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PRI NTER TI M NG CONTROLLER AND METHOD BACKGROUND OF THE | NVENTI ON
The present invention relates in general to a printer and nore
particularly to an apparatus and nethod for controlling the novenment of a
print head assenbly. Conventional dot matrix printers have becone very

popul-ar because they provide high quality characters

METHOD AND APPARATUS FOR PRINT CONTROL

The present invention relates in general to a printer and
more particularly to an apparatus and method for print
control.

Conventional dot matrix printers have become_very popular

5 because they provide high quality characters and bit images at

a relatively low cost. Dot matrix printers of a serial type

operate by driving a head fixing base or carriage having a

printhead thereon in a printing direction. The movement of

the carriage is controlled by print timing signals, which are

10 generated according to how fast or far the carriage moves
relative to a slit plate.

In conventional printers, each line is printed only while

the carriage. ls-mov1ng at a constant speed in a printing area

(Fig. l7).ﬂ A Sllt detector generates encoder signals as the

15 carriage moves relative to the slit plate, which has slits a

predetermined distance apart. The generated encoder signals

are—used as starting points and corresponding print timing data

is set in a timer circuit in accordance with print instruction

data received from an external device at timings corresponding

20 to the respective printing modes of the printer. Once the

timer circuit is set, print timing signals are generated to

control the further movement of the carriage and the printhead

striking the paper.
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and bit inmages at a relatively low cost. Dot matrix print- ers of a serial
type operate by driving a head fixing base or carriage having a printhead
thereon in a printing direction. The novenent of the carriage is
controlled by print timng signals, which are generated according to how
fast or far the carriage noves relative to a slit plate. In
conventional printers, each line is printed only

As shown in Fig. 18 herein, Japanese Patent Publication

(Tokkai) No. 3-2059 of Heisei discloses a print timing control

method for correcting variances in printing positions between

respective dots in a transverse direction. This reference

5 e#ploys delay circuits 301 for controlling a drive circuit 302

Which drives the respective head pins of a printhead 303. The

delay circuits 301 change the delay time according to the

printing direction to compensate for variances in the printing
position.

10 Further, head pins which are provided in the printhead of
a serial type printer are respectively driven at a
predetermined cycle. The time for energizing a head pin
driving solencid or for applying voltage to a head pin driving
piezoelectric element during one cycle is fixed independent of

15 the moving speed of the carriage.

There is a.gemand_for increased pfint speed which has
resulted 3&1 aﬁ~increase-iJ1 the printing speed during the
constant speed movement of the carriage. The demand for
increased print speed has also resulted in printing during the

20 accelerating and decelerating movements of the carriage (i.e.,
in the periods shown by obligue lines in Fig. 17). However, to
print during the accelerating and decelerating movements of the
carriage, priht timings must be generated relative to the
moving speed of the carriage which changes momentarily.

25 Furthermore, during the accelerating and decelerating periods,

the movement of the carriage is greatly influenced by the
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5 to the print area. As a result, the printing quality is not

satisfactory.

In addition, in the conventional method, the printing
operations are performed in such a manner that the carriage
moves without stopping to strike the head pins against the

10 béper via a ribbon. Therefore, as the printing épeed of the
printer increases, the contact distance on the paper between
the head pin and the paper increases thereby spreading the
shapes of dots printed on the paper. The result is that the
printing quality is deteriorated. Further, the change in the

15 shape of the dot is clearly recognized as a change in the shape
of a character or image especially when the printing is
performed in the accelerating or decelerating movements of the
carriage. The change in the dot shape is undesirable from the
viewpoint of the printing quality.

Accordlngly, it is an object of the invention to provide a
printer hav1ng the control to print at a predetermined
position on the printing paper even in the accelerating or
decelerating movements of the carriage. This object is solved
by the method of any one of independent claims 1, 5 and 11 and
the apparatus of any one of the independent claims 2, 9 and
13. Further advantageous features, aspects and details of the
invention are evident from the dependent claims, the
description and the drawings. The claims are intended to be

understood as a first non-limiting approach of defining the

invention in general terms.

The invention provides printer controller and method
thereof for a printhead assembly.

By means of the inventing controlling the movement of a

printhead assembly is achieved.
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ing to the respective printing nodes of the printer. Once the tiner
circuit,i's set, print timng signals are generated to control the further
novepent of the carriage and the printhead striking the paper. As shown
in FIG 18 herein, Japanese Patent Publica- tion (Tokkai) No. 3-2059 of

Hei sei discloses a print timng control method for correcting variances in
print- ing positions between respective dots in a transverse

According to one aspect, the present
invention provides a method for generating a print timing
signal for a printer having a detector which, each time a
printhead carriage moves a predetermined distance, outputs a

detect signal, the method including the steps of measuring

w

first and second signal cycles based on detect signals output
by the detector for first (N-2) and second (N-1) predetermined
distances, xrespectively, determining a difference signal
corresponding to a difference between the first and second

10 signal cycles, determining a third signal cycle for a third (N)
predetermined distance based on the first and second signal
cycles and the difference signal, and generating the print
timing signal in accordance with the third signal cycle.

Accoxrding to‘another aspect, the present

15 invention provides an apparatus for generating a print timing
signal for'a §r;nter having a detector which, each time a
printhead carriage moves a predetermined distance, outputs a
detect signal, the apparatus including measuring means,
responsive to detect signals output by the detector, foxr

20 measuring first and second signal cycles corresponding to first
(N-2) and second (N-1) predetermined distances,

respectively,difference operation means for generating a

- —

difference signal corresponding to a difference between the
first and second signal cycles, operation means for computing
25 a third signal cycle based on the first and second signal

cycles and the difference signal, and print timing signal
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direction. This reference enploys delay circuits 301 for controlling a
drive tircuit 302 which drives the respec- tive head pins of a printhead
303. The delay circuits 301 change the delay tinme according to the printing
direc- tion to conpensate for variances in the printing posi- tion.
Further, head pins which are provided in the print- head of a serial type
printer are respectively driven at a
generation means for generating the print timing signal in
accordance with the computed third signal cycle.
Yet, according to a further aspect, the invention provides a method for
generating a print timing signal for a printer having a
5 de£ector which outputs a detect signal, each time a printhead
tarriage including a printhead and head pins which move a
predetermined distance towards printing paper, the method
including the steps of generating successive basic timing
signals 1in accordance with detect signals output by the
10 detector, the basic timing signals each having a signal cycle
corresponding to a current print mode of the printer,
determining a correction wvalue corresponding to the carriage
moving speed based on the signal cycle of the detect signal and
from a preceding signal cycle equal to a predetermined time of
15 . the head pin arriving at printing paper, and correcting the
signal cycle of'the basic timing signal in accordance with the
correctlon value and outputtlng a print timing signal
corresponding to the corrected signal cycle.
According to a still further aspect, the present invention provides an appa—
ratus for generating a print timing signal for a printer having a
detector which outputs a detect signal, each time a printhead
carriage including a printhead and head pins which move a
predetermined distance toward printing paper, the apparatus
including basic timing signal generation means, responsive to
25 the detect signal, for generating successive basic timing

-

signals each having a signal cycle corresponding to a current
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predeterm ned cycle. The tine for energizing a head pin driving solenoid or
for applylng voltage to a head pin driving piezoelectric elenent during one
cycle is fixed independent of the noving speed of the carriage. There is
a demand for increased print speed which has resulted in an increase in the
printing speed during the constant speed novenent of the carriage. The de-
mand for increased print speed has also resulted in print-

print mode, correction time operation means for generating a
correction time value for a print timing signal corresponding
to a moving speed of the carriage based on the signal cycle of
the detect signal and from a preceding signal cycle which
5 eéuals a predetermined time of the head pin arriving at the

‘printing paper, and print timing signal generation means for
correcting the signal cycle of the basic timing signal in
accordance with the correction time value to provide the print
timing signal.

10 Yet, according to an even further aspect, the invention provides a print con-

trol method for a printer which drives a head pin provided on a

printhead to form a dot on printing paper, the print control
method including the steps of detecting a moving speed of the
printhead moving with respect to the printing paper and

15 generating a speed signal having a signal cycle in inverse
proportion tp.thi“detected moving speed, generating a print
timing sigﬁal in-accordanée with preceding print timing data,
generating a drive signal having a signal cycle in proportion
to the signal cycle of the speed signal in accordance with the

20 speed signal and print timing signal, and contacting the-
head pin with the paper only for a time corresponding to the
signal cycle of the drive signal to form a dot having a
predetermined-length with re;pect to the moving direction of
the printhead on the paper regardless of the moving speed.

25 The invention also provides according to a further aspect a print control de-

Jdbékfﬁaprinter for driving a head pin provided on a printhead to form

v
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ing during the accelerating and decel erating nmovenents

10

15

20

25

a dot on printing paper, the print control device including
speed signal generation means for detecting a moving speéd of
the printhead moving relative to the printing paper and
geperating a

spéed signal having a signal cycle in inverse proportion to the
ﬁbving speed, print timing signal generation means for
generating a print timing signal from preceding .print timing
data, drive signal generation means for generating a drive
signal having a signal cycle in proportion to the signal cycle
of the speed signal, and head pin drive means for contacting
the head pin with the printing paper only for a time
corresponding to the signal cycle of the drive signal to
thereby form a dot having a predetermined length with respect
to the moving direction of the printhead on the printing paper

regardless of the moving speed.

Fig. 1 shows a carriage and printhead assembly which is
controlled by a print controller apparatus and method in
accordance with the invention;

Fig. 2 is a block diagram of a printer controller circuit

according to a first embodiment of the invention;

Fig. 3 is a circuit diagram of a print timing generation
circuit employed in the first embodiment of Fig. 2;
Fig. 4 is a timing chart of signals in the print timing

generation circuit of Fig. 3;
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- 2- .of the carriage (i.e., in the periods shown by oblique Ilines in
FIG 17). However, to print during the acceler- ating and decel erating
novenents of the carriage pri nt

Fig. 5 is a timing chart illustrating the control
principles of a second embodiment of the invention;
Fig. 6 is a block diagram of a printer controller circuit
according to the second embodiment of the invention;
5 ‘. Fig. 7 is a circuit diagram of a control signal generation
‘circuit employed in the second embodiment of Fig. 6;
Fig. 8 is a circuit diagram of an operatign circuit, a
delay circuit, and a timing output circuit employed in the
second embodiment of Fig. 6;
10 Fig. 9 is a circuit diagram of a print timing data count
circuit employed in the second embodiment of Fig. 6;
Fig. 10 is a timing chart illustrating signals in the
second embodiment of Fig. 6;
Fig. 11 illustrates a printhead and carriage and a
15 mechanism for driving the same;
Fig. 12 lllustrates drive current and displacement of a
head pin accordlng to a third embodiment of the invention;
Figs. 13(a) and 13(b) show a correlation between a carriage
speed and a print dot for the third embodiment according to the
20 invention;
Fig. 14 is a block diagram of a print controller circuit
of the third embodiment according to the invention;
Fig. 15 'is a circuit aiagram of an enerxrgization time
control circuit employed in the third embodiment of Fig. 14;
25 Fig. 16 is a timing chart of signals generated by the

circuit of Fig. 15;
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ti.m ngs nust be generated relative to the noving speed of the carriage

whi ch changes nonentarily. Further- nore, during the accelerating and
decél erating periods, the novenment of the carriage is greatly influenced
by the variations of |oads occurring while controlling the print carriage
drive nmechanism In conventional print- ers, the novenent of the carriage
during the accelerat- 1ing and decelerating periods is based on timng
signal s
Fig. 17 illustrates a conventional print method; and,

Fig. 18 is a block diagram of conventional print control

circuits.

5 *  Fig. 1 shows a print head 1, a platen 3, a slit plate 5
which includes a plurality of slits spaced equidistant from one
another, a carriage 7, and a slit detector 9 which is mounted
to the carriage and serves as an encoder. To facilitate a
better understanding of the invention, a ribbon cartridge and

10 printing paper are omitted. As the carriage 7 moves, the slit
detector 9 detects, for example, the number of slits passed by
the carriage or the time it takes the carriage to cross
adjacent slits and outputs an encoder signal ENA having a cycle
corresponding to the moving speed of the carriage.

15 Referring.ﬁowgig. 2, the encoder signal ENA is then input
to a cycle_measuring means.lO, which measures a cycle distance
corresponding to the moving time of the carriage moving from
adjacent slits, and to a difference operation means 20, which
determines a difference Dbetween the cycle distances -

20 corresponding to a difference between the consecutive slit
distance moving times. The outputs of the cycle measuring means
10 and difference operation-heans 20 are applied to a first

operation means 30 which produces time data in synchronism with

the generated encoder signals ENA. In accordance with data
25 previously set in a printer control means 60, the time data
This Sheet Has Been Replaced -9 -




corresponding to the print area. As a result, the printing quality is not
satlsfactory In addition, in the conventlonal net hod, the printing
operations are perforned in such a manner that the carriage noves w t hout
stopping to strike the head pins against the paper via a ribbon.
Therefore, as the printing speed of the printer increases, the contact

di stance on the paper between the head pin and the paper increases

produced by the first operation means 10 is applied to a second
operation means 40, which outputs print timing data to a print
timing generation means 50 for producing a print timing signal
PTS corresponding to a current print mode of the printer.
5 Referring now to Figs. 3 and 4, there is respectively
*‘shown a detailed circuit diagram and timing chart of the Fig.
2 block diagram.
The operation of the respective means is controlled by
control signals S0-S4, which are generated by a control signal
10 generator 23 in synchronism with the rising edge of the encoderx
signal ENA. The cycle measuriﬁg means 10 is composed of a
first counter 11, a second counter 13, and a reference clock
generator 19 and, responsive to the control signal S0, the
measurement values of the first counter 11 and second counter
15 13 are respectively latched in a first latch 15 and a second

latch 17. -The latches 15 and 17 serve as memory circuits

storing outputs-of the coﬁnters 11 and 13 during each cycle of
the encoder signal ENA.
The counters 11 and 13 count the c¢ycle distances
20 corresponding to the moving times between respectively
succeeding slit distances to measure the time for each encoder
cycle. The counters 11 and 13 count in synchronism with a

reference clock CLK1 generat;d by a reference clock generator

15.
25 The first counter 1l and second counter 13 also make up the
difference operation means 20. A flip-flop 21 switches the
Th’lstlslliie,t’ll{as Been Rer ace - 10 -




t hereby spreading the shapes of dots printed on the paper. The result is

that the printing quality is deterio- rated. Further, the change in the

shape of the dot is <clearly recognized as a change in the shape of a

charac- ter or imge especially when the printing is perforned in the

accel erating or decelerating novenents of the carriage. The change in the

dot shape is undesirable fromthe viewpoint of the printing quality.
mode of the counters 11 and 13 between counting up (addition)
and counting down (subtraction) by outputting an
addition/subtraction select signal ADS which is obtained by
dividing the encoder signal ENA by one-half.

5 | With reference to Fig. 4, an example of the operation of

the first counter 11 will now be described.

When an encoder signal ENA at the N-2 slit position is
input into the control signal generator 23, a control signal Sl
is output. If a reset signal R is applied to a reset input of

10 the first counter 11 as the control signal Sl is asserted, then
the first counter 11 is cleared so that zero, as an initial
value, 1is output. A clock signal CU for counting up
(addition), which is selected by the addition/subtraction
signal ADS, is input to the first counter 1l for initiating the

15 counting up process of the first counter ll. When an encoder
signal ENA at_th%TNfl slit position is input and the control
signal SO ;s géﬁerated, the count value of the first counter 11
is stored in the first latch 15. When the following control
signal Sl is asserted, the value stored in the first latch 15

20 is preloaded back into the first counter 11 as an initial value
by means of a setting signal L. The first counter 11 is then
enabled by a clock signal CD for counting down (subtracting)
which is selected by the adaition/subtraction select signal
ADS. The first counter 11 then begins to count down

25 (subtraction}). When an encoder signal ENA at the Nth slit
position is input and the control signal SO is asserted, the

-
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SUVMMARY COF THE | NVENTION  Accordingly, it is an object of the invention to
pro- vide a printer having the control to print at a predeter- mnined
position on the printing paper even in the accel- erating or decelerating
novenents of the carriage. In accordance with the above and ot her
objects, the present invention provides a nethod for generating a print
timng signal for a printer having a detector

count value of the first counter 11 is stored in the first
latch 15. This count value provides a time difference between
the moving times of the N-2 and N-1 slit positions.
The second counter 13 operates in a manner similar to the
5 first counter but in reverse operation. That is, when the
first counter 11 is counting up, the second counter is counting
down and vice versa.
When the control signal Sl is asserted after detecting
encoder signal ENA at the Nth slit position, a first selector
10 31 and a second selector 33, which collectively form the first
operation means 30, selectively transfer the moving time at the
N-1 slit position and the difference time between the moving
times at the N-2 and N-1 slit positions, which are respectively
stored in the first and second latches 15 and 17, to inputs of

15 an adder-subtractor 41 which forms the second operation means

40.

T e

The adder-subtractor 4i generates the moving time data for
the Nth slit position. The adder-subtractor 41 either adds or
subtracts the two inputs depending on the output of a circuit

20 composed of flip-flops 43, 45 and a gate circuit 47. As a
result, when the carriage 7 is in the accelerating state, the
moving time decreases as the carriage 7 moves from the N-2, N-1
and Nth slité and, therefo;é, a borrow signal BR is not
generated during the subtraction operation of the first counter
25 11 or second counter 13. On the other hand, when the carriage

7 is in the decelerating state, the moving time increases as
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which, each tinme a printhead carriage noves a predeter- mned distance,
out put's a detect signal, the nethod including the steps of neasuring first
and second signal cycles based on detect signals output by the detector for

first (N2) and second (N-1) predeterm ned dis- tances, respectively,

determning a difference signa

first and second signal cycles, determning a third signal cycle

w

10

15

20

25

the carriage 7 moves and, therefore, a borrow signal is
generated during the subtraction operation of the first counter
11 or second counter 13. The borrow signal BR, when generated,
provides a set signal of the flip-flop 43 or 45 and is then
inbut through the gate circuit 47 into the addition/subtraction
select terminal A/S of the adder-subtractor 41. Thus, when a
borrow signal BR is generated as a result of subtraction by
either the first counter 1l or second counter 13, then addition
is executed by the adder/subtractor 41 and, when no borrow
signal BR 1is generated, subtraction is executed. The
flip-flops 43, 45 are reset at a subtraction start point by the
setting signals L of the first counter and second counter 13,
respectively.

when considered on a short time scale, the difference time
of the encoder signal obtained as a result of the subtraction
operation cq;:esponds to the acceleration data (i.e., whether
the carriégé -is‘haccelerating or not). For this reason,
determining the latest moving time and difference time for the
N-2 and N-1 slit position, the moving speed of the carriage 7
can be estimated with fairly high accuracy at the slit position
N and thus the print timing signal.

The time data that is obtained by the adder-subtractor 41
is then output ' to a subtractor 49 when the control signal S2 is
asserted. The subtractor 49 generates a print timing signal in
accordance with division data previously set according to the
current print mode. A third counter 51, which serves as the

- 13 - This Sheet Has Been Replaced
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for a third (N predeterm ned distance based on the first and second signal
cycles-and the difference signal, and generating the print timng signal in
accordance with the third signal cycle.

print timing generation means 50, receives the output of the

subtractor 49 as an initial value when the control signal S3 is

asserted. The third counter 51 performs a subtraction process

or counts down in response to the input of a reference clock,

5 and continues to count until a borrow signal BR is generated.

%he borrow signal BR is used as an initial value setting signal

within the N-th slit position of the third counter 51 and, each

time the borrow signal BR is generated, the operation result of

the subtractor 49 is loaded in the third counter 51 as an

10 initial value. 1In the illustrated embodiment, a print timing
signal PTS is generated every quarter of the slit clearance.

The borrow signal BR is also input to the control signal

generator 23 as well so as to generate the fourth control

signal S4. The control signal S4 cancels the last borrow signal

15 BR that was generated by the output time of the subtractor 49

within theﬂNthiSlit.position. The control signal S4 is also

input to a gate circuit 53 which sexrves as an output signal

select circuit. The control signal S4 eliminates the

generation of an unnecessary print timing signal due to a

20 difference between the actual moving time of the carriage 7 at

the Nth slit position where the print timing signal PTS is

generated and the time data obtained by the adder-subtractor

41. The borrow signal BR of the thirxrd counter 51 and the
control signal S4 are input to a gate circuit 55, which

25 generates and outputs the print timing signal PTS.
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-3- . Further in accordance with the above objects. the present invention
provi des an apparatus for generating

The above described series of operations are performed
each time the encoder signal is generated to produce
successively the print timing signals PTS during the movement
of the carriage. The printer control means 60 determines

5 whether +the print timing signals PTS are generated in
;Ecordance with the print instruction of an external device
(not shown) is effective or not, and controls the generation of
the print timing signal corresponding to the print instruction.
In the above-mentioned embodiment, the difference time of
10 the encoder signal, namely, the acceleration data obtained on
a short time scale is taken into consideration. However, this
is not limitative but, alternatively, the moving speed at the
N-1 slit distance may be considered as the moving speed at the
Nth slit position.
15 Next, a second embodiment according to the invention will
be describgd‘ﬁifhureferEnqe to Fig. 5.

When the movement of the carriage 7 is initiated by a print
instruction, the slit detector 9 generates an encoder signal
ENA and a control circuit generates a basic timing signal MTS
20 which is discussed below. The basic timing signal MTS is
generated for every encoder signal in accordance with
previously set print timing dita. When the moving speed of the
head pin of the printhead 1 is constant, the delay time of the
print timing corresponding to the carriage speed is as follows.
25 When printing is performed in a direction of arrow A (Fig.

5), if a print timing signal generation circuit, which is

5 . This Sheet Has Been Replace
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a print timng signal for a printer having a detector which, each tine a

printhead carriage noves a predeter- mned distance, outputs a detect
signal, the apparatus including neasuring neans, responsive to detect
signals output by the detector, for neasuring first and second signal
cycles corresponding to first (N -2) and second (N -1) predeterm ned

di stances, respectively, differ- ence operation neans for generating a

di fference signa

discussed below, is initiated in a print peried (N-1) just
before the Nth print period (slit position) and also the
following equation with respect to the moving distance of the
head pin to the printing paper at the carriage set speed is
5 true, then a print position can be made constant regardless of
éhe carriage speed. The delay time of the print timing

corresponding to the carriage speed is expressed- as:

V . Tf = Vr - (Tf - Tr + Td) (1)
wherein:
10 V denotes a carriage set speed;

Vr denotes the current moving speed of the carriage;
Tr denotes the cycle of the encoder signal ENA;
Tf denotes the time the head pin arrives at the printing
paper; and
15 Td denotes the delay time of the print timing.
If the ébo&ewequatidn_(l) is solved for the delay time Td,
then the follo&ing equation is obtained:
Tf - (V/Vr - 1) + Tr = Td (2)
Here, if a slit distance is expressed as D, then V = D/Ts
20 and Vr = D/Tr, wherein Ts denotes the cycle of the encoder
signal ENA with respect to the carriage set speed. If these are
substituted into the above equation (2), then the following
equation is obtained:
Tf -« ((Tr - Ts)}/Ts) + Tr = Td (3)
25 If this equation (3) is transformed, then the following

equation is obtained:
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corresponding to a difference between the first and second signal cycles,
operation neans for conputing a third signal cycle based on the first and
second signal cycles and the difference signal, and print timng signal
generation means for generating the print timng signal in accordance with
the conputed third signal cycle. Yet, further, the invention provides a
nmet hod for generating a print timng signal for a printer having a

Tf/Ts - (Tr - Ts) + Tr = Td (4)

Here, if Ts is set to equal Tf, then the above equation can
be changed into the following equation (5):

2 - Tr - Ts = Td (3)

5 Thus, Td can be determined by a simple calculation if Tr
:éan be measured. In other words, if by assuming a set speed V,
which allows Ts to equal Tf, a reference print timing value is
obtained when the carriage moves constantly at the assumed set
speed V. If the delay time Td computed from the equation (5)

10 is then added to the reference print timing value, then a
proper print timing value can be obtained with respect to any
current speed Vr within a range of speeds equal to or less than
the set speed V. Therefore, the set speed V can be assumedly
set at a value higher than the actual moving speed of the

15 carriage.

Simi%;rlx;-uhen printing in the direction of arrow B, in
a print period (N+2), which is situated two periods after the
Nth print period, a delay time Tx, which allows the following
equation with respect to the moving distance of the head pin

20 arriving at the printing paper at the set speed of the carriage
to be true, then the print position can be made constant
regardless of the speed of the carriage when printing.
Furthermore, éhe print positign is equal to the print position
obtained when printing in the directioﬁ of the arrow A.

25 Vr « (Tf - Tr + Td) = 3 « Vr « Tr -(Tf + Tx) - Vr (6)

If the above equation is solved for Tx, then the following
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detector which outputs a detect signal, each tine a printhead carriage

I ncl udi'ng a printhead and head pins which nove a predeterm ned di stance
towards printing paper, the nethod including the steps of generating
successive basic timng signals in accordance with de- tect signals output
by the detector, the basic timng signals each having a signal cycle
corresponding to a current print node of the printer, determ ning a correc-

equation (7) is obtained:
2 « Tr - Ts = Tx (7)
The two equations (5) and (7) are the same and,
if the cycle Tr of the encoder signal ENA accompanying the
5 movement of the carriage is measured and the cycle Ts of the
encoder signal ENA corresponding to the assumed moving speed of
the carriage equivalent to the moving speed of the head pin is
set, then the delay time Td can be found through the simple
calculation of equation (5) or (2).

10 If a delay circuit, discussed below, whose delay time Td is
initiated at a print timing period which is previously set in
accordance with the printing direction, then the print position
can be controlled to be constant regardless of the printing
direction. In Fig. 5, a print permission signal EP, which is

15 responsive to the basic print timing signal MTS in each of the
print.periodsh:pgpvides-a range in which printing can occur.
The delay circuit delays for a period of time Td and then the
print timing signal PTS is output, which causes the print dot
to be formed after the elapse of the time Tf the head pin

20 arrives at the printing paper.

Referring now to Fig. 6, there is shown a block diagram of

a controller which implements the above-mentioned operations.

The controller includes a cycle measuring circuit 70 for
measuring the cycle of the encoder signal ENA, (i.e., Tr from
25 the equation (5)), and a basic signal generation circuit 80 for

generating a basic signal BTS corresponding to the greatest

T
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tion value corresponding to the carriage noving speed based on the signal
cycle of the detect signal and from-a preceding signal cycle equal to a
predeterm ned tine of the head pin arriving at printing paper, and correct-
ing the signal cycle of the basic timng signal in accor- dance with the
correction value and outputting a print timng signal corresponding to the
corrected signal cycle.

common measure (i.e., denominator) distance of a plurality of
print timing signal distances corresponding to the current
print modes. For example, when there are two priority modes,

one of which is performed at a dot pitch of 0.14 mm (1/180
in.) and the other mode is performed at a dot pitch of 0.21
mm (1/120 in.), there is output a basic signal BTS
corresponding to a dot pitch of 0.07 mm (1/360 in.)
which is the greatest common measure of .the two dot

pitches. Further, a plurality of dot pitches may be classified
into groups and the greatest common measure may be found for

10 each group and a basic signal BTS which corresponds to the
greatest common measure is generated.

A print timing data count circuit 120 which is responsive
to the basic signal BTS, generates a basic timing signal MTS in
accordance with the print timing data M of the respective print

15 modes stored in a print timing data memory circuit 110. A
print..positioqj speed data memory circuit 130 stores print
position speed data Ts (tﬁe set cycle of the encoder signal)
corresponding to the set moving speed of the carriage. The
data M and Ts are respectively set through a data bus DBS in

20 the respective memory circuits from external circuits (not
shown). A control signal generation circuit 90 generates
control signals S10, S20, and S30 for respectively controlling
the circuit biocks 70, 840, 15b, and 120.

The cycle measuring circuit 70 counts the encoder signals

25 ENA for every cycle in accordance with a clock signal CLKl and

the measured time data is input through a data bus Datal into

r
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Still . further, the present invention provides an appa- ratus for generating
a print timng signal for a printer having a detector which outputs a
detect signal, each tinme a printhead carriage including a printhead and
head pins which nove a predeterm ned di stance toward printing paper, the
appar-atus including basic timng signal generation nmeans, responsive to the
detect signal, for generating successive basic timng signals each hav-

the basic signal generation circuit 80. The basic signal
generation circuit 80 counts the time data in accordance with
a clock signal CLKZ2 having a frequency which is obtained by
dividing the encoder signal generation distance (slit distance)
5 by the above-mentioned greatest common measure distance and
Ehen multiplying the resultant value by the clock signal CLK1.

For example, when the encoder signal generation distance is

0.21 mm (1/120 in.) and the greatest common measure of the
above-mentioned dot pitch is 0.07 mm (1/360 in.), the clock

L0 CLK2Z is set such that CLK2 equals CLKl times three.

A cancel circuit 100 compensates for the output of the
basic signal BTS from variations:of the cycle of the encoder
signal ENA accompanying the speed variations in the
acceleréting or decelerating state or in the constantly moving

15 state of the carriage. Thus, the cancel circuit 100 cancels a
carry signgl“CXiof;a-counter within the basic signal generation
circuit 80 just before the encoder signal that starts the next
measurement after the measurement of the cycle Tr of the
encoder signal ENA.

20 An operation circuit 140 receives the data Tr and Ts and
performs the calculation operation of the equation (5). The
result is applied through a data bus Data2 to delay circuits
160 - 190, respectively. The basic timing signal MTS, which is
output from the print timing data count circuit 120, is input

25 to a delay selection circuit 150, which in turn outputs select

signals SQl1 - SQ4 used to select the delay circuits 160 - 190
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ing a,signal cycle corresponding to a current print node, correction time
operati*fon neans for generating a correction tinme value for a print timng
signal corre- sponding to a noving speed of the carriage based on the

signal cycle of the detect signal and froma preceding signal cycle which
equal s a predetermned tine of the head pin arriving at the printing paper,
and print timng

in a predetermined order. The signals PTL - PT4 that are

respectively generated by the delay circuits 160 - 190 are

input to a print timing output circuit 200, which generates a

pr@nt timing signal PTS corrected by means of the carriage
5 speed thus computed.

Referring now to Figs. 7, 8, and 9, there are shown the
detailed circuit diagrams of the respective circuit blocks of
the controller circuit of Fig. 6. The operations of the
respective circuits will be described with reference to the

10 timing chart shown in Fig. 10.

As shown in Fig. 7, the control signal generation circuit
90 includes D-flip-flops 91- 93 and gate circuits 94 - 99. The
control signal generation circuit $0 differentiates the encoder
signal ENA with respect'to the clock CLKl periods and outputs

15 control signals S§10 - S30. The cycle measuring circuit 70
receives the-q;ogk .signal CLKl via a gate circuit 74. The
clock signal CLK1l is applied to an 8-bit counter composed of
two 4-bit UP counters 71 and 72 which are cascade-connected.
The two counters 71 and 72 are cleared by the control signal

20 S10. The count output of the counters 71 and 72 is stored in
an 8-bit latch 73 on each assertion of the control signal S20.

In the basic signal generation circuit 80, the time data
stored in the-latch 73 is lo;aed into two 4-bit DOWN counters
81 and 82, which are also cascade-connected. The counters

25 count down in accordance with the clock signal CLK2 and

generate a carry signal CY for each time data. The encoder
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signal generation distance is then divided by the above-
mentioned greatest common measure and one is subtracted from
the divided result. The result of the division and subtraction
i; set in a preset switch circuit 103 of the cancel circuit
100. A 4-bit counter 104 begins counting towards the loaded
Yalue. A D-flip-flop 105 and an RS-flip-flop 106 cancel the
last carry signal CY within one cycle of the encoder signal
ENA. The logical sum of the carry signal CY that is not
cancelled and the control signal S20 is obtained by a gate 84
thereby generating a basic signal BTS.

In Fig. 8, the print position speed data (Ts) which
corresponds to the respective print modes, are set from an
external circuit (not shown) through a data bus DBS via an
8-bit latch 111 which forms the print position speed data
memory circuit 110. As shown in the equation (5), the print
position spee@idgta Ts -is subtracted from a value which is
double the cyclé‘measuremént data Tr of the encoder signal ENA
to determine the delay time Td.

An operation circuit 140, which includes three 4-bit
subtractors 140, 142, and 143 cascade-connected to one another,
perform the subtraction operation of equation (5). The
operation circuit 140 received the data Tr shifted up one bit
(thus effectiéely multiplyiné—the data Tr by two) and the data
Ts. The data Ts is subtracted from the data value multiplied
by two and the operation circuit 140 outputs the time delay Td

value to the delay circuits 160-~190, via the data bus Data2.
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generation means for correcting the signal cycle of the basic

I n accordance with the correc- tion tine value to provide the

pri:nt timng signal. Yet, even further, the invention provides a print
trol nmethod for a printer which drives a head pin pro- vided on a
printhead to forma dot on printing paper,

con-

10

15

20

25

When a print timing data count circuit 120 (Fig. 9)
receives the basic signal BTS, a basic timing signal MTS is
generated in accordance with the print timing data M, which
corresponds to the respective print modes. The print timing
data M is set in a 4-bit latch 121 and, the print permission
Eignal EP allows printing to occur, then a 4-bit counter 122
starts DOWN counting with the basic signal BTS as a clock. The
counter 122 outputs the carry signal CY each time the counting
has completed. When the carry signal CY is applied to D-flip-
flops 123 and 125, a basic timing signal MTS corresponding to
the value of print timing data M is generated through gates 126
and 127, as shown in Fig. 10.

In some cases, depending on the print position speed data
Ts or the encoder cycle data Tr corresponding to the moving
speed of the carriage, the delay time Td occurring due to the
print.speed'ofmﬁhg_carriage nay exceed in length the next basic
timing signal MTS. Thus; a plurality of the delay circuits
which correspond to the previously expected length of the delay
time Td are required. Therefore, in the second embodiment of
the invention, there are provided four delay circuits 160-190.
A delay selection circuit 150 (shown in Fig. 9) selects the
delay circuits sequentially in accordance with the basic timing
signal MTS. - B

In the delay selection circuit 150, there are generated
delay time setting signals SL1 -~ SL4 based on the basic timing

signal MTS, which are respectively applied to the delay
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the print control method including the steps of detect- ing a noving speed
of the printhead noving with re- spect to the printing paper and generating
a speed signal having a signal cycle in inverse proportion to the de-
tected noving speed, generating a print timng signal in accordance wth
preceding print tinmng data, generat- ing a drive signal having a signal
cycle in proportion to the signal cycle of the speed signal in accordance
e circuits, by D-flip-flops 151, 152, a decoder 153 and gates
154a - 157a. The signals SLl ~ SL4 are also respectively input
to RS-flip-flops 154 - 157 to generate the start signals SS1 -
SS54 of the respective delay circuits. As shown in Fig. 8, each
5 of the delay circuits 160 - 190 is composed of a 12-bit
tounter, which is constructed by cascade-connecting three 4-bit
DOWN counters to one another, and a D-flip-flop. When
initiated, the delay circuits output signals PT1 - PT4 after
completion of counting of the delay time Td. These signals PT1
10 - PT4 provide the reset signals of the RS-flip-flops 154 - 157
of the delay selection circuit and at the same time are input
to the print timing output circuit 200 so that the print timing
signals PTS are generated by gate circuits 201 - 203.
In a period during which a series of the above mentioned
15 operations are performed each time tﬂe encoder signal ENA is
generated whiIewﬂthe print permission signal EP permits
printing, £he print timiné signals PTS during the movement of
the carriage are generated successively.
Next, a third embodiment according to the invention will
20 be described.

In Fig. 11, there is shown a view of a printer print

mechanism employed in accordance with the third embodiment of

the present invention. 1In this figure, reference character 1b
designates an ink ribbon, lc depicts printing paper, and

25 la represents a head pin provided on a printhead 1. The
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the speed signal and print timng signal, and contacting the head pin with

the paper only for a tine correspond- ing to the signal cycle of the drive

signal to forma dot having a predeterm ned |length with respect to the nov-
ing direction of the printhead on the paper regardl ess of the noving speed.
The invention also provides a print control device of a printer for driving
a head pin provided an a printhead

printhead 1 is fixed to the carriage 7 and is driven by a
carriage drive mechanism (not shown). The head pin la is
driven in a direction of the double arrow shown in Fig. 1l1.

In Fig. 12, there are shown the variations of drive
5 current i and a head pin displacement x with respect to time
when a solenoid is used to drive the head pin. If the head pin
la is selected by a print instruction and drive current is
allowed to flow, then a magnetic flux is generated in the
magnetic circuit of the printhead, and the printhead is driven
10 toward the printing paper lc due to the magnetic force of the
magnetic flux. If the head pin la is displaced due to the
driving of the printhead and the leading end of the head pin la
arrives through the ink ribbon 1lb at a paper position, a dot
beginning is formed on the printing paper lc. The head pin
15 la is in contact with the printing paper lc during a period of
a contact tdime CT until the head pin la begins its return
operation 4-and moves apart from the paper position. The contact
time CT depends on an energizing time PW and, as the energizing
time PW increases, the contact time CT increases accordingly.

20 Fig. 13(a) illustrates an ideal shape for a dot on a
printing paper. Assuming that the head pin has a circular
section and the diameter of the circular section is expressed
as D, 1if the carriage 7 i; moved by a distance L in a
transverse direction in accordance with the contact time CT,

25 then the front end of the head pin is also moved by the

distance L on the paper, so that the length F in the transverse
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to forma dot on printing paper, the print control device including speed
si gnal® generation neans for detecting a noving speed of the printhead
noving relative to the printing paper and generating a speed signal having
a signal cycle in inverse proportion to the noving speed, print timng
signal generation neans for generating a print timng signal from preceding
print timng data, drive signal generation neans for generating a drive

direction of the dot being formed is equal to the distance L
plus the diameter D. Since the distance L varies according to
the carriage moving speeds,‘the dot transverse length F, as
shown in Fig. 13(b), increases in proportion to the carriage

5 moving speeds. The present invention controls the dot
transverse length F so that it remains constant.

Referring now to Fig. 14, there is shown a block diagram
of a printer controcl circuit according to the present
invention. A main control means 210, which is composed of a

10 CPU for .example, transmits initial energizing time data
corresponding to the response frequencies of the print head 1
to energize a time control circuit 220, print speed setting
data corresponding to the print operation to a carriage control
circuit 250, and print timing setting data to a print timing

15 generation circuit 280. The carriage control circuit 250
generates the speed data of the carriage 7 detected by a speed
detect cif&uit'ZSO and thé print speed setting data to find a
speed deviation, and then outputs to a carriage drive circuit
260, a drive signal which corrects the speed deviation thereby

20 controlling a motor of a carriage system 270. The print timing
generation circuit 280, in accordance with the detected speed
data and print timing setting data, outputs to the energizing
time control circuit 220:. a print timing signal PTS
corresponding to & print style instructed from an external

25 computer (not shown). The energizing time control circuit 220

receives as inputs the detected speed data and print timing .
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signal having a signal cycle in proportion to the signal cycle of the speed
signal’, and head pin drive neans for contacting the head pin with the
printing paper only for a time corresponding to the signal cycle of the
drive signal to thereby forma dot having a predeterm ned |l ength with
respect to the noving direction of the print- head on the printing paper
regardl ess of the noving speed.

signal PTS, and corrects the previously set initial energizing
time data with the detected speed, synchronizes the corrected
energizing time data with the print timing signal PTS, and then
outputs the same to a head drive circuit 230.

5 In the present embodiment, the print timing signal PTS has
Been described when it is generated in synchronization with the
detected speed signal. However, this is not limiting but,
alternatively, the print timing signal PTS may be time
controlled and generated in the main control means 210, without

10 synchronizing the same with the detected speed signal.

In Fig. 15, there is shown a detailed embodiment of the
energizing time control circuit .220. The operation of the
present embodiment will be described below with reference to
Fig. 16 which shows the print timing signal PTS, the carry

15 signal CY, and the energization signal PW.

The eneng;?igg,time.control circuit 220 is controlled by
the main céﬁtrol"means 210-to store the initial energizing time
data in a setting PW latch 223 in accordance with a select
signal CS2, and to store data, which is used to operate the

20 energizing time corresponding to the detected speed data in an
operator 221 also in accordance with the select signal CS2.
The speed data, which is detected by measuring the cycle of the
speed signal VS inputted to Ehe speed detect circuit 290, is
output to the operator 221, which in turn produces an

25 energizing time correction value corresponding to the detected

speed from the previously set operating data and the detected
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BRI EF .DESCRI PTI ON OF THE DRAW NGS

FIG 1 shows a carriage and printhead

assenbly which is controlled by a print controller apparatus and nethod in

accordance with the invention;

controller circuit according to a first enbodi nent of the invention;
3isacircuit diagramof a print timng genera- tion circuit enployed in
the first enbodi nent of FIG 2;

10

15

20

25

speed data and stores the correction value in a correction data
latch 222.

In accordance with the speed signal VS, the energizing
time data stored in the setting PW latch 223 is added to the
energizing time correction value stored in the correction data
latch 222 by an adder 224, so that an energizing time PWl which
corresponds to the speed detected is obtained. In accordance
with the inverse of the print timing signal PTS through an
inverter 226, the energizing time PWl is stored as count data
in a counter 225. The print timing signal PTS sets a flip-flop
227, which outputs an energizing signal PW to the head pin
drive solenoid and also enables the counter 225 to begin
counting. The counter 225 counts in synchronism with the clock
signal CLK and outputs a carry signal CY when the counting is
completed. The carry signal CY resets the flip-flop 227 and
outputs a sigqél_yhich negates the energizing signal PW. At
the same éime,“the carry.signal CY disables the counter 225
from counting. From this point on, each time the speed signal
VS is input, the energizing signal PW corresponding to the
detected speed is applied to the head pin drive solenoid in
accordance with the detected speed data. The operation data of
the operator 221 is set in such a manner that, when the
detected speed is gradually i;creased as shown in Fig. 16, then
the energizing time is decreased like PW2 and PW3. When the

carriage speed reaches a constant moving speed, the energizing

FIG 2 is a block diagramof a printer

FI G
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FIG 4 is atimng chart of signals in the print timng generation circuit
of FIG 3;

time provides substantially the energizing time data that is
initialized.

In the present embodiment, the print timing signal PTS
corresponds to the detected speed signal VS. However, according

5 to some print instructions, a print timing signal not

éynchronous with a detected speed signal, may be generated and
an energizing signal PW may be output in synchronization with
such print timing signal.

There has thus been shown and described a novel printer

10 controller and method thereocf for a printhead assembly which

fulfills all the objects and advantages sought therefor.

15

20
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-5- . FIG 5is atimng chart illustrating the control princi- ples of a
second enbodi ment of the invention;

A

CLAIMS

1. A method for generating a print timing signal for a
5 printer having a detector which outputs a detect signal
each time a printhead carriage moves a predetermined

distance, said method comprising the steps of:

measuring first and second signal cycles based on detect
10 ‘ signals output by the detector for first (N-2) and second
(N-1) predetermined distances, respectively;

determining a difference signal corresponding to a
difference between said first and second signal cycles;

15
determining a third signal c¢ycle for a third (N)
predetermined distance based on said first and second

signal cycles and said difference signal; and

20 generating the print timing signal in accordance with

said third signal cycle.

T o

2. An appératusmfor generating a print timing signal for a
printer, especially for operating the method of claim 1,

25 comprising:

a detector (9) which outputs a detect signal each time a
printhead carriage (7) moves a predetermined distance;

30 measuring means (10), responsive to detect signals output
by the detector (9), £6r measuring first and second
signal cycles corresponding to first (N-2) and second (N~
1) predetermined distances, respectively;

35 difference operation means (20) for generating a
difference signal corresponding to a difference between

said first and second signal cycles;
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FLG 6.is a block diagramof a printer controller circuit according to the
second enbodi nent of the in- vention; FIG 7 is a circuit diagramof a

cont r ofrhis$igeiddas gpl2cedy  on circuit enpl oyed in the second enbodi nent of
FIG 6; \ 4 circuit diagramof an operation circuit, a delay
circuit, output circuit ehployed in

operation means (30,40) for computing a third signal
cycle based on said first and second signal cycles and

sald difference signal; and

5
print timing signal generation means (50) for generating
the print timing signal in accordance with said computed
third signal cycle.

10 3. The apparatus as defined in Claim 2, wherein said
measuring means (10) and said difference operation means
(20) comprise first and second counters (11,13), said
first counter (11) counts up during a period
corresponding to the first (N-2) predetermined distance

15 to generate said first signal cycle and counts down

during a period corresponding to the second (N-1)
predetermined distance to Ggenerate said difference
signal, and said second counter (13) counts up during a
period corresponding to the second (N-1) predetermined
20 distance and counts down during a period corresponding to
the fi;st“(ﬁ—Z)-predetermined distance to generate said

second signal- cycle.

4. The apparatus as defined in Claim 2 or 3, wherein said

25 operation means (30,40) comprises an adder-subtractor
(41) for generating said third signal cycle by adding

said first signal cycle to said second signal cycle when

said difference signal is a positive value and
subtracting said second signal cycle from said first

30 signal cycle when said difference signal is a negative

value.
5. A method for generating a print timing signal for a

printer having a detector which outputs a detect signal,
35 each time a printhead carriage including a printhead and

RN
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the second enbodi nent of FIG 6; FIG 9 is acircuit diagramof a print
timng't mébu%nﬂgm&w t enployed in the second enbodi nent of FIG 6;

FIG 10 art illustrating signals in the second enbodi nent of
FIG 6;! Iu’ z}mﬂlmpstrat es a printhead and carriage and a nechani sm for
driving the sane, 32

head pins which move a predetermined distance towards

printing paper, said method comprising the steps of:

generating successive basic timing signals in accordance
5 with detect signals output by the detector, said basic
timing signals each having a signal cycle corresponding

to a current print mode of the printer;

determining a correction value corresponding to the
10 carriage moving speed based on the signal cycle of the
detect signal and from a preceding signal cycle equal to
a predetermined time of the head pin arriving at printing

paper; and

15 correcting the signal cycle of said basic timing signal
in accordance with said correction value and outputting a
print timing signal corresponding to the corrected signal

cycle.

20 6. The method as defined in Claim 5, further comprising the

steps of: " .. .

measuring the signal cycle of the detect signal in
accordance with a first clock having a first frequency;

25
dividing said predetermined distance by the greatest
common measure of a plurality of print dot pitches which
correspond to a plurality of print modes to obtain a
common value;

30 ' -
generating a second clock having a second frequency
corresponding to the first frequency of said first clock
signal multiplied by said common value;

35 generating a Dbasic signal having a signal cycle

corresponding to said greatest common measure from said

O A
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Fl G 12 illustrates drive current and displacenent of a head pin according
to a¥ ﬁﬁeﬂbnﬁ&ﬁm BBty of the in- vention; FIGS. 13(a) and 13(b) show a

correl a carriage speed and a print dot for the third
tothelnventlon FIG 14 is a block diagramof a
0

errbodl
print contr cuit of the thi3d embodi ment accor di ng to the inven-

second clock signal and the signal cycle of said detect

signal; and

generating said basic timihg signal from said basic
) signal and said preceding signal cycle of said print

timing signal.

7. The method as defined in Claim 6, wherein said plurality

of previously set dot pitches are divided into a

10 plurality of groups and said predetermined distance is
divided by the greatest common measure of the dot pitches

of each of said groups.

8. The method as defined in Claim 6 or 7, wherein said
15 successively generated basic timing signals are corrected
by correction circuits which are independent of one

another.

9. An apparatus for generating a print timing signal for a
20 printer, especially for operating the method of any one

of claimsfS@ioHB,-comprising:

a detector (9) which outputs a detect signal, each time a
printhead carriage (7) including a printhead (1) and head
25 pins (la) which move a predetermined distance toward

printing paper (1lc);

basic timing signal generation means (80), responsive to
the detect signal, for generating successive basic timing

30 signals each having a signal cycle corresponding to a
current print mode;

correction time operation means for generating a
correction time value for a print timing signal
35 corresponding to a moving speed of the carriage (7) based
on said signal cycle of the detect signal and from a
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tion; Tﬂﬁee&és kS CI rcuit diagram of an energization tine control

circuit ¢4 hi rd enbodi ment of FIG 14; FIG 16 is a timng
chart of &I ted by the circuit of FIG 15; FIG 17 illustrates
a convent t hod; and, FIG 18 is a block di agram of
conventional print 34

preceding signal cycle which equals a predetermined time

of said head pin arriving at the printing paper; and

print timing signal generation means for correcting the
5 .signal cycle of said basic timing signal in accordance
with said correction time value to provide the print

timing signal.

"10. The apparatus as defined in Claim 9, wherein said print
10 timing signal generation means comprises a predetermined
number of correction means (160-190), said correction
means being responsive to said correction time wvalue for
correcting the signal cycle of said basic timing signal,
and select means (150) for selecting and distributing
15 said successively generated basic timing signals to said
predetermined number of correction means, wherein said
predetermined number of correction means correct said
signal cycle of said basic timing signal independently of
one another.
20
11. A printwdbnffoi method for a printer which drives a head
pin provided—-on a printhead to form a dot on printing
paper, said print control method comprising the steps of:

25 detecting a moving speed of the printhead moving with
respect to the printing paper and generating a speed
signal having a signal cycle in inverse proportion to
said detected moving speed;

30 generating a print timi;g signal in accordance with
preceding print timing data;

generating a drive signal having a signal cycle in
proportion to the signal cycle of said speed signal in
35 accordance with said speed signal and print timing

signal; and
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contr ol circuits DETAI LED DESCRI PTI ON OF THE PREFERRED

EMODI MEYE IG. 1 shows a print head 1, a platen 3, a slit plate 5 which
|ncludes CNﬁaﬁlltS spaced equidistant fromone another, a
carrlageiﬂﬂﬂ detector 9 which is nounted to the carriage and
serves a To facilitate3® better understandi ng of the inven-
contacting said head pin with said paper only for a time
corresponding to the signal cycle of said drive signal to
form a dot having a predetermined length with respect to
5 the moving direction of said printhead on said paper

regardless of said moving speed.

12. The method as defined in Claim 11, further comprising the
steps of:

10
correcting previously set drive time data by means of

said speed signal;

generating a drive signal in accordance with said

15 corrected drive time data; and,

synchronizing said drive signal with said print timing
signal and then applying said drive signal to said head
pin.
20
13. A prinp_édn%rol-device of a printer for driving a head
pin provided-on a prihthead to form a dot on printing

paper, said print control device comprising:

25 speed signal generation means for detecting a moving
speed of said printhead moving relative to the printing
paper and generating a speed signal having a signal cycle
in inverse proportion to said moving speed;

30 print timiﬁg signal genezation means for generating a
print timing signal from preceding print timing data;

drive signal generation means for generating a drive

signal having a signal cycle in proportion to the signal
35 cycle of said speed signal; and
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tion, a ribbon cartridge and printing paper are omtted. As the carriage 7
noves, theshedtHas Bled Relaoed 9 det ects, for exanple, the nunber of slits passed

by-the ¢ time it takes the carriage to cross adjacent slits
and outp

signal ENA having a cycle corre-
36
head pin drive means for contacting said head pin with

said printing paper only for a time corresponding to the
signal cycle of said drive signal to thereby form a dot
having a predetermined length with respect to the moving
5 direction of the printhead on the printing paper

regardless of said moving speed.
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ABSTRACT

A print controller apparatus and method thereof for
controlling the movement of a printhead assembly
including a carriage (7), printhead (1), and head pins.
First and second moving times of the carriage moving from
first and second predetermined distances and a difference
between these moving times are determined. The carriage
at a third predetermined distance is then determined
based on the first and second moving times and the
difference of the moving times. A basic timing signal
corresponding to the current print mode is generated in
accordance with the current moving time of the carriage
(7). A correction value is then computed based on the
current moving time of the carriage (7) and from a
preceding detected moving time which equals a
predetermined time the printhead (1) arrives at the
printing paper. The basic timing signal 1is corrected
using the correction value to thereby generate a print
timing signal. In accordance with a speed signal being
of an inverse proportion to the current moving speed of
the carriége"17) and . with a preceding computed print
timing signal, a drive signal in proportion to the speed
signal causes the head pin to make contact with the

printing paper for a corresponding amount of time.
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CgEBEdLiéjtéafﬁé_%%#f%é;speed of the carriage. Referring to FIG 2, the 16
€oddti 1€ gnaPSENASi s&fen input to a cycle measuring nmeans 10, which

nmeasures a cycle distance corresponding to the noving tinme of the carriage

novi ng from adj acent slits, and to a difference operation neans 20, which

determ nes a difference be- tween the cycle distances corresponding to a

di fference

F1é.

DT
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bet ween t he consecutive slit distance noving tines. The outputs of the Zv?@
cyecle neasuring neans 10 and differ- ence operation neans 20 are applied to
a first operation nmeans 30 which produces tinme data in synchronismwth the
gener ated encoder signals ENA. In accor- dance with data previously set in
a printer control means 60, the tine data produced by the first operation

nmeans 10 is applied to a second operation neans 40,
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- J
whi ch outputs print tinming data to a print tinmng gener- ation neans 50 fo
producing a print timng signal PTS corresponding to a current print node
of the printer. Referring nowto FIGS. 3 and 4, there is respectively
shown a detailed circuit diagramand timng chart of the FIG 2 block

di agram The operation of the respective neans is controlled by control
signals SO-S4, which are generated by a '
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: L,
control, signal generator 23 in synchronismwth the rising edge of the ’ca
encoder signal ENA. The cycle nea- suring neans 10 is conposed of a first
counter 11, a second counter 13, and a reference clock generator 19 and,
responsive to the control signal SO the neasure- nent values of the first
counter 11 and second counter 13 are respectively latched in a first latch

15 and a sec- ond | atch 17._The | at ches 15 and 17 serve as nenory
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) : /
circuits storing outputs of the counters 11 and 13 during each cycle of theap
.encoder signal ENA The counters 11 and 13 count the cycle distances
corresponding to the noving tinmes between respec- tively succeeding slit
di stances to neasure the tine for each encoder cycle. The counters 11 and

13 count in synchronismwith a reference clock CLKL generated by a
reference cl ock generator 19.

vaoc’t&/\- ,d~5/l-tu{
N N+3

/W*"f / pTS ”"Td IDK%/ ' le(Tx)'
WMM / ' | LT LTS
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The first counter 11 and second counter 13 al so nake up the difference /o
operation neans 20. A flip-flop 21 svmtches t he node of the counters 11 and

13 ‘bet ween counting up (addi Zfoﬁ ,éountl ng down (subtraction) by
outputting an addition/subtr select signal ADS which is obtained by
di vidi'ng the encoder signal ENA by one- haIf WtD rgfw to FLG 4, an

exanpl e of the operation gencnslien
r\LO'G&/\ ' { 4] ( dq A»-gm«.p
2 apad O~ ) patal(Tr) branl
A _.i“i_—:) T 6’5
_ ENAT
TIVE N
gemeL \Q"'J%ol f/’OO
o , N . _ conek A
(,6804_, ll‘?m.u{ S / ¢
. . 10 g
CLk1e—T™ - ,Wimm Asla
: ‘ X0 W o&
(,&—v& ﬂ—uj’m/{ l i ~
CLK2 @ ' A
ddla H 770\170;)"51?
DBSL—;—p ol / > R S 7 A
. ) Thﬂ\t - T [ / w
. MTS
\ [
o 130 = :

.'jJ. 1 - L—-—sto gy
fi\mﬁ 'mej date S e B {_- 4 Afb(n.c:fum; gy
(M) mamow At J %L

A 18| Blpataz(7d) g

” i )

- | n
: L ] 1 2 9 3 ~ r 4
pud poden | K
pprac szt’o\ (Ts) {ﬁﬁ—ﬁ B l £ [—'—‘Eri]' pv»\/'l ,[ww»..
mamey A 200 ; ‘ o Acganf
Al by / i PTS
d Mm; At
Lﬁ'g oht
] 1 / .
This Sheet Has Been Replaced P M Mf h«tﬁ-u/f UL:[

i

Ml




of the first counter 11 will now-be descri bed. When an encoder signal ENA;//&}

at- the N2 slit position
FIG.T
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-7+ 'I's input into the control -signai generator 23, a control signal S1 //@
Is output. If a reset signal Ris applied to a reset
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I nput ‘of the first counter 11 as the control signal Sl is asserted, then
the first counter 11 is cleared so that zero, as an initial value, is
output. A clock signal CU for counting up (addition), which is selected by
the addi- tion/subtraction signal ADS, is input to the first counter 11
for initiating the counting up process of the first counter 11. Wen an
encoder signal ENA at the NN1 slit position is input and the control

F16.9

signal SO is generated,

fanct Tty sgned
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the count value of the first counter il is stored in the
S1 is asserted,

When the followi ng control signa
first latch 15 is pre- |oaded back into the first counter 11 as an initial

val ue by neans of a setting signal
enabl ed by a clock signal CD for counting down

L. The first counter 11 is
(subtracting) which is

first latch 15.
the value stored in the

t hen

sel ected by the addition/subtr?ggjiEEon/gplect signal ADS. The first
{

counter 11 then begins
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Ty
t.o count down (subtraction). When an encoder signal ENA at the Nth slit &
position is input and the control signal SO is asserted, the count val ue
of the first counter 11 is stored in the first latch 15. This count val ue
pro- vides a tine difference between the noving tines of the N2 and N-1

slit -positions. The second count f% epates in a manner simlar to
the first counter but in reverse 045%5 Qn hat is, when

fonel pon e doalion 76
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A
the first counter 11 is counting up, the second counter is counting dovvn/7/.0
and vi ce versa. When the control signal Sl is asserted after detecting
encoder signal ENA at the Nth slit position, a first selector 31 and a
second sel ector 33, which collectively formthe first operation nmeans 30,
selectively transfer the noving tine at the N1 slit position and the
differ- ence tine between the noving tines at the N2 and N-1

FIG I3 (o)
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slit , positions, which are respectivefy stored in the first and second T
| atches 15 and 17, to inputs of an adder-sub- tractor 41 which forns the
secohd operation nmeans 40. Tne adder-subtractor 41 generates the noving

time data for the Nth slit position. The adder-subtractor 41 either adds or
subtracts the two i nputs depending on the output of a circuit conposed of

flip-flops 43, 45 and a gate circuit 47. As a result, when the carriage 7
is in the
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accelerating state, the noving time decreases as the carriage 7 noves from/flr‘
the N2, N1 and Nth slits and, therefore, a borrow signal BR is not
generated during the subtraction operation of the first counter 11 or sec-
ond counter 13. On the other hand, when the carriage 7 is in the
decelerating state, the noving tinme increases as the carriage 7 noves and,

therefore, a borrow signal is F16 /_g
g&f%&n ,a,rwzd
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. s
generated during the subtraction operation of the first counter 11 or 7
second counter 13. The borrow signal BR, when generated, provides a set
signal of the flip- flop 43 or 45 and is then input through the gate
circuit 47 into the addition/subtraction select termnal A/'S of the
adder-subtractor 41. Thus, when a borrow signal BR is generated as a result

of subtraction by either the
FY;DY Art
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hter 13, thenradditien-i-s-executed by the._

b bor- row si nal BRI'S' denerated, - :
p-fl ops 43,,(5‘are“re5em caf -a- subtracvlon
start point by hl s L of the;first counter-éand. second ..
counter 13, rds ECLIVELwa 1 consideredEdh arShont @ i .. %caJe.fthéyw?
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METHOD AND APPARATUS FOR PRINT CONTROL

The present invention relates in general to a printer and

more particularly to an apparatus and method for print
control.

Conventional dot matrix printers have become_very popular
because they provide high quality characters and bit imagee at
a relatively'low cost. Dot matrix printers of a serial type
operate by driving a head fixing base or carriage having a
printhead thereon in a printing direction. The movement of
the carriage is controlled by print timing signals, which are
generated according to how fast or far the carriage moves
relative to a slit plate.

In conventional printers, each line is printed only while
the cafriage is moving at a constant speed in a printing area
(Fig. 17). A slit detector generates encoder signals as the
carriage moves relative to the slit plate, which has slits a
predetermined distance apart. The generated encoder signals
are_used as starting points and corresponding print timing data
is set in a timer circuit in accordance_with print instruction
data received from an external device at timings corresponding
to the respective printing modes of the printer. Once the
timer circuit 1is set, print timing signals are generated. to

control the further movement of the carrlage and the printhead

strlklng the paper.
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subtracUWﬁ,@;ﬁeﬁ:@EﬂEﬂ c‘iﬂﬁ"{éﬁ‘ponds to the acceleration data (i.e., whether
t he carri agei s acceteratn or not). For this reason, determning the

| at est novin h§§¥fyﬁ$ ference time for the N2 and N1 slit position,
t he novi ng{spee g arrjage 7 can be estimated with fairly high
accuracy at | i on N and Rhus the print timng signal. The
time data {hat is obtained bp t he adder-subtractor

S oo o0

As shown in Fig. 18 herein, Japanese Patent Publication
(Tokkai) No. 3-2059 of Heisei discloses a print timing control
method for correcting variances in printing positions between
respective dots in a transverse direction. This reference
employs delay circuits 301 for controlling a drive c1rcu1t 302
Which drives the respective head pins of a printhead 303. The
delay circuits 301 change the delay time according to the
printing direction to compensate for variances in the printing
position.

Further, head pins which are provided in the printhead of
a serial type printer are «respectively driven at a
predetermined cycle. The time for energizing a head pin
driving solenoid or for applying voltage to a head pin driving
piezoelectric element during one cycle is fixed independent of
the moving speed of the carriage.

There is a demand for increased print speed which has
resulted in aﬁ increase in the printing speed durin§ the
constant speed movement of the carriage. The demand for
increased print speed has also resulted in printing during the
accelerating and decelerating movements of the carriage (i.e.,
in the periods shown by oblique lines in Fig. 17). However, to
print during the accelerating and decelerating movements of the
carriage, print timings must be generated relative to the
moving speed. of the carriage which changes momentarily.
Furthermore, during the accelerating and decelerating periods,

-

the movement of the carriage is greatly influenced by the
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41 is th<=n o gﬁ@tvtgg sub&ractor 49 when the control signal S2 is
asserted (] orl4b generates a print timng signal in accordance
with divis .Qn.data»pKQV| pusly set according to the current print node. A
third counter 51, which sekves as the print timng generation neans 50,
receives H‘Iﬁ”@’tﬁ‘}?ﬂf‘"ﬁf"'ﬁ‘lﬁ’ subtractoB 49 as an initial value when the
control sigagla®dohs dFSeLéLih FbeutBingd GAINIELT cOAtPELIHTS tAeSWimaACt i ON

process or’
carriage drive mechanism. In conventional printers, the

movement of the carriage during the accelerating and
decelerating periods is based on timing signals corresponding
to the print area. As a result, the printing quality is not
satisfactory.

In addition, in the conventional method, the printing
operations are performed in such a manner that the carriage
moves without stopping to strike the head pins against the
béper via a ribbon. Therefore, as thé printing speed of the
printer increases, the contact distance-on the paper bétween
the head pin and the paper increases thereby spreading'the
shapes of dots printed on the paper. The result is that the
printing quality is deteriorated. Further, the change in the
shape of the dot is clearly recognized as a change in the shape
of a character or image especially when the printing is
performed in the accelerating or decelerating movements of the
carriage. ‘The change in the dot shape is undesirable from the
viewpoint of the printing quality.

Accordingly, it is an object of the invention to provide a
printer having the ‘control to print at a predetermined
position on the printihg' paper even in the accelerating or
decelerating movements of the carriage. This object is solved
by the method of any one of independent claims 1, 5 and 11 and
the apparatus of any one of ' the independent claims 2, 9 and
13. Further advantageous features, aspects and details of the
invention are evident from the dependent claims, the
description and the drawings. The claims are intended_to be
understood as a first non-limiting approach of defining the ’

" ~invention in general terms.
:" The invention provides printer controller and method
i;hereof for a printhead assembly.
'~ By means of the inventing controlling the movement of a

nrlnthead assembly i .
- f.-. se Y is achieved ot Has Been Replaced
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counts chﬁLﬁh "onse"#o:the input of a reference clock, and continues to
count untii Sig BR is generated. The borrom/5|gnal BR i s used
as an inltlal i&a{iﬂ\g’@%&ttw é; signal within the Nth slit position of the
third COangr_Sl and, ea¢h time the borrow signal BR is generated, the
operation result of the subtractor 49 is loaded in the third counter 51 as
an initidl-valiue~dn--the-ill ustrated enbodiment, a print tinming signal PTS.
S

According to one aspect, the present
invention provides a method for generating & print timing
signal for a printer having a detector which, each time a
printhead carriage moves a predetermined distance, outputs a
detect signal, the method including the steps of measuring
‘first and second signal cycles based on detect signals output
by the detector for first (N-2) and second (N-1) predetermined
distances, . respectively, determininé a difference signal
corresponding to a difference between the first and second
signal cycles, determining a third signal cycle for a third (N)
predetermined distance based on the first and second signal
cycles and the difference signal, and generating the print
timing signal in accordance with the third signal cycle.
According to-another aspect, the present

invention provides an apparatus for generating a print timing
signal for a printer having a detector which, each time a
printhead carriage moves a predetermined distance, outputs a
detect signal, the apparatus including measuring means,
responsive to detect signals output by the detector, for
measuring first and second signal cycles corresponding to first
(N-2) and second (N-1) predetermined distances,
respectively,difference operation means for generating a
difference signal corresponding to a difference between the
first and second signal cycles, operation means for compﬁting
a @pird signal cycle base@ on the first and second signal

cycles and the difference signal, and print timing signal
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REPLACEMENT SHRRT)
gener at ed eve‘r‘yég‘u-a{;ﬁiﬁ\r"% OF; jrfef' slit clearance. The borrow signal BR is
al so input tjo jthe control gr;a generator 23 as well so as to generate the

fourth cont rjol é-jr'f&@VQQ%T eicontrol signal S4 cancels the |ast borrow

si gnal - BR t Hat} was gener at ed By the output time of the subtractor 49 within
the Nth slit] position. Thé~control signal S4 is also input to a gate
circuit 53 dmen-s&wﬂs-._a_g____gn_out put signal select circuit. The control

generation means for generating the print timing signal in
accordance with the computed third signal cycle.

Yet, according to a further aspect, the invention provides a method for
generating a print timing signal for a printer having a
detector which outputs a detect signal, each time a printhead
tarriage including a printhead and head pins which move a
predetermined distance towards printing paper, the method
including the steps of generating successive basic timing
signals in accordance with detect signals output by the
detector, the basic timing signals each having a signal cycle
corresponding to a current print mode of the printer,
determining a correction value corresponding to the carriage
moving speed based on the signal cycle of the dgtect signal and
from a preceding signal cycle equal to a predetermined time of
the head pin arriving at printing paper, and correcting the
signal cycle of the basic timing signal in accordance with the
correction value and outputting a print timing signal
corresponding to the corrected signal cycle.

According to a still further aspect, the present invention provides an appe
ratus for generating a print timing signal for a printer having a
detector which outputs a detect signal, each time a printhead
carriage including a printhead and head pins which move a
predetermined distance toward printing paper, the apparatus
including basic timing signal generation means, responsive to
the detect signal, for generating successive basic timing

signals each having a signal cycle corresponding to a current
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si gnal S&WU&@W %'fﬁeneration of an unnecessary print timng signal
due to 4 arence betgedn the ac- tual nmovi ng time of the carriage 7 at

the Nth intJQoﬁbv 1996

print mode, correction time operation means for generating a
correction time value for a print timing signal corresponding
to a moving speed of the carriage based on the signal cycle of
the detect signal and from a preceding signal cycle which
equals a predetermined time of the head pin arriving at the
‘printing paper, and print timing signal generation means for
correcting the signal cycle of the basic timing signal in
accordance with the correction time value to provide the print
timing signal.
Yet, according to an even further aspect, the invention provides a print con-
trol method for a printer which drives a head pin provided on a
prihthead to form a dot on printing paper, the print control
method including the steps of detecting a mo?ing speed of the
printhead moving with respect to the printing paper and
generating a speed signal having a signal cycle in inverse
proportion to the detected moving speed, generating a print
timing signal in accordance with preceding print timing data,
generating a drive signal having a signal cycle in proportion
to the signal cycle of the speed signal in accordance with the
speed signal and print timing signal, and contacting the’
head pin with the paper only for a time corresponding to the
signal cycle of the drive signal to form a dot having a
predetermined length with respect to the moving direction of
the printhead on the paper regardless of the moving speed.
The invention also provides according to a further aspect a print control de—

viceé'ofia printer for driving a head pin provided on a printhead to form
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timng signal PTS is generated and

a dot on printing paper, the print control device including
speed signal generation means for detecting a moving speéd of
the printhead moving relative to the printing paper and
geperating a

spéed signal having a signal cycle in inverse proportion to the
hbving speed, print timing signal generation means for
generating a print timing signal from preceding .print timing
data, drive signal generation means for generating a drive
signal having a signal cycle in proportion to the signal cycle
of the speed signal, and head pin drive means for contacting
the head pin with the printing paper only for a time
corresponding to the signal cycle of the drive signal to
thereby form a dot having a predetermined length with respect
to the moving direction of the printhead on the printing paper

regardless of the moving speed.

Fig. 1 shows a carriage and printhead assembly which is
controlled by a print controller apparatus and method . in
accordance with the invention;

Fig. 2 is a block diagram of a printer controller circuit
according to a first embodiment of the invention;

Fig. 3 is a circuit diagram of a print timing generation
circuit employed in the first embodiment of Fig. 2;

Fig. 4 is a timing chart of signals in the print timing

generation circuit of Fig. 3;
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the tine asa brai ned- by the adder -subtractor 41. The borrow signal BR of
t he thlrd;c unfg C@ﬂﬁggd he con- trol signal S4 are input to a gate
circuit 5 N ates and outputs the print timng signal PTS.

The above d ri-bed-seriek bf operations are per- forned each tine the
encoder S|gnal S generated to produce ssuccessively the print timnng

si gnal's PF8=dur——tng—the—nmovenent of the carriage. The printer control

Fig. 5 is a timing chart illustrating the eontrol
principles of a second embodiment of the invention;

Fig. 6 is a block diagram of a printer controller circuit
according to the second embodiment of the invention;

. Fig. 7 is a circuit diagram of a control signal generation
‘circuit employed in the second embodiment of Fig. 6;

Fig. 8 is a circuit diagram of an operation circuit, a
delay circuit, and a timing output circuit employed in.the
second embodiment of Fig. 6;

Fig. 8§ is a circuit diagram of a print timing data count
circuit employed in the second embodiment of Fig. §;

Fig. 10 is a timing chart illustrating signals in the
second embodiment of Fig. 6;

Fig. 11 illustrates a printhead and carriage and a
mechanism for driving the same;

Fig. 12 illustrates drive current and displacement of a
head pin according to a third embodiment of the invention;

Figs. 13(a) and 13(b) show a correlation between a carriage
speed and a érint dot for the third embodiment according to the
invention:;

Fig. 14 is a block diagram of a print controller circuit
of the third embodiment according to the invention;

Fig. 15 is a circuit diagram of an energization time
control circuit employed in the third embodiment of Fig. 14;

Fig. 16 is a timing chart of signals generated by the

circuit of Fig. 15;
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means 60 dEterﬂka§'Mhe Er the print timng signals PTS are generated in
accordance wt struc- tion of an external device (not shown)
is effective.Qr not . and controls the generation of the print timng signal
corresponding to the print jnstruction. In the above-nentioned

enbodi nent, ime of the encoder signal, nanely, the
acceleratlon data obtained on a short tinme scale is taken into consider-

Fig. 17 illustrates a conventional print method; and,
Fig. 18 is a block diagram of conventional print control

circuits.

v Fig. 1 shows a print head 1, a platen 3, a slit plate 5
which includes a plurality of slits spaced equidistant from one
another, a carriage 7, and a slit detector 9 which is mounﬁed
to the carriage and serves as an encodér. To facilitate a
better understanding of the invention, a ribbon cartridge and
printing paper are omitted. As the carriage 7 moves, the slit
detector 9 detects, for example, the number of slits passed by
the carriage or 'thel time it takes the carriage to cross
adjacent slits and outputs an encoder signal ENA having a cycle
corresponding to the moving speed of the carriage. -
Referring to Fig. 2, the encoder signal ENA is then input

to a cycle measuring means 10, which measures a cycle distance
corresponding to the moving time of the carriage moving from
adjacent slits, and to a difference operation means 20, which
determines a difference between the <cycle distances
corresponding to a difference between the consecutive slit
distance moving times. The outputs of the cycle measuring means
10 and difference operation means 20 are applied to a first
operation means 30 which produces time data, in synchronism with
the generated encoder signals ENA. In accordance with data

previously set in a printer control means 60, the time data
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ation.

at the N-1islit distance ndy be consid- ered as the noving speed at the Nth

slit positdﬁmIZN@KXW?éa

o

Howk

second enbodi nent according to the inven- tion

will be described with rgference to FIG 5. When t he novenent of the
carriage 7 is initiated byja print instruction, the slit detector 9
gener-at esi.an_en-._coder sigHaI ENA and a control circuit generates a

produced by the first operation means 10 is applied to a second
operation means 40, which outputs print timing data to a print
timing generation means 50 for producing a print timing signal
PTS corresponding to a current print mode of the printer.

Referring now to Figs. 3 and 4, there is respectively
*shown a detailed circuit diagram and timing chart of the Fig.
2 block diagram.

The operation of the respective ﬁe;ns is controlled by
control signals SO-S4, which are generated by a control signal
generator 23 in synchronism with the rising edge of the encoder
signal ENA. The cycle measuriﬁg means 10 is composed of a
first counter 11, a second counter 13, and a2 reference clock
generator 19 and, responsive to the control signal SO, the
measurement wvalues of the first counter 11 and second counter
13 are respeétively latched in a first latch 15 and a second
latch 17. The latches 15 and 17 serve as memory circuits
storing outputs ;f the counters 11 and 13 during each cycle of
the encoder signal ENA.

The counters 11 and 13 count the cycle distaﬁces
corresponding to the moving times between respectively
succeeding slit distances to measure the time for each encoder
cycle. The counters 11 and 13 count in synchronism with a
reference clock CLKl generated by a reference clock generator
19.

The first counter 11 and second counter 13 alsoc make up the

difference operation means 20. A flip-flop 21 switches the
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basi c t'gl?’ﬁ,&ﬁ%"ﬁﬂ%ﬂ lich is discussed bel ow. The basic tinmi ng signal

MISis g f-or—-eve encoder signal in accordance with previously set
print timhg Qﬂés gg t e noving speed of the head pin of the printhead 1
I s constpn 1t Me1 § t of the print tim ing corresponding to the :
carriage| s ed_L_s__.as folil gws. When* Lrl nting is performed in a direction
of arroWf A (FIG 5), if a prlnt timng signal generation circuit,

mode of the counters 11 and 13 between counting up (addition)
and counting down (subtraction) by outputting an
addition/subtraction select signal ADS which is obtained by
dividing the encoder signal ENA by ocne-half.

‘ With reference to Fig. 4, an example of the operation of
the first counter 11 will now be described.

When an ‘encoder signal ENA at the N-2 slit position is
input into the control signal generator 23, a control signal S1
is output. If a reset signal R is applled to a reset input of
the first counter 11 as the control signal S1 is asserted, then
the first counter 11 is cleared so that zero, as an initial
value, 1is output. A clock signal CU for counting up
(addition), which is selected by the addition/subtraction
signal ADS, is input to the first counter 11 for initiating the
counting up process of the first counter 1l1. Wwhen an encoder
signal ENA at the N-1 slit position is input and the control
signal SO is generated( the count value of the first counter 11
is stored in the first latch 15. When the following control
signal Sl is asserted, the value stored in the first latch 15
is preloaded back into the first counter 11 as an initial value
by means of a setting signal L. The first counter 11 is then
enabled by a clock signal CD for counting down (subtracting)
which is selected by the addition/subtraction select signal
ADS. The f£first counter 11 then begins to count down
(subtraction). When an encoder signal ENA at the Nth slit

position is input and the control signal SO is asserted, the
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whi ch isidlscussed,QQHQWJ is initiated in a print period (N 1) just before
the Nth ﬁrnnt peri od (slltip05|t|on) and also the follow ng equation with
respect tio th&2nmyvng%ylstance of the head pin to the printing paper at the
carri age isqt speed S true” then a print position can be nmade const ant
regar dl eds ‘of~the-carriage:speed. The.delay tine of the print timng

correspordjng to the carrlage speed i s expressed as:

count value of the first counter 11 is stored in the first
latch 15. This count value provides a time difference between
the moving times of the N-2 and N-1 slit positions.

The second counter 13 operates in a manner similar to the
first counter but in reverse operation. That is, when the
first counter 11 is counting up, the second counter is counting
down and vice versa.

When the control signal S1 is asserted after detecting
encoder signal ENA at the Nth slit position, a first selector
31 and a second selector 33, which collectively form the first
operation.meahs 30, selectively transfer the moving time at the
N-1 slit position and the difference time between the moving
times at the N-2 and N-1 slit positions, which are respectively
stored in the first and second latches 15 and 17, to inputs of
an adder-subtractor 41 which forms the second operation means
40.

The adder-subtractor 41 generates the moving time data for
the Nth slit position. The adder-subtractor 41 either adds or
subtracts the two inputs depending on the output of a circuit
composed of flip-flops 43, 45 and a gate circuit 47. As a
result, when the carriage 7 is in the accelerating state, the
moving time decreases as the carriage 7 moves from the N-2, N-1
and Nth slits and, therefore, a borrow signal BR is not
generated during the subtraction operation of the first counter
11 or second counter 13. On the other hand, when the carriage

7 is in the decelerating state, the moving time increases as
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a carriage set
V denot es Tr denot es

- TTEe )0 (1) _Wher el n: the carri age; :
V.Tf =W (ff Fre= Feht movi ng speed of : head pin
speed, Vr1déﬂgﬁgﬁ%58§%%§{éﬁa| ENA; Tf denotes the time the p
the cycle o ) o
arrives at {he.print- | | 13

]

the carriage 7 moves and, therefore, a borrow signal s

generated during the Subtraction Operation of the first Counter

11 or second counter 13. The borrow sigrnal BR, when generated,

input through the gate circuit 47 into the addition/subtraction

select termina} A/S of the adder—subtractor 41. Thus, when a

N-2 and N-1 s1it pPosition, the moving speed of the carriage 7
can be estimated with fairly high aCcura;y at the slit position
N and thus the print timing signél. .

The time data that is obtained by the adder—subtracto% 41
is then output to a subtractor 49 when the control signal S2 is

asserted. The Subtractor 49 generates a print timing signal in

current print mode. A third Counter 51, which serves as the

This Sheet Has Been Replaced

St



o A A R TS S ERSTRON @A

ing paper [REPEACEMELT SHEL

A2 NOV 1996

=3
sy

it
.l_.i-l
;

!
|
b
i

i

print timing generation means 50, receives the output of the
subtractor 49 as an initial value when the control signal S3 is
asserted. The third counter 51 performs a subtraction process
or counts down in response to the input of a reference clock,
and continues to count until a borrow signal BR is generated.
Ehe borrow signal BR is used as an initial value setting signal
within the N-th slit position of the third counter 51 and, each
time the borrow signal BR is generated,‘£he operation result of
the subtractor 49 is loaded in the third counter 51 as an
initial value. In the illustrated embodiment, a print timing
signal PTS is generated every quarter of the slit clearance.
The borrow signal BR is also input to the control signal
generator 23 as well so as to generate the fourth control
signal S4. The control signal S4 cancels the last borrow signal
BR that was generated by the output time of the subtractér 49
within the Nth slit position. The control signal S4 is also
input to a gate circuit 53 which serves as an output signal
select circﬁit. The control signal 5S4 eliminates the
generation of an unnecessary. print timing signal due to a
difference between the actual moving time of the carriage 7 at
the Nth slit position where the print timing signal PTS is
generated and the time data obtained by the adder-subtractor
41. The borrow signal BR of the third counter 51 and the
control signal S4 are input to a gate circuit 55, which

generates and outputs the print timing signal PTS.
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- 10 - q’[g{gmpm %ﬁﬁj’k‘jel ay time of the print tinng. | f the above
equati on '*TS”SGived“‘j the delay time Td, then the foll ow ng equation

i's obtaingd 32NOV 1996
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The above described series of operations are performed
each time. the encoder signal is generated to produce
successively the print timing signals PTS during the moveﬁent
of the carriage. The printer control means 60 determines
whether the print timing signals PTS are generated in
;Ecordance with the print instruction of an extermal device
(not shown) is effective or not, and controls the generation of
the print timing signal corresponding to the print instruction.

In the above-mentioned embodiment, the difference time of
the encoder signal, namely, the acceleration data obtained on
a2 short time scale is taken into consideration. However, this
is not limitative but, alternatively, the moving speed at the
N-1 slit dis#ance may bé considered as the moving speed at the
Nth slit position.

Next, a second embodiment according to the invention will
be described with reference to Fig. 5.

When the movement of the carriage 7 is initiated by a print
instruction, the slit detector 9 generates an encoder signal
ENA and a control circuit generates a basic timing signal MTS
which is discussed below. The basic timing signal MTS is
generated for every encoder signal in accordance with
previously set print timing data. When the moving speed of the
head pin of the printhead 1 is constant, the delay time of the
print timing éorresponding to the carriage speed is as follows.

When printing is performed in a direction of arrow A (Fig.

5), if a print timing signal generation circuit, which is
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TF (V/ Vr EJ;PMGE\MT& (2) Here, if a slit

di stanceé S expressed 4§ D, then V=D/Ts and Vr=D/Tr, wherein Ts denotes
the cyche! of2N@y ®96oder| signal ENA with respect to the carriage set
speed. Iflthese are substjtuted into the above equa- tion (2), then the
f ol | ow hgteguatt-omis™ talned 19

discussed below, is initiated in a print period (N-1) just
before the Nth print period (slit position) and also the
following equation with respect to the moving distance of the
head pin to the printing paper at the carriage set speed is
true, then a print position can be made constant regardless of
Ehe carriage speed. The delay time of the print timing
corresponding to the carriage speed is expressed- as:

V « Tf = Vr « (Tf - Tr + Td) (1)
wherein:

V denotes a carriage set speed;

Vr denotes the current moving speed of the carriage;

Tr denotes the cycle of the encoder signal ENA;

Tf denotes the time the head pin arrives at the printing
paper; and

Td denotes the delay time of the print timing.

If the above equation (1) is solved for the delay time Td,
then the following equation is obtained:

Tf « (V/Vr - 1) + Tr = Td (2)

Here, if a slit distance is expressed as D, then V = D/Ts
and Vr = D/Tr, wherein Ts denotes the cycle of the encoder
signal ENA with respect to the carriage set speed. If these are
substituted into the above equation (2), then the following
equation is obtained:

Tf « ((Tr - Ts)/Ts) + Tr = Td (3)
If this equation (3) is transformed, then the following

equation is obtained:
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Tf . ((Tr-Ts)ﬂ!‘v“éi?%.,"“ﬁ‘dJ h,. (3) If this equation (3) is
t ransf or peg;thén"the 7dl ljowi ng equation is obtained:
Tf/ Ts(TriT )ﬂTﬁ ﬁ"@'q- 1996 (4)

Tf/Ts - (Tr - Ts) + Tr = Td (4)

Here, if Ts is set to equal Tf, then the above eguation can
be changed into the following eguation (5):

2+« Tr -~ Ts = Td (5)

Thus, Td can be determined by a simple calculation if Tr
éan be measured. In other words, if by assuming a set speed V,
which allows Ts to equal Tf, a reference print timing wvalue is
obtained when the carriage moves constaﬁtly at the assumed set
speed V. If the delay time Td computed from the equation (5)
is then added to the reference print timing value, then a
proper print timing value can be obtained with respect to any
current speed Vr within a range of speeds equal to or less than
the set speed V. Therefore, the set speed V can be assumedly
set at a value higher than the actual moving speed of the
carriage. |

Similarly, when printing in the direction of arrow B, in
a print period (N+2), which is situated two periods after the
Nth print period, a delay time Tx, which allows the following
equation with respect to the moving distance of the head pin
arriving at the printing paper at the set speed of the carriage
to be true, then the print position can be ‘made constant
regardless of the speed of the carriage when printing.
Furthermore, the print position is equal to the print position
obtained when printing in the directioﬁ of the arrow A.

Vr « (Tf - Tr + Td) = 3 « Vr « Tr -(Tf + Tx) - Vr (6)

If the above equation is solved for Tx, then the folloking_
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Here, if Ff 515% fod _etf&'a;l‘ Tf, then the above equation can be changed
into the foﬂlomﬁng equat|¢n1(5) 2. Tr- Ts=Td

(5) Thus, T@& N@v 1B% de?té;rm ned by a sinple calculation if Tr can be
measur ed. I% ot her words, by assunming a set speed V, which allows Ts to
equal Tf, Fefer ence” prl”ﬁt 18

equation (7) is obtained:
2 « Tr - Ts = Tx (7)
The two equations (5) and (7) are the same and,
iﬁ the cycle Tr of the encoder signal ENA accompanying the
movement of the carriage is measured and the cycle Ts of the
encoder signal ENA corresponding to the assumed moving speed of
the carriage equivalent to the moving speed of the head pin is
set, then the delay time Td can be found through the simple
calculation of equation (5) or (2).

If a delay circuit, discussed below, whose delay time Td is
initiated at a print timing period which is previously set in
accordance with the printing direction, then the print position
can be controlled to be constant regardless of the printing
direction. In Fig. 5, a print permission signal EP, which is
responsive to the basic print timing signal MTS in each of the
print periods, provides a range in which printing can occur.
The delay circuit delays for a period of time Td and then the
print timing signal PTS is output, which causes the prinﬁ dot
to be formed after the elapse of the time Tf the head pin
arrives at the printing paper.

Referring now to Fig. 6, there is shown a block diagram of
a controller which implements tﬁe above-mentioned operations.
The controller includes a cycle measuring circuit 70 for
measuring the cycle of the encoder signal ENA, (i.e., Tr from
the equation (5)), and a basic signal generation circuit 80 for

generating a basic signal BTS corresponding to the greatest
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timng vaIueRfELﬁﬁE&Eﬁgh HEE“ the carriage noves con- stantly at the

assumed set {sfeed V. [f Thejdelay time Td conputed fromthe equation (5)
i's then adde¢d|tof pINOV ngfer enge print timng value, then a proper print
timng val yejcan be obtaingdiwith respect to any current speed Vr within
a range of gp ~egguat—to-oril ess tha® the set speed V. Therefore, the
set speed V can_ be assunedly . set at a value higher than the actual noving
speed of the i

common measure (i.e., denominator) distance of a plurality of
print timing signal distances corresponding to the current
print modes. For example, when there are two priority modes,

one of which is performed at a dot pitch of 0.14 mm (1/180
in.) and the other mode is performed at a dot pitch of 0.21
mm (1/120 in.), there 1is output a basic signal BTS
corresponding to a dot pitch of 0.07 mm (1/360 in.)
which is the greatest common measure of .the two  dot

pitches. Further, a plurality of dot piéches may be classified
into groups and the greatest common measure may be found for
each group and a basic signal BTS which corresponds to the
greatest common measure is generated.

A print timing data count circuit 120 which is responsive
to the basic signal BTS, generates a basic timing signal MTS in
accordance with the print timing data M of the respective print
modes stored in a print timing data memory circuit 110. A
print position speed data memory circuit 130 stores print
position speéd data Ts (the set cycle of the encoder signal)
corresponding to the set moving speed of the carriage. The
data M and Ts are respectively set through a data bus DBS in
the respective memory circuits from external circuits (not
shown). A control signal generation circuit’' 90 generates
control signals S10, S20, and S30 for respectively controlling
the circuit blocks 70, 80, 100, and 120.

The cycle measuring circuit 70 counts the encoder signals
ENA for every cycle in accordance with a clock signal CLK1l and

the measured time data is input through a data bus Datal into
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AQEME‘WM printing in the direction of arrow B, in a

carriage. | &4 _
print per od (N + 2), mhlch Is situated two periods after the Nth print
period, ald IéﬂlNDVEp?@ mhlch al- lows the follomnng equation with

respect tp the noving dijstiance of the head pin arriving at the printing
paper at |the=set™ Spééd'ol the carriagé to be true, then the print
posi tion fan_be nmade constant regardl ess of the speed of

the basic signal generation circuit 80. The basic signal
generation circuit 80 counts the time data in accordance with
a clock signal CLK2 having a frequency which is obtained by
dividing the encoder signal generation distance (slit distance)
by the above-mentioned greatest common measure distance and
2hen multiplying the resultant value by the clock signal CLK1.

For example, when the encoder signal generation distance is

0.21 mm (1/120 in.) and the greatest common measure of the
above-mentioned dot pitch is Q.07 mm (1/360 in.), the clock
CLK2 is set such that CLK2 equals CLK1l times three.

A cancel circuit 100 compensates for the output of the
basic signal BTS from variations of the cycle of the encoder
signal ENA accompanying the speed variations in - the
acceleréting or decelerating state or in the constantly moving
state of the carriage. Thus, the cancel circuit 100 cancels a
carry signal CY of a counter within the basic signal generation
circuit 80 just before the encoder signal that starts the next
measurement after the measurement of the cycle Tr of the
encoder signal ENA.

An operation circuit 140 receives the data Tr and Ts and
performs the calculation operation of the equation (5). The
result is applied through a data bus Data2 to delay circuits
160 ~ 190, respectively. The basic timing signal MTS, which is
output from the print timing data count circuit 120, is input
to a delay selection circuit 150, which in turn outputs select

signals SQl - SQ4 used to select the delay circuits 160 ~ 190
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nt pj)ﬁl\}d\f)qg%bt ai hed when printing in the direction of the arrow A

21
in a predetermined order. The signals PT1 -~ PT4 that are
respectively generated by the delay circuits 160 - 190 are

input to a print timing output circuit 200, which generates a
print timing signal PTS corrected by means of the carriage
speed thus computed.
v Referring now to Figs. 7, 8, and 9, there are shown the
detailed circuit diagrams of the respective circuit blocks of
the controller circuit of Fig.'s. ihe operations of the
respective circuits will be described with reference to the
timing chart shown in Fig. 10.

As shown in Fig. 7, the control signal generation circuit
90 includes D-flip-flops 91~ 93 and gate circuits 94 - 89. The
control signal generation circuit 90 differentiates the encoder
signal ENA with respect'to the clock CLK1l periods and outputs
control signals S10 - S30. The cycle measuring circuit 70
receives the clock signal CLKl via a gate circuit 74. The
clock signal CLKl is applied to an 8-bit counter composed of
two 4-bit UP counters 71 and 72 which are cascade-connected.
The two counters 71 and 72 are cleared by the control signal
S10. The count output of the counters 71 and 72 is stored in
an 8-bit latch 73 on each assertion of the control signal S20.

In the basic signal generation circuit 80, the time data
stored in the latch 73 is loaded into two 4-bit DOWN counters
81 and 82, which are also cascade-connected. The counters
count down in accordance with the clock signal CLX2 and

generate a carry signal CY for each time data. The encoder
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'Ived for Tx, then the fol- |ow ng equation (7)
i's obtalq '

22

signal generation distance is then divided by the above-
mentioned greatest common measure and one is subtracted from
the divided result. The result of the division and subtraction
i; set in a preset switch circuit 103 of the cancel circuit
100. A 4-bit ccunter 104 begins counting towards the loaded
Yalue. A D-flip-flop 105 and an RS-flip-flop 106 cancel the
last carry signal CY within one cycle of the encoder signal
ENA. The logical sum of the carry ;ignal CY that is not
cancelled and the control signal $20 is obtained by a gate 84
thereby generating a basic signal BTS.

In Fig. 8, the print position speed data (Ts) which
corresponds to the respective print modes, are set from an
external circuit (not shown) through a data bus DBS wvia an
8-bit latch 111 which forms the print position speed data
memory circuit 110. As shown in the equation (5), the print
position speed data Ts is subtracted from a value which is
double the cycle measurement data Tr of the encoder signal ENA
to determine the delay time Td.

An operation circuit 140, which includes three 4-bit
subtractors 140, 142, and 143 cascade-connected to one ancother,
perform the subtraction operation of equation (5). The
operation circuit 140 received the data Tr shifted up one bit
(thus effectively multiplying the data Tr by two) and the data
Ts. The data Ts is subtracted from the data value multiplied
by two and the operation circuit 140 outputs the time delay Td

value to the delay circuits 160-190, via the data bus Data2l.
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2. Tr - P (7) The two equations (5)
and (7) 4 ”f the cycle Tr of the encoder signal ENA

acconpanyji H GP §ﬂ§nﬁ of the carriage is neasured and the cycle Ts of
t he encoderi st B cqrﬂespondlng to the as- suned noving speed of the
carriage eJuLyalent 1o the; 23

L

When a print timing data count circuit 120 (Fig. 9)
receives the basic signal BTS, a basic timing signal MTS is
generated in accordance with the print timing data M, which
co;responds to the respective print modes. The print timing
data M is set in a 4-bit latch 121 and, the print permission
Eignal EP allows printing to occur, then a 4-bit counter 122
starts DOWN counting with the basic signal BTS as a clock. The
counter 122 outputs the carry signal CY"each time the counting
has completed. When the carry signal CY is applied to D-flip-
flops 123 and 125, a basic timing signal MTS corresponding to
the value of print timing data M is generated through gates 126
and 127, as shown in Fig. 10. |

In some cases, depending on the print position speed data
Ts or the encoder cycle data Tr corresponding to the moving
speed of the carriage, the delay time Td occurring due to the
print speed of the carriage may exceed in length the next basic
timing signal MTS. Thus, a plurality of the delay circuits
which correspond to the previously expected length of the delay
time Td are required. Therefore, in the second embodiment of
the invention, there are provided four delay circuits 160-190.
A delay selection circuit 150 (shown in Fig. '9) selects the
delay circuits sequentially in accordance with the basic timing
signal MTS.

In the delay selection circuit 150, there are generated
delay time setting signals SLl - SL4 based on the basic timing

signal MTS, which are respectively applied to the delay

H
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nmovi ng speed of:th }head p'n is set, then the delay time Td can be found
t hr ough the Si-npl-e- calcu%qtlon of equa- tion (5) or (2). I f a delay
circuit, spu&ﬁg@ eeégwn‘ ose delay tinme Td is initiated at a print
timng per f rqu ously set in accordance with the printing
direction,|then_the print jpdsition cal4be controlled to be constant re-
gardi ess of the printing dljectlon In FIG 5, a print

circuits, by D-flip-flops 151, 152, a decoder 153 and gates
154a - 157a. The signals SL1 - SL4 are also respectively input
to RS-flip-flops 154 - 157 to generate the start signals S§S1 -
SS4 of the respective delay circuits. As shown in Fig. 8, each
of the delay circuits 160 - 190 is composed of a 12-bit
tounter, which is constructed by cascade-connecting three 4-~-bit
DOWN counters to one another, and a D-flip-flop. When
initiated, the delay circuits output signals PT1l - PT4 afterx
completion'of counting of the delay time Td. These signals PT1
- PT4 provide the reset signals of the RS-flip-flops 154 - 157
of the delay selection circuit and at the same time are input
to the print timing output circuit 200 so that the print timing
signals PTS are generated by gate circuits 201 - 203.

In a period during which a series of the above mentioned
operations are performed each time tﬁe encoder signal ENA is
generated while the print permission signal EP permits
printing, the print timing signals PTS during the movement of
the carriage are generated successively.

Next, a third embodiment according to the invention will
be described.

In Fig. 11, there is shown a view of a printer print
mechanism employed in accordance with the third embodiment of
the present invention. 1In this figure, reference character lb
designates an ink ribbon, lc depicts printing paper, and

la represents a head pin provided on a printhead 1. The
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is responsive to the basic print tinmng signal

per m ssi on
1 ods, provides a range in which printing can

MIS in eac _

occur. Thepdel ay2 gioycwwss delays for a period of tine Td and then the print
timng sighal PTS i's output,: which causes the print dot to be formed after
t he el apse}ot—the-ti-me—FF~t he head pi ®2arrives at the printing paper.
Referring powto FIG 6, thefe is shown a bl ock

printhead 1 is fixed to the carriage 7 and is driven by a
carriage drive mechanism (not shown). The head pin la is
driven in a direction of the double arrow shown in Fig. 11.
In Fig. 12, there are shown the variations of drive
current i and a head pin displacement x with respect to time
when a solenoid is used to drive the head pin. If the head pin
la is selected by a print instruction and drive current is
allowed to flow, then a magnetic flux is generated in the
magnétic circuit of the printhead, and the printhead is driven
toward the printing paper lc due to the magnetic force of the
magnetic flux. If the head pin la is displaced due to the
driving of the printhead and the leading end of the head pin la
arrives through the ink ribbon lb at a paper position, a dot
beginning is formed on the printing paper lc. The head pin
la is in contact with the printing paper lc during a period of
a contact time CT until the head pin la begins its return
operation and moves apart from the paper position. The contact
time CT depends on an energizing time PW and, as the energizing
time PW increases, the contact time CT increases accordinély.
Fig. 13(a) illustrates an ideal shape for a dot on a
printing paper. Assuming that the head pin las a circular
section and the diameter of the circular section is expressed
as D, if the carriage 7 is moved by a distance L in a
transverse direction in accordance with the contact time CT,
then the front end of the head pin is also moved by the

distance L on the paper, so that the length F in the transverse
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i



"‘ }1\ i \l‘ c‘;‘.
di agr am of é-@é%éro : Whlch i npl ement s the above- nentioned operations.
The contro % igg%ﬂpgg a cycle neasurlng circuit 70 for nmeasuring the
cycl e of t he; en gnal ENA (i.e., Tr fromthe equation (5)), and a
basi c signal'generatlon C|Jch|t 80 for generating a basic signal BTS
corresponding to the greatesﬁ common re@sure (i.e, denominator) distance of
a pIuraIitu“QL.pLLnLﬂLLnlng.hlgnal di stances corresponding to the cur-

direction of the dot being formed is equal to the distance L
plus the diameter D. Since the distance L varies according to
the carriage moving speeds,.the dot transverse length F, as
shown in Fig. 13(b), increases in proportion to the carriage
moving speeds. The present invention controls the dot
transverse length F so that it remains constant.

Referring now to Fig. 14, there is shown a block diagram
of a printer control circuit accofaing to the present
invention. A main control means 210, which is composed of a
CPU for . example, transmits initial energizing time .data
corresponding to the response frequencies of the print head 1
to energize a time control circuit 220, print speed setting
data corresponding to the print operation to a carriage control
circuit 250, and print timing setting data to a print timing
generation circuit 280. The carriage control circuit 250
generates the speed data of the carriage 7 detected by a speed
detect circuit 290 and the print speed setting data to find a
speed deviation, and then outputs to a carriage drive circuit
260, a drive signal which corrects the speed deviation thereby
controlling a motor of a carriage system 270. The print timing
generation circuit 280, in accordance with the-detected speed
data and print timing setting data, outputs to the energizing
time control «circuit 220, a print timing signal PTS
corresponding to a print style instructed from an external
computer (not shown). The energizing time control circuit 220

receives as inputs the detected speed data and print timing
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measur ¢ of the two dot pjtches. Fur- t¥er, a plurality of dot pitches

be cl assi-H-ed—intogroups and the greatest common neasure may be found

signal PTS, and corrects the previously set initial energizing
time data with the detected speed, synchronizes the corrected
energizing time data with the print timing signal PTS, and-then
outputs the same to a head drive circuit 230.

In the present embodiment, the print timing signal PTS has
Been described when it is generated in synchronization with the
detected speed signal. However, this is not limiting bgt,
alternatively, the print timing sigﬁ;l PTS may be time
controlled and generated in the main control means 210, without
synchronizing the same with the detected speed signal.

In Fig. 15, there is shown a detailed embodiment of the
energizing time contrel circuit -220. The operation of the
present embodiment will be described below with reference to
Fig. 16 which shows the print timing signal PTS, the éarry
signal CY, and the energization signal PW.

The energizing time control circuit 220 is controlled by
the main control means 210 to store the initial energizing time
data in a setting PW latch 223 in accordance with a select

signal CS2, and to store data, which is used to operate the

dES““FGr"exanple, when there are two priority nodes, one of
sip a dot pitch of 1/180 in. and the other node is
Tej ;{égoyaﬁqgltch of 1/120 in., there is output a basic signal
bonding..to a-dotd pfjtch of 1/360 in. which is the greatest conmon

BTS

may

energizing time corresponding to the detected speed data in an

operator 221 also in accordance with the select signal CS2.
The speed data, which is detected by measuring the cycle of the
speed signal VS inputted to the speed detect circuit 290, is
output to the operator 221, which in turn produces an

energizing time correction value corresponding to the detected

speed from the previously set operating data and the detected
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for each dﬁﬂﬁﬁﬁ&ﬁﬂjﬁ‘bﬁﬁhn 'si gnal BTS which corre- sponds to the greatest
conmon neasure 'S’ generated A print timng data count circuit 120 which
IS respon gvbﬁﬁgba5|c signal BTS, generates a basic timng signa
MIS in accordance with the print timng data M of the respective print
nodes st Tee~+n«e~p%¢n&w@|ﬂ1ng data nmea®ry circuit 110. A print position
speed datj

speed data and stores the correction value in a correction data
latch 222.

In accordance with the speed signal VS, the energizing
tipe data stored in the setting PW latch 223 is added to the
energizing time correction value stored in the correction data
Yatch 222 Ey an adder 224, so that an energizing time PWl which
corresponds to the speed detected is obtained. In accordance
with the inverse of the print timing signal PTS through an
inverter 226, the energizing time PWl is stored as count data
in a counter 225. The print timing signal PTS sets a flip-flop
227, which outputs an energizing signal PW to the head pin
drive solenoid and also enables the counter 225 to begin
counting. The counter 225 counts in synchronism with the clock
signal CLK and outputs a carry signal CY when the counting is
completed. The carry signal CY resets the flip-flop 227 and
outputs a signal which negates the energizing signal PW. At
the same time, the carry signal CY disables the counter 225
from counting. From this point on, each time the speed signal
VS is input, the energizing signal PW corresponding to the
detected speed is applied to the head pin drive solenoid in
accordance with the detected speed data. The operation data of
the operator 221 is set in such a manner that, when the
detected speed is gradually increased as shown in Fig. 16, then
the energizing time is decreased like PW2 and PW3. When the

carriage speed reaches a constant moving speed, the energizing
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time provides substantially the energizing time data that is
initialized.

In the present embodiment, the print timing signal PTS
corresponds to the detected speed signal VS. However, according
to some print instructions, a print timing signal not
éynchronous with a detected speed signal, may be generated and
an energizing signal PW may be output in synchronization with
such print timing signal.

There has thus been shown and described a novel printer
controller and method thereof for a printhead assembly. which
fulfills all the objects and advantages sought therefor.
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CLAIMS

A method for generating a print timing signal for a
printer having a detector which outputs a detect signal
each time a printhead carriage moves a predetermined

distance, said method comprising the steps of:

measuring first and second signal cycles based on detect
signals output by the detector for first (N-2) and second
(N-1) predetermined distances, respectively;

determining a difference signal corresponding to a
difference between said first and second signal cycles;

determining a third signal cycle for a third (N)
predetermined distance based on said first and second
signal cycles and said difference signal; and

generating the print timing signal in accordance with

said third signal cycle.

An apparatus for generating a print timing signal for a
printer, especially for operating the method of claim 1,
comprising:

a detector (9) which outputs a detect signal each time a
printhead carriage (7) moves a predetermined distance;

measuring means (10), responsive to detect signals output
by the detector (9), for measuring first and second
signal cycles corresponding to first (N-2) and second (N-
1) predetermined distances, respectively;

difference operation means (20) for generating a
difference signal corresponding to a difference between
said first and second signal cycles;

AR O A6

3 Vi Gijf € ;lﬁﬂ)stores print position speed data Ts (the set
| he—~encoder- S|gnal) corresponding to the set novi

o aand .Tsi are respectively set through a
el t.f%ﬁé

ced



control si:
circuit bl

ats=-316520,:,and S30 for respectively con- trolling the

okt 3

counts the”EﬁEbder" signalis ENA for every cycle in accordang
signal CLK1 grdyopegspagured tine data is input through a
into the basic S|gnal gén ration %§U|t 80. The basic signal gener

circuit 80 -eounts—the Llne data in

operation means (30,40) for computing a third signal
cycle based on said first and second signal cycles and
sald difference signal; and

print timing signal generation means (50) for generating
the print timing signal in accordance with said computed

third signal cycle.

The apparatus as defined in Claim 2, wherein said
measuring means (10) and said difference operation means
(20) comprise first and second counters (11,13), said
first counter (11) counts up during a period
corresponding to the first (N-2) predetermined distance
to generate said first signal cycle and counts down
during a period corresponding to the second (N-1)
predetermined distance to generate said difference
signal, and said second counter (13) counts up during a
period corresponding to the second (N-1) predetermined
distance and counts down during a period corresponding to
the first (N-2) predetermined distance to generate said

second signal cycle.

The apparatus as defined in Claim 2 or 3, wherein said
operation means (30,40) comprises an adder-subtractor
(41) for generating said third signal cycle by adding
said first signal cycle to said second signal cycle when
said difference signal is a positivei' value and
subtracting said second signal cycle from said first
signal cycle when said difference signal is a negative

value.

A method for generating a print timing signal for a
printer having a detector which outputs a detect signal,
each time a printhead carriage including a printhead and

S Agéw and 120. The cycl e measuri nghiSheutiss BZQ
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cordance with a clock signal CLK2
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fFich is obtained by dividing the encgday,s
siit distance) by the above-nenti oneﬂmﬂﬁ

havi IEIR ACERRTCH

al

EI n
meashr ¢ di st ance hen nmultiplying the resultant val ue H
si gnhl | cLk2 NO¥o1996x e, when the encoder signal generatii s

17129 {n and the greptlest com non nmeasure of the above-nmentioned dot
pitclh 's 17360 Tn., the clock CLK2 i3 set such that CLK2 equals CLK1l

head pins which move a predetermined distance towards

printing paper, said method comprising the steps of:

generating successive basic timing signals in accordance
with detect signals output by the detector, said basic
timing signals each having a signal cycle corresponding

to a current print mode of the printer;

determining a correction value corresponding to the
carriage moving speed based on the signal cycle of the
detect signal and from a preceding signal cycle equal to
a predetermined time of the head pin arriving at printing

paper; and

correcting the signal cycle of said basic timing signal
in accordance with said correction value and outputting a
print timing signal corresponding to the corrected signal
cycle.

6. The method as defined in Claim 5, further comprising the
steps of:

measuring the signal c¢ycle of the detect signal in
accordance with a first clock having a first frequency;

dividing said predetermined distance by the greatest
common measure of a plurality of print dot_pitches which
correspond to a plurality of print modes to obtain a

common value;

generating a second clock having a second frequency
corresponding to the first frequency of said first clock
signal multiplied by said common value;

generating a basic signal having a signal cycle
corresponding to said greatest common measure from said

A A
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tinmes @E@ aﬁé'éﬁ’ bi rcuit 100 conpensates for the output of thegéﬁﬁ&’dc
si gnal BTS from varlatl ns of the cycle of the encoder sTig li“\

accompa ylﬁENGVe'l%aeed aria- tions in the accelerating or

statejof in the constantly nvoi ng state of the carriage.

cel circéurt—100Cancel s} a carry sign 5 CYy of a counter wthin the basi c
signak_generation circujt 80 just before

second clock signal and the signal cycle of said detect
signal; and

generating said basic timihg signal from said basic
signal and said preceding signal cycle of said print

timing signal.

7. The method as defined in Claim 6, wherein said plurality
of previously set dot pitches are divided into a
plurality of groups and said predetermined distance is
divided by the greatest common measure of the dot pitches
of each of said groups.

8. The method as defined in Claim 6 or 7, wherein said
successively generated basic timing signals are corrected
by correction circuits which are independent of one

another.

3. An apparatus for generating a print timing signal for a
printer, especially for operating the method of any one
of claims 5 to B, comprising:

a detector (8) which outputs a detect signal, each time a
printhead carriage (7) including a printhead (1) and head
pins (la) which move a predetermined distance toward

printing paper (lc);

basic timing signal generation means (80), iésponsive to
the detect signal, for generating successive basic timing
signals each having a signal cycle corresponding to a
current print mode;

correction time operation means for generating a
correction time wvalue for a print timing signal
corresponding to a moving speed of the carriage (7) based
on said signal cycle of the detect signal and from a
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- 10.

11.

preceding signal cycle which equals a predetermined time
of said head pin arriving at the printing paper; and

print timing signal generation means for correcting the
.signal cycle of said basic timing signal in accordance
with said correction time value to provide the print

timing signal.

The apparatus as defined in Claim 9, wherein said print
timing signal generation means comprises a predetermined
number of correction means (160-190), said correction
means being responsive to said correction time value for
correcting the signal cycle of said basic timing signal,
and select means (150) for selecting and distributing
said successively generated basic timing signals to said
predetermined number of correction means, wherein said
predetermined number of correction means correct said
signal cycle of said basic timing signal independently of
one another.

A print control method for a printer which drives a head
pin provided on a printhead to form a dot on printing
paper, said print control method comprising the steps of:

detecting a moving speed of the printhead moving with
respect to the printing paper and generating a speed
signal having a signal cycle in inverse proportion to
said detected moving speed; B

generating a print timing signal in accordance with
preceding print timing data;

generating a drive signal having a signal cycle in
proportion to the signal cycle of said speed signal in
accordance with said speed signal and print timing

signal; and
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gthut-s—set-eet=5i gnal s SQL- S used to sel ect the Thalsakt ngsrBQy,i,geaace d

f.i a3 QF edetetntned order. The signals PT1-PT4 th r

ﬁ;i v‘@@“@%gﬁ% efated by the delay circuits 160-190 MIU’U"!

P ltiming. output:icircuit 200, ich generates a print Tl nal
PTS';orrected by neansgof the carri speed thus conputed.

count REFT. 4URk{KBOSHEETE nput to a delay selection circuit 150, which in

contacting said head pin with said paper only for a time
corresponding to the signal cycle of said drive signal to
form a dot having a predetermined length with respect to
.the moving direction of said printhead on said paper

regardless of said moving speed.

12. The method as defined in Claim 11, further comprising the
steps of:

correcting previously set drive time data by means of

said speed signal;

generating a drive signal in accordance with said

corrected drive time data; and,

synchronizing said drive signal with said print timing
signal and then applying said drive signal to said head
pin.

13. A print control device of a printer for driving a head
pin provided on a printhead to form a dot on printing
paper, said print control device comprising:

speed signal generation means for detecting a moving
speed of said printhead moving relative to the printing
paper and generating a speed signal having a signal cycle
in inverse proportion to said moving speed; N

print timing signal generation means for generating a
print timing signal from preceding print timing data;

drive signal generation means for generating a drive

signal having a signal cycle in proportion to the signal
cycle of said speed signal; and
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head pin drive means for contacting said head pin with
said printing paper only for a time corresponding to the
signal cycle of said drive signal to thereby form a dot
having a predetermined length with respect to the moving
direction of the printhead on the printing paper

regardless of said moving speed.
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"METHOD AND APPARATUS FOR PRINT CONTROL

ABSTRACT

A print controller apparatus and method thereof for
controlling the movement of a printhead assembly
including a carriage (7)), printhead (1), and head pins.
First and second moving times of the carriage moving from
first and second predetermined distances and a difference
between these moving times are determined. The carriage
at a third predetermined distance is then determined
based on the first and second moving times and the
difference of the moving times. Ai_basic timing signal
corresponding to the current print mode is generated in
accordance with the current moving time of the carriage
(7). A correction value is then computed based on the
current moving time of the carriage (7) and from a
preceding detected moving time which equals a
predetermined time the printhead (1) arrives at the
printing paper. The basic timing signal is corrected
using the correction wvalue to thereby generate a print
timing signal. In accordance with a speed signal being
of an inverse proportion to the current moving speed of
the carriage (7) and with a preceding computed print
timing signal, a drive signal in proportion to the speed
signal causes the head pin to make contact with the
printing paper for a corresponding amount of time.

FIGURE 2
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S0e7C wros
mechani sm n ac(gordance with the third em bodi ment of the[ ﬁresent
i nventi di refer- ence character 1b designates an ink
ri bbon, Img’fﬁf ﬁk ting paper, and la represen_'_;si a’ head--pi n provided on
a prlnthe thead 1 is fixed to ithe carr ag e F- anel i's driven by

a carriage drive mechani sm (not shown)s The-head pir ri‘ ﬂ:Q is dt§| ven in a
direction of the double arrow shown in FIG 11. T

generation means for generating the print timing signal in
accordance with the computed third signal cycle.

Yet, according to a further aspect, the invention provides a method for
generating a print timing signal for a printer having a
detector which outputs a detect signal, each time a printhead
tarriage including a printhead.and head pins which move a
predetermined distance towards printing paper, the method
including the steps of generating successive basic timing
signals in accordance with detect signals output by the
detector, the basic timing signals each having a signal cycle
corresponding to a current print mode of the printer,
detérmining a correction value corresponding to the carriage
moving speed based on the signal cycle of the detect signal and
from a preceding signal cycle equal to a predetermined time of
the head pin arriving at printing paper, and correcting the
signal cycle of the basic timing signal in accordance with the
correction value and outputting a print timing signal
corresponding to the corrected signal cycle.

According to a still further aspect, the present invention provides an appe
ratus for generating a print timing signal for a printer having a
detector which outputs a detect signal, each time a printhead
carriage including a printhead and head pins which move a
predetermined distance toward printing paper, the apparatus
including basic timing signal generation means, responsive to
the detect signal, for generating successive basic timing

signals each having a signal cycle corresponding to a current
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In FI G 12 there are shomn the variations of drive current i and a head

pi n drs respect to tinme when a solenoid is used to drive
t he head '
drive cu

ad pin la is selected by a-print, |nsgruct|on and
the magnetic crrcurt of the printheag, and the prrnthqa¢ s

dto flow, then a nagneti¢ flut~rs,g er=—--ated in
Cdriveén toward
the printing paper 1c due to the magnetic force of ~The—r
t he head pin

é%remikux | f

print mode, correction time operation means for generating a
correction time value for a print timing signal corresponding
to a moving speed of the carriage based on the signal cycle of
the detect signal and from a preceding signal cycle which
equals a predetermined time of the head pin arriving at the
‘printing paper, and print timing signal generation means for
correcting the signal cycle of the basic timing signal in
accordance with the correction time value to provide the print
timing signal.
Yet, according to an even further aspect, the invention provides a print con-
trol method for a printer which drives a head pin provided on a
prihthead to form a dot on printing paper, the print control
method including the steps of detecting a moeing speed of the
printhead moving with respect to the printing paper and
generating a speed signal having a signal cycle in inverse
proportion to the detected moving speed, generating a print
timing signal in accordance with preceding print timing data,
generating a drive signal having a signal cycle in proportion
to the signal cycle of the speed signal in accordance with the

speed signal and print timing signal, and contacting the’

head pin with the paper only for a time corresponding to the
signal cycle of the drive signal to form a dot having &
predetermined length with respect to the moving direction of
the printhead on the paper regardless of the moving speed.

The invention also provides according to a further aspect a print control de-

vice:ofia printer for driving a head pin provided on a printhead to foxrm

pe
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la is displaced due to the driving of the prlnthead and t”e;leadlng end 0f7
the head pin la arrives through the ink ribbon 1b:at -a paper. p05|&|0n them
begi nning of a dot is formed on the printing papen/lc ~The- head.. Pl la i's we
in contact wwth the printing paper 1c during a period. of a contact time CT
until the head pin la begins its return quratlon and noves apart fromthe:
paper position. The contact tinme CT depends on an energ|2|ng time EVM

PRINTER TIMING CONTROLLER AND METHOD

BACKGROUND OF THE INVENTION

The present invention relates in general to a printer
and more particularly to an apparatus and method for
controlling the movement of a printhead assembly.

Conventional dot matrix printers have become very
popular because they provide high quality characters
and bit images at a relatively low cost. Dot matrix print-
ers of a serial type operate by driving a head ﬁxmg base
or carriage having a printhead thereon in a printing
direction. The movement of the carriage is controlled
by print timing signals, which are generated according
tc;a how fast or far the carriage moves relative to a slit
plate.

In conventional printers, each line is printed only
while the carriage is moving at a constant spe=d in a
printing area (FIG. 17). A slit detector generates en-
coder signals as the carriage moves relative to the slit
plate, which has slits a predetermined distance apart.
The generated encoder signals are used as stamng
points and corresponding priat timing data is set in a
timer circuit in accordance with print instruction data

. received from an external device at timings correspond-
ing to the respective printing modes of the printer. Once
the timer circuit is set, print timing signals are generated
to control the further movement of the carriage and the
printhead striking the paper.

As shown in FIG. 18 herein, Japanese Patent Publica-
tion (Tokkai) No. 3-2059 of Heisei discloses a print
timing control method for correcting variances in print-
ing positions between respective dots in a transverse

“direction. This reference employs delay circuits 301 for
controlling a drive circuit 302 which drives the respec-
tive head pins of a printhead 303. The delay circuits 301
change the delay time according to the printing direc-
tion to compensate for variances in the printing posi-
non.

Further, head pins which are provided in the print-
bead of a serial type printer are respectively driven ata
predetermined cycle. The time for energizing a head pm
driving solenoid or for applying voltage to a head pin
driving piezoelectric element during one cycle is fixed
independent of the moving speed of the carriage.

There is 2 demand for increased print speed which
has resulted in an increase in the printing speed during
the constant speed movement of the carriage. The de- [}, ‘ RW - ;;“ T
mand for increased print speed has also resulted in print- | iﬂ - ___-'f'J 1 Sk IEFT;
ing during the accelerating and decelerating movements [ ; T f
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and, as the energizing tinme PWincreases, the contact time CT increases
accordi ngly. FIG 13(a) illustrates an ideal shape for a dot on a

printing paper.
di aneter of the

Assum ng that the head pin has a circu- lar section and the
circular section is expressed as D, if the carriage 7 is

noved by a distance L in a transverse di_réaQtion in accordance with the

contact tine CT,

then the front end of the head pinis

of the carriage (i.e., in the periods shown by cblique
lines in F1G. 17). However, ta print during ke sccaler-
ating and decelerating movements of the carmiaze, print
timings must be generated relative to the mcvizg speed
of the carriage which changes momentarily. Further-
more, during the accelerating and decslerating periods,
the movement of the carriage is greatly mflueacad by
the variations of loads occurring while controiling the
print carriage drive mechanism. In conventionai print-
ers, the movement of the carriage doring the accelerat-
ing and decelerating periods is based on timing signals
corresponding to the print area. As a result, the orinting
quality is not satisfactory.

In addition, in the conventional method, the printing
operations are performed in such 2 manner that the
carriage moves without stopping to strike the kead pins
against the paper via a ribbon. Therefore, as the srinting
speed of the printer increases, the contact distance on
the paper between the head pin and the paper increases
thereby spreading the shapes of dots prini=d on the
paper. The resulit is that the printing quality is deterio-
rated. Further, the change in the shape of the dot is
clearly recognized as a change in the shape of a ckarac.
ter or image especially when the printing is performed
in the accelerating or decelerating mavements of the
carriage. The change in the dot shape is uadesirable
from the viewpoint of the printing quality.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the invention 0 pro-
vide a printer having the control to print at a pradeter-
mined position on the printing paper even in the accel-
erating or decelerating movements of the carriage.

In accordance with the above and other objects, the
present invention provides a method for generating a
print timing signal for a printer having a detector
which, each time a printhead carriage moves a predeter-
mined distance, outputs a detect signal, the method
including the steps of measuring first and second signal
cycles based on detect signals output by the detectcr for
first (N—2) and second (N—1) predetermined dis-
tances, respectively, determining a difference signal
corresponding to a difference between the first and
second signal cycles, determining a third signal cycle
for a third (N) predetermined distance based on the first

and second signal cycles and the difference signal, and |
generating the print timing signal in accordance with |”
the third signal cycle.




al so- noved by the distance L on the paper, so that the length F in the
transverse direction of the dot being forned is equal to the distance L
plus the dianeter D. Since the distance L varies according to the carriage
novi ng speeds, the dot transverse length F, as shown in FIG 13(b),
I ncreases in proportion to the carriage-nov- ing speeds. The present
I nvention controls the dot trans- verse length F so that it remains
constant . Further in accordancs with the above objects, the
present invention provides an apparatus for generating
a prnt timing signal for a printer having a detector
which, each time a printhead carriage maves a pradeter-
mined distancs, outputs a detect signal, the apparatus
including measuring meaas, responsive ta detect signals
output by the detector, for measuring first and second
signal cycles carrespondiag to first (N —2) and second
(N —1) predetermined distancss, respectively, differ-
ence operation means for generating a difference signal
corresponding to a differsnce berwesn the first and
second signal cycles, operation means for computing a
third signal cycle based on the first and second signal
cycles and the difference signal, and print timing signal
generation means for generating the print timing signal
in accordance with the computed third signal cycle.
Yet, further, the invention provides a method for
generating a print dming signal for a printer having a
detector which ourputs a detect signal, each tme a
printhead carriage including a printhead and head pins
which move a predetermined distance towards printing
paper, the method including the steps of generating
successive basic timing signals in accordance with de-
tect signals output by the detector, the basic timing
signals each having a signal cycle corresponding to a
current print mode of the printer, determining a correc-
tion value corresponding to the carriage moving spesd
based on the signal cycle of the detect signal and from
-a preceding signal cycle equal to a predetermined time
- of the head pin arriving at printing paper, and correct-
ing the signal cycle of the basic timing signal in accor-
dance with the correction value and outputting a print
timing signal corresponding to the corrected signal
cycle.
Stll further, the present invention provides an appa-
ratus for generating a print timing signal for a prinier
baving a detector which outputs a detect signal, each
time a printhead carriage including a printhead and
head pins which move a predetermined distance toward
printing paper, the apparatus including basic timing
signal generation means, respansive to the detect signal,
for generating successive basic timing signals each hav-
ing a signal cycle corresponding to a current print
mode, correction time operation means for generating a
correction time value for 'a print timing signal corre-
sponding to a moving speed of the carriage based on the
signal cycle of the detec: signal and from a preceding [+
signal cycle which equals a predetermined time of the | :
head pin arriving at the printing paper, and prinf timing ;

|2 1JAN 1998 ]




Réferring nowto FIG 14, there is shown a block diagramof a printer
control circuit according to the present invention. A main con

210, which is conposed of a CPU for exanpl e,

transmts initial

trol means
ener- gizing

time data corresponding to the response frequen- cies of the print head 1
to energize a time control circuit 220, print speed setting data

corresponding to the print operation to4a-carriage control

pri nt

signal generation means for correcting the signal cycle
of the basic timing signal i accordance with the correc-
tion time value to provide the print timing signal.

Yet, even further, the invention provides a print coa-
trol method for a printer which drives a head pin pro-
vided on a printhead to form a dot on printing paper,
the print control method including the steps of detect-
ing a moving speed of the printhead moving with re-
spect to the printing paper and generating a speed signal
having a signal cycle in inverse proportion to the de-
tectad moving speed, generating a print timing signal in
accordance with preceding print timing data, generat-
ing a drive signal having a signal cycle in proportion to
the signal cycle of the speed signal in accordance with
the speed signal and print timing signal, and contacting
the head pin with the paper only for a time correspond-
ing to the signal cycle of the drive signal to form a dot
baving a predetermined length with respect to the mov-
ing direction of the printhead on the paper regardless of
the moving speed.

The invention also provides a print control device of

a printer for driving a head pin provided on a printhead
to form a dot on printing paper, the print control device
mcluding speed signal generation means for detecting a
moving speed of the printhead moving relative to the
printing paper and generating a speed signal having a
signal cycle in inverse proportion to the moving speed,
print timing signal generation means for generating a
‘print timing signal from preceding print timing data,
drive signal generation means for generating a drive
signal having a signal cycle in proportion to the signal
cycle of the speed signal, and head pin drive means for
contacting the head pin with the printing paper only for
a time corresponding to the signal cycle of the drive
signal to thereby form a dot having a predetermined
length with respect to the moving direction of the print-
head on the printing paper regardless of the moving
speed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a carriage and printhead assembly
which is controlled by a print controller apparatus and
method in accordance with the invention;

FIG. 2 is a block diagram of a printer controller

circuit 250, and

circuit according to a first embodiment of the invention;
FIG. 3 is a circuit diagram of a print timing genera-
tion circuit employed in the first embodiment of FIG. 2;
FIG. 4 is a timing chart of signals in the print timing
generation circuit of FIG. 3;
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timng setting data to a print timng generation circuit 280. The carri age
control circuit 250 generates the

FIG. 5is a timing chart illustrating the control princi-
ples of a second embodiment of the invention:

.FI_G. 6 is a block diagram of a printer controller
circuit according to the second embodiment of the in-
vention;

F1G. 7 s a circuit diagram of a control signal genera-
tion circuit employed in the secand embodiment of
FIG. ¢;

F1G. 8 is a circuit diagram of an operation circuit, 8
delay circuit, and a timing output circuit employed in
the second embodiment of FIG. §;

FIG. 9 is a circuit diagram of a print timing data
count circuit employed in the second embodiment of
FIG. 6; '

FIG. 10 is a timing chart illustrating signals in the
second embodiment of FIG. §;

FIG. 11 illustrates a printhead and carriage and a
mechanism for driving the same;

FIG. 12 illustrates drive current and displacement of
a head pin according to a third embodiment of the in-
vention; '

FIGS. 13(g) and 13(b) show a correlation between a
carriage speed and a print dot for the third embodiment
according to the invention;

FIG. 14 is a block diagram of a print controller cir-
cuit of the third embodiment according to the inven-
tion;

F1G. 15 is a circuit diagram of an energization time
control circuit employed in the third embodiment of
FIG. 14;

FIG. 16 is a timing chart of signals generated by the
circuit of FIG. 15;

FIG. 17 illustrates a conventional print method; and,

FIG. 18 is a block diagram of conventional print
control circuits.

DETAILED DESCRIFTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows a print head 1, a platen 3, a slit plate §
which includes a plurality of slits spaced equidistant
from one another, a carriage 7, and a slit detector 9
which is mounted to the carniage and serves as an en-
coder. To facilitate a better understanding of the inven-
tion, a ribbon cartridge and printing paper are omitted.
As the carriage 7 moves, the slit detector 9 detects, for
example, the number of slits passed by the carriage or
the time it takes the carriage to cross adjacent slits and
outputs an encoder signal ENA having a cycle corre- !




16 -

290 and the print speed setting data to find a

-6 -

sponding to the moving speed of the carriage.
Referring to FIG. 2. the encoder signal ENA is then
input to a cycle measuring means 10, which measures a
cycle distance corresponding to the moving time of the
carriage moving irom adjacent slits, and to a difference
operation means 20, which determines a difference be-
tween the cycle distances corresponding to a difference
betweesn the consecutive slit distance moving times.
The cutputs of the cycle measuring means 10 and differ-
ence operation means 20 are applied to a first operation
means 30 which produces time data in synchronism
with the generated encoder signals ENA. In accor-
dance with data previously set in a printer control
means 60, the time data produced by the first operation

means 10 is applied to a second operation means 40,

which outputs print timing data to a print timing gener-
ation means 50 for producing a print timing signal FTS
corresponding to a current print mode of the printer.

Referring now to FIGS. 3 and 4, there is respectively
shown a detailed circuit diagram and timing chart of the
FIG. 2 block diagram.

The operation of the respective means is controlled
by control signals S0-S4, which are generated by a
control signal generator 23 in synchronism with the
rising edge of the encoder signal ENA. The cycle mea-
suring means 10 is compased of a first counter 11, a
second counter 13, and a reference clock generator 19
and, responsive to the control signal SO, the measure-
ment values of the first counter 11 and second counter
13 are respectively latched in a first latch 15 and a sec-
ond latch 17. The latches 15 and 17 serve as memory
circuits storing outputs of the counters 11 and 13 during
each cycle of the encoder signal ENA.

The counters 11 and 13 count the cycle distances
corresponding to the moving times between respec-
tively succeeding slit distances to measure the time for
each encoder cycle. The counters 11 and 13 count in
synchronism with a reference clock CLK1 generated
by a reference clock generator 19.

The first counter 11 and second counter 13 also make
up the difference operation means 20. A flip-flop 21
switches the mode of the counters 11 and 13 between
counting up (addition) and counting down (subtraction)
by outputting an addition/subtraction select signal
ADS which is obtained by dividing the encoder signal
ENA by one-half.

With reference to FIG. 4, an example of the operation
of the first counter 11 will now be described.

When an encoder signal ENA at the N-2 slit position

speed data of the carriage 7 detected by a speed detect circuit

REPLACEMENT SHEET |
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.Speed devi ati on,

and then outputs to a carriage drive circuit 260, a drive

signal which corrects the speed deviation thereby controlling a notor of a
i n accordance

carriage system 270. The print timng generation circuit 280,
with the detected speed data and print tim

ing setting data, outputs to

the energizing tine control circuit 2_29,_a print timng signal PTS

corresponding to a print style instructed from an external

is input into the control signal generator 23, a control
signal S1 is output. If a reset signal R is applied to a reset
input of the first counter 11 as the control signal S1 is
asserted, then the first counter 11 is cleared so that zero,
as an initdal value, is output. A clock signal CU for
counting up (addition), which is selected by the addi-
tion/subtraction signal ADS, is input to the first counter
11 for initiating the counting up process of the first
counter 11. When an encoder signal ENA at the N-1slit
position is input and the control signal SO is generated,
the count value of the first counter 11 is stored in the
first latch 15. When the following control signal S1 is
asserted, the value stored in the first latchk 15 is pre-
loaded back into the first counter 11 as an initial value
by means of a setting signal L. The first counter 11 is
then enabled by a clock signal CD for counting down
(subtracting) which is selected by the addition/subtrac-
tion select signal ADS. The first counter 11 then begins
to count down (subtraction). When an encoder signal
ENA at the Nth slit position is input and the control
signal SO is asserted, the count value of the first counter
11 is stored in the first latch 15. This count value pro-
vides a dme difference between the moving times of the
N-2 and N-1 slit positions.

The second counter 13 operates in a manner similar to
the first counter but in reverse operation. That is, when
the first counter 11 is counting up, the second counter is
ccunnng«kmwnandwnm:vasa

When the control signal S1 is asserted after dctectmg
encoder signal ENA at the Nth slit position, a first
selector 31 and a second selector 33, which collectively
form the first operation means 30, selectively transfer
the moving time at the N-1 slit position and the differ-
ence time between the moving times at the N-2 and N-1
slit positions, which are respectively stored in the first
and second latches 15 and 17, to inputs of an adder-sub-
tractor 41 which forms the second operation means 40.

The adder-subtractor 41 generates the moving time
data for the Nth slit position. The adder-subtractor 41
either adds or subtracts the two inputs depending on the
output of a circuit composed of flip-flops 43, 45 and 2
gate circuit 47. As a result, when the carriage 7 is in the
accelerating state, the moving time decreases as the
carriage 7 moves from the N-2, N-1 and Nth slits and,
therefore, a borrow signal BR is not generated during
the subtraction operation of the first counter 11 or sec-
ond counter 13. On the other hand. when the carriage 7
is in the decelerating state, the moving time increases as
the carriage 7 moves and, therefore, a borrow signal is

conput er (not
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shown). The energizing time control circuit 220 re- ceives as inputs the
detected speed data and print timng signal PTS, and corrects the
previously set initial ener- gizing tine data with the detected speed,
synchroni zes the corrected energizing time data with the print timng
signal PTS, and then outputs the same tga head drive circuit 230. In the
present enbodi nent, the print timng signal
generated during the subtraction operation of the first
counter 11 or second counter 13. The borrow signal
BR, when generated, provides a set signal of the flip-
flop 43 or 45 and is then input through the gate circuit
47 into the addition/subtraction select terminal A/S of
the adder-subtractor 41. Thus, when a borrow signal
BR is generated as a result of subtraction by etther the
first counter 11 or second counter 13, then addition is
executed by the adder/subtractor 41 and, when no bor-
row signal BR is generated, subtraction is executed. The
flip-flops 43, 45 are reset at a subtraction start point by
the setting signals L of the first counter and second
counter 13, respectively.

When considered on a short time scale, the difference
time of the encoder signal obtained as a result of the
subtraction operation corresponds to the acceleration
data (i.c., whether the carriage is accelerating or not).
For this reason, determining the latest moving time and
difference time for the N-2 and N-1 slit position, the
moving speed of the carriage 7 can be estimated with
fairly high accuracy at the slit position N and thus the
print timing signal. )

The time data that is obtained by the adder-subtractor
41 is then output to a subtractor 49 when the control
signal S2 is asserted. The subtractor 49 generates a print
timing signal in accordance with division data previ-
ously set according to the current print mode. A third
counter 51, which serves as the print timing generation
means 50, receives the output of the subtractor 49 as an
initial value when the control signal S3 is asserted. The
third counter 51 performs a subtraction process or
counts down in response to the input of a reference
_clock, and continues to count until a borrow signal BR
is generated. The borrow signal BR is used as an initial
value setting signal within the N-th slit position of the
third counter S1 and, each time the borrow signal BR is
generated, the operation result of the subtractor 49 is
‘loaded in the third counter 51 as an initial value. In the
illustrated embodiment, a print timing signal PTS is
generated every quarter of the slit clearance.

The borrow signal BR is also input to the control
signal generator 23 as well so as to generate the fourth
control signal S4. The coatrol signal S4 cancels the last
borrow signal BR that was generated by the output time
of the subtractor 49 within the Nth slit position. The
control signal S4 is also input to a gate circuit 53 which
serves as an output signal select circuit. The control
signal S4 eliminates the generation of an unnecessary 7.
print timing signal due to a difference between the ac-
tual moving time of the carriage 7 at the Nth slit posi- |




PTS has been descri bed when it

det ected speed signal. However, this is not limting but,

the print timng signal

mai n control
speed signal .

alternatively,

PTS may be tine controlled and generated in the
means 210, wi thout synchronizing the same with the detected

In FIG 15, there is shown a detail ed enbodi nent of the
energizing time control circuit 220.. §he operation

tion where the print timing signal PTS is generated and
the time data obtained by the adder-subtractor 41. The
borrow signal BR of the third counter 51 and the con-
trol signal S4 are input to a gate circuit 35, which gener-
ates and outputs the print timing signal PTS.

The above described series of operations are per-
formed each time the encoder signal is generated to
produce successively the print timing signals PTS dur-
ing the movement of the carriage. The printer control
means 60 determines whether the print timing signals
PTS are generated in accordance with the print instruc-
tion of an external device (not shown) is effective or
not, and controls the generation of the print timing
signal corresponding to the print instruction. ,

In the above-mentioned embodiment, the difference
time of the encoder signal, namely, the acceleration data
obtained an a short time scale is taken into consider-
ation. However, this is not limitative but, alternatively,
the moving speed at the N-1 slit distance may be consid-
ered as the moving speed at the Nth slit position.

Next, a second embodiment according to the inven-
tion will be described with reference to FIG. 5.

When the movement of the carriage 7 is initiated by
a print instruction, the slit detector 9 generates an en-
coder signal ENA and a control circuit generates a
basic timing signal MTS which is discussed below. The
basic timing signal MTS is generated for every encoder
signal in accordance with previously set print timing
data. When the moving spesd of the head pin of the
printhead 1 is constant, the delay time of the print tim-
ing corresponding to the carriage spead is as follows.

When printing is performed in a direction of arrow A
(FIG. 5), if a print timing signal generation circuit,
which is discussed below, is initiated in a print period
(N —1) just before the Nth print period (slit position)
and also the following equation with respect to the
moving distance of the head pin to the printing paper at
the carriage set speed is true, then a print position can be
made constant regardless of the carriage speed. The
delay time of the print timing corresponding to the
carriage speed is expressed as:

VT V(T = Tr+Td) (1)

wherein:
V denates a carriage set speed;
Vr denotes the current moving speed of the carriage;
Tr denates the cycle of the encoder signal ENA;
Tf denotes the time the head pin arrives at the print-
ing paper; and
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of the present enbodi nent will
nt timng signal PTS, the carry signal CY,

whi ch shows the pri
ener gi zati on si gnal

controlled by the main control

be described below with reference to FIG 16

and t he

PW The energizing tine control circuit 220 is

nmeans 210 to store the initial

ener- gizing

time data in a setting PWIlatch 223 in accordance with a select signal CS2,

and to store data,

whi ch i s used
..10..

Td denotes the delay time of the print timing.
If the above equation (1) is solved for the delay time
Td, then the following equation is obtained:

TAV/Vr=1)+Tr=Td )

‘Here, if a slit distance is expressed as D, then
V=D/Ts and Vr=D/Tr, wherein Ts denotes the cycle
of the encoder signal ENA with respect to the carriage
set speed. If these are substituted into the above equa-
tion (2), then the following equation is obtained:

TH(Tr—Ts)/Ts)+Tr=Td @)

If this equation (3) is transformed, then the following
equation is obtained:

T/Ts{Tr=TH)+Tr=Td @

Here, if Ts is set to equal T, then the above equation
can be changed into the following equation (5):

2Tr—Ts=Td (s}

Thus, Td can be determined by a simple calculation if
Tr can be measured. In other words, if by assuming a set
speed V, which allows T's to equal Tf, a reference print
timing value is obtained when the carriage moves con-
stantly at the assumed set speed V. If the delay time Td
computed from the equation (5) is then added to the
reference print timing value, then a proper print timing

value can be obtained with respect to any current speed
Vr within a range of speeds equal to or less than the set
speed V. Therefore, the set speed V can be assumedly
set at a value higher than the actual moving speed of the
carriage.

Similarly, when printing in the direction of arrow B,
in a print period (N 4-2), which is situated two periods
after the Nth print period, a delay time Tx, which al-
Iqws the following equation with respect to the moving
distance of the head pin arriving at the printing paper at
thc.s_ct speed of the carriage to be true, then the print
posttion can be made constant regardless of the speed of
the carriage when printing. Furthermore, the print posi-
tion 1s equal to the print position obtained when printing

in the direction of the arrow A.

V(T o Tr+ Td)m3-VATr—(Tf+ Tx)-¥r " (6}

4
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to operate the energizing time corresponding to the detected speed data in
CS2. The speed

data, which is detected by measuring the cycle of the speed signal VS

an operator

inputted to the speed detect circuit 290,

221 also in accor- dance with the sel ect signal

Is output to the operator 221,

which in turn produces an energizing tinme correction value corresponding to
the detected speed fromthe previously-ddt-operating data and the

If the above equation is solved for Tx. then the fol-
lowing equation (7) is obtained:

2Tr~Ts=Tx o)

The two equations (5) and (7) are the same and, if the
cycle Tr of the encoder signal ENA accompanying the
movement of the carriage is measured and the cycle Ts
of the encoder signal ENA corresponding to the as-
sumed moving speed of the carriage equivalent to the
moving speed of the head pin is set, then the delay time
Td can be found through the simple calculation of equa-
tion (5) or (2).

If a delay circuit, discussed below, whose delay time
Td is initiated at a print timing period which is previ-
ously set in accordance with the printing direction, then
the print position can be controlled to be constant re-
gardless of the printing direction. In FIG. §, a print
permission signal EP, which is responsive to the basic
print timing signal MTS in each of the print periods,
provides a range in which printing can occur. The delay
circuit defays for a period of time Td and then the print
timing signal PTS is output, which causes the print dot
to be formed after the elapse of the time Tf the head pin
arrives at the printing paper.

Referring now to FIG. 6, thers is shown a block
diagram of a controller which implements the above-
mentioned operations. The controller includes a cycle
measuring circuit 70 for measuring the cycle of the

eacoder signal ENA, (i.e., Tr from the equation (5)),

and a basic signal generation circuit 80 for generating a
basic signal BTS corresponding to the greatest common
measure (i.e , ‘denominator) distance of a plurality of
print mnmg sxgnal distances corresponding to the cur-
rent pnnt modes. For examplc. when there are two
priority modes, one of which is performcd at a dot pitch
of 17180 in. and the other mode is performed at a dot
pitch of 1/120 in., there is output a basic signal BTS
corresponding to a dot pitch of 1/360 in. which is the
greatest common measure of the two dot pitches. Fur-
ther, a plurality of dot pitches may be classified into
groups and the greatest common measure may be found
for each group and a basic signal BTS which corre-
sponds to the greatest common measure is generated.
A print timing data count circuit {20 which is respon-
sive to the basic signal BTS, generates a basic timing
signal MTS in accordance with the print timing data M
of the respective pnnt modes stored in a print timing
data memory circuit 110. A print position speed data
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detected speed data and stores the correction value in a correction data

| atch 222.

In accordance with the speed signal VS, the energiz-

ing tine

data stored in the setting PWlatch 223 is added to the energizing tine
correction value stored in the correction data |latch 222 by an adder 224,
so that an energizing time PW which cqQrresponds to the speed detected is

obt ai ned.

In accordance with the inver4é of

memary circuit 130 stores print position speed data T's
(the sct cycle of the encoder signal) corresponding to
the set moving speed of the carriage. The daca M and Ts
are respectively set through a data bus DBS in the re-
spective memory circuits from external circuits (not
shown). A control signal generation circuit 90 generates
control signals $10, S20, and S30 for respectively con-
trolling the circuit blocks 70, 80, 100, and 120.

The cycle measuring circuit 70 counts the encoder
signals ENA for every cycle in accordance with a clock
signal CLK1 and the measured time data is input
through a data bus Datal into the basic signal generation
circuit 80. The basic signal generation circuit 80 counts
the time data in accordance with a clock signai CLK2
having a frequency which is obtained by dividing the
encoder signal generation distance (slit distance) by the
above-mentioned greatest common measure distance
and then muldplying the resultant value by the clock
signal CLK1. For example, when the encoder signal
generation distance is 1/120 in. and the greatest com-
mon measure of the above-mentioned dot pitch is 1/360
in., the clock CLK2 is set such that CLK2 equals CLX1
times thres.

A cancel circuit 100 compensates for the ocutput of
the basic signal BTS from variations of the cycle of the
encoder signal ENA accompanying the speed varia-
tions in the accelerating or decslerating state or in the
constantly mvoing state of the carriage. Thus, the can-
cel circuit 100 cancels a carry signal CY of a counter
within the basic signal generation circuit 80 just before
the encoder signal that starts the next measurement after
tEhe measurement of the cycle Tr of the encoder signal

NA.

An operation circuit 140 receives the data Tr and Ts
and performs the calculation operation of the equation
(5). The result is applied through a data bus Data2 to
delay circuits 160-190, respectively. The basic timing
signal MTS, which is output from the print timing data
count circuit 120, is input to 2 delay selection circuit
150, which in turn outputs select signals SQ1-5Q4 used
to select the delay circuits 160-190 in a predetermined
order. The signals PT1-PT4 that are respectively gen-
erated by the delay circuits 160~190 are input to a print
timing output circuit 200, which generates a print tim-
ing signal PTS corrected by means of the carriage speed
thus computed.

Referring now to FIGS. 7, 8, and 9, there are shown

the detailed circuit diagrams of the respective circuit——

blocks of the controller circuir of FIG. 6. The opera-{ AE:

tions of the respective circuits will be described with
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reference to the timing chart shown in FIG. 10.

As shown in FIG. 7, the control signal generation
circuit 90 inciudes D-flip-flops 91-93 and gate circuits
94-99. The control signal generation circuit 90 differen-
tiates the encoder signal ENA with respect to the clock
CLK1 periads and cutputs control signals S10-S30.
The cycle measuring circuit 70 receives the clack signal
CLK1 via a gate circuit 74. The clock signal CLK1 is
applied to an 8-bit counter composed of two 4-bit UP
counters 71 and 72 which are cascade-connected. The
two counters 71 and 72 are cleared by the control signal
510. The count output of the counters 71 and 72 is
stored in an 8-bit latch 73 on each assertion of the con-
trol signal S20.

In the basic signal generation circuit 80, the time data
stored in the latch 73 is loaded into two 4bit DOWN
counters 81 and 82, which are also cascade-connected.
The counters count down in accordance with the clock
signal CLK2 and generate a carry signal CY for each
time data. The encoder signal generation distance 1S
then divided by the above-mentioned greatest comman
measure and one is subtracted from the divided result.
The result of the division and subtraction is set in &
preset switch circuit 103 of the cance! circuit 100. A
4-bit counter 104 begins counting towards the loaded
value. A D-flip-flop 105 and an RS-flip-flop 106 cancel
the last carry signal CY within one cycle of the encoder
signal ENA. The logical sum of the carry signal CY that
is not cancelled and the control signal $20 is obtained by
a gate 84 thereby generating a basic signal BTS.

In FIG. 8, the print position speed data (Ts) which
corresponds to the respective print modes, are set from
an external circuit (not shown) through a data bus DBS
via an 8-bit latch 1311 which forms the print position
speed data memory circuit 110. As shown in the equa-
tion (5), the print position speed data Ts is subtracted
from a value which is double the cycle measurement
data Tr of the encoder signal ENA to determine the
delay time Td.

An operation circuit 140, which includes three 4-bit
subtractors 140, 142, and 143 cascade-connected to one
another, perform the subtraction operation of equation
(5). The operation circuit 140 received the data Tr
shifted up one bit (thus effectively multiplying the data
Tr by two) and the data Ts. The data Ts is subtracted
from the data value multiplied by two and the operation
circuit 140 curputs the time delay Td value to the delay 5
circuits 160-19Q, via the data bus Data2. : 112

When a print timing data count circuit 120 (FIG. 9) {
receives the basic signal BTS, a basic timing signal MTS
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- 17 - the print timng signal PTS through an inverter 226, the energizing
time PWL is stored as count data in a counter 225. The print timng signal
PTS sets a flip-flop 227, which outputs an energizing signal PWto the head
pin
- 14 -

is generated in accordance with the print timing data M,

which corresponds to the respective print modes. The

print timing data M is set in a 4-bit latch 121 and, the

print permission signal EP allows printing to occur,

then a 4-bit counter 122 starts DOWN counting with

the basic signal BTS as a clock. The counter 122 ourputs

the carry signal CY each time the counting has com-

pleted. When the carry signal CY is applied to D-flip-

flops 123 and 125, a basic timing signal MTS corre-

sponding to the value of print timing data M is gener-

ated through gates 126 and 127, as shown in FIG. 10.

In some cases, depending on the print position speed

data Ts or the encoder cycle data Tr corresponding to

the moving spesd of the carriage, the delay time Td

occurring due to the print spesd of the carriage may

exceed in length the next basic timing signal MTS.

Thus, a plurality of the delay circuits which correspond

to the previously expected length of the delay time Td

are required. Therefore, in the second embodiment of

the invention, there are provided four delay circuits

160-190. A delay selection circuit 150 {(shown in FIG.

9) selects the delay circuits sequentially in accordance

with the basic timing signal MTS.
In the delay selection circuit 150, there are generated

delay time setting signals SL1-SL4 based on the basic
timing signal MTS, which are respectively applied to
the delay circuits, by D-flip-flops 151, 152, a decoder
153 and gates 1544-157a. The signals SL1-SL4 are also
respectively input to RS-flip-flops 154-157 to generate
the start signals SS1-SS4 of the respective delay cir-
cuits. As shown in FIG. 8, each of the delay circuits
160190 is composed of a 12-bit counter, which is con-
structed by cascade-connecting three 4-bit DOWN
counters to one another, and a D-flip-flop. When initi-
ated, the delay circuits output signals PT1-PT4 after
completion of counting of the delay time Td. These
signals PT1-PT4 provide the reset signals of the RS-
flip-flops 154~157 of the delay selection circuit and at
the same time are input to the print timing output circuit
200 so that the print timing signals PTS are generated
by gate circuits 201-203.

In a period during which a series of the above men-
tioned operations are performed each time the encoder
signal ENA is generated while the print permission
signal EP permits printing, the print timing signals PTS
during the movement of the cartiage are generated
successively.

Next, a third embodiment according to the invention - e AT
will be described. ® REPLACEMENT SHEET

In FIG. 11, there is shown a view of a printer print } A

I
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drive solenoid and al so enabl es the counter 225 to begin counting. The

- counter 225 counts in synchronismwth the clock signal CLK and outputs a
carry signal CY when the counting is conpleted. The carry signal CY resets
the flip-flop 227 and outputs a signal which ne- gates the energizing
signal PW At the same tine, the carry signal CY disables the counter 225
fromcounting. Fromthis point on, each tinme the speed signal VS is

mechanism employed in accardance with the third em-
bodiment of the present invertion. In this figure, refer-
ence character 14 designates an ink ribbon, 1c depicts
printing paper, and 1a represents a head pin provided on
a printhead 1. The printhead 1 is fixed to the carriage 7
and is driven by a carriage drive mechanism (not
shown). The head pin 1z is driven in a direction of the
double arrow shown in FIG. 11.

In FIG. 12, there ars shown the variations of drive
current i and a head pin displacement x with respect to
time when a solenoid is used to drive the head pin. If the
head pin 12 is selected by a print instruction and drive
current is allowed to flow, then a magnetic flux is gener-
ated in the magnetic circuit of the printhead, and the
printhead is driven toward the printing paper 1¢ due to
the magnetic force of the magnetdc flux. If the head pin
1q is displaced due to the driving of the printhead and
the leading end of the head pin 1z arrives through the
ink ribbon 14 at a paper position, the beginning of 2 dot
is formed on the printing paper 1c. The head pin laisin
contact with the printing paper 1c during a period of a
contact time CT until the head pin 1z begins its return
operation and moves apart from the paper position. The
contact time CT depends on an energizing time PW
and, as the energizing time PW increases, the contact
time CT increases accordingly.

FIG. 13(a) illustrates an ideal shape for 2 dot on a
printing paper. Assuming that the head pin has a circu-
lar section and the diameter of the circular section is
expressed as D, if the carriage 7 is moved by a distance
L in a transverse direction in accordance with the
contact time CT, then the front end of the head pin is
also moved by the distance L on the paper, so that the
length F in the transverse direction of the dot being
formed is equal to the distance L plus the diameter D.
Since the distance L varies according to the carriage
moving speeds, the dot transverse length F, as shown in
FIG. 13(%), increases in proportion to the carriage mov-
ing speeds. The present invention controls the dot trans-
verse length F so that it remains constant.

Referring now to FIG. 14, there is shown a block
diagram of a printer control circuit according to the
present invention. A main control means 216, which is
composed of a CPU for example, transmits initial ener-
gizing time data corresponding to the response frequen-
cies of the print head 1 to energize a time control circuit
220, print speed setting data correspanding to the print |y:;
operation to a carriage control circuit 250, and print "
timing setting data to a print timing generation circuit |
280. The carriage control circuit 250 generates the |




I nput, the energizing signal

PW corresponding to the detected speed is

applied to the head pin drive solenoid in accordance with the detected
speed data. The opera- tion data of the operator 221 is set

manner that,

FIG 16, then the energizing tine i

in such a

carriage speed reaches a const ant I ng speed, the energizing tine

provi des

speed data of the carriage 7 detected by a speed detect
circuit 290 and the print speed setting data to find a
speed deviation, and then outputs to a carriage drive
circuit 260, a drive signal which corrects the speed
deviation thereby controlling a motor of a carriage
system 270. The print timing generation circuit 280, in
accordance with the detected speed data and print tim-
ing setting data, outputs to the energizing time control
circuit 220, a print timing signal PTS corresponding to
a print style instructed from an external computer (not
shown). The energizing time control circuit 220 re-
ceives as inputs the detected speed data and print timing
signal PTS, and corrects the previously set initial ener-
gizing time data with the detected speed, synchronizes
the corrected energizing time data with the priat timing
signal PTS, and then outputs the same to a head drive
circuit 230.

In the present embodiment, the print timing signal
PTS has been described when it is generated in syn-
chronization with the detected speed signal. However,
this is not limiting but, alternatively, the print timing
signal PTS may be time controlled and generated in the
main control means 2108, without synchronizing the
same with the detected speed signal.

In FIG. 18, there is shown a detailed embodiment of
the energizing time contral circuit 220. The operation
of the present embodiment will be described below with
reference to FIG. 16 which shows the print timing
signal PTS, the carry signal CY, and the energization
signal PW.

The energizing time control circuit 220 is controlled
by the main control means 210 to store the initial ener-
gizing time data in a setting PW latch 223 in accordance
with a select signal CS2, and to store data, which is used
to operate the energizing time corresponding to the
detected speed data in an operator 221 aiso in accor-
dance with the select signal CS2. The spe=d data, which
is detected by measuring the cycle of the speed signal
VS inputted to the speed detect circuit 290, is output to
the operator 221, which in turn produces an energizing
time correction value corresponding to the detected
speed from the previously set operating data and the
detected speed data and stores the carrection value in a
correction data latch 222,

In accordance with the speed signal VS, the energiz-
ing time data stored in the setting PW latch 223 is added
to the energizing time correction value stored in the
correction data latch 222 by an adder 224, so that an
energizing time PW1 which corresponds to the speed
detected is obtained. In accordance with the inverse of

when the detected speed is gradually increased as shown in
decreased |i ke PW2 and PWB. Wen the




substantially the energizing tinme data that is initialized. In the
present enbodi nent, the print timng signal PTS corresponds to the detected
speed signal VS. Howcvcr, according to sone print instructions, a print
timng signal not synchronous with a detected speed signal, may be
generated and an energi zi ng signal PWnmay be output in synchronization with
such print tim ing signal.

- 17..

the print timing signal PTS through an inverter 226, the
energizing time PW1 is stored as count data in a counter
225. The print timing signal PTS sets a flip-flop 227,
which outputs an energizing signal PW to the head pin
drive solenoid and also enables the counter 225 to begin
counting. The counter 225 counts in syncironism with
the clock signal CLK and outputs a carvy signal CY
when the counting is completed. The carry signal CY
resets the flip-flap 227 and outputs a signal which ne-
gates the energizing signal PW. At the same time, the
carry signal CY disables the counter 225 from counnng.
From this point onm, each time the speed signal VS is
input, the =ncrgxzmg signal PW corresponding to the
detected speed is applied to the head pin drive solencid
in accordance with the detected speed dara. The opera-
tion data of the operator 221 is set in such a manner that,
when the detected speed is gradually increased as
shown in FIG. 16, then the energizing time is decreased
like PW2 and PW3. When the carriage spead reaches a
constant moving speed, the energizing time provides
substantially the energizing time data that is initialized.

In the present embodiment, the print timing signal
_PTS corresponds to the detected speed signal VS.
However, according to some print instructions, a print
timing signal not synchronous with a detected speed
signal, may be generared and an energizing signal PW
may be output in synchronization with such print tim-
ing signal.-

There has thus been shown and described a novel
printer controller and method thereof for a printhead
assembly which fulfills all the objects and advantages
sought therefor. Many changes, modifications, varia-
tions, and other uses and applications of the subject
invention will, however, become apparent to those
skilled in the art after considering the specification and
the accompanying drawings which disclose preferred
embodiments thereof. All such changes, modifications,
variations, and other uses and applications which do not
depart from the spirit and scope of the invention are
deemed to be covered by the invention which is limited
only by the claims which follow.
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There has thus been shown and descri bed a novel printer controller and

et hod nt head assenbly which fulfills all the objects and
advant a§@‘§ g“ﬂ“ m‘ﬁm . Many changes, nodifications, varia- tions, and
ot her cappel 1cati ons of the subject invention w [ , however, becone

apparent to those skilled in the art after considering the specification
and the acconpanyi ng draw ngs which di ﬁglpse preferred

What is claimed is:

1. A method for generating a print timing signal for a
printer having a detector which outputs a detect signal,
each time a printhead carriage including a printhead
and head pins moves a predetermined distance towards
printing paper, said method comprising the steps of:

generating successive basic timing signals in accor-

dance with detect signals output by the detector,

said basic timing signals each having a signal cycle
corresponding to a current print mode of the
printer, said basic timing signals being generated at
intervals corresponding to a greatest common mea-
sure of a plurality of print dot pitches which corre-
spond to a plurality of print modes;

determining a correction value corresponding to the

carriage moving speed based on the signal cycle of
the detect signal and from a preceding signal cycle
equal to a predetermined time of the head pin arriv-
ing at the printing paper; and

correcting the signal cycle of said basic timing signal

in accordance with said correction value and out-
putting a print timing signal corresponding to the
corrected signal cycle. .

2. The method as defined in claim 1, further compris-
ing the steps of:

measuring the signal cycle of the detect signal in

accordance with a first clock having a first fre-
quency,

dividing said predetermined distance by the greatest

common measure of the plurality of print dot
pitches which correspond to the plurality of print
modes to obtain a common value;
generating a second clock having a second frcquency
corresponding to the first frequency of said first
clock signal multiplied by said common value;

generating a basic signal having a signal cycle corre-
sponding to said greatest common measure from
said second clock signal and the signal cycle of said
detect signal; and

generating said basic timing signal from said basic

signal and said preceding signal cycle of said print
timing signal.

3. The method as defined in claim 2, wherein said
plurality of previously set dot pitches divided into a
plurality of groups and said predetermined distance is : e
divided by the greatest common mecasure of the doh‘”‘ § ]
pitches of each of said groups. g“ B

4. The method as defined in claim 2, wherein smd 2 1.JAN 1998 J
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successively generated basic timing signals corrected by
correction circuits which are independent of one an-
other. _

5. An apparatus for generating a print timing signal

for a printer, comprising:

a detector which outputs a detect signal, each time a
printhead carriage including a printhead and head
pxns moves a predetermined distance toward print-
ing paper;

basic timing signal generation means, responsive to
the detect signal, for generating successive basic
timing signals each having a signal cycle corre-
sponding to a currant print mode, said basic timing
signal generating means generating said basic tim-
~ ing signals at intervals corresponding to a greatest
comman measure of a plurality of print dot pitches
which correspond to a plurality of print modes;
correction time operation means for generating a
correction time value for a print timing signal cor-
responding to a moving speed of the carriage based
on said signal cycle of the detect signal and from a
preceding signal cycle which equals a predeter-
mined time of said bead pin arriving at the printing
_paper; and
print timing signal generation means for correcting
the signal cycle of said basic timing signal in accor-
dance with said correction time value to provide
the print timing signal, said print timing signal
generating means comprising a predetermined
number of correction means, said correction means
being responsive to said correction time value for
correcting the signal cycle of said basic timing
signal.
6. The apparatus as defined in claim 5, wherein said
print timing signal generation means further comprises
" select means for selecting and distributing said succes-
sively generated basic timing signals to said predeter-
mined number of correction means, wherein said prede—
termined number of correction means correct said sig-
nal cycle of said basic timing signal independently of
one another.

such changes, nodifications, variations, and other
ch do not depart fromthe spirit and scope of the
e covered by the invention which is |limted only
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What is clainmed is: 1. A nethod for generating a print timng signal for
a printer having a detector which outputs a detect signal, each tine a
printhead carriage including a printhead and head pins noves a
predet erm ned di stance towards printing paper, said nethod conprising the

steps of: generating successive basic timng signals in accor-
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dance with detect signals output by the detector, said basic timng

signal s each having a signal cycle corresponding to a current print
node of the printer, said basic timng signals being generated at

i nterval s corresponding to a greatest conmmon nea- sure of a plurality
of print dot pitches which corre- spond to a plurality of print nodes;

determ ning a correction val ue correqu;ding to the

[
x
.
& O
w aZFE<
(Vo) —
wnECQ
e et bt
(2] Q. == )
oy
by
L)
11\
[~ 4
@
SH
_-=
Pt Ll d
*ﬁ
—4 E
™ <
|70 W70}
-ty -l—-
-
L:j o S
P -
w 8
v o 5T
} (2]
o [3°]
= ?
73S -
@85 LOJ ——
— < o
w3 2 =
‘ S o
-«
ST 1T
-— b
! <8
1 ] ool a.o
o S
Wi e
8"' 8 c:g 28
- 5 &=
pr | LS L
< S S - &
: - -~ o« & o
- t 8 L
= ﬁ}” ﬁ & =F &
w L hand y— —
77 = 28
Wi & Ul

REPEACEMENT SHEET,
! [ . ’ i

=

° /
E

2 1JAN 1998

i
|




carri.age novi ng speed based on the signal cycle of t he detect signal
and froma preceding signal cycle equal to a predetermned tinme of the
head pin arriv- ing at the printing paper; and correcting the
signal cycle of said basic timng signal in accordance with said
correction val ue and out - putting a print timng signal corresponding
to the corrected signal cycle.
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2. The nethod as defined in claiml, further conpris- ing the steps of:

measuring the signal cycle of the detect signal in accordance with a
first clock having a first fre- guency, di vidi ng said predeterm ned
di stance by the greatest common neasure of the plurality of print dot

pitches which correspond to the plurality of print
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nodes to obtain a comon val ue;

frequency

cl ock signa
havi ng a signa

from
signal ; and

mul tiplied by said common val ue;

generating a second cl ock having a second
corresponding to the first frequency of said first
generating a basic signal

cycle corre- sponding to said greatest comon neasure

sai d second cl ock signal and the signal cycle of said det ect
- 6 -
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generating said basic timng signal

precedi ng signal cycle of said print

from said basic

timng signal

si gnal
3. Th

and said
e net hod as

defined in claim2, wherein said plurality of previously set dot pitches
divided into a plurality of groups and said predeterm ned distance is
di vided by the greatest comon neasure of the dot pitches of each of said

gr oups.
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4. The nethod as defined in claim2, wherein said
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- 19 - " successively generated basic timng signals corrected by
correction circuits which are i ndependent of one an-
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ot her . 5. An apparatus for generating a print timng signal for a

printer, conprising: a detector which outputs a detect signal, each tine
a printhead carriage including a printhead and head pi ns noves a
predet ermi ned di stance toward print- i ng paper; basic timng signal

generation means, responsive to
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the detect signal, for generating successive basic timng signals
each having a signal cycle corre- sponding to a current print node,
said basic timng signal generating nmeans generating said basic tim
ing signals at intervals corresponding to a greatest comon neasur e
of a plurality of print dot pitches whi ch correspond to a plurality

of print nodes; correction tine operﬁhion nmeans for generating a

FIG. 11
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correction tinme value for a print timng signal cor- responding to a
novi ng speed of the carriage based on said signal cycle of the detect

signal and froma precedi ng signal cycle which equals a predeter-
paper, and

mned time of said head pin arriving at the printing
print timng signal generation neans for correcting t he signal cycle

of said basic timng signal in accor-
- 12 -
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dance with said correction tine value to provide the print timng
signal, said print timng signal generating neans conprising a
predet er mi ned nunber of correction nmeans, said correction neans
bei ng responsive to said correction tine value for correcting the
signal cycle of said basic timng si gnal . 6. The apparatus as
defined in claim5, wherein said 13
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print timng signal
sel ecting and distributing said succes-
signals to said predeter- mned nunber of correction neans,

prede- term ned nunber of correction neans correct said sig-
said basic timng signal independently of one another.

generation nmeans further conprises select means for
sively generated basic timng
wherein said

nal cycl e of
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FIG. 16
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ABSTRACT

PRINTER TIMING CONTROLLER AND METHOD

A print controller apparatus and method thereof for
controlling the movement of a printhead assembly in-
cluding a carriage, printhead, and head pins. First and
second moving times of the carriage moving from first
and second predetermined distances and a difference
between these moving times are determined. The car-
riage at a third predetermined distance is then deter-
mined based on the first and second moving times and
the difference of the moving times. A basic timing signal
corresponding to the current print mode is generated in
accordance with the current moving time of the car-
riage. A correction value is then computed based on the
current moving time of the carriage and from a preced-
ing detected moving time which equals a predetermined
time the printhead arrives at the printing paper. The
basic timing signal is corrected using the correction
value to thereby generate a print timing signal. In accor-
dance with a speed signal being of an inverse proportion
to the current moving speed of the carriage and with a
preceding computed print timing signal, a drive signal
in proportion to the speed signal causes the head pin to
make contact with the printing paper for a correspond-
ing amount of time.
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