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CONTROL METHOD AND CONTROL DEVICE OF A PRINTER

This invention relates to a control method and a control

device of a printer.

Printers generally include a paper detector for detecting
whether a paper has been set in a printable state. This pa-
per detector is generally disposed in front of a print head
with respect to the feed direction of the paper. According-
ly, when the output of the paper detector changes from a
paper, present signal to a paper absent signal, there still
remains a portion of the paper corresponding to the d4di-
stance between the print head and the paper detector (this
portion of the paper will be referred to as the override
amount in the following).

To permit printing on the portion of the paper correspon-—
ding to the override amount after the output of the paper
detector has changed to a paper absent signal, a conventio-
nal printer continuously monitors the output of the paper
detector and, while it indicates paper absence, continues
printing on the paper until a maximum printable line count
within the override amount has been reached. When the out-
put of the paper detector changes to a péper present sig-
nal, the printer, considering that new paper has been set,
terminates the print control action with respect to the pa-

per just printed and starts to eject it.

However, since the paper detector generally comprises a
microswitch which is actuated by the weight of the paper or
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Thi's.-invention relates to a nethod of controlling a paper feeding device in;:
a printer. Printers generally include a paper detector for detecting
Whet her a paper has been set in a printable state. This paper detector is

- ' s, of a prjnt head with respect feed
ot o o o i

di rection ordingly, when the output of r~det ect or
changes froma paper present signal to a paper absent sigRgh;sthere N
remains a portion of the paper corresponding to the distanc Sﬁggﬁ&%ﬁssth
print head and the paper detector (this portion of LACED

a photo transistor unit which is actuated when light is in-
terrupted, the output level of the paper detector tends to

include chattering caused by a vibration of the paper,
printer, etc. Accordingly, if such chattering arises in the

5 course fo execution of a print control for the remaining
override amount after the output of the paper detector has
changed to a paper absent signal, a paper present signal
may be erroneously recognized so that a paper print action
is performed despite of a non-printable state. From that,

0 the defect results that the remaining printable space after

paper ahsence has been detected varies from paper to paper.

It is an object of the present invention to provide a con-
trol method and a control device of a printer which allow
5 to make certain a remaining printable space after paper ab-

sence has been detected.

This object is achieved with a control device as claimed in
claim 1 and a control method as claimed in claim 4,

0 respectively.

Preferred embodiments of the invention are subject of the

dependent claims.

5 The invention will be explained in detail below with refe-
rence to the drawings which show a specific embodiment only

and in which:

Fig. 1 1is a general block diagram showing an embodiment of
0 the control device according to the present inven-

tion,

Figs. 2{(A) and (B) are a perspective view and a side view,
respectively, showing the relationship in the ar-
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the paper will be referred to as the override amount in the follow ng).

To permt printing on the portion of the paper corresponding to the

bverride anount after the output of the paper detector has changed to a !
paper sabgEeNEPSON ABRPORAELSV ENt | onal3 printer conti nuouslyggpgizbassgphe :
out put of the paper detector and, while it indicates p sence,
continues printing on the paper until a maximum printalpl B SHEECANOBEEN
within the override ambunt has been reached. Wien the @Qut putRE¥ Atke papgr
detector changes to a paper present signal, the printer, considerin t
new paper has beefamfdnerterbdtwadess af peingr hethdcandr al papérodeteth respect
to the paper justtgginted and starts to eject it.

Fig. 3 1is a circuit diagram showing the electrical connec-—
5 tion between the paper detector and a CPU, and

Fig. 4 1is a flowchart for explaining the operation process
of the CPU used in the embodiment of Fig. 1.

0 Fig. 1 shows the general structure of a preferred embodi-

ment of the present invention.

A printer control device 1 is connected via an interface
(I/F) section 3 with an external host computer 5. Supplied
5 from the host computer 5 are print data, print control com-
mands (e.g. paper feed control commands}, etc. Such data
are temporarily stored in the I/F section 3 or in a RAM 15.

The I/F section 3 is connected via an address/data bus 7

0 with a CPU 9. The CPU 9 is connected via the bus 7 with a
ROM 11, so that the print action is controlled in accor-
dance with a control program stored in the ROM 11. In con-
trol operation, the CPU 9 reads and interprets the data
stored in the I/F section 3 and, if necessary, refers to

5 the signal from a paper detector 13, a variety of print
control data previously stored in the ROM 11 or RAM 15,
etc. Then, the CPU 9 performs a calculation on such data in
accordance with the control program. The CPU 9 sends va-
rious control commands through the bus 7 to a CR motor

0 drive circuit 17, a PF motor drive circuit 19, and a head
drive circuit 21.

The CR motor drive circuit 17 drives a CR motor 23 in ac-
cordance with the command from the CPU 9, resulting in a

3 carriage 25 being shifted. The PF motor drive circuit 19
_ I—
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However, since the paper detector generally conprises a mcrosw tch which
Is actuated by the weight of the paper or a photo transistor unit which is
actuated when light is interrupted, the output |evel of the paper detector
tends SEDRONEPSOR CORPORATIONCaused ky a vibration of the I@@?@ﬁozﬁr Egpter,
etc. Accordingly, if such chattering arises in the course of execution of
a print control for the remaining override anount after the—eutp of the
paper detector has changed to a paper absent signal, a paeéﬁﬂﬁﬁésﬁhHAsBEEN
signal may be erroneously recognized so that a paper print._actiRFPLASED
per f or med dhekpes ea HF anotrmon-3% iresallitd net dhepapeenebhbBeingheedef @ehef €5
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varies fro 0" pape
sed of a step motor. In this case the number of steps of

the step motor determines the amount of shift of the car-

5 riage and the amount of feed of the paper, respectively.
The head drive circuit 21 drives a print head 31 attached
to the carriage 25, to perform printing. Printing is per-
formed while the carriage 25 is shifted whereas paper fee-—
ding is performed while the carriage 25 is at a stop.

The RAM 15 includes memory areas for holding a non-executed
paper feed amount A, a remaining printable amount LL and a
no-paper flag PE. Further, the RAM 15 has memory areas for
holding format data, such as a line pitch, a character ma-
5 gnifying factor and a paper rear edge marginal length. It
should be noted that the line pitch and the rear edge mar-
ginal length are given in the form of a step count to the
PF motor 27. The non-executed paper feed amount A and the
remaining printable amount LL are given in the form of a

0 line pitch count.

As illustrated in Figs. 2 (A) and (B) the paper fed from a
paper supply guide 33 is inserted between a platen 35 and a
paper feed roller 37. The paper 29 is fed upward along the
5 surface of the platen 35 in front of the print head 31 in
response to a rotation of the platen 35 driven by the PF
motor 27. The feeding of the paper is performed in units of
the line pitch that has been previousiy stored in the RAM
15 in the form of a step count for the PF motor 27 as men-—

Q tioned before.

When the paper feeding is completed, the carriage 25 is
shifted along guide rods 39 and the print head 31 is con-
trolled to perform the printing of one line. Generally, the
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2 ‘The document US-A-4,671,683 discloses a control device of a printer
i ncluding a printing device, a paper feeding device and a mcroswtch for

SEIRO EPSON CORPORATION 5 90/87023 EP
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line printing and the paper feeding are repeated alterna-

tely.

In the present embodiment, the paper detector 13 is made of
5 a microswitch which is attached to the back side of the pa-
per supply guide 33 and has a detecting pin 13a projecting
from the surface of the paper supply guide 33. Thus, when
paper 29 is set onto the paper supply guide 33 the switch
is turned on due to the weight of the paper 29, and it is
.0 turned off when the rear edge of the paper passes over the
detecting pin 13a in the course of the paper feeding. A de-
tecting element other then a microswitch, for instance an
optical detecting element such as a photo transistor may be
used as the paper detector 13 instead of the microswitch.

.5
As illustrated in Fig. 3 the paper detector 13 is connected
between a DC power source terminal +V and ground and sup-
plies a low-level signal when it is ON (paper present si-
gnal) and a high-level signal when it is OFF (paper absent
10 signal) to an input port 41 of the CPU 9.

Referring to Fig. 2 (B) again, when the rear edge of the
paper 29 passes over the detecting pin 13a, the output of
the paper detector 13 changes from the paper present signal

5 to the paper absent signal. At this time, a paper portion
whose length corresponds to an override amount L still re-
mains to be printed upon on the upstream side of a paper
retaining plate 40 disposed immediately before the print
head 31. The override amount L is a fixed value depending

0 on the relative position between the print head 31 (or the
retaining plate 40) and the paper detector 13. The override
amount L is previously stored in the ROM 11 or RAM 15 after
having been converted into the form of a step count of the
PF motor 27. The number of lines (the printable line count)

5 actually printable with in the override amount L varies de-
—
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det‘ect i ng

presence or absence of paper, whére the printer is configured so

that the paper still has a given printable anbunt when the output of
i croswi tch changes froma state indicating paper presence to a state

i ndi caLl n.this prior art, when the mcr | cates
paper gﬁgg%géggéﬁigﬁﬁﬁﬁﬁﬁ?#ékis perfotrmed on whet her.the rgiygzﬁg?hggtext

still to be printed conpletely fits into the given pri ntablgiSasrount.:
this is the case, printing is performed whereas ot herw se|_pri nREPQRIED

i nterrupted.

devi ce of
an optlcal
where the

10

15

20

35

io

i5

t he

Sl lfv holiat v

‘rgieé 't.fhcér H 'uE;Q deyle C‘éha@aQ@Bgr gﬁ‘f'ffﬂné’e"
ensor tec I'ng the ‘presence_or a pa
factor and the paper rear edge marginal length. Such format
data are supplied from the host computer 5 in advance of
the print data and print control data and are previously

stored in a dedicated memory area of the RAM 15.

The operation of the embodiment explained thus far will be
described with reference to the operation processing rou-

tine of the CPU 9 shown in Fig. 4.

This routine is executed each time a control command in-
structing a paper feeding is applied to the CPU 9. First,
the paper feed amount indicated by the control command is
stored in the RAM 15 as the non-executed paper feed amount
A (step S1). By checking the no-paper f£lag PE held in the
RAM 15 it is then judged whether paper was absent or pre-
sent at time of the last paper feeding (steplsz). As will
be described hereinafter, the no-paper flag PE is set when
the output of the paper detector 13 changes from the paper
present to the paper absent signal and is kept in the set
state until the amount of paper feeding from the time when
the no-paper flag PE was set exceeds the maximum printable

line count within the override amount L.

When in step S2 the no-paper flag PE is found to be in set
state, the control goes to step S10 hereinafter described
in order to perform the paper feeding in a range not excee-—
ding the printable line count {remaining printable amount)
LL within the override amount L.

On the other hand, when the no-paper flag PE is in a reset
state, control advances to step S3. In step S3 the PF motor
27 is driven by one unit paper feed amount {(one line
pitch), and then "1" (the just executed paper feed line
count) is subtracted from the non-executed paper feed

The docunent EP—A—O 072 709 discloses a nethod and &a controf

ice and
per,
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prihter is configured so that the paper, still has a given printable anount
when the output of the paper detecting neans changes froma state

indi cati ng paper presence to a state indicating paper absence. Each tine

t he photosensor delivers a signal indicating paper absence, a subtraction
count er, rintabl e;amount still renaini per
at the SrgoIr%rceo'rS]%tPSb% gagfakxgaggt ecti on Each tinme the paper [@&;’cﬁdgg E’f'}ﬁuni t
anount, the count value of the subtraction counter is reduced by one, and
an arithnetic circuit judges whether additional printing [§5f R 116 Ok O]
on the basis of the given printable anount originally set}in tRep acep

subtracti ognegHit Er 1§n§téBeS41WDPKEn Cﬁhé)a:ﬂﬁfpnfte%i‘ aHel Yalper .
di fference be|n ared to the sumof the height aof the next line to be

printed and3thé GPEF fidelBet tRR ST nd &R ridiit QYT tadddied teex thaitne.

paper is still present, the non-executed paper feed amount

A is checked to see if it is "O" (step S6). When it is not
5 "0", control returns to step S3 and one unit paper feeding
is performed again. While the ocutput of the paper detector
13 indicates paper presence, this processing sequence is
repeated to perform the paper feeding. Finally, when step
S6 reveals that the non-executed paper feed amount A has

10 reached "0", the paper feeding ends.

When paper absence is detected in step S5, that is when the
ocutput of the paper detector 13 changes to the paper absent
signal upon the one line feeding of the paper in step S3,
15 the maximum printable line count within the override amount
L is set (for initialization) as the remaining printable
amount LL (step S7). It should be noted that the maximum
printable line count is the maximum number of lines that
can be printed within a portion of the paper corresponding
20 to the override amount L minus the paper rear edge marginal
length {here it is assumed that the paper rear edge margin
is smaller than the override amount L}. Concurrently with
the initiative setting of the remaining printable amount
LL, the no~paper flag PE is changed from the reset state to

25 the set state (step S8). Following this initiative proces-
sing, the non—executed paper feed amcunt A is checked in
step S9.

When the non-executed paper feed amount A is "0", the pro-
30 cessing routine comes to an end since the paper has ac-
tually been fed to the amount instructed by the control

command.

On the other hand, when it is detected in step S§9 that the
5 non-executed paper feed amount A is still not "O", control
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The' docunent JP-A-59 52 685 discloses a printer conprising-a detector for

detecting presence or absence of the paper. When absence of paper is

detected after an N-th line has been printed and prior to printing an (N +
1)th line a residual paper feed anobunt is calculated to be conpared with a
ISR R P SO WURPORDE TRNEVI OUs pgper feed amount
counting a drive pulse applied to a notor. Thereby absence._gof_ paper is
di spl ayed only when a final line actually can not be printeadi: .1{_iS~aBEg
obj ect of the present invention to provide a nethod of COL

paper

s cadcrdpdes By

trol IﬂﬂngAeEuoaper

feeding device in a printer which allows to nake certain a remarning
printabl e gpese taf seeppdpér. aAbsaneeshas,beha pepectfeeding is succes-
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sively performed while monitoring the remaining printable
amount LL. Specifically, first the PF motor 27 is driven by
one unit paper feed amount (step S10). Then, "1" (the just
executed paper feed line count) is subtracted from the non-
executed paper feed amount A {step S11) and from the remai-
ning printable amount LL (step S12). Then, it is checked
whether the non-executed paper feed amount A has become "0O"
(step S13).

When the non-executed paper feed amount A is still not "0",
the remaining printable amount LL is checked in step S14.
When the amount LL is not "0", this meaning that there
still remains a printable space within the override amount
L, control returns to step S10 to perform the next one line
paper feeding. In this way, the paper feeding is repeated
until either the non-executed paper feed amount A or the

remaining printable amount LL becomes "0".

When it is detected in step S13 that the non-executed paper
feed amount A has reached "0", the following processing is
performed to terminate the paper feeding. First, the remai-
ning printable amount LL is checked in step S15. When the
remaining printable amount LL is "0", i.e. when the bottom-
most line of the paper 29 has been reached, the no-paper
flag PE is reset (step S16). After printing on the bottom-
most line has been performed (step S17) the PF motor 27 is
driven to eject the paper 29 (step S18), and the print con~-
trol processing is stopped (step S19). If desired, step S18
may be omitted and the processing stopped immediately after
printing the bottommost line. After the processing has come
to a stop a new paper 29 is set in the printer. With the
next print control command from the host computer 5 the
print control is restarted.

TﬁwS&wﬂﬁmBmm

T

i |



D

3 " This object is achieved with a nethod as cl ained.

SEIRO EPSON CORPORATION 9 90/87023 EP
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When it is detected in step S15 that the remaining prin-

table amount LIL is not "0", that is when the bottommost

line of the paper 29 has not been reached yet, the paper

feeding is terminated and the no-paper flag PE kept in the
5 set state in preparation for the successive execution of

the print control in accordance with the next control com-

mand.

When it is detected in step S14 that the remaining print-
10 able amount LL is "0", that is when the bottommost line of
the paper 29 has been reached before the instructed amount
of paper feeding is completed, the no-paper flag PE is re-
set {(step S20), the PF motor 27 is driven to eject the pa-
per 29 (step S21), a condition is set (step S22) such that
15 the paper feeding corresponding to the non-executed paper
feed amount A will be performed before restarting of the
print control with respect to a new paper 29, and then, the
processing comes to a stop (step S19). If desired, steps
S21 and S22 may be omitted such that the processing comes
20 to a stop immediately after step S20.

As described above, when the output of the paper detector
13 once changes to the paper absent signal, the no-paper
flag PE is set (steps S5 and S7), and then it is only the
25 no-paper flag PE which is checked in step S2 and no longer
the paper detector 13. Accordingly, while the no-paper flag
PE is in the set state the paper feeding is performed (step
S10) until either the instructed paper feed amount has been
performed (step S13) or the bottommost line of the paper is
10 reached (step S14 or S15). Accordingly, if chattering oc-
curs after the paper detector 13 once output the paper ab-
sent signal any erroneous recognition with respect to the
presence of absence of paper will not result so that the
remaining printable space will be the same for each paper

i5 without wvariation. —_—
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The invention will be explained in detail -below with ref'erence to the

drawi ngs which show a specific enbodi nent only and in which: Fig. 1is a
gener al bIock diagran1shomﬁng an enbodi rent of the contro

devi ce & ég&ware a perspective view and a side view,
respec?pngy,PSON c RPOR% ng the rid ationship in the arr 89487838 B8t ween
a print head and a paper detector,

THIS SHEET HAs BEEN
REPLACED

As a modification of the explained embodiment, a total exe-
cuted paper feed amount M accumulated after paper absence
has been detected, may be introduced. In this case, the to-
5 tal paper feed amount M is reset to "0" when the output of
the paper detector 13 changes to the paper absent signal.
Thereafter, "1" is added to the total paper feed amount M
without performing the detecting of the paper each time one
unit paper feeding has been performed, the no-paper flag PE
10 is reset when the total paper feed amount M reaches the ma-
ximum printable line count within the override amount L,
and at this moment, the paper is ejected and the print con-

trol stopped.

15 Although a preferred embodiment of the present invention
has been described above, various modifications may be made
thereto. For'example, although in the explained embodiment
the non-executed paper feed amount A, the remaining prin-
table amount LL and a total executed paper feed amount M

20 are stored in the RAM 12 and the increasing/decreasing of
these values is performed by means of the CPU 9 in accor-
dance with software, counters may be used for storing and
processing such values. In this case, the volume of proces-
sing dependent on the software decreases, so that the speed

35 of control processing can be enhanced. Although in the ex-
plained embodiment the values A, LL and M are converted
into the form of a line pitch count, these values may be
converted into the form of a step count of the PF motor 27.
Further, although in the explained embodiment the maximum

30 printable line count within the override amount L is calcu-
lated when paper absence is detected, on the basis of the
override amount L, the paper rear edge marginal length and
the line pitch {step S7 in Fig. 4), where the paper rear
edge marginal length and the line pitch are fixed, the ma-

35 ximum printable line count is also a fixed value so that
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Fid. '3 is a circuit diagramshow ng the electrical connection between the
paper detector and a CPU, and Fig. 4 is a flowhart for explaining the
operation process of the CPU used in t he enmbodi nent of Fig. 1.

Fig. 1 shows the general structure of a device suitabe for executing the

met hod 366 Hpxon ok pRRATeHNEd enbodillient of the present ing@pg.;@ﬁh EP

the foregoing calculation processing can be omit éHﬂbgH-

H A
REPLEGE, DEEN
Further, where the host computer is managing the paper rear
edge marginal length and/or the line pitch so that the

viously setting these fixed values in the ROM 1l%e

5 printer needs not to consider such values, the override
amount L can be used in place of the maximum printable line

count without modification.
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A printer control device 1 is connected via an interface (I1/F) section 3

with an external host conputer 5. Supplied fromthe host conputer 5 areeég'
print data, print control commands (e.g. paper feed control commands), :
Such data are tenporarily stored in the I/F section 3 or in a RAM 15. The

|/ F sectSETRS EFsONUORHORA™MON an addrggs/data bus 7 with a Gpy)@yothesPU
9 is connected via the bus 7 with a ROM 11, so that the print action is

controlled in accordance with a control programstored in {ReyRQVEET, gg =
con- trol operation, the CPU 9 Teads—and-interprets the data stqsg Zégk FﬁNl

i TN
* ¢ L *

| §

1. A control device of a printer including means (21,
5 31) for performing printing, means (9, 11, 15, 19, 27) for
performing paper feeding and means (13) for detecting the
presence or absence of a paper (29), where the printer is
configured so that the paper still has a given printable
amount (LL)} when the output of the paper detecting means
10 changes from a state indicating paper presence to a state
indicating paper absence, comprising
means (9) for judging, after the output of the paper
detecting means (13) has once changed to a state indicating
paper absence, whether additional printing is possible or
15 not on the basis of the given printable amount (LL) and the
amount of paper feed actually performed, and
means (9) for permitting, while printing is being
judged to be possible, the operations of the printing
performing means and the paper feeding performing means
20 irrespective of the output of the paper detecting means
{13).

2. The control device according to claim 1, wherein
the judging means (9), after the output of the paper detec-—
25 ting means (13) has once changed to a state indicating pa-
per absence, subtracts a given unit paper feed amount from
the given printable amount (LL) each time paper feeding is
performed by said given unit paper feed amount and judging
printing to be possible until the subtraction result rea-

30 ches zero.

3. The control device according to Claim 1, wherein
the judging means (9), after the output of the paper detec-
ting means (13) has once changed to the state indicating

35 paper absence, accumulates a given unit paper feed amount
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pri'nt control tored in the ROM 11 or RAM 15, etc. Then,
the CPU 9 perd mmtliﬂuy n on such data in accordance with the

éontrol program Fhetl sends various control commands through the bus 7
to a CRnotor drive circuit 17, a PF notor drive circuit 19, and a head
drive Cikkg®b! EB4ON CORPORATION 13 | 90/87023 EP

THIS SHEET HAS BEEN
REPLACED

each time paper feeding is performed by said given unit
paper feed amount and judges printing to be possible until
the accumulation result reaches the given printable amount
{LL}.

4. A control method of a printer including means (21,
31) for performing printing, means (9, 11, 15, 19, 27) for
performing paper feeding and means (13) for detecting the
presence or absence of paper (29), the configuration being
10 such that the paper still has a given printable amount (LL)
when the output of the paper detecting means changes from a
state indicating paper presence to a state indicating paper
absence, said control method comprising the steps of
judging whether additional printing is possible or
15 not, after the output of the paper detecting means (13)
once changed to the state indicating paper absence, on the
basis of the given printable amount (LL) and the amount of
paper feed actually performed and
permitting the operations of the printing performing
20 means and the paper feeding performing means while printing
is being judged to be possible, irrespective of the output
of the paper detecting means (13).

///// -
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4 -, The CR notor

the command fromthe CPU 9,
drive circuit 19

PF not or

drive circuit 17 drives a CR notor

SEIRO EPSON CORPORATION
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23 in accordance with
resulting in a carriage 25 being shifted. The

10

15

20

MN"’"‘ eve.

Abstract of the Disclosure (Fig. 1)

CONTROL METHOD AND CONTROL DEVICE OF A PRINTER

Disclosed are a control device and a control method for a
printer of the type including means (21, 31) for performing
printing, means (9, 11, 15, 19, 27) for performing paper
feeding and a paper detector (13) and being configured so
that a paper still has a given printable amount when the
output of the paper detector (13) changes from a paper pre-
sence indicating state to a paper absence indicating state.
The control device comprises means (9) for judging whether
additional printing is possible or not, on the basis of the
given printable amount and the amount of paper feed that
has been actually performed after the output of the paper
detector (13) once changed to the paper absence indicating
state, and means for permitting the operations of the prin-
ting performing means and the paper feeding performing
means irrespective of the output of the paper detector
while printing is being judged to be possible.
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5 drives a PF notor 27 resulting in paper 29 being fed. Gene- rally,
both the CR notor 23 and the PF notor 27 are conpri -

THIS SHI:ET HAS BEFN
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sed of a step notor. In this case the nunber of steps of the step notor
determ nes the anount of shift of the car- riage and the anount of feed of
tthe paper, respectively. The head drive circuit 21 drives a print head 31
attached to the carriage 25, to performprinting. Printing is per- forned
while the carriage 25 is shifted wheregas paper fee- ding is perfornmed while
the carriage 25 is at a stop. The RAMF15 includes nenory areas for
hol di ng a non-execut ed paper feed anbunt A, a renmining printable amount LL
and a no-paper flag PE. Further, the RAM 15 has nenory a

FIG. 2 (A)

I
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hol-di ng format data; such as a line pitch, a character ma- gnifying factor
and a paper rear edge marginal length. It should be noted that the |ine
pitch and the rear edge mar- ginal length are given in the formof a step
count to the PF notor 27. The non-executed paper feed anmount A and the
remai ni ng printable amunt LL are given in the formof a line pitch count.
As illustrated in Figs. 2 (A and (@;[%he paper fed from a paper supply
guide 33 is inserted between a platen 35 and a paper feed roller 37. The
paper 29 is fed upward al ong the
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surface of the platen 35 in front of the print head 31 in response to a
rotation of the platen 35 driven by the PF notor 27. The feeding of the
paper is performed in units of the line pitch that has been previously
stored in the RAM 15 in the formof a step count for the PF notor 27 as
men- tioned before. When the paper feeding is conpleted, the carriage 25
Is shifted al ong guide rods 39 and thq; int head 31 is con- trolled to
performthe printing of one line. CGenerally, the
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CONTROL METHOD AND CONTROL DEVICE OF A PRINTER

This invention relates to a control method and a control

device of a printer.

Printers generally include a paper detector for detecting
whether a paper has been set in a printable state. This pa-
per detector is generally disposed in front of a print head
with respect to the feed direction of the paper. According-—
ly, when the output of the paper detector changes from a
paper present signal to a paper absent signal, there still
remains a portion of the paper corresponding to the di-
stance between the print head and the paper detector (this
portion of the paper will be referred to as the override

amount in the following).

To permit printing on the portion of the paper correspon-
ding to the override amount after the output of the paper
detector has changed to a paper absent signal, a conventio-
nal printer continuously monitors the output of the paper
detector and, while it indicates paper absence, continues
printing on the paper until a maximum printable line count
within the override amount has been reached. When the out-
put of the paper detector changes to a péper present sig-
nal, the printer, considering that new paper has been set,
terminates the print control action with respect to the pa-

per just printed and starts to eject it.

Howevér,'éincé'the paper detector generally comprises a
microswitch which is actuated by the weight of the paper or
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I|ne printing and the paper feeding are repeated alterna-_tely —ta—tirey
present enbodi nent, the paper detector 13 is nmade of a nggmg@@MEﬁﬁSﬂEtc S
attached to the back side of the paper supply gui de [
pin 13a projecting fromthe surface g orzhi Asggmply
when paper 29 is set onto the paper $ 1, dep 33 the
due to the weight of the paper 29, and it T3 et of f
of the paper passes over the detecting pin 13a

a photo transistor unit which is actuated when light is in-
terrupted, the- output level of the paper detector tends to
include chattering caused by a vibration of the paper,
printer, etc. Accordingly, if such chattering arises in the
course fo execution of a print control for the remaining
override amount after the output of the paper detector has
changed to a paper absent signal, a paper present signal
may be erroneously recognized so that a paper print action
is performed despite of a non-printable state. From that,
the defect results that the remaining printable space after

paper absence has been detected varies from paper to paper.

It is an object of the present invention to provide a con-
trol method and a control device of a printer which allow
to make certain a remaining printable space after paper ab-

sence has been detected.

This object is achieved with a control device as claimed in
claim 1 and a control method as claimed in claim 4,

respectively.

Preferred embodiments of the invention are subject of the

dependent claims.

The invention will be explained in detail below with refe-
rence to the drawings which show a specific embodiment only

and in which:

Fig.'l is a general block diagram showing an embodiment of
the control device according to the present inven-

tion,

Figs. 2{(A) and (B) are a perspective view and a side view,
respectively, showing the relationship in the ar-
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fﬁ the course of the paper feeding. A detecting elenent other than a
m croswitch, for instance an optical detecting elenent. suc

t fansi stor may be used as the paper det ¢cTiif SHBET HAE BEEN O t@@?@@vﬁﬁﬁ
As illustrated in Fig. 3 the paper deyeqtor 1BEHL4CEDNnectied petween a DC
power source term nal +V and ground and sup- plies a [ow] eveR SNOWaoghd

it is ON (paper present si- gnal) and a high-level signal when it is OFF
(paper absent signal) to an input port 41 of the CPU 9.

=]

rangement between a print head and a paper detec-

tor,

Fig. 3 1s a circuit diagram showing the electrical connec-
tion between the paper detector and a CPU, and

Fig. 4 1is a flowchart for explaining the operation process
of the CPU used in the embodiment of Fig. 1.

Fig. 1 shows the general structure of a preferred embodi-

ment of the present invention.

A printer control device 1 is connected via an interface
(I/F) section 3 with an external host computer 5. Supplied
from the host computer 5 are print data, print control com-
mands (e.g. paper feed control commands), etc. Such data
are temporarily stored in the I/F section 3 or in a RAM 15.

The I/F section 3 is connected via an address/data bus 7
with a CPU 9. The CPU 9 is connected via the bus 7 with a
ROM 11, so that the print action is controlled in accor-
dance with a control program stored in the ROM 11. In con-—
trol operation, the CPU 9 reads and interprets the data
stored in the I/F section 3 and, if necessary, refers to
the signal from a paper detector 13, a variety of print
control data previously stored in the ROM 11 or RAM 15,
etc. Then, the CPU 9 performs a calculation on such data in
accordance with the control program. The CPU 9 sends va-—
rious control commands through the bus 7 to a CR motor
drive circuit 17, a PF motor drive circuit 19, and a head

drive circuit 21.

The CR motor drive circuit 17 drives a CR motor 23 in ac-
cordance with the command from the CPU 9, resulting in a
carriage 25 being shifted. The PF motor drive circuit 19

—
as Been Replaced

T



Referring to Fig. 2 (B) again, when the rear edge of the paper 29 passes
over the detecting pin 13a, the output of the paper detector{ 1 c
fFom the paper present signal to the paper absent signal. At|t 4ﬁﬂ$§@§§%3§EEY
paper portion whose |ength correspondstto anTRseIHEER@&MERERt | LI still re-
mains to be printed upon on the upstream sijde of rapipagger r et hi hi @d> NOMt 19960
di sposed i medi ately before the print head 31. The override gnpunt L is a
fi xed val ue depending on the relative position between the print head 31
(or the retaining plate 40) and the paper detector 13. The okerride

drives a PF motor 27 resulting in paper 29 being fed. Gene-
rally, both the CR motor 23 and the PF motor 27 are compri-
sed of a step motor. In this case the number of steps of
the step motor determines the amount of shift of the car-
riage and the amount of feed of the paper, respectively.
The head drive circuit 21 drives a print head 31 attached
to the carriage 25, to perform printing. Printing is per-
formed while the carriage 25 is shifted whereas paper fee-

ding is performed while the carriage 25 is at a stop.

The RAM 15 includes memory areas for holding a non—-executed
paper feed amount A, a remaining printable amount LL and a
no-paper flag PE. Further, the RAM 15 has memory areas for
holding format data, such as a line pitch, a character ma-
gnifying factor and a paper rear edge marginal length. It
should be noted that the line pitch and the rear edge mar-
ginal length are given in the form of a step count to the
PF motor 27. The non-executed paper feed amount A and the
remaining printable amount LL are given in the form of a

line pitch count.

As illustrated in Figs. 2 (A) and (B) the paper fed from a
paper supply guide 33 is inserted between a platen 35 and a
paper feed roller 37. The paper 29 is fed upward along the
surface of the platen 35 in front of the print head 31 in
response to a rotation of the platen 35 driven by the PF
motor 27. The feeding of the paper is performed in units of
the line pitch that has been previously stored in the RAM
15 in the form of a step count for the PF motor 27 as men-

tioned before.

When the paper feeding is completed, the carriage 25 is
shifted along guide rods 39 and the print head 31 is con-
trolled to perform the printing of one line. Generally, the

heet Has Been Replaced

\\II\I\\ AWK



F

~

amount L is previously stored in the ROM 11 or RAM 15 af t rpdpaniEENTe BREET

converted into the formof a step count of the PE“gqutNZ . (-Hhe-ruber ot
| knes (the printable |ine count) actuaIWy prlﬁﬁQ
amount L varies de-

lgpWi th i n t@ﬁa%ﬁﬁfﬁhge

line printing and the paper feediﬁg are repeated alterna-

tely.

In the present embodiment, the paper detector 13 is made of
a microswitch which is attached to the back side of the pa-
per supply guide 33 and has a detecting pin 13a projecting
from the surface of the paper supply guide 33. Thus, when
paper 29 is set onto the paper supply guide 33 the switch
is turned on due .to the weight of the paper 29, and it is
turned off when the rear edge of the paper passes over the
detecting pin 13a in the course of the paper feeding. A de-
tecting element other then a microswitch, for instance an
optical detecting element such as a photo transistor may be
used as the paper detector 13 instead of the microswitch.

As illustrated in Fig. 3 the paper detector 13 is connected
between a DC power source terminal +V and ground and sup-
plies a low-level signal when it is ON (paper present si-~
gnal) and a high-level signal when it is OFF (paper absent
signal) to an input port 41 of the CPU 9.

Referring to Fig. 2 (B) again, when the rear edge of the
paper 23 passes over the detecting pin 13a, the output of
the paper detector 13 changes from the paper present signal
to the paper absent signal. At this time, a paper portion
whose length corresponds to an override amount L still re-
mains to be printed upon on the upstream side of a paper
retaining plate 40 disposed immediately before the print
head 31. The override amount L is a fixed value depending
on the relative position between the print head 31 (or the
retaining plate 40) and the paper detector 13. The override
amount L is'previously stored in the ROM 11 or RAM 15 after
having been converted into the form of a step count of the
PF motor 27. The number of lines (the printable line count)
actually printable with in the override amount L varies de-—
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péndi ng on the line pitch count, the character magnifying factor and the

paper rear edge marginal |ength. Such fornat data are supp ”ﬁﬂﬂéﬂﬂﬁ@ﬂﬁ‘%ﬁ T

hést conputer 5 in advance of the print §$§EﬁﬁA§%Eéﬁﬂ | 1 pl—dal-a—and-ake
i ousl tored in a dedi cated nenor area

previously s 6y ReplAte: 1 25NOV 1996

A

pending on the line pitch count, the character magnifying
factor and the paper rear edge marginal length. Such format
data are supplied from the host computer 5 in advance of
the print data and print control data and are previously

stored in a dedicated memory area of the RAM 15.

The operation of the embodiment explained thus far will be
described with reference to the operation processing rou-

tine of the CPU 9 shown in Fig. 4.

This routine is executed each time a control command in-
structing a paper feeding is applied to the CPU 9. First,
the paper feed amount indicated by the control command is
stored in the RAM 15 as the non-executed paper feed amount
A (step S1). By checking the no-paper flag PE held in the
RAM 15 it is then judged whether paper was absent or pre-
sent at time of the last paper feeding (step S2). As will
be described hereinafter, the no-paper flag PE is set when
the output of the paper detector 13 changes from the paper
present to the paper absent signal and is kept in the set
state until the amount of paper feeding from the time when
the no-paper flag PE was set exceeds the maximum printable

line count within the override amount L.

When in step S2 the no—-paper flag PE is found to be in set
state, the control goes to step S10 hereinafter described
in order to perform the paper feeding in a range not excee-
ding the printable line count {remaining printable amount)

LL within the override amount L.

On the other hand, when the no-paper flag PE is in a reset
state, control advances to step S3. In step S3 the PF motor
27 is driven by one unit paper feed amount (one line
pitch), and then "1" (the just executed paper feed line
count} is subtracted from the non-executed paper feed

n Rep taced
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The operation of the embodi ment explained thus far will be described with
reference to the operation processing rou- ti he CPU 9
4. This routine is executed each tinme a contT8$ sEermaR BE%N
paper feeding is applied to the CPU 9. First/_the RErpeced ee

i ndi cated by the control command is stered in the
non- execut ed paper feed anmobunt A (step S1). By checking the
PE held in the RAM 15 it is then judged whet her paper was abden
sent at tinme of the |ast paper feeding (step. S2). As w ||

amount A in step S4. Then the output of the paper detector
13 is checked in étep S5. When its output indicates that
paper is still present, the non-executed paper feed amount
A is checked to see if it is "0" {(step S6). When it is not
"0", contrel returns to step S3 and one unit paper feeding
is performed again. While the output of the paper detector
13 indicates paper presence, this processing sequence is
repeated to perform the paper feeding. Finally, when step
S6 reveals that the non-executed paper feed amount A has

reached "0", the paper feeding ends.

When paper absence is detected in step S5, that is when the
output of the paper detector 13 changes to the paper absent
signal upon the one line feeding of the paper in step S3,
the maximum printakle line count within the override amount
L is set (for initialization) as the remaining printable
amount LL {step S7). It should be noted that the maximum
printable line count is the maximum number of lines that
can be printed within a portion of the paper corresponding
to the override amount L minus the paper rear edge marginal
length (here it is assumed that the paper rear edge margin
is smaller than the override amount L}. Concurrently with
the initiative setting of the remaining printable amocunt
LL, the no-paper flag PE is changed from the reset state to
the set state (step S8). Following this initiative proces-
sing, the non-executed paper feed amount A is checked in
step 89.

When the non-executed paper feed amount A is "0", the pro-
cessing routine comes to an end since the paper has ac-
tually been fed to the amount instructed by the control

command.

On the other hand, when it is detected in step S9 that the
non-executed paper feed amount A is still not "O“, control
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be described hereinafter, the no-paper flag PE is set when t
t he paper detector 13 changes fromthe paper present to t he

si‘gnal and is kept in the set state until At
the time when the no-paper flag PE was s tﬁ%e(?ﬁl;ggé%@% in
i ep_S

line count within the overri de anpunt B.
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flag PEis found to be in set state, the control goes to ste

herei nafter described in order to performthe paper feeding
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S10

excee- ding the printable line count (remnaining printable anmount)

goes to step S10. As a result, the paper feeding is succes-—
sively performed while monitoring the remaining printable
amount LL. Specifically, first the PF motor 27 is driven by
{the just

one unit paper feed amount (step S10). Then, "1"

executed paper feed line count) is subtracted from the non-
executed paper feed amount A {step S11) and from the remai-
ning printable amount LL {step S12}. Then, it is checked

whether the non-executed paper feed amount A has become "0O"

(step S13).

When the non-executed paper feed amount A is still not "0",

the remaining printable amount LL is checked in step S14.
When the amount LL is not "0", this meaning that there

still remains a printable space within the override amount
L, control returns to step S10 to perform the next one line
paper feeding.-In this way, the paper feeding is repeated
until either the non-executed paper feed amount A or the

remaining printable amount LL becomes "0".

When it is detected in step S13 that the non-executed paper
feed amount A has reached "0", the following processing is

performed to terminate the paper feeding. First, the remai-—

ning printable amount LL is checked in step S15. When the
remaining printable amount LL is "0", i.e. when the bottom-
most line of the paper 29 has been reached, the no-paper
flag PE is reset (step S16). After printing on the bottom-
most line has been performed (step S17) the PF motor 27 is
driven to eject the paper 29 (step S18), and the print con-

trol processing is stopped (step S19). If desired,

step S18

may be omitted and the processing stopped immediately after

printing the bottommost line. After the processing has come

to a stop a new paper 29 is set in the printer. With the

next print control command from the host computer 5 the

print control is restarted.

heet Has Been Replace d
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LL within the override anmount L. On the other hand, wh¢ngt I
flag PEis in a reset state, control advances F ﬂ?@gﬁEgﬁ@fﬁng
metor 27 is driven by one unit paper fegdaeoonERT doh E@?We tch), and the
"1" (the just executed paper feed Iing, ount )RAPSASER ed f2 BrGWA996

non- execut ed paper feed

o

o

=]

When it is detected in step S15 that the remaining prin-
table amount LL is not "0", that is when the bottommost
line of the paper 29 has not been reached yet, the paper
feeding is terminated and the no-paper flag PE kept in the
set state in preparation for the successive execution of
the print control in accordance with the next control com-

mand.

When it is detected in step S14 that the remaining print-
able amount LL is "0", that is when the bottommost line of
the paper 29 has been reached before the instructed amount
of paper feeding is completed, the no-paper flag PE is re-
set (step S20), the PF motor 27 is driven to eject the pa-
per 29 (step S521), a condition is set (step S22) such that
the paper feeding corresponding to the non-executed paper
feed amount A will-be performed before restarting of the
print control with respect to a new paper 29, and then, the
processing comes to a stop (step S519). If desired, steps
S21 and S22 may be omitted such that the processing comes
to a stop immediately after step S20.

As described above, when the output of the paper detector
13 once changes to the paper absent signal, the no-paper
flag PE is set (steps S5 and S87), and then it is only the
no—-paper flag PE which is checked in step S2 and no longer
the paper detector 13. Accordingly, while the no-paper flag
PE is in the set state the paper feeding is performed {(step
S10) until either the instructed paper feed amount has been
performed {(step S13) or the bottommost line of the paper is
reached (step S14 or S15). Accordingly, if chattering oc-
curs after the paper detector 13 once outbut the paper ab-
sent signal any erroneous recognition with respect to the
presence of absence of paper will not result so that the

remaining printable space will be the same for each paper

without variation.
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a&nunt Ain step S4. Then the output of the paper detector 13-is.checked.in
step S5. Wen its output indicates that papefiskfest il sPLF gnREPLABEMENT SHEET
nen- execut ed paper feed anount REPLACED

10 2 5 NOV 1996

As a modification of the explained embodiment, a total exe-—
cuted paper feed amount M accumulated after paper absence
has been detected, may be introduced. In this case, the to-
tal paper feed amount M is reset to "0" when the output of
the paper detector 13 changes to the paper absent signal.
Thereafter, "1" is added to the total paper feed amount M
without performing the detecting of the paper each time one
unit paper feeding has been performed, the no-paper flag PE
is reset when the total paper feed amount M reaches the ma-
ximum printable line count within the override amount L,
and at this moment, the paper is ejected and the print con-

trol stopped.

Although a preferred embodiment of the present invention
has been described above, various modifications may be made
thereto. For example, although in the explained embodiment
the non-executed paper feed amount A, the remaining prin-
table amount LL and a total executed paper feed amount M
are stored in the RAM 12 and the increasing/decreasing of
these values is performed by means of the CPU 9 in accor-
dance with software, counters may be used for storing and
processing such values. In this case, the volume of proces-
sing dependent on the software decreases, so that the speed
of control processing can be enhanced. Although in the ex-
plained embodiment the values A, LL and M are converted
into the form of a line pitch count, these wvalues may be
converted into the form of a step count of the PF motor 27.
Further, although in the explained embodiment the maximum
printable line count within the override amount L is calcu-
lated when paper absence is detected, on the basis of the
override amount L, the paper rear edge marginal length and
the line pitch (step S7 in Fig. 4), where the paper rear
edge marginal length and the line pitch are fixed, the ma-

ximum printable line count is also a fixed value so thap
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A'i's checked to see if it is "0" (step S6). Wien it is not "0", control
returns to step S3 and one unit paper feeding is perforned again...\Wile the

out put of the paper detector 13 indicates jpangisyR sRm%ﬁCEwawhngET
sequence is repeated to performthe paper {f eedi; mstep—S6

reveal s that the non-executed paper fe a '

paper feedi ng ends. When paper absencg Is detected in step 55,2§%§B%f@96
when the output of the paper detector 13 changes to the paper sent.. signal
upon the one line feeding of the paper in step S3,

the foregoing calculation processing can be omitted by pre-
viously setting these fixed values in the ROM 11 or RAM 15.
Further, where the host computer is managing the paper rear
edge marginal length and/or the line pitch so that the
printer needs not to consider such values, the override
amount L can be used in place of the maximum printable line

count without modification.
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the maxi mum printable line count within the override amobunt L is set (for
initialization) as the remaining printable anmount LL (step S7). It should

be noted tThat—the—taxi-unprjntable Iine count is the maxi mum nunber of

| i nes that r- within a portion of the paper cofrr

t he overri Jw !"ﬂ mfm the paper [nesk edBF eB%}s |eR§nEW$§'?e§%ET
I s assuned t*hat ear edge mahgin '§E§EE§E K an tlhe overri de
Concurrently with the initialttve se

printabl e amount LL, the no-paper flag PE is changed fromt e reset state
to the set state (step S8). Following this initiative prodges- sing, tne

non- execut ed ¢IeddMS f eed anmount A is checked in

anount L).

en 50 1996
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1. A control device of a printer including means (21,
31) for performing printing, means (9, 11, 15, 19, 27} for
performing paper feeding and means (13) for detecting the
presence or absence of a paper (29), where the printer is
configured so that the paper still has ‘a given printable
amount (LL) when the output of the paper detecting means
changes from a state indicating paper presence to a state
indicating paper absence, comprising

means (9) for judging, aftef the output of the paper
detecting means (13) has once changed to a state indicating
paper absence, whether additional printing is possible or
not on the basis of the given printable amount {LL) and the
amount of paper feed actually performed, and

means (9) for permitting, while printing is being
judged to be possible, the operations of the printing
performing means and the paper feeding performing means
irrespective of the output of the paper detecting means
(13).

2. The control device according to claim 1, wherein
the judging means (9), after the output of the paper detec-
ting means (13) has once changed to a state indicating pa-
per absence, subtracts a given unit paper feed amount from
the given printable amount (LL) each time paper feeding is
performed by said given unit paper feed amount and judging
printing to be possible until the subtraction result rea-

ches zero.

3. The control device according to Claim 1, wherein
the judging means (9), after the output of the paper detec-—
ting means (13) has once changed to the state indicating

paper absence, accumulates a given unit paper feed amount

cet Has Been Replaced
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s{ep S9.

When the non-executed paper feed anount Ais "0", the pro-
cessing routine cones to an end since the paper has ac- tu

t ke anmount

instructed by the control B M..the_ot her

Ingt dggg 1ﬂﬂmn‘ni“ﬂﬂmmnrpt the non-e Eﬁiseﬂ'ngACED GHS BEERd| anput A 1S STTTT

et
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each time paper feeding is performed by said given unit
paper feed amount and judges printing to be possible until
the accumulation result reaches the given printable amount

(LL) .

4. A control method of a printer including means (21,
31) for performing printing, means {9, 11, 15, 19, 27) for
performing paper feeding and means (13) for detecting the
presence or absence of paper ({29), the configuration being
such that the paper still has a given printable amount (LL)
when the output of the paper detecting means changes from a
state indicating paper presence to a state indicating paper
absence, said control method comprising the steps of

judging whether additional printing is possible or
not, after the output of the paper detecting means (13)
once changed to the state indicating paper absence, on the
basis of the given printable amount (LL} and the amount of
paper feed actually performed and

permitting the operations of the printing performing
means and the paper feeding performing means while printing
is being judged to be possible, irrespective of the output

of the paper detecting means (13).
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Abstract of the Disclosure

CONTROL METHOD AND CONTROL DEVICE OF A PRINTER

Disclosed are a control device and a control method for a
printer of the type including means (21, 31) for performing
printing, means (9, 11, 15, 19, 27) for performing paper
feeding and a paper detector (13) and being configured so
that a paper still has a given printable amount when the
output of the paper detector (13) changes from a paper pre-
sence indicating state to a paper absence indicating state.
The control device comprises means (9) for judging whether
additional printing is possible or not, on the basis of the
given printable amount and the amount of paper feed that
has been actually performed after the output of the paper
detector (13} once changed to the paper absence indicating
state, and means for permitting the operations of the prin-
ting performing means and the paper feeding performing
means lirrespec¢tive of the output of the paper detector

while printing is being judged to be possible.

FIGURE 1



goes to step S10. As a result,

performed while nonitoring the renaining printable amunt LL

Then,

the paper feeding is succes- sively

Specifically,

first the PF nmotor 27 is driven by one unit paper feed anoun{ g ﬁ@ﬁ» -~
(the just executed paper feed i acgggﬁpgn#IfﬁﬁgE{
non- executed paper feed amount A (step S11)Ract E? 8ﬁ$§ﬁ%Nrewa - qin%
printable amount LL (step S12). Then, it | ert the 25NOV 1996
non- execut ed paper feed' amount A has becgnme "0" (step S13).
13 3'1
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element computer
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When t he non-executed paper feed amobunt Ais still not "0", the remaining

printable amount LL is checked in step S14. Wen the anmount LL is'not "0",

this meaning that there still renmains a printable space within the override

anount L, control returns to step SIOto performthe next—ere—ti-nre-—paper

feeding. In this way, the paper feedi fg IS G@praneseant| | BEHU&EEMEM@ SHEET

non- execut ed paper feed anount A or tHe Tenggiiapgpprintia I$ amount TC pie
’ on- r

|

becones "0". Wien it is detected in istep 5 ) a
feed anmount A has reached "0", the follow ng processing i 2ENGP BB

FIG. Z A




perforned to termnate the paper feeding. First,

the remai -

ning printable

anount LL is checked in step-S15. Wien the remaining printable anount LL is

"0", i.e. when the bottom nost
no- paper flag PE is reset (step 516).
| i ne has been perforned (step 517) the PF notor 27 is dr
paper 29 (step S18), and the print con- trol processing i

S19). If desired, step S18 may be omi3
i mredi ately after printing the bottomn
come to a stop a new paper
control command fromthe host conputer 5 the
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when it is detected in step S15 that theéié f,%g-'?pri tabl-e—atrount-—tk
| of

Is not "0",
reached yét

, the paper feeding is term nated a@@@e no-jpdper 1rag PE Keﬁp
in the set state in preparation for the successTve~“executijon ef JhRewbsi nt
control in accordance with the next contrpl comco@fd. e% ii’ fism

detected in
i's when the

e paper REBLMEBIENGt SifEén

that is when the bottommobst |

H n n
s —+t-ha

step S14 that the renmining print- able anount

REEHREI S COMrROLLING A PAPER FEEDING DEVICE IN A PRINTER |

This invention refates to a method of controlling a paper feeding device in a
printer.

Printers generally include a paper detector for detecting whether a paper has .
been set in a printable state. This paper detactor is generally disposed in front
of a print head with respect to the feed direction of the paper. Accordingly,
when the output of the paper detector changes from a paper present signal to
a paper absent signai, there still remains a portion of the paper corresponding
to the distance between the print head and the paper detector (this portion of
the paper will be referred to.as the override amount in the following).

To permit printing on the portion of the paper corresponding to the override
amount after the output of the paper detector has changed to a paper absent
signal, a conventional printer continuously monitors the output of the paper
detector and, while it indicates paper absence, continues printing on the paper
until 2 maximum printable line count within the override amount has been
reached. When the. output of the paper detector changes 10 a paper present
signal, the printer, considering that new paper has been set, terminates the
print control action with respect to the paper just printed and starts to eject it.

However, since the paper detector generally comprises a microswitch which is
actuated by the weight of the paper or a photo transistor unit which is
actuated when light is interrupted, the output levei of the paper detector tends
to include chattering caused by a vibration of the paper, printer, etc.
Accordingly, if such chattering arises in the course of execution of a print
control for the remaining override amount after the output of the paper
detector has changed to a paper absent signal, a paper present signal may be
erroneously recognized so that a paper print action is performed despite of a
non-printable state. From that, the defect resuits that the remaining printable
space after paper absence has been detected varies from paper to paper.



t he paper 29 has been reached before the -instructed amukt—eé-—paper
feeding is_ conpleted, the no-paper flag PE is re- set ( t&ﬁ?[S{&E}ﬁEEI%E@T:

mot or 27 is driven to eject the pa- rer 29 (step S21), 3
(step 822) such that the paper feeding corresponding to itHe g@)n Eﬁe}g%ej
paper feed amount A will be perfornmed befpre restarting jofj t ‘E)

control with respect to a new paper 29, and then, the prio | |
stop (step S19). If desired,, ste an 22 may_be 1 tted such that the
- PN e i N ST DR

processi ng co

rnt

including a zrinting device, a paper feeding device and a microswitch for
detecting presence or absence of paper, where the printer is configured so
that the paper still has a given printable amount when the output of the
microswitch changes from a state indicating paper presence to a state
indicating paper absence. In this prior art, when the microswitch indicates
paper absence, a calculation is performed on whether the rest of the text still
to be printed completely fits into the given printable amount. If this is the
case, printing is performed whereas otherwise printing is interrupted.

The document EP-A-0 072 709 discloses a method and a control device of a
printer including a printing device, a paper feeding device and an optical
photosensor for detecting the presence or absence of a paper, where the
printer is configured so that the paper still has a given printable amount when
the output of the paper detecting means changes from a state indicating paper
presence to a state indicating paper absence. Each time the photosensor
delivers a signai indicating paper absence, a subtraction counter is set to the
given printable amount still remaining on the paper at the moment of paper
end detection. Each time the paper is fed by a unit amount, the count value of
the subtraction counter is reduced by one, and an arithmetic circuit judges
whether additional printing is possible or not on the basis of the given
printable amount originally set in the subtraction counter and the amount of
paper feed actually performed, their difference being compared to the sum of
the height of the next line to be printed and the distance between the current

line and the next line.

The document JP-A-59 52 685 discloses a printer comprising a detector for
detecting presence or absence of the paper. When absence of paper is
detected after an N-th line has been printed and prior to printing an (N+1)th
line a residual paper feed amount is calcufated to be compared with a paper
residual amount. The previous paper feed amount is calculated by counting a
drive puise applied to a motor. Thereby absence of paper is displayed only
when a final line actually can not be printed.

It is an object of the present invention to provide a method of controlling a
paper feeding device in a printer which allows to make certain a remaining
printable space after paper absence has been detected.

o tT o 1S Set

(0]




As descri bed above, when the output of the paper detector 13 _once changes
to the paper absent signal, the no-paper flag PE is set gp@;@gl\ﬁ%ﬁTﬁhﬁEB?
and then i't is only the no-paper flag PE which is checke R-st-ep—S2-and

| onger’ the paper detector 13. Accordingly, while the nd aper @@g‘ggg S
the set state the paper feeding is perfomgmed (step S10) Unt 26 ¢nlh t he

I nstructed paper feed anount has been performed (step c13) or _the

bot t onmost s reach ste S14 or SU5). Accordingly,
chattering o c%?lﬁc %&P ‘?’8@ M8 ce out putthe-paper—abe
sent signal any erroneous recognltlon Wi th respect to the presence -of

absence of P?RE rm\%cjlt%oﬂq%ﬂ beesgxﬁlaﬁxgdtlna&etﬁp%elow with reference to the drawmgs
which show a specific embodiment only and in which:

Fig. 1 is a general block diagram showing an embodiment of the control
device,

Figs. 2(A) and (B) are a perspective view and a side view, respectively,
showing the relationship in the arrangement between a print head
and a paper detector,

Fig. 3 is a circuit diagram showing the electrical connection between the
paper detector and a CPU, and

Fig. 4 is a flowchart for explaining the operation process of the CPU used in
the embodiment of Fig. 1.

Fig. 1 shows the general structure of a device suitabe for executing the
method according to a preferred embodiment of the present invention.

A printer controi device 1 is connected via an interface (I/F} section 3 with an
external host comphter 5. Supplied from the host computer 5§ are print data,
print control commands {(e.g. paper feed control commands}, etc. Such data
are temporarily stored in the I/F section 3 or in a RAM 15.

The I/F section 3 is connected via an address/data bus 7 with a CPU 9. The
CPU 9 is connected via the bus 7 with a ROM 11, so that the print action is
controlled in accordance with a control program stored in the ROM 11. In con-
trol aperatian, the CPU 9 reads and interprets the data stored in the I/F section
3 and, if necessary, refers to the signal from a paper detector 13, a variety of
print contro! data previously stored in the ROM 11 or RAM 15, etc. Then, the
CPU 9 performs a calculation .on such data in accordance with the control
program. The CPU 9 sends various control commands through the bus 7 to a
CR maotor drive circuit 17, a PF motor drive circuit 19, and a head drive circuit

21.



remei ning printable space will be the same for each paper wi thout
vartation., 1 REPLACEMENT SHEET
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The CR motor drive circuit 17 drives a CR motor 23 in accordance with the
command from the CPU 9, resulting in a carriage 25 being shifted. The PF
motor drive circuit 19




As a nodification of the expl ained enbodi nent, a total exe- cuted paper
feed anobunt M accunul ated after paper absence has been detected, may be
introduced. In this case, the to- tal paper feed amount. M.is reset to ~Q"
when t:he out put of the paper detector 13 changes to thg @gnggggg$p@HEErJ

signal. Thereafter, "1" is added to the §otal paper fegd
erformng the detecting of the paper each tine one unit r f ng has
perform ng g of the bep PIPE

been perforned, the no-paper flag PE

drives a PF motor 27 resulting in paper 29_being fed. Gene-
rally, both the CR motor 23 and the PF motor 27 are compri-
sed of a step motor. In this case the number of steps of
the step motor determines the amount of Shlft .of the car-
rlage and the amount of feed of the paper respectlvely

The head drzve circuit 21 drives a prlnt head 31 attached
to the carrzage 25, to perfor1 przntlng Printing is per-
formed whlle the oarrlage 25 is shlfted whereas paper fee-

ding is performed while the carrlage 25 is at a stop.

The RAM 15 includes memory areas for holdzng a non-executed
paper feed amount A, a remaznxng prlntable amount LL and a
no-paper flag PE Further, the RAM 15 has memory areas for
holding format deta. such as a lzne pztch a character ma- .
gnifying. factor and a paper rear edge margznal length. It
should be noted that the line pztch and the rear edge mar-
ginal length.are given in the form of a step count to the
PF motor 27. The non-execnted paper feed-amount A and the
remaining printable amount LL are given in the form of a

line,. pitch count.

As 1llustrated in Figs. 2 (A) and (B) the paper fed from a
paper supply guide 33 is 1nserted between a platen 35 and a
paper feed roller 37. The paper 29 is fed upward along the
surface of the platen 35 in front of the prlnt head 31 in
response to a rotatlon of the platen 35 drlven by ‘the PF
motor 27. The feeding of the paper is performed in units of
the line pitch that has been previously stored in the RAM
15.in the form of a step count for the PF motor 27 as men-

tioned before.

When the paper feeding is completed, the carriage 25 is
-shifted along guide rods 39 and the print head 31 is con-
"trolled to perform the printing of one line. Generally, the



Is reset when the total paper feed ambunt M reaches the np- xinmum printable

| ine count within the override ambunt L, and at this nmonmgh e n; S

ej ected and the print con- trol stopped. Al t hough a prefgﬁpggﬁ@ﬁﬂgdﬁﬁﬁﬁt

of the'present invention has been described above, various {nmodifications

may be nmade thereto. For exanple, althougp in the explaired epgogly t he

non- execut-ed -paper feed anmount A, theremaining prin- tablje{anount LL andj a
execut ed paper feed anobunt Mare stored in the RAM{lZand—the

I ncreasi ng/ decr easi ng of :

line printing and the paper feeding are repeated alterna-
tely. '

In the present embodiment, the paper detector 13 is made of
a microswitch which is attached to the back side of the paper
supply guide 33 and has a detecting pin 13a projecting from
the surface of the paper supply guide 33. Thus, when paper 29
is set onto the paper supply guide 33 the switch is turned on
due to the weight of the paper 29, and it is turned off when
the rear edge of the paper passes over the detecting pin 13a
in the course of the paper feeding. A detecting element other
than a microswitch, for instance an optical detecting element
such as a photo transistor may be used as the paper detector
13 instead of the microswitch.

As illustrated in.Fig. 3 the paper detecﬁor'13'is connectéd
between a DC power source terminal +V and ground and sup-
plles a low-level szgnal when it is ON (paper present si-
gnal) and a high-level signal when it is OFF (paper absent
signalf to an input_port 41 of the CPU 9.

.Referrlng to Fig. 2 (B) again, when the rear edqe of the
paper 29 passes over the detecting p1n 13a, the output of
the paper detector 13 changes from the paper present signal
to the paper absent signal. At this time, a paper portion
_whose length corresponds to an overrzde amount L st111 re-
maxns to be pr1nted upon on the upstream side ot a paper
reta;nzng plate 40 dlsposed 1mmedlately before the print
head 31. The override amount L is a tixed value depending
on the relative pos:tlon between the prlnt head 31 (or the
retaxnlng plate 40} and the paper detector 13. The overrzde
amount L is previously stored in the ROM 11 or RAM 1S after
having been converted lnto the torm of a step count of the
PF motor 27. The number of lines (the pr1ntable line count)
actually przntable with in the overrzde amount L varies de-



these values is perfornmed by neans of the CPU 9 in accor- dance with

sof tware, counters nmay be used for storing and processi
this case, ‘the volune of proce. sing dependent on the spf 5 Mﬂ%r&ﬁﬁﬁs

so that the speed of control processing can be enhanced. jAlt houg

ex- plained enbodi mrent the values A, LL ad M are conv _rtedzémmtﬁz form
of aline pitch count, these values may be converted into the for #

step count of the PF mot or  27. Further, although in the expl ai ned

enbodi ment the maxi mum printable line count within the override anount L is
cal cu- | ated phedipgper ahaebifzi gtdehecboﬂt Orhé heh dviesitse rofrdghid fgMierg i de

amount L, thefg% &t aggr §g98a€§£9'2§{ e ggt£EEE¥L31 length. Such format
data are supplied from the host computer S in advance of
the prznt data and print control data and are previously
stored in a dedicated memory are; ‘of the RAM 15.

The operation of the embodiment explained thus far will be
described with reference to the operation processing rou-
tine of the CPU 9 shown in Fig. 4. '

This routine is executed each time a control command in-
structing a papér feeding is apblfed to the CPU 5. First,
the papef feed amount indicated by the control command is
‘stored in the RAM 15 as the non;executed paper feed amount
A (step S1). By checking the no-paper flag PE held in the
RAM 15 it is then judged whether paper was absent or pre-
sent at time of the last paper feeding (step S$2). As will
be described hereinafter, the no-paper flag PE is set when
the output of the paper detector 13 changes from the paper
present to the paper absent signal and is kept in the set
state until the amount of paper feeding from the time when
the no-paper flag PE was set exceeds the maximum prlntable
line count within the override amount L.

When @n step S2 the no-paper flag PE is found to be in set
state, the control goes to step S10 hereinafter described
in order to perform thé paper feediné in a range not excee-
ding the printable line count (remaining printable amount)
LL within the override amount L.

On the other hand, when the no-paper flag PEB is in a reset
state, control advances to step S3. In step S3 the PF motor
27 is drzven by one unit paper feed amount (one line
_p;tch) and then "1" (the just executed paper feed line
count) is subtracted from the non-executed paper feed



the line pitch (step S7 in Fig. 4), where the paper rear echEm@mgMggrSHBq
|l ength and the line pitch are fixed, the ma- xi mum pri nt ablje fr+re—-eceunt

| fixed val t hat |
also a fixed value so tha 26 JAN 1998

amount, Ailn =tep S4. Then the output of the paper detector
3 is checked ln step SS When its output "indicates that
.paper is s;;ll.present, the non-executed paper feed amount
A is_checked‘to see if it is "0" (step S6). When it is not
"O"ﬁ-con;rol returns toc step §3 and one unit paper_feeding
_is performed again. Wnile'the cuépnt of the paper detector
13 1nd1cates paper presence. this prcce551ng sequence is

,repeated to perfcrm the paper feedzng. Finally, when step
S6 reveals that the ncn-executed paper feed amount A has
reached "0", the paper feeding ends. ’

When paper absence 1s detected in step S5, that is when the
.output of the paper detectcr 13 changes to the paper abksent
szgna; upon the cne line feedlng of the paper in step s3,
the maximun princable line ccunt"ﬁitnin the override amount

.L is set {(for initialization) as the remaining printable
amount. LL {step 7). It should be ncted that the maximum
nr*ntable line count 1s the maxlmum number of lines that
can be printed within a portion of the paper corresponding
to the overrzde amount. L mznus the paper rear edge marginal
.length.(here lt is assumed that the paper rear edge margln
is smaller than the overr1de amount L). Concurrently with
the 1n1t1at1ve settzng of the remaznlng printable amount
LL, the no-paper flag PE zs changed from the reset state to
the set state (step s8). Fq110w1ng this initiative proces-
sing, the non-ekecuted paper feed amount A is checked in
step 89. . |

When the non-executed paper feed amount A is "0", the pro-
cessing routine comes to an end since the paper has ac-
tually been fed to the amount 1nstructed by the control

t command.

On the other hand, when it is detected in step $9 that the
non-executed paper feed amount A is still not "O0", control



12 t he foregoing cal cul ati on processing can be om tteg—by viou
setting these fixed values in the ROM 11 or RAM 15. Furt herﬂgﬁhﬁ%ﬂ&mhgf“’%ét

conputer i$ managi ng the paper rear edge margi nal | ength anfd7or the‘llne
pitch so that the printer needs not to consider such val uges gﬂg e
amount L can be used in place of the maxigum printable |ihe nt mnt

nodi fication.

goes.to etep S10. As a result, the paper feeding is succes-
siveiy perfotmed while monitoring the remaining printable
amount LL. Specifically, first the PF motor 27 is driven by
one unit paper feed amount.(step S10). Then, "1" {(the just
executed paper'feed line count)'is:subtraoted from the non-
executed paper feed amount A (step Sll) and from the remai-
ning printable amount LL (step S12). Then, it is checked
whether the non-executed paper feed ‘amount A ‘has become "0"
(step S13). ’

When the non-executed paper feed amount A is still not "0",
the remazn;ng printable amount LL is checked in step S14.
When the amount LL is not "0", thls meaning that there
still remains a printable space within the overrxde amount
L, control returns to step S10 to perform ‘the next one line
paper feeding. In this way, the paper feeding is repeated
until either the non-executed paper feed amount ‘A or the
remaining prlntable amount LL beconmes non,

When it is detected in step 513 that the non-executed paper
feed amount A has reached "0", the following processing is
performed to termznate the paper feeding. First, the remai-
ning pr1ntah1e amount LL is checked in step 815 When the
remaining printable amount LL is "0", i.e. when the bottom-
most line of the paper 29 has been reached,’ the no-paper
flag PE is reset (step S16). After printing "on ‘the bottom-—
most line has been performed (step S17) the PF motor 27 is
driven to eject the paper 29 (step S18), and the print con-
trol processing is stopped (step S19). If ‘desired, step S18
may be omitted and the processing stopped immediately after
printing the bottommost line. After the ﬁrooeséing'has_come
to a stop a new paper 29 is set in the printer. With the
next print control command from the host computer 5 the
print control is'testarted._
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CLAIM
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¥hen it is detected in step S1S that the remaining prin-
table amount LL is not "0", that is when the bottommost
line of the paper -2 has not been reached yet, the paper
feedlng 1s terminated and the no-paper flag PE kept in the
set state 1n preparatlon for the successive execution of
the print control in accordance v1th the next control com-

nand.

When it is detected in step Si4 that the remaining print-
able amount LL is "0", that is when the bottommost line of
the paber 29 has been reached before the -instructed amount
of paper feeding is completed, the no-paper flag PE is re-
set (step S20), the PF motor 27 is driven to eject the pa-
cer 29 {(step S21), a condition is set (step S22) such that
the paper feeding correspcnding to the non-executed paper
feed amount A will be performed before restarting of the
pr1nt control with regpect to a new paper 29, and then, the
processxng comes to a stop (step S19). If desired, steps
s21 and S22 may be omitted such that the processing comes
te a stop 1mmedlate1y after step szo

As descrzbed above, when the output of the paper detector
13 once changes to the paper absent signal, the no-paper
"flag PE 13 set (steps S5 and S7), and then it is only the
no-paper flag FE whlch is checked in step S2 and no longer
the paper detector 13. Accordlngly, while the no-paper flag
PE is'in'tﬁe set state the paper feeding is performed (step
510) untzl either the instructed paper feed amount has been
performed (step S13) or the bottommost line of the paper is
reached (step S14 or s1i5). Accordingly, if chattering oc-
curs after the paper detector 13 once output the paper ab-
sent szgnal any erroneous recognztlon with respect to the
presence of absence of paper will not result so that the
remaining przntable space will be the same for each paper

~without’ varzation.



A nmethod of controlling a paper feeding device in a printer f L.nting on
a remai ning portion of paper still to be advanced beyond a pr eV T
when t he absence of paper is detected by a paper detecting d
said nethod conprising the steps of: (a) setting a p

means (13), and storing a given prlntable anount (L) within
portion as a first val ue,

As a modification of the explained embodiment, a total exe-
cuted paper feed amount M accumulated after paper absence
has been detected, may be introduced. In this case, the to-
£al paper feed amount M is reset to "0" when the output of
the paper detector 13 changes to the oaper absent signal.
Thereafter, "1" is added to the total paper feed amount M
without"performimg_the detecting of the paper each time one
unit paper feeding has been performed, the no-paper flag PE
is reset when the total paper feed amount M reaches the me-
ximum printable line count within the overrlde amount L,
and at this moment, the paper is ejected and the print con-

trol stopped.

Although a preferred embodiment of the present 1nventlon
has been described above, various modiflcatlons may be made
thereto. For example, although in the explalned embodiment
the non-executed paper feed amount A, the_remainihg prin-
table amount LL and a total executed paper feed amount M
are stored in the RAM 12 and the increasing/decreasing of
these values is performed by means of the CPU 9 in accor-
dance with software, counters may be used for storzng and
processing such vaiues. In this case, the volume of proce.
sing dependent on the software decreases, S0 that the speed
of control processing can. be enhanced. Although in the ex-
plained embodiment the values A, LL and M are converted
into the torm of a line piteh count these values may be
converted 1nto the form of a step count of the PF motor 27.
Further, although in the explazned embodzment the maxlmum
printable line count w1th1n the overr:de amount L is calcu-
lated when paper absence is detected, on the basis of the
override amount L, the paper rear edge marglnal length and
the line pitch (step S7 zn_Fig, 4, whereﬁthe paper rear
edge marginal length and the line pitch are_fixed,_rhe ma-
ximum printable line count is also a fixed wvalue so that



(b) storing in response to a paper feed command the anmount of

instructed by said command as a second val ue (A), (c)| cheé E¢EﬁfNTnSHEET
response to a paper feed command whet her said paper end flag ils set, and

Sso, (d) controlling said paper feeding device to advange Qgp p? 8
by a unit amount, and conparing an accunyhated val ue of suc nit anoun

with both the flrst and the second val ue, (e) judgin
a first difference (LL) between said first value and said adcunul ated val ue

or a second difference between said second value (A) and sai d accunulrated
val ue equal s zero, and (f) repeating steps (d) and (e) if step (e)

reveals that gl thgedditd Idailcd e i ARAANLHS 'RRPRE RINRLE 3 Qretile
vicusly setting these fixed values in the ROM 11 or RAM 1i5.
Further, where the host computer is managing the paper rear
edge marginal length and/or the line pitch so that the
printer needs hot to canider such values, the override.
amount L can be used in place of the maximum printable 3

line
count without modification.



(9)

when step (e) rp\/pal s t.. econd difference equal s zegﬁgméﬁf

first differen (h) resetting the paper ad
(e) reveals thﬁ Ui l!ﬂ“iierence (LL) equals zero, and (i) if
both the first | fference gual zero, contlydl | PggJANESI8

printing device for printing a fast |line and then control{ijng the paper

repeating steps (c) to (e) in response to another paper feed command

T SHEEL,

feeding device for ejecting the paper, while (j) ijf Thesecond

di fference does not equal zero, controlling the paper fedding device for
ej ecting the paggk2Hid storing the second difference for controlling the
paper feeding device after a new paper has been set.

A method of controiling a paper feeding device in a printer for printing
on a remaining portion of paper still to be advanced beyond a printing device
when the absence of paper is detectea by a paper detecting device {13}, said
method comprising the steps of:

(a} setting a paper end flag {PE) when an output of said paper
detecting means (13} changes from a state indicating paper presence to a
state indicating paper absence, said paper end flag once set being independent
of the output of the paper detecting means (13}, and storing a given printable
amount {L} within said remaining portion as a first value,

{b} storing in response to a paper feed command the amount of paper
feed instructed by said command as a second value (A},

{c) checking in response 10 a paoer feed command whether said paper
end flag is set, and if so,

(d) controlling said paper feeding device to advance the paper by a unit
amount, and comparing an accumulated vaiue of such unit amounts with both
the first and the second vaiue,

(e) judging whether either a first difference (LL) between said first
value and said accumulated value or a second difference between said second
value (A) and said accumuiated value equals zero, and

(f} repeating steps (d) and (e) if step {e} reveals that neither the first
nor the second difference equals zero, while

{g) repeating steps (c} to (e} in response to another paper feed
command when step {e} reveals that the second différence equals zero while
the first difference does not,

{h) resetting the paper end flag if step (e) reveals that the first
difference (LL) equais zero, and

(i) if both the first and the second différence equal zera, controlling the
printing device for printing a last line and thén controlling the paper feeding
device for ejecting the paper, while

{j) if the second difference does not equal zero, controlling the paper
teeging device for ejecting the paper and storing the second difference for
controlling the paper feeding device after a new paper has been set.
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