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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 controlling the 

moveme~t of a printing head of a printer of the type which 

prints characters while reciprocally moving the printing head . 

In a serial printer which prin~s characters while. 

moving "the printinq head along character lines, the print speed 

is increased by using both ~he forward and backward movements 

of the printing head. When this 

10 bidirectional printing method is used to print an. enlarged 

character higher than the height of a printing head through a 

plural nu.-nber of 1;cans by. the prinj:ing head and at least one 
-- -- . -~· 
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. · · ve"i:tica1 feed·-or a ·recordinq paper, which corresponds in length 
. _,_ 

to the print width,· a printed image is discontinuous at the ... , . ..-· ... 

{-- 1.s boundaey ·· .of the scan 2 one due to mechanical errors of the 

-~:·'· 

' . 

r-· '"'. 
printer. Accordingly, its image quality is poor. 

'.·~:=';)::.· : 

""·rn°···printin9 such a character to be divided into 

:.r~· 20 

zones for printing, deterioration of the print quality is 

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

left to right) for printing. 

,._,This type of the printer is disclosed in Unexamined 

Japanese Patent Publication No. She. 61-57348. 
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Fiq. 11 is an illustration ·to provide an easy 

undQrstanding of the print control, vi2., thg movement of a 

printing head and·the.paper feed control in such a conventional 

printer. As shown, a series of enlarged chara,c:ters "AB C" are 

s printed on the m-th line, and another series of c:haractars of 

the standard size :·h i j k" are printed on the n-th line spaced 

by a distance i from them-th line. 

10 

In a first .st.ep of the print .control, a carriage 
.. 

carrying the printing head is first moved in a direc~ion (f~om 

left to right) • Through the movement of the carriage, the 

upper half of the enlarged character series / "A .B C", is 

printe~ on a line. Then·, the recording paper is fed._ by the 

distance .J:.. In a 6econd step, the standard character series, 

"h i j k 11 , is printed. And the recording paper. ia fed by a 

1S distance of (H - 1). 

Subs!q?ently / .. the~J.:ower halt of the enlarged character 
--~ . .... : .: ,......:-· a.:· ~-· --:~ • . 

series, .''A-·B c~""- is p.rinted ·in the same direction (left to 

right) as of the printing operation of the upper half. 

Thus 1 according to the print control in the 

20 conventional printer, those characters to be divided into a 

plurality of zones f9r their printing are printed 

unidirectionally. Accordingly, the print control succeeds in 

eliminating the problem of ths discontinuity in the printed 

characters / wliich arises from the different printing directions 

2s of the printing head. 

In the print control disclosed in the Unexamined 
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imagaa that are printed through one movement of tha printing 

head are those of t~e characters of only one line, For this 

reason, when this print control is used to print character 

irnagea of a plurality of lil}es in a state that thesg overlap in 

a scan zone as v~ewed in the moving direction cf 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 d~creased. 

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. 

-present invention provides methods 

and appar~~1:15.~:S ... .-~: __ -;for_ .. i"~trolling the movement of a printing .•. 
head in· which a .. process of printing characters that are 

highe~ ~han the height of the printing head is constructed on 

the basis of unidirectional pri~ting, and a character image 

is divided into zones fo_~ PX:inting in consideration of the 

zones to record a char~cter image of a plurality of adjacent. 

lines, wbereby the nuinber of movements of the printing head is 

reduced and he"°nce the print speed is ·improved • . 
To achieve the above object, according to the first 

aspect of the present inve~tion, 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 ~ead, providing 

the steps of:. setting at least two passes by dividing .. ~prin.t 
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data of a plura.li ty of linasi by the height of the printinq 

head1 saarching the passes for a lowest pass containing a 

bottom of characters of a first line in the print data1 

checkinq whether or not a top of characters of a second line in 

s the print data is present in the passes from an uppermost pass 

containing a top .of the charactere 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 

chara~ters of the first line are printed if the top of the 

10 charactera 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 p~int the 

characters of the second line .in a second direction oppoei te to 

the first direction if the top of the characters of the second 

is line is absent in the pas~es from the uppermost pass to the 

lowest pass. 
.. ,.~- ~-

According to 

·~ .. s. .... ::...t . 
.,_·a~• 

the~ second aspect of the 

invention, there is p~ovided a method for controllinq the 

( movement of a printing head in a printer for printing 

20 characters along a print pass while rever8ing the movinq 

direction of the printing head, providing the steps of: setting 

at least two passes by dividing prin·t data. of a plurality of 

lines by the l)eight of the ,printing head; searching these 

passes for the lowest pass containing the bottom of the 

25 characters ·of the first line in the print data; checking 

whether or not the top of the chara~ter of the second and 
·. 
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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 containinq the bottom of that · 

s charactar and continuing to.print in the same direction until 

the lowest ~ass is reached. 

According to the third aspect of the present invention, 

there is provided an apparatus for controlling the movement of 

a printinq head in a printer for printing ~haracters along a 

10 print pass whi~e selectively reversing a moving direc~ion 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 characters of a 

is· first line i:n the print data is contained in the passes set by 

'the image dividing d_evif;!l,i a secgnd dete:x:mining device for 
. .. ·:-. ~ ~ ...... . : ,.-.. ~· . ..:_ .. ~ .. ~-- . . 

checking wnethe;: __ or not ~ tep 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 lowest pass containing 

20 the bottom of the characters of the first line determined.by 

the first determininq device; and a control device for 

cont.rolling the move~en·t of the printing head so as to print 

the characters.of the firet aDd second lines while moving the 

printing head in a first dire~tion if the aacond determining 

25 device determines that the top of the characters of the second 

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 .printer for printin~ characters along a 

print pass while selectively reversing a moving direction of 

s the printing head, providing: an image dividing device for 

settinq passes by.dividing print data of a plurality of lines 

by the height of the printing head; a first d~termining 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 

.10 the image dividing device; a second determining device for 

checking whether or not a top and a bottom ot 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 

1s first line determined:by the first determining device in a pass 

containing the_. pottom o:{_.:.:_,the cha~actars of the first line 
·:-.- .· ..... · .. ~·· 

:20 

2S 

.: ,.-'loQ': ~ - ·• 

dete:rmined -by· · t.~~ first · determining device 7 and a control 

device for con~rolling 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 i_s ·contained if the second determining 

.device determin~s that the top_of the.charactere 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 ~nd the height of the printing head. If the 

distribution value of the height of the character contained in 

the print pass is larqer than or equal to the height of the 

s printinq heAd, ~he control ~evica causes the printing head to 

.repeatedly move in the ·same direction for printin~ the 

character. If the distribution value of the height of the 

character contained in the pr.int pass is smaller than the 

height of the printing head, the control ~evice reverses the 

io :moving direction of the printing head. for printing . the 

lS 

character. 

Also in such an array of characters that the bo~toms of 

the characters are different but the characters are contained 

in the same print pass, the cha~actera ara printed in the same 

direction. After the character terminates, the printing .. 
direction is reversed. 

In the accompanying-drawings1 

Fig. 1 is an explanatory diagram showing a first 

20 example of the movements of a printing head according to the 

present invention; 

2.5 

F~9 ." 2 is an exple.natory d-!:agram showinq · a s·econd 

example of the movements of a printing head according to the 

present invention; 

Fig· 3 is- an explanatory diagram showing a third 

- 7 -
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example of the movements of a.printinq head according to the 

presant invention; 

Fig. 4 is an explanatory diagram showinq a fourth 

example of the movements of a printing head according to the 

. s present invantion; 

Fig; 5 is a block di·.aqram showing an arrangement of an 

apparatus for controlling the movement of a printil'}g head 

according to the present inv~ntion; 

Fiq. 6 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 image division method accordinq to 

the present invention; 

Fiq. 8 is a flow chart showing a control flow when it 

·1.s d.1.vides an image by a second image division method accordinq to 

the present invention;. ___ ,. 
"': • ... --· • • : """'='! -.:-· .. _ ... ~~···; 

Fig·. ·~j ~!? a flow cbart showing a pri~ting proc'iss by 

the apparatus shown in Fig. 5 ; 

Fig. 10 is a structure of an array formed in a memo.ry 

~o of the apparatus shown in Fiq. 5; and 

Fiq. 11 is a diag1:am useful in explaining an imaqe 

division process employed QY a conventional printer. 

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

:25 head according to the pX"esent invention. In a first example of 
·. 
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Fig.1, cha:x;acters 11 A 11 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. In 

the first example, the character 11 A 11 .is printed on the m-th 

5 line, and the character "B'.' is printed on the n-th line. The 

top and the-bottom of the charact:er "A" are denoted as Prnt and 

Pmb, respectively, The top and the bottom of the character 11 B" 

are denoted as Pnt and Pnb, respectively. 

The printing head for printing thes~ c~aracters has the 

10 height of H. Since· the height of the character "B" on the n-th 

line is smaller than the height H of the printinq head, the 

character 11 B11 can be printed by moving the printinq head one 

time. The height of the character 11A 11 on the m-th line is 

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

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

20 

character "A". To pr~nt the. vhole character "A'" I the 
• . •• ·.,.....;-· "+ .... _ .• ~ • 

unidirect.ional·rnovement of ~the printing head is repeated. 

A case where a fir!St 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 11 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 height Hof the printing 

head. In the first scan zone, the printing head is moved for 

25 a firat printing in the forward direction F, and returned to 

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

- 9 -

lThi• 1iii~ iii1\1M\1\ii~ 



. . . 

· . 

--
in the forward direction F, for a second printing. By this 

sequence of movements of the printing head, the remaining part 

of the charactar "A" and the upper half of the character 11 B11 

are printed. Subsequently, the p+inting head is moved in the 

5 reverse direction R to the initial position, and then moved in 

the forward direc~ion F for a third print. Thus, this first 

image divis·ion 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 

10 moved totally five ti~ee, 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 

diviaion point is set at the top Pnt of the character 11 B". 'l'he 

15 second image division method can reduce the total number of the 

movements of the printi11g_. head tQ :four. 'l'he second image 
-~ .. - . - ... <-· ~ . ..._ ... ~-

division methoi(A~~ the same··as the first image division method 

in that the image di vision sta.rts from the top Pmt of the 

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

20 not start until the top Pnt of the character "B" is reached. 

A third image division starts from the top Pnt of ·the c:haracter 

"B... As shown, the character "B" is lower than the printing 

head. Therefo.x:'e, the character "B" . can be printed by one 

movement of the printing head. The returning movement of the 

25 printing head is not required for printing this character. 

The second image division method can print the. image .. 
- 10 -
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including the characters 11A" and .. B11 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 printinq speed is 

s also correspondingly incre~sed. 

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

"B" are both higher tha~.the printing head of the heiqht H. 

Accordingly, two printing operations are required for each 

character. ·when the first image division m~thod is applied to 

10 the printing of these charactere, the printing of the char~cter 

"A" is completed after the second forward movement, as 

illu·s·trated on the left side in Fig. 2. To print the 

character 11 B 11
, the forward movements from the second to fourth 

forward movemen~s, totally three forward movements, are 

is required. In the second forward movement, a lower part of the 

character "A 11 ~p.d an 
. .. .: ... .v:· -.:-· 

printed concurr~~tly. 

~he printing direction. 

upp~.r part _of the character "B" are 
·-·~.; 

The±efore, it is impossible to· chanqe 

Accordingly, the printing head must be 

moved reciproca.lly, with the return of the printing head 

20 interleaved therebetween. To complete the printing of the 

image including the characters "A11 and "B", a total of seven 

movements are require~. · 

In the. aecond examplE!,. of Fig. 2 1 the second image 

division method of the present invention is illuatrated on the 

25 right side in Fig. 2. · In a case where the division point is 

set at the top Pnt of the ch,aracter. "B 11
, only six 

.. 
- 11 -
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fo.rward and reverse movements are required. A large upper pa~t 

of the character "A" is printed through the forward movement F 

of the printinq head: After the printing head is returned to 

the original position, the remaining part of the character "A" 

s is printed through the second forward movement F. 

Substantia;lly .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 

10 R of the printing head is used £or printing substantially the 

lower half part of the character "B". In this way, a total of 

six movements of the printinq head completes the pri~tin9 of 

the whole imaqe of the characters "A" and "B". 

Fiq. 3 shows a third example in printing another image. 

15 The second image division method requires a larger number of 

movements of the.prin~in~~Gad tha_n thG first image division 
. -=.~ ~- ....... -.~ ~oJ:- ~ ._ .. ~ • 

method to -print _i;._tie image. ·· 

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

smal1er than t~e height H of the printing head. The zone of 

20 the height Hof th~ print~ng head, which includes the character 

MA"; contains the upper part of the character "B". The 

:remaining ·part of the.character "B 11 is printed by the second 

forward movemen.t F of the printing head. Accordingly, the 

first forward movement F of the printing head prints the whole 

25 character 11A11 and a part of the character "B". After the 

printing head is returned to the original position, the 
.. 
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_ printinq head is moved in the forward direction F to complete 

the print of both the characters. In this case, a total of 

three movements of tpe printing head are required to complete 

the print of the whole image. 

In a case where th~ second image di vis'ion method is 

applied to the print of the image shown in Fig. 3, as seen from 

the ri~ht side illustration of Fig. 3, the zone' includinq the 

whole character "A" and the top Pnt of the character "B" is 

printed by the first forward movement F of .the printinq head. 

10 1"°1'10 reverse movements R of the printing· head are used. for 

p.rint.inq the zone rang:inq from the top of the character .. B" to 

1.5 

the ':bottom thereof. T~is printing process include~ two 

forward movements F and two reverse movements R. 

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

Fiq. 4 shows a fourth example in printing a·till another 

imaqe. In the_f.Qurth examplG, a ch!lracte.r "A" and a character 
-:.- - .... - .. ~ 

"B" are arrayec(.~~~~ch that~ these characters are located on 

different base lines belonging to different print lines but 

partia11y overlap when viewed in the direction of moving the 

20 printing head. This image ·is different from those imaqes of 

Figs. 1 to 3·in that the top Pnt of the character 11 B" is higher 

than the bottom Pmb of .the character "A". To pri~t thi~ image, 

the number of mgvements of the_printinq head required for the 

first image division method is equal to that £04 the second 

25 image division method. · Also in the fourth example, th.e 

movement of the printing head im controlled as in the examples 

·• 
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of Figs. 1 to 3. 

As seen from Figs. 1 to 4, the first and second imaqe 

division methods of the present invention have their 

advantaqes. Accordingly, these image division methods are 

5 properly selected in accordance with the type of images to be 

printed. 

Fig. 5 is a block diagram showinq an arrangement of· a 

control 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 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. s· 

illustrates in block form a signal processing by a CPU in the 

control device. Print data received from the computer is 

stored into an .. j.nput .~uf.~_!!r 2, th~ough an I/0 port l of the 
-· -,......;-• "'+" ._ ... ~· 

CPU. Then,-·the··:~~int data is ·transferred to a code analy~er 3 

where characters to be printed are read out. The readout 

( result is loaded through an input channe1 4 into any of row 

.. 

buffers 5 1 that is empty. The data representative of type 

face, character size, and the like is loaded into a format 

register 7. 

The row buffers 5 .s:ontain. attribute buffers 6, 

respectively. Print positions (the top B.t_ and the bottom J2Q) 

of characters to be printed on a print paper, which are 

calculated according· to the character size now set in the 

- 14 -
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fonQat register 7 are loaded into the attribute buffers 6. rn 

the initial se~ting mode at the time of power on, an initial 

value is read out of a nonvolatile memory 8 and loaded in~o the 

format register 7. Thereafter, the value in the format 

s register 7 is altered in r~sponse to an alter command issued 

from the computer. 

The contents stored in the row buffers 5 and the 

attribute buffers 6 are read out onto an output cbannel 9 and 

are applLep to· a pass-cut section 10. The ~ass-cut section 10 

10 calculates the number of movements of a printing hgad, which is 

necesu1a:cy for the pass cutting of an image as described 

referring to Figs • 1 to 3, and determines an opt~um pass 

cu~ting on the basis of the calculation result. The pass-cut 

section 10 develops the image data contained in a print·pass, 

15 which is detennined on the bas~s of the character font read cut 

of a font ROM 13+ into. an '.i.n.zage bu:t;(er 11, and sends s.ignals to 
. ·;.- -·-,...;.-· "'!. -~-~- . 

a carriaqe cont~~~ device l~ and a paper feed control device 17 

for starting to print. 

When the carriage control device 14 starts up and"a 

20 scan by a printi~g head starts~ the image buffer 11 transfers 

its output·s~qnal through an I/O·P.Ort 12 to a printing head 15, 

at proper timings. 

Until a_ll of the charac:.ters 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 printinq head 

15, and a paper feeder 19 feeds a paper according to the imaqe 
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pass by the paper feed control device 17. 

Fiq. 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 SO, the respective sections 

3 in the control device are initialized. 

Specifica~ly, the input buffer 2, the row buffers 5 and 

the attribute buffers 6 to whicn the data from the input buff er 

2 is loaded, the format register 7, the pass-cut sect~on 10, 

the image buffer 11, and the like are initialized. In a step 

10 51, a print paper is supplied to the printer~ and a base line 

is set to Q. The base line· provides a reference level in the 

height of the printed ch~racter. 

To enter a process to analyze the print data which has 

come through the I/O port 1 from tha computer and been stored 

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

to CR, LF, _t;)~· -FF code ·~ a delil!liter into one of the row 
. . -.~ . ....... -.:,..iv:· --:.· --· --:~ . 

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 the one-line print data is to be loaded. 

20 ·After the row buffer 5 to store the data is specified, 

data is read out of the input buffer 2 in a step SS, and the 

code analyzer 3 checks as to whether or not the print data is 

character code. to be printed, -.in a step 56. If t~e print data 

ie the character code to be printed, control by the CPU flows 

~s to a step Si where the print data is loaded into the row buffer 

5 that is ape.cified in the step S2, . and to a step SB, In the 
., 
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step SS, the CPU calculatea the positions of the top~ and the 

bottom J2l2 of an image of the printed character that is stored 

in the row buffer 5, using the character size now stored in the 

fonnat register 7 and the present base line, stores these 

5 positions in its associated ~ttribute buffer 6, and returns its 

control to the step SS .. In this step, the CPU reads out the 

next data from the input ·bu·ffer 2. 

If the CPU decides, in the step 56, that the print data 

is not the character code to be printed, t~en control by the 

10 CPU skips _to a step S9. In this step S9, the CPU ch~cks 

whether ·or not the code is CR {carriage return} , LF (line 

feed)~~ FF (form feed) as a delimiter. 

If it is not a delimiter, for example, it is a format 

value ( e. q. , c~aracter size) al te:t command, then control by the 

15 CPU advances to a step Sl7 where th~ process of the command is 

executed, and .returns.to:~the step ~5 for reading out the next 
~ ~~-~ ~ -·-· .: .. ~· ~- . ·-· ~;~· 

data. · 

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

delimiter,·then the CPU retrieves th~ top ]2:t_ and the bottom 12.f!. 

20 -of each character image to be printed that is stored in the 

attribute buffer 6, and stores the retrieved data as the.top 

Em!:. and the bottom pmb in the memory locations Pt[mJ and Pb[m] 

in an array o~ table of a memory (not shown) (step SlO), in 

order to distinctly show the maximum height of the character 

25 series to be printed on the present line. Fig. 10 show~ a 

dia.gra.m showing the structure of the array. As shown, the-top 
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pmt and the bottom pmb are stored 'in the memory locations 

arrayed as shown, which ara specified by a relative address m. 

(column number). 

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

s which is a paper feed command, ~he CPU updates the base line in 

a step 512 and re~urns its control to the step 52. In a s~ep 

Sl3, if the CPU determines that it ie 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 aQain. 

10 After all of the buffers 5 are·loaded with the data in 

the control stage where the CPU returns its control to tha stgp 

S2, the CPU investigates the print data that are store~ in all 

the xow buffexs 5 for a pass cut of an image (image division) 

which minimizes the number of carriage movements (step 53), and 

15 executes a print process according.to the result of the pass 

cut in a 11t~p --S4.. Af:ter~ll of tl\,e row buff ere 5 are empty / 
...... -···· .: ,. .. ::, ~· .. _. -·.·- . 

control by the .. CPU returns to the step S2, Then, the CPU 

repeats the sequence of above-mentioned control steps again. 

\ When the CPU dete.rmin"es that the delimiter is a FF code 
·~ 

zo as .a page break conunand in the s~ep 513, the CPU executes a 

pass cut process on only the data thus far stored {Btep Sl4), 

executes a printing .process on the basis of thc;a result of 

executing the pass cut procesa {step 515), and discharges the 

print paper out of the printer (step S16}, Then, the CPU 

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

moved to the print start position and the base line is set to . • 
- 18 - 1HlS SHEET HAS BEEN 

. REPLACED 

. ·' 
: . ~ . ;:'~ 



...... 

zero. 

The details of the pass cutting process in the steps 53 

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

Fiqs. 7 and 8 show process.flows to aet pass~s on an 

s image by the first and se~ond image division methods and to 

obtain the nunlber of movements of a printing head, which 

results from the image division. These process flows are _.,_ 

10 

carried out in the steps S3 and 514 in the flow chart shown in 

Fig. 6. 

In the flow chart shoWn in Fig. 7, the CPU initializes 

a counter Npaesl for counting the number of division passes and 

a counter Tpassl for counting the ]\umber o::f movemen~s Of a 

printing head, in a step 5101. Further, it copies the array 

Pt(] and Pb[], which stores the tops and the bottoms of the 

15 . character series of each line, as an array Pt'[J and Pb'[], in 

a work area Q.:f ::·t.~e mem.o:ry:::.f•· 
• . ·.~. -·· .:1--.:-· ~· ·-·-··~·~ 

The--CPU. _searches the tops in each row for the row 

number m ~ocated in the highest level on the paper (Sl02). A 

function min(Pt') is for returning the row number ot the 

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

viz., the row nu~ber of the value locatQd in thQ highest level 

25 

. . 

on the paper of those · tops. stored in the array. In a. case 

where the tops atored are all segative, the· function returns a 

negative value as an error. 

To set· a division start point at thg top Pt'[rn] of the 

row m gained .:i..n the step Sl02, the top Pt' [m] is set to a 
.. 

. ~ . 
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pointer (referred to as Ptr) (step 5103). 

In steps 5104 to SlO~, tha CPU dividaa an image in the 

row m in the width o! the height H of the printinq head (the 

imaqe division starts from the Ptr position), and stores the 

s position of the division pass on the paper, in association with 

the Npassl. Topl;[J and Boi:toml[), used here, also indica'te 

arrays farmed in the memory. In the array, the Npassl 

indicating the division pass number is used as a relative 

address. The arrays indica ta. the upper and the lower limits of 

io a division zone. 

After the division pass is determined, the printing 

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

~ndicatinq the division paea numbe~ must be incremented by 1 

_(+l} (step 5107). To check whether or not the imaqas in the 

15 row m, now being processeq, have all been divided, the CPU 

20 

compar~s ~~e-=.:~~~~:,n~ l'~~~~.ith the pottom Pb ··cmJ 'in the row m 
(step SlOB). 

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 Sl09) since the image must be printed in a µnidirectional 

manner. The·CPU stores an identification code (l) indicating 

that the carriage re.turn _command is required into an array 

Crret1[] i~ association with the Npassl (step SllO). Further, 

the CPU' increments the Npassl (step Slll) by one (+l), and 

2.5 return$ .its control to the step 510~. 

If in .a step SlOS, the CPU determines that all of the 
·, 

. • r. 
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images in the row m being currently · processed have been 

divided, then control by the CPU advances to a step Sll2. In 

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

row :n_ (Pt' (m] = -1) by changing its val.ue to a value which does 

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

updating the array Pt'[]. 

I.n a step Sl13, the CPU searches the updated ar:;:ay - ·· 

10 

Pt' [] · for the row number n having the top located in the 

highest level on the paper. And in a step S~l4, 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 ~hat the 

image division of the characters to be printed, that are stored 

i~ the row buffers 5, is comple~ed. Usually, the CPU advances 

15 its control to a etep·SllS where it compares the pre&ent P~r 

value with the.- top Pt~ o;...:..;the row ..n. gained in the step Sll3. 
. ·~.~ ~ _ .. -.: ,.~. ~- ~-· ~~ . 

If the present P~~ 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 

20 step S119. ln this step, the CPU checks whether or not the 

present Ptr value is larger than the bottom Pb'[n) in the row 

D.• If the preaent Pt~ value is.larger than the bottom Pb'[n) 

in the row n_, .• that is, all a.£ -C_he images in the n. row are 

contained in the divide~ pass, then the CPU substitutes n. into 

25 m (step Sl20), and erases the top data in the row n in a step 

6112 . . . 
- 21 -
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If the present Ptr value is smaller than the bottom 

Pb' (n] in the step 5119, that .is, the upper pa".rt of the imaqa 

in the row n reaches the already divided pass but the lo~er 

part of the image is not yet divided into a ~one (Fiqs. l to 

s 4) 1 then the CPU substitutes n into m (m • n) in a step S12l, 
. '-

and then a?vance~ its control to the step 5109 for the 

uniqirectional printing. In this step, the previously stated 

process is repeated. 

Returning to the step SllS, if thep.resent Ptr value is 

10 smaller than the top Pt'[n] in the row n., that is, th~re is a 

relative~y large space between the rows m and n so that no 

carriage return is required for the printing of the su~sequent 

division pass, then the CPU stores an identification code (0) 

indicating that no carriage .return is required into the array 

15 Crretl[] in association with_.the Npassl indicating the division 

pass number-· (~'&~p s1i6 )&: In the_ next step Sll 7, the CPU . -.~ - ....... . : ,.-.::~ -.:· .. _ ... _--;~ . 

increments-the Npas&l by one (+l). 

To repeat the process starting from the step r03 in a 

'--- state that the row number .n. qained in the step Sll3 is replaced 

20 by a new row .m (step SllB), the CPU substitutes the row number 

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

5103. 

Through the process t™-ts far described, the pass areas 

and the number of movements of. the printing head that a.re based 

25 on the first image division method of the present invention can 

be obtained. 
·. ------/ TIJis Sheet H · · · -
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: 
A flow chart shown in Fig. 8 will be described, 

The flow chart of Fig. 8 is different from the tlo~ 

chart of Fig.· 7 in ~hat the former has an additional process 
(steps S222 to S223). In the process, the CPU checks whether 

s 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 

Npaas2 for counting the number of division p~sses and a counter 
10 Tpass:2 for counting the number of movements. of a printi~q head. 

Further,· it copies the array Pt(] and Ph(], which stores the 

tops and the bottoms of the character series of each ~ine, as 

an array Pt'[J and Pb'[J, in a work area of the memory. 

The CPU searches the ~ops of each row for the row 

15 number m located in the highest lev~l on the paper (5202). 

20 

'I'o s~.t~·a-:divieion~;,!.tart poipt; at the top Pt' (m] of the . - -·· ·.: ........ -~,....:-· ~- ---.. -~..... . 

row m qained in ... the step S202, the top Pt' fm) is SQt to a 

pointer Ptr (step 5203). 

In steps S204 to S206 1 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 divisi.on pass on the paper, in association with 

the Npass2. T-0p2[J and. Bottgm2[J, used here, also indicate 

arrays formed in the memo~y. In the array, the Npas a 2 

25 indicati~g the division pass number is used as a relative 
.• -.. 

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

- 23 -
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--
division pass. 

After the division pass is determined, the printing 

head must be moved for one scan. To this end, the Npas s 2 

(step 5208). 

If an image not yet divided is left in the row m.1 the 

io CPU adds a movement caused by the carriage_return to the Tpass2 

(step 5209) since the image must b.e printed in a unidirectional 

manner. The CPU stores an identification code (1) in~icating 

that the carriage return command is required into an array 

.. --Crret2 [] in association with the Npassl (step 5210). Further, 

15 the CPO increments the Npass2 (step 211) by one (+l), and 

rgturns itsi con'f=rol to. t~_atep S2Q4. 
-=. ~ ~ ...... · -~ ,,.~. ~- ·-· -....... . 

If in a .s.tep 5208, -·the CPU determines that all o·f the 

images in the row m being currently processed have been 

( di vidad, then control by the CPU advances to .a. step S2 l 2 • In 

20 this step, the CPU era~es the top of the image in the processed 

row ,m (Pt' [m) • -1) hy"changing its value to a value which does 

not exist on the paper, e.9., a negative value, thereby 

updating the arxay Pt' []. In a-step S213, the CPU searche6 the 

updated array Pt'[] for the row number.n. having the top located 

25 in the hlgheet level on the paper. And in a step 5214, the CPU 

checks if the row number .n..is positive or negative. If it is ... 
- 24 -
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a negative number as an error value, the CPU ends and exits 
·' 

from the present process since the negative value indicates 

that the imaqe division of the characters to be printed, that .. 
are stored in the row buffers S, is completed. Usually, the 

s CPU advances its control t~ a step 5215 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 value is not higher in level than 

the top Pt'[n] of the row n, that is, the~e is a relatively 

io large epace between the rows m and n. &o that no carriage return 

is required for·the printing of the subsequent division pass, 

then.the CPU stores an identification code (0) indicat~ng that 

. no carriage return ii! required into the array Crret2[) in 

association with the Npass2 indicating the division pass number 

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

20 

Npass2 by on~ .. (+l} .. 
. - -·· ... --- .: ,.....,:-. ~ 

. ~-..:.....--... _ .• ~· .. 
To repea~ the process starting from the step S203 in a 

state that the row rtumber n. gained in the step 521~ 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 st~p 

5203. 

The process thus far described ~s substantially the 

same as that in the first image division method. 

If the present Ptr value is larger than the top Pt'[n) 

25 in the row .n. in the step 5215, the CPU advances its control to 

a step 5222, which is the feature of the second image division 
... 
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-- ]Dethod. In this step, the CPU compare~ the bottom Pb' [mJ.. in 
··.~· 

the row m division processed with the top Pt'[n] in the row n. 

to be division proce~sed. 

If in the step 5222, the bottom Pb'[rn] is smaller than 

s the top Pti[n], that is, there is a space between the rows· m 

and n 1 then the C?U advances its control to a step 5223. In 

this step, it changes the lower lim~t Bottom2[Npass2] of the 

pass resulting from the latest image division to the top Pt'[m] 

in the row .n,, and executes the steps 5216 to 5218, and returns 

10 its control to the step S203. In this step, the CPU sets the 

top of the next line to the division Ptr. 

:20 

If the Pb'(m] is larger than Pt'(n] in the et~p S222, 

the images in the rows m and n. partially overlap as viewed·· in 

the moving direction of the pr~ntinq head. Accordingly, ··the 

CPU advance~ its control to a step s21'9. 
. 

In this step, the ~PU 

checks wheth~; ::·en; no~ t~~~esent Pj:r value is larger than the 
• • •• -·· .: ,..v.:· "":' - ·,. . .. 

bottom Pb'(n) in.the row.n.. If the present Ptr value is larger 

·than the bottom Pb' (n] in the row n.1 that is, all of the images 

in the row n are contained in the already divided pass, then 

·the CPU· substitutes the row number n irito the row number .m (m 

• n) in the step 5220, and erases the top data in the row .n in 

the st:ep 5212. 

If the -present Ptr vad ue is smaller than the bottom 

2b'(n] in the. row n. in the step S219, 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 zone .. 
-·---
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.. 
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(Fig. 4), then the CPU substitutes n into m (m = n) in a step 

5221, and advancas its control to the step 5209 for the 

unidirectional printing. In thi.s step, .the previously stated 

_process is repeated. 

Through the process.thus far described, the pass areas 

and the number of movements ot ~he printing head that are based 

on the second image division method of the present invention 

can be ~reviously obtained. 

The printing process ot the steps S4 and Sl5 in the 

10 flow chart of Fig. 6 will ·be described with reference ta Fig. 

9. 

In a step 5301, the CPq resets the Npass indica~inq the 

division pass number to 0. In a etep S302,.the CPU compares 

the Tpassl with·th7 Tpass2 to check which o~ the first image 

is dividing method and the second image dividinq method requires 

a less number oi carriaq~.J.tlOVement~. 
.. -,..~. ~. --·~· 

If-·t.he .... CPU determines that the first image dividing 

method requires a less number of the carriage movements than 
' . . 

the second imaqe dividing method, the CPU carries out a process 

20 consistinq of steps 5303 to 5309. 

In a· step 5303, the paper is fed so that the leading 

edge of the printing ~ead is positioned at the Topl[Npass). In 

a step 5304, t~e CPU reads ali of the. image data contained in 

the zone of the pass of the Npass indicating the division pass . . 

ZS number of the characters to be printed, from the row buffers S, 

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

iHlS SHEET HAS BEEN 
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to print the image data. 

After the printing operation, the CPO determines 

whethe.r or not the ca~riage return is .required, while· .ref e.rrlng 

to the array element Crretl[Npass) (step S306). If the 

5 crretl(Npass] .is 11 1", the CPU causes the carriage to return in 

a step 5307. If t~e Crretl[Npass) is "0", the CPU advances its 

10 

control to·a atep 5308 where it increments the Npasa by one 

(+l). In a s;tep 5309, the CPU compares the Npasa with the 

Npassl. If these are coincident with each other, the CPU 
·. 

returns its control to the step 5303, and carries out the 

printing process of the next division pass. 

If" the CPU determines, in the step S302, that a less 

number of the carriage movements is. required by the second 

image dividing method than by the ·firat image dividing method, 

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

S316. Description of tll.i~ proce~s is omitted since it is 
. ·:-. - - - ~ ....:.· . .._. ~-

substantial "ly .. t~~~ -~~~e as ~hat of S303 to 5309·. 

Although the structures of other arrays than the array 

Pmt(] and Pmb(] a:re not shown in the figures, those are simila::r 

20 to that of the array Pmt[] and Pmb[]. 

As described above, according to the present invention, 

an image division meth_od· re~ui.?:ing a less number of passes f·or 

the print of _an image is ~lected. through a process of 

searching· a plurality of character series for the heighte of 

2s the characters. When a character exceeding the height of a 

printing head is printed / the printing head is moved for 

- 28 -
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... printinq in the same direction so long as the character 

continues. Therefore / a character, after printed, suffers from 

no discontinuity., so that tha quality of the printed character 

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

s printing head is required. 

·.~ ..... : . . : ,..~:· --:.· 

.. 
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* C L M S * 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 lines by the height of the printing 

head; 

15 

20 

25 

30 

35 

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 
.... -· . '..-~ 

:fixsi::· 1owe-st pas~ 

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 is present in the passes from the 

uppermost pass to the first lowest pass; and 

rever~ing the moving_ direction of the printing head 

for continuing to print the characters of the second 

·line in a 

line is absent in the passes 

to the first lowest pass. 

to the first 

of the second 

pass 

U:\BE'Nul'ZER\EDl6422CLDOC 
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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; 

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; 

search~~g fo~ ~~~ second lowest pass containing a 
·- .. . . -~ 

bo:t:tcim-···o·f00
• 'the --C1i4racters of · the second line if the 

top of "fhe 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 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: 

s seen Replacec, 
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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 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 
-- -- :-~-

~e:_~d.: ~ _C~:~J. ~-in-.:.-~ first direction if said second 

determining 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 

30 

35 

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 

net a bolt OM of characters of a first line in the 
:r . . 

'.;~1ii1\iij\"iii I 
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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. 

5. The ~~~li9:c:L-of-., c;la±m::r 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 

25 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 r~ached. 

-
30 6. The method of claim 1 or 2, further comprising a step of 

35 

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 

pas~m-1.1le uppermost pass to the first lowest pass. 

--------- - _ .... Re ~aced , Th~\ii\\\\\\ THIS S~:~:::~ucLDOC 



5 

5 

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 

said second determining means determines that the top of 

the characters of the second line is contained. 

:.-..=....t 
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