S June 2004 1 | MAGE READI NG METHOD AND APPARATUS FOR SAME BACKGROUND OF
THE I NVENTION Field of the Invention The present invention relates to an

i mage reading nethod and an apparatus for the same and nor & f¥ae2004l arly
to the image reading method and the image readi ng apparatus being capabl e
of simultaneously reading a plurality of lines to be read ("line to be
read” hereinafter being referred'to as a "yeading line" by using a CCD
(Char ge- Coupl ed Device). The present application clains priority of
Japanese Patent Appli caii®n fnRZARD-MEaS AND ebmradiyd |raid 2060, whi ch
is hereby incorporated by reference. Description of the Related Art A
conventional inmage readi ng apparatus (such as a scanner) 1is so configured
that an original docunent can be read by u5|ng a string of |ight sensing
devi ces being placed in a |iBECEEROUND INVENTEON ome CCD havi ng

pi xel s the nunber of which is enough to recelve light reflected off each
of reading lines of the original docunent and, therefore, in order to read
the entire _original docunment by such the convent i onal i mge readi ng

appar at us, E&ﬁ%ﬁkﬁipi@ﬁ¥i%yﬁﬂﬁ%gﬂt is necessary to read each reading |ine
of the original document, by using the string of |ight sensing devices, in
a sub-scanning direction. Figure 17 is a diagram explaining oper ati ons of

di th [ d J 04 ' '
Feadi ng_ appar at st PRI Frvgniop xR s tER £8 dn” thalin PG ifinddO°
origi nal dQ&%ﬁ%ﬂ{a%%%r%i%g fgrmﬁhg%ame and more particularly to the image

reading method and the image reading apparatus being capable of

simultaneously reading a pluiality of lines to be read (“line to
be read” hereinafter being referred to as a “reading line” by using
a CCD (Charge-Coupled Device).

The present application claims priority of Japanese Patent
Application No.2000-124066 filed on April 25,2000, which is

hereby incorporated by reference.

Description of the Related Art

A conventional image reading apparatus (such as a scanner)
is so configured that an original document can be read by using
a string of light sensing devices being placed in a line and
making up a monochrome CCD having pixels the number of which is
enough to receive light reflected off each of reading lines of
the original document and, therefore, in order to read the entire
original document by such the conventional image reading
apparatus, as shownin Fig. 17, it is necessary to read each reading
line of the original document, by using the string of light sensing
devices, in a sub-scanning direction. Figure 17 is a diagram

explaining operations of reading the original document by using



Al, A2, shows an inmage signal obtained by reading the reading Iline of the
ori gi nal docunent. Speedups in reading the original docunent are generally
and conventionally realized by shortening tine spent on sc8rkn®gi&he
reading line (hereafter referred to as a "reading tine") , that is, by
reducing time during which signal electrdcal charges are accunulated in a
| i ght receiving section wthin the CCD. wever, reduction of the time for
accurrul ating the signal electrical charges |eads to a decrease in anmounts
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avai l able; one i1s to increase an anount of light emtted froma |ight
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increase a sensitivity of the However, the above two nethods have

probl ens. |IitdeAmnentbriglinkigidvcenett eddaaingshénl rghtlisguthhe dsiginal
increased in response to the rise in the reading speed, problens of an

i ncrease i dpoweent cogsgenerahl urdidoéoheant peondlly inseldgad barahani@raiigg e
the method is not econom cal and a neasure against the heat production in.
the |ight sbimeespenthanatanbding onef repdisandipeviksroattse iEPrRd & be

i ncreased, not onl y the fabrication of the CCD havin hi gh s ns'%lt.i vVity is
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of the readi I S. e hi gher, speedu f ala processing in.other related
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hi gh- speed \% CUitéh i@ ]5|eeded, t hus causing costs of other circuits to
become hi gh"*80nE*S009°3 SUMMARY OF THE | NVENTI ON -

However, reduction of the time for accumulating the signal
electrical charges leads to a decrease in amounts of stored 1ight,
thus causing adverse effects by noises or a like. In order to reduce
the time for accumulating signal electrical charges without
decreasing. the amount of the stored light, two methods are
available; one is to increase an amount of light emitted from a
light source in response to a rise of a reading speed and an other
is to increase a seﬁsitivity of the CCD.

However, the above two methods have problems. If the amount
of light emitted from the light source is increased in response
to the rise in the reading speed, problems of an increase in power
consumption and of heat production occur and therefore the method
is not economical and a measure against the heat production in-
the light source is needed, while, if the sensitivity of the CCD
has to be increased, not only the fabrication of the CCD having
high sensitivity is not easy, but alsouse of a costly CCD is needed.
Moreover, as the speed of the reading is made higher, speedup of
data processing in other related circuits of the image reading
apparatus is required and therefore use of high-speed circuits

is needed, thus causing costs of other circuits to become high.



In view of the above, it i-s an object of the present invention to provide
a nethod for reading i nages and an apparatus for the sane which enabl es
achi evenent of econonical and efficient speedups of inmage BdHog @904
According to a first aspect of the present invention, there is provided an
i mge reading nethod for reading |lines e%gsting on a surface of an object
to be read in a sub-scanning direction and for outputting imge signals
obtained by reading the lines, including; a step of setting the nunber M

of lines (Mis a natural ”“”bgﬁ%ggﬁ&”ﬁgn@ﬁElfﬁ?@ﬁ@?ﬁNt“D) t hat have to be
si mul taneously read, an interv iS a natural nunber being not |ess
than two) anong the lines that have to be sinmultaneously read and which is
represented by reading lines and the nunber L of lines (L is a natural
nurber) by whi ch gaghenlost fige BB3GENG Y i HeH IBYESt bIFGTAE Peesbhbd nvesd on
readi ng has been conpleted every tinme the simultaneous reading is

conpl et ed, t® paroxaldee at hathodnfew atehdiim g Snaryeaf andadnngppataess wimen the
sequential one reading is perforned froma first reading |ine on the
surface of sdme obhéch temabllesstackbeivenent nef @cemuniseak asadofe fifigishjtect
and to a value at which the lines to be read on the surface of the object
can be all $regdups tepliAde aidigI-he reading |lines on the surface of the
obj ect by noving the |ines by the nunber of the reading lines | in.a

sub- scanni ng di r REGHHEIMHEROtHELES ARG F%%(ﬂ%er?gslﬁgﬁﬂtle’anﬁr@%
and by repeating th i mul.t aneous r.eadi ng, on subsequent readi ng l.ines; and
2 step of ot FARYIRET Ay aeEa SB0ARHEHS BYORebar ne T WS Tl 2004 419 nes
to be read'on a surface of an object to be read in a sub-scanning direction

and for outputting imageAsignals obtained by reading the lines,
including: | |

a step of setting the number Mof lines (Mis a natural number
being not less than two) that have to be simuitaneously read, an
interval N (N is a natural number being not less than two) among
the lines that have to be simultapeously read and which is
represented by reading lines and the number L of lines (L is a
natural number) by’wﬁich.each of the reading lines moves from the
line whose reading has been completed every time the simultaneous
reading is completed, to a value that can avoid omission of reading
lines when a sequential one reading is performed from a first
reading line on the surface of the object to a last reading line
on the surface of the object and to a value at which the lines

“ to be read on the surface of the object can be all read,

a step of reading the reading lines on the surface of the
object by moving the lines by the number of the reading lines L
in a sub-scanning direction when the simultaneous reading has been
completed and by repeating the simultaneous reading on subsequent
reading lines; and

a step of outputting image data obtained by reading the



In the foregoing, a preferable node is one wherein values M N, and L are
set to a value at which there is no omssion of reading' lines to be read
occurring in the one tine reading operation. Al so, a prefefdbhedte is
one wherein the first line to be read on the surface of the object is a

| i ne existing backward, froma first ling to be normally read on the
surface of the object, by predeterm ned fiunbers of lines to be read which
is determined based on the values M N, and L, in a sub-scanning

direction, ﬁ@ile the last line to be read is a line existing forward, from
a last |ine-R%S be® dF 39" read on the surface of the object, by
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read to the Tast Tinée to be normally read. According to a second aspect of

the present i yengi @Anebheke pd SresQVibdedraangmage fradone apRpa ateleding
reading lines to be read on a surface of an original docunment in a

sub- scanni ngpegafeehi on and outputting i mage signal s obtained by reading
the lines to be read, including : a reading unit having |ight sensing
devices that are Abde, 4 @rsifaddaidneousley iscadeMebblriednathat Giastnluiberto
being not less than two) pieces of lines to be read which are the lines to
be read exbstigry on the snflaare off theolgeali sl a ddasrend sirsdvibrekvarie
different Tines in the sub-scanning direction, each existing apart_ by N (N
i s a naturafremELTBEIIHENEP HeBeTIRAAYIRRAD PR sugfacemet the elpeect,

sub-scanni ng direction;, 8 June 2004 5 . . .
gy’predetermined.numbers of lines to be read which is determined

based on the values M, ﬁ, and L, in a sub-écanning direction, while
the last line to be read is a line existing forward, from a last
line to be normally read on the surface of the object, by
predetermined numbers of lines to be read which is determined
based on the values M, N, and L, in a sub-scanning direction and
wherein image signals of the lines to be read are image signals
of the first line to be normally read to the last line to be noxrmally
pead.

Bccording to a second aspect of the present invention, there
is provided an image reading apparatus for reading lines to be
read on a surface of an original document in a sub-scanning
direction and outputting image signals obtained by reading the
lines to be read, including

a reading unit having light sensing devices that are able
to simultaneously read M (M is a natural number being not less
than two) pieces of lines to be read which are the lines to be
read existing on the surface of the original document and which
are different lines in the sub-scanning direction, each existing
apart by N (N is a natural number being not less than two) pieces

of lines in the sub-scanning direction;



a noving unit to nove the original docunent and the reading unit, every
time the lines are sinultaneously read, by L (L is a natural nunber),

pi eces of the lines to be read, in the sub- scanning direct Baone 8004 nage
signal outputting unit to output inage signals of the lines to be normally
read whi ch have been read by the reading _unit in order of reading in the
sub-scanni ng direction; and; wherein val tes M N, and L are set to a val ue
at which Iines on the surface of the original docunent are able to be read
wi thout om ssion of reading |ines when sLnuIt%P ous and seqﬁgntial

readi ng oper at i orfs™aVERG A3 e dReohhg oFEanal decuBent anghie o TS24iRg
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the values M. i d0dyide& 52t so that M? 2, L = M and that a greatest
common neasure of the values L and N equals one. Al so, a preferable node

i's one wherein the YaladessMmM aidbuttidifuset 86 diPutMitiade digndls I
and that a greatest common neasure of values L and M equals one. Also, a

pref erabl e tiwed iine:sone heoemalllyeryati uasidit dadel beaneresad bgothbatedding .
Al so, a preferable node is one wherein the values Mand L are set so that
1 <1+ L <udit M otder @f preddirablin ndde sub-oreawiioneiditeetiomygend gnal
outputting unit includes: 8 June 2004 )
wherein values M, N, and L are set to a value at which lines
on the surface of the original document are able to be read without
omission of readihg lines when simultaneous and sequential
reading operations are performed from a first line to be read to
a last line to be read on the surface of the original document.
In the foregoing, a preferable mode is one wherein the
values M, N, and L. are set so that M = 2, N2 1 + M, and L = N
- 1.
Also, a preferable mode is one wherein the value N is set
so that N = 1 + M.
Blso, a preferable mode is one wherein the values M, N, and
L. are set so that M= 2, L = M, and that a greatest common measure
of the values L and N equals one.
Also, a preferable mode is one wherein the values M, N, and
L are set so that M 2 2, 1 < L = M, and that a greatest common
measure of values L and M equals one.
Also, a preferable mode is one wherein the values M and L
are set so that M = L.
Also, a preferable mode is one wherein the values M and L
are set so that 1 < 1 + L < 1 + M,

Also, a preferable mode is one wherein the image signal

outputting unit includes:



6 an anal og/digital converting circuit to AAD (analog to digital) convert

i mage signals of Mpieces of lines to be read which have been output from
the reading unit; a storing device to store pixel data obtaBredeBjO4
conversion by the anal og/digital converting circuit; and a reading control
circuit to read the-pixel data stored in ,the storing device in order of
reading in the sub-scanning direction. so, a preferable node is one
wherein the reading unit starts the reading operation froma |ine existing

backward in th b- ' dj ti by.th d ' nb f

Tnes 10 e readt hAta SO UAE HhcaOBASEHLBH PRECURFud® R/ IN. (LY F9om
first Iing; J ' - At
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nunber of 1ResntRape BEA Sbabnt Scfsh oMl NEdaaPggh pe; the values M N

and L and wheréin the storing device stores only the pixel data obtained

by reading |ines §@teiner 48Fiye tHLatdorBDH O PHELEI SR A Nec@RY OGh e g1 eh
converting circuit. Furthernore, a preferable node is one wherein the

readi ng dewyCehé Saf@Dsd ) dLyLta RSceneotbing eailrogi ievane i n which an i nage
processing circuit for gray-level correction between the analog/digital
converting circui4 maldingy gpntheli chgeust gnalreaduthetpixgl yhtta aidredein
storing device. Wth the above configurations, M pieces of reading |ines,
each |ine eXhet shtgrapgr tdewiade pircesdefr rafadragdingesn dihe suhoscanedbug| y
read in the sub-scanning direction and, every tine sinultaneous reading is
performed, @heeeEiginal docunent is noved by the number of reading lines L

which is determ ned based on_a relatiogn anong the val ues N nd L d
which is a val ue #hs¢r @ preferable moge fs oge Qhere&n tthreédEhg ungg

starts the readiné'operation from a line existing backward in the
sub-scanning direction by the predetermined number of lines to
be read that is determined based on the values M, N, and L, from
a first line to be normally read and performs reading operations
up to a line existing forward in the sub-scanning direction by
the predetermined number of lines to be read that is determined
based on the values M, N, and L and wherein the storing device
stores only the pixel data obtained by reading lines tobe normally
read and output from the analog/digital converting circuit.

Furthermore, a preferable mode is one wherein the reading
device is constructed as a color reading device in which an image
processing circuit for gray-level correction between the
analog/digital converting circuit making up the image signal
outputting unit and the storing device.

With the above configurations, M pieces of reading lines,
each line existing apart by N pieces of reading lines, are
simultaneously read in the sub-scanning direction and, every time
simultaneous reading is performed, the original document is moved
by the number of reading lines L which is determined based on a

relation among the values M, N, and L and which is a value that



8 June 2004 7 does not permt om ssion of the reading, the reading is nade
faster by Mtines or by tinmes being smaller than the value Mwhich is
determ ned based on the relation anong the values M N, and8Lun&®R0®4 anot her
configuration as above, sufficiently high- speed reading of lines on the
original docunent can be realized thrun? shortening signal electric
charge accunulating tinme by a line-like‘trings of |ight sensing devices
making up a CCD. As a result, it is not necessary to nmake slow the
scanning by the CCD and a higher S/N ratio.can he achi.eved wtho

i ncr easi ng SRS BRE AR P‘?‘bﬁgl?’& Ox’fzetlé‘?ﬁrtetag&nﬂro‘gt?%rleiaﬁiﬁflgs]ﬁjpé e%attﬁer

ori gi nal oc nt. Wth.stil.l angther configuraiion i NG in
anount of ﬂf@ﬂfﬁ?ﬁgﬁﬁfﬁébpiéﬁpe§op?%ggigmﬁé?g?eﬁﬁ%ﬁeﬁ?éifgfgén%&?@f%fgifo
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enabling the inage readl ng apparatus to e madé conpact and enabling the

light source havigigH QWi cdi¥td e g LRGSR FEUC s aer i deftfd f L igiH-
Emtting Diode) to be nmade usable.” Furthernore, since high-speed scanning

even at ‘a |gyeedusdidf olfi UhhekSomade: RASYiklA, dpewRentobanNp imwa ltarede
greatly reduced. BRI EF DESCRI PTI ON OF THE DRAW NG The above and ot her
obj ects, advariagesharkfien wiehadf elehe rpreshargenzeatimohatihy Hinerdre
apparent fromthe following description taken in conjunction with the
acconpanyi rng ldmewiligs sitmingischf IFight bebnsiagsdhehaesoudpkbek i age@h As
showi ng electrical configurations of an inmage reading appar at us accor.di ng
to a first 8 XrRAELYOGL is not necessary to make slow the scanning by the
CCD and a higher S/N ratio can be achieved without increasing an
amount of light fo be emitted from a light source to the original
document.

With still another configuration, since the increase in
amount of light from the light source is not required, it is
possible to inhibit a rise in a temperature within the image
reading apparatus, thus enabling the image reading apparatus to
be made compact and enabling the light source having low light
emitting luminance such as an LED (Light Emitting Diode) to be
made usable. Furthermore, since high-speed scanning even at a low -

amount of 1ight is made possible, power consumption can be greatly

reduced.

BRIEEF DESCRIPTION OF THE DRAWINGS

The above and other objects, advantages, and features of
the present invention will be more apparent from the following
description taken in conjunction with the accompanying drawings
in which:

Fig. 1 is a schematic block diagram showing electrical

configurations of an image reading apparatus according to a first



8 enbodi nent of the present invention; Fig. 2 is a perspective view of
geonetric placenent of lines to be nead by the inmage readi ng apparatus and
their dinensions according to the first enbodi nent of the prieaefd04
invention; Fig. 3 is a diagramshowing line-like strings of light sensing
devi ces making up a CCD according to the first enbodi nent of the present
invention; Fig. 4 is a timng chart expl A ni ng timng of reading an
original docunent by the image readi ng apparatus according to the first
enbodi nent of the present invention;, Fig. 5is a timng chart explaining
timng of felEgeRdee oHril mUetureHteii e i mage readi ng appar at us
according to the _firgt, enbodi nent_.of the present jnvention; Fi.g !

di agr am expl ai ni @L%'pgrjac"t PR HEHEG Ve A IS OTRE" Y FgitvarS gc%fng%tn%lsﬁ

t he i mage readin I rdi . i i ;

present i nv%%tcl? eo%easgfg{ya%ﬂ%sﬁglgggb%éggﬁ%% %%l?%éo%?%\aaﬁ%ﬁg{%‘?nmg{eﬁtﬁ%&s of
Line- i ke stzings: of 14 ofie SESl MG le % ANtk | HE TRl AMIRG erifRsr | ke
strings of Tirght sensing devices that can be used Iin the imge reading
apparatus accordipgyto3thg hi h8hgeRROdhBRIhy Rlide-8ike atycheRRIOLC 1lgink

di agram show ng el ectrical configurations of an image readi ng apparatus
accor di ng tgeids 50§ ey i cREbadk MRGuwh ¢de apceseing tw ehiel Hhrs Eiegb@limeret
di agram showi ng an exanple of a. case where the inmage reading apparatus
cannot be usedtlaecpresamt tineesteicmnd enbodi nent of the present invention;
Fig. 10 is a diagram showi ng an exanple of a case where an original
docunent can be rEhgl. ekact lay thyninge chaugeekpddingngapiaing uaf BN ER o
t he second enbodi nent of the present . ' )

original document by the image reading apparatus according to the

first embodimeht of the present invention;

Fig. 5 is a timing chart explaining timing of feeding the
original document in the image reading apparatus according to the
first embodiment of the present invention;

Fig. 6 is a diagram explaining operations of exact reading
the original document in the image reading apparatus according
to the first embodiment of the present invention;

Fig. 7 is a table showing combinations of the number of
line-like strings of light sensing devices and intervals among
line-like strings of light sensing devices that can be used in
the image reading apparatus according to the first embodiment;

Fig. 8 is a schematic block diagram showing electrical
configurations of an image reading apparatus according to a second
embodiment of the present invention;

Fig. 9 is a diagram showing an example of a case where the
image reading apparatus cannot be used according to a second
embodiment of the present invention;

Fig. 10 is a diagram showing an example of a case where an

original document can be read exactly by the image reading

apparatus according to the second embodiment of the present



8 June 2004 9 invention; Fig. 11 is a table show ng conbinations of the
nunber of line-like strings of |ight sensing devices and interval s anong
line-like strings of |ight sensing devices represented by n@dee 200bf
reading lines in the image readi ng apparatus according to the second
enbodi nent of the present invention; Fig. 12 is a diagram show ng an
exanpl e of a case where the image readi$y apparatus cannot be used,
according to a second enbodinent of the present invention; Fig. 13 is a
schematic bl ock di agram showi ng el ectrical configurations of an image
readi ng appdr&iis-Avcording to a third enbodi ment of the present

i tion; Fig. 14 i di how ng. | f wh
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16 is a schematic bl'ock diagram showng el ecttical configurations of an

i mage r eadi S¥-GRP A MELIRACO IS Nthd Prie daid tihveardiedi;ment of the present
invention; and Fig. 17 is a table explaining operations of reading an

ori gi nal docurnentriky. agi by :addenvant showlng ragexampliengf sappaeathsre the
DETAI LED DESCRI PTI ON OF THE P FERRED EMBODI MENTS
image reading apparatus cannot be used, according to a second
embodiment of the present invention;

Fig. i3 is a schematic block diagram showing electrical
configurations of an image reading apparatus according to a third
embodiment of the present invention;

Fig. 14 is a diagram showing an example of a case where an
original document can be read exactly by the image reading
apparatus according to the third embodiment of the present
invention;

Fig. 15 is a table showing combinations of the number of
line-like strings of light senéing devices and intervals among
line-like strings of light sensing devices represented by numbers
of reading lines in the image reading apparatus according to the
third embodiment of the present invention;

Fig. 16 is a schematic block diagram showing electrical
configurationsofeulimagereadiﬁgapparatusaccordingtoeafourth
embodiment of the present invention; and

Fig. 17 is a table explaining operations of reading an

original document by using a conventional image reading

apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS



8 June 2004 10 Best nodes of carrying out the present invention will be
described in further detail using various enbodinents with reference to

t he acconpanying draw ngs. First Enbodi nent Figure 1 is a s8WRenaf0@4 bl ock
di agram showi ng el ectrical configurations of an image readi ng apparat us
100 according to a first enbodinent of the present invention. Figure 2 is
a perspective view of geonetric placeneﬁg of lines to be read ("line to
be read" hereinafter being referred to as a "reading line") by the inmge
readi ng apparatus 100 and their dinensions according to the first

enbodi nent. Figure 3 is a diagramshowng line-like strings 2-1,2-2, and

2-3 of |ight ' devj Ki ng. 1 ding to the f.

erbodi mont. Fi gurteat MO (1h RGTCRARD Bk pPar P £ m 1y S CA St e
bodi ment veg | ¥ iy ..
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the original.¢ ntolihd é5ﬁ§§% | 1% @RRAY at us 100 according to the
first enbod?ngﬁgg idﬂf@h6h$% a |§§§§ﬁ1explaining oper ati ons of exact

readi ng the original docunent in the inage reading apparatus 100 according
to the first enbodinent. Figure 7 is a table show ng conbinations of the
nunber of line-like strings of |ighkssersbbgimdayi ces and intervals anong

line-like strings of light sensing that can be used in the inmage reading

apparatus 100 according to the first enbodi ment. The image reading

apparatus 100 of the first enbodinment is so configured as to achieve an

econom cal and effFiguentl dperasicbapagiguhboghodiggram showing electrical
configurations of an image reading apparatus 100 according to a
first embddiment of the present invention. Figure 2 is a
perspective view of geometric placement of lines to be read (“line
to be read” hereinafter being referred to as a “reading line”)
by the image reading apparatus 100 and their dimensions according
to the first embodiment. Figure 3 is a diagram showing line-like
strings 2-1,2-2,and 2-3 of light sensing devices making up a CCD
1 according to the f_irst embodiment. Figure 4 is a timing chart
explaining timing of reading an original document by the image
reading apparatus 100 according to the first embodiment. Figure
5 is a timing chart explaining timing of feeding the original
document in the image reading apparatus 100 accoxding to the first
embodiment. Figure 6 is a diagram explaining operations of exact
reading the original document in the image reading apparatus 100
according to the first embodiment. Figure 7 is a table showing
combinations of the number of line-like strings of light sensing
devices and intervals among line-like strings of light sensing
that can be used in the image reading apparatus 100 according to
the first embodiment.

The image reading apparatus 100 of the first embodiment is

so configured as to achieve an economical and efficient operations



by sinultaneously reading a plurality of reading lines using a plurality
of strings of line-like light sensing devices while the original docunent
is being noved at a specified speed in a sub-scanning direstiung200hi ch
chiefly includes the CCD 1 having M pieces of line-like strings 2-i ('i"
is any one of 1, 2, --- Mof light sensing devices, anal og/digital
converting circuits (hereafter being reflerred to as A/D converting
circuits) 3-i each being connected to each of the M pieces of line-like
strings of _light sensing devices, menory regions 6-ifﬁach Eeing connect ed
i t

to each of PHeSHPBLERRGRNTINEAFAT 5 PR QT SREAFSPICLFBEP VS HRT 2
t dri 10 t 11 d ; 1 r.0l I it .of
M hent (ke <PHiRgLEET4Y SreTalhen) ThEVI LEE Thal aEnsitbiaBgsg White th€
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readi ng eacl,pf scORH SRRk i S£AUHASH LRCE FleenElfded)the AP QCKaPLthge
CK (Fig. 4) 1s a clock™ produced every tinme an"image data is stored in a

pi xel by reﬁdFﬂgcegaBjﬁ 2598011 RE LtPeny8 2-imi("16CAGNGAY dhkeetsi an which is
therefore called a "pixel clock” for an inmage signal. The trigger signa
TG (Fig. 4)Msfaligint ngemsdignaldenset s, 0 anadoggldigdadiingoandrtitgreigcuits
operations by the CCD 1, which is produced every tinme the CCD 1 has

conpl et ed t lfpereadtag.beEaghrofetrned|imes| A K2 conviendgd ng-¢inful tghi3deasthg
devices is placed so as to be spaced by N pieces of the reading |l ines (N
bei ng not | bsénghapnngctedHic apsdnott hhe Mpiegey afl ldmendikengLrirgs o
strings 2-i _of light sensing devices is represented by N gieces of the
readi ng | i né39h¥haeRsing|RjELoes . H®ENQIGHIreSHH§ deFrcBsPeaPE BPRPBEERYsO
as to be in parallel to ea er, . Moreover,, .lines to.be.read, by

h oth , each o
each of t he P 4act PECtRE i/ HUSOBTSFFRE B SRt S084reading Control Gikelit

9, a motor driver 10, a motor 11 and a memory control circuit 12.

Each of the line-like strings of light sensing devices
making up the CCD 1, in response to a clock pulse and a trigger
signal fed from the reading control circuit 9, is adapted to output
an image signél 20-i obtained by reading each of corresponding
reading lines (see Fig. 4). A clock pulse CK (Fig. 4) is a clock
produced every time én image data is stored in a pixel by reading
data along the line in a main-scanning direction which is
therefore called a “pixel clock” for an image signal. The trigger
signal TG (Fig. 4) is a timing signal used to control reading and
storing operations by the CCD 1, which is produced every time the
CCD 1 has completed the reading.

Each of the line-like strings 2-i of light sensing devices
is placed so as to be spaced by N pieces of the reading lines (N
being not less than 2) . This means that an interval among line-like
strings 2-i of light sensing devices is represented by N pieces
of the reading lines. These strings 2-i of light sensing devices
are disposed so as to be in parallel to each other. Moreover, each

of lines to be read by each of the line-like strings of light



12 sensing devices is spaced by (N-1) pieces of the reading lines, that

is, the (NN1) pieces of lines are the nunber of lines of the original
docunent to be noved every tinme the lines are read by the BiJoee RDB4
strings of light sensing devices. in this enbodinent, the nunber M of

pi eces of the line-like strings of |light sensing devices nmaking up the CCD
1, the interval N anong the line-Ilike sﬂ?ings of |light sensing devices and
a noving speed L for reading one line of the original docunent (that is,. a

di stance to be poved per qgne reading unit_tine) are set in a_panner so as
to satisfy SEREIRPIITHIT thr é@?@&ﬂa’%’oﬂ%‘:l)l\/l_ﬁ’z‘-_ &5 ORI 2AHY %L:L_ner\%rl.
(5% The Tt i SRBo U DAY 8 HHECE A cBg pitRet of 1Bt the 11
reason wh e 99g! i "IN~ ~ + 1" ,.:0ne C L

pr O\S/i ded ?/n(ggﬁ%ﬁg%%v%gexprﬁeésg{bor]? é(\lf)o?eﬁaslgk] t 3):beglgn‘legt tﬁ\%vi #?ﬁ%g %ﬁ%:%‘%%@?y

below. 11 aciahyecah sNehoithddig elinopiebnaiRgevitRsl. i e thikentidd g

of light sensing devices nakinhg up t represented by the nunber of

readi ng |ingge dumsd®b 8f gihddes e cheM tnd-1ikerstiaigy of iighEMerddaie
are two or nore lines that are read in a duplicated nmanner by each of the
l i ne-1ike sfigvrhgss mdkide dp ghte seDSipocleviimesval goatibhyothé atiavetilseich
the duplicated reading is "% ~_!'! M+ 1" which is also another condition
provi ded i nsthiéngxpredsghth {d)sind/olesdvers, ahdcugovtiing speed If fooradidingse
is N=M+ 1, the case N> M+ 1 is also favorable. However, when N> M +
1, the nunbenedfing pésthe priginpdrdoginem (thatats, padisbanghitthbedreiotd be
read i ncrease, that is, the nunber of |ines whose reading is skipped

i ncrease. FRPEHeRAreading umdt fimedrase £6E 1R feNANRELs SO A§strSATEHEY

sensi ng devi ces_maki ng ug the CCD 1 is three, %>conventional col or_image
r eadi ng -ccotkredigllowing three equations: M=2, N2 M+ 1, and 1= N-1. Thesé

three equations are hereinafter referred collectively to as an
“expression (1)”. The most favorable relation is the case
expressed by N = M + 1.

The reason why the above condition ™N = M+ 1", one of the
conditions provided in the above expression (1), has to be met
will be explained below. If a value of N being the interval among
the line-like strings 2-i of light sensing devices making up the
CCD 1 represented by the number of reading lines, is smaller than
the “M + 1”7, for example, if N=M, there are two or more lines that
are read in a duplicated manner by each of the line-like strings
of the light sensing devices. A condition to avoid such the
duplicated reading is "N = M + 1”7 which is also another condition
provided in the expression (1). Moreover, though the most
favorable case is N=M+ 1, the case N> M + 1 is also favorable.
However, when N > M + 1, the number of lines a first part of and
a last part of which cannot be read increase, that is, the number
of lines whose reading is skipped increase. Furthermore, if the
number of the line-like strings of light sensing devices making

up the CCD 1 is three, a conventional color image reading CCD from



8 June 2004 13 which a color filter for RR, G and B (Red, G een, and Bl ue)
color signals is renoved can be used. That is, the conventional col or

i mage reading CCD is nmade up of three line-like strings of BiJght 2084&nsi ng
devi ces each being used for each of the R& color signal and of three

pi eces of color filters for the RGB col or_signal each being also
constructed of a line-like string of Iigﬂ sensing devices. To manufacture
the CCD 1 by using a nanufacturing process of the conventional color inmage

di CCD, . ti f t he, col filt i ncl din it
rmanut act ur (L GoBeL8s FioFEGhittB Ay FeE: el [rseny RESeE FiahEror
|1ght - sensing. dovi Ges  JRILAISUR $05, QD hiale Ioun ed. S8 LhAlocach ot he
t hree Iine-?g%%a ST ﬁ&? ot IFgﬁt séﬁg?ng 5EV|ceé I's placed apart, tor

e, ' Lngel ipe N1Qfe s COAMEI
exanp: € bi’m%g@é;’}[re%‘ﬁ%%f%eﬁ ié“?na{cf‘eaﬂﬁ”gf t 153eN 1Mk el BEr MBS COAVBIHHING

circuits 3-1 or s conversi o each of the read 1 mage signal 20-i

to be out puledd 0Ny RAARQS chBR ey ludets Tl 888K Lt ol REBNEOBENYithal
devices. The nenbry 6 has nenory regions 6-i ("i" is any one of 1. to M

Each of thend®ENréePiresbol ELqueRilaklry 50188, REB AR crosigohl afact he
menory control circuit 12, pixel data obtained fromone reading |ine which
has been A/l iomveldeddysthectAdd abrverineglils rouring-of dndihdutsantsinde
stored pixel data in order of lines to be read in a sub-scanning
direction. dexcices. TosramnfasturyitbrCCBlibhasingrensryfegputing RLPIATT e
one Mth pixel data contained in one piece of the original docunent and

t heref ore to téet Fenverbhoryl cediathivapeneeading £5Pack PFOcE st oF €35 519
data of a maxi num one page. The reading caontrol circuit 9, in response to
the triggertosilgifarcotr féLhsralnoteied ot idis Parsiarpur£ng. PEJCE ¢he-S

ot or omitted and the three line-like strings of light sensing devices

making up the CCD 1 are mounted so that each of the three line-like
strings of light sensing de\_rices is placed apart, for example,
by four pieces of the reading lines.

Each of the A/D converting circuits 3-i performs A/D
conversion of each of the read image signal 20-1 to be output from
each of the line-like strings 2-i of light sensing devices. The
memory 6 has memory fegions 6—i (“i” is any one of 1 to M). Each
of the memory regions 6-i sequentially stores, under control of
the memory control circuit 12, pixel data obtained from one
reading line which has been A/D converted by the A/D converting
circuit 3-i and outputs the stored pixel data in order of lines
to be read in a sub-scanning direction. Each of the memory regions
6-i has a memory capacity to store cne M-th pixel data contained
in one piece of the original document and therefore the entire
memory region 6-i has the capacity to store pixel data of a maximum
one page.

The reading control circuit 9, in response to the trigger
signal TG, feeds a motor control pulse MP (Fig. 5) to the motor

11, every time the CCD 1 completes one reading of the line on the



11, every tinme the CCD 1 conpl etes one reading of the line.on the 8 June

2004 14 original docunent. The notor control pulse MP includes three kinds
of pulses, one being fed to the notor 11 every tine the |in&Jun@ddichg which
starts 'from a line existing backward by specified nunbers of reading |ines
determ ned based on above values M N, and L, in a sub-scanning direction,
froma first line out of lines to be n0|1f3rally read (""line to be nornally
read" being hereinafter referred to as a ""norimal reading |ines" which

means that the |ines are those to be se ntially read by the line-like

strings of ??Wﬂa]séﬁ§%nﬁe\?ib€é@oﬁi’r§°§i¥c§e?u ke ¥ il yidns these Kiatp t o
express the_interval ano the eb(re Iltﬁ}e str of | i ght senswneg devi ces

or the rleao‘?llc’l %%%’) Or;‘? h 1 e L her
t h

Srarts fr o a3 i s FIRR%A A S ’ét%e paEfuashrty 'S N
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every tinme the I1ne- rea st art romt | ast normal readi ng line

and ends aindil 'i‘ﬁaeéh’ét‘segnﬁﬂ?ﬁ&@{ﬂéatﬁcﬁﬁcﬂbﬁda FIFRQr BiRé JiRASE NG ddes
det ermi ned based on values M N, ~and L in a sub-scanning direction, is

conpl et ed. AppheonSrRAlLlPeddt r 1888t E@bePhibBes1 MP dehaic B@mhgcﬂer@tﬂéﬁcéﬁsed
to cause the original docunent to travel by (N-1) pieces of lines to be
read. The noéderxkdterad@ frefdsalh rdddiegsifnad” winiatempansethax thhel imgor
control pulse MP, to the notor 11. The notor 11 operates so that the

ori gi nal dozueneho siest @ ba\sd areralighd v redd iy the fldoes 1ide $tel@nDorL, 1idialk
is, the notor 11, in response to the drive signal fed fromthe notor
driver 10, ¥WPYERY AATARFAL e PIYTIRS GOBeceantieRt SHEHH 1s6daEotREREBR

the original docunent to travel from
: the interval among the llne like strings of light sensing devices

or the reading speed), from the original document, is completed,
another motor pulse MP being fed to the motor 11 every time the
line~reading which starts from the normal reading line and ends
at a last normal reading line is completed, and further another
motor pulse MP bging fed to the motor 11 every time the line-
reading which starts from the last normal reading line and ends
at a line existing forward by specified numbers of reading lines
determined based on values M, N, and L in a sub-scanningdirection,
is completed. Any one of the motor control pulses MP is a control
pulse used to cause the original document to travel by (N-1) pieces
of lines to be read.

The motor driver 10 feeds a drive signal, in response to
the motor control pulse MP, to the motor 11. The motoxr 11 operates
so that the original document is traveled along reading surfaces
of the CCD 1, that is, themotor 11, in response to the drive signal
fed from the motor driver 10, drives a document carrying device
(not shown) so as to cause the original document to travel from
a position of a line that has been already read, by (N-1) pieces

of reading lines.



a position of a line that has been already read, by (N-1) pieces of
reading lines. 8 June 2004 15 The nenory control circuit 12, to store and

read pixel data to and fromthe nenory regions 6-i, sequenBiJahé 2004eeds
each of signals described belowto the nmenory regions 6-i. That is, if
there are sone |ines which are read before the first normal reading |I|ine

of the original docunent is read, the neﬁéry control circuit 12,
sequentially feeds a witing stop signal used to stop witing of the inage
data of the reading line to be read befqre fthe first normal readi l.i ne.
is read, to the nEHOFFTPEYi orRtEE .Cllrf:”tlli?elﬁr ERdPhgTRRhE A BHEG ?dr%aly
line to the_| ast r mal line. is erforped, the nmenory, cont ciheujt 12
sequenti al IJ§/o f?é?e%?(oraom %Wmé)éﬁe(r;fgﬁangi %Jaf h %%t%%%sgeéc?ggneaﬁéhu;be% to
store pixels; datds ORLALNGL LY 1RRAI0 chRenBRbYD! rL8A0hD0s L] NOad O d N ¢
menory regions 6-i. there are sone l'ines that are read after the |ast

normal readipg - bRess@fe L8 OhiHIIdIAL r 8 QGUREI £ Se £RAM 1 ANenBRRAL e LM O
circuit 12, sequentially feeds a witing stop signal used to stop witling

of the imageif@icF gheldia dill, dbeukhbft BNRERd!, ChORRmMoEY coRtE6I dittcuit
reading of the normal reading liness is conpleted, that is, after storing

of pixel data, iseduketialoryfeeds @nerbtingistaqosphatedisead enstyp satiscinag
signal and an address signal used to read pixel data of the normally |ines
for which tof the shageedaiiagphabebeendtnarltiod dprebsamashbedbky thed fixrgthe
menory region 6-i. Next, operations of the image reading apparatus 100 of
the enbodi memahbreeaisng ildawe by reRehritegthe megory regiers -1 fFokf the
conveni ence of sinplified description of the operations, let it be assuned
that the nur®Rding st tthe Figsl) nREMa}ynhsnertq jtdyg last normally line is

pefformed, the memory control circuit 12 sequentially feeds a
memory selecting signal and an address signal used to store pixel
data obtained by reading the normal reading lines, to the memory
regions 6-i. If there are some lines that are read after the last
normal reading lines of the original document is read, the memory
control circuit 12, sequentially feeds a writing stop signal used
to stop writing of the image data of the 1ine, to the memory regi-ons
6~-i. After the reading of the normal reading liness is completed,
that is, after storing of pixel data in the memory regions 6-
i is completed, a memory selecting signal and an address signal
used to read pixel data of the normally lines for which the first
reading has been started are sequentially fed to the memory region
6-1.

Next, operations of the image reading apparatus 100 of the
embodiment are described by referring to Fig. 1 to Fig. 7. For
convenience of simplified description of the operations, let it
be assumed that the number M of the line-like strings of light
sensing devices is three, the interval N among the line-like
strings of light sensing devices is four and the moving speed L

for reading one line of the original document is three. Here, each



sensing devices is three, the interval N anmong the line-like strings of

| i ght sensing devices is four and the noving speed L for reading one |line
of the original docunent is three. Here, each 8 June 2004 18 Johe®h@4t hr ee
line-like strings of |light sensing devices is represented by 2-1, 2-2, and
2-3. Each of the image signals output fromeach of the Iine-like strings
2-1, 2-2, and 2-3 of light sensing devi @8s is represented by 20-1, 20-2,
and 20-3, respectively. Each of the three A/D converting circuits is
represented by the reference nupbers 3-1, 3-2, and 3-3. Each of the three
menory regi 8hs the ridpiess ehtRer bike hatréngreiie Mober §en8ing geyicasy 593,
respectively. Each of  the ry, regi 6-1, . 6- and 6-3 has capacity
of Storing FPREFSHATC oW 2L Mot and nGarP e L E RS FREraLSch T araE
page of the i gj C n Th 0, . nfire. reqgl . B,
6-2, and 6- §géﬂ5né§?ﬂérg9pﬁgli%ﬁ? gf%}?é a%?rjfrrtﬁggn%rirmlf irr’g;%&é,ngz I?%%ggfl&%
exi Sting W Lohgi fgx dBR e B0 opP¥sehloling,ehRliENgo-bet Lhgbe@ssiimed
that, in a state “where the origin gocunent s correctly placed in the

i mage readiagpappavaiys £86nh (e theethided Si/p NgoRvdreinkl GAlrRARY Ngs
devices is positioned on a reading line existing in a 6-th position

backward i nrépsgfestéfm NG Hd e fefreddeanunbensl 3+EaB-1y ldndesS-Gn EhbR of
original docunment (that is, on the line fromwhich the reading starts; see
Al in Fig. Bhehdwsenenbhy Agicns ismagpresgnakdrieadheyefhkeehcrentmiters
string 2-1 of light sensing devices fromthe corresponding |ine from which
t he readi ngéb¥,the2} i aed| 6k, stespectvdlypf |ight sensing devices starts)
and the line-like string 2-2 of |light sensing devices is positioned on a

| i ne existing apafachpf £BameReRy A§ILoASsofrLorRz2 1 PRE $0? hifi éhcaprcity

readi ng starts ) ) . , .
of storing pixel data of the normal reading liness of one-third

of one page of the original document. Therefore, the entire memory
regions 6-1, 6-2, and 6-3 can store pixel data of all the normal
reading liness existing within maximum one page.

Now, in the embodiment, let it be assumed that, in a state
where the original document is correctly placed in the image
reading apparatus 100, the line-like string 2~1 of light sensing
devices is positioned on a reading line existing in a 6-th position
backward in a sub-scanning line, from an normal reading lines on
the original document (that is, on the line from which the reading
starts; see Al in Fig. 6, however, the Al is a image signal read
by the line-1like string 2-1 of light sensing devices from the
corresponding line from which the reading by the line-1like string
2-1 of 1light sensing devices starts) and the line~-like string 2-2
of light sensing devices is positioned on a line existing apart
by four reading lines from a line for which the reading starts
{see Bl in Fig. 6; however, the Bl is a image signal read by the
line~like string 2-2 of light sensing devices from the line
existing forward by four reading lines in the sub-scanning

direction from the corresponding line from which the reading



(see B1 in Fig. 6; however, the Bl is a image signal read by the Iline-like
string 2-2 of light sensing devices fromthe line existing forward by four
reading lines in the sub-scanning direction fromthe corre8pone2dgd | i ne
fromwhich the reading 8 June 2004 17 starts, as described later) and the
line-like string 2-3 of light sensing devi ces is positioned on a |ine
existing apart by four reading lines frbmthe line where the line-like
string 2-2 of light sensing devices is positioned on a |ine existing apart
by four reading lines fromthe Iine for which the reading is to be done
by the |instanks sesidapxipast Lrtghi mgthfrgla@%rbege(%@“elm% A Ohlgtg
however, the CL is a read inage signal read by the ljne-like strin 3 of
li ght sensﬁﬁg'lsdé\ﬂ @@é’lﬂeémlﬁhéoﬁilﬁéoﬁﬁfisf’?n@ Jo‘?‘?zvaer’ﬂlswq AR &K %é’q]? ne

th b- di t t f h
eadi ng st AR Pifet Brouhs 38R e PhE R L, sER TRy rf?a“?&é e,
[ d | t. |, I I
of 1iont s neated sEoPrRlPRFRHCE Hifs e T oy BBl e

ight 1romaddigh 130ME0bACtNSNON AGOTARE (BE LB8aihbnes 89 §0%ione

ori ginal docunment® (see Fig I's, each of the line-like

strings 2-ky 212 13Rd-2ix8 Sfrihghi- §Q§§'l’39ﬂ£ie\éleﬁ§§ng* Bet7€6pONELeé 1 hitn
cl ock pul se 'CK sequentially fed fromthe reading control circuit 9,

si nul t aneousily. pf edeSEgathe 0fi {1€adrsadiabgeidnal@edd Mndh@dihe-daigte
obt ai ned by reading one line. The read inmage signals 20- 1, 20-2, and 20-3
(Fig. 4) eatirihey ngBQtft 3i akrtd d¥ngierddaygioas ﬂnouetharlartaeesnaaingrfquaard ed
sinply to as the "imge signals 20-1, 20-2, and 20-3". Mreover, in Fig.
6, each of mhefdumescadindelimes gmathdoﬁubeﬁpamlbg Idéé?@cﬁy-o@acmfcﬁf e

line-1ike strings of
corresponding line from which the reading starts, as described

later). In this state, each of reading lines 1is read
simultaneously by each of the line-like strings 2-1, 2-2, and 2-3
of 1light sensing devices receiving reflected light, produced by
irradiated light from a light source (not shown) from each of the
lines on the original document (see Fig. 2 and Fig. 3).

That is, each_of the line-like strings 2-1, 2-2, and 2-
3 of light sensing devices, in response to the clock pulse CK
sequentially fed from the reading contrel circuit 9,
simultaneously produces each of read signals 20-1, 20-2, and 20-3
each obtained by reading one line. The read image signals 20-
1, 20-2, and 20-3 (Fig. 4) each being obtained by reading one line
are hereinafter referred simply to as the “image signals 20-1,
20-2, and 20-3”. Moreover, in Fig. 6, each of the lines of the
original document to be read by each of the line-like strings of
light sensing devices making up the CCD 1 is shown as “A", “B”,
or “C”. Furthermore, in Fig. 6, each of the “Al”, “Bl", and “Cl1”
shows each of the read image signals 20-1, 20-2, and 20-3 obtained
in the first reading operation by each of the line-like strings

2-1, 2-2, and 2-3 of light sensing devices making up the CCD 1,



| i ght sensing devices nmaking up the CCD 1 is shown as "N, "B" , or ""C'
Furthernore, in Fig. 6, each of the ""Al", "B1" , and "O" shows each of
the read i mage signals 20-1, 20-2, and 20-3 obtained in the Juhe2004 eadi ng
operation by each of the line-like strings 2-1, 2-2, and 2-3 of I|ight

sensi ng devices nmaking up the CCD 1, 8 June 2004 18 respectlvely The
reason why the first reading operatlon i 48perforned beginning with a line
exi sting backward by six reading lines from the first normal reading |lines
is to avoid om ssion of reading. of the normal reading |iness on the
original doessreEtivhky+eason will be described below in detail. That is,
as showmn in Fig. 6, if the first normal reading |ines on the or nal
document (the re%?eng}-"ef"’}sr?g1 éﬂ’ryfé:shﬁo Y RRPOIRe %Fl’ﬁﬁ/ﬁ]tjic?'fl Y. p%’%‘?%med
attenpted to be read h there are | that ¢ nn in
oo ext streRrHbT TRt PE Ly ko Fald i F et B s A s by R R
first readi 0, .0 y i.ke st Eipn

devi ces and eﬁﬁfo‘c’féna &I%ateia |ert%%lhgnn§§}h/§ % E%Dsg}rééé %l%jﬂg&% h?lfe(}s%éggldtll hg

operation bye t#é J)i:l'ﬂg lfé&%lﬁ'fd iﬂﬁegslorﬁ)fthle' ghi g SRAS I ML RHICEPhe THA s 1S,

the second, sixthnormal reading liness fromthe line A to be

read in thewj‘_li She r@@%m&p%éﬁé@mr@ydé{@lij ne-like string 2-1 of |ight
sensing devices (two lines to be read existing between Al and A2 in Fig. 6

and one readi ng |THe: edd StdsngHoainneen FBl.avg iA3the FigstGlommahateddingad.
This means that necessary reading image signals that have to be obtai ned
fromthese Limee coruted orieddialgdbicnesstar henreadingl hive deorrespomdhguch
the omi ssion of reading the normal reading liness and to successfully read
all of thentdn @#L” shioginndh Fig. 6) is attempted to be read by the CCD 1,
there are lines that cannot be read in lines existing between the
normal reading lines A that is read in the first reading operation
by the line-like string 2-1 of light sensing devices and the normal
reading lines A that is read in the third reading operation by
the line-like string 2-1 of light sensing devices. That is, the
second, third, and sixth normal reading liness from the line A
to be read in the first reading operation by the line-like string
2-1 of 1ight sensing devices (two lines to be read existing between
Al and A2 in Fig. 6 and one reading line existing between Bl and
A3 in Fig. 6) cannot be read. This means that necessary reading
image signals that have to be obtained from these three normal
reading liness are omittéd.

In order to avoid such the omission of reading the normal
réading liness and to successfully read all of themin all original
documents, in the case of M=3, W=4, and L=3, for example, the image
reading apparatus 100 of the embodinent is configured so that the
CCD 1 starts the reading from the line existing by six pieces of

. reading lines backward in a sub-scanning direction from the first

line of the original document 200.

Since each of the line-like strings 2-1, 2-2, and 2-3 of



docunents, in the case of M3, N=4, and h=3, for exanple, the inmge
readi ng apparatus 100 of the enbodinent is configured so that the CCD 1
starts the reading fromthe line existing by six pieces of 8reaskdin |ines
backward in a sub-scanning direction fromthe first |ine of the original
docunent 200. Since each of the line-like strings 2-1, .2-2, and 2-3 of 8
June 2004 19 light sensing devices of thd9CCD 1 is nounted so as to be
spaced by four (=N) reading lines, image signals 20-1, 20-2, and 20- 3 are
signal s obtained by reading |lines each being spaced by four reading |ines
of the oridiigiit dersierg deWicke ofietior i@fihdl idogomenediso rawitngbsospacraed
another three lines are read by the line-like strings 2-1, 2-2, and 2-3 of
light sendngfelewi (w9 ofeadinadones eabhe@? 3iEnale pA-1 nmedfe-3i gind 20~
20-1, 20-2, and 20-3 is A/D converted by each of the A/ID converters _3-1,
3-2, and 3- 33a&ﬁdSMDaéérﬁFé%%JétPcbWeFeaé%ﬁg|J§%FpSIaF8cP%n‘éagd%?c%’f bypgour

menory regions 6-1,_6-2, Howev. M t he pi xel data obtained through

t he readi ngr%?d:'trh% Jr’rrh%% ‘?% 1-b‘réef(é’fjl‘i'lpomll AAEHREY - regi ons 6-1 and 6-2 are
not data obtaine Fx é@ig{nﬁfd mnen{%ﬁfg’mo% f%a@)ﬁ %h@%ﬂefrr

"non-normal ly" re ere are nds of "réa n
|l i nes, one st heq ot
non- nor nal iﬁ%é%@néj% f%%é e S e S s v Qﬁﬁé’%%ﬁgeh%ht

obt ai ned fromdiey depidan cn@rtr@ dgRdi, NG alchN8$S £AKL eatﬁﬁ{:omé@@ HNEhals
converting circuits 3-1 and 3-2 from being stored in the menory regions

6-1 and 6-2p-1heoreniyd COREI Di A¢ID Ebthire 2Eed BEUSa ¥l idfl tigle }/DPcSh@gBtSrst O
the nenory regions 6-1 and 6-2. This prevents the image data obtained from

t he non- nor3wl, Pedqdi agdli+traadlre/hgosiveretd pikbe datembeys el ad t6- daand
o2 _of the memory regions 6-1, 6-2, and 6-3. However, the pixel data
obtained through the reading of the lines to be fed to the memory
regions 6-1 and 6-2 are not data obtained from normal reading
liness, but data obtained from “non-normally” reading lines. That
is, there are two kinds of reading lines, one being the normal
. reading lines and the other being the non-normal reading lines.
Therefore, in order to prevent the image data obtained from the
two non-normal reading liness output from the A/D converting
circuits 3-1 and 3-2 from being stored in the memory regions 6-1
and 6-2, the memory control circuit 12 feeds writing stop signals
to the memory regions 6-1 and 6-2. This prevents the image data
obtained from the non-normal reading liness being stored in the
memory regions 6-1 and 6-2.

On the other hand, since the image data obtained by reading
one reading line to be fed to the memory region 6-3 is the image
data obtained from the normal reading lines, the memory control
circuit 12 feeds a writing signal to the memory region 6-3 to store
the image data obtained from reading the normal reading lines.

After the reading of lines by the line-like strings 2-1,

2-2, and 2-3 of light sensing .devices has been completed, the



On the other hand, since the inage data obtained by reading one reading
line-to be fed to the nenory region 6-3 is the inage data obtained from
the normal reading lines, the nenory control 'circuit 12 fe&dsna20@84ting
signal to the nenory region 6-3 to store the inage data obtained from
reading the normal reading lines. After the reading of lines by the
line-like strings 2-1, 2-2, and 2-3 of [20ght sensi ng-devi ces has been
conpl eted, the 8 June 2004 20 original docunent 200 noves fromthe |ines
t hat have been already read to lines existing by another three |ines
forward. Af¢eigimel decanplesit OO0 aioddre fhonetheddineg tpat dtawnbbgntdileready
line-like strings 2-1, 2-2, and 2-3 of light sensing devices (after the
conpl eti on re4dttwe lfinestexinbingddl agodherathoae bhindre foeward. Afhar the
after the conpletion of the reading of pixels by the |ight sensing .
devi ces to WpmRkeEhen ofsthelldale 591&3@9509%@%% BY it léBkplatPoH-Tigi9s

Coatli ho Loty bt Badvcard 59308 13ghinsanE e TSRS (Acsiorhd, e taor
d th t ) trol | MP. Th t i i

produces ey control_ b oa I Ty ik, G eeotb Padiets a digye

pul se WP toiél?% céxﬁ&é{?gﬁlt e %ﬁ@dlk%gdgﬁgl ¥ FalseqW o9 C @rsétr#eﬂ%{' ng

received th rrveTsign MOVES, sub-"'sScanni n I rection,

origi nal do&é‘@?&s Owﬁ¥c§ t(l'l_l}%%ése;cﬁlg&ﬁc Btll%@lelg gadl NridNese oMM dtheohine

that has been already rea _ original  docunent 200 is noved by
three |inespgformandihy) a éybsﬁéﬁanmgm?l. r g0t b ORext NE¥ LSHONSEL digal MEG NDE or

control pulse MP. The inage data is not stored in the nmenory regions 6-1
and 6-2, bugehsrstesetthd PehlengardtityrsE@iardL39 andh rebpontbecstheimgxtn
the menory region 6-3 is conpleted, the original docunent 200 has been
noved by trigger signal TG, produces the motor control pulse MP.

The motor driver 10 produces a drive signal used to drive
the motor 11 in accordance with the motor control pulse MP to be
fed from the reading control circuit 9. The motor 11 having
received the drive signal moves, in the sub~scanning direction,
the original document 200 by 3 (¥-1) pieces of the reading lines
from the line that has been already read. Thus, the original
document 200 is moved by three lines forward in a sub-scanning
direction, in response to the motor control pulse MP. The image
data is not stored in the memory regions 6-1 and 6-2, but is stored
in the memory region 6-3 and, when the storing in the memory region
6-3 is completed, the original document 200 has been moved by

" three lines forward from the line that has been already read in
the first reading operation (see Fig. 6). After the original
document 200 has been moved by three lines forward in the
sub-scanning direction, each of the line-like strings 2-2 and 2-3
of light sensing devices is placed on each of new normal reading
liness on the original document 200, but the line-like string 2-1

of light sensing devices is placed on a new non-normal reading

lines. At this new reading position, each of the line-like strings



three lines forward fromthe line that has been already read in the first
readi ng operation (see Fig. 6). After the original docunent 200 has been
moved by three lines forward in the sub-scanning directiongJeasho®f the

line-like strings 2-2 and 2-3 of light sensing devices is placed on each

of new normal reading I|iness on the original- document 200, but the
line-like string 2-1 of light sensing dé&lices is placed on a new
non-normal reading lines. At this new readi ng position, each of the

line-like strings 8 June 2004 21 2-1, 2-2, and 2-3 of |ight sensing devices
reads one |2nk, c¥-2h&nd Rréecf daiditiy sleinsdndafigviaes | rrafs singnafige2of 1the
20-2, and 20- 3 obtained in the second readi ng, operation are A/ D convegled

by the A/ DtRBRAGFERAENE; Leues . and Hhe. imagde nel9pade <4 ghal <t obt £3FTn
th d dj rat | h " 2, d " Si t A/ D
Convertod | HrgSt SRt ot A ReaoBy R Lo A ALY R eaRdDoe PR FE Ok he
A/ D t] i it 3, .out f th . L] . i i
the second FRAAAL bk REi Bl ell) dogei 60 BT EhE G a8 EaT o B e 1

non-nor el § £agh 00, LLOSS + 8% A SEIANAY ADALS ShBSGLIRg, Shp shanebe IS

fed fromthe nenory contr e nmenory region -1, -causing.

no storing sPREEathONE/D W@Eteéiifiﬁ%é R daR8e adakad, bgasba8ehgdmedt ghaed
by readi ng new one line, output fromthe A/D converting circuits 3-2 and

3-3 are theigdabadbloaitped bYoheath AY D B6nhGer tBhg Eativig 3l i esSE 8he A/D
descri bed above, the witing signal is fed fromthe nmenory control circuit

12 to the neontyrtegdi tnsgd-datandbGaldnendinstlos isegomgeratidngt ope hat benyy y
regions 6-2 and 6-3 are performed. After the original docunent has been
nmoved to unilergee tdata sbtendeddayinepdiper Sheomomrmormeh nedslinghdingshass
been conpleted and, when the original docunment is further noved by three
readi ng described above, the writing stop signal is fed from the memory
control circuit 12 to the memory region 6 —1,~cauéing'no storing
operations. However, since the image data, each being obtained
by reading new one line, output from the A/D converting circuits
3-2 and 3-3 are the data obtained by reading the normal reading
liness, as described above, the writing signal is fed from the
memory control circgit 12 to the memory regions 6-2 and 6-3 and
storing operation to the memory regions 6-2 and 6-3 are performed.
After the original document has been moved to undergo the
second reading operation and then the reading has been completed
and, when the original document is further moved by three reading
lines forward for third reading operations, it is needless to say
that both the line-like strings 2-2 and 2-3 of light sensing
devices are placed on the normal reading liness and the line-
like string 2-1 of light sensing devices is also placed on the
normal reading lines. In this position, in the same manner as
described above, the third reading operation is performed. The
image signals obtained in the third reading operation are shown

as “A3, B3, and C3” in Fig. 6.

All of the image signals obtained in the third reading



lines forward for third reading operations, it is needless to say that
both the line-like strings 2-2 and 2-3 of |ight sensing devices are placed
on the normal reading liness and the line- like string 2-1 efjuhégbt4 sensi ng
devices is also placed on the normal reading lines. In this position, in

t he sane manner as described above, the third reading operation is
performed. The inmge signals obtained i B2the third reading operation are
shown as "A3, B3, and C3" in Fig. 6. Al of the imge signals obtained in
the third reading 8 June 2004 22 operation are imge signals obtained by
readi ng t heoprratelon eadiingpgd s hessls Thdedheddyy weedisgdiheonorhnel Aepding
converted inage data is fed to one of correspondi ng nenory. regions 6-1,

6-2, and 6-BinegncThagqfidqney hgnarachref fide A/EGhreRECRERSr {RBAtGDL2 15
circuit 12 to the nenory regions 6-1, 6-2, and 6-%, tge igﬁgf dﬁ;a“ each
being obt af &IPS BAGNG STRIBHET FHEOT ¥ ZFIFETSt BT bd o7 A+ 1HE Rerorynce
regions 6-1, 6-2, and 6-3._Fro e fourth readin nd. st.ori.n p | ons
to the | ast"rebtih g Tanaist 6??%%%@?5& %?W%F%ﬂgr?%ecﬁcnuel- ilgegé'ﬁ'lrljfeng
2-3 of light_sensin | ces, regches | as r readi i ang {sads
t he | ast noré%@?rfe]éd?%gglfi ﬁe%', ga?ﬁa arﬁga i%\'g gﬁgrrg 5 i%ngfa%%ér aeﬁeczlns _ag{(f :
perforned i [ ' i N0 QPR ald A E ERGRT atb

cont i nuousl%éﬁn%cgs%fi%%%%Ig%v%@%%q% rgng i ne- Iq% ke stri ngl 2-3 of Inilogrhli
sensi ng devi&esohassIeacdied e least peoiBtheeddhfehl +é@sing hadd dtorimy a
position of data C7 in Fig. 6, and has conpleted the reading of the |ast
normal readiperdtN6ss ansl thas 1eeHhreked nhhanst stbhingodpé het teha iGY wihitch ned
by the reading operation of the last normal reading |ines, the reading
control cirehetliSecutifid strhagnd+drof ddghtosepsisg dd¥itaedrieecheleanmstr 11

and to nove the original . _
normal reading lines and reads the last normal reading lines, same

reading and storing operations as performed in the third.reading
and storing operations are repeated continuously.

As described above, when the line-like string 2-3 of light
sensing devices has reached the last normal reading lines, that
is, toapositionofdataC7in¥Fig. 6, and has completed the reading
of the last normal reading lines and has completed the storing
of the data C7 obtained by the reading operation of the last normal
reading lines, the reading control circuit 9 outputs the motor
control pulse MP to drive the motor 11 and to move the original
documenttoeilineexistingfurtherbythreereadinglinesforward.
This is because, if the line-like string 2-3 of light sensing
devices stops reading of the original document at a position in
which it has read the last normal reading lines, as in the case
Qhere the reading of the original document has been initially
started, the omission of reading the normal reading lines occurs.
At this point, all of the line-like strings 2-1, 2-2, and 2-3 of
light sensing devices are moved from the position where they have
already completed the reading and storing of the normél reading

liness to a line existing by three reading lines forward. This



docunent to a line existing further by three reading lines forward. This
is because, if the line-like string 2-3 of |ight sensing devices stops
readi ng of the original docunment at a position in which itsbasepemd the
| ast normal reading lines, as in the case where the reading of the
original docunent has been initially started, the om ssion of reading the
normal reading |ines occurs. At this pokat, all of the line-like strings
2-1, 2-2, and 2-3 of [|ight sensing devices are noved fromthe position
where they have already conpleted the reading and storing of the norna
readi ng |imessstthat heaeexretstid bhrreceoraalinfpdinted ipgeRakaat THES 8
June 2004 23 neans that there are still three normal reading Eiﬂess %?q%
have not beeh hea reqd 1 Atsthds koiphe Thhd-inekd 16 PRELNSS125h PR 2~ of

-light sensing .devices are placed on t nor nal . readi ng .l ine however ,
thlegl i nZ-I ?‘%E'qﬁ%\%ﬁeg-séngf Nl ioing §§ﬁsﬁ’hﬁ C%‘%\?Pcié einsOI b %:?aéf%%geldl oenSV?’he
non-normal reading |ji.nes,._Si t bt ai ne . donesld :
strings 2- 1£%‘ﬁ%v??2 {(-‘) el}brﬁ?"gjgﬁ%i%gr%\%?e)ségn %ﬁ %SU%J%% Qtf?LeiégﬁD 1S
converting gt{.ﬂ:’! #}lgé%dagg he2ﬁ%he-n%%}n%l()fr_etala@n@orl'ﬁﬂesr.ea.ﬁ'd& ldHes$atd he
menory control Citcul eeds the witing signal 'to the nmenory regions 6-1

and 6-2 andoy,ph Xgbd dsy aiutiBYef1HQ8 the-ifYda onvanki P92 ChE CLH §h8-demdithg- 2
is stored in the nenbry regions 6-1 and 6-2. However, since the inage

dat a obt ai nggvi 8eSUgRA t BELHEBOE REm byhé MR/ | denve fdeirng re it S D1 dndhd-
sensi ng devices and output fromthe A/D converting circuit 3-3, is the
dat a obt ai npcdideyds eadifnchd hernan-werdiald Yihens, thirememoiyicoptsiodpcsignbt is
fed fromthe menory control circuit 12 to the nenory region 6-3, and the
i mage dat a Béedhetbaewtitning oignalutgithef memotiye ragboasnfeit #Rd €77 capd
3-3 is not stored in the nenory region 6-3 accordingly. In order to_read
t hree nor mapj.g«el data output from the A/D converting circuit 3-1 and 3-2 is
stored in the memory regions 6-1 and 6-2. However, since the image
data obtained through the reading by the line-like string 2-3 of
light sensing devices and output from the A/D converting circuit
3-3, is the data obtained by reading the non-normally line, the
writing stop signal is fed from the memory control circuit 12 to
the memory region 6-3, and the image data of the one line to be
output from the A/D converting circuit 3-3 is not stored in the
memory region 6-3 accordingly. In order to read three normally
lines that have not yet been read, further two times of reading
operations are required. The line on which the line-~like string
2-1 of 1light sensing devices is placed after the movement of the
original document by three lines forward is the last normal
| reading lines, but the lines on which the line-like strings 2-2
and 2-3 of 1light sensing devices are placed are non-normal reading
liness. The same reading operations are continued here. Since
pixel data obtained by reading of the line-like string 2-1 of 1ight
sensing devices and output from the A/D converting circuit 3-

1 are the data from the normal reading lines, the memory control

circuit 12 outputs the writing signal and feeds it to the memory



lines that have not yet been read, further two tinmes of reading operations
are required. The line on which the line-like string 2-1 of light sensing
devices is placed after the novenent of the original docunBdtndgodree
lines forward is the last normal reading |ines, but the Iines on which the
line-like strings 2-2 and 2-3 of light sensing devices are placed are
non-normal reading |iness. The sane rea@tng operations are continued here.
Since pixel data obtained by reading of the line-like string 2-1 of |ight
sensi ng devices and output fromthe A/D converting circuit 3- 1 are the
data from t¥egien rfatl ceadithg Pines, dabe Fepdihe oot Adhe gbrabpred Zmutlput s
the. witing signal and feeds it to the nenory 8 June 2004 24 region 6-1
and the pi X®4MeMEY arSHFOR Hebone |ine is stored in the nenory region 6-1.
The reason why the line-like string.2-3 of |ight.sensing evi.ces i s noved
twice by three pigtedsean fby Fhetﬁéngﬁg}géagEFﬁﬁg %TSé%?i 0% (M54 %as
been pl aced,on. the.l ast normal reading |li.nes . op-t original .doc t 1S
descr | bed BB S5 Aaeg e KR s HEAERPEs i ke, 8P LR hE T el

lines occur L g\éﬁfe@q b8t 5t RaS be%frbéi.%%é&% the 15%%%&3?9{ ﬁgalaliggi_ﬂrﬁ%

docunent , I'nes  are rea e three pieces

strings 2-lon 3120334 nd13d8kulkb Rt 1 8688 B8 K&Y 8w | iRa3e¢eNdast it rthe and
sixth lines fromthe last reading lines in one page cannot be read. In

order to preyeawhehe O PHieRkioh 6LadRW g NefedtbdrPetalle fiestreatyeal |
normal reading liness, further six consecutive pieces of lines in a

sub- scanni ngf Gitardtiingn theer ¢ @adngio £ lihexosighexl ddanidre: nederl thealdings

lines on the original docunent read by the |I|ine-like string 2-3 of I|ight

sensi ng devaesredd blestthe beredavigcad tef the Yioshtihngkoperatigh hak, been
2, and 2-3 of 1ight sensing devices, the second, third, and sixth
lines from the last reading lines in one page cannot be read. In
order to prevent the omission of reading lines and to be able to
read all normal reading liness, further six consecutive pieces
of lines in a sub-scanning direction are read which exist next
to the normal reading lines on the original document read by the
line~like string 2-3 of light sensing devices.

As described above, after the reading operation has been
lperformed.up to the last normal reading lines, the pixel data for
one third of é page of the original document has been stored in
the memory regions 6-1, 6-2, and 6-3. Therefore, the entire memory
regions 6-1, 6-2, and 6-3 have stored pixel data of all the normal
reading liness existing within maximum one page.

After the above storing operation in the memory regions 6-1,
6-2, and 6-3 has been completed, the memory control circuit 12
instructs the memory regions 6-1, 6-2, and 6-3 to read each of
data of the lines shown in Fig. 6 from the left in order. That
is, the memory control circuit 12 produces a memory selecting

signal and an address signal to be fed to each of the memory regions

6-1, 6-2, and 6-3, which are used to sequentially read each of



performed up to the last normal reading |lines, the pixel data for one
third of a page of the original docunent has been stored in the nenory
regions 6-1, 6-2, and 6-3. Therefore, the entire nenory re8iJons2664, 6-2,
and 6-3 have stored pixel data of all the normal reading |iness existing
Wi t hi n. maxi num one page. After the above storing operation in the nenory
regions 6-1, 6-2, and 6-3 has been conpl2éted, the nmenory control circuit
12 instructs the nenory regions 6-1, 6-2, and 6-3 to read each of data of
the lines shown in Fig. 6 fromthe left in order. That 1is, the nenory
control cirthetpiReproaite est dheemomypedelreetdiimg ldngeal shodnannabiy ess in
signal to be fed to each of the nmenory regions 6-1, 6-2, and 6-3, which
are used totBegtewric] Isjgneds ehthippdgbywreapmions Frathefpithel lHaea BHFfomhe
normal reading liness shown in Fig. 6 in the formof signals obtained by
scanni ng eath€otefhelliPESe¥rom the left in order. Figure 7 is a table
show ng conbi natigns of the nupber of. strings.of li.ne-li ight sensipg
devi ces and val ueS*9#¥ nt éfval ggb;ﬁo%ml”r%%-‘%f%l@%% Od%etkﬁgﬂm%ﬁs?ﬁg
devi ces of first.-e j ..Lhese i pat | v N
cont ai ned %E?H%%s %O%%Iq%%%}gggﬁgﬁz(ﬁ‘{@ﬁﬁd%ﬁg% g%\nép ?%1@%%_0%%%43119

combi nat i 0Ny SHOV RY. 24 RBT &t A0 of N GAE eSefls £ASSUNRLES SBEML Ehiest

val ues can ne e conditron require e expression (1). The

combi nat i ONeRREWIMENt 2 TRELe Yre omdiHHGHES & §RI%WNB 8ndCRCEoREahed
values M and N cannot neet the condition required in the expression (1).

Thus, accor ghhd Sosedbikpreakions(10f. thendmwegel ¢ eadiing, 7 deHeC€omtbihdrei dhr st
enbodi ment, by using the CCD that can sinultaneously read M pieces of

readi ng |inggoRAGhy kaxbRg &P “( indicates a case where each of the values

M and N can meet the condition required in the expression (1).
The combination shown by a mark of “X” indicates a case where
each of the values M and N cannot meet the condition required in
the expression (1).
Thus, according to configurations of the image reading
~ device of the first embodiment, by using the CCD that can
simultaneously read M pieces of reading lines each having an
interval represented by the number of reading lines N not being
read are simultaneously read in the sub-scanning direction and,
at a time when the M pieces of reading lines have been read, the
original document is moved by (N-1) pieces of reading lines
forward and when the CCD moves to stay on the reading line which
had been moved by the (N-1) pieces of reading lines forward, the
subsequent line reading operation is performed repeatedly, thus
enabling the line reading operation to be made faster by M times
or by times being smaller than M which is determined based on the
relation among the wvalues M, N, and L, compared with the
conventional reading, and thus achieving high-speed reading.
Moreover, since such the high-speed reading is implemented

by the configuration and acquisition of sufficient reading ocutput



interval represented by the nunber of reading Iines N not being read are
simul taneously read in the sub-scanning direction and, at a time when the
M pi eces of reading |ines have been read, the original docgment 2084 noved
by (N-1) pieces of reading lines forward and when the CCD noves to stay on
the reading line which had been noved by the (N-1) pieces,of reading |lines
forward, the subsequent |ine reading op&bation is performed repeatedly,
thus enabling the |ine reading operation to be nade faster by Mtinmes or
by tinmes being smaller than Mwhich is determ ned based on the relation
anong t he va$ gesbyjedy, ibd¢ potamgreriteoshater §anefiaHELCheR Het 1and
t hus achi evi ng hi gh-speed readi ng.. Moreover, since such the_hi gh-speed
reading is fPW%%ﬁtr@dacwm%«étegm Ghe i Wi aE5INgidh ofl ?ﬂi 35 @nt
readi ng out put. 8 June 2004, 26.is enabled, it is not necessary to shorten
tinme for wh %ﬁl%?%ct$V%nchSr§b§saré%aééuﬂﬂEﬂﬂﬁfqﬁfaFWé%qlﬂékﬁlag%ﬁrF%%'of
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scanni ng tine o exact readl ng an S poOssI chieve a
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necessary tgnbfgfease 1@ tariibdte Ofréh 9bhe 19ghE SbAREet Ont RGVOT b drohal
docunent, increases in tenperature wthin thé docunent readi ng device can

be i nhi bi t edogilehbe sigRRUIEN feadele sdaviyCto tabrbasante anopaciof Kglor it
is possible to use a light source having even a | ow | um nance. Moreover,

since hi ghtspeedsisean o g-hes iong.dimw lamoantendf, [hghtasssmhdet gussidtere
power consunption can be greatly reduced. Furthermore, manufacturing
equi prent feithie tbeveodumeat GGG béevsed bgn bei tinbddpidestiang the
processes for color filters in processes of the o )
document reading device can be made compact. Also, it is possible
to use a 1ight source having even a low luminance. Moreover, since
high speed scanning using low amounts of light is made possible,
power consumption can be greatly reduced. Furthermore,
manufacturing equipment for the conventional CCD can be used by
omitting coating processes for color filters in processes of the
conventional color image CCD, that is, by setting the equipment
so that three pieces of line-like strings of 1light sensing devices

are assembled so as to be placed by four reading lines apart, which,

as a result, serves to reduce manufacturing costs.
Second Embodiment

Figure 8 is a schematic block diagram showing electrical
configurations of an image reading apparatus accoxrding to a second
embodiment of the present invention. Figure 9 is a diagram showing
an example of a case where the image reading apparatus 100 of a
first embodiment cannot be used. Figure 10 is a diagram showing
an example of a case where an original document 200 can be read

exactly by the image reading apparatus 100A according to the



conventional color imge CCD, that is, by setting the equipnment so that
three pieces of line-like strings of Ilght sensi ng devices are assenbled
so as to be placed by four reading lines apart, which, as &Juss@bDb4 serves
to reduce manufacturing costs. Second Enbodi nent Figure 8 is a schematic

bl ock di agram showi ng el ectrical configurations of an inmage reading
apparatus according to a second enbodi nBAt of the present invention.

Figure 9 is a diagramshowi ng an exanple of a case where the inmage reading
apparatus 100 of a first enbodi nent cannot be used. Figure 10 is a_di agram
showi ng arﬁ%@ﬁ?ﬁpﬁé‘b@filﬁﬁe‘}ﬁseﬁ"m‘@f% ldnaoiz@lgl?naﬁhca@agnéﬁmb%etéaﬁsaéf &

exactly by the inmage readin ar at QA according to the ne 2004 27
second enb Rk © % g bﬁéﬁﬂi@ﬁqﬁ EBﬁﬁPH Wﬁﬁ?%ﬁng % of

strings of lléﬁhl%§§%§hﬁgld§ %géénggle |cgizgngsiﬂéerggléesaqpﬁﬁléérf§I

strings of A% agran1sho

exanpl e of qgﬁ sedq;

Conf i guratlagns %gsrhi?éﬂé% d en%§8h§§ Bgl %?‘%ﬁn?]f ose r%e%d;e il rls?tg
enbodi ment j§ éngggugugéﬁﬂogegghdgde ness can be read wi thout an occurrence

of duplicati and om ssion of reading lines to be read, even if

condi tions of N Mgkl Anddioly bratBe  fsmved eTiUbAS QRUENHE BF e FEREbM Gt hose
operations in which MDpieces of reading |ines each having an interval N

r epr esent etb byhichei pstilbafimdgraadnnghd t nearradi pgadohgrigakssacan be read

simul taneously read. Again, let it be assunmed that the nunber of l|ine-like

strings of wititutsansicupderiaees £ raiglhigaip.cee DeDomA sisd ol of meadingerives

anong the line-like strings of light sensing devices (represented by the

nunber of readiengebdpesiern s fN-oadilt hons mef Sp8ed + 1 and L= N-1 are removed
in sequential reading operations in which M pieces of reading
lines each having an interval N represented by the number of
reading lines being not read, are simultaneously read.

Again, let it be assumed that the number of line-like
strings of light sensing devices making up a CCD 1A is M, the
interval among the line-like strings of light sensing devices
(represented by the n_umber of reading lines) is N, and moving speed
for reading one line of the original document 200 is L. In the
second embodiment, a setting is made so that M £ 2,L = M and a
greatest cbmmon measure of Land N is 1. This relation is referred
to as an expression (2). That is, in this embodiment, the CCD 1A
is so configured that the M and N satisfy the expression (2) and
the moving speed of reading lines to be read by the CCD 1A is set
to L and a reading control circuit 94 and a memory control circuit
12A are so controlled that éhe normal reading liness on the
original document can be read without omission of reading.

Configurations of this embodiment are based on the
following understandings. That is, there is a case where the

original document cannot be exactly read even if conditions

provided in the above expression (1) can be met. For example, in



for reading one line of the original docunent 200 is L. In the second
enbodi nent, a setting is nade so that M? 2,L = Mand a g¢reatest conmon
nmeasure of L and Nis 1. This relation is referred to as a8 Jexpf@®si on
(2). That is, in this enbodinent, the CCD 1A is so configured that the M
and N satisfy the expression (2) and the noving speed of reading lines to
be read by the CCD 1A is set to L and a2Beading control circuit 9A and a
menory control circuit 12A are so controlled that the normal reading

| iness on the original docunment can be read w thout om ssion of reading.
Confi gurat i e eMprddsiandddi neitN ar ¥ baked Mt He Lf pIMovihege is a case
under standi ngs. That is, there is a case where the original docunent
cannot be e¥RRFE PHSEdoBRIFA] PT SuRdicabAen f shrdeRrding RECHB\MCESPYRE i on
(1) can be t. For exanple, in 8 June 2004 28 the expression (1).,_if N>
M+ 1, L > ?rsf e conditionsg, ofitdhe, abe¥e SHABFRS LR skl )oﬁr§nﬂ%ré%‘r).l’pﬁjc%‘?i on
of the readiLng occur. Moeoyer, . if . the, cqonditi.ons of the .abov. ression
(1) are notjf%gt?é?lpgﬁ?' f’griﬂefa%l &he deIP(l%cﬁlmt%e o&&ﬁlﬁscaltrfeovﬁ%ag% and

S

nevi tably, aprls 00 551 OO RS LENG-O0RT S GAUE, cases, Wor eover,

exanpl es that can Safl € expr ession are shown in Fig. 7 and, in

Filg 7, even if thsrasleirs Maanddy eaR: dmPbakiiergon Uane BiREPYIgaby @

mark 'a, there is a case where” om ssion of the reading

inversely, @N@@niintfn@g.\/aﬁ U8, Mxﬁ'IQg!\J Ganefegt ithehéwgihégnmeé@aeﬁs@nby
amrk " x", there is a case where |I'ines can be read w thout such the

on ssi on ofmeéeatidNgond Ot fY¥RE G dYeS JRLHPERAERCE,Y | Rend Fige 4 eagleNghere
apparatus 100A of the enbodinent is so configured that the condition L =
M provi ded omisseom)qft €heiwrndid)g bscumsoapdy dneer sddweveveneviethe values
M and N can meet the condition expressed by a mark " X", there
is a case where lines can be read without such the omission of
reading.
To avoid this inconvenience, the image reading apparatus
1bOA of the embodiment is so configured that the condition L =
M provided in the expression (2) is incorporated. However, even
when the above condition I = M is incorporated, there is still
a relation among the values M, N, and L in which, since a line
existing at a position being moved by L has been read and the line
that has been already read is again read by other line-like string
of light sensing devices, not only the duplication of the reading
but also the omission of the reading occur and therefore the image
reading apparatus 100A of the embodiment is so configured that
the condition that the greatest common measure of L and N is 1,
that is, L and N has no common divisor other than 1 is incorporated.
Therefore, adifference inconfigurations between the image
reading apparatus 100A of this second embodiment and of the first
embodiment is as follows: That is, the CCD 1A of this embodiment
has the M pieces of the line like strings of light sensing devices

each having the interval represented by the number of reading



when the above condition L = Mis incorporated, there is still a relation
anmong the values M N, and L in which, since a line existing at a position
bei ng noved by L has been read and the line that has been &8lJuead@04ead is
again read by other line-like string of |light sensing devices, not only
the duplication of the reading but also the om ssion of the reading occur
and therefore the imge reading apparat®9 100A of the enbodinent is so
configured that the condition that the greatest conmon neasure of L and N
is 1, that is, L and N has no common divisor other than 1 is incorporated.
Therefore, aide$fleeiangadtnreedT§lrad iionsheetaserot e Maget embdingent,
appar atus 100A of this second enbodi nent and of the first enbodinent is as
fol | ows: ThBeweser; heheo®imeispeRd fmotiarkdmg ongs lihe Mfptbeeordinha
l'ine like strlngs of ght sensing devices each having the interval

repr esent ed98GUReRE rﬁﬂﬁ)élat&ﬁf%édg]h% AN EXPEeSSioN géslfbéihﬁgrﬁéﬁtiiéaé
"N' as in thf ﬁase of the first enbodi nent, however, the noving speed for
readi ng one® e3Bf Fhe orlglnal docunent 200 satisfies the above

contror oroult SROBFsRTELENS il AR RS o e BTy
enbod ment sassaimeﬁgla]t@'eh%wsgglﬁgsnm Atq{e G egg;adiaew pLgdyeed

based on an instruction si gna roman I ma

processing syst&m (dwin @%w&kstOAWH5£$ktdyiﬂr%agﬁgEEQQMﬁ éﬁh&ase%ﬁgﬁ Is

connected through an interface 14, every tine o ine Teadl ng operation
i's conpl et egnbynsbeu&od rsidsandaptednt Pigbves HhAG 9F i gbfakr8ACHAEMaZR0

at the noving speed that has been pre-set so as to satisfy the above
expr essi on p2dcdbs oy aly;s tielre (106t ghoadn ) dos whkah 2H0imagendddidy appaeadukn

100A is connected through an interface 14, every time one line
reading operation is completed by the CCD 1A, is adapted to move
the original document 200 at the moving speed that has been pre-set
so as to satisfy the above expression (2)

Moreover, the original document 200 is initially placed in
a manner that the feading operation starts from a line existing
backward by specified numbers of reading lines determined based
on values M, N, and L that can satisfy the expression (2) in a
sub-scanning direction. Moving control by the reading control
circuit 9A is started from the reading line positioned as above.

The reading control circuit 924 produces the motor control
pulses MP (shown in Fig. 5) every time the sequential one line
reading operation is completed which reads from a last normal
reading lines to a line existing immediately before a 1line
positioned by specified numbers of reading lines determined based
on the values M, N, and L that can satisfy the expression (2)
forward in the sub-scanning line.

Configurations of the memory control circuit 12A of the
second embodiment are the same as those of the first embodiment

except that there are not stored in a memory region 6-1i pixel data



a manner that the reading operation starts froma line existing backward
by specified nunbers of reading |ines determ ned based on values M N, and
L that can satisfy the expression (2) in a sub-scanning di Bdone 8804 Movi ng
~control by the reading control <circuit 9Ais started fromthe reading |ine
- posi tioned as above. The reading control circuit 9A produces the notor
control pulses MP (shown in Fig. 5) eved@ time the sequential one |ine
readi ng operation is conpleted which reads froma |ast normal reading
lines to a line existing imediately before a line positioned by specified
nunbers of ?tadiimgsl i¥rRad deeéprenddihamsetmabnrepding vesad Ns aapd, t hat
can satisfy the expression (2) forward in_the sub-scanning line. | .
Confi gur at | ®RSCBFARFER HidhoFhe R CorkEglto EReoteddiang §086+4@ lembbat#Ent

h f fi . enbodi h h
212, e, o208 250195 Lt 15yLLLEL SROPLTURL (SLEL DBLcdor. g PRL
bef ‘th 4 i | § | d, dn. d if.hot i
berore, he DLt 8901 G115 doniad of ughECRLORRE QAL BARRNETE:

light sensipgedey ¢85, e Pt { %H%&h%/lﬁrge%?%tt?&ogﬁgfbﬁgﬁftﬁ%r§1919558£mlﬁﬁ t

sensi ng devices making up t gint orenost position in

the sub- scagp-88tidh &ed iAkaANdafiaxel #8hasofedd NEsdeathalbatiheckreadbng
of the last normal reading |lines has been conpleted. A light sodrce 13 is

used to shiDesti@bima@D reading 1ines nhaé bHéenotb@bNetedocument 200 for
readi ng operations. The interface 14 is used to establish connections anong

the inmage processiligglsy stcemcer d3diBgusedt t®lsicine liilghlfAcandegdimyylines
control circuit 12A. The interface 14, every tine one |ine reading
operation bgfthleQrDiginal dorphentd200efel vesading nepevations .

The interface 14 is used to establish connections among the
image processing system, reading control circuit 92 and memory
control circuit 12A. The interface 14, every time one line reading
operation by the CCD 1A is completed, receives an instruction
signal to feed the motor control pulse MP for controlling the
movement of the original document at the moving speed described
above to a motor driver 10 and feeds it to the reading control
circuit 9A and receives an acknowledgement signal for the
instruction signal from the reading control circuit 9A and feeds
it to the image processing system. Moreover, the interface 14
receives an instruction signal to instruct the memory control
circuit 12A to read each of pixel data of one page obtained by
reading normal reading liness stored in the memory region 6-i and
feeds it to the memory control circuit 12A and receives an
acknowledgement signal to confirm contents of the instruction
signal from the memory control circuit 12A and feeds it to the
image processing system. Since other configurations of the image
reading apparatus 100A of the second embodiment except for those

described above are the same as those in the first embodiment,

the same reference numbers in the second embodiment are assigned



signal to feed the notor control pulse MP for controlling the novenent of
the original docunent at the noving speed described above to a notor
driver 10 and feeds it to the reading control <circuit 9A afdune@804es an
acknow edgenent signal for the instruction signal fromthe reading contro
circuit 9A and feeds it to the inmage processing system Moreover, the
interface 14 receives an instruction sighlal to instruct the nmenory control
circuit 12A to read each of pixel data of one page obtained by reading
normal reading liness stored in the nenory region 6-i and feeds it to the
menory cont kol partsuiaviidA thed seseeifuastannsacknoiw eddendirsgi gnhbdipent
confirmcontents of the instruction signal fromthe nenory control circuit
12A and feed@Bdj Eheprt AescringéopFoesssPRgtEpdt afrosParelyt her
configurations of the inage  reading apparatus %QQA of the sec

enbodi ment except NFBF tHRTA L IRILT PEOERF dBGUE BFCHMS APRRe 3dSt ﬂ@&% I thRe
first enbodi nent t he .sane_ref nce, nunbers,i.n .t he.seco enbodi nent are
nss gned o JERERSoBHPSITARRpLF T RS AT M i Y G RESaT PG EPnB P r o
enbodi ment gand their scri ptiong ar 1.t t cordingl . t,, .
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descri ptions o? o%erafiongidfvﬁﬁ%épgénbgd?n%n%,na case Wwh Fgatﬁe conﬁ???on
that the grgahegteCOMPDI=MIRARH N LAviaddNn 8RE dpryddad (2 1He cannot
expression (2) is 1 cannot be nmet. As the exanple where the condition that
the great esbe@@UOAs HRASKARPDE vwhdyR fige ohdiRTiongtlsde elle(Fiddies 19 cbhmon
nunber of the Iline-like strings of |ight sensing devices) and N being the
i nterval ammagsthe ofrk-beiker dihrd ngyioky bpgbht $eMsheng eshe esmbpowifdétiel n
the expression (2) is 1, is not net, let it be assuned

line-like strings of light sensing devices) and N being the

interval among the line-like strings of light sensing devices
provided in the expression (2) is 1, is not met, let it be assumed
that Mis 3, Nis 3, and 1. is 3. Here, each of the three line-like
strings of light sensing devices is represented by the reference
numbers 2-1, 2-2, and 2-3. Each of the image signals output from
each of the line-like strings 2-1, 2-2, and 2-3 of light sensing
devices is represented by reference numbers 20-1, 20-2, and 20-3,
respectively. Each of three A/D converting circuits 3-1, 3-2, and
3-3 .is represented by reference numbers 3-1, 3-2, and 3-3. Each
of three memory regions 6-1, 6-2, and 6-3 is represented by
reference numbers 6—1, 6-2, and 6-3, respectively. Each of the
line-like strings 2—1, 2-2, and 2-3 of light sensing devices is
spaced by two pieces of reading lines, that is, the interval among
the line-like strings 2-1, 2-2, and 2-3 of light sensing devices
is represented by the two pieces of reading lines.

As in the case of the first embodiment, when an operation
of reading a normal reading lines on the original document 200
is completed, the motor controi pulse MP is output from the reading

control circuit 9A. The motor control pulse MP is fed to the motor



that Mis 3, Nis 3, and L is 3. Here, each of the three line-like strings
of light sensing devices is represented by the reference nunbers 2-1, 2-2,
and 2-3. Each of the image signals output from each of the8lJune200ke
strings 2-1, 2-2, and 2-3 of light sensing devices is represented by
reference nunmbers 20-1, 20-2, and 20-3, respectively. Each of three A/D
converting circuits 3-1, 3-2, and 3-3 i82represented by reference nunbers
3-1, 3-2, and 3-3. Each of three nenory regions 6-1, 6-2, and 6-3 is
represented by reference nunbers 6-1, 6-2, and 6-3, respectively. Each of
the |ine-I|ldkerest rlithgend2-al drdve, sagdal2- 3soproilghed sEneit nghelavdloes dsiver
spaced by two pieces of reading lines, that is, the interval anmong the
line-like sk®i mgdch is Deg tqaiuotgrokl | Teredorsi n§hgeortgnal glocument
represented by the two pieces of reading lines. As in the case of_the first
embodi nent ,24thér a‘ﬁvﬁﬁegﬁt FoR PHICs 2R %&eanﬁamﬁa CRRAGPAGITRTRS TS

i gi nal do 200 i onmpl eted,, th I | 5e VP
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in the sub-scanning direction. Ine-l1ike strings 2- 1, 2-2, and

2-3 of |ighihsedsifhaevieesmeBki PO URvdNEndFdd 1o MY thekOHRR: thdafal
normal reading |liness that had been read before the original docunent 200

was noved tre@nficidariddyLexictmlg byeatdiongikcBessrextfhaDordyding Pimess of
normal reading liness forward and reads these three normal reading |iness
they are piaoeddemd.rébbidevehessi hbheeN neorsel atcalliamgd linessdthey &re
normal reading liness, to be read in order by each of the three line-Ilike
Pplaced newly. However, since Nis set at 3 and L is set at 3, normal
reading liness, to be read in order by each of the three line-like
strings 2-1, 2-2, and 2-3 of light sensing devices making up the
CCD 1A, as shown in Fig. 9, become the same normal reading liness
that had been read in the previous reading operation and normal
reading liness that have to be read this time cannot be read. This
means that there occur the duplibation of reading by the three
line-like strings 2-1, 2-2, and 2-3 of 1light sensing devices and
the omission of the reading (see Fig. 9. The reference numbers
are the same as those in Fig. 6). That is, if the conditions that
the greatest common measure of L (=M) and N is 1 énd if N = 3 and
L =3 are met, there still occur normal reading liness that cannot
be read, causing imperfect and unexpected reading of the original
document 200.
In order to avoid such imperfect reading, if the values of
M, N and L have to be selected that can satisfy the condition that
the greatest common measure of L (=N) and N is 1, that is, if M
=3, N=2, and L = 3, since the values of M and N can satisfy

the above expression (2), noduplication of reading normal reading

liness occurs and exact reading of the normal reading liness by



strings 2-1, 2-2, and 2-3 of l|light sensing devices making up the CCD 1A
as shown in Fig. 9, becone the sane normal reading liness that had been
read in the previous reading operation and normal readi ng BiJnesg80@shat have
to be read this time cannot be read. This neans that there occur the
duplication of reading by the three line-like strings 2-1, 2-2, and 2-3 of
| i ght sensing devices and the omission @3 the reading (see Fig. 9. The

ref erence nunbers are the sane as those in Fig. 6) . That is, if the
conditions that the greatest conmon neasure of L (=M and Nis 1 and if N
= 3 and L eaéharf tihmet tht8erkirsd+likeostutnger ialnadagbsgibisesshé baforannot
be read, causing inperfect and unexpected readi ng of the original docunent
200. I n orden gmtimeiarigigiel deeuirent 2e&deany,bé fragdewidhoet ohispjioN @hd L
have to be selected that can satisfy the condition that the greatest
common neastie BPagingN) and Nis 1, that is, if M3, N= 2, and L = 3,
since the values of M a% N can sati sf‘%} t he above expressi.on 82), no
duplication of re5HFWEE Al FRPVF afRg Whsnfovelyee tisMall 2Blde CoPes@r it b

t he nor nal {a}gadén | i hess 8_June &094 33, each of tﬂe__ t3hr enlé' ne-like
strings is MAQETPOSTT BIE Ther & M ande i‘ré'o?f‘ai al .dogﬂ hf’sz%s%‘an
b d wit t 1.&51.0n. of i.09. < Fi .
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with the "conventional case (reference nunbers 1n Fi 10 are the sane as

those in Fighobe. ifSregsce)bed above, in order for the inmage reading

apparatus 100A to exactly read the original docunent, the values of M N
As described above, in order for the image reading apparatus

1002 to exactly read the original document, the values of M, N
and L are so set that they can meet the conditions provided in
the expression (2). When the wvalues of M and N are selected
arbitrarily, there are two cases in which the M and N can satisfy
the expression (2) and can not satisfy the expression (2). The
examples are shown in Fig. 11, where a combination shown by a mark
of *(O in the table indicates a case where each of the values
M and N can meet conditions required in the expression (2). A
combination shown by a mark of ™ X” in the table indicates a case
where each of the values M and N cannot meet conditions required
in the expression (2). That is, Fig. 11 indicates that, even if
the values M and N satisfy the condition provided in the expression
(2), there is a case where reading of the line is impossible, while,
even if the values M and N do not satisfy the condition provided
in the expression (2), there is a case where reading of the line
is possible.

Moreover, if the reading operation by the CCD 1A starts from
the first normal reading lines in this embodiment, subsequent
reading operation is performed from a line existing by two pieces

of reading lines forward in the sub-scanning direction and, as



and L are so set that they can neet the conditions provided in the
expression (2). Wien the values of Mand N are selected arbitrarily,
there are two cases in which the Mand N can satisfy the efpues20®h (2)
and can not satisfy the expression (2). The exanples are shown in Fig. 11,
where a conbi nati on shown by a mark of "Q' in the table indicates a case
where each of the values Mand N can neg#4 conditions required in the
expression (2). A conbination shown by, a mark of " X" in the table

i ndi cates a case A where each of the values Mand N cannot neet conditions
required iandsalaxppmissaon(@y.rebfbing snefhgrmdll ngwdiicaf @sneBa{theveis, f
the values Mand N satisfy the condition provided in the expression (2),
there is a s aaRerle rargtiing lomashdeltimeeni 81i apdsBible, Fidi 1 E)) @varcs f
the values Mand N do not satisfy the condition provided in the expression
(2), there 3% 1 EhSaifersd Fhadiiiplorrbraimphé, and fhegefioae fheamading f

the readi ng operation ﬁy Ege CCD 1A starts from the first normal reading
lines in t HREEHOTR nEAPLEubEitenfrORe &di RO pEraASTtdRT PHFTHFded?f rdom a
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direction of sub-scanning by the nunber of rea

on the conditdighseetMcn $f Nub-Scadnly Ind3tniBi mbehidaht 0Nz 9CLrshal spsahen
the reading operation is conpleted in a direction of sub-scanning in this

enmbodi nent ,o@aghienfihet caddidfedheThhtsts erbedi d@iing BhdjulidShe ther faagtkdg
shoul d be perfornmed
up to a line existing forward in the sub-scanning direction from
the last normal reading lines by the number of reading lines
determined based on the conditions M =3, N =2, and L = 3.

Image signals 20-1, 20-2, and 20-3 (shown in Fig. 4} that
have been read and output by the three line-like strings 2-1, 2-2,
and 2-3 of light sensing devices are A/D converted by the A/D
converting circuits 3-1, 3-2, and 3-3. Each of the A/D-converted
pixel data of one reading line is stored in each of corresponding
memory regions 6~-1, 6~2, and 6-3. Operations in which the stored
pixel data is read by the memory control circuit 12A and is fed
to the image processing system through the interface 14 in this
embodiment are the same as those in the case of the first embodiment.
Detailed operations of the image reading apparatus of this
embodiment are omitted accordingly.

Fig. 12 is an example of a case where the original document
cannot be exactly read even in the second embodiment. The example
is acasewhereM=3, N=6, andL=3. In the case of this combination

- of values M, N, and L, the original document cannot be read also

in the first embodiment.

As described above, according to the image reading



up to a line existing forward in the sub-scanning direction from the |ast
normal reading |ines by the nunber of reading lines determ ned based on
the conditions M= 3, N=2, and L = 3. |Inage signals 20-1, 820r220@&hd 20-3
(shown in Fig. 4) that have been read and output by the three line-Iike
strings 2-1, 2-2, and 2-3 of light sensing devices are A/D converted by
the AD converting circuits 3-1, 3-2, ang 3-3. Each of the A/ D-converted
pi xel data of one reading line is stored in each of corresponding nenory
regions 6-1, 6-2, and 6-3. Operations in which the stored pixel data is
read by the appaoarucoatridie skecondtendl®id amehti sbhiyesetting the vaee probessigng
systemthrough the interface 14 in this enbodinent are the sane as those
in the case nyabery gf i ddinferiike pérapgedobpbight eensiing kevilemge N
readi ng apparatus _of this enbodinent are omtted accordingly. Fig. 12 is
an exanpl e AL EIEE WREREVRheAYiths LdBeukike SehHmdt He ldehdt Fenpaag
even in the second enbodi nent.. The exanple is_a case ere M= 3, N = 6,
and L =3. | AGTHECaEEPGFS HF&chMthat%rl%ﬁb%f%aq%?éﬂslw%,n%&n@, It Rging
original. do cann read al in the first enbodi nent .. .As

descri bed agtgl\r'/gg{,%ggggrsgé%%?trc?%t%ﬁg%ln%%gebye% ﬁlém@ Cfufs Bg 13005 5PaE of

h d di by : L 0gs j i
the second gRQ 'f'g?:nbflie %lﬁgt Léé\glﬁgescy aljes l\ljf\qe%gél %]Iu%%eiégtﬂnggrtﬁgg tﬂget he

line-1ike strings of ght sensi ng devi ces, nterva

line-1ike Sthigrassabon! ight n;é e@d@g;_ ofeV{ &S ar&pgﬁﬁﬁmksgeggsgg%Mﬂ 8

reading lines and L being novi ng speed represente e nunber o

readi ng | i neaib-salanni®gedi peconen ldnE &¢ady NGO thhal plikesd ¥alueeLhBve
satisfy the expression (2), Mpieces of |lines are simultaneously read in
the sub-scheenngedid ediudtaaednstyer yhei seighiaaM goearsnefl iki nesefapg 1.
pieces of reading lines, thus implementing high-speed of reading
of the original document. Thus, the same effects as obtained in

the first embodiment can be achieved by the second embodiment.

Figure 13 is a schematic block diagram showing electrical
configurations of an image reading apparatus 100B of a third
embodiment of the present invention. Figure 14 is a diagram
showing an example of a case where an original document can be
read exactly by the image reading apparatus 100B. Fig. 15 is a
table showing combinations of the number of line-like strings of
light sensing devices and intervals among line-like strings of
light sensing devices represented by numbers of reading lines in
the image reading apparatus 100B.

Configurations of the image reading apparatus 100B of the
third embodiment differ from those of the second embodiment in
that, by using a CCD 1B with a plurality of line-1like strings 2-1,

. 2-2, 2-3 of light sensing devicés, an interval among which is

represented by a predetermined number of reading lines, reading



been read simul taneously, the original docunment is noved by L pieces of
reading lines, thus inplenmenting high-speed of reading of the original
docunent. Thus, the sane effects as obtained in the first énlmodi2G@dht can
be achi eved by the second enbodi ment. Third Enbodi nent Figure 13 is a
schematic bl ock di agram showi ng el ectrical configurations of an inage
readi ng apparatus 100B of a third enbodident of the present invention.
Figure 14 is a diagram show ng an exanple of a case where an ori gi nal
docunent can be read exactly by the inage readin paratus_100B. Fig. 15
is a tabl elshewi wyosorimay dsing st ﬁ@nﬁbﬁtoﬁ ﬁ% ll&%‘%%k?n@%r¥ﬁgs
l'ight sensing_ devices and intervals annng i ne- Ilke strings _of

sensi ng devftés $epr ésenPEd R FRRSINDACVEGEP NERR iRfe &P tlﬁhée?ﬂad%hat

di 10OB Co t t h di 100B
of ‘the’ thi 18 dpEoRiHe ¥M09”4Fﬂ“ra st b duabiis S Ear detr S
t hat by usi ng%n3| ng Ser %l Ué] ! I t gellxéﬂ?%ﬂelé&c%tsrélggﬁlo%’l‘}lﬁ Se%é%d

2-3 of Ilghf‘n er ich™S “represent

pr edet er m ngg ﬂ“ﬁﬂgefe%c{i]lr‘i& g (e s srea%eanéew;éﬂeg §eed pes m?ée

nunber bei ng sane as the I'ine-11'ke strings 2-3 of l1ight

sensing dev] 8&&1&&? Qfel exqcld nqad = Thaty §’<tl~l?%rﬂjgge€hal\é @hel §featest

line-1ike s rings- of ght sensing devices ,” Tinterval L anong strings of

| i ght sensi pgmeen ik@ssw@rd oo 41 seedi (@nd) .t hes¢epgl X khaes téhations

di stance to be noved for one line reading) are set so that M2, 1 <L _:S
M and so t hahoh§el,gNemid St are ety measores ah dxmmeksdNdrs (B) (ohe)he #hiedi es
of these relations anong M N and L are referred to as an expression (3) .
I n the thirembedbudintrenin ordeorierxiagtdyaresy nogath Inveadlingcaidiers lbifneke of

t he ,
original document, a reading control circuit 9B and a memory

control circuit 12B are operated by setting the values M and N
and the value L being the moving speed represented by reading lines
to be read by the CCD 1B so as to satisfy the above expression
(3}).

The configurations of this embodiment are based on the
following understand_ings . That is, in the above third embodiment,
if conditions provided in an expression (2) are met, efficient
reading of the original document can be achieved. However, even
if the values M, N, and L cannot meet the conditions provided in
the above expression (2), only if the values M, N, and L cari meet
predetermined conditions, there can be values of M, N, and L that
make it possible to normally read the original document, though
efficiency of reading the original document is somewhat lowered.
In this embodiment, the values M, N, and L are set s0 as to meet
conditions provided in the expression (3).

Configurations of the image reading apparatus 100B of the
third embodiment differ from those of the second embodiment in
that the value of the moving s?eed L can satisfy the expression

(3).



original docunent, a reading control circuit 9B and a nenory control
circuit 12B are operated by setting the values Mand N and the value L
bei ng the noving speed represented by reading lines to be BduadeB§04 he CCD
1B so as to satisfy the above expression (3). The configurations of this
enbodi nent are based on the follow ng understandings. That is, in the
above third enbodinent, if conditions pr3dvided in an expression (2) are
nmet, efficient reading of the original docunent can be achi eved. However,
even if the values M N, and L cannot neet the conditions provided in the
above expressi on Coyfigntgtiéng hef vbheecseading emmttokbapineeit 98 of the
predeterm ned conditions, there can be values of M N, and L that pmake it
possi bl e t othbFAuFTYOHERNE oG Ralmedae umkite athshghseepplcedpeyinent
reading the ori |l owered. In this enbo
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That is, a notor rol pul se 5), which I's produced every tine

one readi Ng10p8r 841 @dnyctde FEdudiB dF isamHaled 14n (Besaydagaevi &Rt ato
instruction signal fed from an inmage processing systemto which the inmage

readi ng appaGcainsFid008 j si gl thhewgh tde bitigtihateddéufnbatngt the

equivalent to TGin Fig. 4), is adapted to nove the original docunent at

t he moving speed L which has been set to satisfy the above expression
(3).

Moreover, the original document is initially placed in a
manner that reading operation starts from a line existingbackward
by specified numbers of reading lines determined based on values
M, N, and L that can satisfy the expression (3) in a sub-scanning
direction. Moving control by the reading control circuit 9B is
started from the reading line positioned as above.

The reading control circuit 9B produces the motor control
pulses MP every time the sequential one line reading operation

. is completed which reads from a last normal reading lines to a
line existing immediately before a line positioned by specified
numbers of reading lines determined.baéed.on the values M, N, and
L that can satisfy the expression (3} forward in the sub-scanning
line.

Configurations of the memory control circuit 12B of the
third embodiment are the same as those of the second embodiment
except that there are not stored in a memory region 6-i both pixel
data of lines read before the normal reading lines is read in

accordance with the moving control by the reading control circuit

9B, by the line-like strings 2-1, 2-2, and 2-3 of light sensing



novi ng speed L which has been set to satisfy the above expression (3).
Moreover, the original docunent is initially placed in a manner that .
readi ng operation starts froma line existing backward by $pkoef2Ded
nunbers of reading lines determ ned based on values M N, and L that can
satisfy the expression (3) in a sub-scanning direction. Myving control by
the reading control circuit 9Bis start@$ fromthe reading |ine positioned
as above. The reading control circuit 9B produces the notor control pul ses
MP every tine the sequential one |ine reading operation_is conpleted which
reads from @eVhSesnorwaloh dhBiRGeri AbsLive alike it Ehds nd (i Amddi akel 33
before a lin osjtioned. b eci fied .nunbers_ of reading |ines detern ned
based on th8§v FeRs Wnﬁn%rfgép"{c?%ﬂaw é’é’ti%%‘feycpﬂe BxpFEEIFORT (Y the
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the line-like strings 2-1, 2-2, and 2-3 of |ight sensing 8 June 2004 38
devices, out of MeheresrofidhNetrdee thlh A88c2ibed Lovand-2+tie 9hmbight
sensing devices naking up the CCD 1B, existing in the forenost position in
t he sub-scabhosg difr ediel arecuidi pemdedbddada: afdl deesripadoabt ef tilen esck ng
of the last normal reading Iines has been conpleted. Configurations other
t han descri¢piltbddvacaredihglgane as those of the second enbodi ment and

descriptions of themare ) ) .
Next, operations of the image reading apparatus 100B of the

third embodiment are described by referring to Fig. 13 to Fig.
15.

As in the case of the second embodiment, the number M of
the line-like strings of light sensing devices is set to 3, the
interval N among strings 2-1, 2~2, 2-3 of light sensing devices
is set to 3 and the moving speed L of the reading lines (that is,
a distance to be moved for one line reading) is set to 2. These
values make up conditions provided by the expression (3). Here,
each of the three line-like strings of 1ight sensing devices is
represented by the reference numbers 2-1, 2-2, and 2-3 (as shown
in Fig. 14)}. Bach of the image signals output from each of the
line-like strings 2-1, 2-2, and 2-3 of light sensing devices is
represented by the reference numbers 20-1, 20-2, and 20-3,
respectively. Each of the three A/D converting circuits is
represented by the reference numbers 3-1, 3-2, and 3-3. Each of
the three memory regions is represented by 6-1, 6-2, and 6-3,
respectively. Each of the liné—like strings 2-1, 2-2, and 2-3 of
light sensing is spaced by one piece of reading lines, that is,
the interval among the line-1ike strings 2-1, 2-2, and 2-3 of light

sensing devices is represented by the one piece of reading lines.



omtted accordingly. Next, operations of the inmage readi ng apparatus 100B
of the third enbodi nent are described by referring to Fig. 13 to Fig. 15.
As in the case of the second enbodiment, the nunmber M of tBdun¢ @ded4 i ke
strings of light sensing devices is set to 3, the interval N anbng strings
2-1, 2-2, 2-3 of light sensing devices is set to 3 and the noving speed L
of the reading lines (that is, a di stané€ to be noved for one line
reading) is set to 2. These values make up conditions provided by the
expression (3) . Here, —each of the three line-like strings of |i

sensi ng devi ces %S ﬁi%%?%’sté et Py RETURE ratRA Higer gviten the. Qea%l%gz 3
h F h of t.h | t f ach of t
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Each of the- donverting circul represe ef erence

nunbers 3- %oéﬁ@ol%@c”uft @C@hefmoﬁ%cc% I tlggﬁﬁ%lé ﬁl]?gkarf%d %orQHﬁ@@@f‘t ed

by 6-1, 6-2, and 6-3, respectively. Ea I ne- e strings 2--1

2-2, and 2-@rfer!i@hinIANYrRGuce sSRAELTvEYs Dt DI REE fefed=eadi BE AifSor
t hat is, the interval among the line-like strings 2-1, 2-2, and 2-3 of

light sensing Urere€sres- mbpr esdrtiedibydddhgnante Ps — no@actiritg hé RSl 8
June 2004 39 As described in the second enbodi nent, when the reading
operation ofeadengdrineds neatheglirewsiaf offhsubrsganaingodsmantesiudt, the
conpl eted, the motor control pulse MP is output fromthe reading control
circuit 9B.thiee damerlidket soripas Seiv2 123, Bad 203 efnbight sénisiog deviesh
produces a drive signal and feeds it to a nptor 11. Therefore, the

ori gi nal ddBukiRg upsthe GER lgiym@ﬁ@ fxopmResitions of the three normal reading

liness that had been read before the original document was moved
to positions of the three lines having been moved by one normal
reading lines in the sub~scanning direction and reads the new
three normal reading liness. Reading operations by the three
line-like strings 2-1, 2-2, and 2-3 of light sensing are shown
in Fig. 14. As shown in Fig. 14, in the example, no omission of
reading occurs, but duplication.of.reading'occurs {The reference
number in Fig. 14 is the same as those in Fig. 6). The reading
is twice faster than that of the conventional image reading
apparatus.

In this embodiment, it is necessary to select values M, N,
and L that can satisfy the expression (3). There are various
combinations of the wvalues M, N, and L that can satisfy the
expression (3). That is, the most optimum combination among the
values of M and N out of the values that can satisfy the expression
(3) is “L = M". There is also a combination of the values M, N,
and L out of the values satisfying the expression (3) that can
be used in the reading operation if the moving speed is made slower.
Moreovery, there is a combination of the values M, N, and L that

cannot satisfy the expression (3} unless L = 1. Examples of the



reading lines in the direction of sub-scanning. As a result, the three
line-like strings 2-1, 2-2, and 2-3 of |ight sensing devices nmaking up the
CCD 1B nove from positions of the three normal reading |inéskngRBad4 had
been read before the original docunent was noved to positions of the three
| i nes having been noved by one normal reading lines in the sub-scanning
direction and reads the new three normal4®eading |iness. Reading
operations by the three |line-like strings 2-1, 2-2, and 2-3 of I|ight
sensing are shown in Fig. 14. As shown in Fig. 14, in the exanple, no

oni ssi on of COP@&&PH@O&cegr?}e ALERDIMc i eadol 2By TDEEUFS (- TRE. The
reference nunber in Fi 14 is the sane as those in Fig. 6). The reading
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M N, and L out of the values satisfying the expression (3) that can

used in thevagadsngatpergtingn the e rdwing SEoedHat rade 184 OWSEd in the
Moreover, there is a conbination of the values M N, and L that cannot
satisfy thererpgingsiapexad)iaml ££s thes dovEx@npipesdofid haalel WiHwt04 Hhe
conmbi nation of the values M N, and L are shown in Fig. 15. The

conbi nat i onsoshonathyntdteowmbk e WAt kas £ “exargiecsx ahpl 88 oMebmbOPs t IUAL
conbi nati on of the values of Mand N that can satisfy the expression (3).
The conbi naPEfdixe ¥RdWASHYapAd khpk ennot sakdsfpthepespressioe Gonbnhasson

of the values M N_ and L out of the
L = 1. Out of the combinations shown by the mark of “A”, the

combination of the moving speed L that can be used in the third
embodiment is "1 < 1 + L < 1 + M“. The value L that can be used
in this embodiment can be obtained by going up the column in Fig.
15 upward from a combination shown by the mark of “A“ to a
combination shown by the mark of “(O“ and then a value M
corresponding to the combination shown by the mark of “A” is
selected. For example, if M = 6 and N = 10, by making the speed
slow so that L = 3, the image reading apparatus 100B of this
embodiment can be applied.

Moreover, if the reading operation by the CCD 1B starts from
the first normal reading lines in this embodiment, subsequent
reading operation is performed from a line existing by two pieces
of reading lines forward in the sub-scanning direction and, as
a result, the omission of reading one normal reading lines (see
Fig. 14) occurs, as in the case of the second embodiment, and
therefore the reading operation should start from a line existing
backward in a direction of sub-scanning by the number of reading
lines determined based on the conditions M = 3, N =3, and L =

2. This situation occurs also when the reading operation is



val ues satisfying the expression (3) that can be used in the reading
operation if the noving speed is nmade sl ower. The conbination shown by the
mark of " x'" are exanples of conbinations of the val ues MBalde R0O0hat
cannot satisfy the expression (3) unless L = 1. Qut of the conbinations
shown by the mark of "A", the conbination of the noving speed L that can
be used in the third enbodinent is "1 <4l + L <1 + W The value L that
can be used in this enbodi nent can be obtained by going up the colum in
Fig. 15 upward_from a conbi nati on shown by the mark of " A" to a
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by two pieces of reading I'il nes torwar b-scanni rrectron and,
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14) occurs, as in'the case of the second enbodi nent, therefdre the

readi ng opegatli an=shquld start froma |line existing backmard in a

di rection of sub-scanning by the nunber of reading |ines determ ned based
on the conditionsElMery3tible= shquantilal 2reddisg Sbpeaht96neC el Stigé Sehwhen
the reading operation is 8 June 2004 41 conpleted in a direction of

sub- scannlnélhﬁ Lhke etbddoseont, laghti senbingadevbtesharsepenfioembddi thet .

That is, the reading should be perfornmed up to a line existing forward in
t he sub- scafhifignadi decunent frohechsol pesihbenal on ddui mgxti meadinot hénes

nunber of . .
in accordance with control of the reading control circuit 9B. The

image signals 20-1, 20-2, and 20-3 output from the three line-like
strings 2-1, 2-2, and 2-3 of light sensing devices are A/D
converted by each of A/D converting circuits 3-1, 3-2, and 3~
3 and then each of the A/D converted image data is stored by the
memory control circuit 12B in each of the memory regions 6-1, 6-2
and 6-3.

Operations in which the stored pixel data is read by the
memory control circuit 12B and is fed to the image processing
system through the interface 14 in this embodiment are
substantially the same as those in the case of the second
embodiment. Moreover, the image reading apparatus of the third
embodiment can be understood by referring to Fig. 14 in which
examples of the conditions of M = 3, N =3, and I = 2 are used
and by referring to the descriptions in the second embodiment and,
therefore, detailed operations of the image reading apparatus
100B of this embodiment are omitted accordingly.

As in the case of the second embodiment, there is a case
where the original document cannot be used even by using this

operations in.this embodiment. Figure 12 shows an example in which



reading lines determ ned based on the conditions M= 3, N=3, and L = 2.
Every tinme sequential reading operations by the three line-like strings of
| i ght sensing devices are performed, the original docunent 8iJsné&do4 o
positions on the next reading lines in accordance with control of the
reading control circuit 9B. The 1imge signals 20-1, 20-2, and 20-3 out put
fromthe three line-like strings 2-1, 242, and 2-3 of l|ight sensing
devices are A/D converted by each of A/D converting circuits 3-1, 3-2, and
3- 3 and then each of the A/D converted imge data is stored by the nenory
control ciréhetonbEnal ahmsint leenmerioby eggictdy 6ead 6nd imnghbeB.M is
Qperations in which the stored pixel data is read by the nenory contro
circuit 12Baml 1% $edd % hes idmge processing systemthrou - gh the
interface 14 in this enbodi nent are substantiallégthe sanme as those in the
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a case where the original" docunent cannot "be used even by using this
operations ggeddi se &t by FEHYI fuhBe 8BS raRdenaMligds tMingdb 8 dwwe

2004 42 the original docunent cannot. be exactly read and in which Mis 3,
Nis 6, andcdndstBondhpsovdded dbpg tie cerpregdsabnons3 pf drte bl rekading
enbodi nent
simultaneously M pieces of reading lines in the sub-scanning
direction and by moving the original document by the number of
reading lines every time M pieces of reading lines are read, the
reading is made faster by M times or by times being smaller than
M which is determined based on the relation among the values M,

N, and L, compared with the conventional reading. The same effects

as obtained in the first embodiment can be achieved accordingly.

rth E im

Figure 16 is a schematic block diagram showing electrical
configurations of an image reading apparatus 100C according to
a fourth embodiment of the present invention.

Configurations of the image reading apparatus 100C of the
fourth embodiment differ greatly from those of the first
embodiment in that a color CCD 1C is made up of a color CCD.
Therefore, the coloxr CCD 1C has three line-like strings 2R, 2G,
and 2B of light sensing devices. Each of A/D converting circuits
3R, 3G, and 3B is connected to each of the three line-like strings
2R, 2G, and 2B of light sensing devices. Each of memory regions

6R, ©G, and 6B makes up the memory 6. Each of image processing



by setting Mbeing the nunber of line-like strings of |ight sensing

devi ces making up the CCD 1B, N being the interval anong the line-Ilike
strings of |ight sensing devices and L being the noving sp&eline@dpésented
by the nunber of reading lines to neet the conditions provided by the
expression (3) and by reading sinultaneously M pieces of reading lines in
t he sub-scanning direction and by novingdt he origi nal docunent by the
nunber of reading lines every tine Mpieces of reading lines are read, the
reading is made faster by Mtines or by tines being smaller than M which

i s determ nedrgaskd byRi HEGelead dhBakengoniecved testwgen Macindfl theohpar ed
with the conventional reading. _The sane effects as obtained in the first.
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has three I ne-11ke strings sensi ng devices. Each

of A/D convgré ialaG iGreeiid %orer%sp%gdi%rzé)gc&]&)%)ﬁeﬁ?@&%ﬁ 88sLPi 5REHn O m

£ ffe
three line-like strings 2R 2G and o} I ght sensing devices. Each of

Menory regi 8ps ok t&& adser&EngBKes up the nenory 6. Each of inmge
processing 8 June 2004 43 circuits 15R, 15G and 15B is connected between

each of the A/D Nexwenpergtdionsudf thRimdGe w3y apgacachsof odbhe menery
regions 6R, 6G and 6B of a nenory 6. Since other configurations except
t hose descrémiodipent wirld be described by referring to Fig. 16. Operations
in which three reading lines are simultaneously and sequentially
read by the three line-like strings 2R, 2G, and 2B of light sensing
devices of the color CCD 1C and, after completion of the
simultaneous readiﬁg, an original document is moved by specified
numbers of reading lines forward in a sub-scanning direction are
same as those in the first embodiment. Moreover, operations in
which each of image signals output from the three line-like
strings 2R, 2G, and 2B of light sensing devices is A/D converted
to pixel data of one reading line by each of the A/D converting
circuits 3R, 3G, and 3B are same as those in the first embodiment.
Gray levels of pixel data output from each of the A/D
converting circuits 3R, 3G, and 3B are corrected by each of
corresponding image processing circuits 15R, 15G,. and 15B.A
purpose of a gray level correction is to correct a difference
occurring in reading image signals output from the line-like
strings 2R, 2G, and 2B of light sensing devices becaﬁse the
original document is colored one and sensitivity of a color filter
mounted on the color CCD 1C is different accordingly.
Operations in which pixel data obtained after the

correction of gray levels by each of the image processing circuits



the sane as those in the first enbodi nent, sane reference nunbers are
assi gned to correspondi ng conponents and descriptions of them are onmtted
accordingly. Next, operations of the inmage readi ng apparat u$ Juo@e04 t he
enbodi nent will be described by referring to Fig. 16. Operations in which
three reading lines are sinultaneously and sequentially read by the three
line-like strings 2R, 2G and 2B of |igh#4sensing devices of the color CCD
1C and, after conpletion of the sinultaneous reading, an original docunent
is noved by specified nunbers of reading lines forward in a sub-scanning
direction at¥: date asdihoBd s atenedf irstadnioddthemenay eegéonsopBr aiGons
in which eax%gq%}‘ i gage signals output fromthe three line-like strings
2R, 2G and® ANCaHEOEEASTRP ATt S| Kol B rSohEr $-BE 4 thiokel 1aakhe of
one readi ngfii ne Glfolﬁboec?fh of the A/D converting circuits 3R, 3G and 3B are
e 1l

sanme as thosersl% BH enbodi ment . G ay | evels of pixel data output

[rom each of e Dectanuersing el dsedR A6, a0 3Bt cor gohed b

each of corresponding | € Procéssi ng cir cui

Feati ng | mg o e SRR FERIAAD, R P Y Rod oF R R S RERLE R

l'ight sensingghdlavi RS dbeaaLaestiNenaqb il NAlLIOCHRERE £b5e C HnRvedi SRS Al
sensitivity of a color filter nounted on the color CCD 1C i1s different

accor di ngl yfoxOpesiaid ansspacidiioh el cgod@ @b ai ned after the correction
of gray levels by each of the image processing circuits 8 June 2004 44 15R,

15G and 15B i s sttoy edadingadhooigthel npmumentagi osnedeR h 66z tiaed 68 taand
stored imuge data is read are the sane as those in the first enbodi nent.
than reading by a conventional image reading apparatus.

Moreover, the present invention can be applied to oxrdinary
color scanners so long as enough memory capacities can be obtained.
In particular, if moving speed is controllable, reading data from
memory can be performed by using software processing.

It is apparent that the present invention is not limited
to the above embodiments but may be changed and modified without
departing from the scope and spirit of the invention. For example,
though, in the above embodiments, the image reading apparatus is
so configured that the CCD is fixed and the original document is
moved, however, it can be configured so that the original document
is fixed and the CCD is moved by a CCD moving unit, which can be
a so-called “original document stationary-type scanner” . In this
case, an amount of movement of the CCD can be set Lo a same amount
of movement of the original document as in the case where the
original document is mowved.

Moreover, in each of the above embodiments, the image
reading apparatus is so configured that the CCD additionally reads
a plurality of lines existing consecutively at a front end of the

original document before it reads lines that have to be normally

read in a front end portion and the CCD additionally reads a



By configuring the image readi ng apparatus 100C as described above,
readi ng of both colored original docunents and nonochrone docunents is
made possible. Therefore, there is no need for using a spe8iJngy004
fabricated CCD. The reading of original docunents is nmade three tines
faster than reading by a conventional inmage readi ng apparatus. Moreover,
the present invention can be applied to ofdi nary col or scanners so |ong as
enough nmenory capacities can be obtained. |In particular, if noving speed
is controllable, reading data from nenory can be performed by using
sof tware prBd8geilagy P Lingpparbatinggonsrcyiieehy dthvaemaakn ens! nét the
limted to the.abgvgBenbodinents but may be changed and nodified w thout
S

departing fP&h°thE PETSRE bEeT titorregls LaDeat Fhat hsve stk Bormahdigh
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can be set to a sane anpbunt of novenent ocument ‘as 1n‘the

case where tbememéigimadidoswyant 65, Ve -IMLGO¥ehpsi ¥r LBEHg U AR s2B¢ve
enbodi ments, the image reading apparatus is so configured that the CCD

addi ti onal | §ineadshad arermbttyhoflinaesien stdwg teopseadirinelly abaa hhant
end of the original docunent before it reads |lines that have to be
normal |y rthatiexastrabttleadpok tdroh ahdhcher@GDnaddidoican@hlty teafsmard
June 2004 45 plurality of lines existing consecutively at a back end of the
original doEtfefnsabter 412+ @ads 6-BneHowhuerhaleage digymeok Mdidty cannot be

‘read immediately after a start of reading and image signal that
cannot be read immediately before an end of reading may be
interpolated by image signal that has been already read or image
signal obtained from the line existing before or after the line
that has been read. This can avoid a necessity of additional
scanning. The image reading apparatus of the present invention
can be constructed so that the above interpolation can be applied,
within an acceptable limit of reduced quality of the image, to
a case where omission of reading occurs as shown in Fig. 9.
Furthermore, in the above embodiments, to stop writing of
data to the memory regions 6-1, 6-2, and 6-3, a writing stop signal
is used, however, it is possible to stop writing of data to these
memory regions by stopping operations of the A/D converting

circuits.



read in a back end portion. A nenory control circuit 12 stops witing of
data of lines that are not lines that have to be nornmally read and that
exi st at the front end of the original document, to menory8rkigeadnss6- 1,
6-2, and 6-3 and stops witing of data of Iines that are not the |ines
that have to be normally read and that exist at the back end of the
original docunent, to nenory regions 6-#6 6-2, and 6-3. However, inmage
signal that cannot be read imediately after a start of reading and i mage
signal that cannot be read imediately before an end of reading may be

i nt er pol at édhaly ismgbathemhalst hat has been already read or inmage signal

obtained. fromthe line existing before or after the line that has been
read. This can avoid a necessity of additional scanning The i mage readi ng

apparatus of the resent inventio can nstruc o that the ove
i nterpol ation canmbe a
| 'ation cartb an%ge TGRS IR EBE A £8P hatEd 2Ce
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to the memogy, Sﬁ&@tfﬂiﬁeagqo %a@gbﬁagfnegﬁyféé&gn?tsgﬁdsim tolbd HSL4,

however, it pOSSi witing o ata to these ‘menory regions by
stopplng OQ§6ﬁ6f9§§n§f t he A/D converting circuits. 8 June 2004 46 Wat is
clainmed is: An i nage reading nethod for reading lines on a surface of

an object to be reattdd of sHBtSAgNDIMGnusH F ecbifonined f9Hid MUEBUA thdW:idmBge
signals obtained by reading said lines to be read, conprising: a step of

setting a muaiesr Nbofnd inets (e dhidni &w@)nahatahaveuﬂbemetnﬂmuﬁtnneduﬁmy

than two) that have to be sinultaneously
read, an interval N (said N is a natural number being not less
than two) among said lines that have to be simultaneously read
and which is represented by lines to be read and a number L of
lines {said I is a natural number) by which each of said lines
to be read moves, every time simultaneous reading is completed,
from said lines whose reading has been completed, to a value that
can avoid omission of reading when a sequential single reading
is performed from a first line to be read on said surface of said
object to a last line to be read on said surface of said object
and to a value at which said lines to be read on said surface of
said object can be all read,

a step of reading said lines to be read on said surface of
said object to be read by moving said-lines by a number of said
lines to be read in a sub-scanning direction when said
simultaneous reading has been completed and by repeating said
simultaneous reading on subsequent lines to be read; and

a step of outputting image data obtained by reading said

lines to be read.

2. The image reading method according to Claim 1,

wherein values of said M, said N and said L are set to a value



read, an interval N (said Nis a natural nunber being not |less than two)
anong said lines that have to be sinultaneously read and which is
represented by lines to be read and a nunmber L of |ines (s&Jyne20843a
natural nunber) by which each of said Ilines to be read noves, every tine
simul taneous reading is conpleted, fromsaid |lines whose readi ng has been
conpleted, to a value that can avoid oni%sion of reading when a sequenti al
single reading is perforned froma first line to be read on said surface
of said object tg a last line to be read on said surface of said object
and to a vaPhdkCRhReRedt BOIQMHES a8 BE Heagki nohl 5B d taube aeadbeccearing
obj ect can be all read,la %teg of readhgs sajd lines to be read on said
surface of ‘BaPa8pbfeblfotHBer EaAYHYInBReRItLaRd |ines by a nunber of said
lines to be read in a sub-scanning direction when said sinultaneous
readi ng has been conpleted and by repeating said sinultaneous reading on

subsequent lines o be Tg@dﬂ@ggdare;é%f w2 BHL taia(}g)n%d%hggt 21eQt,pi sed

by reading said Ines to be I mage rea according to

- Claim 1, whgherBiMadaes Qfrstal dndM e dedydhanth 326 SupFEceYr kR ¥4 4EL8
June 2004 47 at which there is no omssion of reading litnes to be read

occurring is satideséngdeidd Backeadid)IrPpRAEE 98t Bind BB BRI na2AY Plad
nmet hod according to Claim2, wherein said first line to be read on said
surface of emishiobjsertfaciesof saimeckkest) iy packvaedniheamubersofl 1igeto0
be normal Iy read on said surface of said object, by predetern ned nunbers
of lines tbobkerraadviihithiiss disttmined based on vallues of said M} said
N, and said L, in said sub-scanning direction, while said |ast
N, and said L, in said sub-~scanning direction, while said last
line to be read is a line existing forward, from a last line to
be normally read on said surface of said object, by predetermined
numbers of lines to be read which is determined based on values
of said M, said N, and said L, in said sub-scanning direction and
wherein image signals of said lines to be read are image signals

of said first line to be normally read to said last line to be

normally read.

4. An image reading apparatus for reading lines to be
read on a surface of an original document in a sub-scanning
direction and outputting image.signals obtained by reading said
lines to be read, comprising:

a reading unit having light sensing devices that are able
to simultaneously read M (said M is a natural number being not
less than two) pieces of lines to be read which are.said lines
to be read existing on said surface of said original document and
which are different lines in said sub-scanning direction, each
existing apart by N (said N is a natural number being not less
than two) pieces of lines in said sub-scanning direction;

a moving unit to move said original document and said



line to be read is a line existing forward, froma last line to be
normal ly read on said surface of said object, by predeterm ned nunbers of
lines to be read which is determnined based on values of saiddlupe2864d N,
and said L, in said sub-scanning direction and wherein imge signals of
said lines to be read are inmage signals of said first line to be normally
read to said last line to be nornally rd8d. 4. An inmage readi ng apparat us
for reading lines to be read on a surface of an original docunment in a
sub-scanning direction and outputting _imge signals obtained by reading
said |inesTe3IbRIruut CRFY $LRG: SalH dddlafy Ak BiRMLEAGSPRGAY Beadi foy
devices th re%ﬂgLe to simultaneously read hﬂégaid i,s a natural nunber
bei ng not TeS¥thahtwd) HirEcEs SrTasPLECHE PeatPithildResr LOSBE F4dres

to be read f§i€££ggsgg_§@é AUl fégf@é%iéﬁncloriginal docunent and which

are different Tines I'n said sub-scanni'hg direction, each existing apart by

N(said Nis a najgiidlaquigbghabliolitlidesnic B8LIUR: RheERSs Phnbl 085 I

sai d sub-scanning direction; a noving unit to nove s origi ocunent

and said 8 dae PO04s 4% wRadkbRE WRiLh MRS bddendl Byl 5888 AESding unit
sinmul taneously read, by L (said L-is a natural nunbeis) pieces of said

lines to beinmeatderidf Spéadbu- 5t asut d o1+ AediOitig alli ddditors; eiad
outputting unit to output inmage signals of said Iines to be read which
have been read bywharein esdives wi saitinMprsietd of, raaatlisadd 0. aaedset to a
sub-scanni ng direction; and wherein values of said M said N, and said L
are set to wlyelake vitiaghilimds was sepadsaindfsoef afesaid safdyiralyidatument
docunent are able to be read wi thout om ssion of reading_lines when

1

are able to be read without omission of reading lines when
simultaneousandsequentialreadiﬂgoperationsareperformedfrom

a first line to be read to a last line to be read on said surface

of said original document.

5. The image reading apparatus according to Claim 4,
wherein values of said M, said N, and said L are set so that M

22, N21+M and L = N - 1.

6. The image reading apparatus according to Claim 5,

wherein value of said N is set so that N =1 + M.

7. The image reading apparatus according to Claim 4,

wherein values of said M, said N, and said L are set so that M

= 2, L =M, and that a greatest common measure of values of said

L and said N, equals one.

8. The image reading apparatus according to Claim 4,

wherein values of said M, said N, and said L are set so that M

= 2, 1 <L =M and that a greatest common measure of values of

said L and said M equals one.



si mul t aneous and sequential reading operations are perfornmed from a first
line to be read to a last line to be read on said surface of said original
docunent. 5. The inage readi ng apparatus according to C ai m34une&i@4ei n
values of said M said N, and said L are set sothat M 2, N7 1 +M and L =
N - 1. 6. The inmage readi ng apparatus according to Caimb5, wherein val ue
of said Nis set sothat N=1 + M 7. THE i mage readi ng appar at us
according to Claim4, wherein values of said M said N, and said L are set
so that M2, L = M. and that a greatest common neasure of values of said L
and said N, equal3-one.Tt® g nespdimen dipnp sps acserdions diadg taing &i m
4, wherein values of _said M said N, and said L are set so that M2, 1 < L
c M and t hatNergtRaraties srhoithdd e otaid icdrofsek 59 thahd saild: M
equal s one. 8 June 2004 49 9. The inmage readi ng apparatus according to
Claim8, wherein values of said Mand said L are set so that M= L. 10.

The i di : ' t ' wher ei I .of id M
and said L are sal0So th 1w P AR MERBL T E:
apparatus aggordifidd o0& u Ghal Bhfqle Gaided L, Whglensaid 4 nage

outputting unit includes: an analog to digital converting circuit to anal og
to digital jcpnyert inmage signals of Mpieces of lines to be read which
have been output fromsaid reading unit; a storing device to store pixel
data obtai ned by conversion by said analog to digital converting circuit;
and

11. The image reading apparatus according to any one of

Claim 4 to Claim 10, wherein said image outputting unit includes:

an analog todigital converting circuit to analog todigital
convert image signals of M pieces of lines to be read which have
been output from said reading unit;

a storing device to store pixel data obtained by conversion
by said analog to digital converting circuit; and

a reading control circuit to read said pixel data stored
in said storing device in order of reading in said sub-scanning

direction.

12, The image reading apparatus according to Claim 11,
wherein said reading unit starts said reading operation from a
line existing backward in said sub-scanning direction by a
predetermined number of 1ines to be read that are determined based
on values of said M, said N, and said L from said first line to
be normally read and performs reading operations up to a line
existing forward in said sub-scanning direction by said
predetermined number of lines to be read that is determined based
on values of said M, said N, and said L and wherein said storing
device stores only said pixel data obtained by reading lines to

be normally read and output from said analog to digital converting



a reading control circuit to read said pixel data stored in said storing
device in order of reading in said sub-scanning direction. 12. The inmage
readi ng apparatus according to Claimi11l, wherein said readi@nyna@0p4starts
said reading operation froma |ine existing backward in said sub-scanning
direction by a predeterm ned nunber of lines to be read that are

determi ned based on values of said M sdM N, and said L fromsaid first
line to be normally read and perfornms reading operations up to a line
existing forward in said sub-scanning direction by said predeterm ned
nunber of | Ch&SYESbe read that is deternined based on values of said M
said N, and said L and wherein said storing device stores only said pi xel
data obtained by reading lines to be normally read and output from said

Apparatus accordi A (o AHPE SRACCRe) TS S GBS SR [BA T ddvhEe
i s construcked;iasi g, GoldFeid %%(ﬂdqgeggg;&,\%edé{?wgifé‘ s!v{‘igﬂ{jcle%f %%f%sci:é‘ ox

circuit for gray- level correction en sal d anal og gita
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Abstract Anlewege deadidig oappssedesn (3808 isnarayi ded aayiatnal chﬁﬁéﬁtfngf
reading an original docunent at a higher speed.” M pieces of |ines on the
surface of thecoitgmakies dgcueid tmagbessynult anepusityngeathihy Mdpi egeg of
l'ine-l1ike strings of |ight sensing

. storing device.



devices (2-i) making a CCD (1) (Charge-Coupl ed Device) having an interva
represented by N Preces of |lines to be read. Wien sinmultaneous reading is
conpl eted, the original docunent is noved to a |ine existiSgluapaPbdby L
pieces of lines fromthe |Iines that have been read. Wile the original
docunent is noving, inmage signals of I|ines that have been read are AID
(analog to digital) converted and then stored to nenory regions (6-i).

Si mul t aneous readi ng operation and subsequent storing are sequentially
performed on |lines on which the line-like strings of |ight sensing devices
(2-1) are placed. Figure 1

IMAGE READING METHOD AND APPARATUS FOR SAME

Abstract

An image reading apparatus (100) is provided which is capable of reading an
original document at a higher speed. M pieces of lines on the surface of the original
document can be simultaneously read by M pieces of line-like strings of light sensing
devices (2-i) making a CCD (1)(Charge-Coupled Device) having an interval
represented by N Pieces of lines to be read. When simultaneous reading is completed,
the original document is moved to a line existing apart by L pieces of lines from the
lines that have been read. While the original document is moving, image signals of
lines that have been read are A/D (analog to digital) converted and then stored to
memory regions (6-i). Simultaneous reading operation and subsequent storing are
sequentially performed on lines on which the line-like strings of light sensing devices

(2-1) are placed.

Figure 1



