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' IMAGE READING METHOD AND ABPARATUS FOR SAME - .

The present invention relates to an image reading iwethod
and an apparatus for the same and more particularly to the image

reading method and the image reading apparatus being capable of

- simultaneously reading a plurality of lines to be read (“line to

be read” hereinafter being referredtoasa™ reading line” by using
a CCD (Charge-Coupled Device). | |

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

hereby incorporated by reference.

This Sheet Has Been R

peserition of the selatad axe T

A con.ventional image reading apparatus (such as -a scanner)
is so configured that an original document can be read by usin&
a string of light sensing devices being placed in a l.j_i.ne 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, thereforg, in order to read the entire
original- document by such the conventional image reading
apparatus, as shown inFig. 17, it is necessary to read each reading
line of the original document, by using the string of 1light sensing

devices, in a sub-scanning direction. Figure 17 is a diagram

explaining operations of reading the orig}inal document by using
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the conventional image reading apparatus. In Fig. 17, amark “&" , -

shows a reading line of the original document and each of marks
Al, A2, - shows an image signal obtained by reading the reading
line of the original document. Speedups in reading the original
document are generally and conventionally realized by shortening
time spent on scanning one reading line (hereafter referred to
as a “reading time”), that is, by reducing time during which signal
electrical ékgfgeé are accumulated in a light receiving section
within the CCD. |

However, reduction of the time for accumulating the signal
electrical charges leads to a decrease in amounts of stored light,
thus causing adverse effects by noises or a like. In order to redu‘ce
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 sensitivity 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 heaE production occur and therefore the method
is not economical and a measure against the heat product.i'on 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 i's required and therefore use of high-speed circuits

is needed, thus causing costs of other circuits to become high.
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SUMMARY OF THE INVENTION

Inviewof the above, it is an object of the present invention
to provide a method for reading.images and an apparatus for the
same which enables achievement of economical and efficient
speedups of image readiﬁg. |

According to a first aspect of the present invention, there
is provided-a;' image reading method for reading lines existing
on a surface of an object to be read in a sub-scanning direction
and for outputting image signals obtained by reading the lines,
including: '

a-step of setting the number M of 1lines (Mis a natural numbér
being nof less than two) that have to be simultaneously read, an
interval N (N is a natural number being not less than two) among
the lines that have to be éimultaneously read and which is
represented by reading lines and the number L of lines (L is a
natural number) by which 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
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In the foregoing, a preferable mode is one wherein values

' 4

lines to be read.

M, N, and L are set to a value at which there is no omission of

reading lines to be read occurring in the one time reading
operation.

Also, a preferable mode is one wherein the first line to
be read on the surface of the object is a line existing backward,
froma first line to be normally read on the sﬁrface of the object,
by predetermined numbers of lines to be read which is determined
based on the values IM, N, and L, in a sub-scanning direction, while
the last line to be read is a line existing forward, from a last
llne to be normally read on the surface of the object, by
predetermlned numbers of lines to be read which is determined
based on the values M, N, and L, i_n a sub-scanning direction and
wherein image signalé of the lines to be read are imége signals
of the first line tobe normally read td the last line tobe normally
read.

According 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 thé lines to be
read existing on the surface of the original document and which
are different lines i_n 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;
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: amoving unit to move the original document and the reading

. unit, every time the lines are ‘simultaneously read, by L (L is

a natural number) pieces of the lines to be read, in the sub-
scanning direction;

an image signal outputting unit to output image signals of
the lines to be normally réad which have been read by the reading
unit in order of reading in the sub-scanning direction; and;

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 reading 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 sothat 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.

Also, 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, 1 < L S M, and that a greatest common

measuré 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:

1.
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~an analog/digital converting circuit to A/D (analog to

digital) convert image signals of M pieces of lines to be read
which have been output from the reading unit;

a storing device to store pixel data obtained by conversion
by the analog/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. '

Also, a preferable mode is one wherein the reading unit

starts the reading 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 x}alues M, N, and L and wherein the storing device
stores only the pixel data obtained by reading lines to be normally
read and output from the analog/digital converting cir;:uit.

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 whiéh is a value that

-~
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does not permit omission of the reading, the reading is made faster

7 ' (

by M times or by times being smaller than the value M which is

~ determined based on the relation among the values M, N, and L.

With another configuration as above, sufficiently high-
speed reading of lines on the original document can be realized
without shortening sighal electric charge accumulating time by
a line-like strings of light sensing devices making up a CCD. As
a‘result, it 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 to be emitted from a 1light source to the original
document. |

With still another configufation, 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
readinglapparatus, 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 light is made possible, power consumption can be greatly ..

reduced.

BRIEE DESCRIPTION OF THF 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
ih which: |

Fig. 1 is a schematic block«-diagram showing electrical

configurations of an image reading apparatus according to a first

.
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embodiment of the present invention;
Fig. 2 is a perspective view of geometric placement of lines

to be reéd by the image reading apparatus and their dimensions
according to the first embodiment of the present invention; .

Fig. 3 is a diagram showing line-like strings of light
sensing devices making up a CCD according to the first embodiment
of the present invention;

Fig. 4 is a timing chart explaining timing of reading an

- original document by the image reading apparatus according to the

first embodiment of the present invention;

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

Fig. 6 is a diagram.explainipg operations of exact reading

the original document in the image reading apparatus according

to the first embodiment 6f 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 preseht 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 wheré an
original document can be read exactly by the image reading

apparatus according to the second embodiment of the present
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Fig. 11 is a table showing combinations of the number of

({o]

invention;

line-like strings of light sensing devices and intervals among
line-like strings 6f light sensing devices represented by nunbers
of reading lines in the image reading apparatus according to the
second embodiment of ﬁhe present invention;

Fig. 12-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. 13 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 sensing devices and ihtervals 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
configurations of an image reading apparatus according to a fourfh
embodiment of the piesent invention; and

Fig. 17 is a table explaining operations of reading an
original document by using a conventional image reading

apparatus.
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Best modes of carrying out the present invention will be

described in further detail using various embodiments with

reference to the accompanying drawings.
This Sheet Has Been Replace
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Figure 1 is a schematic block diagram showing electrical

configurations of an image reading apparatus 100 according to a
first embodiment of the present invention. Figure 2 is a
perspective view of geometric placement of 1ines tobe 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 1light sensing devices making up a CCD
1 according to the first 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

RS

document in the image reading apparatus 100 according 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

e °
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by simultanebusly reading a plurality of reading lines using a

plurality of strings of line-like ligﬁt sensing devices while the
original document is being moved at a specified speed in a

sub-scanning direction, which chiefly includes the CCD 1 having

"M pieces of line-like strings 2-i (“i” is any one of 1, 2, --

M)of light sensing devices, analog/digital converting circuits
(hereafter being referred 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, memory regions 6é-i each being connected
to each of the A/D converting circuits, a reading control circuit
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 contrbl circuit 9, is adapted to output
an image si_gnal 20-1i obtained by reading each of corresponding
reading lines (see Fig. 4). A cibck pulse CK (Fig. 4) is a clock
produced every time an imége 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 so0 as to be in parallel to each other. Moreover, each

of lines to be read by each of the line-like strings of light
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sensing devices is spaced by (N-1) pieces of the reading lines,

~ that is, the (N-1) pieces of lines are the number of lines of the

original document to b-e hmoved every time the lines are read by
the line-like strings of 1ight sensingdevices. In this embodiment,
the number M of pieces of the line-like strings of light sensing
devices making up the CCD 1, the interval N among the line-like
strings of l_i_g};t sensing devices and a moving speed L for reading
one line of the original document (that is, a distance to be moved'
per one reading unit time) are set in a manner so as to satisfy
the following three equations: M22, N2 M+ 1, and L= N-1. These
three equations are hereinafter referred collectively to as an
“expression (1)”. The most favorable relation is the case
expressed by N'= M + 1,

The réason 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 + 17, 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 awvoid such the
duplica'ted reading is *N 2 M + 1” which is also another condition
provided in the expression (1). Moreovei:, though the most
favorable case is N=M+ 1, the case N> M + 1 is also favorable.
Hdwever, when N > M + 1, the number of lines a first part of and
a last part of which cannot be read increase, that ;i.s, the number
of lines whose reading is skipped increase. Furthermore, if the
number of the line-like strings'zof light sensing devices making

up the CCD 1 is three, a conventional color image reading CCD from
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whicﬁ a color filter for R, G, and B (Red, Green, and Blue} color

signals is removed can be used. That is, the conventional color
image reading CCD is made up of three line_—like strings of light
sensing devices each beihg used for each of the RGB color signal
and of three pieces of cblor filters .for the RGB color signal each
being also constructed of a line-like string of light sensing
devices. To x_rtig;ufécture the CCD 1 by using a manufacturing process
of the conventional color image reading CCD, a process of cocating
for the color filter included in its manufacturing processes is
omitted and the three line-like strings of light sénsing devices
making up the CCD 1 are mounted so that each of the three line—li_ke
strings of light sensing devices 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-i to Be output from
each of the line-like strings 2-i of light sensing devices. The
memory 6 has memory regions 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 3-1i and outpﬁts the stored pixe'l data in order of.lines
to be read in a sub-scanning direction. Each of the memory regions
6-1 has a memory capacity to store one M-th pixél 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
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original document. The motor control pulse MP includes three kinds

of pulses, one being fed to the motor 11 every time the line-

reading which starts from a line existing backward by specified
numbers of reading lines determined based on above values M, N,
and L, in a sxib—scanning direction, from a first line out of lines
to be normally read (“line to be normally read” being hereinafter
réferred to as a “normal reading lines” which means that the lines

are those tobe sequentially read by the line-like strings of light

sensing devices at a pre-set speed and not those used to express

the interval among the line-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 fhe
line-i:eading which starts from the normal reading line and ends
at a last normal reading line is completed, and further another
motor pulse MP being fed to the inotor 11 eve'ry 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, andL in a sub-scanning direction,
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) piece:
of lines to be read. |

The motor driver 10 feeds a drive signél, in response to
the motor control pulse MP, to the motor 11. The motor 11 operates
so that the orfi.ginal document is traveled along reading surfaces
of the CCD 1, that is, the motor 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.
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: The memory éontrol circuit 12, to store and read pixel data
to and from the memory regions 6-1i, sequenti'ally' feeds each of
signals described below to the memory regions 6-3;.-. That is, if
theré are some lines which are read before the first normal reading
line of the original document is read, the memory control circuit
12, sequentially feeds -a writing stop signal used to stop writing
o_f the image data of the reading line to be read before the first
normal reading line is read, to the memory regions 6-i. If the
reading of the first normally line to the last normally line is
performed, 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
regioﬁs 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 use.d
to stop writing of the image data of thé line, to the memory regions
6-_:'.. 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 memoxry 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
6-1i.

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
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of t}jxe three line-like strings of light sensing devices is
represented by 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 6f light
sensing deviceé is represented by 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 the reference numbers
6-1, 6-2, and 6-3, respectively.

Each of the memory regions 6-1, 6-2, and 6-3 has a capacity
of storing pixel data of the normal reading liness of one-third
of one pé.ge of the original document. Therefore, the entire memory
regions-6-1, 672, and 6-3 can store pixel dat.a of all the noﬁal
reading liness existing within maximum one page.

Now, iﬁ the embodiment, let it be_. assumed that, in a state
where the o___riginal 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 iine from which the reading._‘
starts; see Al in Fig. 6, however, the Al is a image signal read
by the line-like string 2-1 of light sensing devices from the
corresponding line from which the reading by the line-like string
2-1 of light 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
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start_:s, as described later) and the line-like string 2-3 of light
sensing devices is pdsiﬁidned on a line existing épart by four
readinglinesfromthelineﬁheretheline-likestring2—2oflight
sensing devices is positioned on a line existing apart by four
reading lines from the line for which the reading is to be done
by the line-like string 2-3 of light sensing devices (see Cl in
Fig. 6; however, the Cl is a read image signal read by the line-like
string 2-3 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 starts, as described
later). In this staie, each of reading 1lines is .rgad
simultaneously by each of the line-like strings 2-1, 2-2, and 2-3
of light 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 striﬁgs 2-1, 2-2, and 2-
3 of light sensing devices, in response to the clock pulse CK
sequentially fed from the reading control 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—L
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 “Ai", “B1”, and “C1”
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, .
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The reason why the first reading operation is performed

respectively.

béginning with a line exis:ting backward by six reading lines from
the first normal reading lines is to avoid omission of reading
of the normal reading liness on the original dbcument. The reason
will be described below in detail.

That is, as shown in Fig. 6, if the first normal reading
lines on the original document (the reading line corresponding
to “Al” shown in 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 sénsing devices and the normal
readiﬁg lines A that is read iﬁ the third reading operation by
the line-like string 2-1 of light sensing devices. That is, the
second, third, and sixth normai reading liness from the line A
to be read in the first reading 6peration by the line-like string
2-1 of light sensing devices (two lines tobe 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 omitted.

In order to avdid such the omission of reading the normal
reading liness and to successfully read all of themin all original
documents, in the case of M=3, N=4, and L=3, for example, the image
reading apparatus 100 of the embodiment 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
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lighf sensing devices of the CCD 1 is mounted so as to be spaced ,

by four (=N) reading lines, image signals 20-1, 20-2, and 20-
3 are signals obtained by reading lines each being spaced by four
reading lines of the original document.

While the original document is moving so that another three
lines are read by the line-like strings 2-1, 2-2, and 2-3 of light
sensing devicés of the CCD 1, each of the output image signals
20-1, 20-2, and 20-3 is A/D converted by each of the A/D converters
3-1, 3-2, and 3-3 and A/D converted pixel data is supplied to each
of the memory regions 6-1, 6-2, and 6-3. However, the pixel data
obtained through the reading of the lines to bé 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 qther being the non-normal reading lines.
Therefore, in order to .pre_vent 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 signal_§
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



10

15

20

25

This Sheet Has Been Replaced

. llll\l\\llll\\\\\lIIHII\

orlglnal document 200 moves from the lines that have been already
read to lines existing by another three lines forward. After the
completion of the line reading operation by the line-like strings
2-1, 2-2, and 2-3 of light sensing devices (after the'completij_on
of the first line reading operation by the CCD 1), that is, after
the complétion of the reading of pixels by the light sensing
devices to which the last clock pulse is fed (after the completion
of scanning), as shown in Fig. 4, a next trigger signal TG is
generated. The reading control circuit 9, in response to the next
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 mbtor control pulse MP to be
fed :Erbm the reading control circuit 9. Thé motor 11 having
received the drive signal moves, in the sub-sganning direction,
the original document 200 by 3 (N-1) pieces ofl 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_,g
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 placéd on a new non—_normal reading

lines. At this new reading position, each of the 1in'e—like strings
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2-1, ;2—2, and 2-3 of light sensing devices reads one line of the
three reading lines and the image signals 20-1, 20-2, and 20-
3 obtained in the second reading operation are A/D converted by
the A/D convertipg_circuit. In Fig. 6, the image signals obtained
in the second reading operation are shown as “A2, B2, and C2”.
Since the A/D converted image data obtained by reading new one
line and output from the A/D converting ci¥euit 3, out of the A/D
converted image data obtained in the second reading operations,
is the data obtained by reading the non-normal reading lines, as
described above, the writing stop signal is fed froin the memory

control circuit 12 to the memory region 6 -1, causihg 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 w_riting signal is fed from the
memory control circuit 12 to the memory régions 6-2 and 6-3 and
storing operation to the memory regions 6-2 and 6-3 are performed.

After the originél 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
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operation are image signals obtained by reading the normal reading

.liness. Therefore, when each of the A/D converted image data is

fed to one of corresponding memory regions 6-1, 6-2, and 6—3, since
writing signals are fed from the memory control circuit 12 to the
memory regions 6-1, 6-2, énd 643, the imagei data, each being
obtained by reading new one line, can be stored in the mer'n.ory
regions 6-1, 6-2, and 6-3. From the fourth reading and storing
operations to the last reading and storing operations in which
the line-like string 2-3 of light sensing devices reaches a last
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 completéd the storing

of the data C7 obtained by the reading operation of the last normal

réading lines, the reading control circuit 9 outputs the motor

control pulse MP to drive the motor 11 and to move the original

document to a line existing further by three reading lines forward.

‘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

where 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 normal reading

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

s
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means that there are still three normal reading liness that have

not been read. At this point, the line-like strings 2-1 and 2-2
of 1light sensing devices are.placed on the normal reading liness,
however, the line-like string 2-3 of light sensing devices is
still placed on the non-normal reading lines. Since the data
obtained by the line-like strings 2-1 and 2-2 of light sensing
devices and output from the A/D converting circuit 3-1 and 3-
2 are data of' the normal reading liness, the memory control circuit
feeds the writing signal to the memory regions 6-1 and 6-2 and
pixel 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 Ithrough the reading by the line-like string 2-3- of
light' sensing devices and output from the A/D converting circuit
3-43, is the data obtained by reading the non-normally line, the
writing étop signal is fed from the memory control circuit 12 to
the nmemory 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 strin&
2-1 of light 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 1ight 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 light
sensing devices and output from the A/D converting circuit 3-
1 are the data from the normal reading lines, the memoxry control

circuit 12 outputs the writing signal and feeds it to the memory
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" region-6-1 and the pixel data for the one line is stored in the

memory region 6-1. |

The reason why the line-likemstring_ 2-3 of light sens_i__ng
device_s is moved twice by three pieces of 1lines in the sub-scanning
direction after it has been placed on the last normal reading lines
on the original documéht is described below. That is, as in the
case where the omission of reading lines occurs at the first stage
of starting the reading of the original document, when the lines
are read. by the three pieces of the line-like strings 2-1, 2-
2, and 2-3 of light sensing devices, the second, third, and sixth
lines from the last reading lines in one page cannot be read. In
orc_ier to prevent the omissio_n of reading lines and to be able Ito
read éll 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
performed up to the last normal reading lines, the pixel data for
one third of a page of the original document has been stored in
the memory regions 6-1, 6-2, and 6-3. Therefore, the entire memor;‘
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
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the éixel data of the normal reading liness shown in Fig. 6 in
the form of .si.clgnals obtained by Scanning eachmc.)f the lines from
the left in order.

~Figure 7 1is a table. showing combinations of the number of
strings of line-like light sensing devices and values of intervals
among line-like strinés of light sensing devices of the fifst
embodiment.. These are combinations of values M and N contained
in the above_ expression (1). Inthe table inFig. 7, the combination
shown by a mark of *(O" 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 eipression' (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 reéding lines each having an
interval represented by the number of reading lines N not being
read are simultaneously read in the sub-scanning difection 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 bé_ing smaller than M which is determined based on the

relation among the values 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 output

A
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is enabled, it 1s not necessary to shorten time for which electrlc

charges are accumulated by the line-like string of light sensing
devices. 0wing to this, it is not necessary to make slow the
scanning time of the CCD for exact reading and it is possible to
achieve a high S/N (signal-to-noise) ratio without increasing an
amount of light shone from the light source on the original
document. Since it is not necessary to increase the amount of 1light
to be shone to the original document, increases in temperature
within the document reading device can be inhibited and the
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 consumntion 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 ixrlage CCD, that is, by setting the equipment
so that three pieces of line-like strings of light 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 aceording 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

<

[}
.
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second embodlment Flgure 11 a table showing combinations of the

number of strings of .'L:Lne ~like 11ght sensing devices and 1ntervals
among line-like strings of light sensing devices. Figure 12 is
a diagram showing an example of a case where the imagé. reading
apparatus cannot be used.

Configurations of the second embodiment differ from those
of the first.embodiment in that hormal reading liness can be read
without an occurrence of duplication and omission of reading lines
to be read, even if conditions of N= M+ 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, lét 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 fhe number of reading lines) is N, and moving speed
for reading one line of the original document 200 is L. In the
second embodiment, a sett:Lng is made so that M 2 2,L = M and a
greatest common measure of L and 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 9A and a memory control circuit
12A are so controlled that the 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
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the expression (1), if N>M+ 1, L > M. If L > M, there is a case

where omission and/or duplication of the reading occur. Moreover,

if the conditions of the above expression (1) are not satisfied,
for example, if L < M, the duplication occurs inevitably and
omissi_on of the reading occurs in Qome cases.

Moreover, examplés that can satisfy the expression (1) are

shown in Fig.-7 and, in Fig. 7, even if the values M and N can

- meet the conditions expressed by a mark “(Or, there is a case where

omission of the reading occurs and, inversely, even if the values
M and N can meet the condition expressed by é mark “ X”, there
is a case where lines can be read without such the omission of
reading.

;1‘0 avoid this inconvenience, the image reading apparatus
100A of the embodiment is so configured that the condition L =
M provided in the expression (2) is incorporated. However, even
when the above condition L ='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 I and N is 1,
that is, L and N has no common divisor other than 1 is incorporated.

Therefére, adifference in configurations between the image

reading apparatus 1003 of this second enbodiment 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
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lines being not read “N” as in the case of the first embodiment,

however, the moving speed for reading one line of the original
document 260 satisfies the above expression (2) in the relations
of M and N.

Configurations of the reading control circuit 9A of this
embodiment are the same as those of the first embodiment except
for followiﬁ;'points. A motor control pulse MP produced based on
an instruction signal (TG in. Figs. 4 and 5) fed from an image
processing system (not shown) to which the image reading apparatus
1OOA 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 ﬁéﬁner‘ that the reading of:eration 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 abovel

The reading control circuit 9A 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 line
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-i pixel data

T .
. X
. »
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of lines read before the normal reading lines is read, in

accordance with the moving control by the reading control circuit

9A, by the line-like string of light sensing devices, out of the

M pieces of line-like strings of light sensing devices making up
the CCD 1A, existing in the foremost position in the sub-scanning
direction and pixel da.ta of lines read after the reading of the
last normal.reading lines has been completed.

A light source 13 is used to shine light on reading lines
of the original document 200 for reading operations.

The interface 14 is used to establish connections among the
image processing system, reading control circuit 9A 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 92 and feeds

it to the image 'processing system. Moreover, the intexrface 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 instrt_nction
signal from the memory control circuit 122 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
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to parts having the same functlons as for the first embodlment

and their descriptions are omitted accordlngly.

Next, operations of the image reading apparatus 100A of the
second embodiment will be described below by referring to Fig.
8 to Fig. 12. Prior to descriptions of operations of this
embodiment, a case where the condition that the greatest common
measure of Ir {=M) and N proviQed in the expression (2) is 1 cannot
bemet. As the example where the condition that the greatest common
measure of L being the moving speed (=M being the number of the
line-like strings of light sensing devices) and N being the
ini:erval among the line-like strings of light sensing devices
prov1ded in the expression (2) is 1, is not met, let it be assumed
that Mis 3, N is 3, and L is 3. Here, each of the three ln.ne 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 ligﬁt 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. Eacp__
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 control pulse MP is output from the reading

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

L]
LA
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drivér 10 and a drive signal is produced from the motor driver

10, which is fed to a motor 11. Therefore, the original document

200 is moved by two pieces of the normal reading liness forward

in the sub-scanning direction. The three line-like strings 2-
1, 2-2, and 2-3 of light sensing devices making up the CCD 1A move
from the three normal reading liness that had been read before
the original document 200 was moved to another three normal
réading lihess existing by two pieces of normal reading liness
forward and reads these three normal readinglliness they are
placed newly. However, since N is 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 duplication of reading by the three

line-like strings 2-1, 2-2, and 2-3 of light 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 Nis 1 and 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 seiected 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 sétisfy
the above expression (2), noduplication of reading normal reading

liness occurs and exact reading of the normal reading liness by
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each :of the three line-like strings is made possible. Therefore,
an entire original document 200 can be read without omission of
the reading.

Figure 10 shows a case where values of M, N and L can satisfy
the expression (2), where M= 3, N= 2, and L = 3. In this case,
the reading is threé times faster when compared with the
conventional-case (reference numbers in Fig. 10 are the same as
those in Fig. 6).

ASdescribedabove,inorderfortheimagereadingapparatus
100A to exactly read the original document, the values 6f M, N
and I are so set that they can meet the conditions provided in
the expression (2). When the values 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
exémples 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).
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.'ll indicates that, even if
the values M and N satisfy the condition provided in the expreéssion
(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
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a result, omission of reading one normal reading lines (that is,

one normal reading lines between Al and Bl in Fig. 10) occurs,

- as in the case of the first embodiment, and therefore the reading

operation should start from a line exisfing backward in a
direction of sub-scanning by the number of reading lines
determined based on thé conditions M= 3, N= 2, and L = 3. This
situation occurs also when the reading operation is completed in
a direction of sub-scanning in this embodiment, as in the case
of the first embodiment. That is, the reading should be performed
up to a line existing forward in the sub-scénning direction from
the last normal reading lines by the number of reading lir}es
determined based on the conditions M = 3, N = 2, a_md L = 3.

.Image si§nals 20-1, 20-2, and 20-3 (shown in Fig. 4) that
have been read and output by the thrée 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 feq
to the image processing system through the interface 14 in thi's~
embodiment are the same as thése 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 canhnot be read also
in the first embodiment.

As described above, according to the image reading
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appa:;atus of the second embodiment, by setting the values M being
the number of the line;-like sﬁrings of light sensing devices, N
being the intérval arhong fhe line-like strings of light sensir;g
devices represented by the number of reading lines and L 'being
the moving speed represented by the number of reading lines that
move for one line reading so that these values can satisfy the
expression (2_)'__, M pieces of lines are simultaneously read in the
sﬁb—scanning direction and, every time the M pieces of lines have
been read simultaneously, the original document is moved by L
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.
Third Embodi :

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 tﬁe 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-like strings 2-1,
2-2, 2-3 of light sensing devices, an interval among which is

represented by a predetermined number of reading lines, reading
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lines whose number being same as that of the line-like strings

] 36

2-1, 2-2, 2-3 of light sensing devices can be exactly read. That

| is, the number M of the line-like strings of 1ight sensing devices,

interval L among strings of light sensing devices and moving speed
of L the reading lines (that is, distance to be moired_for one line
reading) are set so that M= 2, 1 <L = M and so that the greatest
common measure of L and N is 1 (one). A series of these relations
among M, N and L are refei:red to as an expression (3). In the third
embodiment, in order to exactly read normal reading liness of the
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 fhe 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 understandings. That is, in the above fhird émbodiment,
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 im.

the above expression (2), only if the values M, N, and L can meet
predetermined conditions, there can be values of M, N, and" L that
make it possible to noi:mally 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 so as to meet
conditions pfovided 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 speed L can satisfy the expression

(3).

L
3
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Configurations of the reading control circuit 9B of the

t___l__lird embodiment are the same as those of the second embodiment.

except for.the followirig‘. That is, a motor control pulse MP (Fig.
5), which is produced every time one reading operation by the CCD
1B is completed in accordance with an instruction signal fed from
an image processing syatem to which the image reading apparatus
100B is connected through an interface 14 (being equivalent to
TG in Fig. 4), is adapted to move the original document at the
moving speed L whicﬁ has beer: set to satisfy the above expression
(3).

Moreover, the original document is initially placed in a
manner that reading operatlon starts from aline ex1st1ng backward
by spec1f:.ed numbers of reading lines dete rmned based on values
M, N, and L that can satisfy the expre551orx' (3) in a sub—scanning
direction. Moving control bly the reading co_ntroi 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 sequent:.al one line reading operation
is completed which reads from a last normal readlng lines to a
line existing :meedlately before a line pos1tloned by spec1f1ed
nunbers of readlng llnes determined based on the values M, N, and
L that can satisfy the expression (3) forward 11} the sub-scanning
line. ’ i __

Conf:-lt'gurations of the memory control cir:-cqi_t 12B of the
third em.‘oodiment are the same as those of the secood emoodiment

J

except that there are not stored in a memory region 6-i both pixel
data of lines read before the normal readlng 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

>

4
»
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devices, out of M pieces of line-like strings 2-1, 2-2, and 2-3

of light sensing devices making up the CCD 1B, existing in the
foremost position in the sub-scanning direction and pixel data
of lines read after the reading of the last normal reading lines
has been completed.

Configurations other than described above are the same as
those of thé second embodiment and descriptions of therﬁ. are
omitted accordingly.

Next, operations of the image reading apparatus 100B of the
third embodiment are described by referring to Fig. 13 to Fig.
15.

As in thg case of the second embodiment, the number M of
the line-like strings of light sensing devices is set to 3, the
interval N améng 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 light sensing devices is
represented by the reference numbers 2-1, 2-2, and 2-3 (as shown.‘
in Fig. 14). 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 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—i, 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 line-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-like strings 2-1, 2-2, and 2-3 of 1light _

sensing devices is represented by the one piece of reading lines.
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" Bs described in the second embodiment, when the reading

operation of the normal reading lines of the original document

is completed, the motor control pulse MP is output from the reading

control circuit 9B. The motor control pulse MP is fed to a motor

driver 10 which produces a drive signal and feeds it to a motor

11. Therefore,. the ofiginal document is moved by one normal

reading lines in the direction of sub-scanning. As a result, the

three line-like strings 2-1, 2-2, and 2-3 of light sensing devices

making up the CCD 1B move frompositions of the three normal reading

liness that had been read before the oiiginal 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 r‘éading 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 dﬁplication 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).

combinations of the values M, N, and L that can satisfy the

There are various

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.

Moreover, there is a combination of the values M, N, and L that

cannot satisfy the expression (3) unless L =

"

1. Examples of the
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comb:‘;nation of the values M, N, aﬁd L are shown in Fig. 15. The
combinations shown by the mark of (¥ are examples of the most
optimum combination-of the values of M and N that can satisfy the
expression (3). The combinations shown by the mark of “A” are
examples of the 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. The
conbination shown by the mark of “ X” are examples of combinations
of the values M and N that cannot satisfy the expression (3) unless
L = 1. Out of the combinations shdwn 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 embodiﬁent 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 fhe 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. -
Moredver, if the reading operation by the CCD 1B starts from
the first normal reading lines in this embodiment, subséquent
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 situwation occurs also when the reading operation is
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compljeted in a direction of sub-scanning in this embodiment, as
in the case of the second embodiment. That is, the reading should
be performed up to a line existing forward in the sub-scanning
direction from the last normal reading lines by fhe number of
reading lines determined based on the conditions M =3, N= 3,
and L = 2, |

Every-time sequential reading operations by the three
line-like.strings of light sensing devices are performed, the
original document is fed to positions on the next reading lines
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 1light 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 apparatu:s of the third
embodiment can be understood by referring to Fig. 14 in which
examples of the conditions of M= 3, N=3, and L = 2 are used
and by referring to the descriptions in the second embodiment and,
therefbre, detailed oberations 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
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the ojriginal document cannot be exactly read and in which M is
3, Nis 6, and L is 3.

Thus, according to configurations of the third embodiment,
by setting Mbeing the number of line-like strings of 1light sensing
devices making up the CCD 1B, N being the interval among the
line-like strings of light sensing devices and L being the moving
speed represented by the number of reading lines to meet the
conditions provided by the expression (3) and by reading
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.
Fourth Embodiment

Figure 16 is a schematic block diagram showing electricalﬂ,_‘
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 color CCD 1C has three line—;ike 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 devi‘ces. Each of memory regions

6R, 6G, and 6B makes up the memory 6. Each of image processing
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circuits 15R, 15G, and 15B is connected between each of the A/D

convertihg circuits 3R, 3G, and 3B and each of the memory regions

6R, 6G, and 6B of a memory 6.

Since other confi'gurations except those described above are
the same as those in the first embodiment, same reference numbers
are assigned to corresponding components and descriptions of them
are omitted accordingly.

Next, operations of the image reading apparatus 100C of the
embodiment will 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 -sens:i_.ng
devices. of the color CCD 1C and, after completion of the
simulfaneous reading, 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 signaié 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 butpﬁt from each of the A/D
converting circuits 3R, 3G, and 3B are corrected by each of
corresponding image processing circuits 15R, 135G, 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 because the
original document is colored one and sensitivity of a coior 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

L}
.
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15R, 515G, and 15B is stored in each of the memory regions 6R, 6G,
and 6B and stored image data is read are the same as thoée in the
first embodiment.

By configuring the image reading apparatus 100C as
described above, reading of both colored original documents and
monochrome documents is made possible. Therefore, there is no need
for using a_specially fabricated CCD.

The reading of original documents is made three times faster
than reading by a conventional image reading apparatﬁs.

Moreover, the present invention can be applied to ordinary
color scanners so long as enough memory capacities can be obtain_'e_d.
In particular, if moving speed is controllable, reading data from
memory can be performed by using software p'rocess:'i.ng.

It is a;pparent 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 to a same amount
of movement of the original document as in the case where the
original document is moved.

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

[}
v
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plurality of lines existing consecutively at a back end of the

original document after 1t reads lines that have to be normally

‘read in a back end portion. A memory control c:chu:Lt 12 stops

writing of data of lines that are not lines that have to be normally

read and that exist at the front end of the original document,

. to memory regions 6-1, 6-2, and 6-3 and stops writing of data of

"lines that axe not the lines that have to be normally read and

that exist at the back end of the 6riginal document, to memory
regions 6-1, 6-2, and 6-3. However, image signal that cannot be
read immediately after a start of reading and image signal that
éannot 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 thaf the above interpoiation can be applied,
within an acceptable limit of reduced gquality of the image, to
a case where omission of reading occurs as shown in Fig. 9.
Furthermore, in the above embodiments, to stop writing o_f__‘
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 fegions by stopping operations of the A/D converting

circuits.

§
]
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pat is claimed is:. |

1 1. An image reading method for reading'lines on a surface
2 of an object to be read in a sub—scahning direction and for
3 outputting image signals obtained by reading said lines to be read,
4 comprising: '
5 a step.of setting a number M of lines (said M is a natural
6 number being nof less than two) that have to be simultaneously
7 read, an interval N (said N is a natural number being not less
8 than two) among said lines that have to be simultaneously read
9 and which is represented by lines to be read and a number L of
10 lines (said L is a natural number) by which each of said lines
11 to Be.read.movés, every time simultaneous reading is completed,
12 from said lines whose reading has been completed, to a value that
13 can avoid omission of reading when a sequential single reading
14 is performed from a first line to be fead on said surface of said
15 object to a last line to be read on said surface of said object
16. and to a value at which said lines to be read on said surface of
17 said object can be all read, -
18 a step of reading said lines to be read on said surface of
19 said object to be read by moﬁing.said lines by a number of said
20 1lines to be read in a sub-scanning direction when said
21 simultaneous reading has been completed and by repeating said
22 simultaneous reading on subsequent lines to be read; and
23 a step of outputting image data obtained by reading said
24 lines to be read.
1 2. The image reading method according to Claim.l,
2

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

]
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3 atwhich there is no omission of reading lines to be read occurring .

4 in said single time reading operation.

3. The image reading method according to Claim 2,
wherein said first line to be read on said surface of said object
isa liné existing _back.ward, from a first 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, 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

[(o] [+ o] ~] [ N L) w N [l

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

S
- o

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

(i e
w N

normally read.

4, 'An image reading apparatus for reading lines to be

read on a surface of an original document in a sub-scanning,

w N

direction and outputting image signals obtained by reading said

-3

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

w 00 N o O

which are different lines in said sub-scanning direction, each
10 existing apart by N (said N is a natural number being not less
11 than two) pieces of lines in said sub-scanning direction; .

i2 a moving unit to move said original document and said

- .
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reading unit, every time said lines are simultaneously read, by
L (said L is a natural numbers) pieces of said lines to be read,
in said sub-scanning direction;

an image signal outputting unit to output image signals of
said lines to be read which have been read by said reading unit
in order of reading iﬁ said sub-scanning direction; and

wherein values of said M, said N, and said L are set to a
value at which lines on said surface of said original document
are able to be read without omission of reading lines when
simultaneous and sequential reading operations are performed from
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 Clain 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 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.

—_—
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wherein values of said M and said L are set so that M = L.

10. 'i‘he image reading apparatus according to Claim B,
wherein values of said M and saici L are set so that 1 <1 + L <
1 + M.

11. The image reading apparatus according _f.o any one of
Claim 4 to Claim 10, wherein said image outputting uhit includes:

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

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

a reading éontrol circuit to read said pixel data stored
in said s-toring 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 direcfion'- by a
predetermined number of lines 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
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13. The image rfeading. apparatus according to Claim 11 or
Claim 12, wherein said reading device is constructed as a color
‘reading device in which an image processing circuit for gray-
level correction between said analog to digital converting

circuit makes up said image signal outputting unit and said

Y U b W N

storing device.




