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The invention relates to carriage motor control for

i

printers.
Many printers are designed to print during acceleration

and deceleration of the carriage motor. to improve their
throughput. To eliminate wasteful’ travel of the carriage, as
well as to improve throughput and downsize the printer, it is
necessary to accurately measure acceleration and deceleration
distances of the carriage. Particularly, the distance required
for deceleratian is an important factor in determining the
minimum distance that is necessary and sufficient for the
carriage to travel after the carriage has started decelerating
at an optimal position. -

A step motor or a dc motor is usually used as the
carriage motor. The deceleration distance is constant for the
step motor, whereas it varies for the dc motor since dc motor
characteristics change due to changes in temperature and load.
Therefore, printers using a dc motor as a carriage motor start
decelerating the carriage motor at a safe position that is
sufficiently close to the print end | position, taking into
account such deceleration distance variations. In other words,
the deceleration start position is determined on the basis of
a sufficiently short distance that has been determined as a
.deceleration distance in advance. '

' Howevexr, the conventional method of determining the .
deceleration start position is not satisfactory from the
viewpoint of throughput improvement and downsizing. The reason

is that if the motor winding resistance is increased due to an
increase in motor temperature, the current flowing into the

motor decreases, which then reduces the braking torque. This
makes - the actual deceleration distance longer than the
estimated deceleration distance, thus causing the carriage to
travel a longer distance upon completion of printing.

Similar probiems that are attributable to motor
characteristic variations will be addressed not only in regard

epfdHas Been-Ref;Iaced

|



cérriage as'well as to inmprove throughput and down- size the printer, it

[ stnecessary to accurately measure accel eration and decel eration distances
“of the carriage. Particularly, the distance required for deceleration is an
i nportant factor in determning the mnimumdi stance that is necessary and
sufficient for the carriage to travel after the carriage has started

decel erating at an optinmal position. A step notor or a dc notor is usually
used as tbh@éwremmmt eonthiel dle@el elsbl Oln drégapae tos waREsas! otdled he
step notor es for the _dc.notor since dc notor _
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Therefore, a general object of the invention is to
allow carriage motor characteristic variations to be considered

in controlling the carriage motor by periodically detecting the
carriage motor characteristics. This object is solved by the

carriage motor «controller for a printer according to

independent claim 1 or 6. 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.

_ This invention provides a controller - which appropriately
determines a deceleration start position of the carriage motor in
accordance with characteristics of the carriage motor so that the carriage
stops at a predetermined position. |

A specific aspect of the invention is to allow the
carriage motor to start decelerating at an optimal position
which is determined by perio&ically detecting the carriage

motor decelerating characteristics.
According to a specific aspect of the invention, the invention

.provides a carriage motor controller for a printer, which includes:
.drive means for driving a carriage motor to thereby cause a

carriage to travel; detecting means for &etecting a position
and a speed of the carriage while the carriage is travelling;
measuring means for measurlng characteristics of .the carriage
motor on the basis of the detected position and speed; storage
means for storing the measured characteristics; first control
means for controlling the drive means and'causing the carriage
to travel to allow the necessary measurement of the
characteristics, the control being performed after a power
switch has been turned on, after a sheet has been fed, Qr.after
a predetermined time period; and second means for controlling
' the drive means upon reception of a print command on the basis
of the print command and the stored characteristics to thereby
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ténperature and | oad. Therefore, printers using a dc notor as a carriage
notor start decelerating the car- riage notor at a safe position that is
‘sufficiently close to the print end position, taking into account such
deceler- ation distance variations. In other words, the decelera- tion
start position is determined on the basis of a suffi- ciently short

di stance that has been determ ned as a deceleration distance in advance.

Hovever, Jdhese&onant inal; 4es hogh ofe dater mfyrngprl? q.%ﬁl erathonggkarta

p03|t|on IS not. satisfactory fromthe viewpoint ghput |nprovenent
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only while the carriage is travelling, but also while the
carriage is travelling for printing; and the characteristics

5 | stored in the storage means are updated in accordance with
newly measured characteristics from time to time.

As noted above, according__to__the. invention, the
characteristics of the carriage motor are periodically
measured. _ One of  the measured characteristics is the

10 deceleration distance of the carriage motor. This measurement
is used to determine a carriage motor deceleration start
position at the time that the measurement is taken. These
measurements are taken by moving the carriage at the time when
the power switch is turned on, when a sheet is fed and when a

15 waiting time is longer than a predetérmined time. After the
motor characteristics are measured at the above times, the
characteristics are stored. The thus measured motor
characteristics are used for a first carriage travel control
after the printing. Additionally, motor characteristic

20 . measurements are also made during printing, and the stored
measurement data are updated every time a new measurement is
made. As a result, the most recent data is in storage so that
carrlage travel control for printing is performed on the basis
of the most recently measured motor characteristics.

25
Figure 1 is a block diagram showing an embodiment of
the invention; . '
' Figure 2 is a  flowchart showing the processing of
clearing measurement data éccording to the.embodiment shown in
30 Figure 1; -

Figure 3 is a flowchart showing the processing of
determining measurement data accordlng to the embodiment shown

in Flgure 1;
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i $ increased due to an increase in notor tenperature, the current flow ng
into the notor decreases, which then reduces the braking torque. This makes
‘the actual decel- eration distance | onger than the estinated decel erati on
di stance, thus causing the carriage to travel a |onger distance upon

conpl etion of printing. Simlar problens that are attributable to notor
char- acteristic variations will be addressed not only in regard to

ggff! Zr ation coplyl-dul al50a1 @GR HoWAld OUS SHNEL 2RPSHE X the

geé@?ﬁ?&éﬁﬂﬁiééé in the forward direction, the diagram describing

the method of determining  a deceleration distance in the
processing shown in Figure 3; .and ' |

5 Figure 5 is a diagram showing a state in which -the

carriage moves in the return direction, the diagram describing

the method of determining the deceleration distance in the

processing shown in Figure 3.

10 Figure 1 is a block diagram showing a carriage motor
controller according to a first embodiment of the invention.

In Figure 1, a carriage motor 1 is a dc motor which is
driven by a drive circuit 3. The drive circuit 3 starts the
carriage motor 1 upon receiving an ON signal from a motor

15 control determining section 21 and accelerates the motor 1 to
a predetermined reference speed. The drive circuit 3 keeps the

- carriage motor 1 running at this reference speed and stops the

carriage motor 1 thereafter upon receiving an OFF signal from
a comparator 11. In the course of acceleration, constant-speed

20 running, and deceleration, printing is effected once the
carriage motor 1 has been accelerated to a predetermined print
prohibiting speed (ﬁﬁe speed which is lower than the above
reference speed and below which printing is Prohibited) and
continues until the carriage motor is subsequently decélerated

25 below the print prohibiting speed.

An encoder 5 detects the rotational displacement of the
carriage motor 1 and generates a pulse signal every
predetermined unit of rotational ‘displacement. This pulse
signal is applied to a position counter 7, which, in turn,

30 generates position data indicéfing an absolute position of the
carriage by counting the pulse signals. The pulse signal from
the encoder 5 is applied also to a speed counter 9. The speed
counter 9 counts high-freguency clock pulses CLX in a single
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-2- SUWVARY OF THE | NVENTI ON Therefore, a general object of the i nventi-on
is‘to allow carriage mptor characteristic variations to be consi dered in
“controlling the carriage nmotor by periodi- cally detecting the carriage
notor characteristics. A specific object of the invention is to allow the
carriage notor to start decelerating at an optinal posi- tion which is
deternmined by periodically detecting the carriage notor decel erating
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indicating the rotational speed of the carriage motor 1.
The position data generated by the position counter 7
is fed to the comparator 11 so that the pbsition data can be
5 compared with data'indicating the carriage deceleration start
position that is stored in a position register 13 in advance.
When the absolute__position_of _the _trawelling carriage has
reached the deceleration start position, the comparator 11
applies an OFF signal. to.the drive circuit 3, which causes the

10 carriage motor 1 to start decelerating.

The position data generated by the position counter 7
is further applied to a capture register 15. Upon reception of
a capture signal from a comparator 17, the capture register 15
reads and stores the position data from the position counter 7.
15 The comparator 17 for generating the capture signal compares
the speed data generated by the speed counter 9 with speed data
that is stored in a speed register 19 in advance, and generates
the capture signal when both data coincides. The speed
register 19 sequentially stores two kinds of speed data from a
20 measurement determiningiséction 23 as will be described later.
The print prohibiting épeed data (hereinafter referred to as
"print prohibiting speed data") is stored first. If this print
prohibiting speed data matches the speed data from the speed
counter 9, then data’ indicating that the speed is zero
25 (hereinafter referred  to as "zero data") is stored. This
operation is performed to detect, during deceleration, both the
timing at which the speed has reached the print prohibiting
speed and the timing at which the carriage motor 1 has been
stopped in the ‘course of decelerating the carriage motor 1. It
30 is at these two points that the capture signals.are applied to
' the capture régister "15 and that the position data of the
carriage motor 1 at the respective timings are stored in the
capture register 15. The position data stored in the capture
register 15 are read by the measurement calculatihg section 23.
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t0o a carriage notor controller for a printer, which in- cludes: drive means
Jor driving a carriage notor to thereby cause a carriage to travel;

detectlng means for detecting a position and a speed of the carriage while
the carriage is travelling; measuring neans for measur- ing characteristics
of the carriage notor on the basis of the detected position and speed;
storage neans for stor- ing the measured characteristics; first control
means for controlling the drive neans and causing the carriage to travel to
al | ow t h&hesssSsaz y hbhesmeasenterednt [detdmrining esestion, Zheceodd r Bbthei ng
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fed, or decelerated to the print prohibiting speed and the carriage
position data when the carriage motor 1 has been stopped
5 (hereinafter referred to as "stop position data").

As described before, the motor control determining
section 21 generates an ON signal for activating the carriage
motor 1. This ON signal is generated at the time when printing
is begun for each line while printing of a document is being

10 effected. 1In a period in which no printing is effected, the
motor control determining section 21 causes the carriage to
tfaéel by generating the ON signal in particular cases in order
to measure the carriage motor characteristics (hereinafter
referred to as “"measurement operation"), which will be

15 described later. Carriage travel for printing is referred to
as "print travel® and ‘carriage travel for measurement
operations only is referred to as "measurement travel". The
motor control determining section 21 also determines 4
deceleration start position of the carriage motor 1 in eéch

20 print travel and each measurement travel. The determined .

deceleration start position data are stored in the position
register 13 during the carriage travel and are inputted to the

measurement determiningg section 23. The motor control
determining section 21 also performs the functions of applying
25 speed mode number data indicating a speed mode'and applying

enabling signals."(ENB) for - operating the measurement
determining'sectioh 23. |
The measurement determining:-sectioh 23 performs
measurement @ operations, i.e.,it determines or calculates the
30 characteristics of the carriage motor 1. One characteristic of
the motor to be determinedfis the carriage motor 1 deceleration
distance, i.e., a travel dlstance of the carriage (indicated by
the number of output pulses of the encoder 5) from the
deceleration start to the prlnt_ prohibiting speed. This
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after a predetermined tinme period; and second neans for controlling the
drive neans upon reception of a print conmand on the basi's of the print
“command and the stored characteristics to thereby cause the carriage to
travel for printing. In such a controller, the nmeasure- nment by the
measuring nmeans i s made not only while t he carriage is travelling, but also
while the carriage-is travelling for printing; and the characteristics
stored in the storage nmeans are updated in accordance with newy neasured
char act efeceileraftiom diistanse iisedefiermined fbomethacterellenatbon hetart
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ea- well as the print prohibiting position data and the stop
position data from the capture register 15.

S In addition, an acceleration distance of the carriage
motor 1 (the travel distance between activation and the timing
at which the motor_has_neached__hemreferencemspeed) and an
acceleration time (the time required for travel between
activation and print start, e.g., a time equal to 80 output

| 10 pulses of the encoder 5), and the like are -determined. These
motor characteristics are determined individually for each of
a plurality of speed modes and'of'forward travel and backward
travel of the carriage. The determined or calculated data (measurement data)
are stored in a measurement data memory 25. Every time a new
15 = measurement operation is performed, the corresponding data in
the measurement data memory 25 is updated. The measurement
data in the measurement data memory 25 is periodically read out
from the motor contrcl determining section 21 to be used for
carriage motoxr 'cc'vnﬁrol " effected by the motor control
20 determining section 21. For example, the deceleration distance
data is used for the calculation of deceleration start position
data. Further, the acceleration distance data is used to move
the carriage to a desired position. The acceleration time is
used, e.g., to determine -the carriage motor 1 activating
25 timing. ) | . '

An operation panel 27-is connected to the motor control
determining section '21. The operation panel 27 includes
various switches, such as a bower switch and a speed mode
selector switch. When the power switch on the operation panel

30 27 has been turned on, a reset signal is applied to the motor
control determining section 21. The motor control determining
section 21, upon reCeiving the reset signal, clears the data in
the measurement data memory 25. When the speed mode selector
switch on the operation panel 27 has been operated, a number

- 7 - . This Sheet Has Been

S ﬂn




sured. One of the measured characteristics is the decel- eration distance
of ‘the carriage notor. This neasure- nment is used to determ ne a carriage
not or decel eration start position at the time that the neasurenent is
taken. These neasurenents are taken by noving the carriage at the tinme when
the power switch is turned-on, when a sheet is fed and when a waiting tine
is longer than a predetermined tine. After the notor characteristics are

nmeasured at the above tines, the characteristics are stored.. The neasured
mot or chardéfatiag sbeappegdefionsr salerted PyrihaRPEFaLEPN cohtFupP hEed,

the printbngherdiditor ictiitdon detetmihdnaCEeEtsbhC 20RAS heMRY S af Spedd 0
mode” corresponds to a speed at which the carriage travels
during printing (i.e., reference speed mode). A plurality of

5 speed modes are available in this embodiment. Speed mode
selection is done not only by the speed mode selector switch,
but also by a print command._from_a host_computer (described

- later) and automatically by the printer as well. When a speed
mode "has been selected, the motor control determining}section

10 2l feeds the speed mode number data to the measurement
determining section 23.

The motor control determining section 21 also receives
reset signals and print commands sent from a host computer (not
showﬁ) through a host interface 29. Upon reception of a reset

15 signal from the host computer, the motor control determining
section 21 clears measurement data in the measurement data
memory 25 in a mahner similar to the case in which a reset

'signal has been received-.from the operation panel 27. Upon
reception of a print command from the host computer, the motor

20 control determining section 21 checks that the measurement data
of the speed mode selected for such printing is present in the
measurement data memory 25. 'If not, the motor control
determining section 21 effécts a special control procedure for
measurement operation. In this special control procedure, the

25 characteristics are determined by performing the following
steps: (1) starting a measurement travel upon application of an
ON signal to the drive circuit- 3; (2) inputting predetermined
deceleration start position data of the measurement travel to
the position register' 13- and the measurement determining

30 section 23; and (3) inputting_an ENB signal to the measurement
determining section 23. ' In this case, the measurement
operation is performed for both forward and backward travels.
After the measurement operation, the motor control determining
section 21 starts print control in accordance with the print
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made during printing, and the stored neasurenent data are updated every
tirme a new neasurenent is nade. As a result, the nost recent data is in
*storage so that car- riage travel control for printing is perforned on the
basis of the nost recently neasured notor characteris- tics. BRIEF
DESCRI PTI ON OF THE DRAMVNGS FIG 1 is a block diagram show ng an enbodi nent
of the invention;

command. In the print control, the following operations are

performed for each line of a document to be printed. Print
travels (both forward and backward travels) are started upon
application of an ON signal to the drive circuit 3 at a timing
5 determined by a known method, and the deceleration start

position data for such print travels are determined and applied
to the position register 13 and the measurement determining
section 23. In this case, the deceleration start position data
are determined.using.data_indicating the._print_end position of

10 each line included in the print command as well as deceleration
distance data stored in the measurement data memory 25. Even
‘during the print travel for each 1line, the motor control
determining section 21 applies an ENB signal to the measurement
determining section 23 to start measurement operations. As a

15 result, the measurement data in the measurement data memory 25
are updated each time a line is printed.

The motor control getermining Section 21 is also
connected to a paper_sensorisl and a gap sensor 33. The paper
sensor 31 detects feeding of a sheet of paper (not shown) into

20 the printer and supplies the ‘sheet feed signal to the motor
control determining section '21. In this embodiment, a paper
roll in which the. pages run 'con'secutively is used as the
printing paper. The  motor control determining section 21
clears the measurement data in the measurement data memory 25

25 upon recognition from the form feed signal that a new form has
been fed. The gap sensor 19 detects a gap' between a platen and
a print head (both not shown) and applies the gap signal to the
motor control determining section 21. 1In this embodiment, a
wire dot type head is used as the print head. The motor

30 control detérmining section 21-clears the measurement data in
the measurement data memory- 25 upon recognition from the gap
signal that the gap has ben changed.

o . /
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FIG 2 is aflowhart showing the processing of clear- ing neasurement dat a
according to the enbodi ment shown in FIG 1; FIG 3 is a flowchart show ng
“the processing of cal- culating neasurenment data accordi ng to the enbodi-
ment shown in FIG 1; FIG 4 is a diagramshowing a state in which the
carriage noves in the forward direction, the diagramdescribing the nethod
of calculating a deceleration distance in the processing shown in FIG 3;

and FIG 5 is a am showing a.state in which the carri m)vesmthe
return directi On%‘ﬁqﬂg 2 % ffowchart showing a procéqcfure to
followed by the motor control determining section 21 to clear

measurement data.
Referring to Figure 2, the motor control determining
5 section 21 checks that a reset signal has been received from
the operation panel 27 or from the host computer (Step S1). If
not, the motor control determining section.2l_checks that a new
form has been fed (Step S2). If it has not, the motor control
determinin-g.___s.ecj:ion_.gl checks that the gap_ has been changed -
10 (Step S3). If the answers to any of these three questions are
affirmative, then the motor control determining section 21
clears all the measurement data in the measurement data memory
25 (Step S8). If the answers to each of these questions are
negative, the motor control determining section 21 checks that
15 the carriage motor is driven for print travel (Step S4). If
the carriage motor has been driven, a timer counter TM for
measuring a print waiting time is cleared (Step S5). If, on
the other hand, the carriage motor has not been driven, the
motor control determining section 21 increments the timer
20 counter TM (Step S6) and clears all the measurement data in the
measurement data memory 25 (Step S8) when the value in the
timer counter TM has exceeded a predetermined wvalue n (Step
S7). ' '
By repeating the above procedure cyclically, all the
25 measurement data is cleared when the power switch has been
turned on, when a reset signal has been inputted from the host
computer, when a new form has been fed, when the gap between
the platen and the head has -been changed and when the waiting
time has exceeded a predetermined time. |
30 Figure 3 is a flo'wcllart showing a procedure to be
followed to ébtain measurement data. The procedure is
performed when the motor control determining section 21 has
received a print command from the host computer. Figures 4 and

-
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déscribing the method of calculating the decel eration distance in the
processi ng shown in FIG 3. DETAILED DESCRI PTI ON OF THE PREFERRED '
*EMBODI MENTS FIG- 1 is a block diagram showi ng ‘a carriage notor controller
according to a first enbodi nent of the inven- tion. In FIG 1, a carriage
motor 1 is a dc notor which is driven by a drive circuit 3. The drive
circuit 3 starts the carriage notor 1 upon receiving an ON signal froma

ot or8! e WAL " IREANCL A AR RANRL o "G lBREnn® dhe

deceleration dz.stance, which J.S one piece of measurement data.

~ Referring to Figure 3, upon reception of a print

command from the host computer, the motor control determining

5 section 21 checks that measurement data of the speed mode

selected for such printing is present in the measurement data

memory 25 (Step S11).__If the. power.switch_has_been turned on,

a reset signal applied, a new form fed, the gap between the

head. and the platen .changed or. the printer stopped for a long

10 time before the print command has been réceived, then all the

measurement data is cleared as described with reference to

Figure 2. Thus, the answer is negative in Step S11. In this

case, the motor control determining section 21 effects the

above-described special control to perform the measurement

15 operation (Step S12). That is, the motor control determining

section 21 applies an ON sigrial to the drive circuit 3 and

applies predetermined start ‘position data for measurement

travel to the position  register 13 and the measurement

determining section 23.- .Then, the motor control determining

20 section 21 supplies an- ENB signal to the measurement

determining section 23. This causeé the drive circuit 3 to

drive the carriage for measurement travel in the selected speed

mode. The measurement determining section 23 calculates the

acceleration time, the ' acceleration distance, and the

25 deceleration distance during this measurement travel. The

deceleration distance is determined following a procedure

similar to Steps S17 to 'S24, which will be described below.

The measurement operation is- effected on both forward and

backward travel by the-cairiagé. The determined measurement

30 data are stored in an area correspondlng to the selected speed
mode in the measurement data memory 25.

When the measurement operation in Step S12 has been

completed, or the measurement data on the speed mode has

already been stored in the measurement data memory 25 in Step

- 11 -
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cireuit’ 3 keeps the carriage motor 1 running at this reference speed and
.stops the carriage notor 1 thereaf- ter

In the course of accel erati on,

conparator 11. _
deceleration, printing is effected once the carriage notor 1 has been

accelerated to a predeterm ned print prohibiting speed (the speed which is

| ower than the above reference speed and bel ow which printing is

prohi bi t
decel er at'ed be

ang continues until the carriage notor is subsequently
B MRESR 1SRN ohi BREFH4SHREd Seat ione Riier s Ba fes eeba tirbg

rotati ondlomi ppiatcérmgntearth line of a document in accordance with the

10

15

25

30

print command. That is, the motor control determining section
21 reads a deceleration distance PB for the speed mode from the
measurement data memory 25,  and a deceleration start position
ABP (= AEP - PB) is calcula;ed by subtracting the deceleration
distance PB from a print enq position AEP included in the print
command (Step S16). This calculation enables the determination
of the deceleration start,poéition_ABP so. that the carriage can
exactly reach the print end position AEP when the speed of the
carriage motor has been decelerated to the print prohibiting
speed (point B) as shown in Figure 4. The thus determined
deceleration start position data ABp is not only stored in the
position register 13, but also applied to the measurement
determining section 23.

Then, the motor control determining section 21 inputs
an ON signal to the drive éircﬁit 3 to cause the drive circuit
3 to activate the cérriagefﬁdfor 1 (Step 314). The drive
circuit 3 accelerates thé ‘darriage motor 1 and causes the
carriage motor 1 to- travel-"at a constant speed when the
reference speed in the selected mode has been reached. During
the constant speed travel, the comparator 11 chécks that the
carriage has reached the deceleration start position ABP (Step
S15). If the deceleration start Position ABP has been reached,
an OFF signal is supplied- to the drive circuit 3, which then

decelerates the carridge motor 4 (Step S16).

Upon start of deceleration, the measurement determining
sgction 23 writes the print prohibiting speed data to the speed
register 19. The comparator 17, in turn, checks that the
carriage motor 1 speed has been reduced to the print
prohibiting speed (Step Sl7).”fIf the print prohibiting speed
has been reached, the current position of the cafriage (print
prohibiting position)-is read by the capture register 15. Thé
read position data is then'sghﬁ to the measurement determining.

upon receiving an OFF signal froma
const ant - speed runni ng, and

\
T
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t-He carriage motor 1 and generates a pul se signal every predetermn ned-unit
of- rotational displacenent. This - 4 - pulse signal is applied to a
"position counter 7, which, in turn, generates position data indicating an

absol ute posi- tion of the carriage by counting the pulse signals. The
pul se signal fromthe encoder 5 is applied also to a speed counter 9. The
speed counter 9 counts high-frequency clock pulses CLK in a single cycle of

the pul sgcei8Ral23 Oand stored in a first temporary memory X1 (Step
S18).
The measurement determining section 23 writes the zero
data to the speed register 19. The comparator 17 then checks
S that the carriage motor 1 has been stopped (Step S19). If the
carriage motor 1 has been stopped, the current position of the
carriage (stop position) is read by the capture register 15,
and sent to the measurement determining section 23 and stored
in a second temporary memory X2 (Step S20)._

10 Then, the measurement d_etermining section 23 determines
a difference between the print prohibiting position and the
stop position respectively stored in the first and second
temporary memories X1, X2, and sets the determined difference
as a print prohibiting distance PB3 (Step S21). The print

15 prohibiting distance.PB3 éorresponds to the travel distance in
which no printing can be effected (i.e., the distance between
point B at which the carriage speed has reached the print
prohibiting speed and point C at which the carriage has been
stopped as shown in Figure 4). Then, the measurement

20 determining section 23 determinesa difference between the stop
position and the deceleration start position ABP in the second
'temporary memory X2, and sets the'determined_differénce as a
stop distance PB2 (Step S21). The stop distance PB2 means a
travel distance between point A at which deceleration has been

25 started and point c at which the carriage has been stopped as
shown in Figure ¢. . i

The measurement determining section 23 then compares
the print prohibiting distance PB3 determined in the last step
with a predetermined idle travel distance PaA during

30 - acceleration (Step S'22) If PB3 > PA, then a difference
between the stop distance PBZ and the print prohibiting °
distance PB3 (PB2 - PB3) is set as the deceleratlon distance PB
(Step 523). If PB3 < PA, a difference between the stop
distance PB2 and the idle travel distance PA (PB2 - PA) is set

- 13 -
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thereby generate speed data indicating the rotational speed of the carriage
- notor 1. The position data generated by the position counter

“the conparator 11 so that the position data can be conpared with data
indicating the carriage decelea- tion start position that

position register .13 in advance. Wen the absolute position of the
travelling carriage has reached the deceleration start position, the

- conpar aly dHe appkbesran idi &igrahcée opBhq sHdp/€2 £ I cuithe3, iaihé chraauses
%%gﬁf motop, 1 to start,decel erat- ing. The posifion data generated
qqggc%ﬁn?an§ a distance ete ined in advance to eénsure

t he car
by the

10

15

20

25

30

stable control of the carriage motor 1 and a distance to be
travelled by the carriage between carriage motor start and
print start. This distance is equal to, e.g., 80 pulses of the

encoder. :
The importance of the steps S22 to S24 is as follows.

The carriage travels forwardly and stops at point C as shown in

Figure 4, and then travels backwardly from point C as shown in
Figure 5 while p;iﬁting. A print start position ASP in the
backward travel must be positioned to the left of point C by at
least the idle travel distance PA, i.e., the carriage stop
position in the backward travel. In other words, at least a
distance equivalent to the idle travel distance PA must be
provided between the stop position C in the forward travel and
the print start position ASP in the backward travel. Such
distance can be provided &as -long as the print prohibiting
distance PB3 is longer than the idle travel distance PA. If
the print prohibiting distance PB3 is shorter than the idle
travel distance PA, the stop position C must be shifted
rightward by the shortened distance. In other words, the
deceleration start position A must be shifted rightwardly by
the shortened distance. Then, the deceleration distance PB may
be determined as PB2 - PA as in Step S21. While a case in

. which the carriage movement switches from the forward travel to

the backward travel has been described above, the same can
apply to a case in which the barriage movement switches from
the backward travel to the forward travel.

As a deceleration distance PB is measured in this way

‘every time the carriage is traversed to print a line,

deceleration ‘distance data at the corrésponding area in the
measurement data memoxy 25 is updated (Step S25). The updated

deceleration distance data - is wused to determine the

71s fed to

is stored in a

-~ 14 -

- This Sheet Has Been Repla

(A

- .-

&



iI's further applied to a capture register 15. Upon recep- tion of a capture
signal froma conparator 17, the cap- ture register 15 reads and stores the
* position data fromthe position counter 7. The conparator 17 for generat-
ing the capture signal conpares the speed data gener- ated by the speed
counter 9 with speed data that is stored in a speed register 19 in advance,
and generates the capture signal when both data coincides. The speed

regi ster 19 sequentially stores two kinds of speed data from a measurenent
cal cul ategrlexztion 28agt ppsithendéarra ekt grimt Thavsel din whehiskime ng

speed Qptaddess- (LRal Ewhsbe It tH Mt e YA Pi ting speed data”) is
_As described above, according to the invention, the
carriage motor characteristics are periodically measured when
S the power switch is turned on, when a reset signal from the
host computer has been inputted, when feeding a new form, when
changing the gap between the head and the platen, and when the
lapse of the waiting time is longer than a predetermined time.
Using "the thus measured motor characteristics, the driving of
10 the carriage motor can be properly controlled. In addition,
the measurement data are updated every time the carriage makes
a print travel for each liné, and the ﬁpdated measurement data
are utilized to effect the next drive control of the carriage
motor. As a result, even though the characteristics of the
15 carriage motor have been changed, control accommodating such
characteristic change can be made, hence allowing wasteful
motor drive to ‘be dispensed with. '
As described in the foregoing pages, the invention
attempts to control ‘the c¢arriage motor on the basis of the
20 latest measurement data while periodically measuring the
carriage motor charactéfispics. Therefore, any motor
characteristic change can be accommodated by appropriate

control.

-
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stored first. If this print prohibiting speed data matches the speed data
fromthe speed counter 9, then data indi- cating that the speed is zero
(hereinafter referred to as "zero data") is stored. This operation is
performed to detect, during decel eratjon, both the tining at which the
speed has reached the print prohibiting speed and—the—tinrng—at—wiich the
carriage notor 1 has been stopped in the course o

carriage notor 1. It is at these two points that Lﬂm@!ﬂ!ﬁ ﬂls are
applied to the capture register 15 and that the p a so *the

carriage notor 1 at the respective étﬂlﬂgs are stored in the capture
regi ster 15. The position data

1. A carriage motor controller for a printer, comprising:

5
drive means (3) for driving a carriage motor (1) to
thereby cause a carriage to travel;
detecting means (7,9) for detecting a position and a
10 speed of the carriage while the carriage is travelling;
measuring means (11,15,17,19) for measuring operational
characteristics of the carriage motor (1) on the basis of
the detected position and speed;
15
storage means (25) for storing the measured
characteristics;

first control means (21) for controlling the drive means
20 and causing the carriage to travel to initially arrive at
the measured characteristics, the control being done
after a power switch has been turned on, after a sheet
has been fed, or after a predetermined time has elapsed;

and
25
second means (23) for controlling the drive means upon
reception of a print command on the basis of the print
command and the stored characteristics to thereby cause
the carriage to travel for printing, wherein the
30 measurement. by the measuring means is performed when the
carriage travels in printing a line and wherein the
characteristics stored in the storage means are
periodically updated with newly measured éharacteristics.
35
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stored in the capture register 15 are read by t he—rea=—surenent cl acul ating
.section 23. Therefore, the mea- surenent cal cul ati “ﬂgﬂ ds both
the carriage position data when the carri age m)torﬂﬂ m“u - erated
to the print prohibiting speed and the carriage po lon idatta Whefi the

carriage notor 1 has' been stopped (hereinafter referred to as "stop
position data"). - 5 - As described before, the notor control

cal cul ating
2. The carriage motor controller of claim 1, wherein the

measurement means (11,15,17,19) measures the
characteristics during both forward and backward travels,
and wherein the second control means (23) controls the

5 forward travel for printing on the basis of the stored
characteristics during the forward travel and controls
the backward travel for printing on the basis of the
stored characteristics during the backward travel.

10
3. The carriage motor controller of claim 1 or 2, wherein
the measurement means (11,15,17,19) measures a
deceleration distance as one of the characteristics.
15

4. The carriage nmtor controller of claim 3, wherein the
second control means (23) controls a deceleration start
position for the print travel on the basis of the
deceleration distance stored in the storage means and a

20 print end position contained in the print command, the
control of the deceleration start position being effected
so that a.sum of the deceleration start position and the
stored deceleration distance coincides with the print end
position.

25

5. The carriage motor controller of claim 4, wherein the
measurement means (11,15,17,19) adjuéts the deceleration
distance in accordance with an idle travel distance

30 ' determined -in advance fom acceleration of the carriage
motor at the time the deceleration distance is measured.

6. A carriage motor controller for a printer, comprising:

35
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"while printing of a docunent is being effected. | ch no
printing is effected, the notor contrgl calcul ati «causes the.
carriage to travel by generating the ON signal in rtldulgr cases i n order
to nmeasure the carriage notor characteristics (hereinafter referred to as

séct!on 21 generates an ON signal for activating the carria 1. This
ON signal is generated at the tinme when printing gun for 3 l'ine

“nmeasurenent operation"), which will be described |ater. Carriage travel
for printingriver efedned (]tp) aForPr HRivihgveh" catkiagei agedr aval) fao
measur enent operations on s referred to ag "measurenent travel". The
mot or hereby cause carrlage to travel;
detecting means .(7,9) for detecting a position and a
5 speed of the carriage while the carriage is travelling;
measuring means (11,15,17,19) for measuring
characteristics of the carriage motor including a
deceleration distance thereof on the basis of the
10 detected position and speed;
storage means (25) for storing the measured
characteristics;
15 first control means (21) for controlling the drive means

and causing the carriage to travel to initially arrive at

the measured characteristics; and

_ second means (23) for controlling the drive means upon
20 - reception of a print command on the basis of the print
command and the :stored characteristics to thereby cause

. the carriage to travel for printing, said second control

means (23) controlling a deceleration start position for

the .print travel on the basis of the deceleration

25 distance stored in the storage means and a print end
position contained in the print command at which printing

is terminated.

30 7. The carriage motor of claim 6, wherein the control of the
deceleration start position is effected so that a sum of
the deceleration start position and the stored
deceleration distance coincides with the print end

position.

35
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contral- cal cul ating section 21 also calculates a decelera- tion start
position of the carriage notor 1 in each print travéel and each neasurenent
“travel. The cal cul ated decel eration start position n the
position register 13 during the carrigge travel Jmﬂﬂ"’] 'm Il' ‘'t he
measur enent cal cul ati ng section 23. The notor control cal eulmt19g *section
21 al so perfornms the func- tions of applying speed node nunber data

i ndicating a speed node and appl yi ng enabling signals (ENB) for operating
the nmeagur epipat ca'«x}m&@i Agtoact o6n Zxrihd ,neabareirntsaial cdedeictg nsect i on

23 perfor ms, Ieasur SUER JQRET A dorf afBlotlAli oF Obatheaghe top

distance corresponding to the distance travelled by said

carriage beyond said deceleration start position.

5
9. The carriage motor of claim 8, wherein said measurement
means includes means for measuring a print prohibiting
distance representing the difference between said
10 carriage stop distance and said deceleration distance.

10. The carriage motor of claim 9, further comprising means

for comparing said print prohibiting distance with an

15 idle travel - distance corresponding to a distance
travelled by. said carriage from a stop position to a

position at which printihg begins.

20 11. The carriage motor controller of claim 10, wherein said
deceleration distance is adjusted when it is determined
that said idle travel distance is greater than said print

prohibiting distance.

25
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teristi'cs of the carriage notor 1. One characteristic of the notor to be

calculated is the carriage notor 1 decel- eration distance, i.e., a travel
"di stance of the carriage (indicated by the nunber of output pulses of the
en- coder 5) fromthe deceleration start to the print prohib-

This decel eration distance is cal cul aPed fromthe decel eration start

position data fromthe notor control calculating section 21 as well as the

print pro- hibiting position data and the stop position data fromthe

- capture register 15. In addition, an acceleration distance of the carriage:

not or

10

15

20

25

30

35

(the travel distance between activation and the

ABSTRACT

A carriage motor controller for a printer. The controller
includes a drive mechanism (3) for driving a carriage motor
(1) to thereby cause a carriage to travel , a detector (7,9)
for detecting a position and a speed of the carriage while
the carriage is travelling; a measuring device (11,15,17,19)
for measuring characteristics of the carriage motor on the

basis of 'the detected position and speed; a storage device(25)

for storing the measured characteristics; a first controller
(21) for controlling the drive mechanism and causing the
carriage to travel for the purpose of taking the necessary
measurements, the measurements being taken after a power
switch has been turned on, after a sheet has been fed, or
after a predetermined time has elapsed; and a second
controller (23) for controlling the drive mechanism upon
reception of a print command on the basis of the print
command and the stored characteristics to thereby cause the
carriage to travel -for printing. In such a controller, the
measurements are made not. only while the carriage is
travelling for the sole purpose of taking the measurements,
but also while the ' carriage is travelling for printing.
Additionally, the stored characteristics are periodically

- updated in accordance with newly measured characteristics.
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tim ng at  whi ch the notor has reached the reference speed) and an
rati e ne_required for travel between activatioq_and
&%?ﬁs 80 output pul ses of t he encoder and
|k ar & ‘d%ﬁdo"l’hese not or characteristics are cal cu- | 64-
i Hm‘f—ﬁ’for each of aplurality of speed npdes and of forward travel
and backwar d travel of the car- riage. The cal cul ated data (neasurenent
data) are stored in a measurenent data nmenory 25. Every tine a new
measur enment operation is perforn?t cprre- sponding data in the

pdated? *T

measur enent data menory 25 is u e neasurenent data in the
nmeasur enent

""'D
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-6 - data menory 25 is periodically read out fromthe notor contro

_ e seckH ol 50s used for carriage notor control effecged by
t Qﬁ%ﬁg; ORI 0l Ci-celaf i Ng section 21. For exanple, the deceler%{
Stance data is used for the cal culation of deceleration start po
Tihér, the accel ération distance data is used to nove the carrlage
to a desired position. The accelera- tion tine Is used, e.g., to determ ne

the carriage notor 1
///CF

C .?>—CLEAR

s1.

Sl: HAS RESET
SIGNAL RECEIVED:?

S2: HAS A NEW FORM FED?
'S3: HAS GAH BEEN CHANGED?

FOR PRINT TRAVEL?

.[55

: Y]
-t~ALL MEASUREMENT DATA
IS CLEARED

-
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fégg%iﬁgti imi n o eratlon panel 27 is connected to the rmtor .control
/ &0 3t | c??o &'dtion panel 27 includes various swﬁyches

%bF*§ﬁw¥%ﬁ*5H§*ﬁ speed node sel ector switch. Wen the
+E§Fﬁperation panel 27 has been turned on, a reset signal is
applied to the notor control calculating section 21. The notor control
cal cul ating section 21i upon receiv--ing the reset signal, clears the data
in the neasurenent data nenory 25. t e .speed node sel ector switch on
the operation panel 27 has been operarféd, a nunber indicating the speed
node sel ected by the operation is .

s~ OPERATION WHEN

. “\ PRINT COMMAND
IS RECEIVED

S11

Sl11: IS MEASUREMENT DATA OF THE

SPEED MODE PRESENT? _ /5;2
_ ' — 20 YES N
$20: READ POSITION /520 | ) |MEASUREMENT
DATA IS STORED IN A . 1;43 OPERATION
SECOND TEMPORARY . Vs
£15: DECELERATION
MEMORY Xo $21 . START .
PBa=X1-Xz2 V BOSTTIoN ABP=
S PB2=X2-ABP| . —13% 514 CARRIAGE
- MOTOR IS ACTI-
VATED

S15:HAS CARRIAGE
REACHED - ABP?

7 1w
. /6 S16:CARRIAGE
/50 MOTOR DECELERATES

PRINT PROHIBITING
SPEED?

PB=P83-FB3

525 | )
/__\- ‘[ __,’5."3
PB IS' UPDATED ' . TREAD POSITION DAT=

— 1 IS STORED IN FIRST
: TEMPORARY MEMORY

v |
f 0 —~——S19:HAS CARRIAGE
END - Slq MOTQOR STOPPED?

. - - . . [ YES
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=’sbpp|1ed to- the notor control calculating section 21., The term eed
nnﬁe”wﬁsm&ds oA speesaianhi ch the carriage travels durlng inting
(|reéyvreE£P ARgs, SReed-pude) . A plurality of speed nodes are avaV( abl e

nF%gns ?ngﬁglnent Speed node selection is done not only by the speed node
se

ch, but also by a print command from a host conputer
(described later) and automati cal yy

h rinter as well. Wen a speed
mode has been sel ected, the notoy“cdntfof /cal cul ati ng section 21 feeds the

speed node nunber data to the neasurenent cal cul ating section 23. The notor

/

control calculating section 21 also re-
AEP
b ZLLL ////// /[ PRINT RREA
. ‘ 3 ~ ©  ——DIREQTION OF CARRIAGE
CARRIAGE SPEED , = A
8
PRINT PROHIBITING PR
SPEED ~ C
A1
K_Z - ABSOLUTE POSITION
53] OF CARRIAGE
PB2 .
N I .
(G5
: ASP
e 7////// A~PRINT AREA
r <= ~—DIRECTIQN OF CARRIAGE
CARRIAGE SPEED
{p
Ly . ’C.

PA ABSOLUTE POSITION

(-_- 80 ) OF CARRIAGE

ULSE
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-

/ceives reset si gnal s and print commands sent from a host conputer (not

7

Eshown) through a host interface 29. Upon reception of a réset signal from

the host com puter, the notor control calculating section 21 clears
measur enent data in the nmeasurenent data menory 25 in a manner simlar to
the case in which a reset signal has been received fromthe operatlon panel
27. Upon reception of a print command fromthe host computer—t+he—nntar

control calculating section 21 checks that the neasur eqe at a of the
speed node selected for such printing is present in the im pld‘ada

menory 25. |f not, the notor controlﬁﬁul a7| ng secti

l l ¥
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L
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n 15 o {}
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speC|aI control procedure for neasurenment operation. In this special
.control procedure, the characteristics are calcul ated by performng the

’ .follomnng steps: (1) start- ing a neasurenent travel upon application of an

ON signal to the drive circuit 3; (2) inputting predeterm ned

decel eration start position data of the neasurenent travel to the position
regi ster 13 and the nmeasurenent cal culating section 23; and (3) inputting
an ENB signal to the neasurenent cal culating section 23. In this case,

FIG. 2
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/ "t he nmeasurenent operation is performed for both for- ward and backward
.travels. After the nmeasurenent operation, the notor control cal cul ating
section 21 starts print control in accordance with the print com nmand. In
the print control, the follow ng operations are perforned for each |ine of
a docunent to be printed. Print travels (both forward and backward travel s)
are started upon application of an ON signal to the drive circuit 3 at a
timng determ ned by a known nmethod, and the. deceleration start position
data for such print travels are calculated and applied to the p03|t|on

regis- ter 13 and UE?(§Fa5u5§pent cal cul ating section 23. In
OPERATION WHEN PRINT "\ This st s Becn Repl
COMAND 5 RECELVD TR

IS
| MEASUREMENT

DATA OF THE SPEED MODE
PRE%FNT

S1 NO
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y
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this-case, the deceleration start position data are calcu- |ated using data
.indicating the print end position of each line included in the print
command as well as decelera- tion distance data stored in the neasurenent
data mem ory 25. Even during the print travel for each |ine, the notor
control calculating section 21 applies an ENB signal to the measurenent
cal cul ating section 23 to start neasurenent operations. As a result, the
measurenent data in the neasurenent data nmenory 25 are updated each tine a
line is printed. The notor control calculating section 21 is also con-

nected to a paper sensor 31 and aﬁf@’.senzr 33. The
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prlntér‘and ‘sUppl resct.e. shegtd feed

run covf~- secutivebari S. Wsed.a5 (9.
cal cuf &t i ng-sect to&,zlmcltgars* the

mermory 25 -upon- regogni -
been fed - The gap- Sensei - 1o e

> r———_\_.m st

paper | lsensbi 31 det ect-s Feed; AG of ’a sheet Ioftgape; Erg;jor conit £ ob-
sig- na

¥ Fone2la.ln ﬂsnb di ment, a pafer- roII i ik ch. Ihe ‘pages i

cal cul M 1 ng ket Lo e, 2 rinting papel’ The ‘ot ofcoriol pagsd e
asurenent data i-n-the maasuraenenth...data

t|on fromthe formfeed signal that a new form has ;

¢ a gap between.-a,platenqamg: aqum nt head ;

[T —

(both not shovvn) and aNRAECE eoBeR CORTRLLIEH MOMT R ERRT TOf

Wﬂ 21. In this enbodinent, a wre dot type head is used as

vhe invention relates to carriage motor control for

printers.
Many pr;.nters are designed to print during acceleration

and deceleration of the carriage motor to improve their
throughput. To eliminéte wasteful travel of the carriage, as
well as to improve throughput and downsize the printer, it is
necessary to accurately measure acceleration and deceleration
distances of the carriage. Particularly, the distance required
for deceleration is an imporﬁant factor in determining the
minimum distance that is necessary and sufficient for the
carriage to travel after the carr:l.age has started deceleratz.ng
at an optimal position.

A step motor or a dc motor is usually used as the
carriage motor. The deceleration distance is constant for the
step motor, whereas it varies for the dc motor since dc motor
characteristics change due to changes in temperature and load.
Therefore, printers using a dc motor as a carriage motor start
decelerating. the carriage motor at a safe pos;.t:.on that is
sufficiently close to the print end position, tak:.ng into
account such deceleration distance variations. In other woxds,
the deceleration start position is determined on the basis of
a2  sufficiently short distance that has been determined as a
. deceleration distance in advance.

' However, the conventional method of determining the
deceleration start pdsition is not satisfactory from the
viewpoint of throughput improvement and downsizing. The reason

is that if the motor winding resistance is increased due to an
increase in motor temperature, the current flowing into the

motor decreases, which then reduces the brak;ng torque. This
makes the actual deceleration distance longer than the
estimated deceleration distance, thus causing the carriage to
travel a longer dlstance upon completion of printing.

Similar problems that are attributable to motor
characteristic variations will be addressed not only in regard

REPLACEMENT SHEET|
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.print head. The motor control calcul ating semﬁ-en—ﬂ-d.e.a.r,&..l.b_@ measur ement
‘data in the nmeasurenent data nmenory 25 upon r,REBL T gap signal

that the gap has been changed. FIG 2 is a fl pw rocedure to
be followed by the notor control calculating pefti
measur ement dat a. -8- Referring to BIG 2,{the W96t rol| cal cul ating

to deceleration control but also in regard to various other

aspects of carriage motor control.
Therefore, a general object of the invention is to

allow carriage motor characteristic variations to be considered

in controlling the carriage motor by periodically detecting the
carriage motor characteristics. This object is solved by the

motor controller for a ©printer according to

carriage

independent claim 1 oxr 6. Further advantageous features
aspects and details of the invention are evident from the
dependent claims, the description and the drawmngs - The

claims are intended to be understood as a first non-limiting

approach of defining the invention in general terms. '’
This invention provides a controller which appropriately

determines a deceleration start position of the carriage motor in
accdrdance with characteristics of the carriage motor so that the carriage
stops at a predetermined position.

A specific aspect of the invention is. to allow the
carriage motor to start decelerating at an optimal position
which is determined by periodically detecting the carriage

motor decelerating characteristics.
According to a specific aspect of the invention, the invention

.provides a carriage motor controller for a printer, which includes:
drive means for driving a carriage motor to thereby cause a
carriage to travel; detecting means for &etecting a position
and a speed of the carriage while the carriage is travelling;

measuring means for measurlng characteristics of .the carriage
motor on the basis of the detected position and speed; storage
means for storing the measured characteristics; first control
means for controlling the drive means and'causing the carriage
to travel to allow the necessary measurement of the
characteristics, the control being performed after a power

" switch has been turned on, after a sheet has been fed, or after
a predetermined time period; and second means for controlling
the drive means upon reception of a print command on the basis
of the print command and the stored characteristics to thereby
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section 21 checks that a reset signal has been received ggg%égggﬂﬂglé £
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: panel 27 or fromthe host conputer (Step S1). If not, the{notor control
cal cul ating section 21 checks that a new form has been fefl GEQ@K“BEﬁ% | F
has not, the notor control calculating section 21 check at_the gap S
been changed (Step S3). If the answers3to any of these fhree questions arje
affirmative, then the notor control cal cul ating sectioA—%£4H4¥m$.aLL th
mea- surenment data i.n the measurenent data nenory 25 (Step S8). If the
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only while the carriage is travelling, but also while the
carriage is travelling for printing; and the characteristics
stored in the storage means are updated in accordance with
newly measured characteristics from time to time. )

As noted above, according__to__the.. invention, the
characteristics of the carriage motor are periodically
measured. _ One of_  the measured characteristics 1is the
deceleration distance of the carriage motor. This measurement
is used to determine a carriage motor deceleration start
position at the time that the measurement is taken. These
measurements are taken by moving the carriage at the time when
the power switch is turned on, when a sheet is fed and when a
waiting time is longer than a predetermined time. After the
motor characteristics are measured at the above times, the

characteristics are stored. The thus measured motor
characteristics are used for a first carriage travel control
dfter the printing. Additionally, motor characteristic

measurements are also made during printing, and the stored
measurement data are updated every time a new measurement is
made. As a result, the most recent data is in storage so that
carriage travel control for printing is performed on the basis
‘of the most recently measured motor éharacteristics.

Figure 1 is a block diagram showing an embodiment of
the invention;

Figure 2 is a flowchart showing the processing of
clearing measurement data according to the embodiment shown in
Figure 1; | ' '

Figure 3 is a flowchart showing the processing of
determining measurement data according to the embodiment shown

in Figure 1;
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(Step S4). If the carriage notor has been driven, a tiner counter- TM for
smeasuring a print-waiting tine is cleared (Step S5). If, on the other hand,
the carriage notor has not been driven, the notor control calculat- ing
section 21 increnents the tinmer counter TM (Step S6) and clears all the
measurenent data in the neasure- nent data nmenory 25 (Step S8) when the
value in the tinmer counter TM has exceeded a predeterm ned value a (Step

"e) ol oar ed when HIPERCE. S 1 Eh HESTIIL PREFHRY B STAER A7 TS| RS
has been daynildgs moves in the forward direction, the diagram describing
the method of determining a deceleration distance in the
processing shown in Figure 3; and '
Figure 5 is a diagram showing a state in which the
carriage moves in the return direction, the diagram describing
the method of determining the deceleration distance in the

processing shown in Figure 3.

Figure 1 is a block diagram showing a carriage motor
controller according to a first embodiment of the invention.

In Figure 1, a carriage motor 1 is a dc motor which is
driven by a drive circuit 3. _Tﬁe drive circuit 3 starts the
carriage motor 1 upon receiving an ON signal from a motor
control determining‘sectibn 21 and accelerates the motor 1 to
a predetermined reference speed. The drive circuit 3 keeps the
carriage mdtor 1 running at this reference speed and stops the
carriage motor 1 thereafter upon receiving an OFF signal from
a comparator 1l. In the course of acceleration, constant-speed
running, and deceleration, printing is effected once the
carriage motor 1 has been accelerated to a predetermined print
prohibiting speed (ﬁﬁe speed which is lower than the above
reference speed and below which printing is prohibited) and
continues until the carriage motor is subsequently decelerated
below the print prohibiting speed.

An encoder 5 detects the rotational displacement of the
carriage motor 1 ‘and generates a - pulse signal every
predetermined unit of rotational displacement. This pulse
signal is applied to a position counter 7, whiéh, in turn,
generates position data indicating an absolute position of the

. carriage by counting the pulse signals. The pulse'signal from
the encoder 5 is applied also to a speed counter 9. The speed
counter 9 counts high~frequency clock pulses CLK in a single
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from the host conputer, when a new form has been fed, when the gap between
.the platen and the head has been changed and when the waiting tine has
exceeded a predetermned tine. FIG 3 is a flowhart showing a procedure to
be foll owed to obtain neasurenent data. The procedure is perfornmed when the
motor control calculating section 21 hgs received a print command fromthe
host com puter. FIGS. 4 and 5 are diagrans illustrative of the nethod of

Gat e, RefatihooFo RIG eI¥hoRiRBRIo Fon BHEatpl | Nehisgmee speea ' EREL!
indicating the rotational speed of the carriage motor 1.

The position data generated by the position counter 7
is fed to the comparator 11 so that the'pbsition data can be
compared with data indicating the carriage deceleration start
position that is stored in a position register 13 in advance.
When the absolute__position_of. _the travelling carriage has
reached the deceleration start position, the comparator 11
applies an OFF signal. to.the drive circuit 3, which causes the
carriage motor 1 to start decelerating. .

The position data generated by the position counter 7
is further applied to a capture register 15. Upon reception of
a capture signal from a comparator 17, the capture register 15
reads and stores the position data from the position counter 7.
The comparator 17 for generating the capture signal compares
the 'speed data generated by the speed counter 9 with speed data
that is stored in a speed register 19 in advance, and generates
the capture signal when both data coincides. The speed
register 19 sequentially stores two kinds of speed data from a
measurement determiningisection 23 as will be described later.
The print prohibiting épeed data (hereinafter referred to as
"print prohibiting speed déta“) is stored first. If this print
prohibiting speed data matches the speed data from the speed
counter 9, then data’ indicating' that the speed is zero
(hereinafter referred- to as "zero data") is stored. This
operation is perfbrmed to detect, during deceleration, both the
timing at which the speed has reached the print prohibiting
speed and the timing at which the carriage motor 1 has been
stopped in the ‘course of decelerating the carriage motor 1. It
is at these two points that the capture signals-are applied to
the capture register "15 and that the position data of the
carriage motor 1 at the respective timings are stored in the
capture register 15. The position data stored in the capture
register 15 are regd by the measurement calculating section 23.
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mand fromthe host conputer, the notor control calcu- lating section 21

. checks that neasurenent data of the speed node selected for such printing
is present in the neasurenent data nenory 25 (Step S11) If the power swtch
has been turned on, a'reset signal applied, a new formfed, the gap between

the head and the platen changed or thegprinter stopped for a long tine
before the print conmand has been received, then all the nmea- surenent data
is cleared as described with reference to FIG 2. Thus, the answer is

2?9212 :c Z?’g“g@’f eSPe,S“che' hddU Sr&fishe ddCePRiRin§ORLR; 12! £4 2LLAY $BTH ON
the carriage position data when the carriage motor 1 has been
decelerated to the print prohibiting speed and the carriage
position data when the carriage motor 1 has been stopped
(hereinafter referred to as "stop position data"). '

As described before, the motor control determining
section 21 generates an ON signal for activating the carriage
motor 1. This ON signal is generated at the time when printing
is begun for each line while printing of a document is being
effected. In a period in which no printing is effected, the
motor control determining section 21 causes the carriage to
travel by generating the ON signal in particular cases in order
to measure the carriage motor characteristics (hereinafter
referred to as "measurement operation"), which will be
described later. Carriage travel for printing is referred to
as ."print travel"” "and -carriage travel for = measurement
operations only is referred to as "measurement travel”. The
motor control determining section 21 also determines 5
deceleration start position of the carriage motor 1 in each
print travel and each measurement travel. The determined
deceleration start position data are stored in the position
register 13 during the carriage travel and are inputted to the
measurement determiniﬂg% section 23. The motor control

determining section 21 alsb_performs the functions of applying
speed mode number data indicating a speed mode and applying
enabling signals ( ENB) for - operating the measurement
determining section 23. |

The measurement determining: section 23 performs
measurement operations, i.e.,it determines or calculates the
characteristics of the carriage motor 1. One characteristic of
‘the motor to be determined js the carriage motor 1 deceleration
distance, i.e., a travel d.;'.staﬁ'ce of the carriage (indicated by
the number of output pulses’ of the encoder 5) from the
deceleration start to the pr'int prohibiting speed. This
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9 - above-described special control to performthe nea- surenent operation
{Step S12). That is, the notor con- trol calculating section 21 applies an
ON signal to the drive circuit 3 and applies predeterm ned start position
data for measurenent travel to the position register 13 and the measurenent
cal cul ati ng section 23. Then, the notor wcontrol. cal cul ating section 21
supplies an ENB signal to the neasurenent cal culating section 23. This
causes the drive circuit 3 to drive the carriage for nea-

deceleration distance is determined from the deceleration start

position data from the motor control calcﬁlating section 21 as
well as the print prohibiting position data and the stop
position data from the capture register 15. |

In addition, an acceleiation distance of the carriage
motor 1 (the travel distance between activation and the timing
at which the motoxr_has_.reached _the . reference. speed) and an
acceleration time (the time required for travel between
activatioﬁ and print start, e.g., a time equal to 80 output
pulses of the encoder 5), and the like are -determined. These
motor characteristics are determined individually for each of
a plurality of.speed modes and of forward travel and backward
travel of the carriage. The determined or calculated data (measurement data)
are stored in a measurement data memory 25. Every time a new
measurement operation is performed, the corresponding data in
the;meésurement data memory 25 is updated. The measurement
data in the measurement data memory 25 is periodically read out
from the motor control determining section 21 to be used for
carriage motor control ' effected by the motor control
determining section 21. For example, the deceleration distance
data is used for the calculation of deceleration start position
data. Further, the acceleration distance data is used to move
the carriage to a desired position. The acceleration time is
used, e.g., to determine -the carriage motor 1 activating
timing. ) -

An operation panel 27-is connected to the motor contzrol
determining section 21. The operation panel 27 includes
various sw1tches, such as a power switch and a speed mode
selector switch. When the power switch on the operation panel
27 has been turned on, a reset signal is applied to the motor
control determining section 21. The motor control determining
section 21, upon receiving the reset signal, clears the data in
the measurement data memory 25. When fhe speed mode selector
switch on the operation panel 27 has been operated, a number.
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surenment travel in the selected speed node. The nea- surenent cal cul ating
section 23 calculates the accelera- tion tinme, the accel eration distance,
and the decelera- tion distance during this nmeasurenent travel. The de-
celeration distance is calculated following a procedure simlar to Steps
S17 to S24, which will be described bel gw. The neasurenent operation is
effected on both forward and backward travel by the carriage. The cal -
cul ated neasurenent data are stored in an area corre- sponding to the

sel ect ed jsReesh TGS tHE e dPIRHE s IR LR, FREDbpefatiVheR st BRpplied

neasurem%g éﬁgﬁégégg égngigg %%%é?ﬁ&ning;section 21. The term "speed
mode" corresponds to a speed at which the carriage travels
during printing (i.e., reference speed mode). A plurality of
speed modes are available in this embodiment. Speed mode
selection is done not only by the speed mode selector switch,
but also by a print'command_fromma host__computer (described
later) and automatically by the printer'as well. When a speed
mode "'has been selected, the motor control determining}section
21 feeds the speed. mode number data to the measurement
determining section 23.

The motor control determining section 21 also receives
reset signals and print commands sent from a host computer (not
shown) through a host interface 29. Upon reception of a reset
signal from the host computer, the motor control determining
section 21 clears measurement data in the measurement data
memory 25 in a manner similar to the case in which a reset
signal has been received.from the operatibn panel 27. Upon
reception of a print command from the host computer, the motor
control determining section 21 checks that the measurement data
of the speed mode selected for such printing is present in the
measurement data memory 25. If not, the motor control
determining section 21 effécts a special control procedure for
measurement operation. In this special control procedure, the
characteristics are determined by performing the following
steps: (1) starting a measurement travel upon application of an
ON signal to the drive circuit-B; (2) inputting predetermined
deceleration start position data of the measurement travel to
the position register 13- and the measurement determining
section 23; and (3) inputting an ENB signal to the measurement
determining section '23. ' In this case, the measurement
operation is performed for both forward and backward travels.
After the measurement operation, the motor control determining
section 21 starts print control in accordance with the print

REPLACEMENT SHEET I

ot Has Been Rep‘laced

= T




been conpl eted, or when the neasurement data on the speed node has already

. been stored in the neasurenent data nenory 25 in Step S11, the notor

control calculat- ing section 21 starts control for printing each line of a

docunent in accordance with the print command. That is, the notor control

. calculating section 21 reads a de- celeration distance PB for the speed
node fromthe neasurenent data nenory 25, and a decel eration start position

A folaky LS LRLCS LTSy | 6! IS gt ot on O St ance e

Thi s cal @dﬁtammder@dni:eeat:he ldeteeraof nat derusfenitthecalebel printed. Print
travels (both forward and backward travels) are started upon
applicetion of an ON signal to the drive circuit 3 at a timing
determined by a known method, and the deceleration start
position data for such print travels are determined and applied
to the position register 13 and the measurement determining
section 23. In this case, the deceleration start position data
are determined.using.data.indicating the.print._end position of
each line included in the print command as well as deceleration
distance data stored in the measurement data memory 25. Even
during the print travel for each line, the motor control
determining section 21 applies an ENB signal to the measurement
determining section 23 to start measurement operations. As a
result, the measurement data in the measurement data memory 25
are 'updated each time a line is printed.

The motor control determining section 21 is also
connected to a paper sensori31 and a gap sensor 33. The paper
sensor 31 detects feeding of a sheet of papér (not shown).into
the printer and supplies ‘the sheet feed signal to the motor
control determining sectioh "21. In this embodiment, a paper
roll in which the pages run consecutlvely is used as the
printing paper. The motor control determining section 21
clears the measurement data in the measurement data memory 25
upon recognition from the form feed signal that a new form has
been fed. The gap sensor 19 detects a gap between a platen and
& print head (both not shown) and applies the gap signal to the
motor control determining section 21. 1In this embodiment, a
wire dot type head is used as the print head. The motor
control determining Section 21-clears the measurement data in
the measurement data memory- 25 upon recognltlon from the gap
sxgnal that the gap has ben changed
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eration start position ABP so that the carriage can ex- actly reach the

. print end position AEP when the speed of the carriage notor has been
decelerated to the print prohibiting speed (point B) as shown in FIG 4.
The determ ned decel eration start position data ABP is not only stored in
thé position register 13, but also applged to the neasurenent cal cul ating
section 23. Then, the notor control calculating section 21 inputs an ON
signal to the drive circuit 3 to cause the drive circuit 3 to activate the
carriage notor Figiep 314is Phefliovobactr ahidwihqiceel pracedurte war brage

motor 1 %ﬂ%@%t@ﬁecﬁé’&bégéo%&% bek@riafly Yok FHISIAMoSLEEL

measurement data.
Referring to Figure 2, the motor control detexrmining

section 21- checks that a reset signal has been received from

the operation panel 27 or from the host computer (Step S1). If

not, the motor control determining section .2l_checks that a new

form has been fed (Step S2). If it has not, the motor control

determining section_21 checks that the__gap_ has been changed

(Step S3). If the answers to any of these three questions are

affirmative, then the motor control determining section 21

clears all the measurement data in the measurement data memory

25 (Step S8). If the answers to each of these questions are

‘negative, the motor control determining section 21 checks that

the carriage motor is driven for print travel (Step S4). If

the carriage motor has been driven, a timer counter TM for

measuring a print waiting time is cleared (Step S5). If, on

+the other hand, the carriage motor has not been driven, the

motor control determining section 21 increments the timer

counter TM (Step S6) and clears all the measurement data in the

measurement data memory 25 (Step S8) when the wvalue in the
timer counter TM has exceeded a predetermined value n (Step

S7). o _

By repeating ‘the above procedure cyclically, all the
measurement data is cleared when the power switch has been
turned on, when a reset signal has been inputted from the host
computer, when a new form has been fed, when the gap between
the platen and the head has -been changed and when the waiting
time has exceeded a predetermined time.

Figure 3 is a flowchart showing a procedure to be
followed to obtain measurement data. The procedure is
performed when the motor control getermining section 21 has
received a print command from the host computer. Figures 4 and
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when the reference speed in the sel ected node has been reached. During the
. constant speed travel, the conpar- - 10 - ator 11 checks that the
carriage has reached the deceler- ation start position ABP (Step S15). If
t he deceleration start position ABP has been reached, an OFF signal is
supplied to the drive circuit 3, whichithen decelerates the carriage notor
1 (Step S16). Upon start of deceleration, the neasurenent cal cul at-
5 are diagrams illustrative of the method of determining the
deceleration distance, which is one piece of measurement data.
Referring to Figure 3, upon reception of a print
command from the host computer, the motor control determining
section 21 checks that measurement data of the speed mode
selected for such printing is present in the measurement data
memory 25 (Step S11).__If the. power._ switch_has_been turned on,
a reset signal applied, a new form fed, the gap between the
head. and the platen changed or. the printer stopped for a long
time before the print command has been received, then all the
measurement data is cleared as described with reference to
Figure 2. Thus, the answer is negative in Step S11. 1In this
case, the motor control determining section 21 effects. the
above-described special control to perform the measurement
operation (Step S12). That is, the motor control determining
section 21 applies an ON signal to the drive circuit 3 and
appliés predetermined start.-position data for measurement
travel to the position  register 13 and the measurement
determining section 23.- Then, the motor control determining
section 21 supplies an- ENB signal to the measurement
determining section 23. This causes the drive circuit 3 to
drive the carriage for measurement travel in the selected speed
mode. The measurement determining section 23 calculates the
acceleration time, the ' acceleration distance, and the
deceleration distance during this measurement travel. The
deceleration distance is determined following a procedure
similar to Steps S17 ‘to S24, which will be described below.
The measurement operation is- effected on both forward -and
backward travel by the:carriage. The determined measurement
data are stored in an area corresponding to the selected speed
mode in the measurement data memory 25.
When the measurement operation in Step S12 has been
completed, or the measurement data on the speed mode has
already been stored in the measurement data memory 25 in Step
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ing section 23 wites the print prohibiting speed data to the speed

. register 19. The conparator 17, in turn, checks that the carriage notor 1
speed has been reduced to the print prohibiting speed (Step S17). If the

print prohibiting speed has been reached, the current position of the

carriage (print prohibiting position) i3 read by the capture register 15,

The read position data is then sent to the neasurenent cal cul ating section

23 and stored in a first tenporary nmenory Xl (Step® S18). The neasurenent

cal cul atigig Seqid Ofo€dr'Weldntdine-ZEE WL 4@ Agt QetBEonPead dtafted etorbroThe
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print command. That is, the motor control determining section
21 reads a deceleration distance PB for the speed mode from the
measurement data memory 25,  and a deceleration start position
ABP (= AEP - PB) is calculated by subtracting the deceleration
distance PB from a print end position AEP included in the print
command (Step S16). This calculation enables the determination
of the deceleration start _poéition,ABP sd,___that'f'the carriage can
exactly reach the print end position AEP when the speed of the
carriage motor has been decelerated to the print prohibiting
speed (point B). as shown in Figure 4. The thus determined
deceleration start position data ABP is not only stored in the
position register 13, but also applied to the measurement
determining section 23.

' Then, the motor control determining section 21 inputs
an ON signal to the drive circuit 3 to cause the drive circuit
3 to activate the_cérriaée'ﬁdfor 1 (Step Sl14). <The drive
circuit 3 accelerates thé ‘darriage motor 1 and causes the
carriage motor 1 to- travel-"at a constant speed when the
reference speed in the selec¢ted mode has been reached. During
the constant speed travel, the comparator 11 checks that the
carriage has reached the  deceleration start position ABP (Step
S15). If the deceleration start position ABP has been reached,
an OFF signal is supplied to the drive circuit 3, which then
decelerates the carriage motor 1 (Step S16).

Upon start of deceleration, the measurement determining
section 23 writes the print prohibiting speed data to the speed
register 19. The comparator 17, in tuxrn, checks that the
carriage motor 1 speed has been reduced to  the print
prohibiting speed (Step Sl7).”.If the print prohibiting speed
has been reached, the current pbsition of the carriage (print
prohibiting position) is read by the capture register 15. The
read position data is then sent to the measurement determining
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(Step S19). If the carriage notor 1 has been stopped, the current position
of the carriage (stop position) is read by the capture register 15, and
sent to the neasurenent cal culating section 23 and stored in a second
tenporary nenory X2 (Step S20). Then, the neasuenent cal cul ating section 23
calcu- lates a difference between thelprint prohibiting position and the
stop position respectively stored in the first and second tenporary
menories X1, X2, and sets the calcu- lated difference as a print

T Rl TR A L R gt
518)

The measurement determining section 23 writes the zero
data to the speed register 19. The compafatof 17 then checks
that the carriage motor 1 has been stopped (Step S19). If the
carriage motor 1 has been stopped, the current position of the
carriage (stop position) is read by the capture registéer 15,
and sent to the measurement determining section 23 and stored
in a second temporary memory X2 (Step S20)..

Then, the measurement determining section 23 determines
a difference between the print prohibiting position and the
stop position respectively stored in the first and second
temporary memories X1, X2, and sets the determined difference
as a print prohibiting distance PB3 (Step S21). The print
prohibiting distance PB3 corresponds to the travel distance in
which no printing can be effected (i.e., the distance between
point B at which the carriage speed has reached the print
prohibiting speed and point C at which the carriage has been
stopped as shown in Figure 4). Then, the measurement
determining section 23 de;erminesa difference between the stop
position and the deceleration start position ABP in the second
temporary memory X2, and sets the determined difference as a
stop distance PB2 (Step S21). -The stop distance PB2 means a
travel distance between point A at which deceleration has been
started and point C at which the carriage has been stopped as
shown in Figure 4. ' | '

The measurement determining section 23 then compares
the print prohibiting distance PB3 determined in the last step
with a predetermined idle travel distance PA during
acceleration (Step 522). If PB3 > PA, then a difference
between the stop distance PB2 and the print prohibiting
iistance PB3 (PB2 - PBE3) is set as the deceleration distance PB
{Step S23). If PB3 < PA, a difference between the stop
listance PB2 and the idle travel distance PA (PB2 - PA) is set
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be effected (i.e., the distance between point B at which the carriage speed
‘has reached the print prohibiting speed and point C at which the carriage
has been stopped as shown in FIG 4). Then, the neasurenent cal cul ating
section 23 calculates a difference between the stop position and the

decel eration start position ABP in the*second tenporary nemory X2, and sets
the calcul ated difference as a stop distance PB2 (Step S21). The stop

di stance PB2 neans a travel distance between point A at which decel eration
has beenast atteddandlpoahiof atistrmste tPR ¢Stepagt has Baen idkpperayel

shown indﬁg%aﬁ%e PA means a distance determined in advance to ensure
stable control of the carriage motor 1 and a distance to be
travelled by the carriage between carriage motor start and
print start. This distance is equal to, e.g., 80 pulses of the
encoder.

The importance of the steps S22 to S24 is as follows.
The carriage travels forwardly and stops at point C as shown in
Figure 4, and then travels_backwardly from point C as shown in
Figure 5 while Printing. A print start position ASP in the
backward travel must be positioned to the left of point C by at
least the idle travel distance PA, i.e., the carriage stop
position in the backward travel. 1In other words, at least a
distance equivalent to the idle travel distance PA must be
provided between the stop position C in the forward travel and
the print start position ASP in the backward travel. Such
distance can be provided as -long as the print prohibiting
distance PB3 is longer than the idle travel distance PA. If
the print prohibiting distance PB3 is shorter than the idle
travel distance PA, ‘the stop position C must be shifted
rightward by the shortened distance. In other words, the
deceleration start position A must be shifted rightwardly by
the shortened distance. Then, the deceleration distance PB may
be determined as PB2 -— PA as in Step S21. While a case in
‘which the carriage movement switches from the forward travel to
the backward travel has been described above, the same can
apply to a case in which the carriage movement switcheé from
the backward travel to the forward travel.

As a deceleration distance PB is measured in this way
every time the carriage is traversed to print a line,
deceleration distance data at the corrésponding area in the
measurement data memory 25 is updated (Step S25). The updated
deceleration 'distance data ® is used to determine the
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The measurenment cal cul ating section 23 then com pares the print _

‘prohi birting di stance PB3 calculated in the last step with a predeterm ned
idle travel distance PA during acceleration (Step S22). |If PB3>PA, then a
di fference between the stop distance PB2 and the print prohibiting distance
PB3 (PB2-PB3) is set as the decel - erat§on distance PB (Step S23). |f

PB3<PA, a differ- - 11-

travel

ence between the stop distance PB2 and the idle

deceleration start position for a next print travel in the same
directibn_(the forward or the backward travel).

As described above, according to the invention, the
carriage motor characteristics are periodically measured when
the power switch is turned on, when a reset signal from the
host computer has been inputted, when feeding a new form, when
changing the gap between the head and the platen, and when the
lapse of the waiting time is longer than a predetermined time.
Using ‘the thus measured motor characteristics, the driving of
the carriage motor can be properly controlled. In addition,
the measurement data are updated every time the carriage makes
a print travel for each line, and the updated measurement data
are utilized to effect the next drive control of the carriage
motor. As a result, even though the characteristics of the
carriage motor have been ‘changed, control accommodating such
characteristic change can be made, hence allowing wasteful
motor drive to ‘be dispensed with. |

As described in the foregoing pages, the invention
attempts to control ‘the ¢arriage motor on the basis of the
latest measurement data while periodically measuring the

" carriage motor charactékistics. Therefore, any motor

characteristic change can be accommodated by appropriate

control.
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di stance PA (PB2-PA) is set as the deceleration dis- tance PB (Step 24).
.-The idle travel distance PA neans a distance determ ned in advance to

ensure stable con- trol of the carriage notor 1 and a di stanc be trav-
el l.ed by the carriage between carriage notor SLQLL~aﬁd”ﬁTTﬁF’§?g?i. Thi s

di stance is equal to, e.g., 80 pulsesief the encod Ence of the
steps S22 to S24 is as follows. The carrlagetr g m d stops at
point C as shown in FIG 4, and then travels bac Nonfp0|nt C as
shown in FIG 5 while printing. A print start position ASP in the backward

travel nust be positioned
) CLAIMS

1. A carriage motor controller for a printer, comprising:

drive means (3) for driving a carriage motor (1) to

thereby cause a carriage to travel;

detecting means (7,9) for detecting a position and a
speed of the carriage while the carriage is travelling;

measuring means (11,15,17,19) for measuring operational
characteristics of the carriage motor (1) on the basis of
the detected position and speed;

-storage means - {25) for storing the measured

characteristics;

first control means (21) for controlling the drive means
and causing the carriage to travel to initially arrive at
‘the measured characteristics, the control being done
after a power switch has been turned on, after a sheet
has been fed, or after a predetermined time has elapsed;
and

second means (23) for controlling the drive means upon
reception of a print command on the basis of the print
command and the stored characteristics to thereby cause
the carriage to travel for printing, wherein the
" measurement by the measuring means is performed when the
carriage travels in printing a line and wherein the
characteristics stored in the storage means are
periodically updated with newly measured characteriStics
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to the left of point C by at least the idle travel distance PA, i.e., the
.carriage stop position in the backward travel. In other words, at teast

‘di stance equivalent to the idle travel distance PA tvveen
the stop position Cin the forward travel and the p;n,m,mml 'mam m ASP
In the backward travel. Such dis- tandag can be provided &s Fong as

print prohibiting distance PB3 is longer than the idle travel distance PA

| f the print prohibiting distance PB3 is shorter than the idle travel

G2 nce 57, R SRR pase TuaheBEishlL5Y Ao Bindbe g g
measurement means (11,15,17,19) measures the
éharact_eristics during both forward and backward travels,
and wherein the. second control means (23) controls the
forward travel for printing on the basis of the stored
characteristics during the forward travel and controls
the backward travel for printing on the basis of the
stored characteristics during the backward travel.

3. The carriage motor controller of claim 1 or 2, wherein
the measurement means (11,15,17,19) measures a
deceleration distance as one of the characteristics.

4., The carriage motor controller of cléim 3, wherein the
second control means (23) controls a deceleration start
position for the print travel on the basis of the
deceleration distance stored in the storage means and a
print end position contained in the print command, the
control of the deceleration start position being effected
so that a sum of the deceleration start position and the
stored deceleration distance coincides with the print end

position.

5. The carriage motor controller of claim 4, wherein the
measurement means (11,15,17,19) adjusts the deceleration
distance in accordance with an idle travel distance
determined in advance for acceleration of the carriage
motor at the time the deceleration distance is measured.

6. A carriage motor controller for a printer, comprising:

T \\\\\T i \‘iﬁ““‘ !



rithmardIy by the shortened di stance. Then, the decel - eration distance PB
-may be determ ned as PB2-PA as in Step S21. MhHH}4}4ﬁ%ﬁ}44¥4MH4#F{he

carriage nove- nment switches fromthe forward tr rd travel
has been descri bed above, the sanme can apply to m ﬁ“ m@
carriage novenent switches fromthe badkward tra travel.

As a deceleration distance PB is neasured in thIS way every tinme.the
carriage is traversed to print a line, de- celeration distance data at the

correpondi ng J; i ur nt r | pdaked (phep 5).
The updat ed ggg‘g%ergte%glﬁ gﬁgﬁangggda%xgﬁgngg;% Fg%%éa«?re&j et % y &
thereby cause a carriage to travel;

detecting means '(7,9) for detecting a position and a
speed of the carriage while the carriage is travelling;

measuring means (11,15,17,19) for measuring
characteristics of +the carriage motor including a
deceleration distance thereof on the basis of the

detected position and speed;

storage means (25) for storing the measured

characteristics;

.first control means (21) for controlling the drive means
and causing the carriage to travel to initially arrive at

the measured characteristics; and

second means (23) for controlling the drive means upon
reception of a print command on the basis of the print
command and the stored characteristics to thereby cause.
the carriage to travel for printing, said second control
means (23) controlling a deceleration start position for
the print travel on the basis of the deceleration
distance stored in the storage means and a print end
position contained in the print command at which printing
is terminated.

7. The carriage motor of claim 6, wherein the control of the
deceleration start position is effected so that a sum of
the deceleration start position and the stored
deceleration distance coincides with the print end

REPLACEMENT SHEET
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m ne the deceleration start position for a next print travel in the same
-direction (the forward or the back- ward travel).” As descri bed above,
according to the invention, the carriage notor cha Iltﬂ“lmumm‘
periodically mea- sured mhen the power switch is t ““ﬂﬁ r eset
signal fromthe host conputer has beenl®nputted, wheén feeliny & néw form
when changi ng the gap between the head and the platen, and mhen the | apse
of the wait- ing tinme is longer than a predetrmined time. Using the

measur ed npt ofrHehagaetehe! i fSrok NG AN bliaith OF , t Rih&@din I isddQ NMBELECcERAghe

properly controlled. In addition, the '
means included means for detecting a carriage stop
distance corresponding to the distance travelled by said

carriage beyond said deceleration start position.

9. The carriage motor of claim 8, wherein said measurement
means includes means for measuring a print prohibiting
distance - representing the difference between said
carriage stop distance and said deceleration distance.

10. The carriage motor of claim 9, further comprising means
for comparing said print' prohibiting distance with an

. idle travel distance corresponding to a distance
travelled by said carriage from a stop position to a

position at which printihg begins.

11. The carriage motor controller of claim 10, wherein said
deceleration distance is adjusted when it is determined
that said idle travel distance is greater than said print

prohibiting distance.

REPLACEMENT SHEET
09 NOV 199

This Sheet Has Been Rei

|




- 12 - measurenent data are updated every tinme the carriage nmakes a print
-travel for each line, and the updated nea- surenent data are utilized to
effect the next drive con- trol of the carriage notor. As a result, even

t hough the characteristics of the carriage notor have been changed, control
accomodati ng such characteristic cha2ge can be made, hence all ow ng

wast eful notor drive to be dispensed wth.

CARRIAGE MOTOR CONTROLLER FOR PRINTER

ABSTRACT

A carriage motor controller for a printer. The controller
includes a drive mechanism (3) for driving a carriage motoxr
(1) to thereby cause a carriage to travel; a detector (7,9)
for detecting a position and a speed of the éarriage while
the carriage is travelling; a measuring device (11,15,17,19)
for measuring characteristics of the carriage motor on the
basis of 'the detected position and. speed; a storage device(25
for storing the measured characteristics; a first controller
(21) - for controlling the drive mechanism and causing the
carriage to ‘travel for the purpose of taking the necessary
measurements, the measurements being taken after a power
switch has been turned on, after a sheet has been fed, or
after a predetermined time has elapsed; and a second
controller (23) for controlling the drive mechanism 'ﬁpon
reception of a print command on the basis of the print
command and the stored characteristics to thereby cause the
carriage to travel -for printing. In such a controller, the
measurements are made not. only while the carriage is
travelling for the sole purpose of taking the measurements,
but also while the carriage is travelling for printing.
Additionally, the stored characteristics are periodically
updated in accordance with newly measured characteristics.

F.IGURE 1 - REPLACEMENT SHEET
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* [
As described in the foregoing pages,
carriage notor on the basis of the |atest neasurenest  dat.g: while
per| odically measur- ing the carriage notor charéctem;sﬂ Cs i_‘l’here,
not or characteristic change can be accommodat e;d wby .- appropri.
is claimed is: 1. A carriage notor ebntroller.

- 13 - What
conpri s-

-1 -

CARRIAGE MOTOR CONTROLLER FOR
PRINTER '

BACKGROUND OF THE INVENTION
' The invention relates to carriage motor control for

-printers. More particularly, it is directed to a controller
. which appropriately determines a deceleration start

position of the carriage motor in accordance with char-
acteristics of the carriage motor so that the carriage
stops at a predetermined position.

Many printers are designed to print during accelera-
tion and deceleration of the carriage motor to improve
their throughput. To eliminate wasteful travel of the
carriage, as well as to improve throughput and down-
size the printer, it is necessary to accurately measure
acceleration and deceleration distances of the carriage.
Particularly, the distance required for deceleration is an
important factor in determining the minimum distance
that is necessary and suffi cient for the carriage to travel
after the carriage has started decelerating at an optimal
position.

A step motor or a dc motor is usually used as the

carriage motor. The deceleration distance is constant
for the step motor, whereas it varies for the dc motor -

since dc motor characteristics change due to changesin
temperature and load. Therefore, printers using a dc
motor as a carriage motor start decelerating the car-
riage motor at a safe position that is sufficiently close to
the print end position, taking into account such deceler-
ation distance variations. In other words, the decelera-
tion start position is determined on the basis of a suffi-
ciently short distance that has been determined as 2
deceleration distance in advance.

However, the conventional method of determining
the deceleration start position is not satisfactory from
the viewpoint of throughput improvement and down-
sizing. The reason is that if the motor winding resistance
isincreased due to an increase in motor temperature, the
current flowing into the motor decreases, which then
reduces the braking torque. This makes the actual decel-
eration distance Ionger than the estimated deceleration
distance, thus causing the cama.ge to travel a longer
distance upon completion of printing.

Similar problems that are attributable to motor char-
acteristic variations will be addressed not only in regard

to deceleration control but also in regard to various -

other aspects of carriage motor control.

Mt

the invention. attenpts to con_t'rol the

Tyt

et s it 96h s b s 2 s

[REPLACEMENT SHEE

20 JAN 1998




by

i.ng: .drive neans for driving a carriage notor to thereby cal

Yo travel; detecting nmeans for detecting a position and a [N
carriage while the carriage is travelling; neasuring nmeans
operational charac- teristics of the carriage notor on thg
detected position and speed; storage means for storing the

characteris- tics;

as to cause said carrlage to travel without printing

first control meauszf_or controlling thg

e _a carriage

SUMMARY OF THE INVENTION

Therefore, 2 general object of the invention is to
allow carriage motor characteristic variations to be
considered in controlling the carriage motor by periodi-
cally detecting the carriage motor characteristics.

A specific object of the invention is to allow the
carriage motor to start decelerating at an optimal posi-
tion which is determined by periodically detecting the
carriage motor decelerating characteristics.

To achicve the above object, the invention is applied
1o a carriage motor controller for a printer, which in-
cludes: drive means for driving a carriage motor to
thereby cause a carriage to travel; detecting means for

detecting 2 position and a speed of the carriage while .

the carriage is travelling; measuring means for measur-
ing characteristics of the carriage motor on the basis of
the detected position and speed; storage means for stor-
ing the measured characteristics; first control means for
controlling the drive means and causing the carriage to
travel to allow the necessary measurement of the char-
acteristics, the control being performed after a power
switch has been turned on, after a sheet has been fed, or
after a predetermined time period; and second means
for controlling the drive means upon reception of 2
print command on the basis of the print command and
the stored characteristics to thereby cause the carriage

* to travel for printing. In such a controller, the measure-

ment by the measuring means is made not only while
the carriage is travelling, but also while the carriage is
travelling for printing; and the characteristics stored in
the storage means are updated in accordance with
newly measured characteristics from time to time.

As noted above, according to the invention, the char-
acteristics of the carriage motor are periodically mea-
sured. One of the measured characteristics is the decel-
eration distance of the carriage motor. This measure-
ment is used to determine a carriage motor deceleration
start position at the time that the measurement is taken.
These measurements are taken by moving the carriage
at the time when the power switch is turned on, when a
sheet is fed and when a waiting time is longer than a

predetermined time. After the motor characteristics are

measured at the above times, the characteristics are
stored. The measured motor characteristics are used for
2 first carriage travel control after the printing. Addi-
tionally, motor characteristic measurements are also
made during printing, and the stored measurement data




?

toiritially obtain the nmeasured characteristics, said
‘controlling said drive neans selectively in response t
bei ng turned on, a sheet being fed, or a predeterm nedjt]mnme having e
and second control means for controlling the drive meaphs| uRQJANCEOS!
a print command on the basis of the print command and 'stored
characteristics to thereby cause the carrd age to travdl '
wherein the nmeasurenent by the nmeasuring neans is perf
carriage travels in printing a line and wherein the characteristics's
in the are updated every time a new measurement is made. As

2 result, the most recent data is in storage so that car-

riage travel control for printing is performed on the

basis of the most recently measured motor characteris-

tics.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a block diagram showing an embodiment of
the invention;

FIG. 2 is a flowchart showing the processing of clear-
ing measurement data according to the embodiment
shown in FIG. 1; _

FIG. 3 is a flowchart showing the processing of cal-
culating measurement data according to the embodi-
ment shown in FIG. 1;

- FIG. 4 is a diagram showing a state in which the
carriage moves in the forward direction, the diagram
describing the method of calculating a deceleration
distance in the processing shown in FIG. 3; and

FIG. § is a diagram showing a state in which the

carriage moves in the return direction, the diagram
describing the method of calculating the deceleration
distance in the processing shown in FIG. 3.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

~ FIG. 1 is a block diagram showing a carriage motor
controller according to a first embodiment of the inven-
tion.

In FIG. 1, a carriage motor 1 is 2 dc motor which is
driven by a drive circuit 3. The drive circuit 3 starts the
carriage motor 1 upon receiving an ON signal from a
motor control calculating section 21 and accelerates the
motor 1 to a predetermined reference speed. The drive
circuit 3 keeps the carriage motor 1 running at this
reference speed and stops the carriage motor 1 thereaf-
ter upon receiving an OFF signal from a comparator 11.
In the course of acceleration, constant-speed running,
and deceleration, printing is effected once the carriage
motor 1 has been accelerated to a predetermined print

- prohibiting speed (the speed which is lower than the
above reference speed and below which printing is
prohibited) and continues uatil the carriage motor is
subcs:quently decelerated below the print prohibiting
speed.

An encoder 5 detects the rotational displacement of
the carriage motor 1 and generates a pulse signal every
predetermined unit of rotational displacement. This

ed
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characteristics during both forward and backward travel s, pﬂ
second control nmeans controls the foward travel for printi asl's
of the stored characteris- tics during the forward travel

back- ward travel for printing on the bagis of the stored 2 acterlstlcs
during the backward travel. 3. The carriage notor controller of claimT,
wherein the nmeasurenment nmeans neasures a decel eration dis- tance as one of
t he characteristi cspulse sxgna.lxsapphed to a position counter 7, which, in

turn, generates position data indicating an absolute posi-
tion of the carriage by counting the pulse signals. The
pulse signal from the encoder § is applied also to 2 speed
counter 9. The speed counter 9 counts high-frequency
clock puises CLK in 2 single cycle of the pulse signal to
thereby generate speed data indicating the rotational

~ speed of the carriage motor 1L

The position data generated by the position counter 7
is fed to the comparator 11 so that the position data can
be compared with data indicating the carriage decelera-
tion start position that is stored in 2 position register 13
in advance. When the absolute position of the travelling
carriage has reached the deceleration start position, the
comparator 11 applies an OFF signal to the drive circuit
3, which causes the carriage motor 1 to start decelerat-
ing.

The position data generated by the position counter 7
is further applied to a capture register 15. Upon recep-
tion of a capture signal from a comparator 17, the cap-
ture register 15 reads and stores the position data from
the position counter 7. The comparator 17 for generat-
ing the capture signal compares the speed data gener-
ated by the speed counter 9 with speed data that is
stored in a speed register 19 in advance, and generates,
the capture signal when both data coincides. The speed
register 19 sequentially stores two kinds of speed data
from a2 measurement calculating section 23 as will be
described later. The print prohibiting speed data (here-
mafter referred to as “print prohibiting speed data”™) is
stored first. If this print prohibiting speed data matches
the speed data from the speed counter 9, then data indi-
‘cating that the speed is zero (hereinafter referred to as
“zero data™) is stored. This operation is performed to
detect, during deceleration, both the timing at which
the speed has reached the print prohibiting speed and
the timing at which the carriage motor 1 has been
stopped in the course of decelerating the carriage motor
1. It is at these two points that the capture signals are
applied to the capture register 15 and that the position
data of the carriage motor 1 at the respective timings
are stored in the capture register 15. The position data
stored in the capture register 15 are read by the mea-

. surement calculating section 23. Therefore, the mea-
surement calculating section 23 reads both the carriage
position data when the carriage motor 1 has been decel-
erated to the print prohxbxung speed and the carriage
position data when the carriage motor 1 has been

stopped (heremafter referred to as “stop position data”).




4. The carriage notor controller of claim3, wherein the s
‘means controls a deceleration start position for the print
basis of the decelera- tion distance stored'ih the storage
print end position contained in the print conmand, the conl
decel eration start position being effected so that a sum of
decel eration start position and the Sored decel erati on di $tfnce_coi
with the print end posi- 5. The carriage notor controller -¢f

wher ei n

econd contraol:
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As described before, the motor control calculating
section 21 genperates an ON signal for activating the

carriage motor 1. This ON signal is generated at the

time when printing is begun for each line while printing
of a document is being effected. In a period in which 1o
printing is effected, the motor control calculating sec-
tion 21 causes the carriage to travel by generating the

ON signal in particular cases in order to measure the

carriage motor characteristics (hereinafter referred to
as “measurement operation™), which will be described
later. Carriage travel for printing is referred to as “priat
travel” and carriage travel for measurement operations
only is referred to as “measurement travel”. The motor
control calculating section 21 also calculates a decelera-
tion start position of the carriage motor 1 in each print
travel and each measurement travel. The calculated
deceleration start position data are stored in the position
register 13 during the carriage travel and are inputted to
the measurement calculating section 23. The motor

control calculating section 21 also performs the func-

tions of applying speed mode number data indicating 2
speed mode and applying enabling signals (ENB) for
operating the measurement calculating section 23.

The measurement calculating section 23 performs
measurement operations, i.e., calculation of the charac-

.teristics of the carriage motor 1. One characteristic of

the motor to be calculated is the carriage motor 1 decel-
eration distance, i.e., a travel distance of the carriage
(indicated by the number of owmtput pulses of the en-
coder 5) from the deceleration start to the print prohib-
iting speed. This deceleration distance is calculated
from the deceleration start position data from the motor
contro] calculating section 21 as well as the print pro-
hibiting position data and the stop position data from
the capture register 15. | -

In addition, an acceleration distance of the carriage
motor 1 (the travel distance between activation and the
timing at which the motor has reached the refereace
speed) and an acceleration time (the time required for
travel between activation and print start, e.g., 2 time
equal to 30 output pulses of the encoder 5), and the like
are calculated. These motor characteristics are calcu-
lated individually for each of a plurality of speed modes
and of forward travel and backward travel of the car-
riage. The calculated data (measurement data) are
stored in a measurement data memory 25. Every time a2

new measurement operation is performed, the corre-

sponding data in the measurement data memory 25 is
updated. The measurement data in the measurement




- 14 - the measurenent means adj usts the decel eration dis-

<accordance with an idle travel distance deter- mned in ad REHQA@EMENT SHEET

acceleration of the carriage notor at the tinme the deceler on grstamce—

measured. 6. A carriage notor controller for a printer, corp 2
drive neans for driving a carriage notor to thereby cause p fa 94&%‘?938

travel ; detecting neans for detecting & @osition and a spepdt
carriage while the carriage is travelling; neasuring means for neasuring
char act eristics of the : -

data memory 25 is pcnodxcally read out from the motor

control calculating section 21 to be used for carriage

motor control effected by the maotor control calculating

section 21. For example, the deceleration distance data

is used for the calculation of deceleration start position

data. Further, the acceleration distance data is used to

move the carriage to a desired position. The accelera-

tion time is used, e.g., to determine the carriage motor 1

activating timing.

An operation panel 27 is comnected to the motor
control ulcu!atmg section 21. The operation panel 27
includes various switches, such as a power switch and a
speed mode selector switch. When the power switch on
the operation panel 27 has been turned on, a reset signal
is applied to the motor coatrol calculating section 21
The motor control calculating section 21, upon receiv-
ing the reset signal, clears the data in the measurement
data memory 25. When the speed mode selector switch
on the operation panel 27 has been operated, a number
indicating the speed mode selected by the operation is

- supplied to the motor control calculating section 2L
The term “speed mode” corresponds to a speed at
which the carriage travels during printing (i.e., refer-
ence speed mode). A plurality of speed modes are avail-
able in this embodiment. Speed mode selection is done
not only by the speed mode selector switch, but also by
a print command from a host computer (described later)
and automatically by the printer as well. When 2 speed
mode has been selected, the motor control calculating
section 21 feeds the speed mode number data to the
measurement calculating section 23.

The motor control calculating section 21 also re-
ceives reset signals and print commands sent from 2 host
computer (not shown) through a host interface 29.
Upon reception of a reset signal from the host com-
puter, the motor control calculating section 21 clears
measurement data in the measurement data memory 25
in a manner similar to the case in which a reset signal
has been received from the operation pasnel 27. Upon
reception of 2 print command from the host computer,
the motor control calculating section 21 checks that the
measurement data of the speed mode selected for such
printing is present in the measurement data memory 25.
If not, the motor control calculating section 21 effects a
special control procedure for measurement operation.
In this special control procedure, the characteristics are o
calculated by performing the following steps: (1) start-
ing a2 measurement travel upon application of an ON




carfiagé notor including a deceleration distance thereof on
the'detected position and speed; storage neans for storing ¥
characteris- tics; first control means for controlling the
causing the carriage to travel without printing to initiall
measured characteristics; and second control neans for conigr d
drive neans upon reception of a print eohmmand on the basi s ofesig,, pT
command and the stored characteristics to thereby cause gh ;
travel for printi ng. L. ) ) s,
ignal to the drive circuit 3; (2) inputting predetermined
deceleration start position data of the measurement -

- travel to the position register 13 and the measurement

calculating section 23; and (3) inputting an ENB signal

to the measurement calculating section 23. In this case,

the measurement operation is performed for both for-

ward and backward travels. After the measurement

operation, the motor control calculating section 21

starts print control in accordance with the print com-

mand. In the print control, the following operations are

performed for each line of a document to be printed.

Print travels (both forward and backward travels) are

started upon application of an ON signal to the drive

circuit 3 at a timing determined by a known method,

and the deceleration start position data for such print

travels are calculated and applied to the position regis-

ter 13 and the measurement calculating section 23. In

this case, the deceleration start position data are calcu-

lated using data indicating the print end position of each

line inciuded in the print command as well as decelera-

tion distance data stored in the measurement data mem-

ory 25. Even during the print travel for each line, the

motor control calculating section 21 applies an ENB

signal to the measurement calculating section 23 to start
measurement operations. As a result, the measurement

data in the measurement data memory 25 are updated

each time a line is printed.

The motor control calculating section 21 is also con-
nected to a paper sensor 31 and a gap sensor 33. The
paper sensor 31 detects feeding of a sheet of paper (not
shown) into the printer and supplies the sheet feed sig-
nzl to the motor control calculating section 21. In this
embodiment, a paper roll in which the pages run con-
secuttvely is used as the printing paper. The motor
control calculating section 21 clears the measurement
data in the measurement data memory 25 upon recogni-
tion from the form feed signal that a new form has been
fed. The gap sensor 19 detects a gap between a platen
and 2 print head (both not shown) and applies the gap
signal to the motor control calculating section 21. In
this embodiment, a wire dot type head is used as the
print head. The motor control calculating section 21
cClears the measurement data in the measurement data
memory 25 upon recognition from the gap signal that
the gap has been changed. _

FIG. 2 is a flowchart showing a procedure to be
followed by the motor control calculating section 21 to
clear measurement data. '




.sai d, second control neans controlling a decelera- tion star

-the print travel

which printing is termnated. 7. The carriage notor of cl al
~control of the deceleration start position is effected so
_ decel eratlon start p05|t|on and t he stor_egi _decel eratlon di

detect- ing neans incl uded means for detect | ng a carri age stop—

on the basis of the decel eration distance [

corresponding to the_distance t veled by said

Referning to FIG. 2, the motor control calculating
section 21 checks that a resct signal has been received
from the operation panel 27 or from the host computer
(Step S1). If not, the motor control calculating section
21 checks that a new form has been fed (Step S2). If it
has not, the motor control calculating section 21 checks
that the gap has been changed (Step S3). If the answers
to any of these three questxons are affirmative, then the
motor control calculating section 21 clears all the mea-
surement data in the measurement data memory 25
(Step S8). If the answers to each of these questions are
negative, the motor control calculating section 21
checks that the carriage motor is driven for print travel
(Step S4). If the carriage motor has been driven, a timer
counter TM for measuring a print waiting time is
cleared (Step SS5). If, on the other hand, the carriage
motor has not been driven, the motor control calculat-
ing section 21 increments the timer counter TM (Step
§6) and clears all the measurement data in the measure-

- ment data memory 25 (Step S8} when the value in the
timer counter TM has exceeded a predetermmed value
a (Step S7).

By repeating the above procedure cyclicaily, ail the
measurement data is cleared when the power switch has
been turned on, when a reset signal has been inputted
from the host computer, when a new form has been fed,
when the gap between the platm and the head has been
changed and when the waiting time has exceeded a-
predetermined time.

FIG. 3 is a2 flowchart showing a procedure to be
followed to obtain measurement data. The procedure is
performed when the motor coatrol calculating section
21 has received a print command from the host com-

~ puter. FIGS. 4 and § are diagrams illustrative of the
method of calculating the deceleration distance, which
is one piece of measurement data.

Referring to FIG. 3, upon reception of 2 print com-
mand from the host computer, the motor control calcu-
lating section 21 checks that measurement data of the
speed mode selected for such printing is present in the
measurement data memory 25 (Step S11) If the power
switch has been turned on, a2 reset signal applied, a new
form fed, the gap between the head and the platen
changed or the printer stopped for a long time before
the print command has been received, then all the mea-
surement data is cleared as described with reference tc
FIG. 2. Thus, the answer is negative in Step S11. In this
case, the motor control calculating section 21 effects the




carriage beyond said deceleration start position. 9. The carnREBLAgEME it
claim8, wherein said nmea- surenent neans includes neans for i .
print prohibiting distance representing the difference be- t
carriage stop distance and said deceleration distance. 10. T
nmotor of claim9, further conprising neans for conparing sai
prohibiting distance with an i.dle travel ~d stance correspondi ng to a
di stance travel ed by said carriage froma stop position to a poSH™t+en-al
which printing begins. 11. The carriage notor controller of claim 10,

above-described special control to perfonn the mea-

surement operation (Step S12). That is, the motor con-

trol calculating section 21 applies an ON signal to the

drive circuit 3 and applies predetermined start position

data for measurement travel to the position register 13

and the measurement calculating section 23. Then, the

motor control calculating section 21 supplies an ENB

signal to the measurement calculating section 23. This

causes the drive circuit 3 to drive the carriage for mea-

surement travel in the selected speed mode. The mea-

surement calculating section 23 calculates the accelera-

tion time, the acceleration distance, and the decelera-

tion distance during this measurement travel. The de-

celeration distance is calculated following a procedure

similar to Steps S17 to S24, which will be described

below. The measurement operation is effected on both

forward and backward travel by the carriage. The cal-

culated measurement data are stored in an area corre-

sponding to the selected speed mode in the measure-

ment data memory 23. '

When the measurement operation in Step S12 has
been completed, or when the measurement data on the
. speed mode has already been stored in the measurement
data memory 25 in Step S11, the motor control calculat-
ing section 21 starts control for printing each linc of 2
document in accordance with the print command. That
is, the motor control calculating section 21 reads a de-
celeration distance PB for the speed mode from the
measurement data memory 25, and a deceleration start
posxtxon ABP (=AEP-PB) is calculated by subtract-
mg the deceleration distance PB from a print end posi-
tion AEP included in the print command (Step S16).
This calculation eriables the determination of the decel-
eration start position ABP so that the carriage can ex-
actly reach the print end position AEP when the speed
of the carriage motor has been decelerated to the print
prohibiting speed (point B) as shown in FIG. 4. The
determined deceleration start position data ABP is not
only stored in the position register 13, but also applied
to the measurement calculating section 23.

Then, the motor control calculating section 21 inputs
an ON signal to the drive circuit 3 to cause the drive
circuit 3 to activate the carriage motor 1 (Step S14€).
The drive circuit 3 accelerates the carriage motor 1and
causes the carriage motor 1 to travel at a constant speed
when the reference speed in the selected mode has been
reached. During the constant speed travel, the compar-

SHEET




‘V\/n:er:ei n said decel eration distance is adjusted when it is d
.said idle travel distance is greater than - 15 - said prijn
di stance. 12. The carriage notor controller of claim1l, whdr
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idle travel distance is greater than said print prohibiting{di

deceleration is set as the difference between the carriage S

and the idle trav_el

—

prommrortirny
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n_distance

di stance, and whengsaid idle travel dis-

ator 11 checks that the carriage has reached the deceler-
ation start position ABP (Step S15). If the deceleration
start position ABP has been reached, an OFF signal is
supplied to the drive circuit 3, which then decelerates
the carriage motor 1 (Step S16).

Upon start of deceleration, the measurement calcuiat-
ing section 23 writes the print prohibiting speed data to
the speed register 19. The comparator 17, in tum,
checks that the carriage motor 1 speed has been reduced
to the print prohibiting speed (Step S17). If the print
prohibiting speed has been reached, the current position
of the carriage (print prohibiting positxon) isread by the
capture register 15. The read posmon data is then sent
to the measurement calculating section 23 and stored in

2 first temporary memory X1 (Step S18).

The measurement calculating section 23 writes the |

zero data to the speed register 19. The comparator 17
then checks that the carriage motor 1 has been stopped
(Step S19). If the carriage motor 1 has been stopped, the
current position of the carriage (stop position) is read by
the capture register 15, and sent to the measurement
calculating section 23 and stored in 2 second temporary
memory X2 (Step S20).

Then, the measnrement a.lculaung section 23 calcu-
lates a difference between the print prohibmng position
and the stop position respectively stored in the first and
second temporary memories X1, X2, and sets the calcu-
lated difference as a print prohibiting distance PB3
(Step S21). The print prohibiting distance PB3 corre-
sponds to the travel distance in which no printing can
be effected (i.c., the distance between point B at which
the carriage speed has reached the print prohibiting
speed and point C at which the carriage has been
stopped as shown in FIG. 4). Then, the measurement
calculating section 23 cailculates a difference between
the stop position and the deceleration start position
ABP in the second temporary memory X2, and sets the
calcalated difference as a stop distance PB2 (Step S2I).

- The stop distance PB2 means a travel distance between

point A at which deceleration has been started and
point C at which the carriage has been stopped as
shown in FIG. 4. :

The measurement calculating sectlon 23 then com-
pares the print prohibiting distance PB3 calculated in
the last step with a predetermined idle travel distance
PA during acceleration (Step S22). If PB3>PA, then a
difference between the stap distance PB2 and the print
prohibiting distance PB3 (PB2—PB3) is set as the decel-
eration distance PB (Step S23). If PB3<PA, a differ-

e -




di stance is set as the difference between the carriage stjo
the print prohibiting dis- tance. 13. A carriage notor ccnt gloe @W
com a driver for driving a carriage notor to tle %

carrlage to travel;
carriage while the carriage is travelling;lla=neasuring d
operational charac- teristics of the carriage notor on the Dasrg“ot-tie

detected position angnsR@efveen the stop distance PB2 and the idle travel

tan~ce Is less than said print prohibiting distance, said MPMEN’B SH]

| R |

a detector for detecting a position cnc,1

dl St ance arrd

vice for measurl n

i

'ﬁ-_—_

distance PA (PB2—PA) is set as the deceleration dis-
tance PB (Step 24). The idle travel distance PA means
a distance determined in advance to ensure stable con-
trol of the carriage motor 1 and a distance to be trav-
elled by the carriage betwesn carriage motor start and
print start. This distance is equal to, e.g., 80 pulses of the
encoder.

The 1mportance of the steps S22 to S24 is as follows.
The carriage travels forwardly and stops at point C as
shown in FIG. 4, and then travels backwardly from
point C as shown in FIG. § while printing. A print start
position ASP in the backward travel must be positioned
to the left of point C by at least the idle travel distance
PA, i.e., the carriage stop position in the backward
travel. In other words, at least a distance equivalent to
the idle travel distance PA must be provided between
the stop position C in the forward travel and the print
start position ASP in the backward travel. Such dis-
tance can be provxded as long as the print prohibiting
distance PB3 is longer than the idle travel distance PA.
If the print prohibiting distance PB3 is shorter than the
idle travel distance PA, the stop position C must be
shifted rightward by the shortened distance. In other
words, the deceleration start position A. must be shifted
rightwardly by the shortened distance. Then, the decel-
eration distance PB may be determined as PBZ—PA. as
in Step S21. While a case in which the carriage move-
ment switches from the forward travel to the backward
travel has been described above, the same can apply to
a case in which the carriage movement switches from
the backward travel to the forward travel

As a deceleration distance PB is measured in this way
every time the carriage is traversed to print a line, de-
celeration distance data at the corresponding area in the
measurement data memory 25 is updated (Step S25).
The updated deceleration distance data is used to deter-
mine the deceleration start position for a next print
travel in the same direction (the forward or the back-
ward travel).

As described above, according to the inveantion, the

carriage motor characteristics are periodically mea-
sured when the power switch is turned on, when a reset
signal from the host computer has been inputted, when
feeding 2 new form, when changing the gap between
the head and the platen, and when the lapse of the wait-
ing time is longer than a predetermined time. Using the
measured motor characteristics, the driving of the car-
riage motor can be properly controlled. In addition, the



a nenory device for storing the neasured character- istics; a first control
device for controlling the driver so as to cause said carriage to wthout
printing to ini- tially obtain the nmeasured characteristics, said first
control device controlling said driver selectively in response to a power
switch being turned on, a sheet being fed, or a predeterm ned tinme having
el apsed; and a second control device for controlling the driver upon

reception of a print command on the ba_s'ﬁ of the print command and the
stored characteristics to

measurement data are updated every time the carriage
makes a print travel for each line, and the updated mea-
surement data are utilized to effect the next drive con-
trol of the carriage motor. As a result, even though the
characteristics of the carriage motor bave been
changed, control accommodating such characteristic
change can be made, hence allowing wasteful motor
drive to be dispensed with.

As described in the foregoing pages, the invention
attempts to control the carriage motor on the basis of
the latest measurement data while periodically measur-
ing the carriage motor characteristics. Therefore, any
motor characteristic change can be accommodated by

" appropriate control.
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thereby cause said carriage to travel for printing, wherein t
by the nmeasuring device is performed when the carrlage travels in printing
a line and wherein the characteristics stored in-the menory device are

periodically updated with newy neasured characterj
nmotor controller for a printer, com prising a dr
carriage notor to thereby case a carriage to trave
detecting a position and a speed of the

travel ling;

he measur enent

[

atea

What is claimed is: _

1. A carriage motor controller for a printer, compris-
Ing: ' :
drive means for driving a carriage motor to thereby

cause a carriage to travel;
detecting means for detecting a position and a speed
of the carriage while the carriage is travelling;

measuring means for measuring operational charac-
teristics of the carriage motor on the basis of the
detected position and speed;

storage means for storing the measured characteris-

tics;

first control means for controlling the drive means so

as to cause said carriage to travel without printing
to initially obtain the measured characteristics, said
first control means controlling said drive means
selectively in response to a power switch being
tumedon,asheetbexngfed. or a predetermined
time having elapsed; and

second control means for controlling the drive means

upon reception of 2 print command on the basis of
the print command and the stored characteristics ta
thereby cause the carriage to travel for printing,
wherein the measurement by the measuring means -
is performed when the carriage travels in printinga -
line and wherein the characteristics stored in the
storage means are periodically updated with newly
measured characteristics.

2. The carriage motor controller of claim 1, wherein
the measurement means measures the characteristics
during both forward and backward travels, and
wherein the second control means controls the forward
travel for printing on the basis of the stored characteris-
ucsdumgtheforwzrdmdandconmlstheback

- ward travel for printing on the basis of the stored char-

acteristics during the backward travel.

3. The carriage motor controller of claim 1, wherein
the measurement means measures a deceleration dis-
tance as one of the characteristics.

4. The carriage motor controller of claim 3, wherein
the second control means controls a deceleration start
position for the print travel on the basis of the decelera-
tion distance stored in the storage means and a print end
position contained in the print command, the control of
the deceleration start position being effected so that 2
sam of the deceleration start position and the stored
deceleration d:smnce coincides with the print end posi-
tion.

S. The arnage motor controller of claim 4, wherein

="

Ok fer

friage while the carriage is
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a nmeasuring device for neasuring

i ncludi ng a decel e
position and speed;
istics; a first co

ration dis- tance thereof on the

a menory device for storing the
i sti [ ntrol device for controlling the drrﬂamm
causing the carriage to without printing initially o

characteristics; and - -14 -

the measurement means adjusts the deceleration dis-
tance in accordance with an idle travel distance deter-
mined in advance for acceleration of the carriage motor
at the time the deceleration distance is measured.
6. A carriage motor controller for a printer, compris-
ing: -
drive means for driving a camagc motor to thereby
cause a carriage to travel;
detecting means for detecting a position and a speed
of the carriage while the a.rriage is travelling;
measuring means for measuring characteristics of the
carriage motor including a deceleration distance
thereof on the basis of the detected position aad
speed;
storage means for storing the measured characteris-
tics;
first control means for controlling the drive means
and causing the carriage to travel without printing
to initially obtain the measured characteristics; and
second control means for controlling the drive means
upon reception of a print command on the basis of
the print command and the stored characteristics to
thereby cause the carriage to travel for printing,
“said second control means controlling a decelera-

tion start position for the print travel on the basisof

the deceleration distance stored in the storage
meansmdaprmtendposmoneontamcdmthe
print command at which printing is terminated.

7. The carriage motor of claim 6, wherein the control
of the deceleration start position is effected so that 2
mofthedeceleranonstanpouuonandﬂ:estored
deceleration distance coincides with the print end posi-
tion,

characterisrtics of t he carrlage not or

et ected

ﬂl\iﬁﬂll )

measurted
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8. The cartiage motor of claim 7, wheremn said detect-
ing means included means for detacting a carriage stop
distance corresponding to the distance traveled by said
carriage beyond szid deceleration start position.

9. The carriage motor of claim 8, wherein said mea-
surement means includes means for measuring a print
prohibiting distance representing the difference be-
tween said carriage stop distance and said deceleration
distance.

10. The carriage motor of claim 9, further comprising
means for comparing said print prohibiting distance
thhanxdletmveldxstancecorrspondmgtoadnstance
traveledbysaxdcamage&omastop position to a posi-
tion at which pnntmg begins.

11. The carriage motor controller of claim 10,
wherein said deceleration distance is adjusted when itis
determined that said idle travel distance is greater than




a second control device for controlling the driver up

print command on the basis of the print command and the store

characteristics to thereby cause the carriage to trayeH”lm bl | said
device controlling a decelera- tion sta m’m)ﬂmm he

second contr ol

print travel on the basis of the deceleration distance St

ored I I

menory device and a print end position qent ained in the print command at :

which printing is ' ek, . 15 nmet hdd of controlling a carriage notor
control- ler for ?ﬁ%ﬁg&ggbﬁicég E.%ﬁﬁc&gﬁn%h&pso{‘)fciaiﬂf iﬂi. ng a carriage

motor to thereby gguse Whed travel distance is greater than

said print prohibiting distance, said deceleration is set as
the difference between the carriage stop distance and
the idle travel distance, and when said idle travel dis-
tance is less than said print prohibiting distance, said
deceleration distance is set as the difference between the
carriage stop distance and the print prohibiting dis-
tance. '

13. A carriage motor controller for 2 printer, com-

 prising:

a driver for driving a carriage motor to thereby cause
a carriage to travel;
a detector for detecting a position and a speed of the
carriage while the carriage is travelling;

a measuring device for measuring operational charac-
teristics of the carriage motor on the basis of the
detected position and speed;

a memory device for storing the measured character-

a first control device for controlling the driver so as
to cause said carriage to without printing to ini-
tially obtain the measured characteristics, said frst
control device controlling said driver selectively in
response to a power switch being turned on, a shest
being fed, or 2 predetermined time having elapsed;
and

a second control device for controlling the driver
upon reception of a print command on the basis of
the print command and the stored characteristics to
therebv cause said carriage to travel for printing,
wherein the measurement by the measuring device
is performed when the carriage travels in printing a
line and wherein the characteristics stored in the
memory device are periodically updated with
newly measured characteristics.

14. A carriage motor coatroller for a printer, com-

prising:

a driver for driving a carriage motor to thereby cause.,
a carriage to travel;

- a detector for detecting a position and a speed of the

carriage while the carriage is travelling;

a measuring device for measuring characteristics of
the carriage motor including a deceleration dis-
tance thereof on the basis of the detected position
and speed; : .

a memory device for storing the measured character-
istics; ' -

a first control device for controlling the drive means
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to travel; detecting a position and a speed of the carriage while the
carriage is travelling; neasuring operational charact IIMHMLnuunmumt or
on the basis of the detected position and speed; stori

characteristics in a storage de- vice, wherein said driVirfg $tep cdnptises:
initially driving the carriage notor without printing so as to cause said

carrlage to travel -

selectively in responsq;ﬁdo@ugwgﬁhesa&ﬁ&

initially obtain the measured characteristics; and
a second control device for controlling the driver
upon reception of a print command on the basis of

' _thepnntcommandandthestoredchamctensnmto _
thereby cause the carriage to travel for printing,

said second control device controlling a decslera-
tion start position for the print travel on the basis of
the deceleration distance stored in said memory
device and a print end posiﬁonconuinedinthe
print command at which prmtmg is terminated.
15. A method of eontronmg a carriage motor control-

ler for a printer, comprising the staps of:

driving a carriage motor to thereby cause a cartiage
to travel;

detecnngapomnonandaspeedofthearmgewhﬂe
theamage:stmvelhng;

measuring operational characteristics of the cmnage

motor on the basis of the detected position and
speed;

stonng the measured characteristics m a storage de-
vice, wherein said dnvmg step comprises:

initially driving the carriage motor without printing
SO as to cause said carriage to travel to mnitially

obtain the measured characteristics selectively in

response o a power switch being turned on, a sheet
being fed, or a predetermined time having elapsed:
. and

pnnt driving the tnrnage motor upon recepuon ofa

! print command on the basis of the print command
and the stored characteristics to thereby cause the
carriage to travel for printing, wherein said mea-
suring is performed when the carriage travels in
printing a line and wherein the characteristics
stored in the storage device are periodically up-
dataed with newly measured characteristics.

16 A method of controlhng a carriage motor control-

ler for a printer, comprising the steps of:

driving a carriage motor to thereby cause a carriage
to travel; _

detecting a position and a speed of the carriage while
the czmage is travelling;

measuring characteristics of the carriage motor in-
cluding a deceleration distance thereof on the basxs
of the detectad position and speed;

stormgthemmnedcbmctemﬁamastomgede-
vice, wherein said driving step comprises:

initially driving the carriage motor without printing,
causing the carriage to travel to initially obtain the

measured characteristics; and

toinitially obtain the_blgasured characteristics

W%&k 8 sheet
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bei ng fed, or a predeterm ned tine having elapséd and[ I F print driving t he
carriage notor upon reception of a print .conmand on the basis of the print

command and the stored characteristics to thereby eause—%ﬁe—ea%%&age—%o

travel for printing, wherein said nea- suring is per he
carriage travels in printing a line and wherein t he u Eﬂﬂtored
in the storage device are periodically upy,dated m4t

characteristics. 16. A nethod of controll Fag a carrlage notor control- ler
for a printer, conprising the steps of:
;nknckhﬁngthecaniqganunoruponruuqnun:ofa
print command on the basis of the print command
and the stored characteristics to thereby cause the
carriage to travel for printing, and controlling a
deceleration start position for the print travel on
the basis of the deceleration distance stored in said
storage device and a print end position contained in
the print command at which printing is terminated.
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dri.ving a carriage notor to thereby cause a to travel; detecting a position
+ and a speed of the carriage while the carriage is travelling; measuring

" characteristics of the carriage notor in- cluding a decelreation distance
thereof on the basis of the detected position.and speed; storing the -
nmeasured characteristics in a storage de- 'vice, wherein said driving step
conprises: initially driving the cartrage notor without printing, causing
the carriage to travel to initially obtain the nmeasured characteristics;
and '
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- 17- print driving the carriage notor upon reception of a print command
on the basis of the print cormand and the stored characteristics to thereby
cause the carriage to travel for printing, and controlling a decel eration
start position for the print travel on the basis of the deceleration
stored in said storage device and a Qrint end position contained in the
print command at which printing is térm nated.
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" FIGURE 3
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CARRIAGE MOTOR CONTROLLER FOR PRINTER

‘A carriage motor controller for a printer. The control-

ler includes a drive mechanism for driving a carriage
motor to thereby cause a carriage to travel; a detector
for detecting a posmon and a speed of the carriage

- while the carriage is travelling; a mmsunng device for

mieasuring characteristics of the carriage motor on the
basis of the detected position and speed; storage for

storing the measured characteristics; a first controller

for controlling the drive mechanism and causing the
carriage to travel for the purposed of taking the neces-
sary measurements, the measurements being taken after

a power switch has been turned on, after a sheet has

been fed, or after a predetermined time has elapsed; and
a second controller for controlling the drive mechanism
upon reception of a print command on the basis of the
print command and the stored characteristics to thereby
cause the carriage to travel for printing. In such a con-
troller, the measurements are made not only while the
carriage is travelling for the sole purpose of taking the

‘measurements, but also while the carriage is travelling

for printing. Additionally, the stored characteristics are
periodically updated in accordance with newly mea-

- sured characteristics.
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