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DESCRI PTI ON | MAGE FORM NG APPARATUS TECHNI CAL FI ELD
The present invention generally relates to an inmage

. WO omsigo|ppar at us, and nore particularly rel aREBIR20062320523

i mage form ng apparatus having one or nore recording
‘heads nounted on the carriage. BACKGROUND ART A

serial -type image formng-apparatus is'a type of image
form ng apparatus such as a printer, a facsimle, a
copier, a plotter, or aQEﬂqgiﬁﬂiQNon copi er havi ng
functions of a printer, facsimle, and copier. A

seri al t ypEMAGRQGEORMING NP RARET@E us normal |y i ncl udes
one or nore recording heads (print heads) nounted on a
carriage which recording heads are nmade of |iquid drop
sprayi ng heads that spray drops of recording |iquids

Té&ﬁﬁI@Kﬂ”ﬁ&ﬁLDinks) . In such a serial-type imge
' us, the carriage is noved to serially
scan a r rdin i f d r ]
sheet, bﬁfg% r$?§$€5g£§%ﬁgi§ eé% %?g%ggefglgﬁggn%§ an
.al so he called recording per, a transfer diu a
iBRERI ARG GRPGR e PIROFOFR RUATAGURGHY Telates to
orthogonal to the direction in which the recording |
aﬁeémagﬁi§°é@ﬁ@6yéépaéﬁﬁuﬁhéaﬁééérQpﬁgoﬁeﬁpﬁﬁlF§C°rdlng

conveyed intermttently a - O -
heads mounted on the carriage.

BACKGROUND ART

A serial-type image forming apparatus is a type of
image forming apparatus such'as a printer, a facsimile, a
copier, a plotter, or a multifunction copier having
functions of a printer, facsimile, and copier. A serial- .
type image forming apparatus normally includes one or more
recording,heads (print heads) mounted on a carriage which
recording heads are made of liquid drop spraying heads that
spray drops of'recording liquids (for example, inks). In
such a serial-type image forming apparatus, the carriage is
moved to serially scan a recording medium (hereafter called
a paper sheet, but not limited to a sheet of paper, and may
also be called recording paper, a transfer medium, a
printing medium, or the like) in a direction orthogonal to

the direction in which the recording medium is conveyed:;

and the recording medium is conveyed intermittently a
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recording wwdth at a tine. An inmage is forned
(recorded or printed) on the recordi ng nedi um by

WO epeatddng conveying and recording steps alt er Pei/a2906/320523

In such an image form ng apparatus, if the edges of a
paper sheet are detected incorrectly, liquid drops may

“ be sprayed onto an area outgide of the paper sheet.

This may ‘deteriorate the inage quality or snear a

roenoeging wafbthsathaatimeeohRey®propels. fpamedt (recorded or
docunent 1 di scloses an i nage form ng apparatus that \
pasnaepppen sheeresendbdngnpedied by aepartiagecboreying and
scanni ng a paper sheet wi dthwi se and is thereby able
tecaequngt skt¥pdebeebriheetges of the paper sheet on a

pl ane close to the inmage form ng area. [Patent

docunent 113’% JAPANES & Al &Nf o ARDh & CRALL 9P £YD] | LALERE edges

No. 2204-2h 633 % I'n an Trmage form ng apparatus having
recordin ' | i, gui , e .
B SRR SRRy RhaEetyPal LU, LERS, L05,002EkER: may

detecting the | eading edge of a er’ sheet must be .
QﬁiéﬁéayﬁﬁpPBEPiﬁPngea REdafe : Eabgepaper Sheel? This
irreqularities in assenblsng, the distance between the ,
reyofdtagihsatentiel énagaddvRéipdper SREET 3efRSHVeNaRpg unit
vary. This nakes it necessary to align the recording

beadl mezzl esnargorhbepapePashaét doenment(flhidd splosessan
is called "registration adjustnent") .

imagé forming apparatus that has a paper sheet sensor

mounted on a carriage for scanning a paper sheet widthwise

" and is thereby able to accurately detect the edges of the

paper sheet on a plane close to the imgge forming area.
[Patent document 1]’Japanese Patent Application

Publicatioﬁ-No. 2004-237693

| In an image -forming apparatus having recordiﬁg
heads fofrspraying liquid drops, the nozzles of the
recording heads and a paper sheet sensor for detecting the
leading edge\of a paber sheet must be aligned appropriately.
However, because of irregularities in assembling,'the
distance between the recording head nozzles and the paper
sheet sensor may vary. This makes it necessary to align the
recording head nozzles and the paper sheet sensor (this
process is called “registration adjustment”).

On the other hand, the demand is high for an

increased printing speed of image forming apparatuses. When



On the other hand, the demand is high for an increased
printing speed of inmage form ng appar at uses.

 Wo@npedsng i ng mul tiple pages, the printing sperdr/grE0dme20523
.increased by narrowi ng the di stance between a. J
precedi ng paper sheet and succeedi ng paper sheet
(hereafter called a distance between paper sheets)

HOWRV el mul 8 pAeNagdisat o Whame 1dSeRseld f@h be
pdetect:énguthepl eag1gggedge o?ﬁg papéf sheet is nounted

101 3 2GR 'b?yg Sarieifd $rd tdl@%a%%% RRiRen \S%qz%éac%giing ‘

scanning of a precedi'ng paper sheet is fini
when the detection of the | eading edge. of .a succeed
OREE SLRsh STE & BHLSEC O SR ST | L T o g Lo
moved to a_specified position so that the sensor is
a giisé apsed edPe Sh@IPeAdiSh§Edde FPWEE IIucddeddi ng
paper sheet. This tine gap nakes it difficult to
5 coadigeretd odi stherce sheenset Fayededissdtiahdihey l@ading edge
certain level. In other words, inprovenent in

ofeahplageas shere tddtse aicdung echen eadiang iedge dfhexrepapera time
sheet has a great effect in inproving' the printing

g%%e%@t%fee@ln whiER0 & HeO Is¥aitgh 13RP Il pr LR MY dalpeiOlsteet is
t he above nentioned problemis to provide a second

aAthatNasly S8ROLHY ALY AMIHOMAJIHB e RAPYE &

eet .sensor on the carriage in the paper corveying

di i d_th Q d he | ead] d . '
sbllé: %ge%tdéﬁge b selt n Ssr eeh%\éé 1t‘3“|osr 5t tag(r;lctc? qIé o5 %%Sslae B 1% ghé:gae'?rfl 4o has

sensors . . . .
10 to be moved to a specified position so that the sensor is

, able to detect the leading edge'of the succeeding paper
sheet. This time gap makes it difficuit to reduce the
distance between paper sheets beiow a éertain level. In
other words( imérovement in techniques for detecting the

'15 leading edge of a papgr/shgsg has a great effect in
imﬁrov}ng’the printing speed of an image forming apparatus.
One way to solve the above mentioned problem is to
provide a second paper sheet sensor placed upstream from a
first paper sﬁeet sensor on the carriage in the paper
20 conveying direction and thereby to detect the leading edge
of a paper sheet using the first and second paper sheet
sensors.
However, providing multiple paper sheet sensors
for detecting the leading edge of a paper sheet makes it

25 necessary to perform registration adjustment for each of



However, providing multiple paper sheet sensors for
detecting the | eading edge of a paper sheet nakes it
. Woemessany to performregistrati on adj ust ment POT/JRaOB20523
" ofthe paper sheet sensors and therefore conplicates ‘
the process of registration adjustnment. DI SCLOSURE OF
THE | NVENTI ON The present J4iventi on provi des an i nmage
HHY B ARRTAL U ndd1al SHPSIHAM Rldey g Bl as aneHy
nor € probl ens caused by the limtations and
pqtloscaedsvsargfa g:eef’%iosftzla@%ornelc?%j%dst%etnt. Enbodl ments of the \
present 1'nvemion provide -an i nmage form ng apparat us
that accurately detects the | eadi ng edge of a paper
sheet even when the di stance between paper sheets. is
smal |, thereby nmaking it possible to achieve a faster
q&smmmﬂnmrﬁ%ﬁ% N of the present invention
al so provide an i mage form ng apparatus that nmakes '

5 registratTbe aufestmentnivensivinngonrovides e gpapetnaghediorming
sensors sinpler. According to an enbodi nent of the
dpeseitiud nvieat | edbsaantiayeyf ebriing edppaiat o8 mbae problems
forms an imge on a recording medi um by conveying the
JREULINY FRET UANR 2R iBnEE GO I DU ed 008 the related
scanning direction of a carriage having a recording

d includes a first detecting unit nounted on the
carriage and configured to detect the

Embodiments of the present invention provide an
10 image forming apparatus that accurately detects fhe leading
\édge of a paper sheet even when the distance between paper
sheets is small, thereby making it poésible to achieve a
faster printing speed. |
Embodiments of the present invention also’ provide
15 @h image forming appa:a?us Fhat makes registration
adﬁustment involving multiple paper sheet sensors simpler.
According ﬁo an embodiment of the present
invention, an image forming apparatﬁs that fo;ms an image
on a recordiné medium by conveying the recording medium in
20 a direction orthogonal to a scanning direction of a
carriage having a recording head includes a first detecting
unit mounted on the carriage and configured to detect the
recording medium; a segond detecting unit placed upstream
from the first detecting unit in the direction that the

25 recording medium is conveyed, and configured to detect the
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recordi ng nmedi um a second detecting unit placed
upstreamfromthe first detecting unit in the

~Wwalzreosdsen that the recording nediumis conveyE(dr/Jlazmb/320523

configured to detect 'therecording nedium and a
control unit configured to control operations of the
i mage forming apparatus based on a detection result

fdRdihey FidStusletaad i DA doOrut e seconslsied eed i dshtrol
unit. BRI EF DESCRIPTI(]\I(]: THE DRAWNGS FIG 1 is a

o?xen_p oeh\@thnLEH eOff i}?{' és:&ga Mﬁdss L‘}gs@c@ on a

ary |nage g appar a ccor ng to an

nent of the res nvent | on Fl G is a plan
SRR T 1 S b by A St T s L
Is a schematic dlagran1lllustrat|ng an exenpl ary

e iRt ing %qkﬁexenplary i mage forning
apparatus; FIG 4 is a schematic diagramillustrating
anot her exenpl ary conveyor belt of the exenplary image
form ng apparatus; FIG 5 is a block diagram
BRIER iDESCREIPTEION: GEITHR \DRAWIENGS unit of the
exenplary image formng apparatus; FIG 6 is a draw ng

used to deser.i heijexanpliaky «0kakge Nt Kalew B AMechanical
exenplary printing process of the

parts of an exemplary image forming apparatus according to

an embodiment of the present invention;

FIG. 2 is a plan view of the mechanical parts

,”éhown in FIG. 1;

FIG. 3 is a schematic diagrém illustrating an
exemplary conveyor belt of the exempla?y image forming
apparatus;

FIG. 4 is a scheqatic diagram illustrating another
exemplary conveyor belt of the exemplary image forming
apparatus; |

| FIG. 5 is a block diagram illustrating an
exemplary coﬂtrol unit of the exemplary image forming
apparatus;

FIG. 6 is a drawing used to describe exemplary
charge control in an exemplary printing process of the

exemplary image forming apparatus;
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exenplary image form ng apparatus; FIG 7 is a draw ng
used to describe the state of a charged conveyor belt

w@boovhessexenpl ary i mage form ng apparatus; Fl QCBIR2806320523

drawi ng -used to describe the state of a paper sheet
brought into contact with L%g charged conveyor belt;
FI Gs. 9A and 9B" are drawi ngs used to déscribe an

exenpl ary processiofadeisringouibe teadésgresgetnt atate of
paper sheet according to a -first enbodi nent of the

Q”éﬁSIB chN¥eRLLORr BhBr 1@ tiedeklbapshart iﬁl'afg_\eﬁr‘ gtgrmng

exenpl ary printing process according to'the

enbodipent; FIG 11 is a flowhart show ng an
39€ﬁﬁﬁaP§’printing process according to a second
enbodi ment _of the, res§nt | nvent i

9 '"FIG 12 is a

tabl e shovk hg- eXehpl argraetrd ngseds tai deSnEeRe pehfethate of
paper sheets according to the second enbodi ment; FIG
a3pppea FherEhRreughswingoaroakamsl diyhpithat ichgrged
process according to a third enbodi nent of the present
congeyponbeEt@. 14A and 14B are draw ngs used to

describe the exenplary printing process according to

the third FIGs. 9A and 9B are drawings used to describe an
exemplary process of detecting the leéding edge of a paper
sheet according to a first embodiment of the present
invention;-:

FIG. 10 is a flowchart showing an exemplary
printing process according to the firét embodiment;

FIG. 11 is a flowchart showing an exemplary
printing process according to a second embodiment of the
present invention; \

‘FIG. 12 is a table showing exemplary settings of
distances between paper sheets according to the second
embodiment;

FIG. 13 is a flowchart showing an exemplary
printing process according to a third embodiment of the
present invention;

FIGs. 14A and 14B are drawings used to describe

the exemplary printing process according to the third

embodiment;
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enbodi nent ; FI Gs,. 15A and 15B are draw ngs used to
descri be the exenplary printing process according to

“Wo b@7pkisodd enbodiment; FIG Ib is a flowhart BEDW2005/320523

an exenplary printing process according to a fourth
enbodi ment of the present ipyention; FIG 17 is a
flowchart show ng an exenplary skew correction process

in the exespkarysanade igsnhre aRBALALYS usEEGLolBelstrabe
drawi ng used to describe the , exenplary skew

re ' : ' WARRT = ' ;
R oA A T s, Ao T R
e%%)ocess i.n the exenplary image form ng apparatus; FIG

QLT awn ng used to describe the exenplary’
regi stration adj ustnent _process shown in FIG 19; FIG
21 is a dFafi-ndbudédat 6198sRArbe SPRY1BLeRPI SrFmPLlaTy
regi stration adjustment process shown in FIG 19; FIG .
mantsing drasiars wswbndindeder isd aurdherasisidiment of the
regi stration adjustnment process shown in FIG 19; and
gdeSen?3 iirsrentfilcawchart showi ng an exenplary printing
process where the di stance between a first paper

FIG. 17 is a flowchart showing an exemplary skew
correction process in the exemplary image forming
apparatus;

FIG. 18 is a drawing used to describe the

, exemplary skew correction proceés shown in FIG. 17;

FIG. 19 is a flowchart showing an exemplary
registration adjustment process in thelexemplary image
forming appgratﬁs;

FIG. 20/is a draw;ng used to describe the
exemplary registration adjustment process shown in FIG. 19;

FIG. 21 is.a drawing used to describe the
exemplary registration adjustment process shown in FIG. 19;

FIG: 22 is a drawing used to describe the
exemplary registration adjustment process shown in FIG. 19;
and

FIG. 23 is a flowchart showing an exemplary

printing process where the distance between a first paper

sheet sensor and a second paper sheet sensor is recorded.
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sheet sensor and a second paper sheet sensor is
recor ded. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON

woe@iesa3ed enbodi ments of the present inventi OPCHEIE006/320523

descri bed below with reference to the acconpanying
drawi ngs An exenpl ary i mage form ng apparat us
according to an enbodi ment” BF t he present invention is

. described belowwith reference to FIG 1 and F-1G 2

FIG 1 is a side elevational view of nechanical parts
s P B AP ik ARRANAN according to
dIT CMOoOOr NeENt— O 1 t1e pPreset T 1veritT Ofr. FIG 2is a
pl an vi ew_of _the chani cal part shown in FILG 1_.
' the oxERBEERy SPrEBEorRtrRG SRpklat B CogntarvahEian are
IS supported by a guiding unit, which includes a guide

rikbadl kel delthi rederanae bbPwebf ACGRIPaRY ingf tdrawings.
si deboards (not shown) , so as to b e able to slide in
Arheextimpeltiyorimagy fdraniarg appyretius scaaridigng to an
directions) . The carriage 3 is noved in the
& ot iseATNidTy the gutd sarse hiyhveeritaion sicartd sty iddrbellow with
via a timng belt 5 stretched between a drive pulley
REanthe dd et pul |80 brshown B FIIGi 2 » Quidle
bushes (bearings) 3a are provi ded between the carriage

t guj: r 1. £4h [ :

AIIE QUL (el DAL 1083 exdiiery inage
Q5305 BN Lol g 0PSOy Ly ¥ hd Bresent

e

invention. FIG. 2 is a plan view of the mechanical parts
shown in FIG. 1.

In the exemplary image forming apparatus, a
carriage 3 is supported by a guiaing uﬁit, which iﬁcludes a
guide rod 1 and a guide rail 2 laid between right and left

sideboards (not shown), so as to be able to slide in the

A

difections of the arrows (main-scanning directions). The
carriage 3 is moved in the main-scanning directions by a
main-;canning motor 4 via a timing belt 5 stretched between
a drive bulle& 6a and a driven pulley 6b showﬁ in FIG. 2.
Guide bushes (bearings) 3a are provided between the
carriage 3 and the guide rode 1.

On the carriage 3, four recording heads 7 composed
of liquid drop spraying heads for spraying ink drops of
yellow (Y), cyan (C), magenta (M), and black (Bk) are

mounted. The recording heads 7 are arranged so that an



nount ed. The recordi ng heads 7 are arranged so that
anarray of ink spray nozzles forns a right angle with

W b@7/0%i3 scanni ng directions and ink drops arBCB/mrzagtmtoszs
downward. Each of the |iquid drop spraying heads:

forn1ng t he recording head%)7 i ncl udes an
energy-generating unit foor generating energy to spray

driry bArens . shidy SHedy Bk ensigy -Jenefiad iy ikitia the
plezoelectrlc act'uator such as a piezoelectric

:ﬂgﬁ?i)ﬁﬁnégﬁfP@étfﬁﬁgaé 4 Hﬁknarbbgub% ef id J%@d'dﬂ%nward.

y an ectrotherma convertl ng el enme such

h I h
e ST S R Mf%gf

an electrostatic actuator usin statlc electr|C|tX
Qﬁ§QEQ%?g'ﬂﬁ?q%coﬁﬂFﬁﬁxﬁﬁb&Q'ﬁ ¥l
or nore liquid drop spraying heads each havi ng arrays ,

5  asnareding drerasprizyisrFay (ferEr i s, Fomeswel ratge
3 al so includes sub-tanks 8 for supplying color inks
drentdhe-geagaral ingy hewids, 72 .pidmsldittanks Staretsuppldeds a
with color inks frommain-tanks (ink cartridges) (not

Showy) ddtoig e i dierstppd W Hdbes Sotddtaddising ITogihe film
recordlng heads 7 for spraying ink drops, a recording

Hb%aﬂrf ey INg N apse A rStind Ak 1 'éBH\FEJ.({iﬁ‘d; neglérﬁléﬁt such

reacts with recording I|qU|ds (1 nks)

her %bé/a esfnetrn:e r ecg{ %ng] éIIllO A r ] c!é} féwatpc?lpe\E31ng

%héet e provide

1

10  metal phase changes caused by temperature changes, or an
_ electrostatic actuator using static electricity may be used.
The recording heads 7 may be composed of one or more liquid
drop spraying heads each having arrays’of nozzles for
spraying different colors.
15 ' The carriage 3 algo includes sub-tanks 8 for
- i \
supplying’ color inks to the recqrding heads 7. The sub-
tanks 8 are supplied with color inks from main-tanks (ink
cartridges) (not shown) through ink supply tubes 9. In
‘addition to the recording heads 7 for spraying ink drops, a
20 recording head for spraying drops of fixing liquid (fixing
ink), which reacts with recording ligquids (inks) and
thereby fixes the recording liquids onto the paper sheet,
may be provided on the carriage 3.

The exemplary image forming apparatus also

25 includes a paper feeding unit for feeding paper sheets 12
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The exenpl ary i mage form ng apparatus al so includes a

paper feeding unit for feeding paper sheets 12stacked
wo@mod/opaper stacking plate (pressing plate) 11P©f/JR2006/320523

paper feed tray 10. The paper feeding unit includes a

crescent roller (paper feed roller) 13 for separating

the paper sheets 12 andfee ng them one by one from

N IRAP RSN ST 35dddNg @A?&ﬁﬁ&%ﬁlﬁe a(SEP Atd N pash 11|41 of a

facing the crescent roller and made of a materia

1.t i | cfd on.,Co [ CJ T aarat i \
p\igf elh"‘s"jfbéﬂeacgte“cdlr %%V\%/adrd% eeeé:gr%%:g%e?lo eﬁﬂg%@%&é%
exenpl ary i e forn ng_apparatus al i ncl udes ,
AR U 1 o G F e THE phet Aflodicmaraine the
fromthe paper feeding unit to a position under the
et dhreteaddd and frediwh B miRY iR udeyn sthe paper
gui de 15 that gui des the paper sheet 12 fed fromthe
Papsrideadiate Uit ared comeparatigld @Ed thatfacing the
el ectrostatically attracts and thereby conveys the
qepefersthasil ok 13 cniiteddd @i ef mxdhind]l priesses High
paper sheet 12 agai nst the conveyor pelt 21 and
Ahesedn ey S {41 Paner sdi8bta thidg HLOMVEYE 1% Kb Lie
23 that changes the direction of the paper sheet 12,
SISy |tsnéoet%g@59% approxi med el y vertically upward,
approxi mat el'y

edgrees so that the paper sheet 12 is
laid on t conveyaqr. _bel,t 21, r.essi_ng _part 24, and
" paper edd 8o RRETEIG o rar 4 PSR B Ra i ddsthg |
part 24

includes a conveying unit for conveying the paper sheet 12

. fed from the paper feeding unit to a position under the

recording heads 7. The conveying unit includes a guide 15
that guides the paper sheet 12 féd‘froﬁ the paper feeding
unit, a coh&eyoi belt 21 that electrostatically attracts
gnd thereby conveys the pagef,sheet 12, a counter roller 22
that presses the paper sheet 12 against the conveyor belt
21 and thereby conveys the paper sheet 12, a conveying
guide'23 that changes the direction of the paper sheet 12,
which is beiné fed approximately vertically upward,
approximately 90 degrees so that the paper sheet 12 is laid
on the conveyor belt 21, a pressing part 24, and a paper-
edge pressing roller 25 biased by the pressing part 24
toward the conveyor belt 21. The exemplary image forming
apparatus further includes a charging roller 26 for

charging the surface of the conveying belt 21.
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toward the conveyor belt 21. The exenplary inmage
form ng apparatus further includes a charging roller

Wdﬁmﬁmmsoshar ging the surface of the conveyi ng BeT/IP2006/320523

21. The conveying -belt 21 is an endl ess belt (which may
be nol ded as an endl ess belé or nmade by connecting the
ends of a belt) stretched b 1ween a conveying roller

27 used agnad Hdnv@yield Yelandia iters GhdIddLheAd Used ch
as a driven roller. The conveying belt 21 is turned in

e TR S P T B g Tl 39 Jobrekfly cre

ub n motor, 31 vi.a a timng belt 32 and
eirlcfﬁ gf‘S rl?eejlrp)Bftretg%?%% kﬁegt"i'ese pro%cgjeaemr hesT 27
conveying belt 21 in a position corrﬁégﬁgglqg to the
YSREGET G AT Ak T 13 re AR IRP a
conveying belt 21 may have a single-layer .structure as
dhioen irpHie . Ty OMBYIng dyekt sA¥ et treriedwinrthe paper
nore | ayers) as shown in FIG 4 . The conveyor belt 21
aanteacirsy tdier patpiesn steed dZaramichd hii odair gom)g slodbwerin FIG.
26. v Therefore; when the conveyor belt 21 has only

0Ny l@yercordre y 1154l 881 Tk W81 efdedtdS whsed @b nakend hieg
| ayer. Wien the conveyor belt 21 has multiple |ayers,

rﬁcﬁ&ozﬁxﬁlﬁmfa 4 VO Y P S 1 4 P?% sidte §°E‘$r§fr§ Ngs 1 p?j)erA 3

et 12 and the ¢ arglng | er 26.1s prefera y made
gulég]één¥gz%foéﬁded under the conveylng belt 21 in a

position corresponding to the image forming area of the

'fecording heads 7.

The conveying belt 21 may have a single-layer
structure as shown in FIG. 3 or é multi—layer structure
(two or more layers) as shown in FIG. '4. The conveyor belt
21 contacts the paper_shee?»lZ and the charging roller 26.
Thérefore; when the conveyor belt 21 has only one layer, an
insulating material is used to make the layer. When the
conve?or belt 21 has multiple layers, for example, two
layers, the side contacting tﬂe paper sheet 12 and the
charging roller 26 is preferably made of an insulating
layer 21A and the other side is preferably made of a
conductive layer 21B.

The insulating material of the single-layer
conveyor belt 21 and the insulating layer 21A of the multi-

layer conveyor belt 21 is preferably a resin such as PET,



| ayer 21A and the other side is preferably nmade of a

conductive layer 21B. The insulating nmaterial of the
waenghessbayer conveyor belt 21 and the insul at POJIR2a46320523

21A of the multilayer conveyor belt 21 is preferably a

resin such as PET, PElI, PVDF,_PC, ETFE, or PTFE, or an

el ast onmer cont ai ni ng no coﬁHﬁct|V|ty control material.

PAlS0.pidie W U'@I‘E’Ees'ﬁ ipfipy oy the disMd "%ontaining no

material is preferably 1012 Wem or greater, or nore

The, et [ ot
gicfeurcr%yta} el R B o el ﬂ%lﬁ*?*"fésvfstlmy
BLSIoL IR, O 00,00 L0, SHOVE LAY s,

vol une resistivity of .the material becones 105 t hr ough

O TRAREMP TR Ity 1Y resim e rT1vs Mat qgisi k ifse i @epdustive
contact the insulating |ayer 21A of the conveyor belt

5 12yenmpaB idf Hdse anulte-1lapet stoructiyare)oelitd dlotisg epreferably
according to the rotation of the conveying belt 21.

nfzieC &yt niafipld ethedrv it thdatdowndsertfidrieel ad=imd dihean
charglng roller 26. The charging rol|ler 26 is mde of

e TR GH bt MQldIng T8l Std s da Wit 106 the
through 109 Wm An AC bias applying unit 114 (see

r%lt(é%la%. ?dré%foz}ne)s aRp! ltﬁ%o@%ﬁ.vtl'ov%cﬁ(g,d negative AC

lases o or exanp to t charging roller 26

as descrIQEQ '%%%Blngh%oﬁﬁvef%rnh%fp%@?tégn%ba%o as to

10 contact the insulating layer 21A of‘the conveyor belt 21
(when it has a two-layer structﬁre) and rotate according to
the rotation of the conveying belt 21. Force is applied on
the both ends of the axle of the charging roller 26. The
charging ro;ler'26 is made of a'conductive material'with a

15 volume resistivity of_lO6 through 10° Qcm. An AC bias
applying unit 114 (see FIGs. 3 and 4) applies positive and
negative AC biases of, for example, 2 kV to the charging
roller 26 as described later. The waveform of the AC bias
may be a sine wave or a triangular wave, but is preferably

20 a sguare wave.

As shown in FIG. 2, the exemplary image forming
apparatus also includes a rotary encoder 36. The rotary
encoder 36 includes an encoder wheel 34 attached to the

axle of the conveying roller 27 and an encoder sensor 35
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may be a sine wave or a triangular wave, but is
preferably a square wave. A's shown in FIG 2 , the

wex@mplary i mage form ng apparatus al so i ncl udBGT/aP2006/320523

rotary encoder 36. The rotary encoder 36 includes an
encoder wheel 34 attached t.q the axle of the conveying

roller 27 and an encoder s or 35nmade of a

i RNYE $Sitan il i HodPIsdfiactioy ddie i e slits
the encoder wheel 34. In front of the carriage 3 , a

dd ey sneeder Agdorsdetecting the position of the

carri age I'n the main scanning direction is provided.

As shown in EIG ,1 e linear _encoder 144 .i_ncl n
encoder 538|£r2§toﬁfW%E8hC§FF Sggré’fgr%%gegﬁdegg%%e§ 44
encoder sensor 43 nmade of a transm ssion photo sernsor .
fogr dFHEEHIN Hhife RASIE Bh ehdhan&SSderiad&le Jif?.t%tﬁﬁ main
the carriage 3 , a first paper sheet sensor 81 nade of
sgangfiingc digre Phicto isem@mviicedo dit eovwmd v B3 . phperhe
sheet sensor 81 is used as a first ‘detecting unit for
ldeteat iemgddeer |4dadimg wiige 20f driwdeapaercaleeet? kh béiinth
conveyed. A second paper sheet sensor 82 is positioned

sty ea® frcrRddaBRel -Qigriq essisty 13 held%hf m t he
v paper conveying direction so as to face the

ﬂ¥¥H§a¥§§1dﬁﬂﬂﬂgfézéeﬁgH%5¥5¥”H¥ﬂgﬁ%¥h§”533 SENSOToBZ% he
I's made of a : - !
encéder scale 42. ’
On the carriage 3, a first paper sheet sensor 81
,made of a reflection photo sensor is mounted. The first
paper sheet sensor 81 is used as a first detecting unit for
aetecting the leading edge of the papef sheet 12 béing
conveyed. A second paper sheet sensor 82 is positioned
gpstream from the papgr—edg? pressing roller 25 in the
paper conveying direction so as to face the conveying
roller 27. The secona paper sheet sensor 82 is made of a
refleetion photo sensor and used as a second detecting unit
for detecting\the leading edge of the paper sheet 12. The
first and second paper sheet sensors 81 and 82 are not
limited to reflection sensors, but transmission sensors or
physical switches may be used for the first and second
paper sheet sensors 81 and 82.

In the exemplary image forming apparatus, the

second paper sheet sensor 82 is positioned upstream from
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refl ection photo sensor and used as a second detecting

unit for detecting the |eading edge of the paper sheet
wdad 2007004 i r st and second paper sheet sensors MT/MOG&QOSB

are not limted to reflection sensors, but

transm ssi on sensors or phy écal smntches may be used

for the first and second pdg r sheet sensors 81 and

@s[é’ ﬂcj'%’& T1OF M NG APPRE tden
secoﬁg)paper sheet §%nsor 82 is p05|t|ong%H%%§treé%$ylng

Jffggél rpqgerasdggtp£gsgiggkrlee@ﬁ%@ﬁe t%%'gﬁﬁgecarﬁlage ‘3.

conv eylng irection SO as not he “""Movenment

he carri e '3 However 05|t on of the second
Seih DI i $eSine Pty 1SRt e htsor 82

shown.-in FIG 1 . The position of the second ﬁaper

ighe@t deigidre B e sthf IR HHIGR 8h s Bl poski bTkE t o
the first paper sheet sensor 81 to inprove the
et igritdrore acche aascordl spppaetheslseebneepaper8 hietpreferably
sensor 82 is preferably positioned opposite to the

LRI NG S PdFilke Sto ashd of hestaldepd o siedectséheor 81 to
paper sheet 12 when it is being conveyed steadily. The

rvShasd dek dmyidie £onveyed. wiidoUte Wsi fednd paper
conveyor belt (for exanple, by using a conveying

% Irs)ens {‘%ﬁ"fﬁ%@é%f%@%ﬁ g&m{%@@p@g&sy e o the,

I'nc S a ‘paper e ect ng unit for ‘ejec

w‘:yeﬁfg;gzﬂa 2T B L0 B

i.ncludes a sheet , ,
sheet 12 when it is being conveyed steadily. The paper

. 'sheet 12 may be conveyed without using a conveyor belt (for
example, by using a conveying roller).

The exemplary image forming épparatus further
includes a éaper ejecting unit for ejeécting the paper sheet
}2 on which an image has bgen recorded by the recording
heads 7. The paper ejecting uni; includes a sheet
separating claw 51 for separating the paper sheet 12 from
the cépveyor belt 21, a paper ejecting roller 52, a paper
ejecting rollér 53, and a paper catch tray 54 for receiving
the ejected paper sheet 12.

A duplex unit 61 is detachably attached to the
back of the exemplary image forming apparatus. The duplex
unit 61 takes in the paper sheet 12 that is conveyed
backward by the conveyor belt 21 turning in the opposite

direction, reverses the paper sheet 12, and feeds the sheet



separating claw 51 for separating the paper sheet 12
fromthe conveyor belt 21, a paper ejecting roller 52,

W@ 2apesoej ecting roller 53, and a paper cat chptT/aB2o&320523
for receiving the ejected paper sheet 12. A dupl ex ‘
unit 61 is detachably attached to the back of the
exenpl ary i mage forning'apb%§étus. The duplex unit 61

gbg;g%qﬁ ik 4 e, Pages-shest, den i dsucaayeyeth backmasdy the

e conveyor belt 21 turning in the opposite
directio reverses the paper sheet 12, and feeds the
%ﬂﬂﬁﬁiﬁﬁJ@?%?ﬂ%ﬁthe space between the counter roller

22 and the conveyor belt  21. An extra tr 70 may . b
attached 8 &f&Boéy JI° MRy Q?eﬁﬁltﬁﬁ%e tfhc‘f)r/rﬁgﬁgtom. of
apparatus. The extra tray 70 has a simlar ‘
tdonfexfmzid on edhafoutinharpatyeed e Fx202 apepry 70

i ncl udes a paper stacking plate (pressing plate) 71, a

rsepar atimigl pad-atef i upstpern feed-hat |ef T8 paper feed tray
conveying rollers 75 and 76.. The paper feed roller 73

endiride respaded | ek < sepaiqatEl dte pepesssheepBatdd) 71,
and feed them one by one. Then, the conveying rollers

o 5 ML A6 EPPRY The Papste sheadd Ld artk | iy tdenveying

space between the counter roller 22 and the conveyor
8042009 00 10) M ol e Srerml oy ey 5
§g§§¥%é¥§g”§ggS#H”%Eggkgﬂéatﬁé'papef sheets 12 and feed
them one by one. Then, the conveying rollers 75 and 76
‘convey the paper sheet 12 upward into the space betweep the
counter roller 22 and the conveyor belt 21.

A control unit of the exempléry image fofming
apparatus is ouflined below with reference to the block
diagram shown in FIG. 5. .

‘The control unit 100 includes a CPU 101 for
controlling the enti?e image forming apparatus, a ROM 102
for storing programs to be executed by the CPU 101 and
other fixed déta, a RAM 103 for temporarily storing image
data, a rewritable non-volatile memory 104 that retains
data even when the power is off, and an ASIC 105 that
performs, for example, signal processing and a sort

operation on image data and handles input/output signals

for controlling the entire image forming apparatus.
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"The control unit 100 includes a CPU 101 for
controlling the entire image form ng apparatus, a ROM

wda o 7he30st ori ng prograns to be executed by theCTZR0d4d820523

and other fixed data, a RAM 103 for tenporarily
storing i mage data, a remwltﬁble non-vol atil e nenory
104 that retains data even en the power is off; and

an ASI C 105t hattRenf arR. 1008 MRl usicanaln I/F 106 for
proceSS| ng and a SOI‘t operatl on on |mage dat a and

it [ I

WP M A uiﬁ’#hﬂ%%&? r%n*?%ea

|.so includes an I/F 106 for sending/ recelv n

P STARE S 1 MRS TSI 3 (AT Gl U Ter, 2
apparatus such as a personal conputer, a rint contro
Rinfit wentaind alrhletadlcg%.m 2 B FPrdeorms ot4§ ngP% he
recording heads 7 , a nmamin scanning notor driving unit
cortt faolrl idvg Wihey nde nelim e deradhg/ ot araih | seaming motor
scanning notor driving unit 113 for driving the sub
dciannigimid drl B3omardkianild @QHe nd o1’ s Midgnotor 4, a
detection signals fromthe first paper sheet sensor

S ééﬁrﬁﬁ@%&ﬁpﬁrﬁﬂﬁiﬁ} SENSor1 820 NeridNeArthe sub

encoder 44, and the rotary encoder 36. An operations

JéHr'§¥““§A&§ﬁ&“¥vd‘ fmkéégcg{ﬁqﬂégkéﬁkfon

connect egnto t he ‘contr unit 1 e contr

aI SO tU(rj,ﬁnIi e{be fg%é%}e%AC s?}?%r?eg{b% nItthe second

paper sheet sensor 82, the linear encoder 44, and the

. rotary encoder 36.

An operations panel 117 for inputting and
displaying information is connected ta the control unit 100.
The control‘unit 100 also turns on and off the AC bias
gpplying unit (high-voltage power supply) 114 for applying
an AC bias to the charging roller 26.

The I/F 106 of the control unit 100 receives print
data including-image‘data via a cable or a network from the
host 90. The ﬁost 90 may be a data processing apparatus
such as a personal computer, an image reading apparatus
such as an image scanner, an imaging apparatus such as a
digital camera, or the like. A printer driver 91 of the
host 90 generates print data and outputs the generated

print data to the control unit 100.
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an AC bias to the charging roller 26. The I/F 106 of
the control unit 100 receives print data including

W(i)mj)g/m«:%asta via a cable or a network from the POBIP2@/320523

.The host 90 nmy be a data processing apparatus such as
a personal conputer, an ine readi ng apparatus such
as an i mage scanner, an’ |238an appar at'us such as a

digi tal camer apyon otihe elidke oud Bhidnaek 1§ziewet h@l pefint data
the host 90 generates print data and outputs the

genenal \%'auf%&ta%é aHder gontgd! Wided QKIS PY o5 to-

101 reads out an nal yzes the pri'nt data in a receive

r_of th I/ F 106 uses t or
rA S SRR g S Gt Qi e T g e Bint
data and transfers the jmage data to t

B AP EAPRFET S T o 5 G O g-@Errm £97E ol

the print data are converted into b|tnap data by the
Yriitnt1)7 .drliny érhigsl egtbadiendigst igmarefdata tife e mrigut ata
are sent to the exenplary image forning apparatus.
ddmvecerve fterd  idetca misymaye dertevitded,hd @rriexaampldyiver 91 of
the ROM 102 so that the conversion is perfornmed by the

tEE Y VW0 MRg® fO AN P BipRaIRites .2 Mheserite ) WHY ékemplary
portion of the inmge data (dot pattern data) which

ﬂ%H&é‘¥bf%¥ﬂ§3£Eé§¥£Eb§° BHFeVEPE 9En9rHQEE”Q@@thh%rov1ded

recordlng head . the print control unit 107 sends

HE ARAEe 3L 0 ST SR SR il dbe
performed by the exemplary image forming apparatus.

When receiving a portion of the image data (dot
pattern data) which portion corresponding to one line of
printing by the recording heads %, the‘print control unit
107 sends the one line of dot ﬁattern‘data és serial data
?o the head driver 108 in synchronization with a clock
signal and also sends a latch signal at a specified timing
to the head driver 108.

The print control unit 107 includes a drive
waveform genefating circuit. The drive waveform generating
circuit includes a ROM (the ROM 102 may be used for this
purpose) containing pattern data of drive waveforms (drive
signals); a waveform generating circuit including a D/A

converter for converting the drive waveform data read from

the ROM from digital to analog; and an amplifier.
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signal and also sends a latch signal at a specified
timng to the head driver 108. The print control unit

wden7iomshudes a drive waveform generating cir cROCT/IP200%320523

drive waveform generating circuit includes a ROM (the
ROM 102 nmay be used for this, purpose) containing
pattern data of drive waveforns (drive signals) ; a

wavef or m ggpehabiunaréiveeUnbsi Rekudides a BhAreoRregiikeler for
for converting the drive waveformdata read fromthe

f | QA t éygy : npl i fi.er. (n
h rldgﬁpgggggﬁéﬁﬂaég’a S ?$¥i?g%?g¥%§¥%2;5%5§(ﬁ%ﬁ?%%i?&ta)
SECRTA IR e TR AT

register value of the shift register_according to a
TG ghaAleFihan Fe e mf &% Bt ihiteaipt e n 3ekRdding
conversion circuit (level shifter) for changing the
toeee|lagfcha sigingd durputt e amitnite dagttetpleivmeidi t10Gndr arevel
anal og switch array (switching unit) that is turned on
camreffidy diecdigvellestdlf tsdriftEe) hitad achdnveimd Othe level
sel ectively applies parts of drive wavefornms to the

oA tuataanfe Huddifs rfacel diHg 1RRYS oA MLty AW 00 and og
off the analog switch array and thereby drives the
SAGUHING NEAAS, & ch i P JARIY) SERANIND R B VAW off by
unit 111 cal cul ates a control value based on a target :
tv\ﬁ%l Uew Lﬁtp pslﬂief%e];r;.o r;fklteh%e%P&J d]quVe%ndl(?E! Sspeeleedctdle\}ee.l% Ia%i:lies

ue optal ne

parts of drive waveforms to the actuators of the recording

. heads 7 by turning on and off the analog switch array and

thereby drives the recording heads 7.°

The main scanning motor driving unit 111 .
calculates a control value based on a target vaiue supplied
from the CPU 101 and a speed'detection value obtained byl
sampling detection pu%sés grom the encoder 44, and, based
on the calculated control value, drives the main scanning
motor 4 through an internal motor driver.

Similarly, the sub scanning motor driving unit 113
calculates a control value based on a target value supplied
from the CPU 101 and a speed detection value obtained by
sampling detection pulses from the encoder 36, and, based

on the calculated control value, drives the sub scanning

motor 31 through an internal motor driver.
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sanpling detection pul ses fromthe encoder 44, and,
based on the cal cul ated control value, drives the nmain

W(sz(mmmmw notor 4 through an internal notor drP@BIP2006/320523

Simlarly, the sub scanning notor driving unit 113
calcul ates a control value based on a target val ue
supplied fromthe CPU 101 = a speed detection val ue

Obt ai ned hypir@m'lh?gp%t:@%@ oR @Htese§efn F/h@.mﬁ 0d®frming
and, based he cal cul at ed contro |ves

% %r%% S%%ﬁQ%ﬁQnﬂHﬁéH théJ" Lgﬂ1fgfé%gfyé“¥o'?¥ég 6
Fver. A printing procéss in e exenplary inmage
form ng apparatus is descrlbed bel ow with reference to
tpreu Ws%hrough 8 . First, exenplary charge control on
the conve or belt 21 is described bel ow with reference

to FIG 6Firats g&SEPILBEY CBarPReFOntRelaRBuftfiofonveyor
rotation is determ ned by the encoder 36 attached to

berde &id isf dese midedeydaipw oliltdy rEEdmgnaeurts MEGhed. As
conveyor belt 21. The sub scanning notor driving unit

debd rdfoddh @ adritergl the tanikifh tc @it nedts ttilom sie deaming:d by
nmot or 31 according to the determ ned anpbunt of

et @i andd he (G0 & GHe A tdTe 101l Risn iy ihe A ler
bi as appl ying unit (high-voltage power supply) 114 for

r gﬁo\gr leé%lﬁ?gr%&\éogoggﬁ?‘gg #n%szfnlut ? thté4 cont r o‘_:'}g-1 trf?e mo?or

d%ycg%q(,télhe&t fothteI r!:entogolt ng :LH:OSfLIOt corf rols the sub

scanning motor 31 according to the determined amount of

. rotation and the CPU 101 controls the output of the AC bias

applying unit (high-voltage power supply) 114 for applying
a high voltage (AC bias) to thHe chargiﬁg roller 26;

The AC bias applying unit.114 confrols the cycle
gthe amount of time) Qf the positive and negative voltages
applied to the charging rolier 26 and, at the same time,
the control unit 100 controls the movement of the conveyor
belt é;, thereby making it possible to apply positive and
negati?e voltéges with a specific charge cycle length to
the conveyor belt 21. As shown in FIG. 6, a “charge cycle
length” indicates the width (distance) of one cycle of
positive and negative voltages in the paper conveying
direction.

When printing is started, the sub scanning motor

31 rotates the conveying roller 27 and thereby turns the



applied to the charging roller 26 and, at the sane
time, the control unit 100 controls the novenent of

wo bm7oesveyor belt 21, thereby naking it possiBCEIR2006/320523
apply positive and negative voltages with a specific
charge cycle Iength to the conveyor belt 21. As shown
in FIG 6 , a "charge cycIeZQength i ndi cates the

d&méy&ldiﬁé}?mﬁ Sfooes &Yl 8 Bfc Posidhye @@dtmgﬁmaeume,
vol tdges 1 n the paper conveying di rection.

LI BeUirh YRR e %e%oén@%;ﬂo%&mve

Aty BiF o o i R AR S A A dotng

ative square waves to the charglng roller 26. Since
had @iy PoTIekonsH | 80 i B9 orFaet dshe ol Rent aking
the insulating layer 21A of the conveyor belt 21,

5 Jposit iR chbirges conveyatbekt chbr gess B val ez nge el gnd
applied to the insulating > layer 21A of the conveyor
efdt e (ehside P-shapet gasitd Mel apehbedetb atlea: 20dulating
and a strip-shaped negativel ycharged area 202 are

r@derngt &y 105 reshvagoshown: i FI S s6r s shagsal t,

non uniformelectric fields are forned on the conveyor

[ nsuﬁ at |I}Z—?ﬁg§%§bdznaﬂ$ ie %ﬁv%iéo‘?ﬂb% t élsﬁé%%éwe{y_

éga§b£?1§£é§|Z&thrg\ggkernately formed) .as shown in FIG. 6.
10 As a result, non-uniform electric figlds are formed on the
conveyor belt 21 as shown in FIG. 7.

As described earlier, the insulating layer 21A of
the‘conveyor belt 21 is made of é matérial with a Qolume
resistivity of 1E12 Qcm or greater, or preferably of 1EI15

15 Qcm. Such a material prevents the positive .and negative |
- T \
charges from moving across thei; boundary, thereby making
it possible to retain the positive and negative charges on
the insulating layer 21A.
‘The‘paper feed roller 13 and the separating pad 14
20 separate and feed the paper sheets 12 onto the insulating
layer 21A of the conveyor belt 21 where non-uniform
electric fields are formed by positive and negative charges.
When one of the paper sheets 12 is placed on the non-
uniform electric fields on the conveyor belt 21, it is

25 instantly polarized along the directions of the electric
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resistivity of 1E12 Wem or greater, or preferably of

1E15 Wm Such a material prevents the positive and
woeganiese charges from novi ng across their bouPdBEIB2006/320523

thereby naking it possible to retain the positive and ‘

negative charges on the insilating | ayer 21A. The

paper feed roller 13 and th éeparating pad 14

SEPRI AL ep Al L0k thige PAPRLUSDESES . éﬁe@@fpcthfelds, charges
|nsulat|ng ' ayer 21A of the conveyor belt 21 where

&t e&&éﬁ eé]éf'gﬁe iowﬁffelh by BOSE g&g& and

negéglve charges e paper s eet’s
Iaced 0 uni f I t field

N hets 25 beeons Tt tg abt S o odal g %@e{h%heet
dlrectlons of the electricfields. Because of the -

FortuniBorereTerer ke ¥t o2 Hs, artaFRREIDH %Ihet%w%tlb?r side

t he paper sheet 12 which side faces .the conveyor belt

@1 ter apeensecandl 2twhach cherpapereptbethd 2conveper belt
conveyor belt 21; and charges on the other side of the

PapsscsheedpdZs a\hi Bdcohes ges tlepethd hge comveyoy defference,
21 becone sparse. Because of the charge density

@Hé fedgncesndde papes sheeind?y '&tﬁé&@é@'ﬁoaﬁﬁéa@é@%yor

o t'he conveyor belt 21. Also, since the paper sheet

&‘Saﬁh-a 7 Gl SR e £ S GOET E A B | Al
tive true charges induced, on th §ﬂdbo€ﬁcéf t he

el 15 G SFArDES DIOHeT es Of the

paper sheet 12.

Positive and negative'true charges induced on the
side facing the conveyor belt 21 and charges on the
conveyor belt 21 attract each otﬁe: ana are therefore
stable. Positivé and negative true charges induced on the
gther side are unstab;e. S;nce the paper sheet 12 has a
finite resistance of 1E7 Qcm through 1E13 Qcm, the true
charges induced on the other side of the paper sheet 12 are
able £p move. Therefore, adjacent bositive and negative
true charges ére attracted to each other and neutralized.
As a result, the number of the true charges decreases as
time passes. The charges on the conveyor belt 21 are
balanced by the true charges induced on one side of the
paper sheet 12 which side faces the conveyor belt 21, and
as a result, their electric fields are terminated. The true

charges induced on the other side of the paper sheet 12 are
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conveyor belt 21 attract each other and are therefore
stable. Positive and negative true charges induced on

wo bm7otdser side are unstable. Since the paper BtE#20062320523
has a finite resistance of 1E7 Wem t hrough 1E13 Wm
the true charges induced on_the other side of the
paper sheet 12 are able to 4ove. Therefore, adjacent

ﬁ@?ﬂfdlvlezé&‘daé‘e&?ééﬂ’&éc{ UG SRRIO6s & AtdTact £tk tPields
each other and neutralized. As a result, the nunber of

the .true charge t T .

B the COnV :ey%r s%hd?e{g@g» %r e bal éair?(;%ﬁé e‘fﬁel% u%@@f&&ée as
arges i ndu on of the eet

S R B2 S e Sl SPSL AR wd %er0ser o

result, their electric fields are tern1nated. The true

RArLREO T HE P aH6 the Mkdfor S dihe HehdrgRs Yhedie other

12 areneutralized as descri bed above and their

sldectafl cHe gatemrsheatr Mhatledch Hoarfeos esepdle the conveyor

electric fields decrease as the conveyor belt 21 and

ddler mEpeie shepde s nDitee ghassss | oclidef s prordt e diehds the
7 . Also, since the charges on the other side of 'the

;g%s@f shest 12 whiohe chatassor enelt tIe ComVEeYess bed teime

decrease as tinme passes, the force attracting the
g Sheet 12 to the conveyor belt 21 increases as
nme passes . The.leading. edge of the paper sheet 12

ot actedyhe s Romer bl L2l s lesarl el A0 acred
égnggéﬂcéguéyg§x£elt 21 as described above is detected by
the second paper sheet sensor 82. The control unit 100
stores the timing (the number of pulses) at which the
second paper sheet sensor 82 has detecfed the leading edge
of the paper shéet 12, or the distance obtained from the
pumber of pulses and the piper conveying speed in a certéin
area-in the RAM 103.

The paper sheet 12 is then conveyed to a position
under.the recording heads 7 mounted on the carriage 3 while
being pressed\onto the conveyor belt 21 by the paper-edge
pressing roller 25. Then, the leading edge of the paper
sheet 12 is detected again by the first paper sheet sensor
81 mounted on the carriage 3 that has been moved to a
specified position for detecting the leading edge. The

control unit 100 stores the number of pulses at a time

point at which the first paper sheet sensor 81 has detected
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stores the timng (the nunber of pulses) at which the
second paper sheet sensor 82 has detected the | eading

we@dge/oaf3oe he paper sheet 12, or the distance obtEIreeh/320523

fromthe nunber -of pul ses and the paper conveying N
speed in a certain v area in the RAM 103. The paper
sheet 12 is then conveyed 1o a posi ti on under the

HHREOr dih headise MUY g QU theoarii age Shahid Stance
bei ng pressed onto the conveyor belt 21 by the

h
B 1200 8 ol IS 5 B T d Lot e

paper sheet sensor, 81 nount the carriage 3 that

Haé et v &F o & %Wﬂl@&. tion for detecting

t he | eading edge. The control unit 100 stores the ,
nunber of T%‘Lﬂ Y d01areiads pHthengt apsiloFasherintsdata in a
paper sheet sensor 81 has detectedthe | eadi ng edge of

tevee ipeperuSfmetofll Xy TR 1) Gt arres bt theedSIE ohd $ Heo

nunber of pul ses and the conveying speed in a certain

g o i dger RAMAD A ndhediGRY d Horeasisevati@mndon the print
anal yzes print data in a receive buffer of the I/F

d06, causesrdderHY GHOSE hedd o mOperatpPNst control
including a sort operation on the print data, and

YL G o eatn i sioanlial 4 orinc
SEALL PosIH QN (LISt S0 positign of e IhBge data
transferred to the print control unit 107, there is a pause
in the conveyance of the paper sheet 12. The carriage 3 is
moved back and forth once (one round ﬁrip,vthe carriage 3
may be moved to make two or mdre‘roundltrips or may be
mpved only one way) in the maiﬁ scanning directions and ink
qrops are sprayed from the‘recording heads 7 onto the paper
sheet 12 to print a portion of the image data transferred
from the print contrél unit 107.

After the portion of the image data is printed,
the paper sheét 12 is conveyed to the next printing
position by the conveyor belt 21 and the next portion of
the image data is printed by moving the carriage 3 back and
forth again. When the printing is completed, the paper

sheet 12 is further conveyed, separated from the conveyor

belt 21 by the separating claw 51, and ejected to the paper



transferred to the print control unit 107, there is a
pause in the conveyance of the paper sheet 12. The
waeanriage 3 i s noved back and forth once (one POLIMRR006/320523
trip, the carriage 3 may be noved to nake two or. nore
round trips or may be noved only one way) in the main
scanni ng directions andilﬂ@%ﬁops are sprayed fromthe

dAca di dorfe YU the fapss sheeti dtohfped s a

porti onﬂ%f t‘?ﬁes?nneagfeg%at a tlr ansf erred lfrgpm the print
ontr.ql unit 107. After the portion of the inmge data

#%??ﬁ#ﬁﬁé;fbﬁﬁﬁ§ paper sheet 12 is conveyed to the next

printing position by the cqnveyor_ bel.t 21 and the next
portion oﬁntﬁ@eiﬁéﬁémGéﬁg 10egs FOEIRS RRRATE e when
cqrrigge 3 back and forth again. Wien the printing is
o otk SR papdrizkearades | &r fihtthdrtuklohRes depges are
separated fromthe conveyor belt 21 by the separating

5 mtiavdsl,carskejteicteldy t ovidiEhquaper oat ol trley Beixt Qrege is
page of inmage data is printed as descri bed above. In

ridtee eanpl o Wdvemgel fad g appaimtitsy avhiere gedntg dat a
span 'nmulti ple pages or when nultiple pages are printed

j vl . wiiat her £ T dd 4 dsh i€ nexd+ P38Ent Sng the

necessary i s determined while printing a preceding

B TN SR B! U3 SRR b0 g ok e

Ade. next. pade {9t AL ek W Sat e BLEEoRL N9 PRY%d fvea.

10 In other words, the paper feed roller 13 starts feeding the

. next paper sheet 12 so that the distance (gap) between the
preceding paper sheet and the succeeding paper sheet
becomes a specified value. Then,vthe néxt page is printed
in the same manner as described above.

15 An exemplary prin;ing process according to a first
embodiment of the presegt invention is described below with
reference to FIGs. 9A, 9B, and 10.

First, an exemplafy process of consecutively
printing multiple pages is described with reference to FIGs.

20 9A and 9B. FIGs. 9A and 9B illustrate a process of printing
multiple pages where the leading edge of a succeeding paper
sheet is detected after the printing on a preceding paper
sheet is completed.

As shown in FIG. 9A, when the scanning of a

25 preceding paper sheet 12a is finished, a succeeding paper
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In other words, the paper feed roller 13 starts
feedi ng the next paper sheet 12 so that the distance

w@ gmp)4dsed ween t he precedi ng paper sheet and tPeT/JP2006/320523

succeedi.ng paper sheet becones a specified val ue. .
Then, the next page is pri_né d in the sane manner as.
descri bed above. An exenpl a printing process

ACEOF di N 19 Sodvdpid apbedli rend rofi4 hei PELseat from the
i nvention is described belowwth reference to FlGs.

FecdBnand 0 Dhesl 1 AN oxerml Al o o069 Of \

consecu printing nultiple pages is described

with reference to Fl d .. FlGs.. 9A and 9 .

i 11ustraté sg}odgles?%ﬁ’ﬁr iadrh’i %S‘enuqatrirpllaegepgygéréo (Gerd th
the | eadi ng edge of a succeedi ng paper sheet is |
IR kN @Y e HRE MTFYY o &2 pﬁ’gQ%Jai #g9papereshiet

is conpleted. A s shown in FIG 9A, .when the scanning -
s Bt prrecéadi poepepernihedtpaPit {en f ke Bhethe gleading edge
succeedi ng papersheet 12b is conveyed with a certain

oif stlenceapeonzsiidet pt2cesli det paped) sheedeti@ctisthe leading
descri bed above. A s shown in FIG 9B, the carriage 3

dBYESof Nchdes b esting shonn dyedhelZl Orot Omprpagethe
edge detection position (a predeterm ned position

%ﬁgﬁﬁbﬁ%fi%gag$99p§ t.%ﬁ§ ihe. pppernshegt -d2qt iq papef

ecte det ect eadi ng edge of the sucCeeding
T M T Nt R S HERE
the carriage 3 is moving toward the paper edge detection
position. 6ne possible problem such a mechanism might cause
is that, if the leading edge of the sﬁcceeding paper sheet
12b passes under the carriage 3 before’the carriage 3
reaches the papér edge detectién position, the first paper
sheet sensor 81 on the car;iage 3 is unable to detect the
leading edge of the succeeding paper sheet 12b.

In the exemplary image forming apparatus, the
paper edge detection-position of the first paper sheet
sensor 81 is éet at a position about 5 mm from the left
edge (facing the paper conveying direction) of a smallest
paper sheet usable. According to an exemplary scanning
speed of the carriage 3, when the paper conveying speed is
240 mm/sec or slower and the distance between the paper

sheets is 60 mm, the carriage 3 can reach the paper edge

detection position of the first paper sheet sensor 81
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sheet 12b is conveyed by the conveyor belt 21 even

while the carriage 3 is noving toward the paper edge
waledogotdzon position. One possi bl e probl em suchP@er/JP2006/320523

nmechani sm m ght cause is that, if the | eading edge of

t he succeedi ng paper sheet iéb passes under the

carriage 3 before the carriagé 3 reaches the paper

sggsrgekﬁetuead@9§IEBee th%hE'%ﬁEc@é@thSE@%brS%ﬁ&@& 12b
on the carriagé 3 i's unable to detect 'the | eading

?eggﬁ gftBB g%geggbgng%B%E1893S5s%%90n'n the

exenplary ornrng apparatus, € paper edge
detectlon 05|t|on of . the first $aper heet ﬁenso }IG

is set at p%%l??%%pﬁﬁﬁﬁtp%lﬂ%+ P orf Phe®Pefto8lge” .

(faC|n% t he paper conveying direction) of a small est

paper SRedingsabPePaREECPAFRG 98'aﬁh§x§ﬁB¢5P} §8&ﬁnﬂﬁ&
speed of the carriage 3 , when the paper conveying
dpeedmiipe24@hathsectbe Qapwercanaewhegdspﬁadcesb@ﬂwe@m/sec
the paper sheets is 60 mm the carriage 3 can reach
bhespaper . edgendehecprparpesnvegingf spkedf isst4paper/ sec or
sheet sensor 8lbefore the | eading edge of the

suspeedi Rgepapak reheahit2hoveashestkhenpapersedgaper sheet
det ect i on position. In an exenplary printing process

Hggr'glFFQ'tﬁg igg&gﬁgéeédkegdkﬁécﬁaﬂﬁ% §%§@En%2edge qf

control unit erm nes whet her the pape

55%5%883@56 § Lpeoiel SR RapsE. iR e g oHRRe 1

control unit -100 selects_the first Eaper %%e
faster than 240 mm/sec, the control unit 1 selects the

second paper sheet sensor 82 poéitioned upstream from the
first paper sheet sensor 81 in the paper conveying
direction to detect the leading édge Sf the paper sheet 12.
The control unit 100 causes the conveyor . .belt 21
to convey the paper sheet }2,,detects the leading edge of
tﬁe paper sheet 12 using the selected paper sheet sensor,
the first paper sheet sensor 81l or the second paper sheet
senso¥ 82, and conveys the paper sheet 12 further to the
print start ﬁosition (first scan position). After starting
the printing, the control unit 100 determines whether it is
time to feed the next paper sheet 12. When it is time to
feed the next paper sheet 12, the control unit 100 starts
feeding the next paper sheet 12. When it is not time to
feed the next paper sheet 12, the control unit 100 starts

printing image data on the current paper sheet 12 and

I
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sensor 81 on the carriage 3 to detect the |eading edge
of the paper sheet 12. \Wen the paper conveying speed

wWo sooffmsi3er t han 240 mmi sec, the control unit 1P0T/JP2006/320523

sel ects the second paper sheet sensor 82 positioned
upstream fromthe first paper sheet sensor 81 in the

paper conveying direction t© detect the | eading edge
Hpddtes Raperrsditflg hd e momd dydind turki0l causgsrideing
conveyor belt 21 to convey the paper sheet 12, detects

e 1Al NG edgs ol thehary shegindewsing the ‘
sel ect ed paper ‘sheet sensor, the first paper sheet

sensor 81..,0r the second.p r t nsQr .82, .an
conveys'tﬁgepgﬁgﬁrg egplfzqgﬁrF%%%ifoaghé%pﬁghﬁj%igﬁﬁt page
position (first scan positijon) fter startin thf

05 (R L e RS D T - DD (P S ok RARRS vitiot PP gted. I
is time to feed the next paper sheet 12. Wen it is _
ndtve the femt 1dle ekt Hperepgrdar e RHEEEHE rotermiwntil
100 starts feeding the next paper sheet 12. Wen it is

ot tdate dayd eed prhientreekt ZEper Shedtadt? pdde tomrioited,
unit '100 starts printing i mage.data on the current
fapeforshest JA andiepepiscd hend eedihpaye fiid ntén@inates
cycle until the printing on the current paper sheet 12
%H%(5¥§H5§ﬁ§ip£g3%§gynrol unit 100 checks if it is the

ast” page to determ ne whether printing of all pages

i s Conple?%ddeggrqgkﬁt%@%v%onﬁkokh nékgﬁgﬁfggpiﬁﬁﬁﬁryarﬁing

printing Steps until the l'ast "page
§S§%J§¥§sf¥¥¥%'§% {fggeﬁkit 100 selects either the first

. paper sheet sensor 81 or the second paper sheet sensor 82

according to the paper conveying speed. This mechagism
makes it possible to detect the leadiné edge of a paper
sheet by using fhe second papef sheet sensor 82 when the
ﬁirst paper sheet senso; is\not able to reach its paper
edge ‘detection position in time because the distance
between a preceding papef sheet .and a succeeding paper
sheet'is too small, thereby making it possible to
accurately de£ect the leading edge of a paper sheet, to
increase the printing speed, and to perform stable image
forming.

An exemplary printing process according to a
second embodiment of the present invention is described

below with reference to FIGs. 11 and 12.
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the control unit 100 ejects the | ast page and
termnates the printing process. A s described above,
wo eoovhes3exenpl ary i mage form ng apparatus, thePCDM20ad/320523
unit 100 selects either the first paper sheet sensor
81 or the second paper sheet_sensor 82 according to
t he paper conveyi ng speed. Thi s nmechani sm makes it

possi bl e te Helaely the tlh%a@e%n%ﬁmdme@ﬁeert@h%@ntrgl

by using the second paper sheet sensor 82 when the

Jz{{étld’@‘gsgéldez{heseteisﬁ{@?rt}%é MS@%%&EG%%‘%% %%}résor 81 or

paper” ed ection position in ti

i stance between recedi ng paper sheet and a .
R S T SR TPt e OFiRs S Eakeading edae
possi ble to accurately detect the |eading edge of "a

feie SFRRAL IRPGhcFeRCUHEM i R i hPSPEe T apRIrEY. In
perform stable i mage form ng. An exenplary printing
Pricx eambedtiotenti nthe i staorrl ketwrEmerrPref shheets is
present invention is described belowwith reference to

dHdsged la o dnAcooraipuginto phepsecpntbapdiodt yeef ,in this
the control unit 100 selects either the first paper

shagd1sensdrsiderid ersecond papaiowhest SESOI2 821
detect the | eading edge of the paper sheet 12

'%@Jr@éé‘%&&u@er?&i%expr 1y-1d NsddiSo gg\"’ﬂé}%ffff‘&alﬁé‘e(for

I stance between ‘paper sheets Is changed according to =
& rgﬂfé, de)pn%)t yfépaﬁgirg y;?a?pe:i*,n kgehéa%’use a higher printir?g '
speed is demanded when printing on plain paper. On the

. other hand, the distance between gloss paper sheets or OHP
sheets is set to a larger value (for example, 60 mm),
because a smaller value increases the risk of causing paper
feed troubles.

When the paper copveying speed is.constant, the
time from’ when the finai scénning of a preceding paper
sheet is completed until when the leading edge of a
succeeding paper sheet passes the paper edge detection
position of the first paper sheet sensor 81 becomes shorter
as the distance between the paper sheets becomes smaller.
Therefore, when the distance between paper sheets is below
a certain value, the leading edge of a succeeding paper

sheet may pass under the carriage 3 before the carriage 3

reaches the paper edge detection position.
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exanple) as showmn in FIG. 12. A s shown in FIG 12,
t he di stance between paper sheets is set to a snal

‘W(vam/mﬁ(sf)sor exanple, 40 mm for plain paper, bERCHIF®S0@320523

higher printing speed i s demanded when printing on "
plain paper. On the other hand, the distance between
gl oss paper sheets or OHP Stieets is set-to a |larger

val ue (forpesamelx@mpd@ RiMprink@6ause o es®lsh@fvauerc. 11,
i ncreases the risk of causing paper feed troubl es.

@@%%t ' i shee Gor ! :
afLo %%e&;lqﬁiret%%%y%%gsnm ngdlojf'sa pr Zécedlrr%f ng%tlfn?oo

£ | eted until the |.eadi dae of a..
St i) e SR pacte ST er RO bt b A 2nce

position of the first, paper sheet. sensor 81 becones,
Refotassr RePahesRA%iSinte HofRaT tfF PPperigiectie distance
becones snual |l er. Therefore, when the di stance between .
hedpesens paner i shardovin Temmiar Varger + Hde ezeiitigel unit
edge of a succeedi ng paper sheet ndy pass under the

1080 rdedgectds efeoorfe tdte mapen adeeed reacies 8heompatdes carriage
edge detection position.ln an exenplary printing

Pras east &hoWhd N ddd@3nd led @ ter Hreedide# hehd@per2. when
sheet 12, the control unit 100 checks the print

iy : , et 0

LR ST Mo (S PN D0
et wee per._.sh ) or ‘ger, the c I

TR BRI T 1t T Rl madf; AR semcor

the carrjage
82 poéﬁtioé%d upstream from the first paper sheet sensor 81

. in the paper conveying direction to detect the leading edge

of the paper sheet 12.

The control unit 100'caﬁses éhe conveyor belt 21
to convey the péper sheet 12, detects the leading edge ofl
?he paper sheet 12 us%ng the selected paper, sheet sensor,
the first  paper sheet sensor 81 or the second paper sheet
sensor 82, and conveys the paper sheet 12 further to the
print start position-(first scan position). After starting
the printing,‘the control unit 100 determines whether it is
time to feed the next paper sheet 12. When it is time to
feed the next paper sheet 12, the control unit 100 starts
feeding the next paper sheet 12. When it is not time to
feed the next paper sheet 12, the control unit 100

continues printing on the current paper sheet 12 and
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3 to detect the | eading edge of the paper sheet 12.
When the di stance between paper sheets is snmaller than

w®omye3dhe control unit 100 sel ects the seconeCpageess/320523

sheet sensor 82 positioned upstreamfromthe first
paper sheet sensor 81 in thg?paper conveyi ng direction

to detect the |eading edge of the paper sheet 12 . The

L i trdO9; CaUsRs dhenepny eypel debht 211 ti9e COAVEYing
t he paper sheet 12, detects the | eading edge of the

shggt Eyacﬂ b e] £ci £d-PRAPEL Sheet sensor, \
<%)Iff]lf;iq{‘?rst %%@p r sﬁ%etﬁ%eeﬁs%r 81 or the second paper
sheet sensor 82, .and conve h er, et.
further t %[engo&tﬁ%q i >ﬁf)ooofc,iCc%legc‘ri}(‘ps- (J’fflsgs lssggtr%le last page
position) . After startjng the pripting, the control
Ui de BRI i S HRRT e BeINg (OF 5311 REYSS fEeCoPRICted. I
next paper sheet 12. Wen it is tine to feed the next _
pertbhezentR ] tweit oh@ ¢ ofepeR s 100e sPaFrEiR@edit oS until
t he next paper sheet 12. Wen it is not tinme to feed
the et paperisheeinddd. thfteonthel lagh tpd®® is printed,
continues printing on-the current paper sheet 12
oelr epeat s1 tiei £ eesld ng s PEhat 180Gt Cysde amdli tetMEnates
printing on the current paper sheet 12 is conpl eted.

T [ checks if it is the last page to
Eﬁ§3§¥gﬁiﬂﬁ%é$ﬂ5cé99,

erm ne er printing of all pages is conpleted. ,
I f not, the cantr.al it 0 r, ts t rinting ..
steps until® { eesqrglshie%;éaé)é) i plﬁrlp‘ne%eed.e erér{l{ﬁé ie{ls +ng

age is printed, . .
g}é%ess ccoré?%g to the second embodiment, the control

,‘ﬁnit 100 selects either the first paper sheet sensor 81 or

.the second paper sheet sensor 82 according to the distance

between paper sheets (or according to fhe paper type). This
mgchanism makes'it possible to'detect'the leading edge of a
péper sheet by using Fhe s%cond paper sheet sensor 82 when
thé first’ paper sheet sensor islnot able to reach its paper
edge detection position in time because the distance
betweén a preceding paper sheet and a succeeding paper
sheet is too small, thereby making it possible to
accurately detect the leading edge of a paper sheet, to
increase the printing speed, and to perform stable image
forming.

Meanwhile, it may be possible that the distance
between paper sheets becomes smaller than the value defined

for each print property because of a paper feed trouble. To
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the control unit 100 ejects the | ast page and
termnates the printing process. A s described above,

- W0 movhessexenpl ary printing process according tH?T/m006/320523

second enbodi nent, the control , unit 100 sel ect's
either the first paper sheeg sensor 81 or the second
paper sheet sensor 82 accor }ng to the distance

S8 BN DARLT 3 %@@éﬁetﬁortl@éc@i&hﬁﬂgaf@ ihegoaperminge)
. This nmechani sm nakes it possible to detect the

%@3%5‘% | Oée - HPE 5usl shget o e s AY the §EEPRMce between

ensor 82 V the first' paper sheet

Sensor_. s not able to reach |t e tson
ST e T D LR 5 Pafah i el i e 820
precedi ng paper sheet and_a succeedin er sheet is
R gl et?%%%%%yu%%P|%@dl?op%%%?%Weg é%éé%u?%?%?ysensor
detect the | eading edge of a paper sheet, to increase -
hazepromt gy @%@%@re@n@l$©a®@¢forn1stable i mage
formng. Meanwhile, it may be possible that the
di st ance et ween seaqmerd sheeetdsinfeadonmeshes il d tem deh doe ttween
val ue defined for each print property because of a
PAPeF - 1eesk § rpsbdes i Joobrb At aShCHir BnPrEbé STt yhend the
exenpl ary i mage form ng apparatus nay be conflgured to

J?a B4 Hh SLANEE HSL WBEN-PAPRE SHESH ;%@g:@g shet
second p

aper sheet sensor 82 or another detecting unit

5%%%59 §f|e§tséﬁ£@%éﬁ é§§§& SENERL deflned distance to

detect the. leading edge of a paper sheet. However, the

. ‘'exemplary image forming apparatﬁs may be configured to

select the first paper sheet sensor 81 or the secogd paper
sheet sensor 82 to detect the leading édge of a paper sheet
based on a condition such as a paper type, a paper
Fhickness, the resistance qf paper, single-side/double-side
printing,’a paper size, and so on.

In the exeﬁplary printing processes according to
the above embodiments, a step of selecting thg first paper
sheet sensor él or the second paper sheet sensor 82 is
performed even for the first page. However, the exemplary
image forming apparatus may be configured to use the first
paper sheet sensor 81 for the first page regardless of the
paper conveying speed or the distance between the paper

sheets.
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based on the neasured di stance. In the second

enbodi nent, the di stance between paper sheets is
waledornedod or each print property and the firstP@QEDE006/320523
" sheet sensor 81 or the second paper sheet sensor 82 is

sel ected based on the defi di stance to detect the

| eadi ng edge of a paper "she#t”. However,' the exenplary

i mage for ghngxappana ui%rlmﬁiag eebkieger adcbedsalgeeb a third
the first paper sheet sensor 81 or the second paper

eixﬂ%é{ir%@&s %rf 82,4 &%?e%cg e dead ng edas ofh & BAPRSw with

ased on a ndition such as a paper type, a

er thickn t r.esi stan of paper,
% @GS &é’/%'eﬁgﬁ d r&qgﬁ} ﬁr;%g a paper size, and
so ‘on. In_the exenplary printing processes accordin%
to the abéPetBROEALFENEELCLIBERS oft NeeltedSitngaPRE Sheet
first paper sheet sensor 81 or the second paper sheet .
sersor 892 viosr Kzerifroraned) ki drorw ittie §he steqraye. paper sheet
However, the exenplary inmage form ng apparatus may be '
eREd g 822d o tige axdwndliast paperishestossss@hd@in fior FIG.
the first page regardi ess of the paper conveying speed

1, the detance hetweap tha faperhshegisr - fAeExaslér Y13 to
printing process according to a third enbodi nent of

£ P b BN S D D e 23 o
ceo%bvoedJ rﬁﬂnet ’patpheer fsi1'1res’et‘t %af,erarwtc’&ec?etteéts the leading edge c.?f
the paper sheet 12 using the second paper sheet sensor 82.

. The control unit 100 stores the'timing (the number of
pulses) at which the second paper sheet sensor 82 has
detected the leading edge of the paper’sheet 12 or the
distance ob£ainéd from the number of pulses and the paper
gonveying speed in a gertain area in the RAM 103.

“The CPU 101 in the control unit 100 compares
condition data in the ROM 102, the RAM 103, and the non-
volatile memory 104 with the paper detection timing data
stored iﬁ the‘RAM 103 and thereby determines whether the
leading edge of the paper sheet 12 can be detected by the
first paper sheet sensor 81 on the carriage 3. The
condition data includes the paper conveying speed, image
data, scanning speed of the carriage 3, distance between

paper sheets, paper type, single-side/double-side printing,

and timing of nozzle cleaning.
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sensor 81 works in conjunction with the second paper
sheet sensor 82. In the exenplary printing process

;W(sm,mdsm FIG 9 13, the control unit 100 -cauR€FRJRAG:/320523

paper feed roller 13 to feed the paper sheeéet 12, .
causes the conveyor belt Zéiio convey the paper sheet
e

12, and detects the | eadi ng edge of the paper sheet 12

using thewseeond papebtspeekiseesS@or8Zhellfa rg@niapler sheet
unit 100 stores the timng (the nunber of pul ses) at

LY e 3 JAaRHe Slhé%%fir?geré'ifqe %f g?r% %%{%%%eet 12

the 1 eadi ng edge of the paper shee tance
abt ai ned .f rom t he nunper_ of .pul,ses t er
oS 1S pRag hae Tar Aot e A e R pape g

CPU 101 in the control unit 100 conpares condjtjon
BRSO ROREMOTOAT (HIRAVDROS O R iort Qfbl HY e
menory 104 with the paper detection timng data stored

tihe FRESRAMOTOR HMY tSRaash s W dthathithes Gatinge thecan reach

| eadi ng edge of the paper sheet 12'can be detected by

tthee dfaprest gquyEe rdesteedti e rsgri t8loronint Heimar ri age: 3 .

The condition data includes the paper conveying speed,

I mage. dat aftseanadngispeeteobable cankeddegd speed so that
di stance between paper sheets, paper type,

tHNH 8- %e{p@cu@kﬁee% A&y d g NGa Ak tid d8 NhOT1 dIZL S edge

cl eaning. When it is not possible for the first paper

68 ARG Bhdi© 981 Qhle Wi A0 LU Uaddls the

paper
conveyor belt 21 to convey the paper sheet 12, detects the

_'leading edge of the paper sheet 12 using the first paper

sheet sensor 81, and conveys the paper sheet 12 further to
the print start position (first scan position). After
starting the printing, the control unit 100 determines

whether it is time to feed the next paper sheet 12. When it

\

\

is time to feed the next paper sheet 12, the control unit
100 starts feeding the next paper sheet 12 and detects its
leading edge using the second paper sheet sensor 82. When
it is not timé to feed the next paper sheet 12, the control
unit 100 starts printing image data on the current paper
sheet 12 and repeats the feeding and printing cycle until
the printing on the current paper sheet 12 is completed.

The control unit 100 then checks if it is the last
page to determine whether printing of all pages is

completed. If not, the control unit 100 repeats the



or when the carriage 3 is not able to reach the paper
edge detection position in tinme, the control unit 100

WO edaoes04 he paper conveying speed so that thePCRIFAGYR0523
3 can reach the paper edge detection position in tinme.
After reducing the paper co eylng speed so that the
flrst paper sheet sensor 81°tan detect the | eadi ng

theRanait Shedle Wast PBagOMs Grimidd 100fter the
causes %he conveyor belt 21 to convey the paper sheet

st g?% Jﬁr{te@dj' L9960 o 1 N&, PaPeso S@f@étéztheﬁ last

usin paper eet sensor 81, and conveys t
er sheet 12 further to rint start position
§ ersanﬁctae]rwt[eso < %Jtrgfr *ﬁq a‘ﬁ?%esﬁhepprl nting,
the control unit 100 detern1nes whether it is ti to
feed the AGE 3pLTEr PIREESS1ES WRSFLIPES Relay v
t he next paper sheet 12, the control unit 100 starts
5 Aesfriferyce Heo niBb@s pabbhk e 21 5hd EEGRCt 54A tEhrough 15B
| eadi ng edge using the second paper sheet sensor 82.

alfens ¢Henst otvidwe dD fleedd el agxt3 papen Sheetald@ve.
the control unit 100 starts printing i mage data on the

current pfmerpmﬂeqmyﬂﬁm tieReAIrs tirhe Jipadimg piitkr sheet
printing cycle until printing on the current paper

é‘{}g?&es&%félt i's tcﬁt eijna BIE, C%r%rMIn&o&tm@ current

st page t'o ‘det erm ne whet her

B 10 L RGeSt SODLEL B L ok B, g enc
’ 10 155} éﬁ%“%éﬁ}fgé§t§d a;véégntégzed to the paper edge
, detection position to detect the leading edge of the next
paper sheet and the next paper sheet has been conveyed
further.
As shewn in FIG. 153,.when the carriage 3 is moved
15 pefore the printing on the‘current paper sheet is completed,
the first’ paper sheet sensor 81 on the carriage 3 is able
to detect the leading edge of the next paper sheet. However,
as shown in FIG. 14B, when the carriage 3 is moved after
the printing en the current paper sheet is completed, the
20 first paper sheet sensor 81 is not able to detect the
leading edge of the next paper sheet because the leading
edge of the next paper sheet has already passed under the
first paper sheet sensor 8l1l. In the third embodiment, when

the carriage 3 is moved after the printing on the current

25 paper sheet is completed, the paper conveying speed of the



| ast page is printed, the control unit 100 ejects the
| ast page and term nates the printing process. The

. W@bwve4q3nocess i s described bel ow with referenper/gre06/320523
FI Gs. 14A through 15B. FI Gs. 14A through 15B are .

schematic views of the carr% ge 3 ' seen from'above.
ILn FIG 14A, printing oh the’current paper sheet has

e S ediptht |k Rt udad sPrimdt Nehoned fei £4 r®ntan

paper sheet finishes with one nore scan. In FIG 14B

t rgd : to,t aper \

A N R R T T Thating eage
of the next paper .sheet and.the next paper t S
been convéﬁe&’%ﬂﬂlﬁ&x P %ﬁ?&m?ﬁoﬁeéﬁa%cfﬁg&%ﬁa%% e
carriage 3 is noved before the printing on the current

h grkadirentomf et PEERERT rtve Lhedgscribed
sensor 81 on the carriage 3 is able to detect the :

5 Yebwh i Bdgeetdranee fextFHapek6sheet. However, as

shown in FIG 14B / when the carriage 3 is noved after
the printilmg towe tioe gy reettodianzert ,shdet fiix storgapEedheet
the first paper sheet' sensor 81 is not able to detect

ddesdeadti ngoeegel fcdipumexiopapeth shieet sdesadiseapde sheet
| eadi ng edge of the next paper sheet. has al ready

TSP S U (S B el S gisste B aho o 10
fé&*{ﬁérgé{‘ é¥15£¥%9f66€%guses the’paper feed roller 13 to

10 feed the paper sheet 12, causes fhe conveyor belt 21 to
‘convey the paper sheet 12, and detects the leading edge of
the paper sheet 12 using the second péper sheet sensor 82
‘in a similar manner to fhat of the thigd embodiment. The
control unit 100 stores the tiﬁing~(the numbexr 6f pulses)

15 gt which the second paper §heet sensor 82 has detected the
leading €dge of the paper sheet|12 or the distance obtained
from the number of pulses and the paper conveying speed in
a cer£ain area in the RAM 103.
The‘CPU 101 in the control unit 100 compares

20 condition data in the ROM 102, the RAM 103, and the non-
volatile memory 104 with the paper detection timing data
stored in the RAM 103 and thereby determines whether the

leading edge of the paper sheet 12 can be detected by the

first paper sheet sensor 81 on the carriage 3.
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paper sheet is conpleted, the paper conveying speed of
t henext paper sheet is reduced so that the carriage 3

wa@2m70e30h t he paper edge detection position iPCT/IrPB06/320523

An exenplary printing process according to a fourth
enbodi nent of the present i$%§ntion is described bel ow
with reference to FIG 16.~ the fourth enbodi nent,

the first ypaper Sheetocxnsle FoMarkes it ROPAPEE igHbet
with the second paper sheet sensor 82. In the

$XE Féy@é'q%%gcg%ﬁglgéegﬁsépoweé? ﬁ,G‘t ’c&?gr?% unit

control uni e paper feed roller

d the paper sheet, 12, causes the c eypr helt 21 .
18P ety P papere s d el "Gt el P hoMieh fhgts not
edge, of the paper _sheet 12 using the second. paper

blenser B2 iF 5 PAreF FRFARerseSehatlofor fgtect the

third enmbodi nent. The control unit 100 stores the
Téeadimg (edee nufibehe abaprit seikgetat 15whi e t prenteebnygnit 100
paper sheet sensor 82 has detected'the | eading e'dge
wied hehpapesubheef detectime dhet beadinptadgedofrohe paper
t he nunber of pul ses and the paper conveying speed in

Sh&ESE LB o @l €de | Sedbied D P3shdde £EhEdPI82Ntbhgerform the
control unit 100 conpares condition data in the ROV

Mol A0, on e astee Hasg pEame iRty
S0 OB Y 5" ELF UEPUIBRIBEs R0 590" e 08P ot DB o
the subsequent steps are omitted herg.

An exemplary skew correction process in the
exemplary image forming apparatus is described below with
reference to FIGs. 17 and 18. | |

As described earlier, the paper edge detection
positions of the firsp paper sheet sensor 81 and the second
paper sheet sensor 82 are diffe;ent in the main scanning
direction (width direction of the paper sheet 12). This
configuration makes it possible to‘determine the amount of
skew of the baper sheet 12 based on the detec£ion results
from the first paper sheet sensor 81 and the second paper
sheet sensor 82 and to perform skew correction based on the
determined amount of skew by, for example, rotating image
data using the ASIC 105 during the image forming process.

In the exemplary skew correction process shown in

FIG. 17, the contrecl unit 100 causes the paper feed roller
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first paper sheet sensor 81 on the carriage 3 .Wen it
is possible for the first paper sheet sensor 81 to

waledogoicdvhe paper sheet 12, the control unit 1BO1/JP2006/320523

selects the first paper sheet sensor 81. Wen it is
not possible for the first_fﬁper sheet sensor 81 to
detect the | eading edge’ of e paper sheet 12, the

1o @eémitthelgg;;&e‘ssﬁé@c resulda e detractddigrdfer belt 21
| eadi ng edge of the paper sheet 12 by the second paper

h ! .
%gc?enqﬁﬁet psp;eQ: R dr M3 heysuhsequald J%aQPﬁ'I)%Tt e of

are substantially the sane as

thi rd enbodi ment. .and the . descriptions of the ‘
i SR e o e i {1 e el ifeet sqnsor €2,
correction process in the exenplary inmage formng ,

d & Adeoain

phatehiarts Shed@abday RIv A tHT HBen ¢

17 and 18. A s described earlier, the paper edge .
whdirar ttiten foositt inRpe Dfshert f3eniohdper bt Bemsemigiol
and the second paper sheet sensor 82 are different in
urhiec el 0 csdlantliatge «di rhee tanou (i alf bs kdéw ez seah @i thee
paper sheet 12) . This configuration makes it possible

det dadiainri mas e adWie of i sdeewred ddorapeipshegied?
based on the detection results fromthe first paper

iér?]’%%rsse@lsoén§18 nd L he,3RE08¢RaRBE rakeebnseRsors B2 example,

to perform skew correction based on the déterni ned

A A d AR o AP B dn: o
skew, prints the image data, and ejécts the paper sheet 12.

For example, when the}paper edge detection
positions of the first paper sheet sensor 81 and the second
paper sheet sensor 82 are determined aé shown in FIG. 18,
the distance (of the number of pulses) Yc in the paper .
pbnveying direction bgtweeq the first paper. sheet sensor 81
and the second paper sheet sensor 82 can be determined.
When the paper sheet 12 is tilted to the right, the first
paper sheet sensor 81 detects the leading edge of the paper
sheet 12 at a«timing earlier than the normal timing (the
timing when the paper sheet i2 is not skewed). When the
paper sheet 12 is tilted to the left, the first paper sheet
sensor 81 detects the leading edge of the paper sheet 12 at
a timing later than the normal timing.

When the distance in the paper conveying direction

between the first paper sheet sensor 81 and the second
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In the exenpl ary skew correction process shown in FIG
17, the control unit 100 causes the paper feed

wo olo7ee6B® t 0 feed t he paper sheet 12, causes tPET/JP2006/320523

conveyor belt 21 to convey the paper sheet 12, detects

t he | eadi ng edge of the pqgg&_sheet 12 using the

second paper sheet sensor , and detects the | eading
aee afhdde fapeir Sreats M2 ,agaid g tde Siawstpgaperit
sheet sensor 81. Then, the control unit 100 cal cul ates

dihg Amunis Ahskawdiased Qn e dedgotd Hed aspldise of

the "first and second paper sheet sensors 81 and 82,

r-f Qr.ne. s qrrection by, for exanple, rotating the
éﬁ%ﬁé?QF éﬁﬁﬁgéﬁﬁgn t he cal.cul ated anount of skew, :

prints the i mage data, and ejects the paper .,sheet 12.

For exaon@?u%ﬁeﬁ%tﬁ eﬁaﬁeﬂigagén&ngg i%ﬁs 3 Ppigﬁ§GCte
of the first paper sheet sensor 81 and the second L
yapgdie dHaat Rapsgr el s Mhed dLathidith §3PFIRgs1tion
18, the distance (or the nunber of 'pulses) Yc in the
dedpart ed dpnvehe repatinde @dmmr tesdersdariaod i§&t+ papel / Xc
sheet' sensor 81 and the second paper sheet sensor 82

can be deternined. When the paper sheet 12 is tilted

to the right, the first paper sheet sensor 81 detects

the | eadi ng gdgerebetin@nBarer the@hmolAtalbora siietd RE the
earlier than the normal timng (the.timng when the

P L 1l ey pallien ddepapel tedge -
s“ést%%e%e%dllzfoda?hge t, t edfblarst péapgcr sheeat se seorge,
S%%i‘?éﬁ?5%&45%&&3“@;“%ﬁ¥“¥ié§tt§§%é¥“§ﬁeé¥“§§n§é%5§1 and

'the second paper sheet sensor 82.

Although the distances between the two paper sheet
sensors and the detected leading‘edge bositions aré used to
calculate the amount of skew in the above e#ample,
substantially the same result may be obtained based on

- \
leading edge detection timings (the number of pulses
obtained from the enéoder).

As the distance between the paper edge detection
positions of fhe first paper sheet sensor 81 and the second
paper sheet sensor 82 becomes larger in the width direction,
the accuracy of detecting the amount of skew of the paper
sheet increases. Therefore, to more accurately determine
the amount of skew of a paper sheet, the exemplary image

forming apparatus may be configured to change the paper

edge detection position in the width direction according to



10

15

20

atimng later than the normal timng. Wen the
di stance in the paper conveying direction between the

WO poosb4q3aper sheet sensor 81 and the secondpapeCT/sieeet/320523
sensor 82 is Yc, the anount of skew per unit distance
of the paper sheet 12 is ex §essed by the foll ow ng
equati on: amount of skew = ? eadi ng edge position

hed asd el bsllié’l%lfecfﬁﬁl@dip@i sheebr sensord Biver (9 kash nghat
edge position detected by the second paper sheet

SRNSUPS2. e'"dciy] )ddtdctCofSpdleses dpeds aboyeat thepadDtén 5 mm

of skew of the paper sheet 12 can be obtained based on
| by the first paper
fﬂﬁgt SeH£%§§g%££§d§§ %agéondgg%%gr sheet sensor 82. '
Al t hough es bhet n.the two er_sheet
sensors a:‘r%rttﬁ@rde& ?d‘qnﬁ’i@lrﬁgl&ﬁ?ee pfg?lp JRgh$RhaFatus may
used to cal cul ate the anmount of skew in the above
R RNl T@TAd 1t eIRIAY R RFRIPESIRESIRG b7 oblai hetPlay.
based on | eadi ng edge detection tinings (the nunber of

wul sest obtai orerdtrioons earenkolet? )or rongh dike aprénter
bet ween the paper edge detection positions of the

diiwdr papesf stteethsens®r)- 8iln aadd 1 thicors econdr papet e st eef
sensor 82 becones larger in the wwdth direction, the
BPEER B Pf s 1684 e6d # Pl 116 admmt 2 O 1 hkeav obt aPEoRapesn the

sheet .increases. Therefore, to nore accurately
éﬁ%ﬁH{n&@ skew is greater than a spec1f1ed value; or to
eject a paper sheet when the amount oﬁ skew of the paper

~ sheet is greater than a specified value and to feed another
paper sheet to continue the printing.

An exemplary régistration adﬁustment process in
the exemplary image forming apparatus is described.below
With reference to FIGg. 19\and 21.

+The exemplary(registrgtion adjustment process
shown in FIG. 19 may be started . by a user instruction.
First, as shown in FIG. 20, the control unit 100 aligns the
first paper sheet sensor 81 with the second péper sheet
sensor 82 in a direction perpendicular to the scanning
direction of the carriage 3. Aligning the first paper sheet
sensor 81 and the second paper sheet sensor 82 makes it

possible to ignore the skew of the paper sheet, thereby

making it possible to accurately adjust the registration.
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t he anmbunt of skew of a paper sheet, the exenplary
i mge form ng apparatus nay be configured to change
. WO b®7pap3e¢ edge detection position in the w dtPCT/JP2006/320523
" direction according tothe paper size specified by the
printer driver 91 so that the paper edge detection
position is set at a positi 5 mmfromthe side edge

of a paperrhgheght rour gk, 100e texenFleas itRRY@Ap@Mishget 12
apparatus may be configured to display a warning

aﬁﬁ?aq?s onddhe Hanjay gt of ﬂ$%&?&%}atﬂr@é‘sp£ﬁéghe|osr)xeet

7 or through the printer driver 91 of the host

1'? aqudi Féoonrkéo (Hniiglslt(%idco()fn sertfhoé 'Hdh%%%;eaw&%s% seqt

correction such as inmage totation when

skew is greater than a specified value; or to ej ect
Grompdie SHRIGT R IIRF SRR THOhgRAPSE sheet
sheet is greater than a specified value and to feed
sasier8 artreatfedihg o nhrRAGh O Hrihg iprpepnsheet |12
exenpl ary regi stration adjustnent process in the
uKElrip | varen | iy ef F o8t papeap peres uss erss ale ST | dette dfes ovine

with reference to FIGs. 19 and 21. v 'The exenpl ary

T isig aldgn @] tisd RigePraeess Shownhd nsifdfEs lhemyumber
be started by a user instruction. First, as shown in

JF Guidds ther cald r@l stitide I Aldanseidie fhd StuRdderor

sheet sensor 81 with the second paper sheet

pulses and the paper .conveying speéd) in a certain arealin
the RAM 103 as a distance X between';he first paper sheet
'sensor 81 and the second paper sheet sensor 82 shown in FIG.
. 21.

The control unit 100 conveys’the paper sﬂeet 12
based on the leéding edge detection result from the first
paper sheet sensor 81, pri?ts’a registration adjustment |
chart using a first no;zle 7nl (a nozzle in an uppermost
position in the direction opposite to the paper conveying
direction) of the recording heads 7 shown in FIG. 21, and
ejects the péper sheet 12.

The user checks the printed registration
adjustment chart and enters adjustment values from, for
example, the operations panel 117. The control unit 100
corrects the distance N1 between the first paper sheet

sensor 81 and the first nozzle 7nl using the entered

adjustment values. The control unit 100 then corrects the
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sensor 82 in a direction perpendicular to the scanning
direction of the carriage 3 . Aligning the first paper

waebmenisensor 81 and the second paper sheet sePSUanams/320523

makes it possible to ignore the skew of the paper
sheet, thereby making it pQ? Lble to accurately adjust
t he registration.The controfF“unit 100 then feeds the

Popesnshert B2tAsen CeHsesSeEbrdCPaYEYOshbett s@dsbe 82 and
convey the paper sheet 12. The control unit 100 counts

yﬂ@ py @rnﬁzng' 565 §§£‘ﬁ?f£ﬁ?@ tHerLtaly4eoe9HEE RO,

rom wnen the second papef sheet sensor 82 detects the

| eadi ng edge_ of t & Papsr hg@%eﬁf ﬁ?% yme éfg% trol unit

éadlng et

the aper sheet 12; and stor t he nunber _of ulses
%%9 8%Y§t5?%ep68?5|ﬁ%ﬁeFriﬁw?h@lﬁEﬁBE? Zwlﬁul es
and the paper conveying speed) in a certain area in
theoRAMM 288 walucedpSt bheedishenGreNlt he al}s@fpaﬁedetectlng
sheet sensor 81 and the second paper sheet sensor 82
shewaper Fs¥eeR112 Thitbonbhe of innt t pdPOrcoheweysseheor 81,
paper sheet 12 based on the | eadi ng edge detection
pESHtE ArpattbenfPlst rpapkersbervegenshe Pdpepr shkstal2 so
regi stration adjustnment v chart using a first nozzle

gﬁﬁt(@ POZZE Eoh Na 89: HPRREODSD PPShIERE HBtEBR edge of the
directi'on opposite to the paper conveying direction)

SépéPesﬂggPrﬁb”80H8§d§15h§h8ﬂﬁe£”tﬁécklgét ﬂggzle 7nl whlch

flrst paper sheeaf SeNs ot

distance a2 is equal to the distance}al, and prints a
pattern P2. Theoretically, the patterns Pl and P2
completely overlap when the paper sheet 12 is folded into
two. |

Howevér, the first paper .sheet sensor 81 . may not

always be accurately positioned because of irregularities

in assembling and therefore the distance al and the
distance a2 may not.become the same. When the first paper
sheet‘sensor 81 is out of alignment in a direction opposite
to the péper‘conveying direction, the distance al becomes
smaller. When the first paper sheet sensor 81 is out of
alignment in the paper conveying direction, the distance al
becomes larger. The user checks the amount of misalignment
and enters adjustment values (plus or minus) from, for
example, the operations panel 117. As described above, the

control unit 100 corrects the distance N1 between the first
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ej ects the paper sheet 12. The user checks the printed
regi stration adjustnent chart and enters adj ustnent

wo 20000%6309 om for exanple, the operations panePClL1P2006/320523
The control unit 100 corrects the distance N between
the first paper sheet sens‘{ 81 and the first nozzle
7nl using the entered adjusthent val ues. The contro

papictr 50Qefthee nee 8t sridedisstrance N2 2tavgerl ised on the
second paper sheet sensor 82 and the first nozzle 7nl

e%%%&%dt%%.%%&&%%&e@dydgéﬂ“gidwcoﬂ%@bﬂ§“¥ﬁﬂ‘Blé%%ﬁﬂENMP
3 the control unit 100 conveys the paper

% & ancgch%l Ll %Ifef%agé'ra aeetthes%rn%tdrc%lZ va%iet%eﬁ f}%z

ter detecting the paper s

Wﬂzzqﬁu e f|2§; aper. 82%%%H%§Q§%£é$' prlnbﬁatrgﬁttern

position a dlstance a2 fromthe bottom edge of the
digpancendeetyeeined s ifghs tud@e R YT SIenfeiz 1% Aid the
whi ch di stance a2 is equal to the distance al, and

sgciomds papeat tséreretPBensthredsti cal |y, the patterns P

and P2 conpletely overlap when the paper sheet 12 is

fol ded i nhe Hescribedvebepvehertcostiipgpeheshestanersor

81 may not al ways be accurately positioned because of

(i@ Gl Xl IRS dril R3S &IVed pitd dherefranat Rk tecting unlt
di stance al and-the distance a2 may not becone the

SATE, SRR d e tfddShPRET makes it possible to correct

the distance between the first detect;ng unit and a nozzle
. of a recording head and to correct the distance between the
.second detecting unit and the nozzle of the recording head
based on the corrected distance. Such é mechanism makes it
possible to perform registration alignment of detecting
gnits without having to adjpst_detecting units one by one,
thereby reducing the wo%kload of performing registration
alignment.

In an image forming apparatus where a paper sheet
is conveyed afound a conveying roller of a conveying unit,
the distance between the rotation center of the conveying
roller and the surface of the paper sheet varies depending
on the thickness of the paper sheet. Therefore, the ratio
of conveyed distance of the paper sheet to the amocunt of
rotation of the conveying roller changes slightly depending

on the thickness of the paper sheet.
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sheet sensor 81 is out of alignnment in a direction
opposite to the paper conveying direction, the

waoelc@ranse al beconmes smaller. Wien the first peQEIP2006/320523

sheet sensor 81 is out of alignment in the paper
conveying direction, the di #gnce al becones | arger
The user checks the anount m sal i gnnent and enters
adj ust mentrpealdy@spIRINS i@fagd MéthifnOmpdaiia ey e be
t he operations panel 117. As described above, the

SOl 01 do L0 FOIS SIS (1 hbAle Bhicbetvoereilifole,

per sheet sensor 81 and the first nozzle 7n

d th { . adj,ust t
ThE S ST il R e MY LR S
AL NP UL TSR e e B STET HRETTTSE papeFirst

sheet sensor 81 and the second paper sheet sensor 82.

Jet efelsiard badl abov@, thectr ety 4@l SiaineRl t di Seahcd X
descri bed above) between a first detecting unit and a
cserciingh et et i mkemi it nekesible possitdee tdisoaneetdabe for
di stance between the first detecting unit and a nozzle
Hcra gAasor di Wige hoach adgl p e DOrpasér toe thsélansgper and to
bet ween the second detecting unit and the nozzle of

ddier 8.8¢ or i g headhbaserh Omd e £0F resd b sbb st angse,

Such a nechani sm makes 1t possible to perform

adi ) i . oct | . . i
hae\%%e?lgg’; %A}g{é&}%‘%@g@eﬁ%%@dﬁ%i%@%ﬁ%@j 2%%\%%?%& eby
{é§¥§¥§§%§£§’a {gégggngf P§£f8&2&89eﬁe%h%%r%%£%1ng an image,

. 'the exemplary image forming apparatus performs registration

.adjustment based on a correction value (registration value)

cor;esponding to the paper type, for e%ample, entered from
the operations banel 117 or specified by the printer driver
?1 of the host 90.

Also, an image forming apparatus may be configured
to determine the distance between the first paper sheet
sensor 81 and the second paper sheet sensor 82 during a
normal printiﬁg process (image forming process) and to
store the determined distance together with the type of the
paper sheet 12 in a storage unit (for example, in a
specified area in the non-volatile memory 104). Such a
configuration makes it possible to skip registration
adjustment steps such as determining the paper type and

calculating the distance between the first paper sheet
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alignnment . In an image form ng apparatus where a
paper sheet is conveyed around a conveying roller of a

- We@onwveydsng unit, the distance between the rotaPCDIP2006/320523

center of the conveying roller and the surface of the
paper sheet varies dependipg on the thickness of the
paper sheet. Therefore, the ?atio of conveyed distance
finddie papald sthreetsdcondpap@tindhadt redméd o df dhe to
conveying rol'l er changes slightly dependi ng on the

i &kingss) Pipd e raaplee!goféﬁeétﬂm EXPIPLRE Yt | §RO€ern,

formng apparatus may be configured to include

1] uni f. . .
TG SRR L Sl Rl DAL b s ravion

%ﬁiti | e i nstances of the distance between the first

" unit and the second detecting unit. Such a
configuration makes it possible to store distance data
for each p&seOrdiyge tsuch &Mbsdmendapdr e HHasePaper
and - to performregistration adjustnent for each paper
irypent idrer eby imEdegf oxmpussipperatuactuwetdey peffosm
regi stration adjustnment. For exanple, when form ng an
deaeges iddherree M wattyed nagea f ot g @ ppad at st pet £ od Mso
regi stration adjustnment based on a correction val ue

dd e St atd Ak YAl 41 Gle GOLH £5P Ok 1 L et der DRPOEniYPSlaced
for exanple, entered fromthe operations panel 117 or /.

&ﬁ§¥4géﬁxkf%htgﬁ%F¥if§€rdé¥éa%{n§1uﬁqttfﬁ @ﬁétdgpection '

T

that the recording medium is conveyed and configured to

‘detect the recording medium; and a control unit configured

to control operations of the image forming apparatus. Such
a configuration makes it possible to aﬁcurately detect the
leading edge of the recording medium even when the distance
petween paper sheets is smgll by using either one of the
first and second detecting units, thereby improving the
printing speed.

An image forming apparatus according to an
embodiment of‘the present invention also makes it possible
to simplify the process of aligning the first and second
detecting units and a nozzle of a recording head.

The present invention is not limited to the
specifically disclosed embodiments, and variations and
modifications may be made without departing from the scope

of the present invention.
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"Also, an inmage form ng apparatus may be configured to
determ ne the distance between the first paper sheet

 WGenso#638d and the second paper sheet sensor 82CTIR206320523

a normal printing process (inmage formng process) and

to store the determned dis ance together wth the

type of the paper sheet 12 1Th a storage unit (for

exanpl e, iTRheapspeenti agpareatiiont e basedloat idapanese
menory 104). Such a conFiguration makes it passible to
B g% 80T A Bl d A0 Sints ! RIS I s Uch &8 Setesive Ao,
the paper ‘type and cal cul ating the di stance between

2‘(@% First paper ’ssg]a ﬁ%fog{hﬁ%e%pafieﬂfay&% SREOUL PAPSI 2213

Sheet senso print a ]

e
edi stration adj t pattern, thereby reducing the

S50 QAT o b ) Fgi U YO UGG OF which are
According to an enbodi ment of the present invention,
hear ahh g FHRALTRE S g R s DhALRLREF rst det ecti ng
unit nounted on a carriage and configured to detect a
recordi ng. medi um a second detecting ‘unit placed
upstreamfromthe first detecting unjt in the
direction that the recording nediumis conveyed and
configured to detect the recording nmedium and a
control unit configured to control operations of the
i mage .form ng apparatus. Such a configuration nakes it
possi ble to accurately detect the |eading edge of the
recordi ng medi um even when the di stance
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bet ween paper sheets is small by using either one of
the first and' second detecting units, thereby

WO prowisng the printing speed. A n inmage formPQI/JP2006/320523
appar atus according to an embodi ment of the present
i nvention also nmakes it posiéble to sinplify the
process of aligning the fir and second detecting
units and a nozzle of a r ety head. The present
invention is not limted to the specifically disclosed
enbodi nents, and variations and nodifications may be
made w thout departing fromthe scope of the present

i nvention.Th present [.ication.i d.o S
Priority /]ipp cat°dF I@p 5 2EG546. j-' Isczld'?lt %O&:%forbégl eimage
20," ' 2005, and Japanese Pr|0r|2¥ gggllcatlon No.
ID05-ZEPPAH ] IRRAGHD Y FHAVIANDIGE F9RPEHHY gredium in
contents of mhlch are hereby incorporated herein by

7 etieregiveorClov VR Ionah tonyestanming dpRebion ehat

forms an image on a recordi ng nmedi um by conveying the
geacorajacharedigimn i recoxi ireg thead orddmooinsing o a

scanning direction of-a carriage having a recording

head, conprifsird@: detfddtSthgdetnaet itgintkid oWHedriage and
the carriage and configured to detect the recording

r&d SEF i dat egld NG Ui d5 B ar&d ypstream from
é§§¥#§QSt det ect 1 ng un|t||1ttu§%ﬁrect|on that the !

recordlnga second detecting unit placed upstream from tﬁe

first detecting unit in the direction that the recording

, medium is conveyed, and configured to detect the recording

.medium; and

a control unit configured to control operations of
the image forming apparatus based on a detection resultv'
from the first detecting unit or the second detecting unit.

2. The image forming apparatus as claimed in claim
1, wherein the control unit selects either the first
detecting uni£ or the second detecting unit to detect a
leading edge of the recording medium depending on a speed

at which the recording medium is conveyed.

3. The image forming apparatus as claimed in claim
1, wherein the control unit selects either the first

detecting unit or the second detecting unit to detect a
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, mediumis conveyed, and configured to detect the
recordi ng nediunm and a control unit configured to

wa@onrnezoopper ati ons of the image form ng apparBtTI$P2006/320523

based on a detection result fromthe first detecting

unit or the second detecting, unit. 2 . The inmge

form ng apparatus as clainmed in claiml , wherein the

eime didyd Seleed sreidieing heediunstdeairetinigonind tprint

or the second detecting unit to detect a |eadi ng edge
opdig y ecording medi um depending on a speed at which

the recording nediumis conveyed. 3 . The inmage

form ng apparatus as claimed in claim1 , wherein the

control unit selects either the first detecting unit

or the secon% detecting uniit to dete%t al_eadi.n egge 1aj

of the refor dPfg MU IBIFIERE3SA tESpPenELFrg5er &y claim

4 . The image fornin%_apparatus as clainmed in claim1

1, wharain tq%t? MRl it FRTETRINES RESRf o the

detection result fromthe second detecting unit a

detdatg et et tfheon ado diqupnrediaimdsing yreidc e aciming at

detection position where the first detecting unit

wigtertthe deendidih e dgaiiafm tie veensaimag nediatmi@ndosition

when the recording nediumis to reach the detection

WSid o behafe ddieddind Aaledddbinid TRaches ddge of

detection position, reduces a speed at which the
trheecq:recgdlgii'%d'n\'g‘ajhﬁn,c%/c?mn the recording medium is to

reach the detection position before the first detecting

unit reaches the detection position, reduces a speed at

.which the recording medium is conveyed.

5. The image forming apparatus as claimed in claim
}, wherein the control unit‘determines based on the
detection’result from the second detecting unit a timing at
which the recording medium is to reach a detection position
where the first detecting unit detects a leading edge of.
the recording\medium, and when the recording medium is to
reach the detection position before the first detecting
unit reaches the detection position, uses the detection
result from the second detecting unit to perform an image

forming process.
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skew of the recording medium.

5 . The image form ng apparatus as clainmed in claim1
, Wherein the control unit determ nes based on the

waledoeosdzon’ result fromthe second detecting uPgCt/IR006/320523

timng at which the recording nediumis to reach a
detection position where Lpﬁ first detecting unit
detects a | eadi ng edge of t‘% recordi ng nedi um and

when the gecehdi AgagRdifeAr gl Appeaei ushesdelegiied in claim
position before the first detecting unit reaches the

detact 'egfh AR t1QMht lbﬁaeéeéﬂer%djﬂr?icﬁ |0 sl de doun t he
secon etecting unit to performan inmge formng

rocess. 6 The i e fornmng a us cl aj i
FHERD e e T Nt A EHLS IR Fdiddhe
second detecting unit detect a | eading edge of the .

ity Hedianftt RAFT S Post S GRATRhiTection of

scanning direction of the carriage. 7 . The inage
tfhey riawy i@gsar atus as- clainmed in claim6 , wherein the
control unit determ nes an anmount of skew of the
recordi ng nmedi um based on detection results fromthe
first detecting unit and the second detecting unit. 8

The image froem:f@g@pFaraliitg appelraitiied asn qQladitsd’ in claim
wherein the control unit rotates the imge to be

4 OriRd O th reGAnd NG Bdi W DasHt O d Nendlet €18 Nekew of
amount of skew of the recording medium 9 . The inmage

gﬁgrgég%fﬂ¥%E%%éJi&ﬁ;ﬁﬂ§g&m%kiéé§ééﬂfgn results from the

first detecting unit and the second detecting unit.

8. The image forming apparatus as claimed in claim
7, wherein the control unit rotates the image to be formed

on the recording medium based on the determined amount of

9. The image forming apparatus as claimed in claim
7, wherein the control unit, when the determined amount of
skew of the fecording medium is larger than a specified
value, ejects the recording medium and feeds another

recording medium into the image forming apparatus.

10. The image forming apparatus as claimed in

claim 7, wherein the control unit, when the determined



7 , wherein the control unit, when the determ ned
anount of skew of the recording nediumis larger than
w@2epewizhd ed val ue, ejects the recordi ng nmedi UPCEIRL006/320523

feeds another recording mediuminto the inage formng
apparatus . 10. The i mge f{§n1ng apparatus as cl ai ned
inclaim?7 , wherein the control unit, when the
ARIEtrdredmuUst afhes ke id e meatiamding Ietiammdlsan a

| arger than a specified value, outputs an error

%43 d ]‘daq 1ude duBas d AN g APRAEAAe as claimed in

laim1 erein the second detecting unit is
.p05|t|oned so as to face a conveying roller used to
convey the recording mediumtoward an i mage fo- rning
ar ea mherﬁ]the recordln% head forns the image. The

i mage f or ritng Qﬁp&F@ﬁﬁs &< m&P&lﬁ@&arﬁt8§aﬁﬁlffalmed in
wherei n the conveying roller drives a conveyor belt
dim gur ethaxeigl ddte cacant Aqieaiinadnithd § ey i kped so
medi um and thereby to convey the recordi ng nmedium 13.
dEhecd megee faoranne wpparailise nsisdditedanvey die lrgcording
wherein the control unit determ nes and records a

rifi Ehan e waidesn inegd | feimidef entdangiiekd tarel tdeording
second detecting unit. 14. The inmage form ng apparatus

HmSsElaled dde Gl@ddr 13, wherein the control unit first
aligns one of the first detecting unlt and the second

detectlng unit and a.

12. The image forming apparatus as claimed in
claim 11, wherein the conveying roller drives a conveyor
belt configured to electrostatically attract the recording

medium and thereby to convey the recording medium.

13. The image forming apparatus as claimed in
claim 1, wherein the control unit determines and records a
distance between the first detecting unit and the second

detecting unit.

14. The image forming apparatus as claimed in
claim 13, wherein the control unit first aligns one of the
first detecting unit and the second detecting unit and a
nozzle of the recording head; and then aligns the other one

of the first detecting unit and the second detecting unit



nozzl e of the recording head; and then aligns the

ot her one of the first detecting unit and the second
waledogotd3ngy uni tand the nozzl e of the recordi ngp¢EaRR006/320523

based on a result of the first alignment and the

recorded di stance. 15. The Jrege form ng apparatus as

claimed in claim 13, wherei he control unit first

Ald are the fid df GEQieeCItéd&:dhrﬁcj el odwEd leh of fdwult of
recording head; and then aligns the second detecting

quﬁt ;]}?EJA t ¥ Tolel dead ed on a
térjlgésuﬁt Enh I rst ag{I gér?ﬁeent anlfjaﬁe reco%%ezd

di stance. 16. The image forning apparatus as clai nmed
in claim13, wherein the control unit determ nes and
records the distance between the first detecting unj
and the sééongh&etléléﬂﬁnéoﬁmlpmﬂpéw R§ HE em
on the recording medium 17. The inmage form ng

5 clppiar atls wherdidl nde i9pnt e Inurslt vier s r\ah@%ofrhe? ofirst

unit determ nes and records the distance between the
detrestt ideg entitngaruhid revuk e Setmdramtetingndieadt and then
when the first detecting unit and the second detecting

i gn Aren el d arereh ey eeidicy | aiid Qartclletl‘sé:amuitge of the
direction of the carriage. 18. The inage form ng

AP &l dmd 4 £ Al ds, o pher e £ tdie &Pﬂ}r{r@ént and

unit records nultiplelnstances of the distance,
et ween etecting unit and the second
B G S

10

16. The image forming apparatus as claimed in
claim 13, wherein the control unit determines and records
the distance between the first detectiﬁg unit and the
second detecting unit while forming the image on the

15 recording medium.

17. The image forming apparatus as claimed in
claim 13, wherein the control unit determines and records
the distance between the first detecting unit and the

20 second detecting unit when the first detecting unit and the
second detecting unit are aligned perpendicular to the

scanning direction of the carriage.

18. The image forming apparatus as claimed in

25 claim 13, wherein the control unit records multiple



19. The inmage form ng apparatus as ¢ jained in claim

18, wherein each of the multiple instances of the
wolc@ranse bet ween the first detecting unit andpeti@2006/320523

second detecting unit corresponds to a type of the

recordi ng medi um 51—

instances of the distance, between the first detecting unit

and the second detecting unit.

19. The image forming apparatus.as cﬁaimed in
claim 18, wherein each of the multiple instances of the
distance between the first detecting unit and the second
detecting uﬁit correspopds to é type of the reéording

medium.



