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The present invention relates. to a printing apparatus, and, more particularly, it relates to a
printing apparatus suitable for systems, such as point-of-sale {POS} terminals and electronic
cash registers (ECR), used in processing monetary transactions.

Conventional printing apparatuses include a status request command within the control
command set, and send printing apparatus operating status information to a host computer in
response the each status request command received from the host computer. The host
computer sends the status request command as required to obtain the current status of the

printing apparatus.

However, when the status of the printing apparatus changes between execution of one status
request command and the execution of the next following status request command, the host
computer is not immediately informed about such change, and so a time delay occurs
corresponding to the time interval between the moment the status changes and the execution
of the next following status request command. To reduce this time delay, the host computer
frequently sends the status request command to the printing apparatus at a very short interval.
This frequent sending of the status request command greatly increases the overhead on the

host computer.,

Thus, since a large volume of status data is sent from the printing apparatus irrespective of
whether there is a change in the printing apparatus status, the efficiency of status data
interpretation in the host computer is significantly reduced because status data having the
same content is received and interpreted more than once consecutively. Finally, frequent
execution of the status request command by the printing apparatus also reduces the
throughput of the printing operation. .

Therefore, the object of the present invention is to remedy these drawbacks of the prior art and
to provide a printing apparatus, and a method of controlling it, that allow to reduce the
processing overhead in the host computer and, at the same time, increase the throuput of the

printing operation.

This object is achieved with a printing apparatus as claimed in claim 1 and a control method as
claimed in claim 10, respectively.

Preferred embodiments of the invention are subject-matter of the dependent claims.

Normally, the status information comprises a plurality of status data representing individual
operating states such as the on-line/off-line state, a paper detector state. an error/no error state
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the printi ngblggp %{; astta"{xsjs Ef)lfﬁpmgtﬁg L}gr?rﬁsekgr?g one or more operating states will hereinafter be
referred to as "status byte”. The use of the term "status byte” is not intended to impose any
restriction with respect to the data format and length that can be employed according to the

present invention.

The present invention provides a highly refiable and efficient system by transmitting status
information in response to a single automatic status selection and transmission command
{referred to as ASB command in the following {ASB = Automatic Status Back)) each time and
only when any of one or more operating states selected by the ASB command change. This
enables the host computer to obtain the change in the status of the printing apparatus
automatically and immediately. The overhead for command transmission is therefore reduced
because the host computer no jonger frequently outputs the status request command. In
association therewith, the throughput of the printing apparatus is improved because the
frequency of status request command execution is reduced.

In one embodiment of the invention the status information includes one status byte only. The
ASB command selects one or more operating states represented by the status byte. Whenever
a change in any one of the selected operating states occurs, the status byte will be sent to the

host computer.

In another embodiment of the invention the status information includes plural status bytes. The
ASB command selects one or more operating states represented by the status bytes. Whenever
a change in any one of the selected operating states occurs, either all of the status bytes will
be sent, or, more preferable, only those status bytes will be sent that include information about
the one or more selected operating states. According to this latter aiternative, by only sending
the relevant status bytes the amount of data sent to and to be processed by the host computer
can be reduced compared to the case where all of plural status bytes are always sent together.
Thus, the overhead for status data interpretation is therefore also reduced and the efficiency of
status data interpretation is improved because only the minimum required amount of status
data is used.

The invention is described below with reference to the accompanying figures which illustrate
one specific embodiment only and in which:

Fig. 1 is an averview of a printing apparatus used to describe the preferred embodiment of
the invention;

Fig. 2 is a cross section of a printing apparatus used to describe the preferred embodiment
of the invention;
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Fig. 4 is a circuit block diagram of the control circuit used to describe the preferred

embodiment of the invention;

Fig. 5 is a function block diagram used to describe the preferred embodiment of the
invention;

Fig. 6 illustrates a control command used in the present invention;

Fig. 7 is a flow chart of the overall process of a printing apparatus control method
according to a preferred embodiment of the invention;

Fig. 8 is a flow chart of a subroutine in the printing apparatus control method according to
a preferred embodiment of the invention; and

Fig. 9 is a flow chart of a subroutine in the printing apparatus control method according to
a preferred embodiment of the invention.

In general, recording paper used in the distribution industry is either cut-sheet or continuous
forms paper. Cut-sheet paper includes irregularly sized, individual voucher forms called slip
paper, and multiple-part individual voucher forms, called validation paper, of a relatively regular
size. Continuous paper includes journal paper for printing and storing store records, and receipt
paper used for simple receipts. :

Fig. 1 is an overview of a printing apparatus capable of printing to slip-, journal-, and receipt-
type recording paper.

As shown in Fig. 1, this printing apparatus comprises print head 1, which is typically a so-
called "wire dot head" comprising plural wire pins arrayed in a vertical line; and ink ribbon 3.
The print head 1 prints while being driven in a reciprocal motion as indicated by arrows 1A and
1B.

Receipt paper 17 and journal paper 18 are inserted from the back of the printer mechanism in
roll form, and are fed out from the top as shown in the figure. Slip paper 19 is inserted from
the front of the printer mechanism {arrow 19A}, and similarly fed out from the top {arrow 19B].

Near-end detector 20 for detecting the end of the receipt and journal paper is also provided.
Near-end detector 20 comprises a near-end detecting lever 20a, which is arranged to be
pushed out in the direction of arrow 20A by the end face of the roll paper as {ong as the
outside diameter of the end face is larger than a certain minimum value, and a push switch
20b, which is turned on/off by near-end detecting lever 20a. The outside diameter steadily
decreases as the end of the roll paper approaches, and when the core of the roll paper is
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reached, near-end detecting lever 20a rotates in the direction of arrow 20B. This causes push

switch 20b to switch OFF, thus detecting the near-end of the paper.

After printing is completed, receipt paper 17 is cut by cutter unit 14, and can be handed to the
customer.

The printer mechanism is covered by a housing not shown in the figures; this housing
comprises a cover that is not shown and lower case 15. Cover detector 21 is an opposed-type
photodetector, so called photo-interrupter. When the cover is closed, the beam from cover
-detector 21 is interrupted, and the cover is detected to be closed.

Fig. 2 is a cross section illustrating the operation of the printing apparatus of the present
invention during printing to continuous and cut-sheet paper. Fig. 2 (a} shows printing to
continuous paper (receipt paper in the figure); Fig. 2 (b} to cut-sheet paper {slip paper).

The wire pins (not shown in the figure) of print head 1 are provided in wire holder 1a for
printing through ink ribbon 3 to receipt paper 17 against platen 2.

Receipt paper 17 is fed by transport rollers 6a and 6b past guide roller 5 and between paper
guides 4a and 4b. The one transport roller 6a is connected to a motor or other drive power

source {not shown in the figures}.

' _Receipt paper detector 12 is a photo-interrupter, lever switch, or other detecting means
positioned in the middle of paper guides 4a and 4b; receipt paper detector 12 is shown as a
photo-interrupter in Fig. 2.

When transported by transport roliers 6a and 6b, receipt paper 17 passes between ink ribbon 3
and platen 2, through presser rollers 7a and 7b and cutter unit 14, and is fed out from the top
of the printing apparatus. The cutter unit 14 comprises cutter blade 14a and cutter cover 14b;
cutter blade 14a is driven in the direction of arrow 14A by a motor or other drive power source

to cut receipt paper 17.

It is to be noted that while receipt paper is shown in the figure, the mechanism used for journal
paper is the same except for the cutter unit. This is because journal paper is used for storing
data by the store, and is not used for customer receipts.

When slip paper is printed (Fig. 2 (b)), slip paper 19 is inserted from slip paper insertion
opening 22 at the front of the printing apparatus in the direction of arrow 19A. During roll
paper printing, slip transport roller 9a is pulled in the direction of arrow 10A by plunger 10 as
shown in Fig. 2 (a), and is thus separated from the opposing slip transport roller Sb. As a
result, it is possible to insert slip paper 19. When slip paper 19 is inserted, slip paper 19
passes between slip paper guides 11a and 11b and abuts slip transport rollers 8a and 8b.
Whether slip paper has been inserted is detected by sfip paper detector 13. If paper has been
inserted, plunger 10 is released and lever 10a moves in the direction of arrow 10B, thus



‘and each bl ock conprises 8 bits of which one or nore bits may be unused.
Theref—[ﬂ{sgh&Td ta bl ock of status information representing one or nore

operat |
of the Hmmm
respect

epL ereinafter be referred to as "status byte". The use
yte" is not intended to inpose any restriction with
ormat and | ength that can be enpl oyed according to the

present invention. The present.invention provides a highly reliable and
efficient systemby transmtting status pnformation Initially in response

to a single

automatic status selection and transni ssion command (referred

to as ASB command in the followi ng (ASB = Automatic Status Back)) and then
each tine andessingyslipheansport rofler (he agrinsholie tapsnogt fofiey 94, sandshalding stie Papyr 19e

ASB command

héreb&eed.Ni S enabl es the host conputer to obtain the change in

the stews of the printing apparatus automatically and i mediately. The host
device can store-the st

Slip transport rol?etrsugb and 9b are connected to a8 motor or other drive power source not
shown in the figures, and slip paper 19 is transported as slip transport rollers 8b and 9b and
the opposing slip transport rollers 8a and 9a rotate in the direction of arrows 8B, 98B, and BA,
9A, respectively. When printing is completed, slip paper 19 is fed out in the direction of arrow
198, plunger 10 is driven to separate slip transport rofler a from slip transport roller 8b, and
the next slip paper form can be inserted.

Printing on slip paper 19 is possible with receipt paper 17 loaded as shown in the figure, and if
carbon-copy paper is added to slip paper 19, the same information can be simuitaneously
printed to both slip paper 19 and receipt paper 17.

Note that slip paper detector 13 is a photo-interrupter similar to receipt paper detector 12.
Also shown are lower case 15 and case 16 supporting the head assembiy.

Fig. 3 is a schematic view illustrating a printing unit of the printing apparatus according to one
embodiment of the invention. The printing unit comprises the print head 1 with wire holder 1a,
a head carriage 1b and means for moving them.

As a method of detecting an error in the printing apparatus a method of detecting a loss of
synchronism in the head carriage drive motor is described with reference to Fig. 3.

Print head 1, together with its wire holder 1a, is fixed on head carriage 1b. Head carriage 1b is
driven reciprocally side to side by carriage transfer belt 32 and carriage drive gears 31a and
31b; carriage drive gear 31a is connected to a head carriage drive motor not shown in the
figure. This motor is normally a pulse motor, and is a pulse motor in this embodiment. Carriage
drive gear 31a drives rotating detector plate 34 via transfer gear 33. Rotating detector plate 34
is positioned so as to interrupt the detection beam of carriage detector 35, which is also a
photo-interrupter. Carriage detector 35 detects the rotation of rotating detector plate 34
caused by the movement of head carriage 1b.

Note that rotating detector plate 34 is propeller-shaped, and when it rotates, the output of
carriage detector 35 switches on/off on a regular period. More specifically, when head carriage
1b is driven reciprocally by the head carriage drive motor (not shown in the figure), the
movement of head carriage 1b is detected by carriage detector 35.

If the receipt paper, journal paper, or slip paper between print head 1 and platen 2 is wrinkied
or twisted and catches between wire holder 1a and platen 2, a paper jam occurs. As a result,
head carriage 1b no fonger tracks rotation of the carriage drive motor, and the carriage drive
motor loses synchronization. This loss of synchronization is detected by carriage detector 35,
and indicated as a "carriage error.”
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More specifically, when head carriage 1b moves to the left, the position at which the light
beam from home position detector 36 is interrupted is the reference point for the home
position.

When head carriage 1b with print head 1 moves toward the home position, home position
detector 36 can detect if print head 1 does not reach the home position due to a paper jam or
other factor. A home position error occurs when head carriage 1b cannot be returned to _the

home position.

A circuit block diagram of a control circuit suitable for implementing the present invention is
shown in Fig. 4.

The mechanism of the printing apparatus of the invention as described above is represented as
print head 40, motor group 41, and plunger group 42 in Fig. 4; this printer mechanism is
driven by printer mechanism drive circuit 43. The printer mechanism also comprises carriage
detector 44, home position detector 45, automatic cutter detector 46, paper detectors 47, and
cover detectors 54, each of which is connected to central processing unit (CPU) 50.

Automatic cutter detector 46 detects the position of cutter blade 14a (Fig. 2), drives the cutter
blade drive motor (not shown in the figures), and generates the detector signal at a
predetermined position. If a paper jam occurs in the cutter blades, the cutter blades will not
move to the specified position, the detector signal will not be output, and an error is reported.
This error is called a "cutter error."

Carriage errors, home position errors, and cutter errors each result in what is generally referred
to as an "error state” below.

Paper detectors 47 include near-end detector 20 {Fig. 1), receipt paper detector 12 and slip
paper detector 13 (Fig. 2).

Also connected to CPU 50, which controls the entire printing apparatus, are panel switch 49,
which may be used for manual paper feeding, for example; interface 51 for communications
with the host computer; ROM 52 for storing the control program, print character patterns, and
other static information; RAM 53 providing the receive buffer, print buffer, and other data
huffers; and one terminal of connector 48.

A cash drawer or other peripheral device may be connected to connector 48, and the state of
the connected peripheral device can be determined by detecting the TTL level of a peripheral
device state detection means 71.
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and CPU 50 interprets the data, reads the character patterns corresponding to the data code
from ROM 52, and drives print head 40, motor group 41, and plunger group 42 by means of
printer mechanism drive circuit 43 to print.

Fig. 5 is a function block diagram showing the overall mechanism of the invention, and the
relationships between the various functional means.

Host computer 61 transmits the command data, print data, and other information to the
printing apparatus. Data receiving means 62 receives the data from host computer 61 through
the interface, and temporarily stores all received data to receive buffer 63.

The received data stored to receive buffer 63 is read one by one by command interpreting
means 64, interpreted, and determined to be either print data or a control command for
controlling the printing apparatus. Control commands are applied by control means 66 to
execute the settings or operations corresponding to the command code. Print data is used to
store the character patterns corresponding to the data codes to print buffer 65. When printing
is then executed by control means 66, control means 66 reads the character pattern from print
buffer 65, and drives print head 40, motor group 41, and piunger group 42 by means of drive
circuit 43, shown as printer mechanism 67 in Fig. 5, to print.

If a paper jam or other error occurs during printing, paper transport, paper cutting, or other
stage, the error is detected by error detection means 68. The cover detectors 54 detect if the
cover is open; paper detectors 47 detect whether paper is loaded; and peripherat device state
detection means 71 detects the state of any peripheral device connected to the printing
apparatus.

The detection results from error detection means 68, cover detectors '54, and paper detectors
47 are sent through off-line detection means 72 to status data generating means 73. If off-line
detection means 72 detects an error, cover-open, or no-paper state, it outputs information to
control means 86 informing control means 66 that the printing apparatus is in a printing-
disabled state, i.e., is off-line. Control means 66 thus stops printer mechanism 67, stops
interpretation of the received data by the command interpreting means, and goes off-line. Off-
line detection means 72 also sends the off-line state detection result to status data generating
means 73.

Status data generating means 73 periodically (typically controlled by a time interrupt routine)
generates new status data (in the form of one status byte in this embodiment}, based on the
detection resuits of off-line detection means 72, error detection means 68, paper detectors 47,
cover detectors 54 and peripheral device state detection means 71.

Note that in this embodiment error detection means 68, cover detectors 54, paper detectors
47, peripheral device state detection means 71, and off-line detection means 72 are used as
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operating state detection means. Additional ones or other state detection means may be
provided as the case may be.

The interface used in this embodiment is a standard RS-232C two-way, serial interface; the
data length is set to 8 bits when the power is turned on. The status data is therefore also
generated in an 8-bit (1 byte} data format.

The new status byte generated by status data generating means 73 is compared by
comparison means 74 with the corresponding old status byte which has been stored to a
status data storing means 76. As will be explained in more detail later, depending on the resuit
of comparison, either is the new status byte sent to host computer 61 through data
transmission means 77 and also stored in status data storing means 76 to update the stored
old status byte, or not.

Automatic status selection and transmission means 75 {(simply referred to as ASB means
hereinafter) is controlled by control means 66 according to an ASB command received from the
host computer. The ASB command designates one or more operating states for selection by
ASB means 75. The selected operating state {or states) is (are} the state detected by one or
more of the state detection means explained above, When a selection is made, ASB, i.e.,
automatic status transmission is enabled. When no operating state is selected, status data
generation by status data generating means 73 is disabled and ASB is also disabled.

The content of the status byte generated by status data generating means 73 in_this
embodiment is shown in Table 1.

Fig. 6 shows an example of the ASB command code for selecting the one or more operating
states whose change is to trigger automatic transmission of the status byte from the printing
apparatus of the present embodiment to the host device. Referring to Fig. 6, [GS a] 80
indicates the typs of control command comprising the combination of the {GS] code {1DH} and

-[a] code (61H). When this code is interpreted by the command interpreting means, it is

determined to be the ASB command. The value {n] 81 is a parameter of the command, and is
specifically the value used to select one or more of the operating states. The values of [n] are
selected from among those shown in Table 2 in this embodiment, and the selected value is set
in ASB means 75 by control means 66 as shown in Fig. 5.

The default value of [n} is OH, and no operating state is therefore selected; ASB is disabled.

Figs. 7, 8, and 9 are flow charts illustrating the control method according to an embadiment of
the present invention. Fig. 7 is the flow chart of the method of executing automatic status
transmission by the printing apparatus of the invention.

Status data generating means 73 checks whether ASB is enabled or disabled as controiled by
ASB means 75 (step 101). If the check reveals that ASB is enabled, generating means 73
generates the status byte in the data format shown in Table 1 based on the detection result(s)
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means 71, and/or off-line detection means 72 at that time (step 102). If ASB is disabled, the
status byte is not generated and the process terminates.

The new status byte generated in step 102 is then compared by comparison means 74 with
the old status byte stored in status data storing means 76 (step 103). If the generated and the
stored status bytes are the same, processing is terminated because there is no change in the
status. If, howsver, the generated and the stored status bytes are different, it is further
checked whether the bit or bits that differ correspond to the status item (or items} selected by
ASB means 75 in response to an ASB command istep 104}. If the latter check reveals that the
or all bits corresponding to any selected operating state has {have) the same value in both
compared status bytes, no selected operating state has changed. In such case processing is
terminated and the status data is not re-transmitted.

If any one of the one or more selected operating states has changed (the respective bits are
different), however, the newly generated status byte is sent by data transmission means 77 to
host computer 61 (step 105), is also stored to status data storing means 76 to update the
stored old status byte (step 106), and the ASB process terminates.

Fig. 8 is a flow chart of the execution process of status information generation (step 102}
shown in Fig. 7. The status byte is initialized in the format shown in Table 1 (step 107) with a
value of 30H, specifically, no errors, paper loaded, on-line, peripheral device state LOW, and
the reserved bits set to the fixed values. If an error is then detected by error detection means
68 (step 108), bit 6, the error status bit, is set to '1* {step 109). If paper detection means 47
then detects that there is no paper (step 110}, bit 5, the paper status bit, is set to "1’ (step
111).

If off-line detection means 72 then detects an off-line state {step 112), bit 3, the on-line/off-
line status bit, is set to '1" {step 113}. Similarly, if peripheral device state detection means 71

detects a HIGH state {step 114}, bit 2, the peripherat device status bit is set to '1° {step 115).

Fig. 9 is a flow chart of the ASB command execution method in a printing apparatus according
to the present invention. Data transmitted from host computer 61 and received by data
receiving means 62 is stored to receive buffer 63. Command interpreting means 64 reads and
interprets the data from receive buffer 63, one at a time. If the interpreted command is not the
ASB command (step 116), it is executed according to the command instructions; if the
interpreted data is printing data, the print pattern is stored to print buffer 65 {step 117).

If the interpreted data was the ASB command (step 116), one data unit, i.e. the value
representing the parameter of the ASB command, is read from receive buffer 63, and the
operating state(s) to be compared for ASB transmission is selected according to Table 2. If at
least one operating state is selected i.e. the value of the command parameter is greater than
zero, ASB is enabled, but if no operating state is selected, ASB is disabled {step 118). If ASB is
disabled (step 119), the process terminates. if ASB is enabled, status data generation by status
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The generated status byte is then transmitted to host computer 61 by data transmission means
77 {step 121), and is stored to status data storing means 76 {step 122}. At this time, the
status byte previously stored to status data storing means 76 is not compared with. the
transmitted status byte. Receipt of the first status byte in response to an ASB command
informs the host computer 61 that ASB was changed from a disabled to an enabled state.

in the embodiment explained above the status byte is periodically generated by the status data
generating means 73 and a change in one or more operating states is detected by comparison
between the new status byte and the old status byte. There are alternative ways for detecting
such status change. For instance, any change in the output of any one of state detection
means could invoke an interrupt process. The interrupt process would check whether the state
detection means that invoked the interrupt is a selected one. If so, status byte generation and
transmission would be caused without requiring any comparison between old and new status
bytes.

P ...{co-pending Europsan Patent application No. 94117601.8) [prior art according to Art.
54(3) EPC) discloses a printing apparatus adapted to generate plural bytes of status
information each being individually transmitted to a host device in response to a command
from the host device designating the status byte to be sent. The principles of the present
invention may be applied to such printing apparatus. A preferred way of doing this will next be
explained as a second embodiment of the present invention.

P ...(co-pending European Patent application No. 94117601.8) explains an example wherein
the status information comprises six status bytes: 1. printer status byte, 2. off-line cause
status byte, 3. error cause status byte, 4. continuous paper detector status byte, 5. slip paper
status byte and 6. validation paper status byte {see Tables 2 to 7 in the document).

The general structure and operation of the second embodiment of the invention are the same
as those of the first embodiment expiained above. Therefore the following description will
explain the differences only.

In response to an ASB command the ASB means 78 selects ona or more operating states
among the peripheral device state, the on-linefoff-line state, the paper detector state and the
error state, for example. Status data generating means 73 periodically generates the new
status bytes based on state detection results. The new status bytes are then compared with
the respective old status bytes stored in status data storing means 76. Whenever the
comparison reveals that the selected operating state or any one of plural selected operating
states has changed, those of the status bytes that include information related to the selected
operating state(s) will be transmitted to the host device.



Recei pt paper 17 and j our nal paper 18 are inserted fromthe back of the
printer megh Q%é&ﬁﬁﬁc&orm and are fed out fromthe top as shown in

the figure. Is inserted fromthe front of the printer .
rrechanlsm( m%ﬂm d simlarly fed out fromthe top (arrow 19B).
Near - end det etecting the end of the receipt and journal paper
is also provided. Near-end detector 20 conprises a near-end detecting |ever
20a, which is arranged to be pushed out_jj. the direction of arrow 20A by
the end face of the roll paper as long as the outside dianeter of the end
face is larger than a certain mninumvalue, and a push swi tch 20b, which

IS turned ontayid 3byhowaathecruthtigfshRC beth@eh @éREtabld) perdtiy Gtited dRd dh@ZRIGY bytes
steadi |y declsga@velfsedtts thi'fHoRidelib 1h AbtorRARS WithRI¥ PRCIES exdtitle, 'S BeibdiBble
core of the ép%LJtsnBaﬁﬁgs cgmpnse peripheral device state, on-line/off-line state, paper detector state
" and error state. In the Table, S means "sent” and N means "not sent”. For example, when only
the peripheral device state has been selected in response to an ASB command, ASB
transmission will inciude only status byte 0 and will be triggered if and only if the status of the
peripheral device changes as detected by the peripheral device state detection means 71.
Similarly, when the on-line/off-line status is the oniy one selected, all status bytes 0 to 5 will
be sent in response to each change of only the on-line/off-line status. Thus, only the minimum
amount of status data necessary to provide full information regarding the selected operating
state(s) is transmitted to the host. However, if, for instance, both the peripherat device state
and the error state have been selected, the group comprising status bytes 0, 1 and 2 will be
sent in response to each change in the peripheral device status and also in response to each
change in the error state. This is because the host device does not know which of the selected
operating states has changed and might not be able to identify the status byte received first if
this depends on which of the selected operating states has changed.

As will be appreciated from the example explained above, the number of status bytes that wiil
be sent in an ASB transmission differs depending on which operating state or which
combination of operating states has been selected in response to an ASB command. Whenever
plural bytes are sent, they are sent in a predetermined order, for instance the order of the
numbering shown in Table 3, so that they may be carrectly identified by the host device.

In the above embodiments of the invention ASB is enabled and disabled by means of an ASB
command sent from the host device. It is possible, however, (although not shown in the
drawings) to provide means, such as switch means, for instance a DIP switch, in the printing
apparatus itself for allowing a user to manually set ASB ON or OFF. Setting ASB ON may
either include selection of ali available operating states or only particular ones. In such case the
configuration is preferably such that a manual setting of the ASB may be overrun by an ASB
command. In particular applications it may even be possible to omit any means for setting ASB
ON or OFF and/or for selecting particular operating states. In such case status information
representing one or more predetermined operating states would automatically be sent to the
host device whenever and only when a change in any of the states occurs. Although more
information may be sent to the host device than required it would still be less than in the prior
art. It is up to the host device whether or not to process such data that are automaticaily

offered by the printing apparatus.



- 4- eached near-end detecting |l ever 20a rotates in the direction of arrow

20B. ﬂdhmsaﬁR y switch 20b to swtch OFF, thus detecting the near-end
of th I pr|nt|ng is conpl eted, receipt paper 17 is cut by

cutte can be handed to the custoner. The printer nechanismis
covered by a not shown in the figures; this housing conprises a

cover that is not shown and | ower case 1 Cover detector 21 is an
opposed-type photodetector, so called photo-interrupter. Wwen the cover is
cl osed, the beam from cover detector 21.if%deqterrupted, and the cover is

detected to be closed. Fig. 2 is a cross section illustrating the operation
of the printing apparatus of the present

Bit Function ' Velue
! 0 l 1

0 | Reserved ] Fixed to O

1 | Reserved | Fixed to O

2 | Peripheral Device state | Low | HIGH
3 | On-line/off-line state | on-fine | off-line
4 | Reserved I Fixed to 1

5 | Paper detector state | no paper | paper loaded
68 | Error detector state | no error | | error detected
7 | Reserved | Fixed to O

Table 2
Bit Function | Value
| 0 l 1

0 | Undefined |

1 | Undefined |

2 | Peripheral device state [ disable | enable
3 | On-linefoff-line state l disable | enable
4 | Undefined ]

5 | Paper detector state | disable | enable

6 | Error detector state [ disable | enable

7 | Undefined [




(b) to r (slip paper). The wire pins (not shown in the
flgure 1 are provided in wire holder 1a for printing through
i nk ribbon 3 to recei pt paper 17 against platen 2. Receipt paper 17 is fed
by transport rollers 6a and 6b past guide roller 5 and between paper guides
4a and 4b. The one transport roller 6a is connected to a notor or other
drive power source (not shown in the figures). Receipt paper detector 12 is
a photo-interrupter, |lever switch, or otlBer detecting neans positioned in
the m ddl e of paper guides 4a and 4b; receipt paper detector 12 is shown as
a photo-interrupter in Fig. 2. Wen transported by transport rollers 6a and
6b, recei pt paper 17 passes between ink rtabledn 3

mventrh?sg]]e |nt|ng to continuous and cut-sheet paper. Fig. 2 (a)
shows maﬁﬂ % nuous paper (receipt paper in the figure); Fig. 2

Status gsignated State Peripheral On/Off- Paper Error

byte Device line detector
0 Printer S S N N
1 Off-Line Cause N S S | S
2 Error Cause N S N S
3 Continuous Paper N S S N
4 ' Slip Paper N S S N
5 Validation Paper N S S N




‘and platen 2, through presser rollers 7a and 7b and cutter unit 14, and is
fed oyt'r};‘isr@,ggthgeBt f the printing apparatus. The cutter unit 14

conpri se _ *f 4a and cutter cover 14b; cutter blade 14a is
driven i mm n of arrow 14A by a notor or other drive power source
to cut r 7. It is to be noted that while recei pt paper is
shown in the figure, the nechani smused for journal paper is the sane

except_for the cutter unit. This is bec_%l_se journal paper is used for
stori nr data by , and is not used for custonmer receipts. Wen slip

paper mwﬂmﬂw ' 2 (b)), slip paper 19 is inserted fromslip paper
the front of theCpAIMSti ng apparatus in the

I nsert
di rection of ar fows During roll paper printing, slip transport roller

9a is pulled in the direction of arrow 10A by plunger 10 as shown in Fig. 2
(2), and is thus separated from CNSnaPROkN% 3 b cli-aBRR 1 s Hodt biliceln) 4a 2
has an operating state detection and transmission means for detecting at least one operating
state of the printing apparatus and transmitting status information representing said at least
one operating state to the host device, said operating state detection and transmission means
comprising:
state detection means (47, 54, 68, 71, 72) for detecting said operating state;
state change detection means (74, 76} for detecting a change in the output of the
state detection means; and '
' status transmission means (77) for transmitting said status information corresponding
to the output of the state detection means;
wherein said status information is transmitted in response to each change in the
output of the state detection means.

2. The apparatus according to claim 1 wherein the state change detection means
comprises:

status storing means {76) for storing the status information transmitted to the host
device; and

state comparing means (74) for comparing previously stored status information with
the state currently detected by the state detection means.

3. The apparatus according to claim 1 or 2, wherein:
a plurality of state detection means (47, 54, 68, 71, 72) corresponding to the number

of operating states to be detected is provided, and
the state change detection means (74, 76} is adapted to detect a change in the output

of each of these state detection means;
wherein said status information is transmitted in response to each change in the

output of any one of the state detection means.

4. The apparatus according to any one of the preceding claims, further comprising
enabling/disabling means {62-64, 66, 73, 75) for bringing said operating state detection and
transmission means into either a first condition enabling said status information transmission or
a second condition disabling said status information transmission.

5. The apparatus according to claim 4, wherein said enabling/disabling means {62-64,
66, 73, 75) includes means for receiving, interpreting and executing a control command sent
from the host device {61).

6. The apparatus according to claim 3 and claim 4 or 5, wherein said
enabling/disabling means (62-64, 66, 73, 75) comprises selection means (75) for selecting one
or more of said state detection means (47, 54, 68, 71, 72}, wherein said status information is
transmitted only in response to a change in the output of a selected state detection means.



result,

abuts sl
i nserted
pl unger
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is possible to insert slip paper 19. Wen slip paper 19 is

t Ha K passes between slip paper guides 1lla and 11b and
l ol'l ers 8a and 8b. Wether slip paper has been
s rele

it
i nserte?crfﬁ’
10 i

y slip paper detector 13. If paper has been inserted,
and |l ever 10a noves in the direction of arrow 10B,
pressing slip transport roller 9b against slip transport roller

9a, anc, i ik oer 19 therebetween. Slip transport rollers 8b and
9b are ; immm#mgtor or other dri-t& power source not '
* € L M s *

7. The apparatus according to claim 6 wherein said status information inciudes status
data representing at least the operating state or operating states detected by the selected one

or more state detection means.

8. The apparatus according to claim 6 or 7 wherein:

said plurality of state detection means are grouped into one or more groups of state
detection means; and _

said status information includes at least status data representing the operating states
detected by the state detection means which are part of a group that includes a selected state

detection means.

9. A printing apparatus according to claim 7 wherein:

one group of state detection means includes at least state detection means {68) for
detecting abnormal printing apparatus states, state detection means (47) for detecting
presence or absence of print media, and detection means (72) for detecting whether the
printing apparatus is or is not ready to receive data from the host device.

10. A control method in a printing apparatus for transmitting operating status
information to a host device, said control method comprising the steps:

(a) detecting an operating state of the printing apparatus;

{b) detecting a change in said operating state;

{c} transmitting, in response to a change detected in step (b), said operating state
information including status data representing the state detected in step (a}; and

{d} repeating steps {a) to {c}.

11. The method according to claim 10 wherein step (b) comprises:
{b1) storing the last status information transmitted to the host device; and
(b2} comparing the stored status information with the state detected in step {a).

12, The method according to claim 10 or 11 wherein:
step (a)} comprises detecting a plurality of operating states of the printing apparatus;
step (b) comprises detecting a change in each of the operating states detected in step

{a); and
step {c} comprises transmitting said operating status information in response to a any

change detected in step {b).

13. The method according to any one of claims 10 to 12 further comprising the step:
(e} enabling or disabling status information transmission to the host device, wherein at
least step (c} is performed only when status information transmission is enabled.

14. The method according to claim 13 wherein step {e} includes:
{e1} receiving and interpreting a controt command; and



'shown in the figures, and slip paper 19 is transported as slip transport
rollers 8b and 9b and the opposing slip transport rollers 8a and 9a rotate
in the direction of arrows 8B, 9B, and 8A, 9A, respectively. Wen printing
is compteted, slip paper 19 is fed out in the direction of arrow 19B,

pl ung m separate slip transport roller 9a fromslip
transmmm “lﬂl Hm ‘“ﬁd the next slip paper formcan be inserted. Printing
on slip papet 19 i$ Possible with recei Jk_paper 17 |oaded as shown in the

figure, and if carbon-copy paper is added to slip paper 19, the same

I nformati on can be sinultaneousl &I nted to both sli 9 .and receltpt
paper 17. Note t half2ksengbling fig,di FP?F“%Q"‘?’%‘“%P%HB?W%%?’EF?J?é\"s'spﬁ’('f:%r'
to receipt p@peﬂdam@mme coatrol spmmasthown are | ower case 15 and case 16
supporting the head assenbly. Fig. 3 is a schematic viewillustrating a

printing unit of t{ie TRE ibuiddtcadtans 8 HiaimPLRiatidhe 18%r AdSvherein
step {e} comprises enabling status information transmission by selecting on or more of
said operating states; and
step (c} comprises transmitting said operating state information in response to a any
change in a seiected one of the operating states detected in step {(a).

16. The method according to claim 12 and any one of claims 13 to 15 wherein step
{a} comprises grouping said plurality of operating states into one or more groups, and wherein
said status information includes at least status data representing those of the operating states
detected in step {a) which are part of a group that includes a selected operating state.

Been Replaced

" \l\\



‘enbodlneﬂé ntion. The printing unit conprises the print head 1
Wth wr ¢ Helficd ! epac ead carriage 1lb and neans for noving them As a
met hod of , error in the printing apparatus a nmethod of
detectln chronisn1in t he head carriage drive notor is

described with reference to Fig. 3. Print head 1, together with its wre
hol der 1a, is fixed on head carriage 1b. Head carriage 1b is driven
reciprocally side to side by carriage tLjansfer belt 32 and carriage drive
gears 3la and 31b; carriage drive gear 3la is connected to a head carri age
drive nmotor not shown in the figure. This notor is normally a pul se notor,
and is a pul a8STRAGT OF THEHMISCEOSIRE Wisntd) Carriage drive gear 3la drives
rotating detector plate 34 via transfer gear 33. Rotating detector plate 34
Is positioned so as to interrupt the detection beam of carriage detector

35, nich 1o 250 a PheLaNTE APHRRTys KRb'W B8R fERRD Thegiet S the

rotation of rotating

A printing apparatus has an operating state detection and transmission means for detecting at
least one operating state of the printing apparatus and transmitting status information
representing said at least one operating state to a host computer (61} to which the printing
apparatus is connected. The operating state detection and transmission means comprises state
detection means (47, 54, 68, 71, 72) for detecting said operating state; state change detection
means (74, 76) for detecting a change in the output of the state detection means; and status
transmission means (77} for transmitting said status information corresponding to the output of
the state detection means. The status information is automatically transmitted in response to
each change in the output of the state detection means. Such status information may be
enabled or disabled, for instance by a corresponding contro} command from the host computer.
Since the status information is automatically sent if and only if a detected operating state of
the printing apparatus has changed, a high reliability is achieved with the smallest possible
amount of status information to be sent and processed by the host computer.



‘caused by the novenent of head carriage 1b. Note that rotating detector
plate 34 is propeller-shaped, and when it rotates, the output of carriage
detector 35 switches on/off on a regular period. Mre specifically, when
head carriage |Ib is driven reciprocally by the head carriage drive notor
(not shown in the figure), the nvvenentﬁ@ﬁ head carriage 1 b is detected by
carriage detector 35. If the recei pt paper, journal paper, or slip paper
between print head 1 and platen 2 is winkled or twi sted and catches
between wire hol der la and platen 2, a paper jamoccurs. As a result, head
carriage 1 b no longer tracks rotation of the carriage drive notor, and the

carriage drive notor |oses synchronizatig. This |oss of synchronization is
detected by carriage detector 35, and in@cated as a "carriage error."
P&
Q

FIG. 1




-6- A "hone position" for print head 1 is needed to determi ne a reference
point for the print position. Hone position detector 36 is also a
photo-interrupter for detecting head carriage 1lb. Mre specifically, when
head carriage 1b noves to the left, the p ?ition at which the light beam
from honme position detector 36 is interrug 2d is the reference poi nt for
the honme position. When head carriage 1b wirth print head 1 noves toward the
hone position, home position detector 36 can detect if print head 1 does
not reach the hone position due to a paper jamor other factor. A hone
position error occurs when head carriage 1 b cannotg? eturned to the

10 \ &N Ty

19

FIG. 2




home position. A circuit block diagramof a control circuit suitable for

i npl ementing the present invention is shown in Fig. 4. The nechani sm of the
printing apparatus of the invention as described above is represented as
print head 40, notor group 41, and plunger group 42 in Fig. 4; this printer
mechanismis driven by printer mechanismdrive circuit 43. The printer
mechani sm al so conprises carriage detectr? 44, hone position detector 45,
automatic cutter detector 46, paper detectors 47, and cover detectors 54,
each of which is connected to central processing unit (CPU 50. Automatic
cutter detector 46 detects the position of cutter blade 1 4a (Fig. 2),°
drives the cutter blade drive notor (not shown in the figures), and
generates the detector signal at a predeterm ned position. |If a paper jam
occurs in the cutter blades, the cutter blades will not

————
)
31b A2 7

FIG.3



hmove to the specified position, the detector signal will not be output, and
an error is reported. This error is called a "cutter error." Carriage
errors, hone position errors, and cutter errors each result in what is
generally referred to as an "error state" bel ow Paper detectors 47 include
near-end detector 20 (Fig. 1), receipt p#fér detector 12 and slip paper
detector 13 (Fig. 2). Also connected to CPU 50, which controls the entire
printing apparatus, are panel switch 49, which nay be used for manual paper
feeding, for exanple; interface 51 for conmunications with the host
conputer; ROM 52 for storing the control pr am print character patterns,
and other static information; RAM 53 provi @i ngpthe receive buffer_ print
buf fer, and other data buffers; and®ne term'%l of connector 48. 71

L ]l e =

F f——= T
51
5 i
rin
—~—52 ~ Head
: 49 41 -
rom K=—=>| cpu . Motor |/
— dive group
Plunger
grou
——53 ) Carriage
~ 44 42
RAM <,:‘J> B detector
lc-izltaector ™~ 45
AIC
detector ~ 46
Paper
dgggkxsl"47
Cover

- detectors] — 54

FIG. 4



A cash drawer or other peripheral device may be connected to connector 48,
and the state of the connected peripheral device can be determ ned by
detecting the TTL I evel of a peripheral device state detection neans 71.
-7- When print data is input frominterface 51, the data is stored to the
receive buffer of RAM 53, and CPU 50 in Tprets the data, reads the
character patterns corresponding to the data code from ROM 52, and drives
print head 40, notor group 41, and plunger group 42 by neans of printer
mechani sm detlyst compulier side>t p gPrinting apparatus side> '

{

61 62 63 64
,,,/ : _/ _/ _/
Host . Data . || : |__{Command
computer /L;/ heanang Receive buffer interpreting means
[}
EE%&nBﬁon J/<
means Print buffer
Controtl
l) means
67
77 ya
/ | - Printer
Status data Automatic status mechanism
comparison selection and
means transmission
means
72
_____________ Error detection
means
Status data _//
storing means
— g Off-line 68
detection
Regular means Cover detectors
status data
76 : generating Vi
means 54
""""""" Paper detectors
— v
47 : .
Peripheral device
state detection
means
71 /

FIG. 5



Fig. 5is a function block diagram show ng the overall nechani smof the

i nvention, and the rel ationshi ps between the various functional neans. Host
conputer 61 transmts the command data, print data, and other infornmation
to the printing apparatus. Data receiving neans 62 receives the data from
host conputer 61 through the interface, QZ tenporarily stores all received
data to receive buffer 63. The received data stored to receive buffer 63 is
read one by one by command interpreting neans 64, interpreted, and
determned to be either print data or a control command for controlling the
printing apparatus. Control conmmands are applied by control neans 66 to
execute the settings or operations corresponding to the conmand code. Print
data is used to store the character patterns corresponding to the data
codes to print buffer 65. When printing is then executed by control neans
66, control means 66 reads the character pattern fromprint

GS R n
(1DH) (61H) (n)

N _ |
~

80 81

FIG. 6



buffer 65, and drives print head 40, notor group 41, and plunger group 42
by nmeans of drive circuit 43, shown as printer nmechanism67 in Fig. 5 to
print. If a paper jamor other error occurs during printing, paper
transport, paper cutting, or other stage, the error is detected by error
detecti on neans 68. The cover detectors S#9detect if the cover is open;
paper detectors 47 detect whether paper is | oaded; and peripheral device
state detection neans 71 detects the state of any peripheral device
connected to the printing apparatus. The detection results fromerror
detection neans 68, cover detectors 54, and paper detectors 47 are sent
through off-line detection neans 72 to status data generating neans 73. |f
of f-line detection neans 72 detects an error, cover-open, Or no-paper
state, it outputs information to control neans 66 inform ng control means
66 that the printing apparatus is in a printing-

C START )
| 101

NO

ASB enapled?

102
YES P,

Generate status data

Is a selected state

diﬁery

~/

Transmit status data

106
~

Store status data

[

-

-

C e )

FIG. 7



di sabled state, i.e., is off-line. Control nmeans 66 thus stops printer
mechani sm 67, stops interpretation of the received data by the command

i nterpreting neans, and goes off-line. Of- |ine detection neans 72 al so
sends the off-line state detection result to status data generati ng neans
73. Status data generating neans 73 periggically (typically controlled by a

time interrupt routine) generates new stafus data (in the form of one
status byte in this enbodinment), based on the detection results of off-Iline
detection neans 72, error detection neans 68, paper detectors 47, cover
detectors 54 and peripheral device state detection nmeans 71. Note that in
this enbodi nent error detection neans 68, cover detectors 54, paper
detectors 47, peripheral device state detection nmeans 71, and off-1ine

det ecti on neans
START

initialize status data 107

/L 108

\[-\'/
_—Error state - ——-_No
detected?

Yes

Generate —~— 109

A

| 110

/_/ — No 112

No paper state T~
Yos etected?

( Ge er%te no paper 111 Yes /11/1 3
staﬂxs ata Generate
off-line status data

-
-~

—HIGH peripheral device "2
state detected?

Yes 115
/‘\_/
Generate

| . .
sHt ath*J-{s %%lgheral device

-

END
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operating state detection neans. Additional ones or other state detection
nmeans nmay be provided as the case may be. The interface used in this

enbodi ment is a standard RS-232C two-way, serial interface; the data | ength
is set to 8 bits when the power is turned on. The status data is therefore
al so generated in an 8-bit (1 byte) dat¥Y9format. The new stat us byt e
generated by status data generating neans 73 is conpared by conparison
means 74 with the corresponding old status byte which has been stored to a
status data storing nmeans 76. As will be explained in nore detail |ater,
depending on the result of conparison, either is the new status byte sent

to host conputer 61 t
START

ASB command
detected?

116

NO

118
YES _J

Operating state
selection

ASB enabled?

117
S
Generate status data Exccute the ather  rmand
121
Transmit status data /\/
122

Store status data W

 §

END
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otz 100

transmi $sion means 77 and al so stored in status data stori ng neans 76 to

update 1 he stored ol d status byte,
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generating nmeans 73 in this enbodi nent

is shown in Table 1.

The present invention relates to a printing apparatus, and, more particularly, it relate$ to a
printing apparatus suitable for systems, such as point-of-sale {POS) terminals and electronic
cash registers (ECR), used in processing monetary transactions.

Conventional printing apparatuses include a status request command within the control
command set, and send printing apparatus operating status information to a host computer in
response the each status request command received from the host computer. The host
computer sends the status request command as required to obtain the current status of the
printing apparatus.

However, when the status of the printing apparatus changes between execution of one status
request command and the execution of the next following status request command, the host
computer is not immediately informed about such change, and so a time delay occurs
corresponding to the time interval between the moment the status changes and the execution
of the next following status request command. To reduce this time delay, the host computer
frequently sends the status request command to the printing apparatus at a very short interval.
This frequent sending of the status request command greatly increases the overhead on the
host computer.

Thus, since a large volume of status data is sent from the printing apparatus irrespective of
whether there is a change in the printing apparatus status, the efficiency of status data
interpretation in the host computer is significantly reduced because status data having the
same content is received and interpreted more than once consecutively. Finally, frequent
execution of the status request command by the printing apparatus also reduces the
throughput of the printing operation. .

Therefore, the object of the present invention is to remedy these drawbacks of the prior art and
to provide a printing apparatus, and a method of controlling it, that allow to reduce the
processing overhead in the host computer and, at the same time, increase the throuput of the

printing operation.

This object is achieved with a printing apparatus as claimed in claim 1 and a controf method as
claimed in claim 10, respectivsly.

o8

Preferred embodiments of the invefition are subject-matter of the dependent claims.

Normally, the status information comprises a plurality of status data representing individuat
operating states such as the on-line/off-line state, a paper detector state, an error/no error state
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Fig. 6 shows an exanple of the ASB conmand code for selecting the one or
nore operating states whose change is to trigger automatic transm ssion of
t he stThisSbeellyds BednRRpmdelNe printing apparatus of the present enbodinment to
t he hosJ "l rring to Fig. 6, [GS al 80 indicates the type of

en

cont'rol I sing the conbination of the [GS] code (1 :DH) and [a]
code (6 s code is interpreted by the command interpreting
nmeans, it is determned to be the ASB conmand. The value [n] 81 is a
paranmeter of the command, and is specifgeally the value used to sel ect one
or nore of the operating states. The values of [n] are selected from anong

t hose shown in Jable 2 in this enbadinent, and the selected valye is set. .in

ASD meane. 78k THess Spste fas dle"asEomasd i ane A Bty dass Biofi i dfle St it

[n] is OH #Hrdransmissiep 2e thyhast serapyter. Typisally gpeh Qperatipy stgte isapprpsentpdiby, ppgybit

Figs. 7, 8, anthdach Bleck ¢dmpriseh@ bits of whighbtanator mpre bits maynbe ohusedt Thatefors; @r diitag

to an enbodpEitof Odtatus information representing one or more operating states will hereinafter be
referred to as "status byte”. The use of the term "status byte” is not intended to impose any
rastriction with respect to the data format and length that can be employed according to the
present invention. ' '

The present invention provides a highly reliable and efficient system by transmitting status
information in response to a single automatic status selection and transmission command
{referred to as ASB command in the following (ASB = Automatic Statys Back}) each time and
only when any of one or more operating states selected by the ASB command change. This
enables the host computer to obtain the change in the status of the printing apparatus
automatically and immediately. The overhead for command transmission is therefore reduced
because the host computer no longer frequently outputs the status request command. In
association therewith, the throughput of the printing apparatus is improved because the
frequency of status request command execution is reduced.

In one embodiment of the invention the status information includes one status byte only. The
ASB command selects one or more operating states represented by the status byte. Whenever
a change in any one of the selected operating states occurs, the status byte will be sent to the

host computer.

In another embodiment of the invention the status information includes plural status bytes. The
ASB command selects one or more operating states represented by the status bytes. Whenever
a change in any one of the selected operating states occurs, either all of the status bytes will
be sent, or, more preferable, only those status bytes will be sent that include information about
the one or more selected operating states. According to this latter alternative, by only sending
the relevant status bytes the amount of data sent to and to be processed by the host computer
can be reduced compared to the case where all of plural status bytes are always sent together.
Thus, the overhead for status data interpretation is therefore also reduced and the efficiency of
status data interpretation is improved because only the minimum required amount of status
data is used.

The invention is described below with reference to the accompanying figures which illustrate
one specific embodiment only and in which:

Fig. 1 is an overview of a printing apparatus used to describe the preferred embodiment of
the invention;

Fig. 2 is a cross section of a printing apparatus used to describe the preferred embodiment

f the i tion; is i |
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the present invention. Fig. 7 is the flow chart of the nmethod of executing
automatic status transm ssion by the printing apparatus of the invention.
Status data generating nmeans 73 checks whet her ASB i s enabl ed or disabl ed
as controlled by ASB neans 75 (step 101). If the check reveals that ASB is
enabl ed, generating nmeans 73 generates the status byte in the data format
shown in Table 1 based on the detection result(s) returned by error
detection neans 68, paper detectors-37, peripheral device state detection
means 71, and/or off-line detection nmeans 72 at that tinme (step 102). If

ASB is disabled, the status byte is not generated and the process .
t er m nat e€9: 3 is a a schematic view illustrating a printing unit of the printing apparatus according

to a preferred embodiment of the invention;

Fig. 4 is a circuit blaock diagram of the control circuit used to describe the preferred
embodiment of the invention;

Fig. b is a function block diagram used to describe the preferred embodiment of the
invention;

Fig. 6 fllustrates a control command used in the present invention;

Fig. 7 is a flow chart of the overall process of a printing apparatus control method
according to a preferred embodiment of the invention;

Fig. 8 is a flow chart of a subroutine in the printing apparatus contro! method according to
a preferred embodiment.of the invention; and

Fig. 9 is a flow chart of a subroutine in the printing apparatus control method according to
a preferred embodiment of the invention.

In general, recording paper used in the distribution industry is either cut-sheet or continuous
forms paper. Cut-sheet paper includes irregularly sized, individual voucher forms called slip
paper, and multiple-part individual voucher forms, called vailidation paper, of a relatively regular
size. Continuous paper includes journal paper for printing and storing store records, and receipt
paper used for simple receipts.

Fig. 1 is an overview of a printing apparatus capable of printing to slip-, journal-, and receipt-
type recording paper.

As shown in Fig. 1, this printing apparatus comprises print head 1, which is typically a so-
called "wire dot head™ comprising plural wire pins arrayed in a vertical line; and ink ribbon 3.
The print head 1 prints while being driven in a reciprocal motion as indicated by arrows 1A and
1B. :

Receipt paper 17 and journal paper 18 are inserted from the back of the printer mechanism in
rofl form, and are fed out from the top as shown in the figure. Slip paper 19 is inserted from
the front of the printer mechanism {arrow 19A), and similarly fed out from the top {arrow 19B).

Near-end detector 20 for detecting the end of the receipt and journal paper is also provided.
Near-end detector 20 comprises a near-end detecting lever 20a, which is arranged to be
pushed out in the direction of arrow 20A by the end face of the roll paper as long as the
outside diameter of the end face is larger than a certain minimum value, and a push switch
20b, which is turned on/off by near-end detecting lever 20a. The outside diameter steadily

decreases as the end of the roll paper approaches, and when the core of the roll paper is
This is the replacement sheet
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The new'status byte generated in step 102 is then conpared by conparison
nmeans 74 with the old status byte stored in status data storing neans 76
(step 103). If the generated and the stored status bytes are the sane,
processing is term nated because there is no change in the status. If,
however, the generated and the stored sgatus bytes are different, it is
further checked whether the bit or bits that differ correspond to the
status item (or |tem;) sel ected by ASB neans 75 in response to an’

command (st @é%& earjend dgtecting lpyer ZGHé@R“Pé'\'/@!sl diregtjpn; of aErow, 0B, Tih '-‘bﬁ"ées push
cor r espondi $witcho2@ntp sydtch QFEdthup detactinoghe nearenthokthg pares) t he sane val ue in
both conpared status bytes, no selected operating state has changed. In

such case paR W is e%n{pfertén peRtipaber 1% Recit by lctiterdttd 4, Snd"&dn be handed to the

re-transmtte | f any one of the one or rnore selected Operating states has
changed (th%'f’ é'%eﬁectlve bits are different),. however, the newy generated

status byte is sent by data transm ssion neans 77 to
The printer mechanism is covered by a housing not shown in the figures; this housing

comprises a cover that is not shown and lower case 15. Cover detector 21 is an opposed-type
photodetector, so called photo-interrupter. When the .cover is closed, the beam from cover
detector 21 is interrupted, and the cover is detected to be closed.

Fig. 2 is a cross section illustrating the operation of the printing apparatus of the present
invention during printing to continuous and cut-sheet paper. Fig. 2 (a} shows printing to
continuous paper {receipt paper in the figure); Fig. 2 (b} to cut-sheet paper (slip paper).

The wire pins (not shown in the figure) of print head 1 are provided in wire holder 1a for
printing through ink ribbon 3 to receipt paper 17 against platen 2.

Receipt paper 17 is fed by transport rollers 6a and 6b past guide rolier 5 and betwgen paper
guides 4a and 4b. The one transport rojler 6a is connected to a motor or other drive power
source {not shown in the figures).

' . Receipt paper detector 12 is a photo-interrupter, lever switch, or other detecting means
positioned in the middle of paper guides 4a and 4b; receipt paper detector 12 is shown as a
photo-interrupter in Fig. 2. '

When transported by transport rollers 6a and 6b, receipt paper 17 passes between ink ribbon 3
and platen 2, through presser rollers 7a and 7b and cutter unit 14, and is fed out from the top
of the printing apparatus. The cutter unit 14 comprises cutter blade 14a and cutter cover 14b;
cutter blade 14a is driven in the direction of arrow 14A by a motor or other drive power source

to cut receipt paper 17.

It is to be noted that while receipt paper is shown in the figure, the mechanism used for journal
paper is the same except for the cutter unit. This is because journal paper is used for storing
data by the store, and is not used for customer receipts.

When slip paper is printed (Fig. 2 (b}), slip paper 19 is inserted from slip paper insertion
opening 22 at the front of the printing apparatus in the direction of arrow 19A. During roll
paper printing, slip transport roller Sa is pulled in the direction of arrow 10A by plunger 10 as
shown in Fig. 2 {a), and is thus separated from the opposing slip transport roller 9b. As a
result, it is possible to insert slip paper 19. When slip paper 19 is inserted, slip paper 19
passes between slip paper guides 11a and 11b and abuts slip transport rollers 8a and 8b.
Whether slip paper has been inserted is detected by slip paper detector 13. If paper has been
inserted, plunger 10 is released and lever 10a moves in the direction of arrow 10B, thus
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host conputer 61 (step 105), is also stored to status data storing neans 76
to update the stored old status byte (step 106), and the ASB process
termnates. Fig. 8 is a flow chart of the execution process of status
information generation (step 102) shown in Fig. 7. The status byte is
initialized in the format shown in Tablg-1 (step 107) with a value of 30H,
ig%:l fi ga![ Ihy, no errgrz, paper | oaded, on-line, peripheral device state
an e reserye its set to the .fixed val ue If an.error is t
det ect ed byP/@FsRS s%t"éﬁiﬂ%‘n"’t‘f%’aﬁg aganFts 3L, UNSRgIT '%'Pf % aP%Z’Jed?"rgo%"sps P %lﬂ%gsw
bit, is settherebetweefistep 109). |f paper detection neans 47 then detects
:thlat there is no paper (step 110), bit 5, the paper status bit, is set to
s%at (e S'E gfe éél?lg Hpgﬁ{fr%%ér&?ﬁ ﬂﬁfq@lﬂa}e‘éf:or#ﬁ?@t@i& tdd ﬁ\&@i{: oﬂ@};@ﬁﬁiﬁyﬁbo@ﬁf sbdrtf:lé not
ot 1 shoW{ i, the figires.; and i 1o{Pls! transpdHed 35 g Trandport roffers 8b 4n@ gbland
' (step 13) the%fpposlﬁn: lsng’ tr:rfsp?rs ?gﬁigfaaandéseav}o%a%e lsngtgﬁ%irgc%toﬁ on Ia%Qws”%%?@B? ;'nd 8A,
9A, respectively. When printing is completed, slip paper 19 is fed out in the direction of arrow
19B, plunger 10 is driven to separate slip transport roller 9a from slip transport roller 9b, and

the next slip paper form can be inserted.

Printing on slip paper 19 is possible with receipt paper 17 loaded as shown in the figure, add if
carbon-copy paper is added to slip paper 19, the same information can be simuitaneously
printed to both slip paper 19 and receipt paper 17.

Note that slip paper detector 13 is a photo-interrupter similar to receipt paper detector 12.
Also shown are lower case 15 and case 16 supporting the head assembly.

Fig. 3is a schemaiic view illustrating a printing unit of the printing apparatus according to one
embodiment of the invention. The printing unit comprises the print head 1 with wire holder 1a,
a head carriage 1b and means for moving them.

As a method of detecting an error in the printing apparatus a method of detecting a loss of
synchronism in the head carriage drive motor is described with reference to Fig. 3.

Print head 1, together with its wire holder 1a, is fixed on head carriage 1b. Head carriage 1b is
driven reciprocally side to side by carriage transfer beit 32 and carriage drive gears 31a and
31b; carriage drive gear 31a is connected to a head carriage drive motor not shown in the
figure. This motor is normally a pulse motor, and is a pulse motor in this embodiment. Carriage
drive gear 31a drives rotating detector plate 34 via transfer gear 33. Rotating detector plate 34
is positioned so as to interrupt the detection beam of carriage detector 35, which is also a
.photo-interrupter. Carriage detector 35 detects the rotation of rotating detector plate 34
caused by the movement of head carriage 1b.

Note that rotating detector plate 34 is propeller-shaped, and when it rotates, the output of
carriage detector 35 switches on/off on a regular period. More specifically, when head carriage
1b is driven reciprocally by the head carriage drive motor (not shown in the figure}, the
movement of head carriage 1b is detected by carriage detector 35.

If the receipt paper, journal paper, or siip paper between print head 1 and platen 2 is wrinkled
or twisted and catches between wire holder 1a and platen 2, a paper jam occurs. As a result,
head carriage 1b no longer tracks rotation of the carriage drive motor, and the carriage drive
motor loses synchronization. This loss of synchronization is detected by carriage detector 35,
and indicated as a "carriage error.”
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detects a HHGH state (step 1 14), bit 2, the peripheral device status bit
Is set to 'l (step 115). Fig. 9 is a flow chart of the ASB command

execution nethod in a printing apparatus according to the present
i nvention. Data transmtted from host conputer 61 and received by data
receiving nmeans 62 is stored to receive buffer 63. Command interpreting
nmeans 64 reads and interprets the data fromreceive buffer 63, one at a
time. If the interpreted command is not the ASB command (step 116), it is
executed according to the command instsgsctions; if the interpreted data is
printing data, the print pattern is stored to print buffer 65 (step 117).
If the interpreted data was the ASB command (step 116), one data unit, i.e.
the val ue r&ghememadsitignt fier print cheed dr isofeedért to\@Rerovinaa rdferénce rpoind for ¢ha print
recei ve bufjasitioh3Homa gositien ofedtot 36\ isood PRcrd-intérrupter FoMPeecing fhebd Asiage 1b.
transm ssi Olpoﬂessp}@!ﬁ@ﬁlty,e%h@ﬁ (}Bfé’ 'cS}Q?ée% d HMves fo tile 1! thePpSditidA 5t WRiSh 3hd E&hx
state is s egg‘t gd | hgrhet eqval e o 3the conman ,gaF‘ame} er 1s greater fhan
position detector 6 Is interrupted IS the reference point for e home

position.

When head carriage 1b with print head 1 moves toward the home position, home position
detector 36 can detect if print head 1 does not reach the home position due to a paper jam or
other factor. A home position error occurs when head carriage 1b cannot be returned to the
home position. '

A circuit block diagram of a control circuit suitable for implementing the present inveation is
shown in Fig. 4. ‘

The mechanism of the printing apparatus of the invention as described above is represented as
print head 40, motor group 41, and plunger group 42 in Fig. 4; this printer mechanism is
driven by printer mechanism drive circuit 43. The printer mechanism also comprises carriage
detector 44, home position detector 45, automatic cutter detector 46, paper detectors 47, and
cover detectors 54, each of which is connected to central processing unit {(CPU} 50.

Automatic cutter detector 46 detects the position of cutter blade 14a (Fig. 2}, drives the cutter
blade drive motor {not shown in the figures), and generates the detector signal at a
predetermined position. If a paper jam occurs in the cutter blades, the cutter blades will not
move to the specified position, the detector signal wiil not be output, and an error is reported.
This error is called a "cutter error.”

Carriage errors, home position errors, and cutter errors each result in what is generally referred
to as an "error state” befow.

Paper detectors 47 include near-end detector 20 (Fig. 1), receipt paper detector 12 and slip
paper detector 13 (Fig. 2).

Also connected to CPU 50, which controls the entire printing apparatus, are panel switch 49,
which may be used for manual paper feeding, for example; interface 51 for communications
with the host computer; ROM 52 for storing the controt program, print character patterns, and
other static information; RAM 53 providing the receive buffer, print buffer, and other data

buffers; and one terminal of connector 48.

A cash drawer or other peripheral device may be connected to connector 48, and the state of
the connected peripheral device can be determined by detecting the TTL level of a peripherai
device state detection means 71. '
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zero, ASB is enabled, but if no operating state is selected, ASB is

di sabled (step 118). If ASB is disabled (step 119), the process term nates.
If ASB is enabl ed, status data generation by status -10- data generating
nmeans 73 is enabled, and the status byte sent first is generated according
to the procedure shown in Table 8 (step 120). The generated status byte is
then transmtted to host conputer 61 by data transm ssion neans 77 (step
121), and is stored to status data storing nmeans 76 (step 122). At this
time, the status byte previously storedsto status data storing neans 76 is

not conpared with the
When print data is input from interface 51, the data is stored to the receive buffer of RAM 53,
and CPU 50 interprets the data, reads the character patterns corresponding to the data code
from ROM 52, and drives print head 40, motor group 41, and plunger group 42 by means of
printer mechanism drive circuit 43 to print.

Fig. 5 is a function block diagram' showing the overail mechanism of the invention, and the
relationships between the various functional means.

Host computer 61 transmits the command data, print data, and other information to the
printing apparatus. Data receiving means 62 receives the data from host computer 61 through
the interface, and temporarily stores all received data to receive buffer 63.

The received data stored to receive buffer 63 is read one by one by command interpreting
means 64, interpreted, and determined to be either print data or a control command for
controiling the printing apparatus. Control commands are applied by control means 66 to
execute the settings or operations corresponding to the command code. Print data is used to
store the character patterns corresponding to the data codes to print buffer 65. When printing
is then executed by control means 66, control means 66 reads the character pattern from print
buffer 65, and drives print head 40, motor group 41, and plunger group 42 by means of drive
circuit 43, shown as printer mechanism 67 in Fig. 5, to print.

If a paper jam or other error occurs during printing, paper transport, paper cutting, or other
stage, the error is detectad by error detection means 68. The cover detectors 54 detect if the
cover is open; paper detectors 47 detect whether paper is loaded; and peripheral device state
detection means 71 detects the state of any peripheral device connected to the printing

apparatus.

The detection resuits from error detection means 68, cover detectors 54, and paper detectors
47 are sent through off-line detection means 72 to status data generating means 73. If off-line
detection means 72 detects an error, cover-open, or no-paper state, it outputs information to
control means 66 informing control means 66 that the printing apparatus is in a printing-
disabled state, i.e., is off-line. Control means 66 thus stops printer mechanism 67, stops
interpretation of the received data by the command interpreting means, and goes off-line. Off-
line detection means 72 also sends the off-line state detection result to status data generating
means 73.

Status data generating means 73 periodically {typically controlled by a time interrupt routine)
generates new status data (in the form of one status byte in this embodiment}, based on the
detection resuits of off-line detection means 72, error detection means 68, paper detectors 47,
cover detectors 54 and peripheral device state detection means 71.

Note that in this embodiment error detection means 68, cover detectors 54, paper detectors
47, peripheral device state detection means 71, and off-line detection means 72 are used as
Tiis is the replacement sheet
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transmitted status byte. Receipt of the first status byte in response to an
ASB command inforns the host conputer 61 that ASB was changed from a

di sabled to an enabled state. In the enbodi nent expl ai ned above the status
byte is periodically generated by the status data generating neans 73 and a
change in one or nore operating states +8& detected by conpari son between
the new status byte and the old status byte. There are alternative ways for

detecting suc For i anc n chan out put of any
one of staté %?é%tsgagen ﬁ%ﬁﬁ%" Fedsviie! }S%é} Fg'ﬁes %t rup "° '"ﬁ%"s may BS

i nterrupt piPeRvided %’Eﬁ'&?%l’f&?&'l@%ﬁet her the state det ectlon rreans t hat

I nvoked the interrupt is a selected one. If so, status byte generation and

transm ssi ohyGatedadecused U Wis \binbbdient RO slahdded. RS20 TRAFWAR sehalt iMRMEce | the

and new st agy Qéﬁtﬁﬁs sﬁ to 8 bl C}E%Qﬁ'}ﬂg%%uﬁ%%ﬁ@& IR THE et binG AL thflefdRy also

94117601. 8) tperrlatgcr! n an 8 %%?10 Pormat.

The new status byte generated by status data. generating means 73 is compared by
comparison means 74 with the corresponding old status byte which has been stored to a
status data storing means 76.. As will be explained in more detail later, depending on the result
of comparison, either is the new status byte sent to host computer 61 through data
transmission means 77 and also stored in status data storing means 76 to update the stored
old status byte, or not. :

Automatic status selection and transmission means 75 {simply referred to as ASB means
hereinafter} is controlled by control means 66 according to an ASB command received from the
host computer. The ASB command designates one or more operating states for seiection_ by
ASB means 75. The selected operating state {or states) is (are) the state detected by one or
more of the state detection means explained above. When a selection is made, ASB, i.e.,
automatic status transmission is enabled. When no operating state is selected, status data
generation by status data generating means 73 is disabled and ASB is also disabled.

The content of the status byte generated by status data generating means 73 in this
embodiment is shown in Table 1.

Fig. 6 shows an exampie of the ASB command code for selecting the one or more operating
states whose change is to trigger automatic transmission of the status byte from the printing
apparatus of the present embodiment to the host device. Referring to Fig. 6, [GS a] 80
indicates the type of control command comprising the combination of the [GS] code {1DH) and
-fal code {61H). When this code is interpreted by the command interpreting means, it is
determined to be the ASB command. The value [n] 81 is a parameter of the command, and is
specifically the value used to select one or more of the operating states. The values of [n] are
selected from among those shown in Table 2 in this embodiment, and the selected value is set
in ASB means 75 by control means 66 as shown in Fig. 5.

The default value of [n} is OH, and no operating state is therefore selected; ASB is disabled.

Figs. 7, 8, and 9 are flow charts illustrating the control method according to an embodiment of
the present invention. Fig. 7 is the flow chart of the method of executing automatic status
transmission by the printing apparatus of the invention.

Status data generating means 73 checks whether ASB is enabled or disabled as controlled by
ASB means 75 (step 101). If the check reveals that ASB is enabled, generating means 73
generates the status byte in the data format shown in Table 1 based on the detection result{s)
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54(3) EPC) discloses a printing apparatus adapted to generate plural bytes-
of status information each being individually transmtted to a host device
in response to a command fromthe host device designating the status byte
to be sent. The principles of the presen% i nvention may be applied to such
printing apparatus. A preferred way of doing this will next be explained as
a second enbodi nent of the present invention. EP ... (co-pending European

IPﬁ]E gmm ?Pglnl &ﬁﬂhéU‘b%‘Qno@é&@%?ﬁ Inébhs ljvgg lpﬁbé}sde?datoft?&( agp &sp‘ﬂ@ﬁf edtmcet k@@l&&#

cause ot ar UM T RaBE BirTng enoh iins 7 flehdt i Gled, 121K '45p K aidbiea

status byte, “?“sgﬂeﬂs bwe@teataugtwreceaﬁaemmmm i dati on paper st atus byte

(see Tables 2 to 7 in the docunent). The general structure and operation of

the second ermeashiwigtatustyté Gencrataint sty 102 6s tHaR compired by Icomparisoh rhédns (74" Géth

enbodi ment  gxpbiy A8ds BPRRored EtRLP ista SBinh Meafd W6 el )] P ithePSendiaiéd and the
stored status bytes are the same, processing is terminated because there is no change in the
status. If, however, the generated and the stored status bytes are different, it is further
checked whether the bit or bits that differ correspond to the status item (or items) selected by
ASB means 75 in response to an ASB command [step 104). if the latter check reveals that the
or all bits corresponding to any selected operating state has (have) the same value in both
compared status bytes, no selected operating state has changed. In such case processing is
terminated and the status data is not re-transmitted.

If any one of the one or more selected operating states has changed {the respective bits are
different), however, the newly generated status byte is sent by data transmission means 77 to
host computer 61 {step 105), is also stored to status data storing means 76 to update the
stored old status byte {step 106}, and the ASB process terminates.

Fig. 8 is a flow chart of the execution process of status information generation (step 102)
shown in Fig. 7. The status byte is initialized in the format shown in Table 1 {step 107) with a
value of 30H, specifically, no errors, paper loaded, on-line, peripheral device state LOW, and
the reserved bits set to the fixed values. If an error is then detected by error detection means
68 (step 108), bit 6, the error status bit, is set to '1* {step 109). If paper detection means 47
then detects that there is no paper (step 110}, bit 5, the paper status bit, is set to '1"* {step
111).

If off-line detection means 72 then detects an off-line state {step 112), bit 3, the on-line/off-
line status bit, is set to *1* {step 113}. Similarly, if peripherat device state detection means 71
detects a HIGH state {step 114}, bit 2, the peripheral device status bit is set to *1’ {step 115).

Fig. 9 is a flow chart of the ASB command execution method in a printing apparatus according
to the present invention. Data transmitted from host computer 61 and received by data
receiving means 62 is stored to receive buffer 63. Command interpreting means 64 reads and
interprets the data from receive buffer 63, one at a time. If the interpreted command is not the
ASB command (step 116}, it is executed according to the command instructions; if the
interpreted data is printing data, the print pattern is stored to print buffer 65 (step 117).

If the interpreted data was the ASB command (step 116), one data unit, i.e. the value
representing the parameter of the ASB command, is read from receive buffer 63, and the
operating state(s) to be compared for ASB transmission is selected according to Table 2. If at
least one operating state is selected i.e. the value of the command parameter is greater than
zero, ASB is enabled, but if no operating state is selected, ASB is disabled {step 118}. if ASB is
disabled (step 119), the process terminates. If ASB is enabled, status data generation by status
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expl ai n "t he di fferences onl y. In response to an ASB command the ASB neans
75 selects one or nore operating states anong the peripheral device state,
the on-line/off-line state, the paper detector state and the error state,

for exanpl e.

Status data generating neans 73 periodically generates the new

status bytes based on state detection results. The new status bytes are
then conpared with the respective old status bytes stored in status data
storing neans 76. \Wenever the conparisgp reveals that the sel ected
operating state or any one of plural selected operating states has changed,
those of the status bytes that include information related to the selected

data generating means 73 is enabled, and the status byte sent first is generated according to

operatlng state(s) will be_transmtted to the host device.

the procedure shown in Table 8 {step 120}.

The generated status byte is then transmitted to host computer 61 by data transmission means
77 {step 121), and is stored to status data storing means 76 (step 122). At this time, the
status byte previously stored to status data storing means 76 is not compared with. the
transmitted status byte. Receipt of the first status byte in response to an ASB command
informs the host computer &1 that ASB was changed from a disabled to an enabled state.

In the embodiment explained above the status byte is periodically generated by the status data
generating means 73 and a change in one or more operating states is detected by comparison
between the new status byte and the oid status byte. There are aiternative ways for detecting
such status change. For instance, ariy change in the output of any one of state detection
means could invoke an interrupt process. The interrupt process would check whether the state
detection means that invoked the interrupt is a sefected one. If so, status byte generation and
transmission would be caused without requiring any comparison between old and new status

bytes.

P ...{co-pending European Patent application No. 94117601.8) (prior art according to Art.
54(3) EPC) discloses a printing apparatus adapted to generate plural bytes of status
information each being individually transmitted to a host device in response to a command
from the host device designating the status byte to be sent. The principles of the present
invention may be applied to such printing apparatus. A preferred way of doing this will next be
explained as a second embodiment of the present invention.

P ...(co-pending European Patent application No. 94117601.8) explains an example wherein
the status information comprises six status bytes: 1. printer status byte, 2. off-line cause
status byte, 3. error cause status byte, 4. continuous paper detector status byte, 5. slip paper
status byte and 6. validation paper status byte (see Tables 2 to 7 in the document).

The general structure and operation of the second embodiment of the invention are the same
as those of the first embodiment explained above. Therefore the following description will
explain the differences only.

in response to an ASB command the ASB means 75 sélects one or more operating states
among the peripheral device state, the on-line/off-line state, the paper detector state and the
error state, for example. Status data generating means 73 periodically generates the new
status bytes based on state detection results. The new status bytes are then compared with
the respective old status bytes stored in status data storing means 76. Whenever the
comparison reveals that the selected operating state or any one of plural selected operating
states has changed, those of the status bytes that include information related to the selected
operating state(s) will be transmitted to the host device.
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Tabl e 3 shows the rel ationshi p between sel ectable operating states and the
status bytes respectively sent to the host device. In accordance with the
previ ous exanple, the sel ectable operating states conprise peripheral
device state, on-line/off-line state, paper detector state and error state.
In the Table, S neans "sent" and N neans "not sent". For exanple, when only
the peripheral device state has been selected in response to an ASB
command, ASB transmi ssion will include only status byte 0 and will be
triggered if and only if the status of -the peripheral device changes as
detected by the peripheral device state detection neans 71. Simlarly, when
the on-line/off-line status is the only one selected, all status bytes 0 to
5 will be sEatde i3nshavspthes eelatignshipc hetyvean (relecthble rripgrating: states iand/ the fstatiss dytes
stat us. Thumspeztivaly sértt toithe hostidawidellih aotorgingé withdthé previvs Bxample] theseidctatile
full inforngidrsting’ Ssted dbmprideSeripRdrACAetite oRs, 2br-Ki8/off-line state, paper detector state
and error state. in the Table, S means "sent” and N means "not sent”. For example, when only
the peripheral device state has been selected in response to an ASB command, ASB
transmission will include only status byte O and will be triggered if and only if the status of the
peripheral device changes as detected by the peripheral device state detection means 71.
Similarly, when the on-line/off-line status is the only one selected, all status bytes O to 5 will
be sent in response to each change of only the on-line/off-line status. Thus, only the minimum
amount of status data necessary to provide full information regarding the selected operating
statels) is transmitted to the host. However, if, for instance, both the peripheral device state
and the error state have been selected, the group comprising status bytes 0, 1 and 2 will be
sent in response to each change in the peripheral device status and also in response to each
change in the error state. This is because the host device does not know which of the selected
operating states has changed and might not be able to identify the status byte received first if

this depends on which of the selected operating states has changed.

As will be appreciated from the example explained above, the number of status bytes that will
be sent in an ASB transmission differs depending on which operating state or which
combination of operating states has been selected in response to an ASB command. Whenever
plural bytes are sent, they are sent in a predetermined order, for instance the order of the
numbering shown in Table 3, so that they may be correctly identified by the host device.

In the above embodiments of the invention ASB is enabled and disabled by means of an ASB
command sent from the host device. It is possible, however, (although not shown in the
drawings) to provide means, such as switch means, for instance a DIP switch, in the printing
apparatus itself for allowing a user to manually set ASB ON or OFF. Setting ASB ON may
either include selection of all available operating states or only particular ones. In such case the
configuration is preferably such that a manual setting of the ASB may be overrun by an ASB
command. In particular applications it may even be possible to omit any means for setting ASB
ON or OFF and/or for selecting particular operating states. In such case status information
representing one or more predetermined operating states would automatically be sent to the
host device whenever and only when a change in any of the states occurs. Although more
information may be sent to the host device than required it would stilt be less than in the prior
art. It is up to the host device whether or not to process such data that are automaticaily

offered by the printing apparatus.
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statets} is transmitted to the host. However, if, for instance, both the
peri pheral device state and the error state have been sel ected, the group
conprising status bytes 0, 1 and 2 will be sent in response to each change
in the peripheral device status and also in response to each change in the
error state. This is because the host device does not know which of the
sel ected operating states has changed and m ght not be able to identify the
status byte received first if this depends on which of the selected
operating states has changed. As will bé appreciated fromthe exanple
expl ai ned above, the nunber of status b that will be sent in an ASB
transm ssion differs dependi ng on which operating state or which

conbi nati on of operating states has been selected in response to an ASB

command. Weneyer phural bytes are sent, ;they are sent,, Ln a predetern%ned
order, for insyagice]|trjfetidhder of the nunpering shown in Jahle 3 so fhat
they may be cofrectfy identified by the $ost dévi ce. | 1

0 | Reserved | Fixed t0 0

1 | Reserved - Fixed to O

2 | Peripheral Device state | Low | HIGH

3 | On-line/oft-line state | on-line | off-line

4 | Reserved | Fixed to 1

5 | Paper detector state | no paper | paper loaded

6 | Error detector state | no error | error detected

7 | Reserved | Fixed to O

Table 2
Bit . | Function l Value
| 0 I 1

0 | Undefined |

1 | Undefined |

2 | Peripheral device state | disable ] enable

3 | On-line/ott-line state | disable | enable

4 ] Undefined [

5 | Paper detector state | disable | enable

6 | Error detector state | disable | enable

7 | Undefined }
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In the above enbodi ments of the invention ASB is enabled and di sabl ed by
means of an ASB conmand sent fromthe host device. It is possible, however,
(al though not shown in the drawi ngs) to provide means, such as swtch
means, for instance a DIP switch, in the printing apparatus itself for
allowing a user to manually set ASB ON or OFF. Setting ASB ON may either

i nclude selection of all available operating states or only particul ar
ones. In such case the configuration is preferably such that a manual
setting of the ASB may be overrun by an ASB command. |n particul ar
applications it may even be possible to omt any nmeans for setting ASB ON
or OFF and/or for selecting particul ar-Bberating states. In such case
status information representing one or nore predeterm ned operating states
woul d automatically be sent to the host device whenever and only when a
change in any of the states occurs. Al th®bg3nore i nformati on may be sent

to the host device than required it would still be less than in the prior

Status esignated State Peripheral | On/Off- Paper Error
byte ’ Device line detector

0 Printer S S N N

1 Off-Line Cause N S S S

2 Error Cause N S N S

3 Continuous Paper N S S N

4 Slip Paper N S S N

5 Validation Paper N S S N
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art.. It is up to the host device whether or not to process such data that

are automati cal ly offered by the printing apparatus. -12- Table 1
-13- This Sheet Has Be
W -

CLAIMS

1. A printing apparatus which is adapted to be connected to a host device {61) and
has an operating state detection and transmission means for detecting at least one operating
state of the printing apparatus and transmitting status information representing said at least
one operating state to the host device, said operatmg state detection and transmission means

comprising:
state detection means (47, 54, 68, 71, 72) for detecting said operating state;

state change detection means (74, 76) for detecting a change in the output of the

state detection means; and
status transmission means (77) for transmitting said status information corresponding

to the output of the state detection means;
wherein said status information is transmitted in response to each change in the

output of the state detection means.

2. The apparatus according to claim 1 wherein the state change detection means
comprises:

status storing means {76) for storing the status information transmitted to the host
device; and

state comparing means {74) for comparing previously stored status information with
the state currently detected by the state detection means.

3. The apparatus according to claim 1 or 2, wherein:
a plurality of state detection means {47, 54, 68, 71, 72) corresponding to the number

of operating states to be detected is provided, and
the state change detection means (74, 76) is adapted to detect a changs in the output

of each of these state detection means;
wherein said status information is transmitted in response to each change in the

output of any one of the state detection means,

4. The apparatus according to any one of the preceding claims, further comprising
enabling/disabling means {62-64, 66, 73, 75) for bringing said operating state detection and
transmission means into either a first condition enabling said status information transmission or
a second condition disabling said status information transmission.

5. The apparatus according to claim 4, wherein said enabling/disabling means (62-64,
66, 73, 75} includes means for receiving, interpreting and executing a control command sent
from the host device (61).

6. The apparatus according to claim 3 and claim 4 or 5, wherein said
enabling/disabling means (62-64, 66, 73, 75) comprises selection means {75) for selecting one
or more of said state detection means {47, 54, 68, 71, 72), wherein said status information is
transmitted only in response to a change in the output of a selected state detection means.
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Tabl e 3 New Clainms 1. A printing apparatus which is adapted to be
conne weﬁdﬂa%&%ﬁ)ﬂ& ldégiw ce (61) and has an operating state detection and

transm detecting at |east one operating state of the
d transmtting status informati on representing-said at
er

pri nt|
| east one op tate to the host device, wherein said operating state

detecti on and transm ssion neans conprises: state detection neans (47, 54,
68, 71, 72y for—deteeti-ng said operating state;

0 O A -is-

7. The apparatus according to claim 6 wherein said status information includes status
data representing at least the operating state or operating states detected by the selected one

or more state detection means.

8. The apparatus according to claim 6 or 7 wherein:

said plurality of state detection means are grouped into one or more groups of state
detection means; and

said status information includes at least status data representing the operating states
detected by the state detection means which are part of a group that includes a selected state

detection means.

9. A printing apparatus according to claim 7 wherein:

one group of state detection means includes at feast state detection means {68} for
detecting abnormail printing apparatus states, state detection means {47} for detecting
presence or absence of print media, and detection means {72) for detecting whether the
printing apparatus is or is not ready to receive data from the host device.

10. A control method in a printing apparatus for transmitting operating status
information to a host device, said control method comprising the steps:

{a) detecting an operating state of the printing apparatus;

{b) detecting a change in said operating state;

{c} transmitting, in response to a change detected in step (b}, said operating state
information including status data representing the state detected in step {a); and

(d} repeating steps {a) to {c).

11. The method according to claim 10 wherein step (b) comprises:
{b1) storing the last status information transmitted to the host device; and
{b2) comparing the stored status information with the state detected in step {a).

12. The method according to claim 10 or 11 wherein:

step (a) comprises detecting a plurality of operating states of the printing apparatus;

step (b) comprises detecting a change in each of the operating states detected in step
{a); and

step {c) comprises transmitting said operating status information in response to a any

change detected in step (b).

13. The method according to any one of claims 10 to 12 further comprising the step:
ie} enabling or disabling status information transmission to the host device, wherein at
least step {c) is performed only when status information transmission is enabled.

14, The method according to claim 13 wherein step {e} includes:

{e1) receiving and interpreting a control command; and o
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state change detection rneans (74, 76) for detecting a change in the out put
of the state detection neans; and status transm ssion neans (77) responsive
to said state change detection neans (74, 76) for transmitting said status
i nfor rreWTT)ﬁ“U'pﬁﬁ— each _change In the output of the state detection neans,

and the ratus further conprises: comrand receiving neans
(62-64) Imﬂ I,ﬂw @E terpreting and executing a control comand sent
fromthe*host de and enabl i ng/ di sabl i ng neans (66, 73, 75)
responsive to said commnd recei ving means for bringing said operating

state detection and transm ssion neans Into either a first condition

enabl i ng said status information transm ssion or a second copdl ti og
di sabl i ng said stiedluenabline ofdisablino; staksniptogpgipn transmission to t evice in

accordance with the control command.

15. The method according to claim 12 and claim 13 or 14 wherein
step (e} comprises enabling status information transmission by selecting on or more of

said operating states; and . _
step (c) comprises transmitting said operating state information in response to a any
change in a selected one of the operating states detected in step {a).

16. The method according to claim 12 and any one of claims 13 to 15 wherein step
{a} comprises grouping said plurality of operating states into one or more groups, and wherein

said status information includes at least status data representing those of the operating srates
detected in step {a) which are part of a group that includes a selected operating state.

This Sheet Has Been
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charactérized in that said status transm ssion neans (77) is adapted to
transmt said status information in response to said enabling/disabling
means (66, 73, 75) bringing said operating state detection and transni ssion
means into said first condition. 2. The apparatus according to claim1l
wherein the state change detection neans conprises: status storing nmeans
(76) for storing the status information transmtted to the host device; and

state conparing neans (74) for conparing previously stored status
information with the state currently dqgected by the state detection nmeans.
3. The apparatus according to claim1 or 2, wherein: a plurality of state
detection neans (47, 54, 68, 71, 72) corresponding to the nunber

ABSTRACT OF THE DISCLOSURE {FIG. 5)

A PRINTING APPARATUS AND A CONTROL METHOD THEREFOR

A printing apparatus has an operating state dstection and transmission means for detecting at
least one operating state of the printing apparatus and transmitting status information
representing said at least one operating state to a host computer {61) to which the printing
apparatus is connected, The operating state detection and transmission means comprises state
detection means {47, 54, 68, 71, 72) for detecting said operating state; state change detection
means (74, 76) for detecting a change in the output of the state detection means; and status
transmission means (77) for transmitting said status information corresponding to the output of
the state detection means. The status information is automatically transmitted in response to
each change in the output of the state detection means. Such status information may be
enabled or disabled, for instance by a corresponding control command from the host computer.
Since the status information is automatically sent if and only if a detected operating state of
the printing apparatus has changed, a high reliability is achieved with the smallest possible
amount of status information to be sent and processed by the host computer.
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of opeqat'i.ng states to be detected is provided, and the state change

detection neans (74, 76) is adapted to detect a chemge—+f—the—output_af
each of these state detection neans: wherein saild &?&éwbﬁmﬁﬁ #Si s SG

transm to each change.jn the ot ght "ofPHAY - Bagedot Nchpaged .=,
state Jmmm“mmm .. The appar at u%‘i accordi g ﬂq"‘é‘F’géﬁ)m 3pagakettetonpagaidds,
enabl i ng7 di‘sabl i hg hedns (62-64, 66, 73, 75) corpH SEgvigglsbepaged .re@npagdeds)..
for selecting one or nore of said state detecti nUr'(g'aﬁE&C( A7, pdged .08 pased .....

72), wherein said status information_js fransmfted only in response to a
change in the output of a selected sdﬁ#eé@!@ﬁectiommﬂﬁi RECEIPT ... ""fal44

1. A printing apparatus which is adapted to be connected 10 & host device (61} and
has an operating state detection and transmission means for detecting at least one operating
state of the printing apparstus and transmitting status information representing sald at least
one operating state to the host device, wherein

said operating state detection and transmission means comprises:

state detection means (47, 54, 68, 71, 72] for detecting said operating state;

state change detection means (74, 76) for dstecting a change in the output of the
state detection means; and . .

status transmission means (77) responsive to ssid state change detection means (74,

\*-‘/ 76) for transmitting said status Information upon each change in the output of the state
detection means, and g

the printing apparatus further comprises:

command receiving means (62-84) for receiving, interpreting and exscuting s control
command sent from the host device {61) and enabling/disabling means (68, 73, 75) responsive
to sald command receiving means for bringing said operating state detection and transmission
means into either a first condition enabling said status information transmission or a second
condition disabling said status information transmission,

characterized in that said status transmission means (77) is adapted to transmit said
status information In response to sald enabling/disabling means (68, 73, 75} bringing said
operating state detection and transmission means into said first condition.

2. The apparatus according to claim 1 wherein the state change detection meens

comprises:
status storing means (76) for storing the status information transmitted to the host

N/ devics; and
' state comparing means (74) for comparing previously stored status information with
the state currently detected by the state detection mesans.’

3. The apparatus according to claim 1 or 2, wherein:
a plurality of state detection means (47, B4, 68,71, 72) corresponding to the number

of operating states to be detected is provided, and
the state change detection means {74, 76) is sdapted to detect a change in the

output of each of these state detection means;
wherein said status information is transmitted in response to each change in the

output of any one of the state detection means.

4, The apparatus aceording to claim 3, wherein said enabling/disabling means (62-84,
66, 73, 75) comprises selection means (75) for seiecting one or more of said state detection
means (47, 54, 68, 71, 72}, wherein said status information is transmitted only in response to
a change in the output of a selected state detection means.
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15 5. The .appar at us accord| ng to claim4 wherein said status information
I ncl udr—r&s{ &t—us- data representing at |east the operating state or operating

st at es y the sel ected one or nore state detection nmeans. 6. The
apparat 'Bg Ia|m4 or 5 wherein: said plurality of state’

detecti on 68, 71, 72) ar& grouped Into one or nore groups of
state detection rreans and said status information includes at |east status
data representing the operating states detected by the state detection
means which are part of a group that Includes a selected state detection
means. 5. The apparatus according to claim 4 wherein sald status information includes status

data representing at least the operating state or operltinq states detected by the selected ons
or more state detection means.

8. The apparatus according to claim 4 or 5 wherein:
said plurality of stare detection meens (47, 54, €8, 71, 72} are grouped into one or

mare groups of state detection mesans; and
said status information includes at least status dete representing the operating states

detected by the state dstection means which are part of a group that includes a selected state
detection means.,

7. A printing apparatus according to claim 6 wherein:

i " one group of state detection means includes at least state detection means {68) for
detecting abnormal printing. apparatus states, state detection means (47) for detecting
presence or abssnce of print media, and detection means (72} for detecting whether the
printing apparatus is or Is not ready to receive data from the host device.

8. A control method in a printing epperatus for transmitting operating status
informetion to & host device, said control method comprising the steps:
{a} detecting an operating state of the printing apparatus;

{b) detecting a change in said operating state;
{c) transmitting, in response to a change detected in step (b}, said operating state

information including stetus data representing the state detscted in step {a); and
{d) repeating steps {a} to (c).
{e} receiving and interpreting a control command from the host devicc' and
{f) enabling or disabling status information transmission to the host device in
accordance with the control command, wherein at least step (c) is performed only when status
s N~ information transmission is enabled,
characterized by the step of
_{g) transminting sald operating state information in response to a control command

enabling said status information transmission.

9. The method according to claim 8 wherein step (b} comprises:

(b1} storing the last status information transmitted 1o the host device; and

b2} comparing the stored status information with the state detected in stsp (s},

10. The method according to claim 8 or 9 wherein:

step {a) comprises detecting a plurelity of operating states of the printing apparatus;
step {b) comprises detecting a changs in each of the operating states detected in step

{a); and
step {c) comprises transmitting said operating status information in response to a any

chenge detected In step (b).
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7. Aprinting apparatus according to claim®6 wherein; on group of state

det e(ﬂ" | lmpes at | east state detection.neans (68) for detecting
abnor ﬂlwllntllﬂrwlﬂmgarat us states, state detection neans (47) for -

det ect’i n§ ptestnce or absence af print nedia, anddetection nmeans (72) for
detecting whether the printing apparatus 116 or is not ready to receive data
fromthe host device. 8. A control nethod in a printing apparatus for
transmtting operating status information to a host device, said control

met hod conpri sing 8heThetnemitod dcadrdihgito e Joavherite! at i Ng state of the
printing apparat usg ' ' ' rating.state; (c)
stob ) colfibrides bidbiRy mﬁg?@gf[r@gﬁmrgnﬁ?ﬂ%siﬁ Y SOIS51IR0 i mpre, of

transm tti NOggid Gparftfig . bflg @ change Inste
state informaug% I.NC data representing the state detected in

| ydi ng, st at us
step (a): and step (c']' comgnses transmitting ssid opersting state information in response to a any
changs in a selected one of the operating states detected in step (a).

12. The method according to claim 10 or 11 wherein step (a) comprises grouping said
plurality of aperating states into one or more groups, and wherein said status information
includes et least status data representing those of the operating states detected in step (a)
which are pert of a group that includes a selected operating state.

—
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(d) repeating steps (a) to (c). (e) receiving and interpreting a control
command fromthe host device; and (f) enabling or disabling status
informati on transm ssion to the host device in accordance with the control
command, wherein at least step (c) is pettornmed only when status i

I nformation transm ssion is enabl ed, characterized by the step of (g)
transmtting said operating state information in response to a control
command enabling said status information transm ssion. 9. The net hod
according to claim8 wherein step (b) conprises: (bl) storing the |ast
status information transmtted to the host device; and (b2) conparing the

stored status infor gRpIRNING APPARATUS ANDSA EONTROE METROD! FHEREFOR

The present invention relates to a printing apparatus, and, more particularly, it relstes to a
printing epparstus suitable for systems, such as point-of-sale (POS) terminals and electronic
cash registers (ECR), used in processing monetary transactions.

Conventional printing apparatuses include a status request command within the control
command set, and send printing apparatus operating status information to a host computer in
N response the sach status request command received from the host computer. The host
;. computer sends the status reguest command as required to obtain the current status of the
printing apparatus.

Howsver, when the status of the printing apparatus changes between execution of one status
request command and the execution of the next following status request command, the host
computer is not immediately informed about such change, and so a time delay occurs
corresponding to the time intervsl between the moment the status changes and the execution
of the next following status request command. To reduce this time delay, the host computer
frequently sends the status request command to the printing apparatus at a very short interval.
This frequent sending of the status request command greatly increases the overhead on the

host computer.

Thus, since a lerge volume of status data is sent from the printing apparatus irrespective of
whether thers is a change in the printing apparatus status, the efficiency of status data
jnterpretation In the host computer is significantly reduced because status data having the
_v same content is received and interpreted more than once consecutively. Finally, frequent
* execution of the status request command by the printing apparatus also reduces the
throsghput of the printing operation.

A printing apparatus according to the prior art portion of claim 1 is disclosed in US-A-
5,124,809 and GB-A-2 225 468. In this prior ert, a host system Is connected to an image
forming device and optional units are in turn connected to the image forming unit. The image
forming device comprises a controfler snd @ print engine. Operating states are sent from the
print engine snd optional units to the controller while the contralier sends control commands to
the print engine and the optional units, This prior 8rt does not disclose any means that would
allow the host system to know which operating state changed, if any.

The object of the present invention is to provide a printing apparatus, and a method of
controlling it, that aliow the host device to be informed if an operating state changed and to
easily find out which operating state changed if any. !
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10. The nethod according to claim8 or 9 wherein: step (a) conprise
detecting a plurality of operating states of the printing apparatus; step
(b) conprises detecting a change in each of the operating states detected
in step (a); and step (c) conprises tran®nitting said operating -status
information in response to a any change detected in step (b). 16 11 The
nmet hod according to claim10 wherein

This object is achleved with a printing apparatus as claimed in claim 1 and a control method as
claimed in claim 8, respectively.

Preferred embodiments of the invention ere subject-matter of the dependent claims.

Normally, the status information comprises a plurality of status data representing individual
operating states such as the on-line/off-ine state, a paper detector state, an error/no error state
ete.. These status data are assembled into one or more data blocks of a data format suitable
for transmiseion to the host computer. Typically each operating state is represented by one bijt
and each block comprises 8 bits of which one or more bits may be unused. Therefors, a data
block of status information representing one or more operating states will hereinafter be
referred to as "status byte”. The use of the term "status byte" is not intended to impose any
\./ restriction with respect to the data format and length that can be employed according to the

present invention.

The present invention provides a highly reliable and efficient system by transmitting status
information initially in response to single automatic status selection and transmission
command {referred to as ASB command In the following {ASB = Automatic Status Beack)) and
then each time and only when any of one or more operating states selected by the ASB
command change. This enables the host computer to obtain the change in the status of the
printing apparatus automatically and immediately, The host device can store the status
information received initially In response to an ASB command. When then status information Is
agsin sent in reponse to a change of an operating state, the host can compare the new status
information with the previously received one in order to easily identify each operating state that

has changed.

in one embodiment of the invention the status information inciudes one status byte only. The
ASB command selects one or more operating states represented by the status byte. Whenever
2 change in any one of the selected operating states occurs, the status byte will be sent to the

host computer.

In another embodiment of the invention the status information inciudes plural status bytes. The
ASB command selects ona or more operating states represented by the status bytes. Whenever
a change in any one of the seslected operating states occurs, either all of the status bytes will
be sent, or, more preferable, only those status bytes will be sent that include information about
the one or more selected operating states. According to this latter alternative, by only sending
the relevant status bytes the amount of data sent to and to be processed by the host computer
¢an be reduced compared to the case where sll of plural status bytes are always sent together.
Thus, the overhead for status data interpretation is therefore also reduced and the efficiency of
status data interpretation is improved because only the minimum required amount of status

data is used.

The invention is described below with reference to the accompanying figures which illustrate

This is the replacement sheet

vate: 17 SEP 198



step (f) conprises enabling status information transm ssion by selecting on
or nore of said operating states; and step (c) conprises transmtting said
operating state information in response to a any change in a sel ected one
of the operating states detected in stepdax). 12. The method according to
claim10 or 11 wherein step (a) conprises grouping said plurality of
operating states into one or nore groups, and wherein said status
I nformation includes at |east'status data representing those of the
oper at i ng ooe speclficcrmbodirant pAly #pd ip WhiFhswhi ch are part of a group that
i ncludes a sel ected operating state.

Fig. 1 is an overview of a printing apparatus used to describe the preferred embodiment of

the invention;

Fig. 2 is a cross gsection of a printing apparatus used to describe the preferred embodiment
of the invention; 5 ;
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