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(57) ABSTRACT 
A plurality of moving-amount detecting units respectively 
detects a moving amount of the sheet fed by a feeding unit at 
a plurality of points in a Width direction of the sheet. A skew 
detecting unit detects a skew of the sheet based on the moving 
amount of the sheet detected by the moving-amount detecting 
units. 

11 Claims, 4 Drawing Sheets 
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SHEET FEEDING DEVICE AND SKEW 
DETECTING METHOD 

RELATED APPLICATIONS 

The present application is based on, and claims priority 
from, JapanApplication Number 2007-1 18909, ?ledApr. 27, 
2007, the disclosure of Which is hereby incorporated by ref 
erence herein in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a sheet feeding device and 

a skeW detecting method, and more particularly, to a sheet 
feeding device capable of feeding a plurality of sheets by 
separating the sheets one by one and a skeW detecting method 
applicable to the sheet feeding device. 

2. Description of the Related Art 
An apparatus that processes a plurality of sheets, for 

example, an image reading apparatus such as an image scan 
ner, a copier, a facsimile machine, or a character recognition 
device includes a sheet feeding device. The sheet feeding 
device separates stacked sheets one by one, and sequentially 
feeds the separated sheet to the image reading apparatus. 
Even When a number of sheets are stacked, the apparatus can 
process the sheets one by one because the sheets are auto 
matically fed one by one. HoWever, in such a sheet feeding 
device, if some of the sheets are stapled in the stack, the 
stapled sheets may rotate around a stapled portion, and are 
skewed With respect to a feeding direction because the sheets 
are fed even though the stapled sheets cannot move separately 
due to the stapling. As a result, corners of the sheets are folded 
and bent, and thus it may cause a damage on the sheets or a 
feed error, so-called a jam. A skeW of a sheet may occur not 
only When stapled sheets are mistakenly placed in the stack, 
but also, for example, When a sheet being fed is caught on 
something else. 

In a sheet feeding device disclosed in Japanese Patent 
Application Laid-open No. 2006-193287, a pick roller is 
provided at an end portion of a hopper on Which sheets are 
stacked to pick the sheets stacked on the hopper to convey 
them into the device, so that the sheets are separated one by 
one by a separator roller and a brake roller included in a 
separating unit, and then fed into the apparatus. Moreover, the 
sheet feeding device includes a plurality of sheet detecting 
units arranged doWnstream of the separating unit to be 
aligned in parallel to one another in a sheet Width direction (a 
direction perpendicular to a sheet feeding direction). In each 
of a plurality of detecting intervals betWeen each tWo of the 
sheet detecting units, a skeW angle is obtained based on a time 
difference betWeen the sheet detecting units Where a leading 
edge of the sheet passes through and positions of the sheet 
detecting units, and When a difference betWeen the obtained 
skeW angles exceeds a threshold, the sheet feeding device 
detects a skeW of the leading edge of the sheet. 

HoWever, in the above sheet feeding device, a skeW due to 
a rotation or a deformation of the sheet is detected in such a 
manner that each of the sheet detecting units detects a passage 
of the leading edge of the sheet by obtaining a skeW angle With 
respect to the Width direction based on the time difference 
betWeen passages of the leading edge of the sheet through 
each of the sheet detecting units. Therefore, if the sheet is 
skeWed after the leading edge of the sheet passes through the 
sheet detecting units, the sheet feeding device may fail to 
detect the skeW. 
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2 
SUMMARY OF THE INVENTION 

It is an object of the present invention to at least partially 
solve the problems in the conventional technology. 
According to an aspect of the present invention, there is 

provided a sheet feeding device including a feeding unit that 
feeds a sheet; a plurality of moving-amount detecting units 
for respectively detecting a moving amount of the sheet fed by 
the feeding unit at a plurality of points in a Width direction of 
the sheet; and a skeW detecting unit that detects a skeW of the 
sheet based on the moving amount of the sheet detected by the 
moving-amount detecting units. 

Furthermore, according to another aspect of the present 
invention, there is provided a skeW detecting method includ 
ing ?rst detecting including detecting a moving amount of a 
sheet that is fed at a plurality of points in a Width direction of 
the sheet; and second detecting including detecting a skeW of 
the sheet based on the moving amount detected at the ?rst 
detecting. 
The above and other objects, features, advantages and tech 

nical and industrial signi?cance of this invention Will be 
better understood by reading the folloWing detailed descrip 
tion of presently preferred embodiments of the invention, 
When considered in connection With the accompanying draW 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a sheet feeding device accord 
ing to an embodiment of the present invention; 

FIG. 2 is a side vieW of an image reading apparatus includ 
ing the sheet feeding device; 

FIG. 3 is an overhead vieW of the sheet feeding device; 
FIG. 4 is an example of output pulse Waveforms of pulse 

signals output from encoders shoWn in FIG. 3; and 
FIG. 5 is a ?owchart of a skeW detecting process performed 

by the sheet feeding device. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Exemplary embodiments of the present invention are 
explained in detail beloW With reference to the accompanying 
draWings. The present invention is not limited to the embodi 
ments. 

A sheet feeding device according to an embodiment of the 
present invention automatically feeds stacked sheets S as 
sheet-like media by separating the sheet S one by one. The 
sheet feeding device according to the embodiment is included 
in, for example, an image reading apparatus as an apparatus 
processing a plurality of sheets S, such as an image scanner, 
a copier, a facsimile machine, or a character recognition 
device. The sheet feeding device separates stacked sheets S 
one by one, and sequentially feeds the separated sheet S to the 
image reading apparatus. In the embodiment explained 
beloW, the sheet feeding device is applied to the image read 
ing apparatus; hoWever, the sheet feeding device can be 
applied to any other apparatuses, such as a sheet-fed printing 
press. 

FIG. 1 is a block diagram of a sheet feeding device 1 
according to the embodiment. FIG. 2 is a side vieW of the 
sheet feeding device 1 and the image reading apparatus. 
The sheet feeding device 1 automatically and sequentially 

feeds a plurality of siZes and a massive amount of sheets S to 
a conveying unit 100 included in the image reading apparatus. 
The sheet feeding device 1 includes a sheet stacking table 2 as 
a stacking unit, a feeding unit 3, a separating unit 4, and a 
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control unit 5. The sheets S are stacked on the sheet stacking 
table 2. The feeding unit 3 feeds the sheets S stacked on the 
sheet stacking table 2. The separating unit 4 separates the 
sheets S fed by the feeding unit 3 one by one. The control unit 
5 includes a microcomputer, and controls the sheet feeding 
device 1. 

Incidentally, a direction of Which a sheet S is fed by the 
sheet feeding device 1 is referred to as a feeding direction, and 
a direction perpendicular to both the feeding direction and a 
thickness direction of the sheet S is referred to as a Width 
direction. The feeding unit 3 and the separating unit 4 are 
arranged along the feeding direction With keeping a predeter 
mined distance betWeen them. The feeding unit 3 is located at 
the upstream side of the feeding direction, and the separating 
unit 4 is located at the doWnstream side of the feeding direc 
tion. The conveying unit 100 is located the doWnstream side 
of the separating unit 4 in the feeding direction. 

The conveying unit 100 conveys the sheet S fed from the 
sheet feeding device 1 to any other unit in the image reading 
apparatus. For example, an optical unit as an image reading 
unit is provided on a sheet conveying path of the conveying 
unit 100, Whereby an image on the sheet S is read by the 
optical unit While the sheet S is conveyed inside the image 
reading apparatus by the conveying unit 100. 

The conveying unit 100 includes a drive roller 101 and a 
driven roller 102. The drive roller 101 is driven to rotate 
around a central axis as a rotating shaft. By a rotation trans 
mission from the drive roller 101, the driven roller 102 rotates 
around a central axis as a rotating shaft in accordance With the 
rotation of the drive roller 101. The drive roller 101 and the 
driven roller 102 have substantially the same length of a 
cylindrical shape, respectively. The drive roller 101 and the 
driven roller 102 are arranged in such a Way that the central 
axes of the drive roller 101 and the driven roller 102 intersect 
With the feeding direction of the sheet S, i.e., along the Width 
direction of the sheet S. The driven roller 102 and the drive 
roller 101 are oppositely arranged to have contact With each 
other, and the driven roller 102 is biased toWards the drive 
roller 101 by a biasing unit (not shoWn). When the sheet S is 
conveyed, the drive roller 101 is driven to rotate in such a 
direction that an outer circumferential surface of the drive 
roller 101 moves from the side of the separating unit 4 to the 
inner side of the image reading apparatus at a contact portion 
Where the drive roller 101 has contact With the driven roller 
102 (in a clockWise direction as indicated by an arroW shoWn 
in FIG. 2), and by the rotation transmission from the drive 
roller 101, the driven roller 102 also rotates in such a direction 
that an outer circumferential surface of the driven roller 102 
moves from the side of the separating unit 4 to the inner side 
of the image reading apparatus at a contact portion Where the 
driven roller 102 has contact With the drive roller 101. With 
the bias applied to the driven roller 102, the sheet S is sand 
Wiched betWeen the outer circumferential surface of the drive 
roller 101 and the outer circumferential surface of the driven 
roller 102, and conveyed in accordance With the rotation of 
the drive roller 101. Then, the sheet S is transferred by 
sequentially-passing betWeen a plurality of drive rollers (not 
shoWn) and driven rollers (not shoWn), Which are oppositely 
arranged to have contact With each other along the sheet 
conveying path, and conveyed to any other unit in the image 
reading apparatus, such as the optical unit. 

The sheet stacking table 2 has a rectangular-shaped stack 
ing surface 21. A plurality of sheets S is stacked on the 
stacking surface 21. The sheets S stacked on the sheet stack 
ing table 2 are pressed toWards the stacking surface 21 by a 
biasing unit (not shoWn). 
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4 
The feeding unit 3 includes a pick roller 31. The pick roller 

31 is used to feed the bottommost sheet S of the sheets S 
stacked on the sheet stacking table 2. The pick roller 31 is 
made of a material With a large frictional force such as a 
foamed rubber, and has a cylindrical shape. A central axis of 
the pick roller 31 is set up substantially parallel to a Width 
direction of the stacking surface 21, i.e., along the stacking 
surface 21 and also in a direction perpendicular to the feeding 
direction of the sheet S. In addition, the pick roller 31 is set up 
in such a Way that the central axis of the pick roller 31 is 
located on the side of a bottom surface of the sheet stacking 
table 2 (on the side opposite to the stacking surface 21 on 
Which the sheets S are stacked), and an outer circumferential 
surface of the pick roller 31 is exposed at the stacking surface 
21. Incidentally, the sheets S are stacked on the stacking 
surface 21 in such a Way that trailing edges (edges in the 
upstream side of the feeding direction) of the sheets S are 
located in the up stream side of the pick roller 3 1 in the feeding 
direction. 
The pick roller 31 is connected to a drive motor 32 as a 

driving unit via a transmission gear (not shoWn) and a belt 
(not shoWn), and driven to rotate around the central axis as a 
rotating shaft by the application of a rotation drive force from 
the drive motor 32. The pick roller 31 is driven to rotate in a 
pick direction, i.e., a direction of Which the outer circumfer 
ential surface of the pick roller 31 moves to the side of the 
conveying unit 100 at the stacking surface 21 (in a clockWise 
direction as indicated by an arroW shoWn in FIG. 2). Inciden 
tally, to doWnsiZe the image reading apparatus, the drive roller 
101 is also connected to the drive motor 32 via a transmission 

gear (not shoWn) and a belt (not shoWn). In other Words, the 
pick roller 31 and the drive roller 101 share the drive motor 
32. Alternatively, it is also possible to provide another drive 
motor for driving the drive roller 101 separately. 
The separating unit 4 includes a separator roller 41 and a 

brake roller 42. The separator roller 41 is made of a material 
With a large frictional force such as a foamed rubber, and has 
a cylindrical shape. The separator roller 41 is located in the 
doWnstream side of the pick roller 31 in the feeding direction, 
and arranged substantially parallel to the pick roller 31. In 
other Words, a central axis of the separator roller 41 is set up 
along the stacking surface 21 and also in a direction perpen 
dicular to the feeding direction of the sheet S. In addition, the 
separator roller 41 is set up in such a Way that the central axis 
of the separator roller 41 is located on the side of the bottom 
surface of the sheet stacking table 2, and an outer circumfer 
ential surface of the separator roller 41 is exposed at the 
stacking surface 21. To doWnsiZe the sheet feeding device 1, 
the separator roller 41 is also connected to the drive motor 32 
via a transmission gear (not shoWn) and a belt (not shoWn), 
and driven to rotate around the central axis as a rotating center 
by the application of the rotation drive force from the drive 
motor 32. In other Words, the pick roller 31 and the separator 
roller 41 share the drive motor 32. Alternatively, it is also 
possible to provide another drive motor for driving the sepa 
rator roller 41 separately. In the same manner as the pick roller 
3 1, the separator roller 41 is driven to rotate in such a direction 
that the outer circumferential surface of the separator roller 41 
moves to the side of the conveying unit 100 at the stacking 
surface 21 (in a clockWise direction as indicated by an arroW 
shoWn in FIG. 2). 
The brake roller 42 has a cylindrical shape of substantially 

the same length as that of the separator roller 41. In the same 
manner as the separator roller 41, a central axis of the brake 
roller 42 is set up to intersect With the feeding direction of the 
sheet S, i.e., along the Width direction of the sheet S. The 
brake roller 42 is arranged on the side of the stacking surface 
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21 to be opposed to the separator roller 41 With having contact 
With the separator roller 41, and biased towards the separator 
roller 41 by a biasing unit (not shoWn). By a rotation trans 
mission from the separator roller 41, the brake roller 42 
rotates around the central axis as a rotating shaft in accor 
dance With the rotation of the separator roller 41 in such a 
direction that an outer circumferential surface of the brake 
roller 42 moves to the side of the conveying unit 100 at a 
contact portion Where the brake roller 42 has contact With the 
separator roller 41. 
The control unit 5 is electrically connected to the drive 

motor 32, an empty sensor 61, and a top sensor 62. The empty 
sensor 61 is arranged betWeen the pick roller 31 and the 
separator roller 41 in the side close to the pick roller 31. The 
empty sensor 61 detects Whether there is any sheet S Which 
trailing edge is located in the upstream side of the pick roller 
31 on the stacking surface 21. Speci?cally, the empty sensor 
61 detects Whether there is any sheet S on the stacking surface 
21 by detecting a leading edge (an edge in the doWnstream 
side of the feeding direction) of the sheet S Which trailing 
edge (edge in the upstream side of the feeding direction) is 
located in the upstream side of the pick roller 31. The top 
sensor 62 is arranged betWeen the separator roller 41 and the 
drive roller 101. The top sensor 62 detects Whether there is 
any sheet S located in the doWnstream side of the separating 
unit 4. The empty sensor 61 and the top sensor 62 respectively 
transmit a signal indicating a result of the detection to the 
control unit 5. As the empty sensor 61 and the top sensor 62, 
a photo sensor using an infrared radiation or the like is 
employed in the embodiment. Alternatively, for example, an 
ultrasonic sensor can be employed instead of the photo sen 
sor. 

As the pick roller 31 is driven to rotate in the pick direction 
(in the clockWise direction as indicated by the arroW shoWn in 
FIG. 2), the bottommost sheet S is picked from the sheets S 
stacked on the stacking surface 21 by the outer circumferen 
tial surface of the pick roller 31, and fed toWards the convey 
ing unit 100. When the bottommost sheet S is fed by the pick 
roller 31, it may happen that a sheet S other than the bottom 
most sheet S (for example, a sheet S on top of the bottommost 
sheet S) is also fed to the separator roller 41 along With the 
bottommost sheet S due to a frictional force generated 
betWeen the sheets S in accordance With the feed of the 
bottommost sheet S. In this case, the sheet S fed along With 
the bottommost sheet S can be separated from the bottom 
most sheet S by the separator roller 41 and the brake roller 42. 

Namely, While a leading edge of the bottommost sheet S is 
held betWeen the separator roller 41 and the brake roller 42, 
the sheet S fed along With the bottommost sheet S is blocked 
not to be fed in the doWnstream side of the feeding direction 
by having contact With the brake roller 42, so that the sheet S 
fed along With the bottommost sheet S is stopped at the 
upstream side of the brake roller 42. After the bottommost 
sheet S is fed to the doWnstream side of the separator roller 41 
and the brake roller 42 in accordance With the rotation of the 
separator roller 41, a leading edge of the sheet S stopped at the 
upstream side of the brake roller 42 is held betWeen the 
separator roller 41 and the brake roller 42, and then fed to the 
doWnstream side of the separator roller 41 and the brake roller 
42 in accordance With the rotation of the separator roller 41. 
In this manner, the sheet S fed along With the bottommost 
sheet S is separated from the bottommost sheet S by the 
separator roller 41 and the brake roller 42, and only the 
bottommost sheet S is fed toWards the conveying unit 100. 

In the above embodiment, the brake roller 42 is biased 
toWards the separator roller 41 by the biasing unit (not 
shoWn). Alternatively, the brake roller 42 can be driven to 
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6 
rotate in a direction opposite to the rotating direction of the 
separator roller 41 instead of providing the biasing unit. 

FIG. 3 is an overhead vieW of the sheet feeding device 1. As 
shoWn in FIG. 3, When some sheets S are corner-stapled and 
mistakenly stacked on the stacking surface 21, if the corner 
stapled sheets S are fed by the feeding unit 3 even though a 
movement of the corner-stapled sheets is limited due to a 
stapled portion Sta, the corner-stapled sheets S are skeWed 
With respect to the feeding direction because the corner 
stapled sheets S rotate around the stapled portion Sta. As a 
result, it may cause a damage on the stapled sheets S because 
the stapled sheets S are folded and bent, or it may occur a feed 
error, so-called a jam, in the separating unit 4. Such a skeW of 
the sheets S may occur not only When a plurality of sheets S 
is stapled but also, for example, When a sheet S While being 
fed is caught on something else. 

To prevent such problems, a left-side encoder 71 and a 
right-side encoder 72 as moving-amount detecting units, and 
a skeW detecting unit 54 are provided to the sheet feeding 
device 1. The left-side encoder 71 and the right-side encoder 
72 respectively detect a moving amount of the sheet S fed by 
the feeding unit 3 at a plurality of points in the Width direction 
of the sheet S. The skeW detecting unit 54 detects a skeW of the 
sheet S While being fed based on the moving amounts 
detected by the left-side encoder 71 and the right-side 
encoder 72. 
As the left-side encoder 71 and the right-side encoder 72, a 

rotary encoder is employed in the embodiment. As shoWn in 
FIG. 2, the left-side encoder 71 and the right-side encoder 72 
respectively include an encode disk 73 as a disk-shaped rota 
tional body. An encode pattern 74 is formed on side surfaces 
of the encode disk 73 along its circumference. The encode 
pattern 74 is composed of a plurality of slits 75 that are 
radially arranged at predetermined intervals along the cir 
cumference. The encode disks 73 of the left-side encoder 71 
and the right-side encoder 72 are arranged in the doWnstream 
side of the pick roller 31 and also in the upstream side of the 
separator roller 41 in the feeding direction. The encode disks 
73 of the left-side encoder 71 is arranged on the left side of a 
Width centerline C1 of the sheet S vieWed from the side of the 
stacking surface 21 to the doWnstream side of the feeding 
direction. On the other hand, the encode disks 73 of the 
right-side encoder 72 is arranged on the right side of the Width 
centerline C1 vieWed from the side of the stacking surface 21 
to the doWnstream side of the feeding direction. At this time, 
it is assumed that the sheet S is stacked on the stacking surface 
21 properly, i.e., in such a Way that the Width of the sheet S is 
set up perpendicular to the feeding direction. In addition, the 
encode disks 73 are symmetrically arranged across the Width 
centerline C1 along the Width direction of the sheet S. 
The sheet feeding device 1 shoWn in FIG. 3 is vieWed from 

the side of the pick roller 31 toWards the doWnstream side of 
the feeding direction. Therefore, in the sheet feeding device 1 
shoWn in FIG. 3, the left-side encoder 71 is depicted on the 
right side of the Width centerline C1, and the right-side 
encoder 72 is depicted on the left side of the Width centerline 
C1. Incidentally, the pick roller 3 1, the separator roller 41, and 
the brake roller 42 are arranged on the Width centerline C1. 

Each of the encode disks 73 is arranged substantially par 
allel to the pick roller 31 and the separator roller 41. In other 
Words, a central axis of each of the encode disks 73 is set up 
along the stacking surface 21 and also in a direction perpen 
dicular to the feeding direction of the sheet S. In addition, 
each of the encode disks 73 is set up in such a Way that the 
central axis of the encode disk 73 is located on the side of the 
bottom surface of the sheet stacking table 2, and an outer 
circumferential surface of the encode disk 73 is exposed at the 
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stacking surface 21. When the sheet S is fed to the separator 
roller 41 by the pick roller 31, the outer circumferential sur 
faces of the encode disks 73 have contact With the sheet S, so 
that in accordance With the movement of the sheet S, each of 
the encode disks 73 having contact With the sheet S rotates 
around the central axis as a rotating shaft in a clockWise 
direction as indicated by an arroW shoWn in FIG. 2. 
A light emitting unit (not shoWn) such as a light-emitting 

diode and a light receiving unit (not shoWn) such as a photo 
transistor are provided on both sides of the encode disk 73. 
When a light emitted from the light emitting unit passes 
through the slits 75, the light receiving unit can receive the 
light. On the other hand, When a light emitted from the light 
emitting unit is blocked by a portion other than the slits 75, the 
light receiving unit cannot receive the light. The light is 
blocked or passes through the slits 75 in accordance With the 
rotation of the encode disk 73. Consequently, the left-side 
encoder 71 and the right-side encoder 72 can detect an elec 
trical pulse signal corresponding to a rotational displacement 
or an angular rate of the encode disk 73 depending on Whether 
the light receiving unit receives the light emitted from the 
light emitting unit in accordance With the rotation of the 
encode disk 73, i.e., based on the encode pattern 74 composed 
of the slits 75. 

The left-side encoder 71 and the right-side encoder 72 
respectively detect a moving amount of the sheet S by detect 
ing a rotational displacement of each of the encode disks 73 
because each of the encode disks 73 rotates in accordance 
With the movement of the sheet S, so that the rotational 
displacement of each of the encode disks 73 corresponds to 
the moving amount of the sheet S. Therefore, the left-side 
encoder 71 and the right-side encoder 72 can detect the mov 
ing amounts of the sheet S because each of the encode disks 
73 rotates by having contact With the sheet S in accordance 
With the movement of the sheet S. The left-side encoder 71 
and the right-side encoder 72 are electrically connected to the 
control unit 5, and respectively transmit a pulse signal corre 
sponding to the rotation of each of the encode disks 73 to the 
control unit 5. 

FIG. 4 is an example of output pulse Waveforms of pulse 
signals output from the left-side encoder 71 and the right-side 
encoder 72. Pulse Widths ale? and ble? of the output pulse 
Waveform of the pulse signal output from the left-side 
encoder 71 and pulse Widths an-ght and bug,” of the output 
pulse Waveform of the pulse signal output from the right-side 
encoder 72 are inversely proportional to a moving rate of the 
sheet S relative to each of the encode disks 73. Namely, as the 
moving rate of the sheet S increases, i.e., as a rotation rate of 
each of the encode disks 73 increases, an interval betWeen a 
light passage and a light blockage by the encode pattern 74 is 
shortened, and thus a pulse Width of the output pulse Wave 
form narroWs (for example, see the pulse Widths ale?, an-ght, 
and bright shoWn in FIG. 4). On the other hand, as the rotation 
rate of each of the encode disks 73 decreases, the interval of 
the light passage and the light blockage is lengthened, and 
thus a pulse Width of the output pulse Waveform Widens (for 
example, see the pulse Width b left shoWn in FIG. 4). 

In other Words, as the moving rate of the sheet S increases, 
a moving amount of the sheet S per unit time increases. 
Therefore, as the moving amount of the sheet S increases, the 
rotation rate of each of the encode disks 73 increases, and thus 
the pulse Width narroWs. On the other hand, as the moving 
amount of the sheet S decreases, the rotation rate of each of 
the encode disks 73 decreases, and thus the pulse Width Wid 
ens. Consequently, it indicates that the moving amount of the 
sheet S increases in an area in Which the pulse Width of the 
output pulse Waveform narroWs, conversely, the moving 
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8 
amount of the sheet S decreases in an area in Which the pulse 
Width of the output pulse Waveform Widens. 
As described above, the encode disks 73 of the left-side 

encoder 71 and the encode disks 73 of the right-side encoder 
72 are respectively arranged on the left side and the right side 
of the Width centerline C1 of the sheet S properly-stacked on 
the stacking surface 21 in the Width direction as vieWed from 
the side of the stacking surface 21 to the doWnstream side of 
the feeding direction. Therefore, the left-side encoder 71 
detects a moving amount of the sheet S on the left side of the 
Width centerline C1 in the Width direction, and transmits a 
pulse signal corresponding to the detected moving amount to 
the control unit 5. On the other hand, the right-side encoder 72 
detects a moving amount of the sheet S on the right side of the 
Width centerline C1 in the Width direction, and transmits a 
pulse signal corresponding to the detected moving amount to 
the control unit 5. Speci?cally, the encode disk 73 of the 
left-side encoder 71 and the encode disk 73 of the right-side 
encoder 72 are symmetrically arranged across the Width cen 
terline C1 along the Width direction, so that the encode disk 
73 of the left-side encoder 71 and the encode disk 73 of the 
right-side encoder 72 respectively detect a moving amount of 
the sheet S at a symmetrical position on each side of the Width 
centerline C1. 

Furthermore, both the encode disks 73 of the left-side 
encoder 71 and the right-side encoder 72 rotate by having 
contact With the sheet S in accordance With the movement of 
the sheet S, and the left-side encoder 71 and the right-side 
encoder 72 respectively detect a moving amount of the sheet 
S based on the encode pattern 74 formed on each of the 
encode disks 73. Therefore, as the sheet S moves in the 
feeding direction relative to each of the encode disks 73, the 
left-side encoder 71 and the right-side encoder 72 respec 
tively can detect the moving amount of the sheet S in Whole 
area of the sheet S along the feeding direction. 
The left-side encoder 71 and the right-side encoder 72 are 

preferred to be arranged Within a feed area in Which the 
available minimum siZe of the sheet S is fed by the feeding 
unit 3. Namely, the left-side encoder 71 and the right-side 
encoder 72 are preferred to be arranged Within an area 
depending on the minimum siZe of the sheet S that can be fed 
by the feeding unit 3 so that the left-side encoder 71 and the 
right-side encoder 72 can detect moving amounts of both 
edges of the sheet S having the minimum Width in the Width 
direction. Thus, even in a case of the sheet S of the minimum 
siZe that can be fed by the sheet feeding device 1, the left-side 
encoder 71 and the right-side encoder 72 can respectively 
detect a moving amount of the sheet S. 
The control unit 5 is a computer such as a personal com 

puter. As shoWn in FIG. 1, the control unit 5 includes a 
processing unit 51, a storing unit 52, and an input/ output (I/ O) 
unit 53. The processing unit 51 and the storing unit 52 are 
connected to each other. The processing unit 51 is further 
connected to the drive motor 32, the empty sensor 61, the top 
sensor 62, the left-side encoder 71, and the right-side encoder 
72 via the l/ O unit 53. 
The storing unit 52 stores therein a computer softWare 

program causing to execute a sheet damage preventing pro 
cess including a skeW detecting process With a sheet damage 
preventing method including a skeW detecting method 
according to the present invention. The storing unit 52 is 
composed of any one or a combination of a hard disk device, 
a magneto-optical disk device, a nonvolatile memory (a read 
only memory medium) such as a compact disk read-only 
memory (CD-ROM) or a ?ash memory, and a volatile 
memory such as a random access memory (RAM). 
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The computer software program can be combined with 
other computer software program, which is stored in a com 
puter system in advance, so as to execute the sheet damage 
preventing process including the skew detecting process. 
Alternatively, the computer software program capable of 
exercising a function of the processing unit 51 can be stored 
in a computer-readable recording medium so that the com 
puter system reads the computer software program from the 
recording medium to execute the sheet damage preventing 
process including the skew detecting process. Incidentally, it 
is assumed that the “computer system” includes hardware 
such as an operating system (OS) and a peripheral device. The 
storing unit 52 can be built in the processing unit 51 or 
included in other devices (for example, a database server). 

The processing unit 51 includes a memory (not shown) and 
a central processing unit (CPU) (not shown). When the sheet 
damage preventing process including the skew detecting pro 
cess is executed, the processing unit 51 calculates by reading 
the computer software program into the memory included in 
the processing unit 51 in accordance with predetermined 
procedures of the sheet damage preventing method including 
the skew detecting method. At this time, the processing unit 
51 arbitrarily stores a calculated value obtained in midstream 
of the calculation in the storing unit 52, and keeps performing 
the calculation with the value fetched out from the storing unit 
52 . Alternatively, such a function of the processing unit 51 can 
be exercised with a dedicated hardware instead of the com 
puter software program. 

The processing unit 51 includes the skew detecting unit 54, 
a deviation calculating unit 55, a feed stop unit 56, and a pulse 
counting unit 57. As described above, the skew detecting unit 
54 detects a skew of the sheet S based on moving amounts of 
the sheet S detected by the left-side encoder 71 and the right 
side encoder 72. 
The pulse counting unit 57 counts the number of pulses of 

each of output pulse waveforms of pulse signals output from 
the left-side encoder 71 and the right-side encoder 72. The 
number of pulses counted by the pulse counting unit 57 cor 
responds to a moving amount of the sheet S. Therefore, when 
the pulse width of the output pulse waveform narrows, the 
number of pulses counted per unit time increases, so that a 
moving amount of the sheet S increases when the number of 
pulses relatively increases. On the other hand, when the pulse 
width of the output pulse waveform widens, the number of 
pulses counted per unit time decreases, so that a moving 
amount of the sheet S decreases when the number of pulses 
relatively decreases. The pulse counting unit 57 counts the 
number of pulses depending on changes in a rising edge and 
a falling edge of the output pulse waveform. The skew detect 
ing unit 54 detects a skew of the sheet S based on a result of 
the counting by the pulse counting unit 57, i.e., the number of 
pulses corresponding to the moving amount of the sheet S. 

The deviation calculating unit 55 calculates a deviation of 
the number of pulses counted by the pulse counting unit 57 
based on each of the moving amounts detected by the left-side 
encoder 71 and the right-side encoder 72. A deviation 
between the number of pulses corresponding to the moving 
amount detected by the left-side encoder 71 and the number 
of pulses corresponding to the moving amount detected by the 
right-side encoder 72 is used as a standard value, i.e., a value 
indicating a deviation and a displacement of an edge of the 
sheet S with respect to the other edge of the sheet S. In this 
case, the deviation calculating unit 55 calculates an absolute 
value of a difference between the number of pulses as the 
deviation. Therefore, as the deviation calculated by the devia 
tion calculating unit 55 increases, a difference between the 
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10 
moving amounts of the sheet S detected by the left-side 
encoder 71 and the right-side encoder 72 increases. 
When either one of the left-side encoder 71 and the right 

side encoder 72 does not detect a moving amount of the sheet 
S, and also a moving amount of the sheet S detected by the 
other encoder is equal to or larger than a threshold Th1 for 
determining a skew of a leading edge of the sheet S, the skew 
detecting unit 54 detects a skew of a leading edge of the sheet 
S. The skew of a leading edge of the sheet S occurs in such a 
case that the sheet S is set up askew on the stacking surface 21 
from the beginning. Such a skew is referred to as a leading 
edge skew. In addition, when a deviation calculated by the 
deviation calculating unit 55 is equal to or larger than a 
threshold Th2 for determining a cumulative skew, the skew 
detecting unit 54 detects a skew of the sheet S while being fed 
by the feeding unit 3. The skew of the sheet S while being fed 
occurs in such a case that corner-stapled sheets S are mistak 

enly fed, and rotate around a stapled portion Sta or are 
deformed while the corner-stapled sheets S are fed, though 
the corner-stapled sheets S are set up properly on the stacking 
surface 21. Such a skew is referred to as a cumulative skew. In 
either case of the leading edge skew or the cumulative skew, 
if the skewed sheet S is kept being fed, it may cause a damage 
on the sheet S or a feed error, so-called a jam. Therefore, when 
the skew detecting unit 54 detects a skew of the sheet S, the 
feed stop unit 56 stops rotation of the pick roller 31 and the 
separator roller 41 by controlling the drive motor 32 so as to 
stop feeding the sheet S. Consequently, it is possible to pre 
vent an occurrence of a damage on the sheet S or a jam. 

Incidentally, the threshold Th1 can be suitably set depend 
ing on a degree of the skew allowable by the sheet feeding 
device 1, and the threshold Th2 can be suitably set within a 
range in which a rotation or a deformation of the sheet S can 
be detected depending on, for example, positions of the left 
side encoder 71 and the right-side encoder 72. 
The sheet damage preventing process including the skew 

detecting process performed by the sheet feeding device 1 is 
explained in detail below with reference to a ?owchart shown 
in FIG. 5. When the control unit 5 causes the drive motor 32 
to start driving, and the sheet feeding device 1 starts feeding 
a sheet S, the pulse counting unit 57 clears all of pulse count 
values Pie/(H, Pn-ghH, PM”, and Pngm2 (Step S100). The 
pulse count values Plefpl and Plefp2 are respectively the ?rst 
and second pulse count values of an output pulse waveform of 
a pulse signal output from the left-side encoder 71. The pulse 
count values Prighpl and Prighp2 are respectively the ?rst and 
second pulse count values of an output pulse waveform of a 
pulse signal output from the right-side encoder 72. 
The control unit 5 determines whether the sheet S is 

detected by the empty sensor 61 (Step S102). If the control 
unit 5 determines that the sheet S is not detected by the empty 
sensor 61 (NO at Step S102), i.e., if the control unit 5 deter 
mines that no sheet S is stacked on the stacking surface 21, the 
process is terminated. On the other hand, if the control unit 5 
determines that the sheet S is detected by the empty sensor 61 
(YES at Step S102), i.e., if the control unit 5 determines that 
the sheet S is stacked on the stacking surface 21, as a ?rst 
moving-amount detecting step, the pulse counting unit 57 
starts counting the number of the ?rst pulses of each of output 
pulse waveforms of pulse signals output from the left-side 
encoder 71 and the right-side encoder 72 in accordance with 
the feed of the sheet S by the feeding unit 3 so as to obtain the 
?rst pulse count values Plefpl and Pn-ght_l (Step S104). For 
example, each of the ?rst pulse count values Plefp 1 and Pngm 1 
is incremented by one every time a rising edge is detected in 
each of the output pulse waveforms. 
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Then, as a ?rst skew detecting step, the skeW detecting unit 
54 determines Whether “PZe?_l§Th1 and P?ghp 1:0” or 
“PZe?_l:0 and Pn-gml ZThl” is satis?ed (Step S106). In other 
Words, the skeW detecting unit 54 determines Whether either 
one of the left-side encoder 71 and the right-side encoder 72 
does not detect any movement of the sheet S, and also the 
number of pulses corresponding to a moving amount of the 
sheet S detected by the other encoder is equal to or larger than 
the threshold Th1. 
When the sheet S is set up properly on the stacking surface 

21, i.e., When the sheet S is set up in such a Way that the actual 
Width direction of the sheet S is perpendicular to the feeding 
direction, and fed by the feeding unit 3, both the encode disks 
73 of the left-side encoder 71 and the right-side encoder 72 
start rotating almost simultaneously by having contact With 
the sheet S. HoWever, if the sheet S is set up askeW on the 
stacking surface 21 from the beginning, a leading edge (an 
edge in the doWnstream side of the feeding direction) of the 
sheet S is tilted at a predetermined angle With respect to the 
Width direction perpendicular to the feeding direction. In this 
condition, When the sheet S is fed by the feeding unit 3, either 
one of the encode disks 73 starts rotating in advance of the 
other encode disk 73, and then the other encode disk 73 starts 
rotating late. The longer time it takes from When one of the 
encode disks 73 starts rotating in advance till When the other 
encode disk 73 starts rotating late, the more the leading edge 
of the sheet S is tilted With respect to the Width direction. 
Namely, When either one of the encode disks 73 does not 
rotate, i.e., When either one of the ?rst pulse count values 
Plefp l and Pnghp 1 remains at Zero, if the other ?rst pulse count 
value becomes equal to or larger than the threshold Th1 in 
accordance With the rotation of the other encode disk 73, it 
indicates that the leading edge of the sheet S is tilted at an 
angle exceeding an acceptable range With respect to the Width 
direction, so that the skeW detecting unit 54 can detect a 
leading edge skeW of the sheet S. 

Therefore, if the skeW detecting unit 54 determines that 
“PZe?_1§Th1 and P?ght_l:0” or “Pie/$50 and P,ight_l§Th1” 
is satis?ed (YES at Step S106), i.e., if the leading edge of the 
sheet S is tilted at an angle exceeding the acceptable range 
With respect to the Width direction, the skeW detecting unit 54 
detects a leading edge skeW of the sheet S, and the feed stop 
unit 56 causes the pick roller 31 and the separator roller 41 to 
stop rotating by controlling the drive motor 32 so as to stop 
feeding the sheet S, as a feed stop step (Step S108), and then 
the process is terminated. Consequently, it is possible to pre 
vent an occurrence of a damage on the sheet S or a jam. 
On the other hand, if the skeW detecting unit 54 determines 

that “PZe?_1§Th1 and P,ight_1:0” or “Pzefp 1:0 and 
P?ght_l§Th1” is not satis?ed (NO at Step S106), i.e., When 
both of the encode disks 73 start rotating, it indicates that the 
leading edge of the sheet S is tilted at an angle Within the 
acceptable range With respect to the Width direction, so that 
the feeding unit 3 keeps feeding the sheet S, and the pulse 
counting unit 57 stops counting the number of the ?rst pulses 
for the pulse count values Pie/{Fl and P?ghpl (Step S110), and 
starts counting the number of the second pulses to obtain the 
second pulse count values Plefp2 and Pugh”, as a second 
moving-amount detecting step (Step S112). 

The deviation calculating unit 55 calculates an absolute 
value of a difference betWeen the second pulse count values 
Plefp2 and Pngm2 as a deviation, and the skeW detecting unit 
54 determines Whether “|PZe?_2—P,ight_2 | ZTh2” is satis?ed, as 
a second skeW detecting step (Step S114). In other Words, the 
skeW detecting unit 54 determines Whether the deviation cal 
culated by the deviation calculating unit 55 is equal to or 
larger than the threshold Th2. 
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12 
For example, as shoWn in FIG. 3, When corner-stapled 

sheets S are mistakenly set up on the stacking surface 21, and 
fed to the separating unit 4 by the feeding unit 3, and the 
bottommost sheet S of the corner-stapled sheets S is going to 
be separated from the other sheets S by the separating unit 4, 
the corner-stapled sheets S rotate around a stapled portion Sta 
in a clockWise direction as indicated by an arroW shoWn in 
FIG. 3 due to the stapling. In this case, the left-side encoder 71 
detects a moving amount of the sheets S at a nearer point to a 
rotating center of the sheets S, i.e., the stapled portion Sta as 
compared With a point Where the right-side encoder 72 
detects a moving amount of the sheets S, so that a rotation 
radius of the sheets S at the point Where the left-side encoder 
71 detects the moving amount of the sheets S is relatively 
smaller than that is at the point Where the right-side encoder 
72 detects the moving amount of the sheet S. Therefore, the 
moving amount of the sheet S detected by the left-side 
encoder 71 is smaller than that is detected by the right-side 
encoder 72 (or the moving amount of the sheet S detected by 
the left-side encoder 71 is virtually Zero). 

Consequently, as shoWn in FIG. 4, in an area A in Which the 
corner-stapled sheets S are fed properly, the pulse Widths ale? 
and a?ght of the output pulse Waveforms of the left-side 
encoder 71 and the right-side encoder 72 are almost the same 
Width. On the other hand, in an area B in Which the corner 
stapled sheets S start rotating because the corner-stapled 
sheets S reach the separating unit 4, the pulse Width ble? of the 
output pulse Waveform of the left-side encoder 71 relatively 
Widens, and the pulse Width bn-ght of the output pulse Wave 
form of the right-side encoder 72 relatively narroWs. As a 
result of the counting by the pulse counting unit 57, the 
second pulse count value Pngm2 is larger than the second 
pulse count value Plefp2 (i.e., the second pulse count value 
Plefp2 is smaller than the second pulse count value Pn-ghpz). If 
an absolute value of a difference betWeen the second pulse 
count values Plefp2 and Pn-ght_2 is equal to or larger than the 
threshold Th2, it indicates that a rotation amount of the sheets 
S exceeds an acceptable range, so that the skeW detecting unit 
54 detects a cumulative skeW, i.e., a skeW of the sheets S 
occurred While the sheets S are fed. 
The ?rst moving-amount detecting step (Step S104), the 

?rst skeW detecting step (Step S106), the second moving 
amount detecting step (Step S112), and the second skeW 
detecting step (Step S114) correspond to the skeW detecting 
process With the skeW detecting method according to the 
present invention. 

In the case explained above, the corner-stapled sheets S are 
skeWed in the separating unit 4. For example, in a case Where 
a sheet S is deformed because the sheet S While being fed is 
caught on something else, moving amounts of the sheet S 
detected by the left-side encoder 71 and the right-side 
encoder 72 are different from each other, so that in the same 
manner as the case above, it is also possible to detect a skeW 
due to the deformation of the sheet S. 

In this case, if the skeW detecting unit 54 determines that 
“|PZe?_2—P,ight_2| ZTh2” is satis?ed (YES at Step S114), i.e., if 
a difference betWeen the moving amounts of the sheet S 
detected by the left-side encoder 71 and the right-side 
encoder 72 exceeds the acceptable range, the skeW detecting 
unit 54 detects a cumulative skeW of the sheet S, and the feed 
stop unit 56 causes the pick roller 31 and the separator roller 
41 to stop rotating by controlling the drive motor 32 so as to 
stop feeding the sheet S, as the feed stop step (Step S116), and 
then the process is terminated. Consequently, it is possible to 
prevent an occurrence of a damage on the sheet S or a jam. 

If the skeW detecting unit 54 determines that “|PZe?_2— 
P 2|§Th2” is not satis?ed (NO at Step S114), i.e., ifa right 
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difference between the moving amounts of the sheet S 
detected by the left-side encoder 71 and the right-side 
encoder 72 is Within the acceptable range, the control unit 5 
determines Whether the sheet S is detected by the top sensor 
62 (Step S118). If the control unit 5 determines that the sheet 
S is detected by the top sensor 62 (YES at Step S118), i.e., if 
a trailing edge of the sheet S does not yet pass through the top 
sensor 62, the determination at Step S118 is repeated until no 
sheet S is detected by the top sensor 62. On the other hand, if 
the control unit 5 determines that no sheet S is detected by the 
top sensor 62 (NO at Step S118), the pulse counting unit 57 
stops counting the number of the second pulses for the second 
pulse count values Plefp2 and Pngm2 (Step S120), and the 
process control returns to Step S100 so that the process is 
repeatedly performed. 
As explained at steps S118 and S120, in the present 

embodiment, When the trailing edge of the sheet S passes 
through the top sensor 62, the pulse counting unit 57 stops 
counting for the second pulse count values Plefp2 and Pugh”, 
so that an interval betWeen the top sensor 62 and the empty 
sensor 61 in the feeding direction is preferred to be set up so 
as to obtain the su?iciently-large second pulse count values 
Plefp2 and Prighm. As a result, the difference betWeen the 
second pulse count values Plefp2 and Pngm2 can increase, and 
the difference gets clearer. Consequently, it is possible to 
detect a skeW more precisely. 

Furthermore, the encode disks 73 of the left-side encoder 
71 and the right-side encoder 72 are respectively arranged on 
the left and right sides across the Width centerline C1 of the 
sheet S, so that When the sheet S is skeWed, a difference 
betWeen moving amounts of the sheet S detected by the 
left-side encoder 71 and the right-side encoder 72 relatively 
increases, for example, as compared With a case Where the 
left-side encoder 71 and the right-side encoder 72 are 
arranged on the same side. 

In this manner, the sheet feeding device 1 according to the 
present embodiment includes the feeding unit 3 that feeds a 
sheet S, the left-side encoder 71 and the right-side encoder 72 
that respectively detect a moving amount of the sheet S fed by 
the feeding unit 3 at a plurality of points in the Width direction 
of the sheet S, and the skeW detecting unit 54 that detects a 
skeW of the sheet S based on the moving amounts of the sheet 
S detected by the left-side encoder 71 and the right-side 
encoder 72. 

Furthermore, the skeW detecting method according to the 
present embodiment includes the moving-amount detecting 
step (steps S104 and S112) of detecting moving amounts of 
the sheet S at a plurality of points in the Width direction of the 
sheet S and the skeW detecting step (steps S106 and S114) of 
detecting a skeW of the sheet S based on the moving amounts 
detected at the moving-amount detecting step (steps S104 and 
S112). 

Speci?cally, at the moving-amount detecting step, the left 
side encoder 71 and the right-side encoder 72 respectively 
detect a moving amount of the sheet S fed by the feeding unit 
3 at tWo points in the Width direction, and the skeW detecting 
unit 54 detects a skeW of the sheet S based on the moving 
amounts of the sheet S. At the skeW detecting step, for 
example, due to a rotation or a deformation of the sheet S, if 
moving amounts of the sheet S detected at tWo points in the 
Width direction are different from each other, a skeW of the 
sheet S is detected. Therefore, even after a leading edge of the 
sheet S passes through the left-side encoder 71 and the right 
side encoder 72, it is possible to detect a skeW of the sheet S 
occurred While the sheet S is fed. 

Furthermore, for example, When a skeW of sheets is 
detected by detecting a skeW pressure generated by a limit of 
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14 
a movement of the sheets due to a stapling and a sheet sepa 
rating action acted on the sheets in the separating unit, it may 
fail to detect the skeW of the sheets except for a speci?c type 
of the sheet because the skeW pressure varies depending on a 
thickness of the sheet. HoWever, the sheet feeding device 1 
according to the present embodiment detects a skeW of the 
sheets S based on not the skeW pressure but moving amounts 
of the sheets S, so that it is possible to detect a skeW of the 
sheet S precisely regardless of a thickness or a siZe of the sheet 
S. 

Furthermore, in the sheet feeding device 1 according to the 
present embodiment, the left-side encoder 71 and the right 
side encoder 72 respectively include the disk-shaped encode 
disk 73 that rotates in accordance With the movement of the 
sheet S by having contact With the sheet S, and detect a 
moving amount of the sheet S With the encode pattern 74 
formed on the encode disk 73 along its circumference. There 
fore, the sheet S moves in the feeding direction relative to 
each of the encode disks 73, so that the left-side encoder 71 
and the right-side encoder 72 can detect a moving amount of 
the sheet S in Whole area of the sheet S along the feeding 
direction. 

Moreover, the sheet feeding device 1 according to the 
present embodiment further includes the pulse counting unit 
57 that counts the number of output pulses from each of the 
left-side encoder 71 and the right-side encoder 72. The skeW 
detecting unit 54 detects a skeW of the sheet S based on the 
pulse count values Pie/$1, Prigm l, Pie/(F2, and Prighp2 as a result 
of the counting by the pulse counting unit 57. As the moving 
amount of the sheet S decreases, the pulse Width of the output 
pulse Waveform of each of pulse signals output from the 
left-side encoder 71 and the right-side encoder 72 Widens, so 
that the number of pulses decreases. On the other hand, as the 
moving amount of the sheet S increases, the pulse Width of the 
output pulse Waveform narroWs, so that the number of pulses 
increases. Therefore, the number of pulses of each of the 
output pulse Waveforms counted by the pulse counting unit 57 
can be used as the moving amount of the sheet S because the 
moving amount of the sheet S corresponds to the number of 
pulses. Consequently, the skeW detecting unit 54 can detect a 
skeW of the sheet S based on the pulse count values Plefp 1, 
Pr'ight-l’ PZeft-Z’ and Pright-2' 

Furthermore, in the sheet feeding device 1 according to the 
present embodiment, the left-side encoder 71 and the right 
side encoder 72 are respectively arranged on the left and right 
sides across the Width centerline C1 of the sheet S, i.e., the 
encode disks 73 of the left-side encoder 71 and the right-side 
encoder 72 are respectively arranged on the left and right 
sides across the Width centerline C1. Therefore, When the 
sheet S is skeWed, a difference betWeen moving amounts of 
the sheet S detected by the left-side encoder 71 and the right 
side encoder 72 relatively increases, and thus it is possible to 
detect the skeW of the sheet S more precisely. 

Moreover, in the sheet feeding device 1 according to the 
present embodiment, the left-side encoder 71 and the right 
side encoder 72 can detect at least moving amounts of both 
edges of the sheet S of the minimum siZe that can be fed by the 
feeding unit 3 in the Width direction. Therefore, even in a case 
of the sheet S of the minimum siZe that can be fed by the sheet 
feeding device 1, the sheet feeding device 1 can reliably 
detect a skeW of the sheet S occurred While the sheet S is fed. 

Furthermore, the sheet feeding device 1 according to the 
present embodiment includes the deviation calculating unit 
55 that calculates a deviation betWeen moving amounts of the 
sheet S detected by the left-side encoder 71 and the right-side 
encoder 72. The skeW detecting unit 54 detects a skeW of the 
sheet S based on the deviation. Therefore, it is possible to 
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detect a skew of the sheet S depending on Whether moving 
amounts of the sheet S detected at tWo points in the Width 
direction of the sheet S Widely differ from each other. 

Moreover, in the sheet feeding device 1 according to the 
present embodiment, When the deviation calculated by the 
deviation calculating unit 55 is equal to or larger than the 
threshold Th2 for determining a cumulative skeW, the skeW 
detecting unit 54 detects a skeW of the sheet S While being fed 
by the feeding unit 3. Therefore, When a difference betWeen 
the moving amounts of the sheet S detected by the left-side 
encoder 71 and the right-side encoder 72 exceeds the accept 
able range, the skeW detecting unit 54 can detect a cumulative 
skeW, i.e., a skeW of the sheet S While being fed. 

Furthermore, the sheet feeding device 1 according to the 
present embodiment includes the sheet stacking table 2 on 
Which sheets S are stacked and the separating unit 4 that 
separates the sheets S fed from the sheet stacking table 2 by 
the feeding unit 3 one by one. The encode disks 73 of the 
left-side encoder 71 and the right-side encoder 72 are 
arranged in the upstream side of the separating unit 4 in the 
feeding direction of the sheet S, so that the left-side encoder 
71 and the right-side encoder 72 can respectively detect a 
moving amount of the sheet S in the upstream side of the 
separating unit 4 Where it may easily cause a damage on the 
sheet S if a skeW of the sheet S occurs. Therefore, it is possible 
to detect a skeW of the sheet S While being fed before the sheet 
S reaches the separating unit 4. 

Moreover, in the sheet feeding device 1 according to the 
present embodiment, the encode disks 73 of the left-side 
encoder 71 and the right-side encoder 72 are arranged in the 
downstream side of the feeding unit 3 in the feeding direction 
of the sheet S. Therefore, it is possible to detect a tilt of a 
leading edge (an edge in the doWnstream side of the feeding 
direction) of the sheet S With respect to the Width direction 
based on moving amounts of the sheet S detected by the 
left-side encoder 71 and the right-side encoder 72. Conse 
quently, it is possible to detect a leading edge skeW, i.e., a 
skeW occurred When the sheet S is set up askeW from the 
beginning in addition to a cumulative skeW. 

Furthermore, in the sheet feeding device 1 according to the 
present embodiment, the left-side encoder 71 and the right 
side encoder 72 are aligned along the Width direction perpen 
dicular to the feeding direction of the sheet S. Therefore, the 
left-side encoder 71 and the right-side encoder 72 can respec 
tively detect a moving amount of the sheet S fed by the 
feeding unit 3 at a plurality of points in the Width direction of 
the sheet S. Therefore, for example, When the sheet S is not 
skeWed, and the leading edge of the sheet S is not tilted With 
respect to the Width direction, the left-side encoder 71 and the 
right-side encoder 72 can simultaneously start detecting the 
moving amount of the sheet S at a plurality of points in the 
Width direction of the sheet S. 

Moreover, in the sheet feeding device 1 according to the 
present embodiment, When either one of the left- side encoder 
71 and the right-side encoder 72 does not detect a moving 
amount of the sheet S, and also a moving amount of the sheet 
S detected by the other encoder is equal to or larger than the 
threshold Th1 for determining a leading edge skeW of the 
sheet S, the skeW detecting unit 54 detects a leading edge 
skeW of the sheet S. Therefore, When either one of the left-side 
encoder 71 and the right-side encoder 72 does not detect a 
moving amount of the sheet S, and also a moving amount of 
the sheet S detected by the other encoder is equal to or larger 
than the threshold Th1, it is possible to detect that a leading 
edge of the sheet S is tilted at an angle exceeding the accept 
able range With respect to the Width direction perpendicular to 
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the feeding direction, and thus it is possible to detect a skeW 
of the leading edge of the sheet S, i.e., a leading edge skeW. 

Furthermore, the sheet feeding device 1 according to the 
present embodiment further includes the feed stop unit 56 that 
causes the feeding unit 3 to stop feeding the sheet S When the 
skeW detecting unit 54 detects a skeW of the sheet S. There 
fore, it is possible to prevent a damage on the sheet S or a jam 
that may occur if the skeWed sheet S is kept being fed. 

The sheet feeding device and the skeW detecting method 
according to the present invention are not limited to the above 
embodiment, and various changes can be made Without 
departing from the spirit and scope of claims. In the above 
embodiment, the sheet feeding device and the skeW detecting 
method are applied to the image reading apparatus, such as an 
image scanner, a copier, a facsimile machine, or a character 
recognition device. HoWever, the sheet feeding device and the 
skeW detecting method can be also applied to any other appa 
ratuses. 

Moreover, according to the present embodiment, tWo 
encoders, i.e., the left-side encoder 71 and the right-side 
encoder 72 are provided to the sheet feeding device as a 
plurality of moving-amount detecting units. HoWever, it is 
also possible to provide three or more moving-amount detect 
ing units. In addition, in the above embodiment, the rotary 
encoder is employed as the moving-amount detecting units. 
HoWever, as long as a moving amount can be detected in 
accordance With a movement of the sheet, any other detecting 
units can be employed as the moving-amount detecting units. 

Furthermore, according to the present embodiment, the 
encode disks 73 of the left-side encoder 71 and the right-side 
encoder 72 are arranged in the doWnstream side of the pick 
roller 31 and also in the upstream side of the separator roller 
41 in the feeding direction. Alternatively, the encode disks 73 
can be arranged at other location, for example, in the 
upstream side of the pick roller 31. Moreover, in the above 
embodiment, the encode disks 73 of the left-side encoder 71 
and the right-side encoder 72 are aligned along the Width 
direction perpendicular to the feeding direction of the sheet S. 
Alternatively, the encode disks 73 can be shifted along the 
feeding direction as long as the left-side encoder 71 and the 
right-side encoder 72 can detect a moving amount of the sheet 
S at a plurality points in the Width direction of the sheet S. 

Moreover, according to the present embodiment, the pulse 
counting unit 57 as a counting unit separately obtains the ?rst 
pulse count values Plefpl and Pn-ght_l for detecting a leading 
edge skeW and the second pulse count values Plefp2 and 
Prighp2 for detecting a cumulative skeW. Alternatively, the 
pulse counting unit 57 can obtain the ?rst and second pulse 
count values all at once. Namely, once the pulse counting unit 
57 ?nishes counting the number of the ?rst pulses for the ?rst 
pulse count values Plefpl and Pn-ghH, the pulse counting unit 
57 can continuously count the number of the second pulses 
for the second pulse count values Pie/{F2 and Pn-ght_2 to obtain 
a cumulative total pulse count value. 
As described above, according to an aspect of the present 

invention, a plurality of moving-amount detecting units 
respectively detect a moving amount of the sheet fed by a 
feeding unit at a plurality of points in the Width direction of 
the sheet, and a skeW detecting unit detects a skeW of the sheet 
based on the moving amounts of the sheet detected by the 
moving-amount detecting units. Namely, When the moving 
amounts of the sheet detected at the points in the Width direc 
tion of the sheet differ from one another, the skeW detecting 
unit detects a skeW of the sheet. Therefore, even after a lead 
ing edge of the sheet passes through the moving-amount 
detecting units, it is possible to detect a skeW of the sheet 
occurred While the sheet is fed. 
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Furthermore, according to another aspect of the present 
invention, each of the moving-amount detecting units 
includes a disk-shaped rotational body that rotates in accor 
dance With a movement of the sheet by having contact With 
the sheet, and detects a moving amount of the sheet With an 
encode pattern formed on the rotational body. Therefore, the 
sheet is fed in a feeding direction relative to the rotational 
body, so that it is possible to detect the moving amount of the 
sheet in Whole area of the sheet along the feeding direction. 
Consequently, it is possible to detect a skeW of the sheet 
occurred While the sheet is fed in Whole area of the sheet along 
the feeding direction. 

Moreover, according to still another aspect of the present 
invention, as a moving amount of the sheet decreases, a pulse 
Width of an output pulse Waveform of a pulse signal output 
from each of the moving-amount detecting units Widens, so 
that the number of pulses of the output pulse Waveform 
decreases. On the other hand, as a moving amount of the sheet 
increases, a pulse Width of an output pulse Waveform of a 
pulse signal output from each of the moving-amount detect 
ing units narroWs, so that the number of pulses of the output 
pulse Waveform increases. Therefore, the number of pulses of 
each of the output pulse Waveforms counted by a counting 
unit can be used as a value corresponding to the moving 
amount of the sheet. Consequently, the skeW detecting unit 
can detect a skeW of the sheet based on the number of pulses. 

Furthermore, according to still another aspect of the 
present invention, at least one of the moving-amount detect 
ing units is arranged on each side of the sheet in the Width 
direction. Therefore, When the sheet is skeWed, a difference 
betWeen moving amounts of the sheet detected by the mov 
ing-amount detecting units relatively increases, and thus it is 
possible to detect a skeW of the sheet more precisely. 

Moreover, according to still another aspect of the present 
invention, the moving-amount detecting units detect at least 
moving amounts of both edges of the sheet of the minimum 
siZe that can be fed by the feeding unit in the Width direction. 
Therefore, even in a case of the sheet of the minimum siZe that 
can be fed by the sheet feeding device, the moving-amount 
detecting units can detect the moving amounts, and thus it is 
possible to detect a skeW of the minimum siZe of the sheet 
occurred While the sheet is fed reliably. 

Furthermore, according to still another aspect of the 
present invention, a deviation calculating unit calculates a 
deviation betWeen moving amounts of the sheet detected at 
the points in the Width direction of the sheet, and the skeW 
detecting unit detects a skeW of the sheet based on the devia 
tion. Therefore, it is possible to detect a skeW of the sheet 
depending on Whether the moving amounts of the sheet 
detected at the points in the Width direction of the sheet 
Widely differ from one another. 

Moreover, according to still another aspect of the present 
invention, When the deviation calculated by the deviation 
calculating unit is equal to or larger than a threshold for 
determining a cumulative skeW, the skeW detecting unit 
detects a skeW of the sheet being fed by the feeding unit. 
Therefore, When a difference betWeen a moving amount of 
the sheet detected by one of the moving-amount detecting 
units and a moving amount of the sheet detected by another 
one of the moving-amount detecting units exceeds an accept 
able range, it is possible to detect a cumulative skeW of the 
sheet, i.e., a skeW of the sheet being fed. 

Furthermore, according to still another aspect of the 
present invention, the moving-amount detecting units are 
arranged in the upstream side of a separating unit in the 
feeding direction of the sheet. Therefore, it is possible to 
detect moving amounts of the sheet in the upstream side of the 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
separating unit Where it may easily cause a damage on the 
sheet if a skeW of the sheet occurs, and thus it is possible to 
detect a skeW of the sheet being fed before the sheet reaches 
the separating unit. 

Moreover, according to still another aspect of the present 
invention, the moving-amount detecting units are arranged in 
the doWnstream side of the feeding unit in the feeding direc 
tion of the sheet. Therefore, it is possible to detect a tilt of a 
leading edge (an edge in the doWnstream side of the feeding 
direction) of the sheet With respect to the Width direction 
based on moving amounts of the sheet detected by the mov 
ing-amount detecting units. Consequently, it is possible to 
detect a leading edge skeW, i.e., a skeW occurred When the 
sheet is set up askeW from the beginning. 

Furthermore, according to still another aspect of the 
present invention, the moving-amount detecting units are 
aligned along the Width direction perpendicular to the feeding 
direction of the sheet, so that the moving-amount detecting 
units can respectively detect a moving amount of the sheet fed 
by the feeding unit at a plurality of points in the Width direc 
tion of the sheet. Therefore, for example, When the sheet is not 
skeWed, and the leading edge of the sheet is not tilted With 
respect to the Width direction, the moving-amount detecting 
units can simultaneously start detecting the moving amounts 
of the sheet at a plurality of points in the Width direction of the 
sheet. 

Moreover, according to still another aspect of the present 
invention, When any one of the moving-amount detecting 
units does not detect a moving amount of the sheet, and also 
a moving amount of the sheet detected by at least one of the 
other moving-amount detecting units is equal to or larger than 
a threshold for determining a leading edge skew, the skew 
detecting unit detects that the leading edge of the sheet is 
tilted at an angle exceeding the acceptable range With respect 
to the Width direction perpendicular to the feeding direction, 
and thus it is possible to detect a skeW of the leading edge of 
the sheet, i.e., a leading edge skeW. 

Furthermore, according to still another aspect of the 
present invention, a feed stop unit causes the feeding unit to 
stop feeding the sheet When the skeW detecting unit detects a 
skeW of the sheet. Therefore, it is possible to prevent a damage 
on the sheet or a jam that may occur if the skeWed sheet is kept 
being fed. 

Moreover, according to still another aspect of the present 
invention, moving amounts of the sheet at a plurality of points 
in the Width direction of the sheet fed by the feeding unit are 
detected at a moving-amount detecting step, and a skeW of the 
sheet is detected based on the moving amounts at a skeW 
detecting step. Therefore, When the moving amounts of the 
sheet at the points in the Width direction of the sheet differ 
from one another, a skeW of the sheet can be detected. Con 
sequently, it is possible to detect a skeW occurred While the 
sheet is fed reliably. 
Although the invention has been described With respect to 

speci?c embodiments for a complete and clear disclosure, the 
appended claims are not to be thus limited but are to be 
construed as embodying all modi?cations and alternative 
constructions that may occur to one skilled in the art that 
fairly fall Within the basic teaching herein set forth. 

What is claimed is: 
1. A sheet feeding device comprising: 
a feeding unit con?gured to feed a sheet; 
a plurality of moving-amount detecting units for respec 

tively detecting moving amounts of the sheet fed by the 
feeding unit at a plurality of points in a Width direction of 
the sheet; 
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a deviation calculating unit con?gured to calculate a devia 
tion betWeen a moving amount of the sheet on the left 
side of a feeding direction of the sheet and a moving 
amount of the sheet on the right side of the feeding 
direction of the sheet, the left side moving amount and 
the right side moving amount respectively detected by 
the plurality of moving amount detecting units; 

a skeW detecting unit con?gured to detect both a skeW of a 
leading edge of the sheet and a cumulative skeW based 
on a relation betWeen the deviation calculated by the 
deviation calculating unit and predetermined threshold 
values; and 

a feed stop unit con?gured to cause the feeding unit to stop 
feeding the sheet, 

Wherein the feed stop unit is con?gured to stop the feeding 
unit from feeding the sheet When the skeW detecting unit 
detects the cumulative skeW of the sheet. 

2. The sheet feeding device according to claim 1, Wherein 
each of the moving-amount detecting units includes a disk 

shaped rotational element con?gured to rotate With a 
movement of the sheet by having contact With the sheet, 

the rotational element includes an encode pattern formed 
along its circumference, and 

each of the moving-amount detecting units is con?gured to 
detect the moving amount of the sheet based on the 
encode pattern. 

3. The sheet feeding device according to claim 2, further 
comprising a counting unit con?gured to count a number of 
output pulses from the moving-amount detecting units, 
Wherein 

the skew detecting unit is con?gured to detect a skew of the 
sheet based on the number of output pulses counted by 
the counting unit. 

4. The sheet feeding device according to claim 1, Wherein 
at least one moving-amount detecting unit is arranged on each 
side of the sheet in the Width direction. 

5. The sheet feeding device according to claim 1, Wherein 
the moving-amount detecting units is con?gured to detect at 
least a moving amount of both side edges of a sheet of a 
minimum siZe that can be fed by the feeding unit in the Width 
direction. 

6. The sheet feeding device according to claim 1, Wherein 
the skeW detecting unit is con?gured to detect the cumulative 
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skeW of the sheet When the deviation is equal to or larger than 
a predetermined threshold for determining the cumulative 
skeW. 

7. The sheet feeding device according to claim 1, further 
comprising: 

a stacking unit on Which a plurality of sheets is stacked; and 
a separating unit con?gured to separate the sheets fed from 

the stacking unit by the feeding unit one by one, Wherein 
the moving-amount detecting units are arranged at an 

upstream side of the separating unit in a feeding direc 
tion of the sheet. 

8. The sheet feeding device according to claim 1, Wherein 
the moving-amount detecting units are arranged at a doWn 
stream side of the feeding unit in a feeding direction of the 
sheet. 

9. The sheet feeding device according to claim 1, Wherein 
the moving-amount detecting units are aligned in a direction 
perpendicular to a feeding direction of the sheet. 

10. The sheet feeding device according to claim 9, Wherein 
When any one of the moving-amount detecting units does not 
detect the moving amount of the sheet, and When the moving 
amount of the sheet detected by at least one of other moving 
amount detecting units is equal to or larger than a predeter 
mined threshold for determining a leading edge skeW, the 
skeW detecting unit is con?gured to detect a skeW of a leading 
edge of the sheet. 

11. A skeW detecting method comprising: 
detecting moving amounts of a sheet that is fed at a plural 

ity of points in a Width direction of the sheet; 
calculating a deviation betWeen a moving amount of the 

sheet on the left side of a feeding direction of the sheet 
and a moving amount of the sheet on the right side of the 
feeding direction of the sheet, the left side moving 
amount and the right side moving amount respectively 
detected in the moving amounts detecting; and 

detecting a skeW of a leading edge of the sheet; 
detecting a cumulative skeW based on a relation betWeen 

the calculated deviation and predetermined threshold 
values; and 

stopping feeding the sheet, Wherein 
the step of stopping feeding the sheet is performed When 

the cumulative skeW of the sheet is detected in the cumu 
lative skeW detecting. 

* * * * * 


