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‘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 printer of the type which
prlnts characters while reciprocally moving 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

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 one

G‘-_d'.-,'

" yettical faad of'a racordxng paper, which corresponds in length

-

to the print wzdth,'a prlntsd image is discontinuous at the

boundary of the scan zone dua to mechanical errors of the

Acccrdingly, its image quallty is poor.

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

zones for printing, deterxioration of fhe print guality 1is
prevented by m?ving the printépg head in one direction (e.g.,
left tq right) for printing. | .

' this type of the printer is disclosed in Unéxaminad

Japanese Patent Publication No. Sho. 61-57348.
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Fig. 11 1is an illustr_ation ‘to provide an easy
understanding of the print control, viz., the movement of a
printiné head 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 standarxd size *h 1 § 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 .contrxol, a carriage

.carnyinéhfﬁe-pfinting'haad'ié'first moved in-a-difecﬁibn (f;nm

left to xright).
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 serias,

*h i j k', is printed. And the racording paper ia fed by a

distance of (H - 1). _
Subsequently, .the.lower half of the enlarged character

. <
PR

gerias, ."A B C-, is printed 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
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

of the printing head.

In the print control disclosed in the Unexamined

\
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Through the movement of the carriage, the




%34 gapaniese: Patent ‘Publication No. Sho. 61-57348, the. charactey il

. imagas :that are printad throu_gh. one movement of thea prin.ting
head are those of the characters of only one line. For thisg
reason, when this print control is used to print character
images éf a plurality of lines in a state that these ovarlap in
4 8can zone &as v:!:ewed in the moving d.irection' of thei printing
head, .the number of movements of the printing head and the
number o? faeds 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.
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and apparatuses .

The ~;preaerit invention provides methods !

Y

_;fbr_-.é'é"ﬁtrolling the movement of a printing:

head in which a process of printing characters that are i

higher than ﬁhe height of the printing head is constructed on

the basis of unidirectional printing, and a character 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. invention, 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 sgteps of: setting a:t least two passes by dividing___,ip__-:int
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data of a plurality of lines by the 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 fop 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 iowpat pass; continuing to print ths
characters of the second line in-a first dirsction ag 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 loﬁest pags; and xeversing the moving
dirsction of fhe 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

lowast pass.  _ i
e~ - RS- -

- -

. Accbrdiﬁékwto the" sécond aspect qf the present
invention, there is=s p;ovided a method forx contfolling the
movement of a printing head in a printer for printing
characters ealong a print pass while reversing the moving
direction of ?he printing head, providing the steps of: setting
at least two passes by dividing print data of a plurality of
lines by the @eighﬁ 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

4This S
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subsequent lines in the print data is present in the passes
from the upperxrmost 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

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 printiﬁé head in a printer for printing characterxs along a
print paéa 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 of lines

- by the height of the printing head; a first determining device

for defermining whether or not a bottom of characterxs of a
first line in the print data is contained in the passes get by
‘the ;.ma.ga d:.v:.d.ing devi::; a second détemining device f£for
checking whether:or ;ot-; top of characters of a second line is
contained in the passes from an uppermost pass containing a top |
of the charactexs of_the first line to a loweét 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 fixrst apd second lines while moving the
printing head in a first directian if the second detexmining
device determines that the top of the characters of the.seccnd
line is contained. |

//-—/‘.
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According to the fourth of the present invention, there
is provided an apparatus for controlling the movement of a
printing head in a printef for printing characters along a
print pass while selectivély reversaing a moving direction of
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 contained in the passes set by
the image dividing devicé; a second détermining davice 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;ping'a top of the characters of the first line to a
lowest pass containing the bottom of the characters of the
first line determined by the first determininé device in a pass
containing the _bottom oi___,the characters of the first line
determinad by thea 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 aecdnd lines while
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 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

%
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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 larger than or equal to the height of the

printing head, the control device causes the printing head to

.rapeatedly move in the 'game direction for printing 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
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
diraection. Aftgr the character terminates, the printing

dizrection is raversed.

In the accompanying drawings:

Fig. 1 18 an explanatory diagram showing a first

~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; '

Fig. 3 is an explanatory diagram showing a third

acet
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example of the movements of a .printing head according to the
praesant invention;
Fig. 4 1s an explanatory diagram showing a fourth

example of the movements of a printing head according to the

present invention;

Fig. 5 is § block diagram showing an arrangement 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
apparatus shown in Fiq.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. B is a flow chart showing a control flow when it

divides an image by a éecond'image division method according to

 the present 1nvention, e .

il

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
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

head according to the present invention. In a first example of

.
14
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Fig. 1, characters "A" and “B", located at the center of the

illustration, are dlfferent in size and located on different

lines on a recording paper, viz., on different base lines. 1In

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
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
character B can be printed 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. In this case,

one movement of the printing head can print only a part of the

character “A*. To pr;nt the whole character "A*, the

unldlrectional movement of‘the printing head is repeated.

A case where & first image division method of the
prasént invention is applied to the printing of these
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

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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in the forward direction F, for a second printing. By this
sequencé of movements of the printing head, the remaining éart
of the character “A" and tﬁe 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

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
gecond image division method can reduce the total number of fha
movemants of ths printingdhaad tg four. The second image

dlvision method is the 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 doss
not start until the top Pnt of Fhe character “B" is reached.
A third image division starts from the top Pnt of the character
"é“. 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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including the characters “A" and "B" by the two forward

r

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 cne. ' The printing speed is

also correspondingly increased.

In a second example of Fig. 2, the characters "A" and
"B aée both highér 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 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 frém the second to fourth
forward movements, totally three forward movements, are

required. In the sscond fqrward movement, a lower paxt of the

_charactar *A* and an_ upper part of the charxacter "B" axe

prlnted concurrenﬁly Therefora, it iz impossible to'change.

the printing direction. Accordingly, the printing head must be

movad reczprocally, with the xrsturn of the printing head
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
right gside in Fig. 2.. In a case where the division point is

set at the top Pnt of the character “B*, cnly six

.,/”’;’”ﬂﬂfﬂﬂﬂ’fﬂﬂr’ |
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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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ta) 8 2

In a c >

rint of the image shown in Fig. 3.,. as saen f:::
ﬂppliefi e justration of Fig. 3, the zone lncluding"
the xight aide i:t * and the top Pnt of the character "B" is
e e t forward movement F of the printinq head.
printed by the flr:nts R of the printing. head arxe used-“f“-
Two reverse movem anging .from the top of the Chara‘:ffer, BT o
printing e 2°“°’; This printing process includes two

.. of. }
she bowen th::: F and two reverse movements R. . ired.
forward movem'e ments of the printing head is requ
@ total of fow movea fourth example in printing still another
Fig. 4 shows

a charactex
th exampla, a charactexr *"A" and

the fgur

i.mage. iIn

- S
T e

located on
h that thesa characters are
*B* are arrayed suc

. ; i h

h

i 3 i

Pmb of the character “A". To print this imag:’
chan The berren ents of the_printing head xequired for the
the number of -mg.ve.n;x; method is equal to that for the second
first image d;w::thod " Also in the fourth example, the
image division ’ -

i les
he printing head is controlled as in the examp
movement of the .
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of Figs. 1 to 3,
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

properly selected in accordance with the type of images t? 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
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
contxol davice. Print data received 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
buffers 5, that is empty. The data representative of type
face, character size,'and the like is loaded into a format
register 7.

The zxrow buffera 5 gontain. attribute buffers 6,
respsctively. Print positions (the top pt and the bottom pb)
of characters to be printed on a print paper, which are
calculatad accoréing'to the_charactet éize now set in the

\\_
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format registexr 7 are loade& into the attribute buffers 6. In
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 wvalue 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 read ocut onto an output channel 9 and
are épplieg to a pass-cut section 10. The pass-cut section 10
calculates the number of movements of a printing head, which is
nacéssar& 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 éhe calculation result. The pass-cut
gection 10 develops the image data contained in a print pass,
which is determined on the basis of the character font read out
of a font ROM 13* into an- xmage buffer 11, and sends signals to
a carriaqe contral d;§ice 14 and a paper feed control device 17
for starting to print.

When the carriége control device 14 starts up and ' a
gcan 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 charagters 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 baper according to the imags

———
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pasa 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

.fallows. Upon power on, in a step S0, the respective sections

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
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
in the input buffer 2, and to load the one-line print data up

to CR, LF, or -FF code as a delipiter into one of the row

S

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

-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

to a step 57 where the print data is loaded into the row buffer

S that is npécified in the step S2, and to a step SB. 1In the

dThssh - -~ 16 -
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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 the charactex 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, then the CPU retrieves 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 charactér
geries to be printed on the present line. Fig. 10 ;hows a

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

s Sheet Has Been Replacec - 17 - FH\S SHEET HAS BE‘TJ
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pmt and the bottom pmb are stored in the memory locations

arrayed as slown, which axe sfacified 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 S$12 and returns its control to the step S2. 1In a gtep
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.

After all of the buffers 5 are loaded with the data in
t+he control stage where the CPU retufns its control to the 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
executes a print process according. to the regult of the pass
cut in.a sth:SAT Aftexr-all of the xow buffexs 5 are empty,
control By“thgtééﬁ-raturﬁé 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
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 process (step S15), and discharges ths

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

-8 THIS SHEET HAS BEEN
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Z8ro.
Tha details of the pass cutting process in the steps S3

and S14 will be described with refarence to Figs. 7 and 8.

f‘igs. 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 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 numbexr 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 sach line, as an array Pt‘(] and Pb’[], in

a work area of _f-ﬁh_e m?mo{y%g -
T'h_e--'C“P.U.“.;earchas 'Ehe tops in each row for the row
number m .locate.d in the highest level on the paper (S102). A
function mizi(?t'} is for returning the row number of the
smallest positive value .of those hnumbers in the array Pt’'[],
viz., the row nuzi_j};er of the value located in the highest level
on the paper 'o.'f‘. thosa-fops_ store:.i in the array. In a case
where the tppé atoxred arxe all megative, the function returns a
negative valus as an error. |
To "sgt'_a division start point at the top Pt’[m] 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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pointexr (refeixed to as Ptr) (step S103).

In steps S104 to 5106, 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 Npassl
indicating the division pass number is used as a relative

addfess. Tha axrxays indicata!the uppef and the lower limits of

a division zone.
After the division pass 1ls determined, the printing.

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

‘indicating the division pass number must be incremented by 1
(+1) (step S107). To check whether or not the images in the

'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
(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
returns its control to the step S5104.

1f ih=§.step S108, the CPU determines that all of the

/f:mwmmﬁ;ﬂﬁiif’“"
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images in the xow m being currently -processed have been
divided, then eontrol.by the CPU advances to a step S§112. 1In
this step, the CPU erxases 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 vélue, thereby
updating the array Pt’({}.

' ' In a step S113, the CPU searxches the updated array
pt’[] for the ro;w number n having the top locatad in :che

highest level 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 |

negative number as an error value, the CPU ends and exits from
the praesent process since the negative value indicate; that the
image division of the cha;acters 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.
1f the éréséﬁé'éfi;;r.;aiue_is.;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 forwaxd to a
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

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

B5112.
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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
relatively large space between the 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)

in&icating that no carriage return is required into the array

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

pass nfzmber .(step S.IIS)_P__;_- In the next step S117, the CPU
incrementévfﬁéiﬁé;:si 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 m (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.

T THIS SHEET HAS BEEN
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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 §223). In 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 cour'xlt.er

Npass2 for counting the number of division I'J‘asses'and a countexr

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 paper (5202).

'To se__;;-a—-_div;sit_:lp;gtart point at the top Pt’(m] of the

e T

row m gained in.the step S§202, the top Pt'[m] is set to a

pointer Ptr (step S5203).

In steps 5204 to 5206, the CPU divides an image in the
row m in the width of the height H of tha printlng 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 for_z'ned_ in the memory. In the arxay, th.a Npass2
indicating the division pass number is used as a relative

address. The arrays indicate the upper and lower limits of a

{This Shest Has Been Replace - 23 -
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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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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 priﬁted, tlia:t
are stored in the row buffers S, .;LB completed. Usually, éhe
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 S213.

If the present Ptr value 1s not higher in lsvel than
the top Pt’'[n] of the row n, that is, there is a relatlvely
large space between the rows m and n so that no carriage return
is required for the printing of the asubsequent division pass,

then the CPU stores an identification code (0) indicating that

_no carriage xeturn is required into the array Crret2[] in

asgociation with the Npass2 indicating the division pass number

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

Npass2 by oneg, (+1} o :-'-' -

To repeat the procass starting from the step 5203 in a

state that the row number n gained in the step S§213 is rsplacad
by a new row m (step S218), the CPU substitutes the row numbex

n in_to the row number m, and returns its control to the step

$203.

The process thus far described is substantially the
same as that in t_hé first image division method.

1f the present Ptr value is larger than the top Pt’[n]
in the row n in the step S215, the CPU advances its con.trol to
a step 82_22,-which is the feature of the second image division

IThis Sheet Has
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method. In this step, the CPU compares the bottom Pb'[ﬁj"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 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 exacuteé the steps S216 to 5218, and returns
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
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
‘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
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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(Fig. 4), then the CPU substitutes n into m (m = n) in a step

5221, 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 aof the printing head that are based
on the.second image division method of the present invention
can be previocusly obtained. .

fhe printing process of the steps S4 and S15 in the
flow chart of Fig. 6 will -be described with reference to Fig.
3 ) .

in a step §301, the CPU resets the Npass indicaping.the
division pass number to 0. In a step 5302, the CPU comparss
the Tpassl with'the fpasaz to check which of the first image
dividing method and the second image dividing method rsquires

a less number of carriage;movements.

<

"

If° the'ﬁfu determlnea that the first image dividing
method requires a less number of the carriage movements than
the second image dividing method ; the CP:U carries out a process
consisting of steps S303 to S$3089.

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.;n
the zone of the pass of the Npass indicating the division pass
number of the characﬁers to be printed, from the row buffers 5,

and loads them into the image buffer 11, and causes the printer

THIS SHEET HAS BEEJ
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to print the image data;

After the printing operatlon, the CPU determines
whether or not the carriage 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 S307. If the Crretl(Npass) is "0", the CPU advances its
control to'a step SBOé 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 of th;.s process is omitted since it is
substantiany ‘the sax;le as that of §303 to S309. |

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

As described above, according to the present invention,
an image division Qethpd'reguiring a less number of passes for
the print of an image is sglected. through a procass 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 for

en Replacec - 28 -
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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 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

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
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
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
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.

_h_ﬁ____h____&_s___
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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* the ';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
Reph._ec
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image di{riding 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 data is contained in the passes set by said

image dividing means;

second determining means for checking whether or ﬁot
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
first 1line 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 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.

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:

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

;-M of characters of a first line in the
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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

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