10

6\&02?2\* 'L

‘METHOD AND APPARATUS FOR CONTROLLING THE MOVEMENT OF

A PRINTING HEAD IN A PRINTER

The present invention relates to a method and an
apparatus for coﬁtrolling _the
movement of a printing head of a prix;tar of the type which
pr:.nts characters while reciprocally moving the printing head.
In a serial printer which prints characters while
moviné'thé printing head along character lines, the print speed
is increased by using both the forward. and backward movements

éf the printing head. When this

bidirectional printing method is used to print an enlarged

character higher than the height of a printing head through a

plural number of scans by the printing head and at least cne

"vertica’l faad of a racord::.ng paper, which corresponds in length

-

to the print wn.dth,' a pr:mtsd image is discontinuous at the

bounda.ry of the scan zone dua to mechanical errors of the

“ pr:mter. Acccrdingly, its image qual:.ty is poor.

“In p¥inting such a character to be divided into

zones for printing, deterxrioration of the print quality is

prevented by moving the printing head in one direction (e.g.,

- left to right) for printing.

“This type of the printer {s disclosed in Unexaminsd

Japanese Patent Publication No. Sho. 61-57348.
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PRI NF| NG HEAD |N A PRINTER" . . - BACKGROUND OF THE | NVENTLGN s~ fhe

present invention relates to a serial printer, and nore partlcularly to a
mef hod and apparatus for controlling the novenent of a printing head of a
printer of the type which prints characters while reciprocally noving the
printing head. In the serial printer which prints characters while
novi ng the printing head al ong character lines, a print speed is increased
by using both the forward and backward nove-

Fig. 11 1is an illust:ation ‘to provide an easy
understanding of the print control, viz., the movement of a
printinélhead and- the papex faed control in such a conventional
printer. Aas shown, a serie; of enlarged charxacters "A B C“ are
printed on the m-th line, and another series of characters of
the standaxd size *h i1 4 k" are printed on the n- -th line spaced
by a distance,l from the m-th line.

In a first step of the print .contrxol, a carriage
.carnyinéhfﬁe-pfinting'haad'iéﬁfirst moved in-a-difecﬁibn (f;nm
10 left to right). Through the movement of the carriage, the.
upper half of the enlarged character series, "“A B C", is
prlnteq on a line. Then, the recording paper is fe@_by the
distance 1. In a second step, the standard character series,
*h i j k', is printed. And the racording paper ia fed by a
15 distance of (H - 1). _

Subaggpentlylntnﬁgéower half of the enlarged charactexr
series;."h"B”C?;wls.pilnnéd'in.the same direction (left to
right) as of the printing operation of the upper half.

Thus, ac;ording to the print control in the

20 conventional printer, those characters to be divided into a
plurality of zones for their printing are’ printed
unidirectionally. Accordingly, the print contxol succeeds in
eliminating the problem of the discontinuity in the printed
characters, which arises from the different printing directions
25 of the printing head.

In the print control disclosed in thse Unexamined
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met hod i's usSed to print an enlarged character higher than the height of the: =7
printing hRagashtREghatrepipirizitsdintierough sonasmbyemeaitpraht tig b?ﬁﬂtiﬂg at

| east one vertical feed of a recording paper, which corresponds in length

to the prheadwastththosecxuf ttihhg phearnetensapst cemlypecdesddma nubes 8highe
boundary of the scan zone due to nmechanical error of the printer.

Accor di ngteasons Whege Hhis | Pyints grarrol ignusadhttagpniat achévaateer

di vided into zones for, print- ing, ,deterioratjon of the print quality can

be prevenﬁ%@959'°f a plurality of lines in a state that these overlap in

a4 scan zone as v:!:ewed in the moving d.irection' of the printing
head, the number of movements of the printing head and the

number of faeeds of the recording paper are increased. As a

result, the printing speed is d_ecréased.

It is therefore the object of the present invention to provide
a method and an apparatus for controlling the movement of a
printing head in a printer which avoids the above mentioned
drawbacks. This object is solved by the methods of independent
claims 1 and 2 and the apparatuses of independent claims 3 and
4. Further advantageous features, aspects and details of the
invention are evident from the dependent cléims, the
description, and the draWings. The claims aré to be understood
as a first non-limiting apprbéch to define the invention in

general terms.
This Sheet Has Been Replaced

and apparatu$es ..

The ~breaeﬁt invention provides methods °

Y

ibn--é'é"ﬁtrolling the movement of a printing :
head in which a process of. printing characters that are
higher than ﬁhe height of the printing head is.coristructed on
the basia of unidirectional printing, and a ch&racter image
is divided into zonss for pz:in{:ing in consideration of the
zones to recoxd a char;cte&: image of a plurality of adjacent-
| linés, whereby the number of movements of the printing head is |
reduced And hence the print' speed is ‘improved.
‘ To achieve the abo;re cbject, according to the first
aspect of ﬁhe prasant. imrer}tion, there is provided a method of
' controlling the movement of a pr_inting head in a printer for
printing characters ‘along a print pass whi.la sele-ctively
reversing a moving ciiraction of the printing head, providing
the steps of: setting a:t least two passes by diViding.;','ff.p-:int
s
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-rm\_/i-ﬁ'g the printing head in one direction (e.g.; left to right) during..
printing. This type of a printer is disclosed in Unexam ned Japa- nese
Patent Publication No. Sho. 61-57348. FIG 11 is an illustration that
facilitates understanding of the print control, viz., the novenment of a
printing head and the paper feed control in such a conventional printer. As
shown, a series of enlarged characters "A B'C' are printed on the. mth

l'ine, and anot her’ serles of ’ characters_of standard size "h i j k" are
prlnted(ﬁgébeog thl ura Péfe f%é%fﬁﬁﬂgﬁe height of the printing

head; ssarching the passes for a lowest pass containing a
bottom of characters of é. first line in ﬁhe print data;
checking whether or not a ‘t::op of characters of a second line in
the print data is present in the passes from an uppermost pass
containing a top 'of the charactexrs of the first line in. the
print data to the iow,eat pass; continuing to print ths
characters of the second line in:-a first direction as the
characters of the first line are printed if the top of the
10 characters of the second line is present in the passes from the
uppermost pass to the loﬁest pags; and xeversing the moving
dirsction of tﬁe printing head for continuing to print the
characters of the second line in a second direction opposite to
the firsi.: direction if the top of the characters of the secoxx&

is line is absent in the passes from the uppermost pass to the

lowast pass.  _ _ i
R -

-Accordi'f_i_g: to the" sécond aspect of the present
invention, there is provided a method for controlling the

movement of a printing head in a printer for printing

L3
-~

20 characters ealong a print pass while reversing the moving
direction of ‘t.t.he printing head, providing the steps of: setting
at least two passes by div_iding print data of a plurality of
lines by the 1_1eigh1; of the printing head; searching these
passes for the lowest pass containing the bottom of the

25 characters ‘of the firsf; line in the print data; checking

whether or not the top of the character of the second and

i




1 fron1the mth line.- -In-a first step, of .the pri.nt control; a: carr[age
carrying the printing head is first moved in one direction (e g., fromlef
to-right). Through the novenent of the carriage, the upper half of t he

enl arged character series, "AB C', is printed on a line. Then, a recording
paper is fed by the distance 1. In a second step, the standard character

series, "hi j k", is printed. Thereafter the recording paper is. fed by a
di stance of (H1). Subsequently, the lower half of the enlarged character

subsequent lines in the print data is present in the passes
from the uppermose pass to the lowést pass; and if the top of
the charactar:of the second and.subsequent lines is present,
searching for the lowest pass containing the bottom of that
5 character and continuing to print in ﬁhe same direction until
the 1owest pass is reached.
Accordlng to the th;rd aspect of the present invention,
there is provided an apparatug for controlling the movement of
a printieé head in a printer for printing characters along a
10 print paea while selectively reversing a moving dirxection of
the printing head, providing: an image dividing device for
setting passes by dividing print data of a plurality{ef lines
- by the height of the printing head; a first'deteimining device
for defermining whether or not a bottom of characterxs of a
s first line in the print data is contained in the passes set by

‘the ;maga dlvzding device; a second detexmining device f£for

oo *

checking whether or not-e top of characters of a second line is
contained in the passes from an uppermost pass containing a top |
(. of the characters of_the fixrst line'tq a loweet pass containing
20 the bottom of the characters of the first line determined. by
the first determining device; and a control device for
controlling the movement of the printing head so as to print
the characters of the fixrst apd second lines while moving the
printing head in a first directien if the second detexmining
25 device determines that the top of the characters of the.second
line is contained. |
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serles "ABC', is printed i.n the same direction (left. ‘to right) as;
prrnt| ng operatlon of the upper half. '

According to the fourth of the present invention, there
is provided an apparatus for controlling the movement of a
printing head in a printex.' for p_rinting characters along a
print pass while selective'ly reversaing a moving direction of
5 the printing head, providing: an image dividing device for
setting passes by dividing print data of a plurality of l;Lnes
by the height of the pfinting head; a first determining device
for determining whether or not a bottom of characters of a
first line in the print data is conta:.ned in the passes set by
20 the image dxv;d;ng dev;ce, a second datermining daevice for
checking whether or not a top and a bottom of characters of a
second line are contained in the passes from an uppérqpst pass
conta.i_ning' a top of the characters of the first line to a
lowest pass containing the bottom of the characters of the
1s first line determined by the first determininé device in a pass
containing the _bottom oi___,the characters of the first line
determinad by the first daterm:.ninq device; and a control
device for controlling the movement of the printing head so as
¢ to print the characters of the first and second lines while
20 moving_the piinting head in a first direction until the second
determining device detsﬁninps that the bottom of the charactars
of the second line is contained if the gsecond determining
.device determin_es that the top_of the characters of the second

line is contained.
25 In the present invention, the determining devices scan

the print data of a plurality of lines to check a relationship




_Thus,. accordlng to the print control in the conventional oprinter, those'.ﬁ~rﬁ»

characters to be divided into a plurality of zones for their printing are
printed unidirectionally. Accord- ingly, the print control succeeds in
elimnating the problem of thc discontinuity in the printed characters,
which arises fromthe different prinding directions of the printing head.
In the print control disclosed in the Unexam ned Japanese

of a distribution value of the height of a character contained
in the print pass and the height of the printing head. If the
- digtribution valus of the height of the character contained in
.the ?rint pass is laxrger than.or equal to the height of the
printing head, the control device causes the printing hegd to
.rapeatedly move in the 'same direction for ﬁrinting the
characfer. If the distiibution value of the height of the
character.containéd in thé print pass is smaller than the
height of the printing head, £he control device reversas the
10 moving direction of the printing head- for printing the
character. |
Alsd in such an array of characters that the Soptoms of
the characters are different but the charactgrs‘are contained
in the same print pass,.fhe cﬁagactera are printed in the same
15 diraection. Aftgr the character terminates, the printing

dizrection is raversed.

In the accompanying drawings:
Fig. 1 18 an explanatory diagram showing a first
20  example of the movements of a printing head according to the
prxesent invention;

Fa':g'.' 2 is an explana_téry diagram showing -a second
example of the movements of a printing head according to the
present invention; '

23 Fig. 3 is an explanatory diagram showing a third
acet
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Pat ent* Publication No.. Sho. 61:57348, the character images that are.. .
printed through one novenent of the printing head are those characters
occupying only one line. For this reason, when this print control is used
to print character inages of a plurality of lines in a state where these
overlap in a scan zone, as viewed in the noving direction of the printing
head, the nunber of novenents of the printing head and the nunber of feeds
of the recording paper are increased. As a result, the printing speed is

decr eased. SUMVARY OF THE | NVENTI ON
. example of the movements of a .printing head according to the

presant invention;

Fig. 4 1s an explanatory diagram showing a fourth

example of the movements of a printing head according to the

.5 present invention;
Fig. 3 is § block diagram showing an arrangemsent of an

apparatus for control:ling the movement of a printing head
according to the present invention;
'Pig.'s.is'a flow chart showing a control flow by the
10 apparatus shown in Fiq.5;

Fig. 7 is a flow chart showing a control flow when it
divides an image by a first im§ge division method accoxding to
the present invention; |

' Fig. B is a flow chart showing a control flow when it
15 divides an image by a éecond'image division.method accoxrding to

 the present 1nvention, e .

. -

Fig. 9 is a flow dhart showxng a printing process by
the apparatus shown in Fig. § ;
Fig. 10 is a structure of an array formed in a memoxry
20 of the apparatus shown in Fig., S; and
Fig. 11 is =a diagram useful in explaining an image
division process employed by a conventional printer.

Fig. 1 is a diagram showing the movement of a printing

25 head according to the prxesent invention. In a first example of

.
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An. abj.ect of the present invention is to provide a nethod® and appar at us:
for “controlling the novenent of a printing head. It is a further object to
provi de a process of printing characters that are hi.gher than the height
of the printing head which nevertheless utilizes unidirectional printing
It is fur- ther desired to provide a systemin which character inmage is
divided into zones for printing in consideration of the zones to record a
character image of a plurality of adjacent |ines, whereby the nunber of

"pr vedF 3.1, CRAEIEES AT dha T a7 CSoRAERNRE I BohBbroREeble

illustration, are dlfferent in size and located on different

lines on a recording paper, viz., on different base lines. ;n

the first example, tha chiracter "A" .is printed on the m-th

line, and the character "BY is printed on the n-th line. The
top and the -bottom of the character "A" are denoted as Pmt and

Pmb, féspectively. The iop and the bottom of the character "B"

ara denoted as Pné and Pnb, respectively.
&ha printing head for printing these characters has the
10 height of H. Since the height of-tha character "B" on the n-th
line is smaller than the height H of the printing head, the
chafgcfer "B can be printed by moving the printing head one
time. The height'of the character "A" on the m-th iine is

larger than the height H of the printing head. In this case,

s one movement of the printing head can print only a part of the
character “aA*. To print the yhole character "A*, the

unidirectional ficvement of ‘the printing head is repeated.
A case where & first image division method of the
prasént invention is applied to the printing of these
20 characters thus arrayed will be described. The whole imaga
ineluding the charactexrs *“A" and "B* of the m-th and n-th
lines, as illustrated in the left side in Fig. 1, are equally
divided into th;ee scan zones, by the helght # of the printing
head. In the first scan zone, the'printing head is moved for
25 . a first printing in the forward direction F, and returned to

the initial position. Then, the printing head is moved again

tHasBeenRepbcec
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To achleve t he above object, according to the first aspect of the present
i nvention, thefe is provided a method of controlling the novenent of a
pri-nti ng head in a printer for printing characters along a print pass

whil e selectively reversing a noving direction of the printing head, the

st eps

of :

setting at | east two passes by dividing print data of a

plurality of lines by the height of the printing head; search- 1ing the
passes.for a | owest pass containing a-bottom of characters of a first

: Pnéhlenpufgtgggaaoaégggkldl%e ej:[ohner!-', O:rEoQOta sac%pnd)fngggfzgrcx&?rs o t%l seeond
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25

sequence of movements of the printing head, the ramaining part
of the character “A" and the upper half of the charactar "B"
are printed. Subsequently; the printing head is moved in the
reverse direction R to the initial poazt;on, and then moved in
the forward direction F for a third print. Thus, this first

image division method xequires three forward movements F of the

printing head for printing the characters “A" and "B". To

i ne

complete the print of these characters, the printing head is

moved totally five times, three times for the forward movement
F and two times for the xeverse movement R.

A gsecond image division ﬁethod of the present iqvention
is illustrated on the right side of Fig. 1. As shown, a
division point is set at the top Pnt of the character “B". The
second image division method can reduce the total number of t-ha
movemants of tha printing_, head tg four. The second image
dlvision method isfﬁhe same” as the first image division method
in that the image division starts from the top Pmt of the
chaxracter "A", but is different in that the next division doses
not start until the top Pnt of Fhe character “B" is reached.
A third image division starts from the top Pnt of the character
".B“. As shown, the character "B" is lower than the printing
head, Thexrefore, the character "B" can be printed by one
movement of the printing head. The returning movement of the
printing head is not required for printing this character.

The second image division method can print the image

_—
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is present in the passes from an uppernost. pass containing a top of the
characters, of the first line in the print data to the |owest pass;
continuing to print the characters of the second line in a first direction
as the characters of the first line are printed if the top of the
characters of the second line is present in the passes fromt’he upper nost
pass to the | owest pass; and reversing the noving direction of the printing
head for continuing to print the characters of the second line in a

including the characters “A" and "B" by the two forward

~ movements, and o;e reverge movaement R, Thus, the total number

of the movements of éhe printing head is smallex than that by

the first image division method by cne. ' The printing speed is

5 also correspondingly increased. '

In a second example of Fig. 2, the characters "A" and

"B" ar.e Soth highér than -the printing head of the height H,.
Accordingly, two'printing operations are required for each
'characté;. When the first image division method is applied to

16 the printing of these characters, the printing of the éharqctar .
"A* is completed after the second forward movement, as
illustrated on the lsft side in Fig. 2. To :print the
character "B*, the forward movements fr;:m the second to fourth
forward movements, totally three forward movements, are
1s required. In the sscond fqrwarci movenment, a lower paxt of the
_characfar "A" and an_ upper part of the charxacter "B" axe

prlnted concurreﬁfly Therefora, it iz impossible to'change.

the printing direction. Accordingly, the printing head must be

movad reczprocally, with the xrsturn of the printing head
20 interleaved therebetween. To complete the printing of the
image including the characters "A" and “B", a total of seven
movements ars required.
In the second example of Flg. 2, the second image
division method of the present invention 1s Lllustrated on the
25 right side in Fig. 2.. In a case where the division point is
set at the top Pnt of the character “B*, cnly six

. '—11-
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20

forward and reverse mbvements are required. A large upper part
of the character “A* is printed through the forward movement F

of thae printing head. After the printing head is returned to

the original position, the-remaining part of the character "aA"

is printed through the second forward movement F.
Substantially the upper half of the character "B" is

printed through the sécond forward movement F of the printing

head. With the third forward movement F, the printing head is

moved to the right side position. The third reverse movement

R of the printing head is used for printing substantially the
lower half part of the character "B". In this way, a total of
six @ovements of the prxinting head completss the printing of
the whole image of the characters "A" and “B%,

Fig. 3 shows a third example in printing another imags.,
The second image division method requires a larger number of

movements of tha prz.ntn.ng,._head than the first image division

method to print the image.

In this image, the height of the character “A* ia
esmaller than the height H of the printing head. The zone of
the height H of the printing head, which includes the character
“A"; contains the upper part of the ch;racter "B". The
remaining part of the character “B" is printed by the second
forward movement F of the printing head. Accorxdingly, the
first forward movement F of the printing head prints the whola

charactar_“A“ and a part of the character “B“. After the

. printing head is returned to the original position, the

- 12 -
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second direction opposite to the first direction if the top of the
char-acters of the second line is absent in the passes fromthe uppernost
pass to the | owest pass. According to the second aspect of the present
invention, there is provided a nethod for controlling the novenent of a
printing head in a printer for printing characters along a print pass while
reversing the noving direction of the printing head, including the steps
of : setting at |east two passes by dividing print data of a plurality of

i nes by the height of the printing hqu; searching these asses fQr .the
printing head 1is moved in the forward direction 0 complete

the print of both the characters. In this case, a total.of
three movemanté of the printing head are rsquired to complete
the print of the whole image.

In a case wher; the second image division method is
applied to the piint of the image shown in Fig. 3, as seen from
the ri&ht gide illustration of Fig. 3, the zone including the
whole character "A" and the top Pnt of the character "B" is
printed ﬁy the first forward movement F of the printihq head.
10 Two reverse movements R of the printing. head are used. for .
printing the zone ranging from the tob of the chhrac?er “B* +g
the bottom thereof. This printing process includeg'two
forward movements F and two reverse movements R.

a total of four movements of the printing head is required.

Fig. 4 shows a fourth example in printing still another

1s
image. In the fgourth exanmple, a character "A' and a charactexr

- e’
e

"B* are &riaiéa:;ﬁch that these characters are located on
different base lines belonging to different print lines but

; partially overlap when ;iewad in the direction of moving the
20 printing head. This image ‘is different from those images of
. Figs. 1 to 3-in that the top Pnt of the character *B" is highex

than the bottom Pmb of the character “A". To print this image,

the number of movements of the_printing head xrequired for the

first image divisioﬁ mathod is equal to that fox the_second

25 image division wmethod. ~ Alsoc in the fourth example, the

movement of the printing head is controlled as in the examples
REPLACED
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| owest pass containing the bottomof the characters of the first_line.in
‘the print data; checking whether or not the top of the character of the
second and subsequent lines in the print data is present in the passes from
t he uppernost pass to the | owest pass; and if the top of the character of

t he second and subsequent lines is present, searching.for the |l.owest pass
containing the bottom of that character and continuing to print in the sane
direction until the | owest pass is reached. According to the third -aspect
of the present |nvent$o there is provided an apparatus for controlling

the moverthtFigs.
As seen from Figs. 1 to 4, the fixrst and second image

division methods of the present invention have their

advantages. Accordingly, these image division methods are
5 properly selected in accordance with the type of images to be
printed.

Fig. 5 is a'blbck diagram showing an arrangement of a
contxrol device for controlling the movement of a printing head
of a printer according to the present invention. The control

10 device controls the forward and backward movements of a
printing head, and contxrols the feed of a pfint paper on the
basis of print data received from a computexr or the like.

A portion enclosed by a one-dot chain line in Fig. 5
illustrates in block form a signal processing by a CPU in the

x5 contxrol davice. Print data recelved from the computer is
stored into an, input buffar 2, thrxough an I/0 port 1 of the
CPU. Then, the pélnf data is’ transfarred to a cods analyzer 3
where characters to be printed are xread out. The readout

regult is loaded through an input channel 4 into any of row

-~

z0 buffers 5, that is empty. The data representative of type
face, character size,'and the like is loaded into a format
registexr 7.

The zxrow buffera 5 gontain. attribute buffers 6,
respsctively. Print positions (the top pt and the bottom pb)
75 of characters to be printed on a print paper, which are

calculataed accorxding to tha character éize now set in the

\_
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of a ﬁrinting head in a printer for printing characters along a print pass
whil e selectively reversing a noving direction of the printing head,
i ncluding an inmage dividing device for setting passes by dividing print
data of a plurality of lines by the height of the printing head; a first
det erm ni ng devi ce for determ ni ng whether or not a bottom of characters of
afirst line in the print data is contained in the passes set by the inage
di vidi ng device; a second determning device for checking whether or not a
top of characters of a second |line is contained in the passes from an
upperﬂnstfﬁgggtcgﬁgapﬁpﬁg7 are loaded into the attribute buffers 6. 1In
the initial setting mode at the time of power on, an initial
value is read out of a nonvolatile memory B and loaded into the
format register 7. Thereafter, the value in the format
5 register 7 is altered in response to an alter command issued
.from the computer. .
The contents stored in the xow buffers 5 and the
attribute buffers 6 are read ocut onto an output channsl 9 and
are épplie;:l to a pass-cut section 10. The pass-cut section 10
10 calculates the number of movements of a printing head, which is
nacessary for the pass cutting of an image as described
refeffing to Figs. 1 to 3, and determines an optimum pass
cutting on the basis of éhe calculation result. The pass-cut
gection 10 develops the image data contained in a print pass,
15 which is determined on the basis of the character font read ocut

of a font ROM 1_3,,__intouaz_1f___d,i.g_zage buffer 11, and sends signals to

-

a carrlage E:'oz'i{:ii_::_l:. device 1% aﬁd a paper feed control device 17
for starting to print. |
i When the carriége contxol device 14 starts up and ' a
20 - gcan by a printing head starts, the image buffer 11 transfers
its ountput-signal through an I/0 port 12 to a printing head 15,
at proper timings.
Until all of the charagters to.be printed stored in the
row buffer 5 have been printed, the carriage control device 14
25 controls a carriage 16 to reciprocally move the printiﬁg head

15, and a paper feeder 18 feeds a baper according to the imags

.
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a top of the characters of the first line to a | owest pass containing the
bottom of the characters of the first line determ ned by the first
determ ni ng device; and a control device for controlling the novenent of
the printing head so-as to print the characters of the first and second
lines while noving the printing head in a first direction if the second
determ ning device determnes that the top of the characters of the second
line is contained. According to the fourth of the present invention,

there is provided an appar-atus for controlling the novenent of a
pasa by the paper feed control device 17.

Fig. 6 is a flow chart showing an overall control by
the control device q;range& as shown in Fig., 5. The control
'fallows. Upon power on, iﬁ a step S0, the respective sections

5 in the control device are initialized.

Specifically, the input buffer 2, the row buffers 5 and
the attribute buifers g to which the data from the input buffe;
2 ia loaded, the format regiater 7, the pass-cut section 10,
the image buffer 11, and the like are initialized. In a step

10 S1, a print paper is supplied to the printer, and a base line
ig gset to 0. The base line provides a reference level in the
height of the printed character. .

To entexr a process to analyze the print data which has,

come through the I/0 port 1 from the computer and been storsd
15 in the input buffer 2, and to load the one-line print data up

to CR, I¥, ox -FF c9de.§g-a delimiter into one of the row

7o -

buffers 5, in a .step 52, the input channel 4 searches the row
buffers 5 for an ‘empty buffer and specifies the buffer into
i_ which tﬁe one-line print data is to be loaded.

20 -After the row buffer 5 to store the data 1is speﬁified,
data is read out of the input buffer 2 in a step S5, and the
code analyzer 3 checks as to whether or not the print data is
characte: gode.to be printed, -in a step S§6. 1If t@e print data
is the character code to be printed, control by the CPU flows

25 to a step 57 where the print data is loaded into the row buffer
5 that is_npécified in the step S2, and to a step SB. 1In the

| f'/IﬂI///III/////I/I//II/'m“ ‘




printing head in a printer for printing characters along a print

10

15

20

.25

gstep S8, tha CPU calculates the positions of the top pt and the
bottom ph of an image of the.printad character that is stored
in the row buffer 5, using the character éize now stored in the
format register 7 and the present base line, storxes these
positions in its associated attribute buffer §, and xeturns its
control to the step S85.  In this step, the CPU reads out the
next dAta from the input buffer 2.

If the CPU decides, in the step S6, that the print data
is not tga character code to be printed, then control by the
CPU skips_to a step 89, In this steﬁ SS9, the CPU checks
whether ‘'ox not the code is CR (carriage return), LF (line
feed),; or FF (foxm feed) as a delimiter. -

If it is not a delimiter, for eiample, it is a format
value (e.g., character size) alter command, then control by the
CPU.advances to a step S17 where the process of the ﬁommand is

executed, and returns to.the step §5 for reading out the next

L mee e L :

data.
. If the CPU decides, in the step 59, that the code is a

delimiter,'fhan the CPU retxieves the top pt and the bottom pb

.0f each character image to be printed that is stored in the

gttribute 5uffer 6, and storxes the retrie?ed data as the'top
pmt and the bottom pmb in the memory locations Pt{m] and Pb{m]}
in an array or, table of a memory (not shown) (step S10), in
order to distinctly show the maximum height of ths charactexr
geries to be printed on the present line. Fig. 10 ;hows a

diagram showing the structurs of the array. As shown, the top
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-4- pass while selectively reversing a noving direction of the priiitiig
head,” i ncl uding an i mage divi ding device for setting passes by dividing
print data of a plurality or lines by the height of the printing head; a
first determ ning device for determ ning whether or not a bottom of
characters of a first line in the print data is contained in t he passes
set by the inmmge dividing device; a second determ ning device for
checki ng whether or not a top and a bottom of characters of

. pmt and the bottom pmb are stored in the memory locations
arrayed as shown, which are specified by a relative address m

(column number)

Returning to Pig 6, if the delimiter is a LF code
which is a paper feed command, tha CPU updates the base line in
a step S12 and returns its control to the step S2. 1In a step
s13, if the CPU deterﬁines that it is a CR code as a carriage
return command, it returns.its control to the step S2 where the
CPU executes the loading of the print data again.

10 After all of the buffers 5 are loaded with the data in
t+he control stage where the CPU retufns its control to tha step
32, the CPU investigates the print data that are stored in all
the row buffers 5 for a pass cut of an image (image division)
which mifiimizes the number of carriage movements (step S§3), and
15 executes a print process according. to the regult of the pass
cut in a sth:SA. 3:#?&;511 of the xow buffers 5 are empty,
controi By“thgté;E-raturgé to the step S2. Then, the CBU
repeats the segquence of above-mentioned control steps again.
When the CPU determines that the delimitex is a FF code
20 as a page break command in the step S13, the CPU executes a
pass cut process on only thg data thus far stored (step S14),
executes a printing process on the basis of the result of
- executing the pass cut pfocsss (step S15), and discharges ths
print paper out of the printer (step S16). Then, the CPU

25 returns its control to the step S1 where the next paper is

moved to the print start position and the base line is set to

T THIS SHEET HAS BEEN
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a second line are contained in the passes from an uppernost pass
containing a top of the characters of the first line to a |owest pass
contai ning the bottomof thé& characters of-the first |line determ ned by
the first determning device in a pass containing the bottom of the
characters of the first line determned by the first determ ning device;
and a control device for control-ling the novenent of the printing head so
as to print the characters of the first and second |ines whirle noving the
printing head in a first direction until the second determ ning device

det erym nesxphat the bottom of the char-
Tha details of the pass cutting process in the steps S3

and S14 will be described with refaerence to Figs. 7 and 8.
figs. 7 and 8 show process flowa to set passes on an

image by the first and second image division methods and to.

obtain the number of movements of a printir;g head, which

results from the image'division. These process flows are

carried out in the steps S3 and S14 in the flow chart shown in
Fig. 6. | o |

10 In the flow chart shown in Fig. 7, the CPU ini?ializaa:
a counter Npassl for counting the number of division passes and
‘a counter Tpassl for coﬁnting the numbexr of movem;n;s of a
printing head, in a step S101. Further, it copies the array
Pt{] and Pb[], which stores the tops and the bottoms of the

15 . character series of sach line, as an array Pt‘(] and Pb’[], in

a work area of ~the memoryasi- -

e e

THe"CfU“searchas éhe tops in each row for the row

number~gllocated in the highest level on the paper (S102). A

‘ function mizi(?t'} is for returning the row number of the

20 smallest positive value .of those hnumbers in the array Pt’'[],

viz., the rOW'number of the value located in the highest level

on the paper'of.thosa-fopq storeé in the array. In a case

where the tppé atoxred arxe all megative, the function returns a
negative valus as an error. |

25 ToISgt a division start point at the top Pt'[mi of the

_row m gained in the atep 5102, the top Pt’[m] is set to a
1This Sheet Has Been Replacec
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acters.of the second line is contained.if the second deter-. mning device
deternmines that the top of the characters of the second line is contained.
In-the present invention, the determ ning devices scan the print data of a
plurality of lines to check a relationship of a distribution value of the
hei ght of a character contained in the print pass ‘and the height of the
printing head. If the distribution value of the height of the character
contained in the print pass is larger than or equal to the height of the

printing head, the control device causes the rlntlng head to
pointar (referred to &s Ptr) (step S103).

In staps S104 to S106, the CPU divides an image in the

row g in the width qf the ﬁeight H of the printing head (the
image division starts froﬁ the Ptr position), and stores the
position of the division pass on the papex, in #asociation with
the Npassl;. Topl[] and Bottoml{), used here, also 1ndiéate
arrays formed ig thé memory. In the array, the Npasgsl
indicating the division pass number is used as a relative
addfess. The arrays indicate the upper and the lower limits of
10 a division zone.
| After the division pass ls determined, the printing .

head must be moved for one scan. To this end, the Npassl

‘indicating the division pass number must be incremenfed'by 1

(+1) (stsp S107). To check whether or not the imagas.in the
15 'iow m, now being processed, have all besn divided, the CPU

compares the, present Ptr*wzth the bottom Pb'({m] in the row m

e

(step S108).
I1f an image not yet divided is left in the row m, the
{ CPh adds a movement caused by the carriage return to the Tpassl
20 (step 5109) since the image must be printed in a unidirectional
manner. The -CPU stores an identification code (1) indicating
that the carxiage return command is required into an array
Cxretl[] in asgociation with the Npassl (step 5110). Further,
thé CPU increments the Npasal (step S5111) by one (+1), and

25 returng its control to the step S5104.

| 1f 15 §.§tep S108, the CPU determines that all of the
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repeat-edly nove in the same direction for printing the character. If the o

di stribution value of the height of the character contained in the print
pass is snaller than the height of the printing head, the control device
reverses the noving direction of the printing head for printing the-
character. Al'so, in an array of characters in which the bottons of the
characters are different but the charactérs are contained in the sane print
pass, the characters arc printed in the sane direction. After the character

term nates, the printing direc-
images in the xow m being currently -processed have been

divided, then control by the CPU advances to a step S112. 1In

this step, the CPU erases the top of the image in the processed
rowm (Pt/[m] = -1) by changing its value to a value which does
5 not exist' on the paper, e.g., a negative vélue, thereby
updating the array Pt’({}.
"~ In a step S113, the CPU searches the updated array -*
pt’[] for the ro;w number n having the top locatad in :che
highest ievel on the p.aper. And in a étep S114, the CPU checks

if the row number n is positive or negative. If it is a |

10
negative number as an error value, the CPU ends and exits from
the praesent process since the negative value indicates Fhat the
image division of the cha;acters to be printed, that are stored
in the row buffers 5, is completed. Usually, the CPU advances
15 its control to a step S115 where it compares the present Ptr

value with the-top Pt! of:.the row n gained in the step S113.
1f the éréséﬁé'fi;”;aiue_i;;hiéher in level than the top Pt’([n]
of the row n, that is, the tops in the 5 row reach the pass
thus far divided, then control by the CPU steps forward to a
20 step 5118. In this atep,. the CPU checks whether or not the
present Ptr value ig larger than the bottom Pb’[n] in the row
'n. If the present Ptr value is.larger than the bottom Pb’(n]
in the row n, .that is, all af the images in the n row are

contained in tha divided pass, then the CPU substitutes n into

25 m (step S120), and erases the top data in the row g in a step

B5112.
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tion'is reversed. | BRI EF DESCRI PTI ON OF THE DRAW NGS In'the

acconpanyi ng dr awi ngs:

FIG 1is an expl anatory di agram showi ng a first

exanpl e of the nmovenents of a pr|nt|ng head according to the present

i nvention;

190

15

20

25

If the present Ptr value is smaller than the bottom
Pb’[n] in the step S119, that is, the upper part of tha image
in the row n reaches the already divided pass but the lower

part of the image is not yet divided into a zone (Figs., 1 to

- 4), then the CPU substitutes n intom (m = n) in a step 5121,

and then advances its control to the staep 5109 for the
unidirectional printing. In this step, the previously stated
process is repeated. -
Raﬁurﬁihg to the step-Slls, if'tha-present.Ptr value is
smaller then the top Pt’[n] in the row n, that is, there is a
relgtiveyy large space between ths rows m and 1 so that no
carriags return is required for the printing of the subsequent
division pass, then the CPU stores an identification code (0)

indicating that no carriage return is required into the array

. Cxretl(] in association with the Npassl indicating the division

pass number .(step SllS)p* In the next step S117, the CPU

T gt
- . B

increments the Npassl by one (+1).

To repeat the process starting from the step 103 in a
state that the row number n gained in the step 5113 la replaced
by a new row i (step S118), the CPU substitutes the row number
n into the row number m, anq return§ its control to the step
5103.

Through the process thas far described, the pass areas
and the number of movements of.the printing head that are based
on the first image division method of the present invention can
be obtained.

o THIS SHEET HAS BEEN
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nnvenents of a printing head according to

.FIG 2 is an explanatory diagram showi ng a second
the present invention; - FIG 3

exanpl e of the

i s*'an expl anatory di agram showing a third exanple

e

1o

i3

20

25

A flow chart shown in Fig. 8 will be dascribed,

‘The flow chart of Fig. B is different from the flow

' chart of Fig.'f in that the former has an additional procass

(steps S222 to S§223). 1In the process, the CPU checks whether

or not any space 1s present between the rows m and n, and if it

is present, changes the content of the division Ptr to the top

—

of the next row.
_Firstly;,; in a step S201, the CPU initializes a counter

Npass2 for counting the number of division ﬁgsses'and a counter

| Tpass2 for counting the number of movements.of a printing head.

Further, it copies the array Pt{]) and Pb[], which stores the
tops and the bottoms of the character series of each line, as
an array Pt’[] and Pb’[], in a work area of the memoxy.
The CPU searches the tops of each row for the row
number m located in the highest level on the papexr (5202).
_'To sq;;afdiv15i9§§§tart point at the top Pt’(m] of the

e T

row m gained in.the step S202, the top Pt’'[m) is set to a

pointer Ptr (step S5203).

In steps S204 to SZOS,hthe CPU divides an image in the
row m in the width of thé height H of tha pﬁinting head (the
image division starts from the Ptr position), and stores the
position of the division pass on the paper, in association with
the Npass2. Top2[] and Bottem2[], used here, also indicate
arrays fo;med_ in the memory. In the arxay, tﬁa Npass2
indicati__z__;g the division pass number is used as a relative

address. The arrays indicate the upper and lower limits of a
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of the nmovenents of a printing head according to the present inventian;

FIG 4 is an explanatory diagram showing a fourth

of- a printing head according to the present invention; FIG 5is a

bl ock di agram showi ng an arrangenment of an
movenment of a printing head. according to the present invention:
is a flow chart showing a control flow by the apparatus shown in FIG 5;

10

1s

20

25

division pass.
After the division pass is determined, the printing

head must be moved for ons scan. To this end, the Npass2

indicating the division pass number must be incremented by one

(+1) . (step S207). To check whether or not the images in the

row m, now being processed, have all been divided, the CPU

compares the present Ptr with the bottom Pb’{m] in the row m -

(s.tep 5208). . N
If an image not yet divided is left in the row pm, the
CPU adds a movement caused by the carriage return to the Tpassa2
(step 5203) since the image must be printed in a unidirectional
manner. The CPU stores an identification code (1) iﬁc@icating

that the carrxiage xeturn command is required into an array

~Crret2[] in association with the Npassl (step S210). Further,

the CPU increments the Npass2 (step 211) by one (+1), and

raturng its control to th,e«ntep 5204.

-

1f£ in a step $208, the CPU determines that all of the '

images in the row m being currently processed have been
divided, then control by the CPU advances to a stap S$212. In

this step, the CPU erases the top of the image in the processad

xowm (Pt’[m]) = -1) by’'changing its value to a value which does

not exist on the paper, e.g., a negative value, theraby

updating the array Pt’[]. In a-step 5213, the CPU searches the

updated arrxay Pt’'[] for the row number n having the top located
in the highest level on the paper. And in a step 5214, the CPU

checks if the row number n is positive or negative. If it is

-_
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FIG 7, is a flow chart showing a control flow when the apparatus diVvides
an inmage by a first inmage division nethod according to the present
‘i.nvention; FIG 8 is a flow chart showing a control flow when the
apparatus divides an image by a second inmage division method according to
the present invention; FIG 9 is a flowchart 'showing a printing process
by the apparatus shown in FIG 5; FIG 10 is a structure of an array
formed in a nenory of the apparatus shown in FIG 5; and

a negative number as an error value, the CPU ends and exits
from the present procesa since the negative value indicates
that the image division of the characters to be printed, tﬁét
are stored in the row buffers 5, is completed. Usually, the
CPU advances its control to a step S215 where it compares the
present Ptr value with the top Pt'[nj of the row n gained in
the step 5213, - .
If the present Ptr value 1s not higher in lsvel than
the top Pt’[n] of the xow n, that is, there is a relatlvely
10 large space between the rows m and n so that no carriage return
is required for the printing of the asubsequent divis.ion pass,
then the CPU stores an identification code (0) indicating that
_no carriage xeturn is required into the array Crret2[] in
association.with the Npass? indicating the division pass number

is (step S216). In the next step S217, the .CPU increments the

Npass2 by one, (+1} L __:,—_-: _ _

To repeat the procass starting from the step 5203 in a

state that the row riumber n gained in the step S213 is rsplacad

.

by a new row m (step $218), the CPU substitutes the row numbex
20 n into the row number m, and returns its control to the step
$203.
. The process thus far described is substantially the
same as that in the first image division method.
1f the present Ptr value is larger than the top Pt’[n]
‘25 in the row n in the step S215, the CPU advances its con£rol to
a step $222, which is the feature of the second image division

-:_\\N
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FIG.-:11-+s a diagramuseful in explaining an inmge division process - :
enpl oyed by a conventional printer.. DESCRI PTI ON OF THE PREFERRED
EVBCODI MENTS FIG 1 is one diagram showi ng the novenent of a printing
head according to the present invention. In this first exanple of FIG 1,
characters "A" and "B", located at the' center of the illustration, are
different in size and | ocated on different Iines on a recording paper,
i.e., on different base lines. In the first exanple, the character "A" is

printed on the ..
- method. In this step, the CPU compares the bottom Pb’[m] in

e

the row m division processed with the top Pt’[(n] in the xow n

to be division processed.

If in the step 5222, the bottom Pb’[m] is smaller than
the top Pt3[n], that ié, there is a space between the rxows pm
and n, then the CPU advances its control to a step 5223.. In
this step, it changes.the lower limit Bottom2[Npass2] of the
pass resulting from the latest image division to the top Pt’[m]
in the row n, and exacuteé the steps S216 to 5218, and returns
10 its contxol to the step S203. In this step, the CPU sets the

top of the next line to the division Ptr.

If the Pb’[m] is larger than Pt’[n] in the step 5222,
the images in the rows m and g_partia11§ overlap as viewediin
the moving direction of the printing head. Accordingly,iéhe

as CPU advances its control to a step S21%. In this step, the'CPU
checks whether: or_not thaagxesent Ptr value is larxrger than the
bottom Pb’ [n]llgjéhe row n.. If the present Ptr value is larger
than the bottom Pb’[n] in the row n, that is, all of the images
in the rdw h are contained in the already divided pass, then
20 ‘the CPU-substitutes the row number n into the row number m (m

= n) in the step S220, and erases the top data in the row n in

the step S5212.
If the.present Ptr value is smaller than the bottom

Pb’{n] in the. row n in the step $219, that is, the upper part
25 of the image in the row n reaches the already divided pass but
the lower part of the image ia not. yet divided into a zéna

—_—
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mth |ine, and the character "B" is printed on the n-th line. The top and
the bottom of the character "A'" are denoted as Pnt and Pnb, respectiwvely.
The top and the bottom of t'he character "B" are denoted as Pnt and Pub,
respectively. The printing head for printing these characters has- fhe
hei ght of H. Since the.height of the character "B" on the n-th line s
smal l er than the height H of the printing head, the character "B" can be
printed by noving the printing head only one tine. The hei ght of the

character "A" on the mth
(Fig. 4), then the CPU substitutes n intom (m = n) in a step

s221, and advances its control to the step S209 for the
unidirectional printing. In this step, the previously stated
_process is repeated. .
Through the process thus far described, the pass areas
and the number of movements of the printing head that are based
on the.second image division method of the present invention — *
can be previocusly obtained. . o

The printing process of the steps S4 and S15 in the

flow chart of Fig. 6 will be described with reference to Fig.

10
9.

In a step S301, the CPU resets the Npass indiéa;ing the
division pass number to 0. In a step S302,.the CPU compa#as
the Tpassl with'the fpasaz to check which of the first image

15 dividing method and the secoﬁd image dividing method rsquires

a less number of carriage;movements.
It the C%U determlnea that the first image dividing
method requires a less number of the carriage movements than
f_ ths second image dividing‘method, the CﬁU carries out a process
20 consisting of steps S303 to S$309.
In a step S303, the paper is fed so that the leading
sdge of the printing head is positioned at the Topl[ﬁpass]. In
2 step15304, the CPU reads all of the image data contained.in
the zone of the pass of the Npass indicating the division pass
25 number of the characﬁers to be printed, from the row buffers 5,

and loads them into the image buffer 11, and causes the printer
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to print the image data;

After the printing operatlon, the CPU determines
whether or not the carrzage return is requlrad, while referring
to the qrruy element Crretl[Npass] (step S306). If the
Cr'rgtl.[NpaBB] .is ©1*, the CPU causes the ca.rﬂ.age to return in
a step 5307. If the Cz:retl[Npass] is "0", the CPU advances its
control to'a step S308 where it increments the Npass by'oné
(+1). In a step S309, the CPU compares the Npass with ;he
Npassl. If these are Foiﬁcident with each other, the CPU
returns 1its control to the step S303, and carries out Ehe
prxinting process of the next division pass.

If the CPU determines, In the step S302, that a less
number of the carriage movements is. requiréd by the second
image dividing method than by the first image dividing method,
then the CPU carries out a-process consisting of steps S310 ﬁo
8318. Descr;pt;?n ?f th;.s process is omitted since it is
substantiany ‘the same as that of §103 to 5309. |

Although the structures of other arrays than the array
Pmt;] and Pmb[] are not shown in thé fiqures, those are zimilax
to that of the array Pmt{] and Pmb{[].

As described above, according to the present invention
aé image division Qethpd'reguiring a less number of passes fo;
the print of an image is sslected. through a process of
searchinﬁfa plurality of character series for the heights ;f

the characters. When a character exceeding the height of a

printing head is printed, the printing head is moved fo
i r
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line is larger than the height Hof the printing head. In this case, one
movenment of the printing head can print only a part of the character- "A".
Te print the whole character "A", the unidirectional novenent of th&l

printing head is repeated. A case where a first inmage division nethod of
the present invention is applied to the printing of these characters thus
arrayed will be described. The whol e i mage including the characters "A" and
"B" of the mth and n-th lines, as illustrated in the left side in FIG 1,

are equally divided into three scan zones, by the height H of the printing
head.__ In pt:.ll‘?xting in the same direction so long as the ~character

continues. Therefore, a character, after printed, suffers from
no discontinuity, so that the quality of the printed character

is good. Further, a less number of reclprocal movements of the

5 printing head is required.

[
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first scan zone, the printing head is noved for a first printing in the
forward direction F, and returned to the initial posi- tion. Then, the
printing head is noved again in the forward direction F, for a second
printing. By this sequence of novenents of the printing head, the remnaining
part of the .character "A" and the upper half of the character "B" are
printed. Subsequently, the printing head is noved in the reverse direction
Rto the mHﬁlll"ﬁﬁl"t"ﬂmmm t.hen noved in the forward direction F for a
third print nage di vision method requires three forward
novenents F of CLAIMS

1. A method for controlling the movement of a printing head

S in a printer for printing characters along a print pass

while selectively reversing a moving direction of the
printing head, comprising the steps of:

_ setting at least two passes by dividing print data of
10 ' a plurality of 1lines by the height of the printing
head; o ' '

searching the passes for a first lowest pass
containing a bottom of characters of a first line in

15 the print data;

checking whether or not a top of characters of a
second line in the print data is present in the
passes from an uppermost pass containihg a top of the
20 characters of the first line in the print data to the

-'-f

first lowest pass-

continuing to print the characters of the second line

{ in a firsts direction as the characters of the first
25 line are printed if the top of the characters of the
second line 1is present in the passes from the

uppermost pass to the first lowest pass; and

reversing the moving direction of the printing head

30 for continuing to print the characters of the second
‘Iine in a second direction opposite to the first

"direction if the top of the characters of the second

“line is absent in the passes from the uppermost éass

' to the first lowest pass.
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printing head for printing the characters "A" and "B". To conplete the
print of these aracters, the printing head is noved totally five tines,
t.hree tines forﬁ?ﬁg‘?“marﬁmﬁnne‘~nent F and two tines for the reverse
novenment R ﬁuﬂ di vi sion nmet hod of the present invention is
illustrated on t "rﬂﬂ’m& e(H”FIG 1.,As shown, a division point is set
at the top Pnt of*tlfe -¢h B" The second i mage division nmethod can
reduce the total number of the hovenents of the printing head to four. The

second i mage division nethod is the sane as the first inage division
2. A method for controlling the movement of a printing head
in a printer for printing characters along a print pass
while selectively reversing a moving direction of the

printing head, comprising the steps of:

setting at least two passes by dividing print data of
a plurality of lines by the height of the printing

head;

10 searching the passes for a first lowest pass
containing a bottom of characters of a first line in

the print data;

checking whether or not a top of characters of a
15 second line in the print data is present in the
passes from an uppermost pass containing a top of
the characters of the first line in the print data to

the first lowest pass;

20 ' searching for a, second lowest pass containing a
hottom--of* 'Ehé ';bﬁracters of the second line if the
top of the character of the second line is present in
the passes from the uppermost pass to the first

{ lowest pass; and

- 25 '
continuing to print the characters of the second line
in a first direction as the characters of the first
line are printed until the second lowest pass is
reached.

30
3. An apparatus for controlling the movement of a printing

head (15) in a printer for printing characters along a
print pass while selectively reversing a moving direction
: of the printing head (15), comprising:

35
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met hod in that AN starts fromthe top Pnt of the character
"A", but is dlff ﬂﬂm‘jl ﬂmg next division does not start until the
top Pnt of the eached. A third imge division starts from
the top Pnt of the character "B". As shown, the character "B" is |ower than
the printing head. Therefore, the characBer "B" can be printed by one
novenment of the printing head. For the reasons described in the Background
di scussion, returning nove- ment of the printing head is not required for
printing this character.

image dividing means for setting passes by dividing

print data of a plurality of lines by the height of

the printing head (15);

5 first determining means for determining whether or
not a bottom of characters of a first line in the
print data is contained in the passes set by said

image dividing means;

10 second determining means for checking whether or rtot
a top of characters of a second line is contained in
the passes from an uppermost pass cdntaining a top of
the characters of the first line to a first lowest

: pass containing the bottom of the characters of the

15 first line determined by said first determining

means; and

control means for controlling the movement of the
printing head (15) so as to print the characters of
20 the first and sec_:ond lines while moving the érinting
head-- {15) - in-- :é‘-‘ first direction if said second
determlm.ng means determines that the top of the

characters of the second line is contained.

25 4. An apparatus for controlling the movement of a printing
head. (15) in a printer for printing characters along a
pr:.nt pass while select:.vely reversing a moving direction

of the printing head (15), comprising:

30 image'dividing means for sétting passes by dividing
print data of a plurality of lines by the height of
the printing head (15);

first determining means for determining whether or

35 ;./___,_,net———a-——ts‘ctﬁr’n of characters of a first llne in the
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The second imW.an print the image including the
characters "A" In two f

10

15

20

25

30

35
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print data is contained in the passes set by said

image dividing means;

second determining means for checking whether or not
a top and a bottom of characters of a second line are
contained in the passes from an uppermost pass
containing a top of the characters of the firsts line
to a first lowest pass containing the bottom of the
characters of the first line determined by said first

determining means; and

control means for controlling the movement of the
printing head (15) so as to print the characters of
the first and second lines while moving the printing
head (15) in a first direction until said second
determining means determines that the bottom of the
characters of the second line is contained if said
second determining means determines that the top of
the characters of the second line is contained.

The mgtﬁqa:bﬁmciéimgf'or 2, further comprising a step of

searching for a second lowest pass containing a bottom of
the characters of the second line if the top of the

character of the second line is present in the passes

6.

| ™ i\t\\ie\\\\\\\\\\\\\\\\\\\\\ ' " REPLACED

from the uppermost pass to the first lowest pass, wherein
the continuing step continues to print the characters of
the second line in the first direction until the second

lowest pass is reached.

The method of élaim 1 of-z, furfher comprising a step of
reversing the moving direction of the printing head for
continuing to print the characters of the second line in
a second direction opposite to the first direction if the
top of the characters of the second line is absent in the
passes m the uépermost pass to the first lowest pass.

\ace
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-7- ments, and one 7 se novenent R Thus, the total nunber of novenents
of the printing. LS one s than required by the first imge division
et hod. The pri WI% i»s al so~correspondi ngly increased. In a second
exanple, illustradte W/ he characters "A" and "B" arc both higher
than the height H of the %ri; head. #ccordingly, two printing
operations are required for eadh character. Wien the first inmage division
met hod is

7. The apparatus of claim 3 or 4, wherein said control means
reverses the moving direction of the print head for
continuing to print the characters of the second line in
a second direction opposite to the first direction unless

5 said second determining means determines that the top of
the characters of the second line is contained.

e

et Has Been Replaced

i

UABENUTZER\ED\$422CL.DOC



applied in printing these characters, the printing of the character "A" is .
conpleted after the second forward nove- nent, as illustrated on the left
side in FIG 2. To print the character "B", second to fourth forward
novenents, three forward novenents in total, are required. In the second
forward novenent, a |lower part of the character "A" and an upper part of
the character "B" are printed concurrently. Therefore, it is inpossible to
change the printing direction. Accordingly, the printing head nust be noved
reciprocally, with the return of the prlnthg head interl eaved therebe-
ABSTRAC

Described are methods and apparatuses for controlling the
5 movement of a print head (15) in a printer for printing
characters along a print pass while selectively reversing the
moving direction of the printing head (15). In the printing
head the character heights of a plurality of character series
are checked, image data of a plurality of lines are read out,
10 the image data being contained in a pass which can be printed
within the height of the printing head (15), the readout
image data is printed at once, it is checked whether or not
the printed image data is continuous to the image data of the
next pass, the same moving direction of the printing head is
15 kept for printing the image K of the next pass if it is
continuous, and the moving direction of the printing head is
reversed for printing the image of the next pass if it is not
continuous. The methods and the apparatuses can print
characters in excess of the height of the printing head in

20 high quality.

Thwsh

\
//II/I///III/////I/I//Ii/'a°e°'

UABENUTZER\EDW422ABST.DOC



aween. - Toi conplete the pf: i
Yanid B' “a‘total of &éve VE q - In the second ex: nple
FIG 2, the second image "di vi si on method of the present i nvention is
illustrated on the right side in FIG 2. In a case where the division point
is set at. the top Pnt of the character "B", only six forward and reverse
novenents are required. A large upper part of the character "A" is printed
during the forward novenent F of the printing head. After the printing head
is returned to the
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soxtgipal -posif i-oh.»:ve -renmai ni ng .part .of - the ‘charaster A ?Eﬁi'm 4
“t he’ ‘s#&forid- forward Roverent F. Substantlally t he upper hal f of "t T
character "B" is printed through the second reverse novenent R of the
printing head. Wth the third forward novenent F, the printing head is
noved to the right side position. The third reverse-novenent R of the
printing head is used for printing substantially the |lower half part of the
character "B". In this way, a total of six novenents of the printing head
conpletes the printing of the whole inage of the characters "A" and

FIG. 3
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TG 3 shows a third exanple, for printing another inage: The, seco
“di-vi si on met hod requires a |arger nunber -of nmovenents of “the’ pr| nting
than the first image division nethod, for printing this particul ar |mage.
In this imge, the height of the character "A" is less than the hei ght H of
the printing head. The zone of the height H of the printing head, which

i ncl udes the character "A",
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FIG. 6
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Pare- of the character B
the printing head. Accordlngly
printing head prints the whole

t he

s printed by the second forwafd ¥ CripyE e

char act er

forward novenent E of the"
"A" and a part of the character

first

"B". After the printing head is returned to the original position, the
printing head is noved in the forward direction F to conplete the
printing of both the characters. In this case, a total of three novenents

of the printing head is required to
I mage.

( START )

conplete the printing of the whole

In a case where the second i7§723divij}on nmet hod i s used

X

Crret1 [Npassi]=0

A 4
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A 4
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Af.8r-printing the-imege-shown-in FIG. 3, as seen from.the-:
‘the’ zone ineluding the whol e e
is printed by the first forward novenent F of

reverse novenents R of the printing head are then

i 11ustfation of FIG :3:°
top Pnt of the character "B
the printing head. Two
used for
the bottom t hereof.
and two reverse novenent S/ R

the printing head i i red.
{ START )

printing the zone ranging fromthe top of the character "B"
This printing process includes two
Accordi ngly,

a total

FIG. 8
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F?TE 4 ‘shows" a:f our t h exanp]e for printing-still:.another i.mage:: A the
fourth- exanple " a character--* A" and a char- ‘acter "B aré arrayed stch
that these characters are Iocated on different base |ines belonging to
different print lines but partially overlap when viewed in the direction
of printing head novenent. This image is different fromthose i mages of
FIGS. 1 to 3 in that the top Pnt of the character "B" is higher than the
bottom Pnmb of the character "A'. To print this inmage, the nunber of
novenents of the printing head required for the first inmge division

met hod i s equal to that F/G 9

{ START )

- 1 $301
Npass=0

a Y . -L Y
A 4
S303 Y 5310
FEED PAPER TO POSITION | FEED PAPER TO POSITION ~
PRINTING HEAT AT TOP1 |- PRINTING HEAT AT TOP1
{Npass] [Npass]
) 4
5304 S . S31
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PRINT ’T:H;':”"DKTA 5308 e [
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OF IMAGE BUFFER 1 OF IMAGE BUFFER
| 5306 \ ' S313
; . N
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ffDJI t:he secopid- image di visifon method. Al'so in-the fourth examai'-
moverent” of “the printing head is controlled as in the exarrpl es of" .
to 3. As seen fromFIGS. 1 to 4, the first and second i mage di vision
met hods of the present invention each have their respective advantages.
Accordi ngly, these inmage division nmethods are preferably selected in
accordance with the type of imges to be printed. FIG 5 is a block

di agram showi ng an arrangenent of a control device for controlling the
novenent of a printing
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- coptrols the feed of a print pape

: _Cn{o 2rE Y -2
h. The control device
alprinting head, and
brint data received from

head of a printer. according to the
controls the forward and backward

a- s”ﬁputer or the Ilike.

::, -

METHOD AND APPARATUS FOR CONTROLLING THE MOVEMENT OF

A PRINTING HEAD IN A PRINTER

The present invention relates to a method and an
apparatus for controlling the movement of a printing head of a
printer of the type which prints characters whil.el reciprocally
fnoving the printing head.

In a serial printer which prints characters while
moving the printing head along character lines, the print speed
is increased by using both the forward and backward movements
of the printing head. When this bidirectional printing method
is uséd to print an enlarged character higher than the height
of a priﬁting h'ead through a plural number of scans by the
printing head and at least one vertical feed of a recording
paper, which corresponds in length to the print width, a
printed image is discontinuous at the boundary of the scan zone
due to mechanical errérs of. the printer. Accordingly, its
image quality is poor.
| In printing such a ch_a‘_x;actef as to be divided into
zones for printing, deterioration of the print quality is
prevented by moving the prin;::i;ng head ih one direction (e.g.,
left to right) for printing. |

This type of the printer is disclosed in Unexaﬁined

Japanese Patent Publication No. Sho. 61-57348.
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processing by a CPU in the control device. Print dat
cqnputer i's |oaded into an input

.....

Fig. 11 4is an illustration to provide an easy

understanding of the print control, viz., the movement of a

printing head and the paper feed control in such a conventional

printer. As shown, a series of enlarged characters "A B C" are
printed on the m-th line, and another series of characters of
the standard size "h i j k" are printed on the n-th line spaced
by a distance 1 from the m-th line.

In a first step of the print control, a carriage
carrying the printing head is first moved in a direct'ion (from
left to right). Through the movement 6f the carriage, the.
upper half of the enlarged character series, "A B C", is
printed on a line. Then, the recording paper is fed by the
distance 1. In a second step, the standard character series,
"h i j k", is printed. BAnd"the recording paper is fed by a
distance of (H - 1).

‘Subsequently, the lower half of the enlarged character
series', "A B C", is printed in the same direction (left to
right) as of the printing dperation of the upper half.

Thus, according to the print control in the
conventional printer, those characters to be divided into a
plurality of zones for their ©printing are printed
unidirectionally. Accordingly, the print control succeeds in
eliminating the problem of the discontinuity in the printed

characters, which arises from the different printing' directions

of the printing head.
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buffer 2, through an I/O port 1 of the CPU. Then, th
transferred to a code analyzer 3 where characters toqbgﬁE pMﬁﬁﬂﬁﬁ’§ﬁEEr ad

out . The readout result |s |oaded through an input cHarjnel 4 into any aqf
row buffers 5, that are enpty. - The data3representatiVe |of 1t/ SEPI 1996,
character size, and the like is |oaded into a format {rdgi ster 7. The |rdw
buffers 5 contain attribute buffers 6. respectively. |Print positions (tjhe
top pt and the bottom pb) of characters to be printed on a print paper
whi ch are cal cul at & atber dprint o adnswshar déselosiede how the iUnetaminedat

regi ster 7 are
Japanese Patent Publication No. Sho. 61-57348, the character

images that are printed through one movement of the prlntlng
head are those of the characters of only one line. For this
reason, when this print control is used to print character
images of a plurality of lines in a state that theée overlap in
a scan zone as viewed in the moving direction of the printing
head, the number of movements of the printing head and the
number of feeds of the recording paper are increased. As a

result, the printing speed is decreased.

It is therefore the object of the present invention to
provide a method and an apparatus for controlling the movement
of a printing head in a printer which avoids the above
mentioned drawbacks. This object is solved by the methods of
independent claims 1 and 2 and the apparatuses of independent
claims 3 and 4. Further, advantageous features, aspects and
details of the invention are evident from the dependent claims,
the description, and the drawings. The claims are to be
understood as a first non-limiting approach to define the
invention in general terms.

The present invention provides fnethods and apparatuses

| for controlling the _movemeht of a printing head in which a
process of printing charactéi‘s that are higher than the height
of the printing head is constructed on the basis of
unidirectional printing, and a character image is divided into
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| oaded into the attribute buffers 6. In the initial s tﬂﬂﬂécﬁwﬁﬁféﬁfﬁﬁe
time of power on, an initial value is read out of a npnyolatile nmenory B
and |l oaded into the format register 7. Thereafter, the yalque SEP 1996 f prmat
register 7 is altered in response to an alter command}i g§sued from the
conput er. The contents stored in the rbw buffers 5 fnd—tte—attrpore
buffers 6 are read out onto an output channel 9 and aje applied to a
pass-cut- section 10. The pass-cut section 10 cal cul ates the nunber of
novenents ebnaspricy ipginehty ihi ctnsideeaessnr pif ohet keneastocutddargi of an
| mage as '

character image of a plurality of adjacent lines, whereby the
number of movements of the printing head is reduced and hence
the print speed is improved.

To achieve the above object, according to the first
aspect of the present invention, there is provided a method of
controlling the movement of a printing head in a printer for
printing characters along a print pass while selectively
reversing a moving direction of the printing head, providing
the steps of: setting at least two passes by dividing print
data of a plurality of lines by the height of the printing
head; searching the passes for a lowest pass containing a
bottom of characters of a first line in the print' data;
checking'whether or nbt a top of characters ofla second line in
the print data is present in the passes from an uppermost pass
containing a top of the characters of the first line in the
print data to the lowest pass; continuing to print the
characters of the second line in a first direction as the
characters of the;firsﬁ line are printed if the top of the
characters of the second 1ine is present in the passes from the
uppermost pass to the lowest pass; and reveréing the moving
direction of the printing head for continuing to print the
characters of the second line in a second direction opposite to
the first direction if the top 6f the characters of the second
line is absent in the passes from the uppermost pass to the

lowest pass.
et Has Been Replacec
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described referring to FIGS. 1 to 3, and determ ne
on the basis of the calculation result. The pass-ct sectl
the i mage data contained in a print pass, which is det et
of the character font read out of a font ROM 13,
and sends signals to a carriage. control device 14 gnd a paper feed cpntrol
device 17 for starting to print. When the carri ag§e—coniirolecoriatgel4
starts up and a scan by a printing head starts, the image buffer 11
transrcrs its out pliccsinmfialg t lt@ugbhan 5£CPPAart aspecs agfri rfilieg preesglens,

AepRes Cutting
!ﬁﬂﬁ%gwfe e} ops
t he] basi s

nfo _an i mage bujfpr 11,

invention, there is provided a method for controlling the
movement of a printing head in a printef for printing
characters along a print pass while reﬁersing the moving
diréction of the printing head, providing the steps of: setting
at least two passes.by'dividing print data of a plurality of
lines by the height of the printing head; searching these
passes for the lowest pass containing the bottom of the
characters of the first line in the print data; checking
whether or not the top of the character of the second and
sﬁbsequent lineé in the print data is present in the passes
from the uppermost pass to the loweét pass; and if the top of
the character of the second and subsequent lines is present,
searching for the lowest pass containing the bottom of that
character and continuing to print in the same direction until
the lowest pass is reached.

According to the third aspect of the present invention,
there is provided an apparatus for controlling the movement of
a printing head in a printer fér printing characters along a
print pass while sélectiveiy feversing a moving direction of

_ fhe printing head, providing: an image dividing device for
setting passes by dividing print data of a plurality of lines
by the height of the printing head; a first determining device
for determining whether or'not a bottom of characters of a
first line in the print data is contained in the passes set by

the image dividing device; a second determining device for

//I .
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at proper tim ngs. Until all of the characters to )eREPLNEEMQNﬁtSHEﬁﬂ n
the row buffer 5 have been printed, the carriage con§r tevee—i4d ngrols
a carriage 16 to reciprocally nmove the printing head}ly, f‘&g@’ er] f keder
18 feeds a paper according to the.image pass by the paper ? 5 rpl
device 17. FIG 6 is a flow chart showng an overafl Lcontrol by th
control device arranged as showin FIG 5, The contrpl. '

D

chécking whether or not a top of éharacters of a second line is
contained in the passes from an uppermost pass containing a top
of the characters of the first iine to é. lowest pass containing
the bottom of the characters .of the first iine determined by
the first determining device; and a control .device for
controlling the movement of the printing head so as to print
the characters of the first and second lines while moving the
printing head in a first direction if the second determining
device determines that the top of thé characters of the second
line is contained. |
According to the fourth 'of the present in\}ention, there
is provided an apparatus for ‘controlling the movement of a
printing head in a printer for printing characters along a
. print pass while selectively reversing a moving direction of
the printing head, providing: an image dividing device for
setting passes by dividing print data of a plurality of lines
by the_height of the printing head; a first determining device
for determining whether or not a bottom of ché.racters of a
first line in the print data is contained in the passes set by
the image dividing'device; é.second determining device for
checking whether or not a top and a bottom of characters of a
second line are contained in the passes from an uppermost pass
containing a top of the characters of the first line to a
lowest pass containing thé bottom of the characters of the
first line determihed by the first determining device in a pass
containing the bottom of the characters of the first line
heet Has Been Replacrec
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determined by the first determining device; and a control
device for controlling the movement of the printing head so as

to print the characters of the first and second lines while

" moving the printing head in a first direction until the second

determining device determines that the bottom of the characters
of the second line is contained if the second determining
device determines that the top of the characters of the second
line is contained.

In the present invention, the determining devices scan

the print data of a plurality of lines to check a relationship

of a distribution value of the height of a character contained

in the print pass and the height of the printing head. If the
distribution value of the height of the character contained in
the print pass is larger than or equal to the height of the
printing head, the control device causes the printing head to
repeatedly move in the same direction for printing the
character. If the distribution wvalue of the héight of the
character contained in the print pass 1is smaller than the
height of the printihg head, the control device reverses the
moving direction of the printing head for printing the
character.

Also in such an array of characters that the bottoms of
the characters are different but the characters are contained
in the same print pass, the characters are printed in the same
direction. After_ the character terminates, the printing

direction is reversed.

_—
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follows. Upon power on, in a step SO the respective sections in the
control device are initialized. Specifically, t aput _buffer 2. the row
. buffers 5 and the attribute buffers 6 to which th ﬂﬁPBQGEMEN'TtM'n]’Ut

buffer 2 is |oaded, the format registerg7, the pags , [t he

| mage buffer 11, and the like arc initialized. Injajst riny paper
I s=supplied to the printer, and a base line is se gq é&%1§a§e | { ne
provides a reference level in the height of the pgi d_character

In the accompanying drawings:

Fig. 1 is an explanatory diagram showing a first
example of the movements of a printing head according to the
present invention;

Fig. 2 is an‘ explanatory diagram showing a second
eXamplé of the movements of a printing héad according to the
present invention;

Fig. 3 1is an explanatory _diagram showing a third
example of the movements of a printing head according to the
present invention;

Fig. 4 is an explanatory diagram showing a fourth
example of the movements of a printing head according to the
present invention;

Fig. 5 is a block diagram showiﬁg an arrangement of an
apparatus for controlling the movement of a printing head
according to the present invention;

Fig. 6 is a flow chart show:Lng a control flow by the
- apparatus shown in Fig.5;

Fig. 7 is a flow chart showing a control flow when it
divides an image by a first image division method according to
the present invention; |

Fig. 8 is a flow chart showing a control flow when it
divides an image by a second image division method according to
the present invention;

Fig. 9 is a flow chért showing a printing process by

the apparatus shown in Fig. 5 ;
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To enter a process to analyze the print data which hag CEMENPQ#EEFG 1/ 0
port 1 fromthe conputer and been stored in the input]{b .oad
the one-line print data up to CR, LF, or FF code as ajdelimte nto Dne of
the row buffers 5, in a step S2, the inp channel 4 gehrc é&l

buffers 5 for an enpty buffer and specifies the buffe nt o mhlch the
one-line print data is to be | oaded. ‘After the rowbuffer 5 to store}jthe
data is specified, data is read out of the input buffé j : and

B2 Reed S0 P—S54-
the code anal yzer Bighedks ias at stwnctivere of em axraeypformedhtia iss memory

of the apparatus shown in Fig. 5; and
Fig. 11 is a diagram useful in explaining an image

division process employed by a conventional printer.

Fig. 1 is a diégram showing the movement of a printing
head according to the present.invention. In a first example of
Fig.1l, characters "A" and "B", located at the center of the
illustration, are different in size and located on different
lines on a recording paper, viz., on different base lines. 1In
the first example, the character "A" is printed on the m-~th
line, and the character "B" is printed on the n-th line. The
top and the bottom of the character "A" are denoted as Pmt and
Pmb, respectively. The top and the bottom of the character "B"
are denoted as Pnt and Pnb, respectively.

The printing head for printing these characters has the
height of H. Since the height of the character "B" on the n-th
line is smaller than the height H of the printing head, the
character "B" can be print_ed by moving the printing head one
time. The height of the character "A" on the m-th line is
larger than the height H of the printing head. 1In this case,
one movement of the printing head can print only a part of the
character "A". To print the whole character "A", the
unidirectional movement of the printing head is repeated.

A case where a first image division method of the

present invention is applied to the printing of these

\'\'ms\\\\\\\\\\\\\\\\\\\\\\\\\ | THI'S SHEET HAS BEEN
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character code to be printed, in a step S6. If the

character code to be printed, control by the CPU roﬂﬁPlkCBMENFe$Hé§7 Wher e
the print data is |loaded into the row buffer 5 that speC|T|ed i tjhe
step S2, and to a step S8. In the step {8, the CPUJc Icql ﬁ ogi tions
of the top pt and the bottom pb of an inmage of the prlnted C aract r {t hat
IsTstered in the row buffer 5, using the character Bi iy the

format register 7 and the present base line, stores|these positions ihits

associ at ed chiatrsidtietres idsrafraged welldr ke idescoihedi—+FhENTIEilep B6age N

this step, the CPU reads out the next
including the characters "A" and "B" of the m-th and n-th
lines, as illustrated in the left side in Fig. 1, are equally
divided into three scan zones, by the height H of the printing
head. In the first scan zone, the printing head is moved for
a first printing in the forward direction F, and returned to
the initial position. Then, the printing head is moved again
in the forward direction F, for a second printing. By this
sequence of movements of.the printing head, the remaining part
of the character "A" and the upper half of the character "B"
are printed. Subsequently, the printing head is moved in the
reverse direction R to the initial position, and then moved in
the forward direction F for a third print. Thus, this first
image division method requires three forward movements F of the
printing head for printing the characters "A" and "B". To
complete the print of these characters, the printing head is
moved totally five times, three times for the forward movement
F and two times for the reverse movement R.

A second image division method of the present invention

is illustrated on the right side of Fig. 1. As shown, a
division point is set at the top Pnt of the character "B". The
second image division method can reduce the total number of the
movements of the printing head to four. The second image
division method is the same as the first image division method
in that the image division starts from the top Pmt of the

character "A", but is different in that the next division does

IThis Sheet Has Been Replacec
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data fromthe input buffer 2. . [If the CPU decides, iﬁEEH%EQEE&jﬁﬁE?t at
the print data is not a character code to be prlnted tthen control by {he
CPU skips to a.step S9. In this step S9, the CPU chedkg whetSEP 1994 nft |t he
code is CR (carriage return), LF (line feed), or FF (f¢grmfeed) as aj }
delimter. If it is not a delimter, for exanple, it TS a format—val e
(e7g., character size) alter command, then control by _the CPU advancesjto a
step S17 where the process of the comand is executed, and returns to the
step SS f onoteattamg until the top Pnt of the character "B" is reached.

A third image division starts from the top Pnt of the character
"B, As shown, the character "B" is lower than the printing
head. Therefore; the character "B" can be printed by one
movement of the printing head. The returning movement of the
printing head is not required for printing this character.
The second image division method can print the image
including the characters "A" and "B" by the two forward
movements, and one reverse movement R. Thus, the total number
.of the movements of the printing head is smaller than that by
the first image division method by one. The printing speed is
also correspondingly increased.
In a second example of Fig. 2, the characters "A" and
"B" are both highef than the printing head of the height H.
Accordingly, two printing operations are required for each
character. When the first image division method is applied to
the printing of these characters, the printing of the character
"aA" ig completed after the second forward movement, as
illustrated on the left sid_é in Fig. 2. To print the
character "B", the forward movements from the second to fourth
forward movements, totally three forward moVements, are
required. In the second forward movement, a lower part of the
charactér "A" and an upper part of the character "B" are
printed concurrently. Therefore, it is impossible to change
the printing direction. .Accordingly, the printing head must be
moved reciprocally, with the return of the printing head
-
eet Has Been Replacec
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out the next data. If the CPU decides, in the t% L§§EMEMﬁtSHEE'e ode is

a delimter, then the CPUretrieves the top pt an he bo each
character image to be printed that is stored in the aqt15ﬁyu ufff gr 6, and
stores the retrieved data as the top pat and the jbqgttom pnb t e fmenory
Iocatlons Pt [ m and -' :
interleaved therebetween. To complete the printing of the

image including the characters "A" and "B", a total of seven
movements are required.

In the second example of Fig. 2, the second image
division method of the present invention is illustrated on the
right side in Fig. 2. 1In a case where the division point is
set at the top Pnt of the character "B", only six forward and
reverse movements are required. A large upper'part of the
character "A" is printed through the forward movement F of the
‘printing head. After the printing head is returned to the
original position, the remaining part of the character "A" is
printed through the second forward movement F.

Substantially the upper half of the character "B" is
printed through the second forward movement F of the printing
head. With the third forward movement F, the printing head is
moved to the right side position. The third reverse movement
R of the printing head is used for printing substantially the
lower half part of the character "B". 1In this way, a total of
six movements of the printing head completes the printing of
the whole image of the characte;s "A" and "B".

Fig. 3 shows a third example in printing another image.
The second image division method requires a larger number of
movements of the printing head than the first image division
method ﬁo print the image.

In this image, the height of the character "A" is

smaller than the height H of the printing head. The zone of

IThis Sheet Has Been R

L i~




REPLACEMENT SHEET

13 11 SEP 1996

the height H of the printing head, which iﬁcludes the éharacter
"A"  contains the upper part of the character "B". The
remaining part of the character "B" is printed by the.second
forward movement F of the printing head. Accordingly, the
first forward movement F of the printing head prints the whole
character "A'" and a part of the character "B". 'After the
printing head is returned to the original position, the
printing héad is moved in the forward direction F to complete
the print of both the characters. In this case, a total of
three movements of the printing head are required to complete
the print of the whole image.

In a case where the second image division method is
applied to the print of the.image shown in Fig. 3, as seen from
the right side illustration of Fig. 3, the zone including the
whole character "A" and the top Pnt of the character "B" is
printed by the first forward movement F of the printing head.
Two reverse movements R of the printing head are used for
printing the zone ranging from the top of the character "B" to
the bottom thereof. This printing process includes two forward
movements F and two reverse movement R. a total of four
~movements of the printing head is required.

Fig. 4 shows a fourth example in printing still another
image. In the fourth example, a character "A" and a character
"B" are arrayed such that these characters are located on
different base lines belonging to different print lines but
partially overlap when Viewed in the direction of moving the

S
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Pb[ n

in an array or table of a nenory (not sho

' kéﬁﬂf 538r—it0r der to
distinctly show t he maxi mum hei ght of the charac e|R E@EWOSH!EETIO I nted on

the present line. FIG 10 shows a di agram show n
array. As shown, the top pnt and the,pottom pnbjaje p#cg
| ocati ons arrayed as shown, which are specified pyla relatlv

ﬁ t he
e} menory
didrpss m

(col um nunber). Returning to FIG 6, if the dpl FMmter—s—a-LH cbde which

is a paper feed command, the CPU updates the bas
returns it prdorting Headlmaﬁhf@ fitagénia di€pPerent from

line in a step q12 and
ose—images of

Figs. 1 to 3 in that the top Pnt of the character "B" is higher
than the bottom Pmb of the character "A". To print this image,
the number of movements of the printing head required for the
first image division method is equal to that for the second
image division method. Also in the fourth example, the
movement of the printing head is controlled as in the'examples
of Figs. 1 to 3.

As seen from Figs. 1 to 4, the first and second image
division methods of the present invention have their
advantages. Accordingly, these image division methods are
properly selected in accordance with the type of images to be
printed.

Fig. 5 is a block diagram showing an arrangement of a
control device for controlling the movement of a printing head
of a printer according to the present invention. The control
device controls the forward and backward movements of a
printing head, and controls the feed of a print paper on the
basis of print data received from a computer or the like.

A portion enclosed by a one-dot chain line in Fig. 5
illustrates in block form a signal processing by a CPU in the
control device. Print data received from the computer is.
stored into an input buffer 2, through an I/0 port 1 of the
CPU. Then, the print data is transferred to a code analyzer 3
where characters to be printed are read out. The readout

result is loaded through an input channel 4 into any of row

s Sheet Has Been Rep Iaceo
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S13, if the CPU determines that it is a CR code as 3

command, it returns its control to the step S2 wherg gs {t he

| oadi ng of the print data again. After all of thelby Ida ed
with the data in the control stage mhere the CPU re [ 10 the
step S2, the CPU investigates the print Yata that i or et he row

buffers 5 for a pass cut of an image (inmage divisiok).which nin{nizes t he
nunber of carriage novenents (step S3), and executes a print
accordi ng baffkesr esul that tibe empty .cut The datteeprepresdntatinré of tHyper ow
buffers 5 are :
face, character size, and the like is loaded into a format
register 7.
The row buffers 5 contain attribute buffers &6,
respectively. Print positions (the top pt and the bottom pb)
of characters to be printed on a print paper, which are
calculated according to the character size now set in the
format register 7 are loaded into the attribute buffers 6. 1In
the initial setting mode at the time of power on, an initial
value is fead out of a nonvolatile memory 8 and loaded into the
format register 7. Thexreafter, the value in the format
register 7 is altered in response to an alter command issued
from the computer.
The contents stored in the row buffers 5 and the
attribute bufferé 6 are read out onto an output channel 9 and
are applied to a pass-cut section 10. The pass-cut section 10
calculates the number of movements of a printing head, which is
necessary for the pass cutting of an image as _described
referring to Figs. 1 to 3, and determines an optimum pass
cutting on the basis of the calculation result. The pass-cut
section 10 develops the image data contaiﬁed in a print pass,
which is determined on the basis of the character font read oﬁt
of a font ROM 13,linto an image buffer 11, and sends signals to

a carriage control device 14 and a paper feed control device 17

for starting to print.
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enpty, control by the CPU returns to the step S2.
sequence of above-nentioned control steps again
that the delimter is a FF code as a page break cq
the CPU executes a pass cut process on gnly the dat 3
S 14). executes a printing process on t & basis o
the pass cut process (step S15). and di scharges the
printer (step S16). Then, the CPU returns its contro
the next paper is When the carriage control device 14 starts Up

scan by a printing head starts, the image buffer 11 transfers
its output signal_through an I/0 port 12 to a'printing head 15,
at proper timings.

Until all of the characters.to be printed stored in the
row buffer 5§ have been printed, the carriage control device 14
controls a carriage 16 to reciprocally move the printing head
15, and a paper feeder 18 feeds a paper according to the image
pass by the paper feed control device 17. |

Fig. 6 is a flow chart showing an overall control by
the control device arranged as shown in Fig. 5. .The control
follows. Upon power on, in a step S0, the respective sections
in-the contrbl device are initialized.

Specifically, the input buffer 2, the row buffers 5 and
the attribute buffers 6 to which the data from the input buffer
2 is loaded, the format register 7, the pass-¢ut éection 10,
the image buffer 11, and the like are initialized. In a step
S1, a print paper is supplied to the printer, and a base_lihe
is.set to 0. The base line provides a reference'level in the
height of the printed character. |

To enter a process to analyze the print data which has
come through the I/0 port 1 from the computer and been stored
in the input buffer 2, and to load the one-line print data up
to CR, LF, or FF code as a delimiter into one of the row
buffers 5, in a step S2, the input channel 4 searches the row

buffers 5 for an empty buffer and specifies the buffer into
__________________~_
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met hods and to obtain the nunber of novenents of a
results fromthe i nage division. These process fl ows n the
steps S3 and S14 in the flow chart shown in FIG 6.

which the one-line print data is to be loaded.

After the row buffer S to store the data is specified,
data is read out of the input buffer 2 in a step S5, and the
code analyzer 3 checks as to whether or not the print data is
character code to be printed, in a step S6. If the print data
is the character code to be printed, control by the CPU flows
to a step S7 where.the print data is léaded into the row buffer
5 that is specified in the step S2, and to a step S8. 1In the
step S8, the CPU calculates the positions of the top pt and the
bottom pb of an image of the printed character that is stored
in the row buffer 5; using the character size now.stored in the
format register 7 and the present base line, stores these
positions in its associated attribute buffer 6, and returns its
control to the step S5. In this step, the CPU reads out the
next data from the input buffer 2.

If the CPU decides, in the step S6, that the print data
is not the character code to be printed, then control by the
CPU skips to a step 8S9. In this step S9, the CPU checks
whether or not the code is CR (carriage return), LF (line
feed), or FF (form feed) as a delimiter.

If it is not a delimiter, for example, it is a format
value (e.g., character size) alter command, then control by the
CPU advances to a step S17 where the process of the command is
executed, and returns to the step S5 for reading out the next

data.
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Inthe flow chart shown in FIG 7, the CPU initial
counting the nunber of division passes and a countdr
t he nunber of novenents of a printing head, in a ste

copies the array Pt[] and Pb[], which storgs the t¢p

t he

If the CPU decides, in the step S9, that the code is a
delimiter, then the CPU retrieves the top pt and the bottom pb
of each character image to be printed that is stored in the
attribute buffer 6, and stores the retrieved data as the top
pmt and the bottom pmb in the memory locations Pt[m] and Pb[m]
in an array or table of a memory (not shown) (step S10), in
order to distinctly show the maximum height of the character

series to be printed on the present line. Fig. 10 shows a

'diagram showing the structure of the array. As shown, the top

pmt and the bottom pmb are stored in the memory locations
arrayed as shown, which are specified by a relative address m
(column number) .

Returning to Fig. 6, if the delimiter is a LF code

. which is a paper feed command, the CPU updates the base line in

a step S12 and returns its.control to the step S2. In a step
813, if the CPU determines that it is a CR code as a carriage
return command, it returns its control to the step S2 where the
CPU executes the loading of the print data again.

After all of the buffers 5 are loaded with the data in
the control stage where the CPU returns its control to the step
S2, the CPU investigates the print data that are stored in all
the row buffers 5 for a pass cut of an image (image division)
which minimizes the number of carriage movements (step S3), and
executes a print.process according to the result of the pass
cut in a step S4. After all of the row buffers 5 are empty,
control by the CPU returns to the step S2. Then, the CPU

-— 1
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repeats the sequence of above-mentioned control steps again.

When the CPU determines that the delimiter is a FF code

as a page break command in the step S13, the CPU executes a

pass cut process on only the data thus far stored (step S14),
executes a printing process on the basis of the result of
executing the pass cut process (step S15), and discharges the
print paper out of the printer (step S16). Then, the CPU
returns its control to the step S1 where the next paper is
moved to the print start position and the base line is set to
zero.

The details of the pass cutting process in the steps S3
and S14 will be described with reference to Figs. 7 and 8.

Figs. 7 and 8 show process flows to set passes on an
image by the first and second image division methods and to
obtain the number of movements of a printing head, which
results from the image division. These process flows are
carried out in the steps S3 and S14 in the flow chart shown in
Fig. 6. _ '

In the flow chart shown in Fig. 7, the CPU initializes
a counter Npassl for counting the number of division passes and
a counter Tpassl for counting the number of movements of a
printing head, in a step S101. Further, it copies the array
Pt[] and Pb[], which stores the tops and the bottoms of the
character series of each line, as an array Pt’[] and Pb’[], in

a work area of the memory.

Thns Sheet Has Been Rep THIS SHEET HAS. BEEN

IR Illl _ ReLace




The CPU searches the tops in each row for the row nBEBMCEMENEC&!BE@ n the
hi ghest | evel on the paper (S102). A function nin% ror—T rping the
roew nunber of the small est positive value of those¢ r gg%? afray
Pt'[], i.e., the row nunber of the val ued ocated ﬁﬁah | evEl on

t he paper of those tops stored in the array. In a / ops
stored are all negative, the function returns a nggative val ue as error.
To set a division start point at the top Pt'[n] of the Towmgatned in the

step S102, the topThe' [CHU i seaethes aheoi tbps in each row for the row

number m located in the highest level on the paper (S102). A
function min(Pt’) is for returning the row number of the
smallest positive value of those numbers in the array Pt’I[],
viz., the row number of the value located in the highest level
on the paper of those tops stored in the érray. In a case
where the tops stored are all negative, the function returns a
negative value as an error.

To set a division start point at the top Pt’[m] of the
row m gained in the step S102, the top Pt’[m] is set to a
pointer (referred to as Ptr) (step S103). |

In steps S104 to S106, the CPU divides an image in the
row m in the width of the height H of the printing.head (the
image division starts from the Ptr position), and stores the
position of the division pass on the paper, in association with
the Npassl. Topl[]l] and Bottoml[], used here, also indicate
arrays formed in the  memory. In the array, the Npassl
indicating the division pass number is used as a relative
address. The arrays indicate the upper and the lower limits of
a division zone. |

After the division pass is determined, the printing
head must be moved for one scan. To this end, the Npassl
indiéating the division pass number must be incremented by 1
(+1) (step S107). To check whether or not the images in the
row m, now being processed, have all been divided, the CPU

compares the present Ptr with the bottom Pb’ [m] in the row m
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(referred to as Ptr) (step S103). In steps S104 to S106, the CPU di vi des
an inmage in the rowmin the wdth of the height HJoT b IHLIn ad
(t-he image division starts fromthe Pur position), aﬁg gf ﬂb<|t|on

of the division pass on the paper, in assogjation Jith t he Npassl Topl[]
and Bottom [], used here, also indicate arrays forfeq i 4 SgPrpo®ry. |In the
array, the Npassl indicating the division pass nunfjeq is used as ajre¢lative
address. The arrays |nd|cate t he upper and the | owgr *imts—of—a—ef visi on
Zone. (step S108).

If an image not yet divided is left in the row m, the
CPU adds a movement caused by the carriage return to the Tpassl
(step S109) since the image must be printed in a unidirectional
manner. The CPU stores an identification code (1) indicating
that the carriage return command is required into an array
Crretl[] in association with the Npassl (step S110). Further,
the CPU increments the Npassl (step S111) by one (+1), and

returns its control to the step S104.

If in a step S108, the CPU determines that all of the
images in the row m being currently procéssed have been
divided, then control by the CPU advances to a step S112. 1In
this step, the CPU erases the top of the 1mage in the processed
rowm (Pt’[m] = -1) by changlng its value to a value which does
not exist on the paper, e.g., a negative value, thereby
updating the array Pt’[].

In a step S113, the CPU searches the updated array
Pt’[] for the row number n having the top located in the
highest level on the pape-r. And in a step S114, the CPU checks
if the row number n is positive or negative. If it is a
negative number as an error value, the CPU ends and exits from
the present process since the negative value indicates that the
image division of the characters to be printed, that are stored
in the row buffers 5, is completed. Usually, the CPU advances
its control to a step S115 where it compares the present Ptr

value with the top Pt’ of the row n gained in the step S113.
-
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After the division pass is determined, the printing hgﬁmﬂmﬁme
one scan. To this end, the Npassl indicating the diyigion pass~rmt

be increnmented by 1 (+1) (step S 107). To check whef§hgr pq%(%e
in the row m now bei ng processed, haveazall been di |Ped t

cp

the present Ptr with the bottomPb'[n] in the row m If an
I mpage not yet divided is left in the rowm the CP adds a novenent clused
by the carriage return to the Tpass 1 (step S109) since theTmage—fu be

printed i n1g thedbf€Sent Ptr value is higher in level than the top Pt’ [n]
of the row n, that is, the'tops in the n row reach the pass
thus far divided, then control by the CPU steps forward to a
step S119. In this step, the CPU checks whether or not the
present Ptr value is iarger_than the bottom Pb’ [n] in the row
n. If the present Ptr value is larger than the bottom Pb’ [n]
in the row n, that is, all of the images in the n row are

 contained in the divided pass, then the CPU substitutes p into
m (step S120), and erases the top data in the row n in a step
Sli2.

If the presenf Ptr value is smaller than the bottom
Pb’ [n] in the step S119, that is, the upper part of the image
in the row n reaches the already divided pass but the lower
part of the image is not yet divided into a zone (Figs. 1 to
4), then the CPU substitutes n intom (m = n) in a step S121,
and then advanées Iits control to the step 8109 for the
unidirectional printing. In this step, the previously stated
process is repeated.

Returning to the step 8115; if the present Ptr value is
smaller‘than the top Pt'[n].in the row n, that is, there is a
relatively large space between the rows m and n so that no
carriage return is required for the printing of the subsequent
division pass, then the CPU stores an identification code (0)
indicating that no carriage return is required into the array

Crretl[] in association with the Npassl indicating the division

pass number (step S116). In the next step S117, the CPU
-_—
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tional nmanner . The CPU stores an identif!cation codg “'_', .ng t hat

association with the Npassl (step S110). Further,
Npassl (step S111) by one (+1), and returns its co‘t oI1qu
If in a step S108, the CPU determ nes téat all of {h
béing currently processed have been divided, then
advances to a step S112. In this step, the CPU cral
in the increments the Npassl by one (+1).

es the top of thel imge

To repeat the process starting from the step 103 in a
state that the row number n gained in the step S113 is replaced
by a new row m (step'8118), the CPU substitutes the row number
n into the row number m, and returns its control to the step
S103.

Through the process thus far described, the pass areas
and the number of movements of the printing head that are based
on the first image division method of the present invention can
be obtained.

A flow chart shown in Fig. &€ will be described.

The flow chart of Fig. 8 is different from the flow
chart of Fig. 7 in that the former has an additional process
(steps 8222 to S223). 1In the process, the CPU checks whether

or not any space is present between the rows m

and n, and if it
is present, changes the content of the division Ptr to the top
of the next row. |

Firstly, in a step S201, the CPU initializes a counter
Npass2 for counting the number 6f division passes and a counter
Tpass2 for counting the number of movements of a printing head.
Further, it copies the array Pt[] and be], which stores the
tops and the bottoms of the character series of each line, as
an array Pt’[] and Pb’[], in a work area df the memory.

The CPU searches the tops of each row for the row

number m located in the highest level on the paper (S202).
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To set a division start point at the top Pt’ [m] of the
row m gained in the step S202, the top Pt’[m] is set to a
pointer Ptr (step S203).

In steps S204 to S206, the CPU divides an image in the
row m in the width of the height H of the printing head (the
image division starts from the Ptr position), and stores the
position of the division pass on the paper, in association with
the Npass2. Top2[] and Bottom2[], used hefe, also indicate
arrays formed in the memory. In the arréy, the Npass2
indicating the division pass number is used as a relative
address. The arrays indicate the upper and lower limits of a
division pass. |

After the division pass is determined, the printing
.head must be moved for one scan. To this end, the Npass2
indicating the division péss number must be incremented by one
(+1) (step S207). To check whether or not the images in the
row m, now being processed, have all been divided, the CPU
compares the present Ptr with the bottom Pb’[m] in the row m
(step S208). |

If an image not yet divided'is left in the row m, the
CPU adds a movement caused by the carriagé return to the Tpass2
(step S209) since the image must be printed in a unidirectional
manner. The CPU stores an identification code (1) ihdicating
that the carriage return command is required into an array
Crret2[] in association with the Npassl (step S210). Further,
the CPU increments the Npass2 (step 211) by one (+1); and

-
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processed row m(Pt'[n]=-1) by changing its value tqg
exi st on the paper, e.g., a negative val ue, thereby

S not

REHBHEWENWWﬁﬂﬁﬂr y

P[] In a step S113, the CPU searches the upddt - of the
row nunber n having the top | ocated imnsthe highest |l vet o€ ééﬁ%ﬁa And
in a step S114, the CPU checks if the row nunber njig p di o€ egati ve.
If it is a negative nunber as an error value, the ¢PU_ends and exif§s|from

t he present

returns its control to the step S204.

If in a step S208, the CPU determines that all of the
images in the row m being currently processed have been
divided, then control by the CPU advances to a step S212. In
this step, the CPU erases the top of the image in the processed
rowm (Pt’[m] = -1) by changing its value to a value which does
not exist on the paper, e.g., a negative value, thereby
updating the array Pt’[]. In a step S213, the CPU searches the
updated array Pt’ [] for the row number n having the top located
in the highest level on the paper. And in a step S214, the CPU
checks if the row'numbef n is positive or negative. If it is
a negative number as an error value, the CPU ends and exits
from the present process since the.negative value indicates
that the image division of the characters to be printed, that
are stored in the row buffers 5, is completed. Usually, the
CPU advances its control to a step S215 where it compares the
present Ptr value with the top Pt’ [n] of the row n gained in
the step S213.

If the present Ptr wvalue is not higher in level than
the top Pt’[n] of the row n, that is, there is a relatively
large space between the rows m and n so that no carriage return
is required for the printing of the éubsequent division pass,
then the CPU stores an identification code (0) indicating that
no carriage return is required into the array Crret2[] in
association with the Npass2 indicating the division pass number

(step S216). In the next step S217, the CPU increments the
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process since the negative val ue i ndi cates that the image di vi sion of the

characters to be printed, that are stored in the rom/b-EﬁﬁkiwgﬂTﬁﬁEEE
e >

conpl eted. Usually, the CPU advances its control to

t

conpares the present Ptr value with the top Pt' of tHBefjrow n gained i§n

step S113. If the present Ptr value is Begher in Ievgl |t hhd SER 199% Pt}[n]
of the rown, that is, the tops in the n row reach the|pass thus far
di vi ded,
t he BpEssReblys onieet(+dr) .or not the present Ptr value.is larger thén

then control by the CPU steps forward to a $tep S I19. TN Thi$

the bottomPb'[n] in the rown. If the

To repeat the process starting from the step S203 in a
state that the row number n gained in the step S213 is replaced
by a new row m (step S218), the CPU substitutes the row number
n into the row number m, and returns its control to the step
S203.

The process thus far described is substantially the

same as that in the first image division method.

If the present Ptr value is larger than the top Pt‘’ [n]
in the row n in the step S215, the CPU advances its control to
a step S222, which is the feature of the second image division
method. In this step, the CPU compares the bottom Pb’ [m] in
the row m division processed with the top Pt’[n] in the row n
to be division processed.

If in the step S222, the bottom Pb’ [m] is smaller than
the top Pt’[n], that is, there is a space between the rows m
and n, then the CPU advances its control to a step S223. In
this step, it changes the lower limit Bottom2[Npass2] of the
pass resulting from the latest image division to the top Pt’ [m]
in the row n, and executes the steps S216 to S218, and retufns
its control to the step S203. Ih this step, the CPU sets the
top of the next line to the division Ptr.

If the Pb’[m] is larger than Pt’ [n] in the step S222,
the images in the rows m and n partially overlap as viewed in
the moving direction of the printing head. Aécordingly, the

CPU advances its control to a step S219. In this step, the CPU

[
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present Ptr value is larger than the bottom Pb'[n] {i
all of the images in the n row are contained in thg (i
CPU substitutes n into (step S120), and erases the |t
a step S 112.  If the present Ptr val is snallg4r
in the step S119, that is, the upper part of the irad
réaches the already divided pass but the |ower part of the |naqe LS. ot yet
divided into a zone (FIGS. 1 to 4), then the CPU substitutes n into m ( men)
in a step Shetksawhlether atvaotethetpresant dPtt ovahee sised S fadiar hizhe

uni di recti onal
bottom Pb’ [n] in the row n. If the present Ptr value is larger

than the bottom Pb’ [n] in the row pn, that is, all of the images
in the roﬁ n are contained in the already divided pass, then
the CPU substitutes the row number n into the row number m (m
= n) in the step 8220, and erases the top data in the row n in
the step S212. |

If the present Ptr value is smaller than the bottom
Pb’ [n] in the row n in the step S219, that is, the upper part
of the image in the row n reaches the already divided pass but
the lower part of the image is not yet divided into a zone
(Fig. 4), then the CPU substitutes n intom (m = n)_in a step
8221, and advances its control to the step 8209 for the
unidirectional printing. 1In this'step, the previously stated
process is repeated.

Through the process thus far described, the pass areas
and the number of movements of the printing head that are based
on the second image division method of the present invention
can be previously obtained.

The printing prbcess of the steps S84 and S15 in the
flow chart of Fig. 6 will be described with reference to Fig.
9.

In a step S301, the CPU resets the Npass indicating the
division pass number to 0. In a step S302, the CPU compares

the Tpassl with the Tpass2 to check which of thé first image

dividing method and the second image dividing method requires
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printing. In this step, the previously st at ed process_is repeated.
Returning to the step S115, if the present Ptr val ue

tep Pt'[n] in the rown, that is, there is a, relati ePEpﬂ§&@@h§d§§§frT
between the rows mand n so that no cakgiage return ifs reqwred for
printing of the subsequent division pass, then the U st‘bﬂe&EBrﬁ%
I dentification code (0)' indicating that no carriagejreturn is requifef

into the array Crretl[] in association with the Npasgl | ndrcattrmg—the divi-
sion pass aulkegs OinderScfl@ardiadehamovexientisep S 1174the CPU

If the CPU determines that the first image dividing
méthod requires a less number of the carriage movements than
the second image dividing method, the CPU carries out a process
consisting of steps S303 to S309.

In a step S303, the paper is fed so that the leading
edge of the printing head is positioned at the Topl [Npass]. In
a sﬁep S304, the CPU reads'all of the image data contained in
the zone of the pass of the Npass indicating the division pass
number of the characters to be printed, from the row buffers 5,
and loads them into the image buffer 11, and causes the printer
to print the image data.

After the printing operation, the CPU . determines
whether or not the carriage return is required, while referring
to the array element Crretl|[Npass] (step S306). If the
Crretl[Npass) is "1", the CPU causes the carriage to return in
a step S8307. If the Crretl[Npass] is "0", the CPU advances its
control to a step S308 where it increments the Npass by one
(+1) . In a step 8309, the CPU compares the Npass with the
Npassl. If these are coincident with each other, the CPU
returns its control to the step S303, and carries out the
printing process of the next division pass.

If the CPU determines, in the étep S302, that a less
number of the carriage movements is required by the second
image dividing method than by the first image dividing method,

then the CPU carries out a process consisting of steps S310 to

s Sheet Has Been Rep Nace

i II

THIS SHEET HAS BEEN
REPLACED -




I ncrements the Npassl by one (+1). To repeat the p &@%CEMQH ioH E'fr_ m

the step 103 in a state that the row nunber n gained|iph the step S1 I S
replaced by a new row m (step S118), the CPU substitytes ft hSEPOI998U rn
into the row nunber m and returns itg82control to the ptep S103. hrjough
the process thus far described, the pass areas and the enent s
of the printing head that are based

S316. Description of this process is omitted since it is

substantially the same as that of S303 to S309.

Although the structures of other arrays than the array
Pmt [] and Pmb[] are not shown in the figures, those are similar
to that of the array Pmt[] and Pmb[].

As described above, according to the present invention,
an image division method requiring a less number of passes for
the print of an image is selected through a process of
searching a plurality of character series for the heights of
the characters. When a character exceeding. the height of a
printing head is printed, the printing head is moved for
printing in the same direction so long as the character
continues. Therefore, a character, after printed,_ suffers from
no discontinuity, so that the quality of the printed character
is good. Further, a less number of reciprocal movements of the

printing head is required.
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CLAIMS

1. A method of controlling the movement of a printing head in
a printer for printing characters'along a print pass while
selectively reversing a moving-direction of the printing head,
comprising the steps of:

setting at least two passes by dividing print data of
a plurality of lines by the height of the printing
head; '

searching the passes for a first lowest pass containing
a bottom of characters of a first line in the print
data;

checking whether or not a top of characters of a second
line in the print data is preéent in the passes from an
uppermost pass containing a top of the characters of
the first line in the print data to the first lowest

pass;

continuing to print the characters of the second line
in a first direction as the characters of the first
line are printed if the top of the characters of the
second line is present in the passes from the uppermost

pass to the first lowest pass; and

reversing the moving direction of the printing head for
continuing to print the characters of the second line
in a second direction opposite to the first direction
if the top of the characters of the second line is
absent in the passeé from the uppermost pass to'the
first lowest pass. '
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on the first image division nmethod of the present i 1ngMEWI$HEET
obt-ai ned. A flow chart—shewn in FIG 8 w il be Hepe+rtbes-

fl

chart of FIG 8 i

e

fromthe flow chart of FlI the

former has m l ,I"I “‘hﬁ El ss (step$1 S222 to S2p3 q‘ﬂﬁé#]e'% bsk,
CPU checks space is present betyween the rows mhbnfl n,

and if it is present, changes the content of the djvision Ptr to thejto

of the next row.

Firstly, in a step S201, the CRUipitdadi-zes—a—edun

2. A method for controlling the movement of a printing head in

a printer for printing characters along a print pass while

selectively reversing a moving direction of the printing head,

comprising the steps of:

setting at least two passes by diViding print data of
a plurallty of lines by the height of the printing
head;

searching the passes for a first lowest pass containing
a bottom of characters of a first line in the print
data; '

checking whether or not a top of characters of a second
line in the print data is present in the passes from an
uppermost pass containing a top of the characters of
the first line in the print data to the first lowest
pass;

searching for a second lowest pass containing a bottom
of the characters of the second line if the top of the
character of the second line is present in the passes
from the uppermost pass to the first lowest pass; and

continuing to print the characters of the second line
in a first direction as the characters of the first
line are printed until the second lowest pass is
reached.

3. An apparatus for controlling the movement of a érinting

head (15) in a printer for printing characters along a print

pass while selectively reversing a moving direction of the

printing head (15), comprising:
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of “di vi si on passes ang @EPEMM@H SﬁEEi's for

Npass2 for counting the nunber

counting the nunber of enents of a printing head.] Hurther, 1T S
the array Pt[] [] \(;h storesthetops and tjhg ) t e
character ies ,» as an arday Pt'[] ang ’b'F]. I'n kfarea
of the nenon Qﬁk starches the tops of each]ir

nunber mI(xx% t hd hi ghest |evel on the paper ($202). To set a

di vision sta p0|nt at the top Pt'[m of the row mgained 1n tihe—step

5202, the top Pt'[rdmage skividimg pmeaher for setting passes by dividing
' print data of a plurality of lines by the height of the
printing head (15);

first determining means for determining whether or not
a bottom of characters of a first line in the print
‘data is contained in the passes set by said image
dividing means;

second determining means for checking whether or not a
top of characters of a second line is contained in the
passes from an uppermost pass containing a top of the
characters of the first line to a first lowest pass
containing the bottom of the characters of the first
line determined by said first determining means; and

control means for controlling the movement of the
printing head (15) so as to print the characters of the
first and second lines while moving the printing head
(15) in a first direction if said second determining
means determines that the top of the characters of the
second line is contained. .
4. An apparatus for controlling the movement of a printing
head (15) in a printer for printing characters along a print
pass while selectively reversing a moving direction of the
printing head (15), comprising:

image dividing means for setting passes by dividing
print data of a plurality of lines by the height of the
‘printing head (15);

first determining means for determining whether or not
a bottom of characters of a first line in the print

-
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t he

Ptr (step S203). In steps S204 to S206, the CPU di |mqugng' t

row min th eight H of the printing hepd I{si on
starts fron1t sition), and stores the positi n {pass
on the paper, m &,tﬂllﬁ" ith the Nmsss2. Top2[] sgd
here, also in med in the nmenory. In tih the Npags?2

i ndi cating the d|V|S|on pass nunber is used as a reldtive address.“Tﬁe
arrays indicate the upper and lower |imts of a divi ster—pass

data is contained in the passes set by said image
dividing means;

second detérmining means for checking whether or not a
top and a bottom of characters of a second line are
contained in the passes from an uppermost pass
containing a top of the characters of the first line to
a first lowest pass containing the bottom of the
characters of the first line determined by said first
determining means; and

.control means for controlling the movement of the
printing head (15) so as to print the characters of the
first and second lines while moving the printing head
(15) in a first direction until said second determining
means determines that the bottom of the characters of
the second line is contained if said second determining
means determines that the top of the characters of the
second line is contained.

5. The method of claim 1 or 2, further comprising a step of
searching for a second lowest pass containing a bottom of the
characters of the second line if the top of the character of
the second line is present in the passes from the uppermost
pass to the first lowest pass, wherein the continuing step
continues to print the characters of the second line in the
first direction until the second lowest pass is reached.

6. The method of claim 1 or 2, further comprising a step of
reversing the moving direction of the printing head for
continuing to print the characters of the second line in a
second direction opposite to the first direction if the top of
the characters of the second line is absent in the passes from
the uppermost pass to the first lowest pass.
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After the division bass Is determ ned; the printing

R

one scan. To this end, the Npass2 indicating the div
be increnmented by one (+ 1) (step S207). To check et
[

' presene " TER MM 5

the present

her or not thd
ed] % SEPCRYY c(
tep S208).

i mage not yet HiVidéed Ms Feft in the row m

t he CPUjadds a novement

f or
nmust
ijmages
ar es
f [an
cpused

by the carriage return tothe Tpass2 (step S209) si kse-the_jmmge nust}be

printed in & Utk r@sparatus of claim 3 or 4, wherein said control means
reverses the moving direction of the printing head for

continuing to print the characters of the second line in a

second direction opposite to the first direction unless said

second determining means determines that the top of the

characters of the second line is contained.
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tional

manner. The CPU stores an identification code (1)]ipdicating that
the carriage return command is required into an array Crfe 2[4 1ISEP 1996

associ ation with the Npassl (step S210). Further, the- CPUincrenents th
Npass2 (step 211) by one (+1), and returgg its control t¢

REPLAGEMENT tht|1

D

METHOD AND APPARATUS FOR CONTROLLING THE MOVEMENT OF-A-BRENFING—
' HEAD IN A PRINTER

ABSTRACT OF THE DISCLOSURE

Described are methods and apparatuses of controlling the
movement of a print head (15) in a printer for prihting
characters along a print pass while seleétively reversing the
moving direction of the printing head (15). 1In the printing
head the character heights of a plurality of character series
are checked, image data of a plurality of lines are read out,
the image data being contained.in a pass which can be printed
within the height of the printing head (15), the readout image
data is8 printed at once, it is checked whether or not the
printed image data is continuous to the image data of the next
pass, the same moving direction of the printing head is kept
for printing the image of the next pass if it is continuous,
and the moving direction of the printing head is reversed for
printing the image of the next pass if it is not continuous.
The methods and the apparatuses can print characters in excess
of the height of the printing head in high quality.

EIGURE 1
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If in a step S208, the CPU determnes that all of the |mages in the rowm
being currently processed have been divided, then co 17
advances to a step S212.
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In this step, the CPU erases the top of the image in the processed row
mPt'[n]=-1) by changing its value to a value which~e

t he paper, e.g., a negative value, thereby updatinv 2| In a
step S213, the CPU searches the updated array Pt'] . ¥Ber n
having the top located in the highest lLevel on thg o.per a7 sf ep
S214, the CPU checks if the row nunber N is positiyefor? ﬂuﬂggtlve it is
a negative number as an error value, the CPU endsfahd exits f :
present process since the negative value indicatgs that theinage di vi sion

of the

Pmt
——E—b-I_ Pmb -ib
<—R—— B |
F *7 B Pnt _Il- <R—
Psnb ‘_R_
FIG. 4
Pmt
F T—_' N F
> H —_—
"R p R
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F
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characters to be printed, that are stored in the row f&E@LQCwENT SHEET
conpl eted. Usually, the CPU advances its control to a jstlep o215 wherdq ijt
conpares the present Ptr value with the top Pt'[n] of the1r1)ng mﬁned in
t he step S213. I'f the present Ptr value is not higHerf in |evel tthe
top Pt'[n] of the rown, that is there is a relativelly
between the rows mand n so that no carriage return i required for the,
printing of the subsequent division pass, then the CPU stores an
i dentification code (0) indi catlng,t carrlagg_,r sa;pmnrnd
into the array Crrct2[] in 2 e & o
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associ ation with the Npass2 indicating the division pa ‘
S216). In the next step S217, the CPU incre- nents th REWWNTCSPEEW[)-
To repeat the process starting fromthe step 203 in a [ O
nunber n gained in the step S213 is replaced by a newr w 8
the CPU substitutes the row nunber n into the row nu mw‘lﬁ
its control to the step S203. The process thus far d
substantially the same as that in the first inage divigion nethod.

FIG. 6
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If the present Ptr value is larger than the top Pt'[n]

step S215,

m and n,

_ ir1Rt f?@fﬁf At e
the CPU advances its control to a step S222, ﬂﬁéSHFET [
feature of the second image division nethod. In this st¢p] the CPU ras
the bottom Pb' [nmjin the row mdivision processed with theft cbi1BEp e
row n to be division processed. If i the step S222, the bott om [
is smaller than the top Pt'[n], that is, there is a spag € ; 'S
then the CPU advances its control to a step S ln this
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resulting fromthe |atest image division to the top Pt' [ Rﬂ%ﬁC[M@N?QWWﬂ’-_

and executes the steps S216 to S218, and returns its co tf to-the
S203. In this step, the CPU scts the top of the next Ilne tq.{ﬁgqu%65|or
Ptr. If the Pb'[nm] is larger than Pt'[n] in the step [S42

ino the rows mand n partially overlap as viewed in the |ndwag dIFPCtIO ¢f
the printing head. Accordingly. the CPU advances its c ntrol “to a step |
S219. In this step, the CPU checks whether or not the presemt—ftt—value is
| arger than the bottom Pb'[n] in the rown. If the present Ptr value is

Iarger
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than the bottomPb'[n] in the rown, that is ' |ntherow_
“n are contained in the already divided pass, thmpLAﬂBMEWLBBEBTS Itutes the
row nunber n into the row nunber nm(neEn) in the @8 g 4r ases the
top data in the row n in the step S212. | f thep alue is
Smal [ er than the bottomPb'[n] in the Bow n i the1{§g§% tHat is, the
upper part of the inmage in the row n reaches thelalready divi.ded pass but

the lower part of the inmage is not yet divided into a zone (FIG} 4), then
the CPU substitutes ninto minFn) in a step S &2+ '

=
e
o o &
o : o
O | T =
v { g 8
=z '*' o
— ]
.'—l fom
Z ! 4
o ! Ll
ot o a .0 P! o
e g & & ' I =
= L E
EEEEE-
:I"l E
ll|||
o
i
— N:::ll
= S:g . . o @ ::I::
E o o Ao "llﬁ':
I
e by
|l",'):
:":(
E o e« N . . [] :::'I
]
1
R
T 1t L -
Q 1 I: -
! |
. 1 1
L] - ::I C
b E) 1
. S — 1::
L'\ Lk :l:
'
: P!
t
!
()
i 1 L
[ _Z_
LS
III I
N
[
[
1 I:
1
1
! I
::I .
¢
1
1
. 1

_

jThlsﬁﬁ?iﬁﬁii’ﬁﬁi m I'i’ | _THlIS S:E;;Aglé\DSBEEN




V..

apd "advances its control to the step S109 for the unidi
In this step, the previously stated::process | ceatad.

REMEMF

prl nti ng.

Through the process thus far described, the pass areasfa
novenents of the printing head that are based on the gedgond 1 Treg
nmet hod of the present inven- tion can be previously opt gi
printing process of the steps S4 and S15 in the flow kh
be described with reférence to FIG 9. - 1nr a step S301,
Npass indicating the

C}(,oZ'lSW r

METHOD AND APPARATUS FOR g
CONTROLLING THE MOVEMENT OF A .-
PRINTING HEAD IN A PRINTER

BACKGROUND OF THE INVENTION

The present invention relates to a serial printer, and morc
particularly to a method and apparatus for controlling the
movement of a printing head of a printer of the type which
prints characters while reciprocally moving the printing
head. -

In the serial printer which prints characters while moving
the printing hcad along character lines, a print speed is

“increased by using both the forward and backward move-

ments of the printing head for priating. When this bidirec-
tional printing method is used to pﬁnt an enlarged character
higher than the height of the printing head through a plural
number of scans by the printing head and at least one vertical
feed of a recording paper, which corresponds in length to the
print width, a resulting printed image can be discontinuous
at the boundary of the scan zone due to mechanical error of
the printer. Accordingly, its image quality. is poor.

* In printing such a character divided into zones for print-
ing, deterioration of the print quality can be prevented by
moving the printing head in one direction (e.g.; left to right)
during printing.

This typc of a printer is disclosed in Unexamined Japa-.

nese Patent Publication No. Sho. 61-57348.

FIG. 11 is an illustration that facilitates undcrstandmg of
the print control, viz., the movement of a printing head and
the paper feed control in such a conventional printer. As
shown, a series of enlarged characters “A B C” are printed
on the m-th line, and another series of characters of standard
size “h i j k™ are printed on the n-th line spaced by a distance
| from the m-th line.

In a first step of the pnnt control, a carriage carrying the

printing head is first moved in one direction (e.g., from left

to right). Through the movement of the carriage, the upper
half of the cnlarged character series, *A B C”, is printed on
a linc. Then, a recording paper is fed by the distance 1. In a
sccond step, the standard character seres, “h i j k™,

printed. Thereafler the recording paper is, fed by a dxstancc

of (H-1). -

Subscqucntly; the lower half of the enlarged character
series, A B C", is printed in the same direction (left to right)
as in the printing operation of the upper half,

eC- tlona
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di;vi sion pass nunber to 0. In a step S302, the CPU conyar,gs
the Tpass2 to check which of the first inmage dividing frefhod ame

the CPU determines that the first inmage dividing nmeth
nunber of the carriage novenents than the second i nmagg
CPU carries out a process consisting of speps S303 t of
S303, the paper is fed so that the | eading edge of the pri

ositioned at the Topdl Npass].,.ln a
P pllt{usl? accclrdmg to the print control in the conveational

printer, those characters to be divided into a plurality of
zones for their printing are printed unidirectionally, Accord-
ingly. the print control succeeds in eliminating the problem
of the discontinuity in the printed charactgrs, which arises
from the different printing directions of the printing head.

In the print control disclosed in the Unexamined Japanese
Patent Publication No. Sho. 61-57348, the character images
that arc printed through one movement of the printing head
. arc thosc characters occupying only onc line. For this
rcason, when this print control is used to print character
images of a plurality of lines in a statc where these overlap
in a scan zonc, as viewed in the moving dircction of the
printing hcad, the number of movements of the printing head
and thc number of -feeds of the recording paper arc
increased. As a result, the printing speed is decreascd.

SUMMARY OF THE INVENTION |

. Anobject of the present myention is to provide a method .
and apparatus for controlling thc movement of a printing
head. It is a further object to provide a process of printing
characters that are higher than the height of the priating head
which nevertheless utilizes unidirectional printing It is fur-
ther desired to provide a system in which character image is
divided into zones for printing in consideration 6( the zones
to record a character image of a plurality of adjacent lines,
whereby the number of movements of the printing head is
reduced and hence the print speed is improved.

To achieve the above object, according 1o the first aspect
of the present invention, there is provided a method of
controlling the movement of a printing head in a printer for
printing characters along a print pass while sclectively
reversing a moving direction of the printing head, the steps
of: setting at least two passes by dividing print data of a

_plurality of lines by the height of the printing head; search-
:ing the passes for a lowest pass containing a2 bottom of
characters of a first line in the print data; checking whether
,or not a top of characters of a second line in the print data :
"is present in the passes from an uppermost pass containing
a top of the characters of the first line in the print data to the
lowest pass; continuing to print the characters of the second
linc in a first direction as the characters of the first line are
printed if the top of the characters of the second line is
present in the passes from the uppermost pass to the lowest
pass; and reversing the moving direction of the printing head
for continuing to print the chagracters of the second linc in a



of the
e

step S304. the CPU reads all of t he image'data cont ai ngdp
pass of the Npass indicating the division pass

EP)-.A MENT S

second direction opposite to the first direction if the top of
the characters of the second line is abscnt in the passes from
the uppermost pass to the lowest pass.

According to the second aspect of the present inveation,
there is provided a method for controlling the movement of
a printing head in a printer for printing characters along a
print pass while reversing the moving direction of the
printing head, including the steps of: setling at least two
passes by dividing print data of a plurality of lines by the
height of the printing head; scarching these passes for the
lowest pass containing the bottom of the characters of the
first line in the print data; checking whether or not the top of
the character of the second and subsequent lines in the print
data is present in the passes from the uppermost pass to the
lowest pass; and if the top of the character of the second and
subsequent lines is present, searching for the lowest pass
containing the bottom of that character and continuing 0

* print in the same direction until the lowest pass is.rcachcd. .

According to the third aspect of the present invention,
there is provided an apparatus for controlling the movement
of a printing head in a printer for printing characters along
a print pass whilc sclectively reversing a moving dircction of
the printing head, including an image dividing device for
sctting passes by dividing print data of a plurality of lincs by
the height of the printing head; a first determining device for
determining whether or not 2 bottom of characters of 2 first
line in the print data is contained in the passes sct by the
image dividing device; a second determining device for
checking whether or not a top of characters of a second linc
is containcd in the passcs from an uppcrmost pass containing
a top of the characters of the firs( line to a lowest pass
containing thc bottom of the characters of the ‘first linc

. detcrmined by the first detcrmining device; and a control
device for controlling the movement of the printing head so
as to print the characters of the first and sccond lines while
moving the printing hcad in a first dircction if the second
detcrmining device detcrmines that the top of the characters
of the sccond line is contained.

According to the foiirth of the present, inveation, there is

-provided an apparatus ‘for controlling :the .movement ‘of -a
printing head in a prinlcr for printing characters dlong a print,



-17- nunber of the characters to be printed, fromthe r @pop)
| oads theminto the inmage buffer 11, and causes the pyi pLer

i mage dat a. _
not the carriage return is required, while referringjtq the
Crretl [ Npass] (step S306). If the Crretl [ Npass]

After the printing operation, the CPU detgerm née

ﬁb{l(’% el “

- 4 ~
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pass while selectively reversing a moving dircction of the
printing head, mcludmg an image dividing device for setting
passes by dividing print data of a plurality of lincs by the
height of the printing head; a first determining device for
determining whether or not a bottom of characters of a first
line in the print data is contained in the passes sct by the
image dividing device; a second determining device for
checking whether or not a top and a bottom of characters of

.a second line are contained in the passes from an uppermost

pass containing a top of the characters of the first line to a
lowest pass containing the bottom of the characters of the
first linc determined by thé first determining device in a pass
containing the bottom of the characters of the first line
determined by the first determining device; and a control
device for controlling the movement of the printing head so

- as to print the characters of the first and second lines while
- moving the printing head in a first direction until the second

determining device determines that the bottom of the char-
acters of the second line is contained if the second deter-
mining device determines that the top of thc characters of the
second line is contained.

In the present invention, the dctcnmmng devxccs scan the
print data of a plurality of lines to check a rclationship of a
distribution value of the height of a ‘character contained in
the print pass and the height of the printing head. If the
distribution value of the height of the character contained in
the pnnt pass is larger than or equal to the hctght -of the
printing head, the control device causes the pnnung head to
repcatedly move in the same dircction for printing the
character. If the distribution value of the height of the
character contained in the print pass is smaller than the
hcight of the printing head, the control device reverses the
moving dircction of the printing hcad for printing Lhc.
character.

Also, in an array of characters in which the bottoms of the:
characters are different but the characters arc contained in,
the same print pass, the characters arc priated in the same
direction. After the character terminates. the printing direc-
tion is reversed. :

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:
FIG. lisan cxplanatory dnagram showing a first example

- of the movements of a printing head accordmg Lo the present

invention;




s "1", the CPU causes the carriage to return in a stepfS3077 4
Crrct1[ Npass] is "0", the CPU advances its control to

i ncrements the Npass by one (+1). In a step S309. the

Npass with the Npass 1. If these are coincident with e
returns its control to the step S303, and carries out the pr
of the next division pass. I f the CPU_dgtermnes, in the step
a |l ess nunber of the cCarriage novenents is required by the second i nage

dividing method than byGt he if idnSkbxpliRdfry %hgiaA? showing a second
cxample of the movements of a printing head ac~.ordmg to
the present invention;

FIG. 3 is an cxplanatory diagram showing a third cxample
of the movements of a printing head according to the present
invention;

FIG. 4 is an cxplanatory diagram showing a fourth
examplc of the movements of a printing hcad according to

_ the present invention; -

FIG. 5 is a block diagram showing an arrangcmcnt of an
apparatus for controlling the movement of 2 printing head.
according to the prescnt invention;

FIG. 6 is a flow charl showing a control flow by the
apparatus shown in FIG. §;

FIG. 7, is a low chan showing a control flow when the
apparatus divides an tmagc by a first image division method
according to the present invention;

_ FI1G.'8 is a flow chart showing a control flow when thé "
apparalus dividcs "an ‘image -by a sccond imagc division - '
~method according to the present invention;
FIG. 9 is a flow chart showing a printing process by 1he
apparatus shown in FIG. §;
FIG. 10 is a structure of an array formed in a mcmory of
the apparatus shown in FIG. 5; and
FIG. 11 is a diagram useful in explaining an image
dmsmn process employed by a conventional printer.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

"FIG. 1 is one diagram showing the movement of a
printing head according to the present invention. In this first
cxample of FIG. 1, characters “A” and “B", located at the
center of the illustration, are different in size and located on
different lines on a recording paper, i.c., on different base
lines. In the first example, the character “A™ is printed 'on the
m-th line, and the character “B” js printed on the n-th line,
“The top and the bottom of the character “A" are denoted as
Pmt and Pmb, respectively. The top and the bottom of the
character “B" are denoted as Pnt and Pnb, respectively.

The printing hcad for printing these characters has the
height of H. Since the height of the character “B" on the n-th
linc is smaller than the height H of the printing head, the
character-“B” can be printed by moving the printing head
only one time. The height of the character “A” on the m-th




met hod then the CPU carries out a process consisting ;
S316. Description of this process is omtted since it |SR§B. EMENTasHQE]H

sanme as that of S303 to S309. Al t hough the structurgs (0T 0 Aty S
than the array Pnt[] and Pnb[] are not shown in the fifgyre r¢
simlar to that of the array Pnt[] and Pnb[]. As descqilpe §gb’g@gsﬁ9f

according to the present invention, an .igmge division s )
| ess nunber of passes for the prlnt of an i mge is sefected through a

~In+ Sl
PLgcess of searchi Pﬂc 3y ?ug&g lhgfhc?gmarﬁmfe&c %?'{nlugi thgcri l[n t‘fu tret-gh i
casc, one movement of the pnnung head can print only a part
of the character “A™, To pririt the whole character “A™, the
unidirectional movement of the printing head is repeated.

A case where a first image division method of the present
invention is applied to the printing of these characters thus
arrayed will be described. The whole image including the
characters “A™ and “B" of the m-th and n-th lines, as
illustrated in the left side in FIG. 1, are cqually divided into
three scan zones, by the hc:ght H of the printing head. In the
first scan zone, the printing head is moved for a first printing
in the forward direction F, and returned to the initial posi-
tion. Then, the printing head is moved again in the forward
direction F, for a‘second printing. By this sequence of
movements of the printing head, the remaining part of the
-character “A™ and the upper half of the character “B" arc
printed. Subsequently, the prmung head is moved in the
reverse direction R to the initial posmon and then moved in _
the forward direction F for a third print. Thus, this firstimage .
division method requires three forward movements F of the
printing head for printing the characters “A" and “B". To
complete the print of these characters, the printing head is
moved totally five times, three times for the forward move-
ment F and two times for the reversc movement R.

A sccond image dmsxon method of the prcscnt ‘invention
is illustrated on the right side of FIG. 1. As shown, adivision
pomt is set at the top Pnt of the character “B™. The sccond
image division method can reduce the total number of the
movements of the printing head to four. The sccond image
division mcthod is thc same as thc first image division
mcthod in that the image division starts from the top Pmt of

- the character “A™, but is different in that the ncxt division
docs not start until the top Pnt of the character “B" is
rcached. A third image division starts (rom the top Pt of the
character “B", As shown, the character “B" is lower than the
printing head. Therelorc, the character “B* can be printed by

-onc movement of the printing head. For the rcasons
described in the Background discussion,’ rctummg move-’
ment .of the printing head is not fequired for printing this
character.

The sccond . image dmslon mcthod ‘can print the-image
including the characters “A™-and *B" in two forward move-




characters. Wen a character exceeding the height of a
printed, the printing head is noved for printing in the
| ong as the character continues. Therefore, a printed d
printed, does not have discontinuity, so that the qual

me directi on'

of the p_rint df

character is good. Further, a mninmal nunber of recipro
the printing head is required. -7 - : -

al MOV ENETT S

ments, and one reverse movcmcnt R. Thus, the total numbcr

of movements of the printing head is one less than rcquxrcd

by the first image division method. The printing speed is also
. comrespondingly increased.

In a sccond cxamplc. illustrated in FIG. 2, the characters
“A" and “B" arc both higher than the height H of the printing
hcad. Accordingly, two printing opcrauons are required for
cach character. When the first image division method is
applied in pnnung these characters, the printing of the
character A" is completed afier the second forward move-
meat, as illustrated on the left side in FIG. 2. To print the
character “B", second to fourth forward movements, three
forward movements in total, arc required. In the second
forward movement, a lower part of the character “A’ and an
upper part of the character “B™ are pnnted concurrently.
Thercfore, it is xmpossxble to change the printing direction.
Accordingly, the printing head must be moved reciprocally,
- with the return of the printing head interleaved therebe-

tween. To complete the printing of the image including the -

characters “A" and “B" a total of seven movements is
required.

. In the second cxample of FIG. 2, the second image

division method of the present invention is illustrated on the

. right side in FIG. 2. In a case where the division point is sel
at the top Pt of the character “B”, only six forward and
reverse movements are required. A large upper part of the
character “A" is printed during the forward movement F of
the printing head. After the printing head is returned to the
original position, the remaining part of the character “A” is
printed in the sccond forward movement F.

Substantially the upper half of the character “B" is printed
through the second reverse movement R of the printing
head. With the third forward movement F, the printing head
is moved to the right side position. The third reverse
movement R of the printing head is used for priating
substantially the lower half part of the character “B™. In this
way, a total of six movements of the printing head completes
the printing of thc whole image of thc characters “A" and
“g".

FIG. 3 shows a Lhn'd examplc for pnnung another i image. '
The sccond image division method requires a larger number

of movements of the printing head than the first image
division method, for printing this particular image.

In this image, the hcxghl of the character “A™ is less than
the height H of the printing head. The zonc of the height H
of the printing head, which includes the character “A™,
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contains the upper part of the character “B". The remaining
part of the character “B™ is printed by the second forward
movement F of the printing head. Accordingly, the first
forward movement F of the printing head prints the whole
character “A” and a part of the character “B". After the
printing head is returned to the original position, the printing
head is moved in the forward dircction F to complete the
printing of both the characters. [n this case, a tota! of three
~movements of the printing.head is required to complete the

printing of the whole image.

In a casc where the second image division method is used
for printing thc image shown in FIG. 3, as scen from the
right side illustration of FIG. 3, thc zone including the wholc
character “A™ and the top Pt of the character “B" is printed
by the first forward movement F of the printing head. Two
reverse movements R of the printing head arc then used for

- printing the zonc ranging from the top of the character “B™
"to the ‘bouom thereof. This ‘printing process includes two ) _
forward .movements F ‘and : lwo™reverse - movement, S/R. .
Accordingly, a toal of four movements 6f the printing head.  °
-is required,. T T
FIG. 4 shows a fourth example for printing still another
. image. In the fourth example, a character “A™ and a char-
acter “B" are arrayed such that these characters are located
on different base lincs belonging to different print-lines but
partially overlap when viewed in the direction of printing
head movement. This image is diffcrent from those images
of FIGS. 1 to 3 in that the top Pnt of the character “B” is
higher than the bottom Pmb of the character “A™. To print
this image, the number of movements of the printing head
required for the first image division method is equal to that
for the second image division mcthod. Also in the fourth
~ example, the movement of the printing head is controlled as
in the cxamples of FIGS. 1 (o 3.

As seen from FIGS. 1 to 4, the first and second image
division mcthods of the present invention each have their
respective advantages. Accordingly, these image division
methods are preferably selected in accordance with the type
of images to be printed.

FIG. 5 is a block diagram showing an arrangement of a
control device for controlling the movement of a printing
_head of a printer according to the present invention. The
control device controls the forward and backward move-
ments of a printing head, and controls the feed of a print
paper on the basis of print data received from a computer or
the like. '



1. A method of controlling the novenment of a printing h
printing characters along a print pass while selectivel
direction of the print- ing head, conprising the steps
| east two passes of the printing head by dividing

plurality of lines into passes, each correspondin

the printing head;
containing a

checki ng whether or not.a top of characters of a second

searching the passes for a first
bottom of characters of first |ine*

A portion enclosed by a ‘one-dot chain line in FIG. 5
illustrates signal processing BS' a CPU in the control device.
Print data received from the computer is loaded into an input
buffer 2, through an /O port 1 of the CPU. Then, the print
data is transferred t0 a code analyzer 3 where characters (o
be printed are read out. The readout result is loaded through
an input channel 4 into any of row buffers 5, that arc empty.
The data representative of type face, character size, and the
like is loaded into a format register 7.

“The row buffers 5 contain attribute buffers 6, respectively.
Print positions (the top pt and the bottom ph) of characters
to be printed on a print paper, which are calculated according
to the character size now set in the format register 7 are
loaded into the attribute buffers 6. In the initial sciting mode
at the time of power on, an initial value is read out of a
nonvolatile memory 8 and loaded into the format register 7.
Thereafter, the value in the format register 7 is altered in
response to an alter command issued from the computer.

The contents stored in the row buffers 5 and the attribute
buffers 6 are rcad out onto an output channe! 9 and arc
applied to a pass-cut section 10. The pass-cut scction 10
calculates the number of movements ‘'of a printing hcad,
which is necessary for the pass cutting of an image as
described referring 10 FIGS. 1 to 3, and determines an
optimurn pass cutting on the basis of the calculation result.
The pass-cut section 10 develops the image data contained

_in a print pass,-which is determincd on the basis of the

character font rcad out of a font ROM 13, into an image
buffer 11, and scnds signals to a carriage control device 14
and a paper feed control device 17 for starting to pant.

. When the carriage control device 14 starts up and a scan

by a printing hcad starts, the image buffer 11 transfers its®

output signal through an /O port 12 to a printing head 15,
at proper timings. . o _

Until all of the characters to be printed stored in the row
buffcr § have been printed, the carriage control device 14

controls a carriage 16 to reciprocally move the printing head'

15, 2nd a paper fecder 18 .fceds a papcr according’to the

" image pass by the paper feed control device 17,

FI1G. 6'is 2 flow ¢hart showing an overall contiol by the

control .dévice ‘arranged as shown, in -F1G. 5; The conirol.

rint data:




line in the print data is present in the passes from an
containing a top of the characters of the first li ikl
to the first | owest pass; continuing to print the chafagters ok
second line in a first direction which is the sa
of the first line are printed if the top of the claacter
second line is present in the passes fLObehe upper nos
first |l owest pass as determned in the checking s
the nmoving direction of .the printing head for

follows. Upon power on, in a step SO, the respective
sections in the control device are initialized.
Specifically, the input buffer 2, the row buffers 5 and the

attribute buffers 6 to which the data from the input buffer 2
is loaded, the format register 7, the pass-cut section 10, the
image buffer 11, and the like arc initialized. In a step Si, 2
print paper is supplied to the printer, and a basc line is set to
0. The basc line provides a refercace level in the height of
the printed character. . i

N To enter a process to analyze the print data which has
come through the /O port 1 from the computer and been
stored in the input buffer 2, and to load the one-line print
data up 1o CR, LF, or FF code as a delimiter into one of the
row buffers 5, in a step S2, the input channel 4 searches the
row buffers 5 for an empty buffer and specifies the buffer
into- which the one-line print data is to be loaded.

After the row buffer 5 to store the data is specified, data
is read out of the input buffer 2 in a step S5, and the code
analyzer 3 checks as to whether or not the print data is a
character code to be printed, in a step S6. If the print data is N
a character code o be printed, control by the CPU flows to

“a step S7 where the print data is loaded into the row buffer
5 that is specified in the step S2, and to a step S8. In the step
* 88, the CPU calculates the positions of the top pt and the
bottom pb of an image of the printed character that is stored
in the row buffer 5, using the character sizc now stored in the
format register 7 and the present base line, stores these
positions in its associated attribute buffer 6, and retums its
+ control to the step S5. In this step, the CPU reads out the next
dala from the input buffer 2.

If the CPU decides, in the step S6, that the print data is not
a character code to be printed, then control by the CPU skips
to a step S9. In this step S9, the CPU checks whether or not
the code is CR (carriage return), LF (linc feced), or FF (form
feed) as a delimiter.

If it is not a delimiter, for example, it is a2 format value
(c.g.. character size) alter command, then control by the
CPU advances to a step S17 where the process of the
command is executed, and retums to the step S5 for reading

~ out the next data.

If the CPU decides, in the stcp S9,-that the code is a
delimiter, then the CPU retrieves the top pt and the bottom,
pb of each character image to be printed that is stored in the -
attribute buffer 6, and stores the retrieved data as the top
pmt and the bottom pmb in the memory locations Pt{m}and

-~



continuing to print the characters of the second |ine i
direction opposite to the first direction if the

of the second line is not present in t he passes frjo

pass to the first

| owest pass as determned in thg

The nethod of claim1, further conprising a step of sdar

| owest pass containing a bottomof the characters of
top of the character of the second ling,is present in
upper- nost pass to the.first |owest pasSs, wherein the-e

Pb{m] in an aay or table of a memory (not shown) (step '«
" §10). in order to distinctly show the maximum hcight of the’

character series (o be printed on the present line. FIG. 10
shows a diagram showing the structure of the array. As
shown, the top pmt and the bottom pmb are stored in the
memory locations arrayed as shown, which-are spcmﬁcd by
a relative address m (columa number).

Returning to FIG. 6, if the delimiter is a LF code which
is a paper feed command, the CPU updates the base linc in
a step S12 and rcturns its control to the step S2. In a step
S13, if the CPU dctcrmincs that it is a CR codc as a carriage’
rcturn command, it retums its control to the step S2 where
thc CPU cxccutcs the loading of the print data again.

Alter all of the buffers 5 arc loaded with the data in the
control stage where the CPU retums its control to the step

- 82, the CPU investigates the print data that is stored in all

the row buffers S (or a pass cut of an image (image division)
which minimizcs the number of carriage movements (stcp
S$3). and cxccutes a print process according to the result of
the pass cut in a step S4. After all of the row buffers 5 arc
cmpty, control by the CPU retums to the step S2. Then, the

CPU repeats thescqucnce of above-mentioned control steps
again.

When the CPU determines that the delimiter is a FF code
as a page brecak command in the step 513, the CPU exccutes
a pass cul process on only the data thus far stored (stcp S14),

_executes a printing process on the basis of the rcsult of

exccuting the pass cut proccss (step S15), and discharges the
print paper out of the printer (step S16). Then, the CPU
returns its control to the step S1 where the next paper is
moved to the print start position and the base line is sct to
zero.

The details of the pass cutting process in the steps S3 and
S14 will be described with reference to FIGS. 7 and 8.

F1GS. 7 and 8 show process flows to set passcs on an
imagc by the first and second image division methods and to
obtain the number of movements of a printing head, which
results from the image division. These process flows arc

" carried out in the steps S3 and S14 in the flow chart shown _

in FIG. 6.

[n the flow chart shown in-FIG. 7, the CPU initializes a
counter Npassl for counting the number of division passcs
and a counter Tpassl for counting the number of movements

.of a printing head, in a step S101. Further, it copies the array

Pl[] and Pb(], which stores the tops : and the bottoms ol’ the

Q tan|n

a second

~he characters



step continues to print the characters of the second lir
direction until the second | owest pass is reached.
controlling the novenent of a printing head in a printg

direction on of the print- ing head, conprising the stfe
| east two passes by dividing print data of a pl uf~a
passes, each corresponding to the height of the printh
searching the passes for. a first |owest pa&s containing a

character series of each line, as an array Pt'[] and Pb'{}, in a '
work area of the memory.

The CPU searches the tops in cach row for the row
number m located in the highest level on the paper (S102).
A function min(Pt’) is for returning the row number of the
smallest positive value of those numbers in the array PU[],
i.e.. the row number of the valuc located in the highest level
on the paper of those tops stored in the array. In a casc where
the tops stored are all negative, the function ‘returns 2
negative value as an error.

To set a division start point at the top Pt[m] of the row
m gained in the siep S102, the top Pt'{m] is sct to a pointer
(referred 10 as Pur) (step 5103).

In steps S104 to S106, the CPU divides an imagc in the
row m in the width of the height H of the printing head (the
xmage division starts from thc Pur posmon) and stores the
position of the division pass on the paper, in association with
the Npassl. Topl{] and Bottom ], used here, also indicatc
arrays formed in thc memory. In the array, the Npassl .
‘indicating the division pass number is used as a relative
address. The arrays indicate the upper and the lower limits .
of a division zonec. '

After the division pass is determined, the printing head
must bc moved for onc scan. To this cnd, thc Npassl
indicating the division pass number must be incremented by
1 (+1) (step S107). To check whether or not the images in the
row m, now being processed, have all been divided, the CPU
compares the present Pir with the bottom Pb[m] in the row

m (stcp S108).

If an image not yet divided is left in the row m. the CPU-
adds a movcment causcd by the carriage retarn to the Tpass!-
(stecp S109) since the image must be printed in a unidirce-
tional manncr. The CPU storcs an identification code (1)
indicating that the camagc rcturm command is required into
an array Crretl{] in association with the Npass! (step S110).’
Further, the CPU increments the Npassi (step S111) by onc

"(+1). and rctumns its control to thc step S104.

If in a stcp S108, the CPU dctermines that all of thel
images in the row m being currently processed have been’
divided, then control by the CPU advances to a step S112,
In this step, the CPU crases the top of the image in the



bottom of characters of a first line in the print data; cklng whet her
or not a top of characters of a second
present in the passes from an upper nost pass contai

characters of the
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processed row m(Pt'{m}=—1) by changing its value to a valuc
which does not exist on the paper, c.g., 2 negative valuc,
thereby updating the array Pt(].

[n astep S113, the CPU searches the updated array Pt{]for
the row number p having the top located in the highest level
on the paper. And in a step S114, the CPU checks if the row

- number g is positive or negative. If it is a ncgative number
as an crror valuc, the CPU ends and exits from the present
process since the negative value indicates that the xmagc
division of thc characters to be printed, that arc stored in the
row buffers 5, is completed. Usually, thc CPU advances its
control to a step S115 where it compares the present Pur
value with the top Pt' of the row n gained in the step $113.
If the present Ptr value is h:ghcr in level than the top Pt'(n}]
of the row p, that is, the tops in the p row reach the pass thus '
far divided, then control by the CPU steps forward to a step
S119. In this step, the CPU checks whether or not the present
Pur value is larger than the bottom Pb'[n] in the row n. If the
present Pir value is larger than the bottom Pb’[n] in the row
n, that is, all of the images in the n row are contained in the
divided pass, then the CPU substitutes n into (step S120),
and erases the top data in the row n in a step S112.

If the present Ptr value is smaller than the bottom Pb'[n]
in the step S119, that is, the upper part of the image in the.
row n reaches the already divided pass but the lower part of
the image is not yet divided into a zone (FIGS. 1 to 4), then
the CPU substitutes p into m (m=n) in a step S121, and then
advances its control to the step S109 for the unidirectional
printing. In this stcp, the previously stated process is
repeatéd.

Returning to 1hc step S115, if the present Pur value is
smaller than the top Pt'(n] in the row p, that is, there is a
re!auvcly large space between the rows m and n so that no* '
carriage retumn is required for the printing of the subsequent®
division pass, thcn the CPU stores an identification code (0) '

_ mdncaung that no carriage return is required into the array .
Crrcll[] in association wuh the Npassl indicating the divi-
sion pass number (step S116). In the next step S117, the CPU
increments the Npassl by one (+1).

To repeat the process starting from the step 103 in a state

- that the row number p gained in the stcp S113 is replaced by
a new row m (stcp S118), the CPU substitutes the row'
number n into the row number m, and returns its control to
the step S103.

Through the process thus far described, the pass areas and
the number of movements of the printing head that are based



-.19 - first line in the print data to the first
searching for a second | owest pass containing a bottom of
characters of the second line if the top of the charfe
second line is present i.n the passes - fromthe upper yog
first | owest pass as :

- 14 -

on the first i xmagc dw:sxon method of the prescnt invention
can be obtained.

A flow chart shown in FIG. 8 will be described.

The flow chart of FIG. 8 is diffcreat from the flow chan
of FIG. 7 in that the former has an additional process (stcps:
S$222 10 $223). In the process, the CPU checks whether or
not any space is present between the rows m and . and if
itis present, changes the content of the dxvzsnon Puto thc top
of the next row.

Firstly, in a step S201, the CPU initializes a counter
Npass2 for counting the number of division passcs and a
counter Tpass2 [or counting the number of movements of a

~ printing hecad. Furher, it copies the array Pi[] and Pb(},
which storces the tops and the bottoms of the character serics
of cach line, as an array Pt'(] and Pb'(]. in a‘work arca of the
memory.

The CPU scarches the tops of cach row for the row
number m located in lhc hxghcsl level on the paper | (S202). . .

“To sét‘a division start point at the top Pt'[m] of the row
m gained in the step S202, the top Pt{m]isscttoa pozmcr
' Ptr (step S203). "
In steps 5204 t6 S206, the CPU divides an’ unagc in the'
- row m in the width of the height H of the printing head (mc
image division starts from the Pur posmon) and stores the
position of the division pass on the paper, in association with
the Npass2. TopZ[ | and Bottom2(], used here, also indicate
arrays formed in the memory. In the armray, the Npass2
indicating thc division pass number is used as a relative
address. Thc arrays indicate the upper and lower llmus ol‘ a
.division pass.

Alter the division pass is determined, the pnmmg head
must bc moved for onc scan. To this end, the Npass2
indicating the division pass number must be incremented by
onc (+!1) (step 8207) To check whether or not the images in

.the row m, now being procéssed, have all been divided, the
CPU comparces the present Pir with the bottom Pb'(m] i in the
row m (step S208).

If an image not yet divided is left in the row m, the CPU
adds 2 movement caused by the carriage return to the Tpass2

"(step $209) since the image must be printed in. a unidirec-
tional manncr. The CPU stores an identification code (1)
indicating that the c'arnagc return command is required into
an array Crret2(] in association with the Npass1 (step S210).
Further, the: CPU increments the Npass2 (step 211) by one
(+1), and retumns its control to the step S204.



determned in the checking step, and continuing to p IBEPL&\ B
characters of the second line in a first directi U §N'E ESHF{?T
sanme as the characters of the first line are pri nt|I the
second | owest pass is reached. 4. The netho Hdﬂmﬁl:ﬁ@?‘

further conprising a step of reversing the noving dirgc of the
printing head for continuing to print the characters Jof the Settmeli
in a second direction opposite to thd5 rrst direction
the characters of the second line is not present in the passes

[f in a step S208, the CPU determines that all of the -
images in the row m being currently processed have been
divided, then control by the CPU advances (o 3 step S212.
In this step, the CPU crascs the top of the image in the
processed row m(Pl [ml=-l) by changing its value to a value
which does not existing on the paper, e.g., 2 negative value,
thereby updating the array PU[]. [n a step S213, the CPU

: scarches the updated array Pt'(] for the row number g having
' the top located in the highest level on the paper. Andinastep
S214, the CPU checks if the row number n is positive or
ncgative. If it is a negative number 2s an error value, the
'CPU ends and exits from the present process since the
ncgative value indicates that the xmage division of the
characters to be printed, that are stored in the row buffers 5,
is completed. Usually, the CPU advances its control to a step
S215 where it compares the present Pir value with the top
Pt(n] of the row p gained in the step S213. '

If the present Pir value is not higher in level thanthe top .

- PU'[n] of the row g, that is, there is a relauvcly large space S

between the rows m and n so that no carriage return is

required for the printing of the subsequent dmsxon pass,
~ then the CPU stores an identification code (0) mdu:aung that

no camagc return is required into the array Crre2(] in

association with the Npass2 indicating the division pass

number (step S216). In the next step 8217 the CPU incre-

mcnls the Npass2 by onc (+1).

~To repeat the process starting from the step 203 in a state

' that the row number p gained in the step S213 is rcplaced by

a new row m(step S218), the CPU substitutes the row

number n into the row number m, and retums its control o
the stcp S203.

The process thus far dcscnbcd is substantially the samc as
that in the first image division method.

If the present Pur value is larger than the top, PV [nl in the
row 7 in the step $215. the CPU advances its control to 3
step $222, which is the feature of the sccond image division
method. In this step, the CPU comparcs the bottom Pbmlin
the row m division processed with the top Pt [n] in the row’
-fi 1o be division processcd.

[f in the stcp $222, the bottom Pb'{m] is ‘smaller than the
‘top Pt'(n], thal'is, therc'is'a space betwecen the rows m and
0. thcn the’ CPU advances jts control to a step §223. In this



fromthe uppernost pass to the first |owest pass.

controlling the novenent of a printing head in a pri
characters along a print pass while selectively revgrg
direction of the print- i ng head, conpri sing:

for setting passes by dividing print data of .

I nt o passes, each correspond- - i1go-to the heigh
head; first detérm ning nmeans for determ ning whet her

bot t om of - char act erstertt hahgésthe Iéwé liidBidti2Npaldt Pof the pass
resulting from the latest image division to the top Pt'[m] in
the row q, and executes the steps S216 to S218, and returns
-~ its control 1o the step S203. In this step, the CPU scts the top
of the next line to the division Ptr.

If the Pb'[m] is larger than P{n] in the stcp S222, the
lmagcs inthcrowsmand p pamall y overlap as viewed in the
moving dircction of the printing head. Accordingly. the CPU.
advances its control to a step S219. In this step, the CPU
checks whether or not the present Ptr valuc is larger than the
bottom Pb'(n] in the row p. If the present Pir value is larger
than the bottom Pb'[n] in the row p, that is, all of the images
in the row n are contained in the already divided pass, then
the CPU substitutes the row number g into the row number
m({m=n) in the step $220, and erases the top data in the fow
o in the step S212.

If the present Pur value is smaller than the bottom Pb'(n]
in the row p in the step S219, that is, the upper part of the ! .
image in the row p reaches the already divided pass but the _ .
lower part of the image is not yet divided into a zone (FIG. '
4), then the CPU substitutes p into m(m=n) in a step S121,
and advances its control to the step S109 for the unidirec~
tional printing. In this step, the previously stated process is |
repeated. |

Through the process thus far dcscnbcd thc pass areas and
the number of movements of the printing head that are based
on the second i image division mcthod of the present inven-
tion can be previously obtained.

. The printing process of the stcps S4 and S15 in the flow
chart of FIG. 6 will be described with refercnce to FIG. 9.

In a step S301, the CPU resets thc Npass indicating the
division pass number t0 0. In a step $S302, the CPU compares
the Tpass1 with the Tpass2 to check which of the first image

. dmdmg method and the second image dividing method '
requircs a less number of carriage movements.

If the CPU dctermines that the first image dividing
method rcquires a less number of the carriage movements
than the second image dividing method, the CPU carrics out
a prucess-consisting of steps S303 to S309.

Ina step S303, the paper is fed so that the leading edge
" of the printing head is positioned at the Topl{Npass). In a:
step S304, the CPU reads all of the image data contained in
the zonc of the pass of the Npass indicating the division pass



contained in the passes set by said image dividing
second determ ni ng neans for checki ng whether or not a
characters of a second line is contained in the

upper nost pass containing a top of the char act
line to a first. | owest pass con- taining the
characters of the first line detqvn;ned by sai

nmeans; and contr ng, for contyollin venment..of 11
ing head so as to pr'sllﬂ'f‘g?rh‘grs % Sharasierstagc praic 1#’ d'°“’ buffers -

and loads them into the image buffer 11 and causcs the
printee Lo print the image data.

Atter the pnnung Opcrauon. the CPU dctcrminces whcthcr
or not the carriage retum is required, while referring to the
array clement Crret![Npass](step S306). If the Crreti(Npass]
is 1", the CPU causcs the carriage o retum in a step S307.
If the Crretl(Npass] is **0”, the CPU advances its coatrol to
a step S308 where it increments the Npass by one (+1). In
a step S309. the CPU compares the Npass with the Npassl.
I these are coincident with cach other, the CPU rctumns its
control to the stcp S303, and carrics out the printing process
of the next division pass.

If the CPU dctermines. in the step S302, that a Ics:
number of the carriage movements is rcqmrcd by the sccond
imagc dividing' mcthod than by the first image dividing
mcthod, then thc CPU carrics out a process conslstmg of
steps S$310 o S316. Description of this process is omitted”
since il is substantially the same as that of S303 to $309.

Although. the' structures of othcr arrays’ “than’ the array -
Pmt(] and Pmb(] arc .not shown in the figures, _thosc arc
.similar to that of the array Pml[] and Pmbl],

As described above, accordmg to the present mvcnuon an.
.image division method rcqmrmg a less number of passes for
the print of an image is selected through 3 .process of
searching a plurality of character series for the heights of the
characters. ‘When a character cxcccding the height of a
printing head is printed, the printing hcad is moved for
printing in the samc direction so long as the character .
continues. Therefore, a printed character, after printed, doces -
not have dxscontmmly. so that the quality of the pnmcd
character is good. Further, a minimal number of rcc1procal
movemeats of the prmnng head is required.
What is claimed is:
- 1. A method of controlling the movement of a printing
head in a printer for printing characters along a print pass
while selectively reversing a moving direction of the print-
ing head, comprising the steps of:
settmg at least two passes of the pnntmg head by dividing
print data of a plurality of lines into passes, each
corresponding to the height of the printing head;

searching the passes for a first lowest pass containing a
bottom of characters of a first line in the print data;

checking whether or not a top of characters of a second
line in the print data is present in the passes from an
uppcrmost pass contammg atop of the characters of the
first line in the print data to the first lowest pass;
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second |ines while noving the pfinting head in a first di rection

if said second determ ning means det erm nes t hat +Qp of the
characters of the second line is cont ai ned |n th

uppernost pass to the first | owest pass.

of claimb5, wherein said control neans reverses the

the printing head for continuing to print the charaft g

line in a second @i rection opposite-t¥ the first difrect

second determ ni ng neans determ nes that the top of the

continuing to print the characters of the second lincina -
first dircction which is the same as the characters of the *
fiest line are printed if the top of the characters of the
second line is present in the passes from the uppermost
pass to the first lowest pass as determined in the
checking step; and

. rcvcrsmg the moving direction of the pnntmg head for
continuing to print the characters of the second line in
a second direction opposite to the first dircction if the
top of the characters of the second line is not preseat in
the passes from the uppermost pass to the first lowest
pass as determined in the checking step. .
2. The method of claim 1, further comprising a step of
'scarching for a second lowest pass containing 2 botiom of
the characters of the second line if the top of the character
of the second linc is present in the passes from the upper- _ .
. most pass to the first lowest pass, wherein the continuing )
step continues to print the characters of the second linc in the
first direction until the second lowest pass is reached. _
3. A method of controlling the movement of a printing
head in a printer for printihg characters along a print pass
while sclccuvcly rcvcrsmg a moving dircction of the print-
ing head, comprising the steps of:

setting at least two passcs by dividing print data of 2
plurality of lincs into passes, each corresponding to the
height of the printing head;

scarching the passcs for a first lowest pass cdmaining a
bottom of characters of a first line in the print data;

cheeking whether or not a top of characters of a sccond
linc in the print data is present in the passcs from an
uppermost pass containing a top of the characters of the
first linc in the print data to the first lowest pass;

scarching for a sccond lowest pass containing a bottom of
the characters of the sccond line if the top of the
character of the sccond line is present in the passes
from the uppcrmost pass to the first lowest pass as
determined in the chcckmg step; and -

continuing to print the charactcrs of the sccond Jlinc in a
first dircction which is the samc as the characters of the
-first linc arc :printed until_the second lowest: pass s
rcachcd

s Sheet Has Been Replacec
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" 4, The method of claim 3, further comprising a step of
rcvcrsmg the rnovmg direction of the printing head for

. continuing to print the characters of the second line in a

second direction opposite to the first direction if the top of
the characters of the second linc is not present in the passes
from the uppermost pass (o the first lowest pass.

5. An apparatus for controlling the movementof a priming
hcad in a printer for prim.ing characters along a print pass '
while sclccuvc!y rcvcrsmg a moving direction of the print-
ing head, comprising:

image dividing mcans for sctting passcs by dividing print
data of a plurality of lines into passes, each correspond-.
ing to the hcxght of the printing head;

first determining means for dctcrrmmng whether or not a
bottom of characters of a first line in the print data is
contained in the passes set by said image dmdmg
means;

second determining mcans for checking whether or not a
top of characters of a sccond line is contained in the
passes from an uppermost pass containing a top of the.
characters of the first line to a first. lowest pass con-
taining the bottom of the characters of the first line
determined by said first determining means; and

control means for controlling the movement of the print-
- ing head so as to print the characters of the first and
second lines whilc moving the printing head in a first
~direction if said second determining mcans detcrmines
that the top of the characters of the sccond line is
contained in the.passes from the uppermost pass to the
first lowest pass. : .

6. The apparatus of claim 5, wherein said control means
reverses the moving direction of the printing head for
continuing to print the characters of the second line in a
second direction opposite to the first direction unless said
second determining mecans determines that the top of the
characters of the second line is contained in the passes from’

thc uppermost pass to the first lowest pass.

7. An apparatus for controlling the movement of a printing

- head in a printer for priating characters along a print pass:

while selcctively reversing 2 moving direction of the print-
ing hcad, comprising:
image dividing mcans for sctting passcs by dividing print
data of a plurality of lincs into passcs, each corrcspond.
ing to the height of the printing head:

iThis Sheet Has Been Raplace
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characters of the second line is contained in the passes
pass to the first |owest pass. 7. An apparatus for con

print pass while selectively reversing a noving dlrectlcn of mmq P
head, conpri sing: | mage di viding nmeans for setting passe 9

print - 20 -

first detcrmining means for determining whether or not a
bottom of characters of a first linc in the print data is
contained in the passcs sct by said image dividing
mcans;. |

second dctermining means for checking whether or not a
top and a bottom of characters of a second linc is
contained in the passes from an uppermost pass con-
taining a top of the characters of the first line to 2 first

. lowest pass containing the bottom of the characters of
the first line determined by said first determining
means; and

control means for controlling the movement of the print-
ing hcad so as to print the characters of the first and
sccond lines while moving the printing head in a first
direction until said second dctermining means deter-
mines that the bottom of the characters of the second .
linc is contained if said sccond determining means .
determines that the top Q!' the characters of the second e ‘
linc is contained in the passcs (rom the uppermost pass :
to the first Jowest pass.
8. The apparatus of claim 7, wherein said control means
reverses the moving direction of the printing head for
continuing to print the characters of the second-line in a
second direction opposite to the first direction unless said
sccond detecrmining means determines that the top of the
characters of the second line is contained in the passes from
the uppermost pass to the first lowest pass. 5

-
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data of a plurality of lines into passes, each correspond-
hei ght of the printing head; first determ ning neans for
whet her or not a bottom of characters of a first line

S contained in the passes set by said i mage di vi di ng
second determ ning neans for chccking whether or not a
bottom of characters of a second l|ine i=sl - cont ai nedin
an uppernost pass con” - taining a top of the characte
line to a first . F/G 7
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| pwest pass containing the bottom of the characters of the first line
determ ned by said first determ ning nmeans: and cont neans f-or
controlling the novenent of the print- i ng head so as
characters of the first .and second |lines while noving/t
head in a first direction until said second determni
m nes that the bottom of the characters of the second
contained if said second detern1n|ng.Qeans det ermi ne

the characters of the second
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line is contained in the passes fromthe uppernost pass
| owest pass.

the characters of the second-line in a second direction
first direction unless said second determing nmeans det

8. The apparatus of claim 7, wherein said fcq
reverses the noving direction of the printing head for cgn
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number of the chamc'c-s t0 be printed, (rom the row buffers

3, and loads them into the image buffer 11, and causcs the
printer 1o print the image data.

After the pnnnng opc—zuon the CPU determines whether
or not the carriage retum is required, while refemting Lo the
array clement Ct"‘ctl[Npass](stcp S306). ([ the Crretl[Npass]
is “1", the CPU causes the cartiage Lo retum in a step S307.
If the Crreu(Npass| is “0", the CPU advances its control to
a step S308 where it increments the Npass by onc (+1). [n
a step 5309, the CPU comparcs the Npass with the Npassl.
If these are caincident with cach other, the CPU retums its

control to the step S303, and carries out the printing process
of the next division pass.

If ‘the CPU dctermines. in the step S302, that 2 lcs;
number of the carriage movements is required by the sccond
image dividing mcthod than by the frst image dividing
method, then the CPU carrics out a process consisting of

steps S310 to S316. Description of this process is omitted-

since it is substantially the same as that of S303 to S309.

Although. the structures of other arrays than' the array
Pmy] and Pmb(] arc .not shown in the figures, those arc
.similar (o that of the array Pmu(] and Pmbf].

As described above, accordmg to the present invention, an
image division method requmng a less number of passes for
the pdmt of an image is sclected through 3 .process of
searching a plurality of character series for the heights of the
characters. When a character exceeding the height of ‘2
printing head is printed, the printing head is moved for
‘printing in the samc direction so loag as thc character
continues. Therelore, a printed character, after printed, docs
not have dxsconunuuy. so that the quality of the pnmcd
character is good. Further, 2 minimal aumber of reciprocal
movements of the printing head is required.
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- What is claimed is: o
- 1. A method of controlling the movement of a printing
head in a printer for printing characters alang 2 print pass
while selectively reversing a2 moving direction of the print-
ing head, comprising the steps of: -
setting at least two passes of the printing head by dividing
print data of a plurality of lines into passes, each
corresponding to the height of the printing head;
searching the passes for a first lowest pass containing a
bottom of characters of a first line in the print data;

checking whether or not a top of characters of a second
line in the print data is preseat in the passes from an
uppermost pass containing a top of the characters of the
first line in the print data to the first lowest pass;
continuing (0 priat the characters of the sesond linc in a
first dircction which is the same as the characters of the * -
first linc are printed if the top of the characters of the
second line is present in the passes from the uppermost
pass to the first lowest pass as determined in the
checking step; and o

reversing the maving direction of the printing head for
continuing to print the characters of the sccond line in
2 second direction opposite to the first dirccuon if the
top of the characters of the second line is not present in
the passes {rom the uppermost pass to the first lowest
pass as determined in the checking siep.

2. The method of claim 1, further comprising a step of -
scarching for a seccond lowest pass containing 2 hotiam of
the characters of the second line if the top of the character
of the second linc is present in the passes from the upper-
mOost pass to the first lowest pass, wherein the continuing
step continues 10 print the characters of the second linc in the
first direction until the second lowest pass is reached.

3. A methed of controlling the movement of a printing
head in a printer for printing characters along a print pass
while scleclively reversing 2 moving dircction of the peint-
ing head, comprising the steps of:

sctting at least two passcs by dividing print data of 2
plurality of lincs into passcs, each corresponding to the
height of the printing head;

scarching the passcs for a first lowest pass containing 2

bottom of characters of a first line in (he print data:
checking whether or not a top of characters of a sccond

linc in the print data is present in the passcs from an

uppernost pass containing a top of the characters of the
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first linc in the print data to the first lowest pass;

scarching for a sccond lowest pass containing a bottom of
the characters of the sccond line if the top of the
character of the second ling is present in the passes
from the uppcrmost pass to the first lowest pass as
determined in the checking step; and

continuing to print the characters'of the second lincin a
first dirceiion which is the same as the characters of te

" first linc are printed until the sccond lowest pass {3
rcached.

4. The methad of claim 3, further comprising a step of
reversing the moving direction of the printing head for
continuing to print the characters of the second line in'a
second direction opposite to the first direction if the top of
the characters of the sccond line is not present in the passes
{rom the uppermost pass to the first lowest pass.
5. An apparauus for controlling the movement of a printing
head in a2 printec for priating characters along a print pass
while selectively reversing a moving direction of the print-
ing head, comprising: '
image dividing mcans for setting passcs by dividing print
data of a plurality of lines into passes. cach correspond-
- ing to the height of the printing head: .
first determining means for determining whether or not a
bottom of characters of a first linc in the print data is
contained in the passes set by said image dividing
means;
second determining means for checking whether or not a
top of characters of a second line is contained in the
passes from an uppermost pass containing a top of the
characters of the first line to a first, lowest pass con-
taining the bottom of the characters of the first line
determined by said first determining meaas; and

cotitrol means for coatrolling the movement of the priat-
ing head so 2s to print the characters of the first and
secdnd lines while moving the printing head in 2 first
direction if said second determining mcans detcrmines
that the top of thc characters of the sccond line is
contained in the.passes from the uppermost pass to the
first lowest pass. :

6. The apparatus of claim 5, wherein said coatrol means
reverses the moving direction of the printing head for
continuing to print the characters of the second line in 2
second direction opposite to the first direction unless said
second determining means determines that the top of the
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characters of the second line is contained in the passes from
the uppermost pass to the first lowest pass.

7. An apparatus for controlling the movement of 2 printing
head in a printer for printing characters along 2 peint pass:
while sclcciivcly reversing 2 moving direction of the priat-
ing hcad, comprising:

image dividing means for sctting passcs by dividing print
data of a plurality of lines into passcs, each correspond-
ing to the height of the printing head:

first determining means for determining whether or not 2
bottom of characters of a first linc in the print data is
contained in the passes sct by said image dividing
mcans:

second determining mezans foc checking whether oc not a
top and a bottom of characters of a second linc is
contained in the passes from an uppcrmost pass coa-
taining a top of the characters of the first linc to 2 first
lowest pass containing the bottom of the characters of
the first line determined ‘by said first detcrmining
mcans; and

control means {or controlling the movement of the print-
ing head so as to print the characters of the first and
sccond lines while moving the printing head in a first
dircction until said second determining means deter-
mines that the bottom of the characters of the second
linc is contained if said sccond determining means
determines that the top o.l' the characters of the second
line is contained in the passcs from the uppermost pass
to the first lowest pass. :

8. The apparatus of claim 7, wherein said control means

reverses the moving direction of the printing head for
continuing to print the characters of the second-line in a
second direction opposite to the first direction unless said
sccond determining means determines that the top of the
characters of the second line is contained in the passes from
the uppermost pass to the first lowest pass. '
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ABSTRACT

METHOD AND APPARATUS FOR CONTROLLING THE MOVEMENT OF A
PRINTING HEAD IN A PRINTER.

In a method and an apparatus of contmllmg the movement
of a printing head in a printer for printing characters along
a print pass while selzcuvely reversing the moving direction
of the printing head, in which the character heights of &
plurality of character series are checked, image data of a
plurality of lines are read out, the image data being con-
tained in a pass which can be printed within the height of the
printing head, are pnnted at once. It is then checked whether
or not the printed image data is continuous to the image data
of the next pass, the same movmg dipection of the pnntmg
head is kept for pnzmng the image of the next pass ifitis
continuous, and the movmg directior of the pnntmg head is
reversed for printing the image of the next pass if it is not
continuous. The method and the apparatus can print char-

acters in excess ofthehezghtofthcpnnnng head with a high

quality.

Fig. 1



