred to nerely as
"RD', when applicable) operation mde and a wite (hereinaftey
referred to nerely as "WR', when applicable) operation node alternately

every line. When one of the head Blffers is used in an RD node (which is
a thermal head data form ng node), the other is used in a WR node (which
is a density data DA storing node after the aperture correction). In the

RD node, in order to drive the two bl ocks of the thermal head 117
si mul t aneously, data for two blocks.are read in a nmultiplex node at a
speed twice as high as the speed of transferring data to the thernal head.

The above-descri bedhas r apdetisn of tabllet hefabmiae drecMri betdaget hxen of
using the ROM and the SRAM taking into consideration, the head driver 10
shown in FAescribedi.| | ¥awdeacmpbbad of msHing the hepdf buffess Hbetal s

dof the SRR BaoE piopdet SRR gL e ydergEaReal or har ot abtadg
G viding BERFERprES comind B, rPadi Rt er kodkebed Ydinatly 1O
di Yi di ng shgnahgi K1; yipdn aa.ﬂﬁmmpd%péﬁtir&?eHGW' and a write :

(hereinafter referred to merely as "WR", when applicable)
ope_ration mode alternately every line. When one of the \J

~ head buffers is used in an RD mode (which is a thermal

head data forming mode), the other is used in a WR mode

{which 1is a density data D, storing mode after the

_ape_rture. correction). In thHe RD niode, in order to drive

the two blocks of the thermal head 117 simultaneously,

data for two ..bioc_:ks are read in a multiplex ‘mode at a

speed twice as high as the speed of transferring data to

the thermal head. -

The above-~described arrangements of and the above- ~
- described methods of using the ROM and the SRAM taking
into consideration, the head driver 10 shown 'in FIG. 11
.will be described. In FIG. 1ll, reference numerals 51
~ designates a- DFF for temporarily storing -the RD multiplex
density data- 4 of the SRAM; 52, a DFF for temporarily
storing a graﬁa_tion‘-data g provided by the ROM; 53, a
-digital comparator; 54, a dividing unit for dividing a
multiplex comparison result into two signals by ‘using a

dividing signal CLKl; 55, a phase decoder for receiving



- 35 - the output signal f4 of the T frequency divider 44 in FIG 4 to
form phase drive signals; 56 a head data block distributor conprising a
nunber of AND circuits; and 57, output term nals for data HD1 through HD10
form ng the data HEAD- DATA, the output termnals being connected to the
thermal head 117 in FIG 3.  Further in FIG 11, reference nuneral 58
and 59 designate input termnals for the3Xdi-viding signal CLKl1, and- the
phase signal f4, respectively. The operation of the head drive 10 will be
described. The gradation data g is tenporarily stored in the DFF 52 with
the timng shown in the part (i) of FIG 6. One hundred and twenty-eight
(128) RD density data d for two blocks fromthe SRAM are tenporarily stored
in the DFF 51 successively. The two kinds of data g and d are subjected
to conparison lthet batpatpaignal T3 ofWitie & [fredueancy hdieDd@nr &4 oin OPLIEUL S
a conparison result e of "1", and when d < g, it outputs a conparison
result e of "O4  the TOxMdiphgaei drdxedi sideglshe 2onpar ihemd r detht bhook

data trains el _.,and h rr] by using the dividing signal CLK1. On the other
hand, the phas&@ig&Zdbutors GRURFARING d BUMBEE SQ%n%VDf&lé’Fut’-ﬁérT gndghéncy

v o 84, e migie, Berqgaa gL Rkl FkAIOLABEL° Bkl M
data HEAD-DATA, the output terminals being connected to
the thermal head 117 in FIG. 3. Further in 'FIG; 11,
N - reference numeral 58 and 59 designate input terminals for
the dividing éignal CLK1l, and the phase signal £4,
'fespectivély;' ' o
The operation of the head drive 10 will be
- described. |
" The gradation data g is temporarily stored in the
DFF S2 with the timing shown in the part (i) of FIG. 6.
One hundred and twenty-eight (128) RD density data 4 for
two blocks from the SRAM are temporarily stored in the DFF
51 successively. The two kinds of data g and 4 are
subjected to comparison by the comparator 53.  When d =2
g, the comparator outputs a comparison result e of "1",
and when d < g, it outputs a comparison result efof won,
the dividing unit 54 divides the comparison result into
data trains e; and ez by using the dividing signal CLK1.
On the other hand, the phase ' decoder 55 receives the
output signal f4 of the T frequency divide 44. The phase
decoder outputs block Selecting signals by raising a phase

 signal PHSO to "1" with £4 = 0, a phase signal PHS1 to "1"



-36- with f4 1, a phase signal PHS2 to "1" with f4 = 2, a phase signal
PHS3 to "1" wth f4 = 3, and.a phase signal PHS4 to "1" wth f4 = 4, and by
setting themto "0" in other. In the block distributor 56, the head drive
data trains el and e2 and the block selecting signals are ANDed ag shown in
FIG 11, so that, when the block selecting signal is at "1", the head
drive data trains el and e2 are passed, and when it is at "0", all the

outputs are set to "0". Thus, the output signals HDL through HD10 at the
output termnals 57 are distributed as indicated in FIG 12. As is apparent
fromFI G 12, two blocks are activated at any phase interval, and

therefore the printing or recording operation can be achieved with
one-fifth (1/5) of the power consunption used in the case where all the

bl ocks awétdrifidersilpula opleases| 3ighdl I@SZaryo of Lt hevidnof4 so,ro0d) This
concerns the nenory 8, the address generator 6, and the clock generator 4
in the ePbsgemsdgnsdoiESHh ¥ G'11. wisht ¢ ROV an@néhé FAFSOISigRakenory 8,
the address, termnals.  and the, data - termnals thereof -gre connected
in commoffofortq hméfﬁuf"ﬁ('ig‘e foqf-?eéulciaﬁ'&t ¥ S&HMrt nESt_?'r?g | +Res, and
Lt gs i”ﬁ9ﬁ2§?|e to nake sinultaneous access to them On the other
and; the" : SRR : - :

In.the_block_distributo: 56, the head drive data
trains e; and ez énd the block selécting-signéls are ANDed
as shown in FIG. 11, sQ that, when the block selecting ;;
signal is at "1", the head drive data trains el and e2 are
-péssed, and when it is at "0", all the outputs are set to
"o, Thus, the.output signals HDl_th:ough-HDlO-at the
output terminals 57 are distributed as indicated  in FIG.
- 12. . As is apparent from FIG. 12, two blocks are activated
at any -phase interval, and thereforei the printing or
recording operaﬁion can be achieved with one-fifth (1/5)
of -the power consumption used in the caée where all the
blocks are driven simultaneously. |
(7..Summary of the memory contrél)_ : - hed
This concerns the memory 8, the address generator
6, and the clock generator 4 in the embodiment shown in
FIG. 4.
In the ROM and. the SRAM of the memory 8, the
. address terminals and the data terminals thereof. are
connected in common, for the purpose of reducing the
number of coggecting lines,_and it is_impossible_to make

simultaneous access to them. On the other hand, the



. -

-37- arithnetic unit 9 is so designed that it receives density data from
the data-bus BUS, and in addition, transmts arithnetic results to the data
bus BUS. FIG 13 shows one exanples of the nenory 8. In FIG 13,
reference gyneral 61 designates a ROM 62, a SRAM 63, an address signal
line; 64, - a data bus line; and 65, a comfyal signal line. Further in FIG
13, reference characters AO thirough Al4 designate address terminals; D1

t hrough D8, data term nals; CS and[err], and [err] and [err], control
termnals. Thus, the circuit elenents are comonly used as nuch as
possible. The ROM 61 is of 256 K bits, and the SRAMis of 64 K bits. They
perfornms nmenory sections with chip select signals (at the termnals CS and
[err]), and the three-state control of data termnals with output enable
signals (at the 3eithPRric[writ) S ipnsgidesigned HratRalk cpegetrieRDIgRE 1 VR
control signals t the termnal, [err]). t should be noted that the SRAM
62 operat ed ‘at péﬁaﬁi 'Fof“heépﬁiteﬁgﬁl sl']‘llel QHE'TZNV# I’—‘PGa%)"W'ea TAREMRER
operates only at,.a . { 1 Thee a8GE €SSps$hkan tne .63 is
connected to theaﬁ%l:’%%?g%i{&jf'%e{d%taéah%ﬁ%aﬁ nlg@%ﬁﬁé'coﬁ%ggt gé %égtgﬁe%ﬁlgx
circuit 7, the agidnpds Cofnched mddriyheg headndiFner 1, 28fet8RcE0RUMRIral

signal line 65 is connected to the clock generator 4. Now, the address
generator 6 willébeddsignabed. a ROM; 62, a SRAM; 63, an address signal
line; 64, a data bus line; and 65, a control signal line.
-Further in FIG. 13, reference characters A0 through Al4
designate address terminals; Dl through D8, data
-Eerminals; Cs and CS, and OE and WR, control terminals.
Thus,. the circuit elements are commonly used as much as
possible. The ROM 61 is of 256 K bits, and the SRAM is of
64 K bits. They performs memory sections with chip-select
signals (at the terminals CS and CS), and the three-state
control of daté.terminals with output enable signals (at
the terminals OE). In addition, the SRAM 62 used RD and
WR control signals (at the terminal ®R). It should be
o . noted that the SRAM 62 operated at parts of the intervals
Tl ;and T2 in FIG. 6, whereas the ROM operates.only at a
pazt.oé the interval T2. The address signal line 63 is
. connected to the MPX circuit, the data bus line 64 is
.. connected.to the MPX circuit 7, the arithmetic unit 9 and
_the . head driver 10, and the control signal 1line 65 is
connected to the clock generator 4.

.- Now, the ‘address generator 6 will be described.



- 38 - The address generator 6 operates to form (1) the WR address
signals, to the line buffers, of density data obtai ned through col or
conversion, (2) RD address signals fromthe line buffers, for aperture
correction, (3) the WR address signals, to the head buffers, of density
data through aperture correction, (4) RD address signals fron1the head
buffers, and (5) gradation table4qg&ukkess signals fromthe ROM The
address signal of (1) consists of a signals of ten (10) |east significant
bits increasing every SLT, and a 3-bit bank sel ection signal changi ng every
i ne. The address signal of (2) consists of the address signals of the.
(M1)-th, Mth and (M+l)-th addresses in the N-th line, and the address
signal s of the Mth addresses in thé (N1)-th and the (N+1)-th lines, with
respect to the omgeyeataddrers tdenedatsk p6Ccopeeatesnetid formhellt ttheaddr ess
inthe Nth line. the address signal of (3) consists of a 10-bit signal

i ncr easi W§ - eddresS §igmalsy, 3tdi theadlknee/mtfifiens si ghalensihy alddeess
S|gnals of (4) consists of a 10-bit signal which_is conbination of a 7-bit
si gnal aPPERABEE| Fhrowoh ;ﬂcéﬂrnfom (?) RRr 8dgrese3 signr¥mdr esses

64 h 7 d .3- f 3- bank
sel ef:t irggggf“g%EF &ﬁgﬁglbh‘& g\ll'@r'y ?’?ﬁ@peg%gf‘lﬁgygﬂ’%r’:@f .loéﬁ’gﬁgﬁ 3:fhe ?'}5% o
con5|. st SaﬁErQESS Pidngignale PO DY FUEFLVSI Bt NEOHGIL $3 qilels ST gnal s

and
through aperture correction, (4) RD address signals from

‘the head buffers, and (5) gradation table RD address ;;
signals from the ROM.
- The address signal of (1) consists of a signals of
ten (10) least significant bits increasing every SLT, and
a 3-bit bank selection signal changing every line. The
‘address signal of (2) consists of the address signals of
the. (M-1)-th, M-th and (M+l)-th addresses in the N-th
line, and the address signals of the M-th addresses in the
(N-1)-th and the (N+1)-th 1lines, with ‘respect to the
operation of the éimed picture element at. the M-th address
in the N-th line. the address signal of (3) consists of a ™
10-bit signal increasing every SLT, ~and a 3-bit bank
selection signal. The address signals of (4) consists of
~a 10-bit signal which is combination of a 7-bit signal
~alternately multiplexing addresses -0 through 63 and
adé:eéses” 64 through 127 and 3-bit. phase specifyiﬁg
'signal, and a 3-bit bank selecting signal changing every
‘line. The address signal of (5) :consists .of an 8-bit

'signal obtained by combining 0 through 63 SLT signals and



- '39- 2-bit sub-line specifying signals. These address signals can be
readily fornmed wth couriters, latch circuits, address, etc. (8. Data

i nputting) This concerns the data distributor 3 and the cl ock generator 4.
FIG 14 spows one exanple of the arrangenent of the data distributor 3. In
FIG 14, reference nunerals 81 through 85 designate 6-bit DFFs; 86, a CONT
decoder; 87, an output termnal for the tenperature code Tc; and 88, output
termnals for an ink specifying code M-C and a reset signal [err]. FIG
15 shows rel ati onshi ps between DATA and CONT. The DATA consists of 6 bits,
DT1 through DT6, and the CONT consists of identifying codes CNT1l through
CNT3, and an STB signal for fetch timng. .. The DATA and the CONT rel ates
to each other -as shown in FIG 15. As shown in FIG 14, the DATA at the
termnal |a is2cbitesdcliine specifiywing csidreals st Thepet addndssalsigrdalde
DFFs 81 through 85. On the other hand, the CONT at the termnal |b is
appl i ed to 't hec@dNTP8ecs8RR13E, - foRBERut PLER of COURERE S s FRRERRD DITSWEEDFF
with the STB sig al _to ich the. DATA corresponds according .to the
val ue specrfie8-§§eFﬁé Tl through CNT3 of the CONT. As a result, R G

rovi ded at the term nats TR Cd R BN tre code To s provided at the.
This concerns the data distributor 3 and the clock
generator 4. FIG.14 shows one eﬁample of the arrangement
of the data distributor 3. In FIG. 14, reference numerals
81 through .85 designate 6-bit DFFs; 86, a CONT decoder;
ié?,-an output terminal for the temperature code T.; and
88, output-terminéls for an ink specifying code ¥/M/C and
a reset signal RST. FIG. 15 shows relationships between
. DATA and CONT. The DATA consists of 6 bits, DTl through
DT6, and the CONT consists of identifying codes CNT1
through CNT3, and an STB signal for fetch timing.- The
DATA and the CONT relates to each other - as shown in FIG.
'15. As shown in FIG. 14, the DATA at the terminal la is
\~ . connected in parallel to the first input terminals of the
"DFFs 81 through 85. On the other hand, the CONT ‘at the

terminal 1lb is applied to the CONT decoder 86, the output

- of which is Ffetched by the DFF with the STB signal to.

which the DATA corresponds according to the 'value

specified by the CNT.l-through CNT3 of the CONT."*°
... as a result, R, G and B image data for one picture
eleément, each being of six (6) bits, are provided ‘at the

terminals 71, the temperature code Tc is provided at the



-40- termnal 87, and the reset signal RST. and the ink specifying’
-signal YYMC are provided at the termnals 88. Signals other than those
descri bed above are all inputted through the data distributor 3, so as to
be distributed to the respective circuit elenments. The whole opegation
of the signal processing device- tdous-organi zed will be described: First,
initial conditions for printing and recording are set, as the DATA and
the CONT from the terminals la and | b, set in the data distributor 3. As
for the initial <conditions, Y = " 00" for specifying printing ink,
and a tenperature code Tc = "0111" are set. This neans that initially the
printing operation is carried out with Yink, and it is estinmted that
the tenperature is about 30[err]C.  Then, the reset_signal RST is set to
"0", and termbealapp¥iedahd t bhecl ceketensighal 4RSa c.andradgh tiwk signal
line a2, thereby to initialize all the circuits. The reset signal RST is
rai sed tospecifybngt signalll YiMfhamppreyided atutder terminadwli88on, the
signal REQ at the termnal 23 is set tp "Q", and the signa] REQ CLK at
The ter m FABRSBS] GhEE tan - hate FPEST hpdg2RABRn 416 @ pARIRESdof Fi G
6, thus rg N hg_transfer.of .one pigture gl eqent. . _Jn.response to -
Ch SV FAYBRER" ek Bk RREER 8RR 22 S S sl RS S
successi vehy $ekpbBtibe PiFeul e3emdRds83 in L he -dat a :
The -whole operation of the - signal processing
device thus organized will be described. - - - et/
First, . initial conditions for printing and
recording are set,.as the DATA and the ‘CONT from the
terminals la and 1lb, set in the data distributor 3. As
for the initial cohditions, Y = "00" for specifying
. printing ink, and a temperature code Tc = "01l1ll1l" are" set.
This means that initially the printing operation is
~carried out with Y ink, and it is estimated .that the
temperature is about 30°C. Then, the reset signal RST is
set to “0", and is then applied to the clock generator 4,.
etc. through the signal ‘line a2, thereby to initialize all
the circuits. The reset signal RST is raised to "1", to
start all of the operations. Under this condition, the
. signal REQ ‘at  the terminal 2a is -set to "0",. and the
signal REQ-CLK -at -the terminal 2b is set to "0" with the
ﬁiming shown in the part (e) of FIG. 6, thus reqﬁesting
the transfer of one picture element. In response to this
requisition, R, G and B image data, -each being of 6 bits,

. are successively set in the DFFs 81, 82 and 83 in the data



- 41 - distributor 3, respectively (the part (f) of FIG 6). The three
data are supplied through the termnals 71 to the picture el enent resol ver
5, where they are resolved into a col or conmponent CLR, achromatic col or
conponent \K, and m ni mum si gnal specifying code a, which are applied
through the signal line a3 to the MPX cigyeuit 7. Under this condition

col or conversion is carried out with the timng shown in the part (g) of
FIG 6. The MPX circuit 7 sets "1" as the table code, and selects the code
a and CLR signal in the signal a3 and the ink specifying code Y = "00" in
the signal al of the data distributor 3, thus formng an address signal a4
s showmn in FIG 8. The address signal a4 is applied to the nenory 8 In a
predeterm ned access tine, a partial density data [err] is obtained.

The partial dstdithutatatd, dempdetiwelyenpvarpayt sty edfi RIGhe6PDEF 2hei n
the arithnmetic unit 9. Next, wth respect to the ink specifying code
of the addr eé%irﬁégnéat@AaIW tgpppHed 1througbr rde | barminadsk'7l stebthened
fromthe signal, I|ne ab. The vaJLmaéfnr] the data K on the_si l'ine

a3, the conpomsi W(eeﬁﬁFWQR§ "ﬁﬂﬁw%ﬁﬁguggﬁytﬁr?oFﬁFPﬁgegdGP&QS
ol el (bR BB o5
icgl g:aﬁgp;ﬂZga@&mgﬁleb%qgonaccgﬂédﬁaﬁ%g e degisi tyh fah a xr&huapem\eaded
through the signal line a3 to the MPX circuit 7. Under
&J this condition color conversion is carried out with the
timing shown in the part (g) of FIG. 6.

The ‘MPX circuit 7.sets "1" as the table code, and
selects the code a and CLR signal in the signal a3 and the
ink specifying code ¥ = "00" in the signal al of the data
distributor 3, thus forming an address signal a4 s shown
in FIG. 8. The address signal a4 is applied to the memory
8., In a predetermined access time; a partial density data
yi1 is obtained. ~ The partial density data yi1 is
temporarily stored in the DFF 21 in the arithmetic unit 9.
Next,  with respect to ﬁhe ink specifying code of the
address signal a4, with k = "11", a correction value k' is
obtained from the signal line a5. The value k', the data

"K-on the signal line a3, the component K, and the code a.=
. "11" are used to form the address signal -a4 as shown in
. FIG. 8, thereby to obtain data ya. The data y1 and y2

are added by the FA 28, thus providing density- data vy.

Thus, the color conversion has been accomplished. - The

density data y thus provided is transferred to the memory



bus BUS through the 3ST 2F, and witten in the 0O-th address of the LB )
in the SRAM of the nenory 8. In this operation, as for the address
signal a4, out of the plurality of address signals a6 forned by the
address generator 6, one selected by the MPX 7 for the line buffeCwite
signal is provided. The cl ock generator 4 applies an SRAM wri ti'ng
operation signal to the control Sithal line a7. Next, with respect to the
part (h) of FIG 6, the aperture correction arithnetic operation is carried
out according to the nethod described in (5. Qutline of the picture el enent
arithmetic operation), and the arithnmetic result 1is stored in the O-th
address in the HB | of the SRAMin the nenory 8. In this case also, for
the address signal a4, predeternmned ones of the plurality of address
signal a6 bdormus brrotbh chklr 8T gFnperahdr whitee® SCCelsi vekyh
sel ected and outputted by the MPX circuit 7. And, the clock .generator 4
appl i es pr cafideess el b‘b’érhﬁl ﬁglsl §hel SRAY oife ténegrmmonyr rﬂas a¥n Blks, with
respect to the part fg f G% gé dation dat is set. ~'The t |s t he
t enper at ur RN se@S -EQT hEPBat AHF L35 | b%’t?ﬂ 3 &4 omoMK the
appl i ed th&gH%% the, si.gna al t h tabl e
code "0" 4 r\%k g’gec% é%%gscodfeéhéziﬂ% IXPSTc’ngﬁgli %Yt%q}etadg%ifi%%ggode
descrlbed'dhﬁé¥a€3¥r3#'dﬁb(geiéﬁted by 3the MPX 7 for the line buffer
write signal is provided. The clock generator. 4 applles
~an SRAM writing operation signal to the control ‘signal line \/
a7. |

Next, with.respect to the part (h) of FIG. 6, the
_aperture correction arithmetié operation is carried out
according to the method described in (5. Outline of the
;picture_element arithmetic operation), and the arithmetic
result is sto;ed,in_the 0-th address in the HB ‘I of the
SRAM in the memory 8. In this case also, for the address
signal a4, predetérmined ones of the plurality of address
signal a6 formed by the address generator -6 are
successively selected and outputted by the MPX circuit 7.
And, the clock generator 4 applies predetermined operating

. signals to the signal lines a7. .

Next, with respect to the part (i) of FIG. &6,
gradation data .is set. - That is, the temperature code Tc
set.. in the data distributor 3 from outside "is applied
through the signal line al to the MPX circuit 7, so that
the table- code "0", 2-bit ink specifying code, 4-bit Tc,

and 8-bit gradation code described 'in (6. Pormation of the



head drive data) are used to forman address signal a4, and the control
signal a7 provided by the clock generator 4 so as to select the ROM of the
menory 8 is used to transfer the gradation data fromthe ROM s gradation
tabl e sec{jon to the nenory bus BUS. The gradation data is tenporarily
stored in the DFF 52 in the head driver 4%0,_ thus making preparation for the
formation of head drive data at the next “interval T1. Thus, an input signal
processing operation for RGB inages per SLT has been acconpli shed. Thi s
processi ng operation is repeatedly and continuously carried out for 640
picture el enments, to achieve an input signal processing operation for one
l'i ne. In synchroni zation with this achievenent of the input signal
processing operatlon the signal [err] raised _.to "1", and the
generation of &g BEF@@ Qagtr?a)l ?E‘Q BeRY; st%ugﬁéﬂdédl t2fdEPeRsE10RaLr ftrest

for the transfe Far _the with the.line buffer LB I
and the head %ﬁé g% eHECPE glé@ﬁ&ﬂ i] +é#? 4 FHS SISFE IRARRA 1K
operations ar riged.qut T afjeer h uffer e ed
in the order gf %%rB égl It% i%ﬂ?é{' éhe hﬁgﬁdotlfg H‘% ‘i‘n Bheaéé E ??-erésgare
used in the ofelgfisPér Hené, gf@dationaﬂdthlerme'&hld nUme sprg:radarﬁ&ﬂckable

recordi ng operation with Y in is acconplished. - The aperture correction
arithneti c opsseation toesthensieémordat bus BUBL- The gradation data is
temporarily stored in the DFF 52 in the head driver 10,
kz thus making preparation for the formation of head drive
data at the next interval Ty,
| Thus, an input signal processing operation for RGB
images per SLT has been accomplished. ~This processing
operation is-repeatedly and continuously carried out fér
640 - piéture elements, to achieve an input signal
processing operation for ~one 1line. In synchronization
with this achievement= of the input signal processing
operation, the signal ﬁﬁﬁ is raised to "“1",  and the
generation of the pulse signal REQ-CLK is suspended to
N release the request for the transfer of RGB data.

- For the nex;_line, with the line buffer LB II and
the head buffer HB II selected in the memory 8, the above-
‘described operations are carried out again. Thereafter,
. the lines buffers are used in the order of LB.III, LB I,

LB II, and LB III, and the head buffers are used in the
.order of HB I}_HB II, and HB I until the printing and
recording operation with ¥ in is accomplished. - The

aperture correction arithmetic operation uses density data



for three lines, and therefore the heat generation drive of the thermnal

head can be nmade beginning with the fourth line. The printing storage
on the fourth line is performed on the RD (read) data of the head
buffer HB | which has stored the aperture correction value of tg third
| ine. An output signal processing gpgﬂagion for the heat generation-.drive
of the thermal head will be described. The output signal processing

operation includes reading density data fromthe head buffers in the SRAM
of the the nmenory 8, and form ng the data HEAD DATA with density data and
gradation data, and is carried out continuously in 1,280 SLT intervals in
one line. For the first three lines (1 [err] NJ[err] 3) , in the head
driver 10, all the outputs of the phase decoder 55 are set to "0", so that
t he data HiEAD Dhidde aiénekl, ®nd Othexéforei thenhdadatgemematiomndrivecarri ed
out . For the fourth |line, the address generator 6 successively fornms RD
(read) addfesthsigfpermal cheafecpnobrs Mmadey ReHning Whkle bhe1fopseh) M-

il 1 pl xRy he Wik FHAAANG SHF B oMby G SLECE, ghbheasis in a’
S st R R
head (jr | Veihikh - h®8 tBEorbierek@nGpdrte rd adatteBtion” ¥@lue of the
third line. -
An output sigdal'proéessing'operation-for the heat ';)
generation drive of the thermal head will be described.
- The output signal processing operation includes
reading density data from the head buffers in the SRAM of
the. the memory '8, and forming the data HEAD-DATA 'with
density data and gradation data, and is carried out
continuously in 1,280 SLTiintervals in one line. -
For the first three lines (1 = N = 3); in the
head driver 10, all the outputs of the phase decoder 55
are set to "0", so that the data HEAD-DATA are all at "0";
. that is, no heat generation 1is carried out. - For the
.~ fourth 1ine,-the-ad&ress generator 6 successively forms RD
(read) address signals for .the blocks Bl and B2 which are
of 1 = ﬁ = 64, and 65 = M = 128. The RD address signals
-are alternately multiplexed by the MPX circuit 7 into a
. compound address signal a4. In a -predetermined access
_time, 128 density data are provided at the data bus BUS,
and. are. successively and temporarily-stored-iﬁ-the DFF 51

in the head driver 10.. On the other hand, the gradation



data of the 0-th address has been set in the DFF 52 of the Head driver 10,
and the HEAD-DATA indicated at PHSOin FIG 12 is outputted according to -
the, operation described in (6. Formation of the head drive data).

Next, thg_gradation data at the first (1st) address is read-out of the ROM
in the menory 8, and the den5|ty data of ,the blocks Bl and B2 are read, so
that the HEAD-DATA is fornmed and outputtéa according to the operation

described in (6. Formation of the head drive data). The above-descri bed
operation is repeatedly carried out until the sixty-third (63rd) address
I's reached. Thus, the that generation drive with PHSOin SBL1 in

FIG 5 has been acconplished. Thereafter, with PHSl1, density data of 129
[err] M[err] 256 are used; with PHS2, density data of 257 [err] MJerr]
512 are used; dakh wif I thiaddtessichas dedn3sé¢terinh the[BFF] 5846fathe
used. And, in each of the cases, they are conpared wth gradation
data at the EqR4 hdrf-ﬁﬁéugw eandh thaidHEAB=BATAhdmdhcatad athARHSO in

ti th di bI d t ;
orinting and '%ri‘cm R T R R Y '%@%ﬁééé&sﬁ%p. arage iBeary
SBL 2, gradat| ges1 érmgéllégr ht ;__, hgéchL EiQie §Eta BL3, é&r dat %85

codes of 128 t ar € use for gradation co
t hrough 255 a@%é&ﬁ%&odrﬁéﬂﬁhaé %B@n@lféEﬂflétﬁ1hé&k!sésﬂé1Eé5808§€ gk
SBLI, - the heat generation rive is continuously carried out with the

density data MmgiCRONSI Mel thehangadry 8huandt heher ideinsidy data of the
A - blocks Bl and B2 are read, so that the HEAD-DATA is formed

| and outputted according to the operation described in (6.
. Formation of the head drive data). The above-described
opération is repeatedly carried out until the sixty-third
(63rd) address is reached. Thus, the that generation
~ drive with PHSO in SBL1 in FIG. 5 has been accomplished.
Thereafter, with PHS1l, density data of 129 = M = 256 are
used; with PHS2, density data of 257 = M = 512 are used;
and with PHS4, density data of 513 = M = 640 are used.
~and, " in each of the cases, they are compared with
gradation data at the O0-th through 64-th ~addresses,
whereby the that generation rive of the corresponding
blocks is carried out. thus, the printing and recording
operation of 'SBL1 has been accomplished. For SBL2,

- gradation codes of - 64 through 127 are -used; for SBL3,
gradation codes of 128 through 191 are used;)and“for”SBp4,
gradation codes of 192 through 255 are used, 'in euch a
manner that, similarly as in the case of SBLl, the heat

generation rive is- continuously carried out with the



and recording operation of one |line has been achieved. Wth N = 5, the head
buffer HB Il of the SRAM of, the nenory 8 is usSed (the density data of N =
6 being witten in the head buffer HB 1), and the operations with N = 4 are
successively carried out, so as to acconplish the printing and nggording
operation The printing and recogging operation is carried out for 480
lines in total in the above-describ&8d manner. = Thus, the printing and
recordi ng operation with Y ink has been achieved. Next, initial conditions
M= "01" and tenperature code Tc are set, and a printing and recording
operation with Mink is carried out. A printing and recordi ng operation
with Cink is carried out simlarly.. Thus, the printing and recording
operation of one inmage has been achi eved. In this case, the R. Gand B

i mage dat desguisly idateorM eaucaessivplyt ebangedhe ditusdi hei primtinevery
three inks. The above-described input signal, processing operatjon _and

out put sPBRal FeSRTRG | RRErGSdrR: o ©OBfe 1ine | &dSouPePR AGAARWIA zation

'n R G Mt B0 dmkrends "huPRs Y, BRy G ThRe, el gRoREr cse
andaren! Bemo B e (ohd oM EPlaRt"SET0 S ReRIRORS ||
describedin the head buffer HB I), and the operations with N = 4
are successively carried out, so as to accomplish  the
printing and recording operation.. The printing and <
. recording operation is carried out for 480 lines in total
in the above~described ' manner. Thus, the printing and
recording operation with Y ink has been achieved.
‘Next, initial conditions M = "01" and temperature
code Tc are set, and a printing and recording operation
with M ink is carried out. |
A printing and recording operation with C ink is
carried out similarly. Thus, the printing and recording
operation of one image has been achieved. 1In this case,
the R, G and B image data equal in content are inputted to ~/
‘the data distributor 3 every three inks.
The above-described input signal processing
. operation and output signal processing operation - are
-carried out. in synchronization with each other, so ‘that
- the printing and recording of a picture expreséed=in~R, G

and B is accomplished by using ¥, M and C inks. -



(Function 1. Variation of the printing and recording conditions) The
part (a) of FIrG 16 is "an experinental characteristic diagram '
showi ng applied electric power with optical density (O D. value) in the
case wherg the nunber of sub-lines (V4¥7is  changed. In the
characteristic diagram the coloring ink naterial enployed. is a
subl i mat ed dye, and the nunber of sub-lines (U) .is changed to 4, 8 and

16 according to a fundanental operating equation S x U = 256
(constant). -In this case, the generation of heat is as shown in the
part (b) of FIG 16. As is apparent fromFI G 16, the maxi num opti cal
density can be made high by increasing the nunber of sub-lines (U. This

is due to the fact that_the §urf ce of an image_receiving |ayer of
pol yester or the |ike TO%te “6%‘#- aéﬁe?ﬁﬁge PREF AP theePli s TRE d&ieal

On the other h r}@,ce\g%ggﬁg}]r;c?%g%g%i Egselbeecét{igegg%g\?ge&§ he&&,cogs;ﬁg%% hgs)'

optical density-can y decreasing e nunber ot Su

That is, it is;ipReRaBINY thed MMt ch (iU MdYiEe! Wl e tdEs SEDES | Of
sub-lines-according to a given object. This function can be obtai ned by

addi ng a selective fregRumgtibwvilder tovVabéationdi8ofe| atle gepreint Dhg 4aadd
by addi ng neans for holding the values which are set in the data

distributor 3 by using the DATA appl i edregorddngecoindditioas) This function
makes The part (a) of FIG. 16 is an experimental
&;‘ - characteristic diagram showing applied electric power with
~ .optical density (0.D. value) in the case where the number
of ‘sub-lines (U) is changed. In the characteristic
.diagram, the <c¢oloring ink material -employed 1is a
~sublimated dye, and the number of sub-lines (U) is changed
to 4, 8 and 16 according to a fundamental operating
equation § x U = 256 (constant). In this case, the
~generation of heat is as shown in the part (b) of FIG. 16.
As is apparent from FIG. 16, the maximum optical density
can be made high by increasing the number of :sub-lines
\_  (U).. This is due to the fact that the surface of an image
receiving layer of polyester or the like coated on an
~ image receiving sheet is not damaged.

On the other hand, when the applied electric power
is held constant, the optical density can.be increased by
decreasing-the number of sub-lines (U). That is, it is
necessary to provide a function of selecting the number of

sub-lines according to a given object. This function can

be obtained by adding a selective frequency divider to the



it possible to select a printing time. That is, in the sub-part (2) of the
part (b) of FIG 16, as for each |line, design should be so made as to

sel ect a desired one of the nunbers of sub-lines (U 8, 7,6 and.5. Thi s
may be equally applied to the case of (c). As is apparent from &be above
description, by adding neans fer48wvarying S and U in the
fundanental operation equation, the signal processing device may be
provided wth "density", "necessary electric power" and "printing
time" as paraneters. Wien.the nunber of sub-lines (U) is four (4) or nore,
the white stripe which otherwi se may be forned by the block division drive
can be elimnated,a nd therefore it |s unnecessary to use the correction
process which is required in the conventional signal processing

devi ce. ThFdorKs IrRREFakAT r dheand n theadpgénpf ikeansNn for theldingerdid i oned

J Pat ent li cati No, 254203/198 itled "Th Head, Dri vi
Devi Ce" | nVBLRGRI VRISIATNSSE B | SiF 0GR (A TORHPIS] ST s mal
head sh ' - isd | 10 7

(ﬁgr e_isng:‘/\?te:ir‘er Eb ??‘ r %ﬁlgﬁgs%a?%cgég%ﬂgfmgéﬁ a%&@cgﬂne%%;%ugg‘s%é%% ially.
However, it- pé@sibdepaiylisenédk t e pHIROSRsOfe it AThEEOH ,SiZe R4l

tines as large as the A6 size (hereinafter referred to as "an A4 size",
when appl sabbBpert (2) ofquheegart (B) of [RIG. Af6, as for each line,
_desién should'be_so'made as to select.a désired.one of the
numﬁe:s of sub-lines (U) 8, 7,6 and S. This may be )
egually applied to the case of (c);
_." As is apparent  from the above description, by
_adding means for varying S8 and U in the' fundamental
operation equation, the signal processing device may be
: provided_ with - "density", “necessafy electric power"
and "p:intiné time" as parameters.
 When the number of sub-lines (U) is four (4) or
mére,_the_white stripe whiech otherwise nray be formed by'
the block division drive can be eliminated,a nd therefore
it'is unnecessary to use the correction process which is ~r
required in the conventional signal processing device.
This has been described in the specification of the
aﬁoiementioned_Japanese Patent Applicéﬁion No. 254203/1986
‘entitled "Thermal Head Driving Device" in detail.
(Function 2. Variation of the record size)
The thermal head shown in PIG. 3 provides are cord

size of 100 mm (H) x 75 mm (V) (hereinafter referred to as

"an A6 size", when applicable) substantially. However,



providing the A4 size will be described. The part (a) of FIG 17 shows the
term nal arrangenent of a thernmal head for the A4 size, and the part (b) of
FIG 17 outlines the generation of heat for a sub-line. As shown in the

part (a)‘b¥ FIG 17, the data HEAD-DATA consists of twenty dat a HD1

t hough HD20, and 1280 heat generatlng.lgﬁSJstors are provided. I n each
phase, 256 heat generating resistors for four (4) blocks are driven

si mul t aneously. Phases with T=5 form one sub- |ine. Method of increasing
640 picture elenment data per line into 1280 one will be descri bed. In the
first the one of the nethods, nerely each picture element is
recorded with two resistors with its val ue hel d. In the second nethod, an

interpol ating picture elenment is formed by two-di nensional picture el enent
operation, and démermdimg neth phet puepesenefit used taherecumd poizé i fgupi cimes
el ement are alternately recor ded. The first nethod is suitable for

recording gramf claiam@s thef sire theopinattendrefestedabpeasolan Ad

di t | Fi d t h be d d.
F G 18 shovs T4 Haneie? atRREhE2BEe) o L8RaRaa R iRd reror GRGRPER | Bf
d - FIG 18, head
ngf er III (helél naa"{ eré]r‘mé CA‘P ?é I‘Qﬁ bé‘%é@@%éé"r 2 nea

: erre 0 nere 1", when
applicable) and apertpng phptfe|s) |ofanﬁ1GL| 17 shows the terminal

arrangement of a thermal head for the A4 size, and the
N\ part (b) of FIG.1l7 outlines the generation of heat for a _
sub-line. As shown in the part (a) of FIG. 17, the data
_HEAD-DATA consists of twenty data HD1 though HD20, and
1280 heat generating resistors are provided. In each
ppase, 256 heat generating resistors for four (4) blocks
: are driven simultaneously. Phases with T=5 form one sub-
line. |
‘Method of increasing 640 picture element data per
‘line into 1280 one will be described. In the first the
one of the methods, merely each picture element is
recorded with two resistors with its value held. In the
secéhd method, an interpolating picture element is formed
' by“'tﬁo-dimensional picture élehent operation, and the
original picture element and the interpolating picture
element are alternately recorded. The first method is
_suitable for 'tecozdihg graphic images, and the second
method is suitable for recording pictorial images. First,
the second method will be described. FIG. 18 shows the

bank étrangement of the SRAM in the memory 8 which is used



(hereinafter referred to nerely as "an AB I, and an AB- II", respectlvely,
when applicable), each being a 1 K byte line buffer, are newy added. FIG
19 shows one exanple of the circuit which is obt ai ned by addi ng a%J
interpolating function to the head driver 10 showh in FIG In
FIG 19, reference character 5A designates a shift regi ster; 5B

an interpolating unit conprising an 39erage val ue operating unit; 5C and
5D, 'a conparator and a dividing unit, respectively, which are

newly added, and 5E, a "block distributor for selectively providing the
head data for four of the twenty (20) output signals HDL through HD20. The
ot her arrangenent is the sane as that_ in FIG 11. The circuit of FIG 19
operates as follows: Wth four addresses X, X+32, X+64 and X+96 as start

addr esses, fbhe adQRuinet i¢at GpéFEEPor . ar @y egHowas iA BIGC amd Dhgheags, out
of the -head buffers in the SRAM and nultiplexed and applied.-to the

menory busbﬁffbr IIhe(hateenkftbangeﬁeroeo tdé2@eradd§, as882aanHWBSAIIN,
succe35|velg intervals of the phases. The nulttgnexed density data are
appl i ed twhepheapilicabdey stapd 5APefiatee théﬁ &Fe sdccerdvely
shifted. The flow of the den5|ty dat a w251 shown in FIG 2Q, in
whi ch ref ef%ﬁ’é%"&ﬁ%?%ﬁt &eferzed ’f%rf“ﬁrﬁiﬁ s"’lffo?f‘h ‘}%p}[es@rﬂ tfB rat%ults

of operatipp, of LehldeTvbfy!) bReR dpaR1E8610) , AL BEY %S' 4 *ie'xé‘%;}t%e
" line buffer, are newly:added; | )
'FIG. 19 shows one example of the cireuit which is ~
obtained by adding an interpolating function to the head
driver 10 shown in FIG. 11. In FIG. 19, feference
character 5A designates a shift 'register; SB, an
interpolating'UAit comprising an average value operating
unit; 5C and 5D, a comparator and a dividiné 'unit,
respectively, which are newly added; and 5E, 'al.block
distributor for selectively providiag' the head data for
four of the twenty (20) output signals HD1 through ﬁDZO;
The other arrangement is the sanme as that in FIG 11. : v/
The circuit of PFIG. 19 operates as follows'
With four addresses X, X+32, X+64 and X+96 as
- start addresses, the density data thereof are read, as A,
B, C and D groups, out of the head buffers in the SRAM,
~and multiplexed and-applled to the memory bus BUS. The
value X changes to 0,'128, 256, 384 ahd'Slletccassively
at intervals of_the phases. The multlplexed den51ty data
are- applied to ‘the shift register -SA, where they are

successively shifted. The flow of the density.data is as



. k)
average val ue of two adj-acent picture el enents. fhe density data trains
indicated in the parts (c) and (d) of FIG 20, being timed as shown, are
applied, to the conmparators 53 and 5C, where they are conpared, in a
digital mgde, with the gradation data g stored in the DFF 52, to form
heat generation on/off sighals which are applied to the dividing unit
5D. The dividing unit 5D fornms heat yehkration on/ off signals
corresponding to four blocks el through e4 shown in the part (e) of FI G
20. These signals thus formed are applied to the block distributor 5E, so
that they are provided at the output termnals corresponding to the
phases. . Thus, the increasing of the nunber of picture elenents by
interpolating o eratlo

af . is 0 i mage i n_the
direction of wi A8 %ﬁtxj%mhfﬁvggic%o %ﬁ%& %réhﬁ?ﬁﬁ &Fdnhobet Reen
lines will e descri | n , t rture
correction ope?bﬁr%ﬁ %ﬁg éhs%$ dafgbggggggoﬁgl Fé?%fgﬁ en?#?ﬁ?ﬁipﬁead
buffer; where the $i d t gy t ETAMR §
aperture buffggshﬁh gﬁ@ ABgfryglﬁg?ngﬁefgegg lﬁﬁg%ﬁ$ﬁ§%ﬁ$¥¥3ﬂﬁkdé‘éﬁ§
assuned  -53vet&fé VAEudedsi tyodatgaseatbpivgurel elementst.he aperture

buffer AB 11, and the density data have been stored in the aperture buffer
AB I. In this case, Zheedensdtyagatiauteains indicated in the parts (c¢)
and (d) of FIG. 20, being timed as shown, are applied to
the comparators 53 and 3C, where they are compared, in a
digital mode, with the gradation data g stored in the DFF
52, to form heat gerieration on/off signals which are
- applied to the dividing ﬁnit SD; The dividing unit 5D
forms heat generation on/off signals corresponding to four
blocks e; through eq shown in the part (e) of FIG. 20.
These signals thus formed are applied to the block
distributor S5E, so that they are provided at the output
terminals corresponding to the phases. Thus, . the
increasing of the nﬁmber of picture elements by
o interpolating operation; that is, the enlarging of the

image in the direction of the line can be achieved.
Now, the interpclation  between 1lines will be
described. |

In the A6 size mode, after the aperture correction
~operation, the density data are stored in the
predetermined head buffef; whereas in the A4 size mode,
.they'are temporarily stored in the aperture buffers AB I

and AB II alternately at line intervals. It is assumed



:

correction, the operation ‘data are witten at a predetermn ned

#

‘address 4 n the aperture buffer AB Il, and at the sane address at one of the
three head buffers. And the density data at the sanme address in the
aperture buffer AB-1 is read, and the.average value is operated byWhe

~arithnetic unit 9, and the result of operation is witten in another of
the three head buffers. . The remaining had buffer has been used for

the printing and recording operation of the preceding line. As is.apparent
from the above description, the interpolation between lines is

achi eved by additionally providing the buffers in the SRAM of the nenory 8,
by operating the average value with the arithnetic unit 9, and by formng

th t I nt th t add t dth | ock
(e SeaUenLish S Al bl Ukl NS T 553,007 0Ly S0 e of o

t hi d t t t
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both the manufacturing cost of the signal processing devi

printing agdrieedidinly tthe cobehatbshcedara MiLbe wiikdéR at a
interpolation within a line, and the interpolation between |lines are

carried ouprd@atggmihediadéxea$siﬁ1taﬁda§2rtﬁt6.bu&ﬁpr-maﬂiixianﬂyat An
d the the same address at one of the three head buffers. And

the density data at the same address in the aperture </
buffer AB I is read, and the average value is operated by
'the arithmetic unit 9, and the result of operation is
written in another of the three head buffers. The
-remaining had buffer has been used for the printing and
recording operation of the precedin§ line. As is apparent
from the above description, the interpolation between
lines is achieved by additionally providihg the buffers in
the SRAM of the memory 8, by operating the average value
with the arithmetic unit 9, and by forming the sequential

control signal with the address generator 6 and the clock o/

. generator 4. Thus, the number of lines is doubled. |

The - interpolation within a 1line -and the
intgrpolation’between lines are carried out separately as’
described above. . The;efore, the high speed operation can
_b_e_ .qarried out . with a small quantity of hardware, as a
result of which both the manufacturing cost of the signal
processing device and the printing and recording time can

be reduced as much. -



El

concerned arithmetic functional €quations afe described in the

specification of Japanese Patent Application No. 16.183/1987 filed by the

present applicant. In the case of graphic images, in order to obtain a.
sharp prijnting and recording result, it is desirable to enploy the first

met hod (in which each picture elenent +s3herely nultiplied by a factor of
four). In this case, the interpolating unit 5B of FIG 19 is not- used, and
sel ectively providing the signal c as the signal d is provided,

means for

and neans for causing the arithnetic unit 9 to omt the average val ue

operation is provided. In this case, the clock generator 4 in the A4 size

node operates to output the signals (REQ and REQ CLK) requesting for the
transfer of RGB i mage data once per. twp lines printing_ and recording

operation.

he f f sel h nd, t.he sel.
enl ar i ng T undBBRBEIEEA0E TREVERRdIo  BRe | FerTheTapuys BTG oo

t he nmet hod

real i zed accof
recordi ng “ﬂdEtherned5ér1thﬁethQEfuﬁ%tﬁﬁdﬁi é&ﬁ&%loﬁémhrée&@égtﬂgedsiﬁe

For ot &te ciiptrreclatriapl evdithiRt s@shdd®epe Added. thaus

of H'EE'xrkzhi'sngri he y epgdi (!9*9’“ al g of 5@5.%81:%81 | em”ALndcantRS

to the invention. hcti'dn riatron of f

S fundanentally 100 mm (H) 75 Mm (V), and | mage receiving
sheet's size ¢ae bepepﬁfd&&khpndeb&rnumg&ndym' Patent Application No.

K/.

16183/1987 filed by the present applicant.

In the case of graphic images, in order to ‘obtain
a.sharp printing and recording result, it is”&ésirable to
fehploy the first method (in which each picture element is
merély-multiplied by a factor of four). In this case, the
interpolating unit 5B of FIG. 19 is not used, and means
for.selectiQely providing the signal ¢ as the signal d is
provided, and means for causing the arithmetic unit "9 to
omit the average value operation is-providéd.

In this case, the clock generator 4 in the A4 size

~mode operates to output the signals (REQ and REQ-CLK)

. requesting for the transfer of RGB image data once per two
lines printing -and recording operation. ' For other
circuits, suitable circuits should be added.-

Thus, the function of selecting the A6 size or the
A4 size, and the selective enlarging function based on the
interpolation in the ‘A4 size mode and the method .of

utilizing the preceding value of a picture element can be

- realized according to the invention.

(Function 3. Variation of the recording width)



“instance, 120 nmm (H) x 95 mm (V).- However, in the case of the post card,
its size is determned 150 mm x 100 mm and therefore a full printing and
recording operation with lines in the 100 mm w dthw se directdon

cannot  be performed. Therefore, it is necessary to provide a
function of using 512 of the 640 hea&hgeneratlng resistors per line'for a
printing and recordi ng operation. FIG. 21 shows two records. Mor e

specifically, the part (a) of FIG 21 shows one exanple of the record
fornmed according to the conventional method, and the part(b) of FIG 21

shows one exanple of the record which is fornmed with sixty pi cture
el ement renoved from each of the two.end portions of a line. In this
case, the following difficulties are involved: - That is, the the nunber

of phases is T = 4Iman&heheAsf osd 2ehe Moset, r &deat |t|¢g°tr|dmg| ssdlzert drs t han
in the cas result of which the calor bal ance is

of T =
deteri orat gB“Q?‘“ﬁﬂEﬁnyAt G I ((F sﬁrf.éée tNa rpolPest ehe | aﬁﬂﬁgq or rred

ooul rant  BEPREVERY] IheRleE, el OWINTIRG apifofify e tintlledl 1A%

provi de cofpgekht ags h n wai N
independent-|§ %lbatg (ram;nunbmrg\rl\lim‘t5 x Q?Sémpgr??ses%ﬁv?}tadgﬁ?ﬁoﬁg é@ééjeésf

necessary thetpbgtceapdsr itaeainecd sadavermined 150 ndhal ,160) dle and
S|nultaneous drive, the block division is changed separately according to T
= . therefore a full printing and recording operation with
lines in the 100 mm widthwise direction cannot be -
performed. Therefore, it |is necessery. to 'provide a
function of using 512 of the 640 heat generating resistors
per line for a printing and recording operation. FIG. zi
shows two records. More specifically, the part (a) of
FIG. 21 shows pne.example-of the record-fotmedvaccording
~to the conventional method, and the part(v) of FIG. 21
shows one exaﬁple of the record which is formed. with
sixty picture.elemen& removed from each of the two
iend- portions ef a line. In this case, the following
difficulties: are involved: That is, the the number of o/
phases is T = 4, and therefore the heat radiating time is
shorter than in the case of T = 5, as a result of which
the color balance is deteriorated as much. At wvorst, the
surface of the polyester layer formed on ‘the image
receiving sheet is roughened, as a result of which the
resultant print 'is low in cjuality.' Accordingly, it is
necessary to piovide correcting means which can obtain

- constant density values independently of the number of



4'and T = 5 as shown in FIG 22. ' The forner requirenent can be net by the
provi sion of means for finely adjusting the pulse width of the STB signal
of the data HEAD- CONT. That is, in order to change the pulse width, with
the aid of sthe DATA at the input termnal la, the pulse wdth set value is
applied to the data distributor 3, and cpnnected through the signal line a2
to the STB signal generator in the clock generator 4. And in this case, a
process of decreasing the "on" interval with T = 4 and increasing it with T
= 5 should be carried out. On the other hand, the latter requirenent can
be satisfied by adding a selector circuit and a gate circuit to the bl ock
distributor 56 in FIG 11. Selectionof. T =4 or T =5 can be readily
achi eved by externally applying an |dent|fy|ng signal to the T frequency

di stribut or 4RhagesrG An additam:tubh iishenergraArREGCLKakaotaliker -

:provided for 512 addressei The, ot E CUItS shoul d be so designed as to
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Y, M and Cinks in the stated order, whereas nonochronati c
: can be met by the provision of means for finely adjusting

the pulse width of the STB signal of the data HEAD-CONT.
" - That is, in order to change the pulse width; with the aid
of the DATA at the input terminal la, the pulse width set
value is applied to the data distributor 3, and connected
through the signal line a2 to the STB signal generator in
- the clock generator 4. And in this case, a process of
' decreasing the "on" interval with T = 4 and increasing it
~ with T = 5 should be carried out. On the other hand, the
latter requirement can be satisfied by adding'a'seléctor
eircuit and a gate circuit to the block distributor 56 in
FIG. 1l. Selection of T = 4 or T = 5 can be readily
\— achieved by externally applying an identifyinghsignél to
the T frequency distributor 44 in FIG. 4. In addition,
the signal REQ-CLK should be provided for 512 -addresses.
The other c¢ircuits should be so designed as to be able to

perform section as required. |
Thus, the printing- and recording width and- the
printing and recording direction can be 'selected as

desired.

(Function 4. Method of switching a color mode and



recorded by using only black ink. . ThereForeL in the latter case, the’
recording tine is one-third (1/3) of that in the fornmer case; that is,

nonochromati c i mage can be recorded at hi gher speed. Therefore, it is
necessary to switch a color image recording node and a nonochromatig i mage
recording node over to. each other. For this purpose, it is

necessary to provide neans for allbmﬁﬁg‘nnnochronatic I mge data to bypass
the picture element resolver to reach the MPX circuit 7 and the menory bus
BUS. In this case, it is necessary to change the gradation
table. This can be achieved by adding ROM as shown in FIG 2 or by
enploying a suitable data utilizing nethod. Addition of this function is
advant ageous in that the col or and:rnonochronatic printin%¥&£g recordi ng

operati-ons with sublimated @®ONARICREEIGPRARORVEF FO off®%)ecor di ng
I mmge on heat-sensitive sheets can be perfgrped wth gne_and .t he .sane
si gnal processing éeﬁ?i@? fE%ﬂSt?gnr§98rgggé§§i3ﬁ18? gyegjaPﬁ'gé 2, the

nature of ghblyygat @@a@E&-_ | SeQUFD Lhie _sunhaﬂaélgpo@%&er% 119 4s
beautiful color 1s high in optical eachi ng sSpeed, ereas t sdﬁ I mat ed
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beautiful color in printing and recording imges. In addition to a
techni que lattericaseg thedrececdidgngime is one-third (1/3) of that

in the former case; that is, monochromatic image can be
recorded at higher épeed, Therefo;e, it is neceésary tb W
switch a color image recording mode and a monochromatic
_image ,fecording- mode over to each other. -  For this
purpose, it is necessary to provide means for allowing
monochromatic iﬁage data to 'bypass the picture element
resolver to reach the MPX circuit 7 and the memory bus
BUS. In this case, it is necessary to change the
gradation table. -This can be achieved by adding ROMs as
shown in FIG. Z or by employing a suitable data utilizing
method. Addition of this function is advantageous in that
the color and monochromatic printing and recording o/
-operations with sublimated dye, and the operation of
printing and recording image on heat-sensitive sheets can
be performed with one and the same signal processing
device.

(Function 5. Selection of dyes)

In general, the_nature_of sublimated dye is such
that the sublimated dye providing beautiful color is high

in optical bleaching. speed, whereas the sublimated dye
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i mages on image receiving sheets, ‘a technique of ‘printing and recording
images on OHP filnms is inportant in practical use. In the latter
t echni que, dyes exclusive for the OHP filmare used for the purpose of
provi di ng\high density val ues. At any rate, it is desirable that the
signal processing device can process a-plsgral ity of dyes. Therefore, a
plurality of color conversion tables are provided for the ROMin nenory 8,
so that the dyes can be externally selected. FIG 23 is a block diagram
outlining the arrangenment of a video printer which is forned by providing
the circuit of the invention in the formof an LSI. In FIG 23, reference
nunmer al 300 designates an LSI forned by integrating the circuit according

to the inventign; d 400, desj gpat a t | tiplexing unit, .As was
described abova-etifRt of na+8g?’8§ZssP§'§a%ﬁncge g%k&%?%%‘u FEBEERe CARRRS on
h t | t ty I, g U I ls s
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Therefore, thensig@@ltitocessi AY deshfequé féee gromeide dHdd i Czléé*a&dibﬁ%- |
white stripes fornmed by the block division drive of the thermal head.- n

addition, - tiheagkeyvice imagecaecpiwming tdheetsns tair technigeet iofn prfiorting
correcting the lacking of high frequency conponents which may be caused by
t he sanpling &ndi ReFATGRY s, imageshe ofol OHR orfiickms onisi t Amppgikant in
precision,;ﬂugéégkfggfchsg?e In the latter téchniquen dyes exclusive

\;_ fo:_thg OHP film are used for the purpose of providing
| high density values. At any rate, it is deéirable that
the signal processing device can process a plurality of
dyes. Therefore, a plurality of color conversion tables
are provided for the ROM in memory 8, so that the dyes can
be externally selected.

FIG. 23 'is a block diagram outlining - the
arrangement of a video printer. which is formed by
providing the cirecuit of the invention in the form of an
LSI. In FIG. 23, reference numeral 300 designates. an LSI
% .- formed by integrating the circuit according to the

invention; and 400 designates a data multiplexing unit.

. As was described above, the signal processing
device according to the invention has not only the
functions originally required therefor but also the
operation mode.sélecting means for selecting the recording
.conditions. Therefore, the signal processing device is

free from the difficulty that white stripes formed by the

block division drive of the thermal head. In addition,



recording conditions. Wile: the. inventionr has been described wth
reference to the use of the sublinmated dye, it should be noted that the
invention is applicable to the case where the printing and recording
operation is carried out by using coloring, agents such as pignen{g. In
addition it should be noted that, whb®e~the col or conversion has been
described, the invention is not limted thereto or thereby. That is,
a bit plane resolving nethod disclosed, for instance, by Japanese
Pat ent Application No. 208905/1987 filed by the present applicant nmay be
enpl oyed, and the conbi nati on of the enbodi nent and the bit plane resol ving
met hod di sclosed, for instance, by Japanese Patent Application No.

267763/ 1987 filed by the. present licant. mm be enpl.oyed,_ In this
case, onl yhe edﬁgﬁﬁﬁarﬁagrrﬁﬂgﬁﬁeﬁﬁnhngﬂghea@ﬁﬁ&@F§¥0ﬁ°5F§8'FP m 5PTt he

o etune SIS0 UL Padking SHETHn Akudly SeotErrd°HRIREY
TreC e oy A BECeARAke ) O58) HARyANS oF oyparl MIGryeiag, e o
enbodi MentcoldidOcohedi s Do e wathn G ilges | o & bs Do, CHREOR(h PeélétveLhovever,
the invention is not limted thereto or thereby. That ‘is, the
recording conditions. _ - SO -
. While the  invention has been described with
reference to ﬁhe use of the sublimated . dye, it should be J
noted that the invention is applicable to thé case where
Ehe printing and recording operation . is carried out by
using coloring agents such as pigments.
| In addition it should be noted that, while the
color conversidn has been described, the invention is not
limited thereto or thereby. - That 1is, a bit plane
resolving method disclosed, for ihstance,- by Japanese
Patent Application No. 208905/1987 filed by the present
aﬁplicant may be employed, and. the combination of the
embodiment and the bit plane resolving method disclosed,
for instance, by. Japanese Patent Application No.
267763/1987 filed by the present applicant. may be
employed. In this case, only the hardware arrangement and
the;conversion,a;gorithm of the picture element resolver 5

are changed, and the ROM is necessary although its

capacity can be'rgduced.



techni cal concept of ‘the inventioh may be applied to the case where, for

I nstance, 768 or 1024 heat generati-ng resistors are enployed per |ine.

Furt hernore, the nunmber of quantize bits and the nunber of density
gradationg are not limted only to those described above. Effects of the

I nvention As was descri bed above, the sighat processing device according to
the invention is so designed that a line is printed wwth a plurality of
sub-lines overlapped, the aperture correction and the color

conversion are carried out, "and the predeterm ned recording conditions
are suitably selected. Therefore, wth the signal processing device
of the invention, imges can be recorded with high .density and with

high picture quality, and various printing nodes such as a color printing
node, a nonochromati c Ifr @dGitd ofodde FigsiprogassinhgiaiiRe ®Raw e seze
printing node,cap be.enployed. ; B0 - *. C L. .M S. * CLAI M5
(1) A signal 8?%&8&@%3?’&3\/%3?.f%‘?l%t’v‘?%e‘élff?ﬁ?e?'i RAGhiCEh thagRkinting
digitized wit : ergiLped.s 1N frequency and quanti zation bit
nunber and ex%?@ggégggé'aghﬂﬁge gggbb?gé col or process are printed and
recorded by a YMC ink ypubtyiact | ¥80¢0L8EsBr3B8F: embodiment, 640 heat

generating resistbrs_are'employed per line; however, the

" invention is not limited thereto or thereby. That is, the

U . technical concept of the invention may be applied to the

case where, for instance, 768 ~or 1024 heat generating
resistors are employed per line.

Furthermore, the number of quantize bits and the

number of density gradations are not limited only to those

described -above.

Effects of the Invention

As was described above, the siénal processing

device according to the invention is so designed  that a

line is printed with a plurality of sub-lines overlapped,

— : the -aperture correction and the color cbnvérsion are
carried - out, and the predetermined recording 'bonditiéns

are suitably selected. Therefore,i with the signal
processing device of.fhe invention, images can be recorded

- with "high density ‘and - with high piéture quality, and

- various printing modes such as a color printing mode, a
monochromatic printing mode, an A6 size printing mode, and

A4 size printing mode can be employed.



conprising: nmeans for receivieng R G and B i'mage data, and printing and
recordi ng control data; means for requesting the synchronization and
transfer of said two kinds of data; pretreatnent nmeans for subjecting said
R, G and B inmmge data to.color conversion to obtain Y M and C ink_data;
first nmenory neans in which color conv SIOﬂ data used by said pre%{eatnent
means and gradation control data havé BRen sto y neans for
storing said Y, Mand C ink data operating as m)mﬁm FME means whi ch
- conprises a plurality of line buffers for snpet ylan cen nuously
carrying ggﬁ RiHcesses; neans f.or generating address signals for said first
~and secon y nmeans; arithmetic means for perform ng a two-di nmensional
aperture COfreCtlpf)Opﬂréi?ﬁﬁloﬁrﬁéﬁﬁ%whajdévﬂ@éﬂfbf3dfﬁ&dﬁﬁa-fr0”1sald
second nmenory neans and refurning corrected data to said second nmenory
nmeans; ﬂrlnter in which ihegeb d8fitized with a predetermined
* C L S * heat generation control neans connected to the output oft
said secom&np&img freagaehoy andtquthﬂ;atuunrhmﬁupumhbremmddlng operati on
in multiple gradations

expressed by an RGB addltlve color process are printed

and recprded.by a ¥Mc ink subtractive polor-process,
éomprising:
| means for,réceiving R, G and B image data, and

printing and recording control data;

means for reqﬁésting the synchronization and
transfer of said.twégkinds of data;

pretreétment_ﬁeans for sﬁbjecting'said R, G and B
image data to color conversion to obtain ¥, M and C ink
data; __

first memory means in which color conversion data

g_used by said pretreatment means and gradation control

data have been stored;

second memory means for storing said ¥, M and C ' o’
-ink data operating as temporary memory means which
comprises a plurality,of line buffers for smoothly and
-continuously carrying out processes;.

means for generating address signals for said.
first and second memory means;

arithmetic means for performing a two-dimensional
aperture correction operation on converted ¥, M and C ink’
data from said second memory means and returning

corrected data to sald second memory means;



with each line of a printing thernal head di'vided into a pIuraF+ y—of

bl ocks T, each line of data being prlnted as a plurality U
sub-1ines, each of which sub-lines conprising picture el emeﬂwiﬁmﬁuj EE III
dlfferent&,ange of gradation values, therebeing S gradation

range and the value of U being at Ieast 4...and nmeans for generating clock
signal s having periods [err] (the fundamental period of heat generation),
[err][ x Sx T, and [err] x S x T x U (2) The signal processing device as

defined in claim11 further conpr|3|ng operation node sel ecting neans for

sel ecting heat gener BbheNgdhk¥8t38Rdicon¥ o Mnidhrd | fbnhéEEed PEONERE! Z€,
print wdth, color prlntlng nmonochromati c. printing, dye, electric power

and density ammuanafesaldasdcahadmbmromw%arﬁm@ht "gowopdilingsasuch as
sel ection of a previous-val ue-based sinple interpolation or arithnetic

I nt er pol ati orprintingnandgedcpridhgnoperatcdeactimmuitiple nggadationsi ng
sheet or OHP film and selection of a sublinmated dye and a heat- sensitive
sheet in a nﬂﬁb%hr%ﬂthllpE|nf|ngp;natmmgnﬁhegpa#mhendcﬁnVided into a

plurality of blocks T, each line of data being printed as
Ta plurality U of overprinted sub-lines, each of which
sub-lines comprising picture elements in a different
range of gradation values, therebeing S gradatlon values
in each range and the value of U being at least 4, and
means for generating clock signals having periods
t, (the fundemental period of heat generation), &, x §, t,

X8 xT, and T, x S x T x U.

(2) The signal processing device as defined in
- claim 1 further comprising operation mode selecting means
for selecting heat generation drive conditions with print
time, print size, print width, color printing, |
o monochromatic printing, dye, electric power and density
as parameters, and predetermined recording conditions.
such as selection of a previous-value-based simple.
interpolation or arithmetic interpolation in an enlarged
print mode, seiection of an image receiving sheet or OHP
film, and selection of a sublimated dye and a heat- -
sensitive sheet in a monochromatic printing and recording

operation.




