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[Title of the Invention] 

Printing ~p~aratus ap.d:·Co~trolMetliod Thereof .... :·. .·•. ... . . 

[Background of the Inve11tj:on] 

[Field of the Invention]. 

This invention relates to a so.;ca1).~9- seria! printer that prints by moving 

the print head relativ~ :tti':Qle recor~jIJ'g m.ediUn1. In particular, the present 

inyention :r;elates to a ted1wque ofp;~Y,¢~tmg a 10ss of print data when the print 

head does not move co~:rec~y. Tl!eh~fb~e, the present invention relates to a 

technology that is strorii1;<related·:'t~,~printers. used in systems that handle 
monetary data, such as ·fd·~itECR. . .. .. .. . 

[Description of the Prio:r.J\rl] · 

Because of its str'1~t\:li;e, a seri~ printer n(!e~ to know the position of the · 

print head. This is b~~«se, withoU:t.ki~wing fue current print head position, 
·.··. . ... · ..... :- : . . . 

the printer is unable to pJin:.t accu~ately ~t a· given position even when a prlnt 

positio~ on the recordllig'."~d.iUillis·:sp~ed. In this sense, the printer also 

needs to know the positiQ~; at ~hich, tb..e\~kcorcfuig medium is mounted. 
·.·:·· :\ .. ·-. ··. . . ' 

In order to set the J>ririt head :~t i~ initial position, a conventional serial · 

printer moves the pruit.h.eJa in a. ~~~ed ··clir~tion until the print head is 
. , . . . . . . . ··. ~ . . . . 

detected-by the print he~d.ref¢~(!ncep9sition detector. Because the reference 

:::: ~o:ff:i8~7ti~tt~ ;tr,;::o~i:l~~~: 
· po$ition of the print head· to\Vaj;d_ ~heJete~e#~~::J>9Sition detector. If a reference 

position is not detected. ~-V~1(\Vlte~. th:~:;dn,~~-;:m:b~or is operated to an extent 

position is :referred to. ~~-:th~<]niti.8lizati.on ·of tlte ,print head, or, simply, as 
. ··.·.. '.:··;:, :- ·· .. · ... ,_,.. . .. ··.·;·.\'· 

··initialization. 
, .... ' 

..... ·; . .:: . 

. /,fe, ,,...; c fr ~ nfft a e 
.· .. :' 
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[Problems to be solved)>t'tlie Invention] 
.:·. ·: ·-~· '/ :. . 

Serial printe~~,:,~t~ _tj,sed as output terminals for various information­

processing devices .. ~zi·:~articular, they are often used in systems that are 

involved in handling::i:~t'·P1oney, such as POSiECR ·systems. Confirming the . '· ~-. ~ ·: -:· 

details of transactio:p,_s:iµ writing is deep-rooted in the customary use of these 

systems, and trans~C.~d~ .. ~ata is always printed. Therefore, for handling 

monetary fransactioµ~:;.J.~iP:g such a system, the results of printing are critical; 
··.·· ··: . .-·,· _, .. 

in such a system, the.-'tttGU~acy and reliability of print results are of paramount 

importance. 

The informatiqµ,~p~ocessing devices and associated printers discussed 

above are normally u,~¢.d.; by operators of varying skill levels. Therefore, it is 

important that the p~~~'.be able to print reliably, regardless of the operator . 
.. : ' 

With a printer, an. especl~y important requirement is the absence of printing 

malfunction that coUI~i~~a~to a loss of print dat~. 
In the conventio!J:Eil. inttialization operation discussed above, it is possible 

to determine whe~ei-::~#:·ririt the moving operation was performed correctly by 

moving the print head ffe"Jriithe current position to the reference position and by 
:-.·:·,::...·:· . 

setting the print head·~thie reference position. In other words, if the reference 
. . -~ ·.' . ~ . . .:· ... 

position is not de~te~ ,~~~g the above initializ~tion operation, it is possible to 
· ... ".'·· :~ 

infer that moving of/tli~ prfut head to the reference position was not performed 

correctly due to som~":J~iri~f~f error. . 
··<.:•::::.·.:>,<:·· 

The range iii \Vbl.ch,the print h~a<:l is moved: by this processing, however, 
. . ·.. . . ' . :· ;. 

does not necessarily:;~ri.cofu~'ass the entire area';in which the print head can 
.. · .. ·. •"•. . ~:/· •:: .. 

print. Therefore~ th~:irntia]i~~tion processing cruinot detect error. conditions in 

the entire area. In o,fh~~:::~dids, eve~· if the initiali~~ti~n operation has normally 

terminated, probleui~:::&fil~:exist in the parts of:,~e print area through which 

the :pr#lt" head did ~~t·,~'.~~~~ These problems, ~~ude a protruding recording 
. .:';.,c ,' , . . . . . ' ; 

medium on the path of-~rint,head motion, the p~sence of foreign objects, or an 

error hi the print he~d ~~sport mechanism. Conventional methods cannot 
detect the·s~ probleni~~.Pc:·:, :•.: . , 
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.,,: ... 

Therefore, conventionally it is possible th3:t,printing is performed even if 

such a print hindering condition exists. In such ~·¢~se, the print data which the 
. ;. 

printer has received from the information-proce$s~ng equipment is liable to be 
·; ::.." ' 

erased from the printer before it can be printed in a form amenable to visual 

inspection. This can be a serious problem especially in POS/ECR systems 

involved in handling of money. 

[Summary-of the Invention] 

An object of the invention is to s·olve the above problems by provi,ding an 

improved printing apparatus and its control method which are able to detect 

potential errors in transferring the print head.·· previously to the printing 

operations. 

To solve the problems cited above, the printe:r in the present invention is 

provided with the following means: a print head; .a print head drive means; a 

reference position detection means that detects ti;ie reference position of the 

print head; a reference position return means thatmoves the print head to the 

reference position; a print control means th~t •·performs printing on the 

recording medium by means of the print head wl@e moving the print head; a 

print head move verification means that detects whether or not the print head 

has moved normally; a print area scanning means that moves the print head 

over the entire area of a predetermined print~bJe area after the reference 

position is detected ·by the reference position . d.0tectton means; and an error 

processing means that perform.a· error processing,:;ilicl.uding disabling the p~t 
. . -~ , : ;. 

control means from performing printing operatio~.s jf it is detected that the 

print head did not move riormhlly when the printJi¢ad was being moved by the 
., ~ :·: 

print area scanning means. 

This allows the printer to move the print he~d:t>rovisionally to a ~eference 
. :;'. ;• 

positio~ and to move the print head over the entire·~ea of the printable area in 

order to examine wheth~ or not the motion was;·p~:rformed correctly. In this 

manne~ the. printer can d.eW<:t the presence of any obstacles over the entire 

·. printable ~ea that thwart the motion of the printli~ad. ff.an obstacle is found, . : ·;:··: 
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the printer performs an error processing that dif?a~les the execution of printing 

on the recording mediuJ:tJ,.. This prevents the loss of print data during th~ 

printing operation that VJi'ould occur if the motion .of the print head failed during 

the printing operation. 

It is preferable that in this case the print.b.ead move verification means 

· comprise a print head move detection means that generates move detection 
. ~- . 

signals in accordance with moving of the print head, and a signal compare 

means that compares the _move detection signals with drive signals that are 

supplied to the print head.drive means. In this case, the printer detects that the 

motion of the print he~d i~ normal if the move detection signals are in 

correspondence with the :drive signals, and otherwise detects that the motiQn of 

the print head is not normal. 

This enables the printer to detect the error hnmediately if an error occurs 

in the motion of·the _p.ril):t head, thus minimizing ~age to the print head 

moving mechanism due to the error. · 

Moreover, the p~t he~d move verification means can also comprise a 

print head move detecti~n means that generates .move detection signals in 

accordance with moving of tb.e print head, and a signal count compare means 

that compares the numb~r of the move detection signals with a predetermined 

value. In this case, the ptjnter detects that the print head moved normally if the 

. number of move detectib,ti ·signals is equal to the· predetermined value; and, 

otherwise, detects that tJi~Jtldtio~ of the.print head:is not normal. ·:_.·_-,·:-:' .. · . ·' :;: ·. 

This enables the.p:rlllter. accurately. to detect any error in print head 
. ··· .. , ;,·:_:·: ':·.:. . . . "•. ·. 

motion even if there is ~(cllange in the phase ·<liffehm,ce between drive signals 

for moving the print head/$.d.the move detecti9n ,signals. 
. . .· . ··,: 

Moreover, th~ p~t·:area scanning means .c~ be configured such that it 

moves the print head ove~ . .the entire printable are~ from the reference position 

to the ~eference positio*~ .:and ·the print hea<l ~Hve verification mean~ can 

comprise a drive signa(count coin.pare means th~t compares the number of 

drive sipals generated bl·~~·print area scanning·riieans with a predetermined 
. . . ·~; . . . ; . ' 

value. In this case, the pJint kea scanning means. detects that the print head 
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has moved normally if the number of drive signals is equal to the predetermined 

value, and, otherwise, the print area scanning means detects that the print 

head did not move normally. 

This enables the printer to detect print head moving errors over the 

entire print area with a simple configuration, without requiring the provision of 

a special means to generate signals in response to the motion of.the print head. 

bn the other hand, preferably the print control means should be provided 

with an interface means that performs communications with an external device; 

also, the error processing means should be constituted so that it can transmit 

the print head error status to the external device. This enables the printer to 

notify the external device if a print head motion error is detected in order to 

induce the external device to disable the transmission of p~t data. 

Furthermore, the drive force generated by the print head drive means in 

response to drive signals that are output by the print area scanning means 

preferably should be smaller than the drive force generated in response to drive 

signals that are output by the print control means. This allows the printer to 

accurately move the print head during norm.al pr,i.nting operation in ~hich the 

print head is moved by a larger drive force if no print head moving error is 

detected when the print area is scanned. 

In this case, the print head drive means uses a stepping motor, and the 

drive signals for the stepping motor preferably should be signals that 

correspond to the ener~g current for the stepping motor. In this case, a 
.. 

·current larger than that used for sc~ning of the,:print area is supplied to the 

stepping motor during a normal printing operation. 

[Brief Description of Drawings] 

These and other objects ·of the invention Will be better understood by 

reference· to the· description, taken in conneJ~on with the accompanying 

drawing, in which: 

Fig. 1 is a plan schematic .. view of the printer in an embodiment of the present 

invention. 
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Fig. 2 is a block diagrani Qf the control system ofthe printer shown in Fig. 1. 

Fig. 3 is a schematic fro11t view of the printer shown in Fig. 1. 

Fig. 4 is a flowchart sho'V\jng an example of print head control procedure of the 

control sy.stem shown iii Fig. 2. 

[Detailed Description of the Invention] 

The following is a detailed explanation of the invention with reference to 

drawings. · 

Fig. 1 shows a schematic plan view of a printer, which is an embodiment 

of the present invention. In particular, the figure only shows components that 

are involved in printing :Qperations. The printer of the present embodiment 

hou~es receipt paper 2 ~d journal paper 4 in a parallel configuration. These 

items are arranged in par:~el along the path through which print head 3 · 

moves. The· printer is ~$,~:provided with a print head unit 15 that move~ along 

carriage guide axis 6 in a. direction that is across receipt paper 2 and journal 

paper 4. Said print head:unit 15 comprises a print head 3 and a carriage 14 on 

which print :head 3 is mottnted. 

Carriage 14 is supported on carriage guide axis 6. The lower portion of 

carriage 14 is connected t<> a part of carriage belt 13. In the figure, carriage belt 

13 is hung from carriage belt pulley 17 located at the left edge of body 1 to 

carriage-belt drive gear ~Jocated at the right edge of body 1. As carriage-belt 

drive gear 8 rotates, caniage belt 13 also rotates forming an ellipse whose long 

axis extends from left. to :~ght .. And~ ~ carriage belt. 13 rotates, print head unit 

15 is moved parallel to .~~age gujde axis 6 by the p~ of the print head unit 

that is connected.to catji~g~ belt.13. 
·. '. . . . 

Carriage-belt driv~ gear 8 is engaged with::stepping-motor gear 9. As 
.. · .. ·· 

stepping-motor gear 9 < rc:>.tates; .the carriage-be];( drive gear rotates in the 

direction opposite of tlie·r~tation of stepping-mot~r\gear 9. Stepping-motor gear 

9 is ~ectly linked to ste;ping~motor rotary axis 7. When the stepping motor 

control .circuit, which is ·nO.t; shown in the figure, rc;>tates stepping-motor rotary 
_·. :::.'.."·_;:·' 
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axis 7, the stepping-motOr gear rotates in the same direction as the rotation of 

the stepping motor. 

Stepping-motor ge.ar 9 is also engage(! •·with transfer gear 10. As 

stepping-motor gear 9 rotates, the transfer gear rotates in the direction opposite 

of the rotation of stepping-motor gear 9. Trat:l:$fe:r gear 10 is engaged with 
. ·'· 

star-shaped gear 11. & transfer gear 10 _ rot~t~s, the star-shaped gear 11 

rotates in the direction opposite of the rotation of transfer gear 10. Star-shaped 

gear 11 comprises six bl~de-shaped plates, the b~ade being disposed in equal 

intervals. The blade-shaped plates are arranged in positions that can be 

detected by motion detector 12 which: detects thefuotion of print head 3. 

Motion detector 12 incorporates a photo-interrupter. The photo­

interrupter generates pulse signals when a blade;.t;haped plate on star-shaped 

gear 11 passes by the detector in the photosensor. The pulse signals are used as 

motion det~tion signals. Control unit 21 for the printer in the present 

embodiment, shown in Fi~. 2, confirms that pij.iit head unit 15 has moved 

correctly based upon the number of pulse signals generated by motion detector 

12. 

Thus, each time that a drive signal for movi'Q.g print head 3 is supplied to 

the stepping motor bY: head motion circuit 24 shown in Fig. 2, control unit 21 

detects signals from motion detector 12, i.e., the PJ:esence or absence of a motion 

detection signal. In other words, the control unl.t detects the presence or 

absence of a motion detection signal by comparl!g: drive signals with motion . . . ·.·· .... 

detection signals. As a re8wt; if a mo~on detectid~-$igna1 is not generated, the 
. . .. ·. ' . ·· ... '. .. . 

control unit .21 determines;that some kind of error has_ occurred in the motion of 

the print.head. In this case; the stepping motor ha~kroduced a condition known 

as an out-of-step conditio#: Therefore; the detec~6n process that determines 
. ·,:··,:.::·: 

whether or not a motion 11~ been performed cori~tly is sometimes referred to 
.: . . .- ·· ... ~ . : : 

as an out;.of-step detection. 

~home position det~ctor 16 is located on tb~)eft edge of body 1. Home 

positio~ detector 16 incoxP~ra~es a built-in photo-~terrupter. In the figure, the 

photo-interrupter generate~- a home position detection signal as print head unit 
. ,.. . ... · 
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15 moves to the left of body 1 and a part of carriage 14 passes by the detector 

unit on the photosensor. When home position detector 16 has generated a home 

position detection signaj., head motion circuit 24, shown in Fig. 2, stops the 

rotation of the stepping motor and halts the moti()n. of print head unit 15. 

At this time, the rotation step count for tl).e stepping motor is set to 0 

indicating the position at· which print head unit 15 halted as the reference 

position. By counting the successive number of rotation steps by the stepping 

motor from the position at which the rotation step :count for the stepping motor 

was set to 0, it is possible to determine the current.position of print head unit 15, 

based upon the rotation step count for the stepping motor that was counted. 

Fig. 2 shows a block diagram of the control.system for the printer in the 

present embodiment. The printer in the present embodiment is provided with a 

control unit 21 that controls the operation of the ~ntire printer. Connected to 

input/output circuit 3 for control unit 21 is an external personal computer 19, 

which is information-processing equipment not included in the printer in the 

present embodiment. The external personal comp.uter transmits print data and 

other data to the printer. 

Print data, co~trol commands, and other tY,Pes of information related to 

printing are input from perso~al computer 19 to ~put/output circuit 31, which 

provides an interface with external devices. >'Control unit 21, which is 

· principally composed of CPU 34, executes printing Operations on the print paper 

throu~h print head c~ntrol cir~uit 23 ~d other cii'cltits, based upon the input 

information. 

Also input.into input/orttput circuit al i$ irlformati.on that indicates the 
..... ·:: 

status of home position deteCtor 16, motion detectbr)2, cover-open detector 34, 

paper-feed detector 33, and end~of-paper detec~r ·a¥.', The detector information 

thus input is processed by control unit 21. Bas~~:!#po~ this information, control 

unit 21 controls print head motion circuit 24, priri.~'. clrcuit 25 for driving print 

elements provided in the print head 3, error LED clrive circuit 26, end-of-paper 
' . . : ' .. ' ~ 

LED drive circuit 27, and paper feed motor drive ci.i'cuit 28 through print head 
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control circuit 23, LED<:QJ:l,trol circuit 30, and paper-feed motor control circuit 29 
·,.: 

respectively. 

In response to i.Il~tru~tions from head co.iltrol circuit 23, head motion 
. . . 

circuit 24 in the present embodiment can generate two types of drive signals 

with different drive totq-µ.e to the stepping motor, which is a print head drive 

means. This is because.<the drive signal specifies the current values to be 

supplied to magnetizatfori:_pha~es of the stepping motor. By varying the current 

specification value betW;~en th,~ two types of the drive signals, it is possible to 
. . . 

vary the drive torque generated by the stepping motor. 

When printing, he~d c.ontrol circuit 23 directs head motion circuit 24 to 

output drive signals that geµ:erate a larger drive torque; on the contrary, during 

print head move ve~c~gon processing, to be d~8cribed later, i.e., processing 

steps ST4, ST6, and, $'1.'7 :in Fig. 4, the head: control circUit provides an 

instruction to output dri:Ve signals that generate. a smaller drive torque. If the 

print head is moved corl'e¢tly in the ·print head motion verification processing, 

this ensures that the print head is moved accurately in the normal printing 
. . 

operation in which the ~pnt head is moved using .a large drive torque. 

The above circuits can easily be realized u~ing constant-current drivers 

m which a current -value can be set, dig_ital/analog converters, and 

voltage/current convert~rs~ ·Therefore, a .detailed description of the above 

circuits is omitted. 

The following is a,ii·~Xpiajiation of the initi.~ation at pow~-on time, and 

the operation followingth~initi.~~tiori, ofprinih~ad unit 15 with reference to 
·. . .:-:··:····.·.:, . • .: • . :; :-:·=· - • 

Fig. 3. Before initializa.tl,~n, :Pli.nt head unit l5 fuay ~e located at any position 
. : . ~. . ·: : ' ·,:. ;· 

between the leftmost mqy¢ p:p~ition, 38, or the ri~btmost move position, 37. At 

which position the: prliit: lle·ad,:":Unit will be locafud.."before its initialization is 

indeterminate. In parti¢u!m;, ~ediately after iki power is turned on, control 

unit 21. does· not have 8iiy-\·1nf()~8,tion about th~'!present position of the print 

head unit. : ': 

When its initi~~fjo11' commences, print h~ad unit 15 begins to move 

from its p~e-initializatimi·~o~tlon to the left ed~~ of body 1, at which home 
.. '· : -.. :<:.;. . . 
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position detector 16 is ·provided. When print 11,ead unit 15 has reached the 

leftmost move position, 38, indicated by the broken line, print head unit 15 stops 

in accordance with the home position detector signal generated . by home 

position detector 16. 

In a conventional initialization operation, the initialization operation 

terminates when print head unit 15 halts at the initial position predetermined 

relative to the reference position, e.g., the leftip.ost move position 38 in the 

embodiment. Subsequel);tly, the input of print data from personal computer 19 

initiates a printing operation. 

However, if print head unit 15 is located in receipt paper print area 35 

before initialization and there are no paper troubles in. this area, and a paper 

jam has occurred in which journal paper 4 has protruded beyond paper-holding 

leaf spring 18 onto the moving path of print he~d 3, print head unit 15 passes 

through receipt paper print area 35 without any trouble and assumes a standby 

position at leftmost move position 38. In the next step, the print head unit 

begins a printing operation because of a printing instruction from personal 

computer 19 to receipt paper 2 and journal paper 4. After correctly printing on 

receipt paper 2, print head unit 15 attempts to·. print on journal paper 4. 

lfowever, journal paper 4 is in a paper jam, and: :c:onsequently printing is not 

executed correctly and th~.printing operation terminates abnormally. 

When a printing_ operation commences, aJ'.lY print data received .from 

personal computer 19 is ~~quentially erased from ·a print buffer in the printer. 
·: ,. . .. ··. 

Ther~ore, if the prin~g opera.ti.on te~ates ab#~nii.ally, as described above, 

the data is lost without· being printed in ·a .. cop~tion that affords visual 

inspection. 

On the contrary, in. the present inventio~~,-home position detector 16 

detects the positlon of print hea·d unit 15 duririg th~)nitialization of print head 

.unit 15, and· then print head unit 15 is moved th~u~h tlie entire printable area 

froni leftmost move positi()ii 38 to rightmost mov~:p~Jsition 37. In this manner, 

the pr~sent. invention achieves the detection of ·8n.,omalies anywhere in the 
.·.... . .. . 

entire printable area. Th~:entire printable area ref~rs to sheet paper print area 
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35 and journal paper p:rin.t area 36, which are Jocated between leftmost move 

position 38 and rightmost move position 37 in Fig~ 3. 

The following is an explanation of the flow o~ initialization operations in 

the present invention, sl:town in Fig. 4, with reference to Figs. 1 and 3. 
. ,· 

When an initialization operation is comme1:1ced in STl, ST2 examines 
: ,·; 

whether or not home position detector 16 has generated a home position 

detection signal. If home position detector 16 did ~ot generate a home position 

detection signal, control proceeds to ST3, which moyes print head unit 15 by one 

step to the left of body L '8teps ST2 and ST3 are repeated until such time as a 

home position detection signal is generated by hoIIJ,e position detector 16. 

When a home positj.on detection signal is generated by home position 

detector 16 in ST2, conU,ol proceeds to ST4. ST4 examines whether or not the 

motion of the print head has been detected by motion detector 12. If no signals 

were generated by motion'detector 12, i.e., it was detected that a motion was not 

performed correctly, co:tjtrol proceeds to ST5, where an error processing is 

performed. 

The error processing, at a minimum, disables printing. This can prevent 

any loss of print data caused by a motion error duri,ngprinting. In order to alert 

personal computer 19 not to transmit any further print data, the error 

processing also transmits an error status that in.dicates a printer error to 

personal computer 19 through the interface. If the~ is no print data sent from 

the personal computer in ihe printer, the printer m~y go to an error condition in 

which all functions of t}ie p~ter are. h~ted untj)''.·tb.e printer is reset by, for 
. . . .·;: .. _,,· 

example, re-application of,~e power. In this case/t)ie operator has to tum off 

the pow~r and tum it on agalli after .removing th~: ·~~use of the error state, i.e., 
. .:··:· ;'· ' 

the paper jam. On the other hand; if there are som~print data remained in the 

printer, the printer wilLbeconie a stand-by co.,,dit,ion in which the printer 

asserts error condition agsiiDst personal computer: l~~·makes LED control circuit 

30 and.error LED drive ~t 26 to flash error L~tfon an operation panel not . . . '. ~: . ·: . . "· . : .. 

shown in the drawings, and is waiting for an error ~ecovery instruction from the 

personal ~mputer or the ·~perator through a switdi: provided on the operation 
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panel. However, it is: d.~sirable to maintain assertion of the error condition 
. •. ·. :-·;·~ :~. . . . .. 

against the personal do~puter during the initialization procedure to prevent 

the print data from sen,.£~g to the printer. 

On the other hartd~ if a signal was generated by motion detector 12 in 
: :·: ·. . . 

ST4, i.e., if the motion 9ftlie print head is detected, control proceeds to ST6. ST6 

moves print head unit 15 by one step towarqs th~ right of body 1. ST7 checks 

the number of drive stepsfor the stepping mofor to determine whether or not 

print head unit 15 is at rightmost move position 37. ·: ·< '. __ ~··: . 
In ST7, if print he.ad unit 15 has not reached rightmost move position 37, 

control loops to ST4: S~i;>s ST4, ST6, and ST7 are performed repeatedly until 

print head unit 15 reaches rightmost move position 37 which is determined if 
. . . : 

predetermined number o{driving pluses are generated. In ST7, if print head 

unit 15 has reached rigJi,t}:nost move position 37, control proceeds to ST8. This 

indicates a normal te:rm+ri~tion of the initialization of print head unit 15. 

The text above de~cribed the initialization of print head unit 15 in 

co_njunction with the op~r.ation of turning the :power on. Print head motion 

verification over the enti¥~_printable area:, ~ desCri.ped above, is also performed 

after print head unit 15 j~ initialized when the printer cover is opened or closed 

or when receipt paper is cU.t in order to issue a i::eceipt. Errors relating to the 
. . . ~ :·, ; . ,. 

motion of print paper or·p~t head unit 15 are }ikely to occur when the power 

for the printer is tumed·()Ji,the printer cover is opeJl;ed or closed, or when receipt 

is issued. Therefore, it~-~e~tive to perform the;ipitialization operation in each 
. ·.:· ., . :. ... ~ . . . ; . ;." 

.. · .. :·.; ·::~ ·,_·. 

cases. . · .. : .:·< 

Although in the ·i>*~$ent embodiment ihe::pflnt~r is constructed using a 
. ' ... . . . . . ~ : ~ ! .... 

motion detector that peffo:r:ms ·a one-step feed;~4 'butputs an associated signal 

to indicate the absence:ti{;m. error in the motion J£ the print head over the entire 
. ·< .•. , :• . . . ~ ' • . . ·. 

printable area, this sho~d)1~t'be construed a~ li~i°ting the present invention. 
:·;_.:/ .. :<:·:,· ·;;i: 

. An out-of-step coricli,:ijon,·for example, canjilso be detected by generating . . . . . . ;_, -~ ' . . . .. 

a prescribed number of'·iJrl:V~ :signals, counting t:he. number of motion detection 

signals. that are genera~d.:~ben the print head is-iilioved a prescribed distance, . . : . .: ~- .. : . . :~. : . . :. . : . .-: :: ~- . . 

and by comparing the -;~()tinted signals with th~ ·:predetermined number of 
.. ::.;."' : :·:·· 

'·· ,· 
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signals. This method is effective in cases in which ~ motion method is employed 

in which the relationship varies between the ~pases of drive signals and the 

phases of motion detection signals, e.g.; ·when a stepping motor 

acceleration/deceleration drive method is employed. 

Furthermore, a home position detector can also be used for verifying the 

motion of the print head instead of the motion detector of the above 

embodiment. That is, this method involves causing print head 3 to make a 

reciprocation from the home position to the home position and comparing the 

number of drive signals required during that operation with a prescribed 

number. The number of .drive signals g~nerated in the reciprocation can be 

· prescribed because the distance that the print head travels in the reciprocation 

is known. Alternatively, this number of drive signals can be generated to 

determine whether or not the home position is re-detected by the time the drive 

signals are exhausted. Ifthere is a match between the number of steps traveled 

by the print head and the distance from the home position to the home position, 

it can be concluded that the print head has moved correctly over the entire print 

area; otherwise, an error processing can be performed on the assumption that 

some kind of error has occurred in the motion of the print head at some location 

within the print area. 

The above was a detailed description of the present invention based upon 

a form of embodiment. Ho'\Vever, the present inve:Q.tion is by no means limited to 

the above example; it ene<>mpasses all variations,~d applications that persons 

skilled in the art can accotriplish base4 upon the'. 8.b~~e disclosure. 

[Explanation of References] 

1. .. Body 

2 ... Receipt paper 

3 ... Print head 

4 ... JoU;rnal paper 

5 ... Platen 

6 ... Carriage guide axis 
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7 ... Stepping-motor rota:ry axis 

8 ... Carriage-belt drive gear 

9 ... Stepping-motor gear 

10 ... Transfer gear 

11. .. Star-shaped gear 

12 ... Motion detector 

13 ... Carriage belt 

14 ... Carriage 

15 ... Print head unit 

16 ... Home position detector 

17 ... Carriage belt pulley 

18 ... Paper-holding leaf spring 

19 ... External personal computer 

20 ... Printer 

21..~ Control unit 

22 ... CPU 

23 ... Prillt head control circuit 

· 24 ... Print head motion circuit 

25 ... Print head print circuit · 

26 ... Error LED drive circuit 

27 ... End-of-paper LED drive circuit 

28 •.. Paper feed motor drive circuit 

29 ... ·Paper feed motor control circuit 

30 ... LED control circuit · 

31 ... Input/output circuit 

32 ... End-of-paper detector 

33 ... Paper feed detector 

34 ... C~er-open detector 

35 ... ·Receipt paper print ~ea 

36 ... Journal paper print a,rea 

37 ... Rightmost move position 37 



38 ... Leftmost move po~ition 38 

Key: 

STl Start initialization. 

ST2 HP detectOr? 

ST4 Motion detector? 

ST6 Move head to right. 

ST7 Rightmost position? 

ST8 Normal termination: 

ST3 Move head to left. 

ST5 Abnormal termination 

· .. ·· 

.· .: < 
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[What Is Claimed] 

1. A printing apparatus comprising: 

a print head for printing on a recording medium; 

a print head drive means for moving said print head relative to said 

recording medium; 

at least one reference position detection means for detecting the reference 

position of said print head; 

a reference position return control means for, by supplying drive signals 

to sai~ print head drive means, moving said print head to said reference position 

in accordance with said reference position detection means; . 

a print control means for, by supplying drive signals to.said print head 

drive means, performing printing on the recording medium by means of said 

print head while moving said print head; 

a print head move verification means for detecting whether said print 

head has moved normally; 

a print area scanning control means for, by supplying drive signals to 

said print head drive means, moving said print head over the entire area of a 

predetermined printable area in correspondence with the detection of said 

reference position by said reference position detection means; and 

an error processing means for performing error processing including at 

least disabling said print control means from perf~rming printing, if said print 

head move verification means dete~ that saidpript head did not move 

normally when said p_ririt head was be.ing moved ~y said print area scanning 

means. 

2. A· printing apparatus according to Claim 1 wherein: 

said print head· move yermcation means coin.prises: 
. ' 

a print head moye· detection means fo~ generating move detection 

signals in accordance with m~ving of said print head; and 
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a signal c<>PJ.p~re means for comparing said move detection signals 

generated by said print::~:~ad move detection means with said drive signals 

supplied to said print h~a~ drive means; and 

said print h~ad nioY.e verification means· determines that said print head . 
.":' ; ..... _ ~ .. 

has moved normally, if$ajd move detection signals are in correspondence with 

said drive signals, a:nd" .:determines that said print head did not move 

normally, if said move de~ection signals are not in correspondence with said 

drive signals. 

3. A printing app~a,tus according to Claim 1 wherein: 

s~d print head·1n~ve ,v~rification means comprises; 

a print h~a..4:move detection means for generating move detection 

signals in accordance With moving of said print head, and 

a signal~c6u~t c9mpare means for comparing the number of said 

move detection signals ~~llerated by said print head move detection me~ns with 

a predetermined value;,a..nd 
·-·: ·.·: .. 

said print head *u>.ve. verification means determines that said print. head 
• : ··~ < • • 

has moved normally if.tjie,nµmber of said move detection signals generated by 

said print said print h~~d Jil.OVe detection means is equal to said predetermined 
value; and 

determin~~ tliat.said print head did not move normally if the 

number of said move 4e~ti.o:r;i signals is not equal to said predetermined value. 
·r>.:>·.-:. 

4. A printing app~.#:t#s according tQ Claim 1 ·whe:rein: 

said print area sdui:iiing means moves; in accordance with said reference 

position ·detection mea.rii".~aid pririt head to said reference position; 
.·.·· 

said print head :lll.~ye verification .means comprises a drive signal count 

comp~e ineans for coiii~~g the jlumber of said drive signals generated by 

said print area scanni.µg':~ell.D.s with a predetermined value; and 

determine$ fu~i· said print head has moved normally if the number 
. . <":· . . !: : .: . . 

· of said drive signals is'.·~~:U~:to said predetermined value; and 
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determines that said print head did not move normally if the 

number of said drive signals is not equal to said predetermined value. 

5. A printing apparatus according to Claim 1 wherein: 

said print control means comprises an interface means for receiving print 

data from an external deyice and transmitting the status of the printer to the 

external device; and 

said error processing means transmits the error status of the printer to 

said external device in communication with said interface means. 

6. A printing apparatus according to Claim 1 wherein the drive force 

generated by said print head drive means in ~oqespondence with said drive 

signals output by said print area scanning means is smaller than the drive force 

generated by said print head drive means in correspondence with said drive 

signals output by said print control means. 

7. A printing apparatus according to Claim 6 wherein: 

said print head drive means comprises a s.tepping motor; and 

said drive signals correspond to value of the energizing current for the 

stepping motor. 

8. A control method for a printing apparatus.comprising 

a print head for printing on a recor~g medium, ~print head drive means for 

moving said print head relative to said recording medil,Ull, at least one reference 

position detection means for d~tecting the refere~c,e position of said print head; 

comprising the step;s of: 
.. 

moving, by supplying drive sigrials to said-:prlnt he,ad drive means, said 

prin.t hf:!ad to said reference position in accordanee.''.with said reference position 

detection means; 
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performing, by sqpplying drive signals to said print head drive means, 

printing on the recording medium by means of said print head while moving 
. . . 

·' ·. 

said print head; 

verifying whether; said print head has moved norinally; 

scanning, by supplyllig drive signals to said print head drive means, said 

prillt head over the entire area of a predetermined,printable area; and 

performing error ~~~cessing including at le~st disabling said print control 

step from performing ptjiiting, if it is detected in s~d print head move 

verification step that sai:g:print head did not move ·normally when said print 

·head was being moved in said print area scanning step. 

9. A control method according to Claim 8 wherein ~aid print head move 

verification step comprises the steps of: 

generating move: detection signals in accordance with moving of said 

print head; 

comparing said moye .detection signals generated during said move 

detection signal generation step with said drive signals supplied to said print 

head drive means; 

determining that sajd print head has moved normally if said move 

detection signals are in cprrespondence with said drive signals; and 
:::'·.···. . . 

determining that saitt. print head did not move normally if said move 

detection signals are not,~: ¢Grrespondence with ~aid drive signals. 
·. ··.·.··.··. ..:-, 

:>:>. 

10. 
.. ;-.:: ~ \: ; : 

A control method'11~c>'.rding to Claim 8 whe~ein ~aid print head move 
···:· .· 

verification step compriS~~ ,'tb,e steps of: .. . . . r. ' ,. 

generating move' dete~tion signals in accorJahce with moving of said 
. '-~~-:-:-~ ~.\~ ::: 

print head, 

. ~oD1paring the n1#iib.er of said m_Qve de~~~ signals generated during 
.. ··1.:·'.: 

said move detection sigiial'generation step with a 'l>~edetermined value; 

determining tha~ ~~d;:prbit head has move,4 '.normally if the number of 
' ·.:· ... ··' ·:··. 

said move detection sigiuil.S:~ equal to said predei¢k.ined value; and 
: .. ~. ::·.~ ·:, : ' '. .. 

·_;:_ 
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determining that said print head did not move normally if the number of 
said move dete~tion sign~s ·is not equal to said predetermined value. 

11. A control method according to Claim 10 wherein: 

said print area scanning step comprises the step of moving said print 

head to said reference position in accordance with said reference position 

detection means; and 

said print head move verification step comprises the steps of; 

comparing the number of said drive signals generated during said 
print area scanning step with a predetermined value; 

determining that said print head has moved normally if the 

number of said drive signals is·equal to said predetermined value; and 

determining :that said print head did not move normally if the 
number of said drive signals is n~t equal to said predetermined value. 

12. A control method according .to Claim 8 wherein said error processing step 
further comprises the step of transmitting the error status of the printing 
apparatus to an external device from which print data to be printed on the print 
medium. 

13. A control method aCC<>rding t(> Claim 8 wherein the drive force generated 
by said print head drive lll.~~S,·in c<>:rrespondence with said drive signals output 
in said print area scanni'hg :~tep_ is sm~er than the: drive force generated by said 
print head drive means in. =corre.sPo)'.).qence With said ~ve signals output in said ,.. ~ . . ' 

print control step·. 

14. A control method accor~g to Olaim 13,)!h¢r.em said print head drive 
.. .-: 

means is provided with a ·s~ppmg:mofur and s~~·'drive Signals correspond to . . .. : ' . ;; :'~ . . . ' . '. . ·: ,. . 

the energizing current fc)I~ :~e .stepping motor. 
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15. A control method :~ccording to Claim 8 wh~rein said print area scanning 

step is performed in corr~~pondence with at least ~ne of the following events: 

turning the poweftjn. for. the printer; 

one of opening an~·:eiosi,ng the cover for covering the print head move 

area; and 

cutting the recordi:µg paper . 

·· .. '. 

. ~· 

ii.• .. ~~· . 
. . 

"': 
::;:: 


