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(54) Paper sheet pickup apparatus

(57)  Mail pieces (P), the rear ends of which are
aligned, are picked up one by one by means of a pickup
belt (78), and the front end of a first mail piece (P) is
detected by a front end detector (87), while it is being
picked up. The length of the first mail piece (P) (the posi-
tion of the rear end of the mail piece (P)) is estimated on
the basis of the time elapsed before the first mail piece
(P) has been transferred to the front end detector (87).
When the first mail piece (P) is transferred to a transfer
path (48), the rate of the transfer belt (78) is increased
or decreased with reference to the estimated value of the

length of the first mail (P) before the first mail (P) reaches
to a rear end detector (88), so that a hole 79 can be
located at a pickup position to pick up a second mail
piece (P). When the first mail piece (P) reaches to the
position of the rear end detector (88), the second mail
piece (P) is picked up. When the front end of the second
mail piece (P) is detected by the front end detector (87),
the rate of picking up the second mail piece (P) is
increased or decreased to keep the gap between the
mail pieces (P) constant.
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Description

The present invention relates to a paper sheet
pickup apparatus for use in a paper sheet processing
apparatus for processing (e.g., selecting and stamping)
paper sheets, such as mails.

In recent years, mail processing apparatuses serv-
ing as automatic mail selecting, aligning and stamping
apparatuses have been put into practical use, which
automatically select, align, stamp and sort mails. A mail
processing apparatus comprises an automatic selecting
section for selecting standard mails, having predeter-
mined thickness and width, from a number of mails put
into the apparatus. It also comprises a buffer section for
temporarily storing the standard mails selected by the
automatic selecting section. The buffer section includes
a mail pickup apparatus which picks up a piece of mail
from the mails stored therein and supplies it to an auto-
matic reading section.

In the mail pickup apparatus, for example, while a
transfer belt is running, a piece of mail in contact with the
belt is adhered to the belt, so that mails can be picked
up one by one.

With the above conventional mail pickup apparatus,
when mail pieces are to be picked up at regular intervals
with the rear ends thereof aligned with each other so that
the distance between the rear end of every mail piece
and the front end of the subsequent mail piece can be
constant, the following method has been employed.
First, the rear end of a first picked-up mail piece is
detected by a detector, a second mail piece is picked up,
and the front end of the second mail piece is detected,
so that the distance between the first and second mail
pieces is detected. The distance is maintained by switch-
ing the rotation rate of the transfer belt for picking up
mails between a normal rate and a reduced rate.

However, in the aforementioned mail pickup appa-
ratus, to detect the front and rear ends of mail pieces, it
is necessary to pick up mail pieces so that they do not
overlap each other, resulting in the problems that the
processing speed is low and the distance between mail
pieces cannot be narrower than a fixed value. The rate
of picking up mails can be increased by increasing the
transfer rate of the transfer belt. In this case, however,
the size of the apparatus is inevitably large and the driv-
ing mechanism of the transfer belt is overloaded.

An object of the present invention is to provide a
paper sheet pickup apparatus in which the rear ends of
paper sheets are aligned and the paper sheets are
picked up one by one at regular intervals, so that the
apparatus can be smaller and occupy less space as
compared to the conventional apparatus. With the appa-
ratus, the load applied to the driving mechanism is
reduced, and the lifetime of the machine is increased.
Further, paper sheets can be picked up with less varia-
tion and the machine performance can be stable.

According to the present invention, there is provided
a paper sheet pickup apparatus comprising:

supply means for supplying first and second
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paper sheets, rear ends of which are aligned with each
other;

pickup means for picking up the paper sheets sup-
plied by the supply means one by one at a pickup rate,
a pickup position being preset to a predetermined posi-
tion and the pickup rate being variable;

detecting means for detecting front ends in a
pickup direction of the paper sheets picked up by the
pickup means;

estimating means for estimating a length of the
first paper sheet based on a detection result concerning
the first paper sheet detected by the detecting means;

transfer means for receiving and transferring the
first paper sheet picked up by the pickup means;

first control means for altering the pickup rate of
the pickup means and moving the pickup position to the
predetermined position based on a result of estimation
of the length of the first paper sheet obtained by the esti-
mating means, when the first paper sheet is received by
the transfer means; and

second control means for altering the pickup rate
of the pickup means so as to make a gap between the
rear end of the first paper sheet and the front end of the
second paper sheet the same as a gap between a rear
end of a paper sheet previous to the first paper sheetand
the front end of the first paper sheet, when the front end
ofthe second paper sheet picked up by the pickup means
is detected by the detecting means.

The present invention also provides a paper sheet

pickup apparatus comprising:

supply means for supplying a plurality of paper
sheets, rear ends of which are aligned with each other;

pickup means for picking up the paper sheets sup-
plied by the supply means one by one at a pickup rate,
a pickup position being preset to a predetermined posi-
tion and the pickup rate being variable;

detecting means for detecting front ends in a
pickup direction of the paper sheets picked up by the
pickup means;

calculating means for estimating length of the
respective paper sheets based on detection results
detected by the detecting means and calculating a detec-
tion time in the detecting means;

transfer means for receiving and transferring the
paper sheets picked up by the pickup means;

first control means for altering the pickup rate of
the pickup means so that the transfer means receives
the paper sheets at a fixed time, with reference to the
detection time calculated by the calculating means; and

second control means for altering the pickup
means so as to move the pickup position to the prede-
termined position, before a time when the rear end of the
paper sheet transferred by the transfer means reaches
a fixed position, based on a calculation result of the
length of the paper sheet calculated by the calculating
means, thereby starting an operation of picking up
another paper sheet by the pickup means at the time.
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This invention can be more fully understood from the
following detailed description when taken in conjunction
with the accompanying drawings, in which:

FIG. 1 is a perspective view showing a schematic
structure of a mail selecting, aligning and stamping
apparatus according to an embodiment of the
present invention;

FIG. 2 is a top view showing a schematic structure
of the mail selecting, aligning and stamping appara-
tus;

FIG. 3 is a perspective view showing a schematic
structure of a mail pickup apparatus;

FIG. 4 is a block diagram showing a schematic struc-
ture of a mail pickup apparatus;

FIGS. 5 and 6 are flowcharts for explaining a mail
pickup operation; and

FIG. 7 is a diagram for explaining timings of trans-
ferring a plurality of pieces of mails in the mail pickup
operation.

An embodiment of the present invention will be
described with reference to the drawings.

The following is a description of the embodiment in
which a paper sheet pickup apparatus of the present
invention is embodied as a mail pickup apparatus incor-
porated in a mail selecting, aligning and stamping appa-
ratus.

An outline of the overall structure of the mail select-
ing, aligning and stamping apparatus will be described.
As shown in FIGS. 1 and 2, the mail selecting, aligning
and stamping apparatus comprises: a supply section 10
for supplying a number of mail pieces P of various thick-
nesses and widths to a subsequent stage; a thickness
selecting section 12 for selecting mail pieces P having a
standard thickness from all the mail piece P supplied to
the supply section 10; a width selecting section 14 for
selecting mail pieces having a standard width from the
mail pieces P having the standard thickness selected by
the thickness selecting section 12; a detecting section
22 including a stacker feeder 16 for temporarily storing
standard mail pieces P having standard thickness and
width and first and second reading sections 18 and 20
for reading information from the mail pieces P; a stamp-
ing section 24 for stamping the mail pieces P; and a sort-
ing and storing section 26 for sorting and storing the mail
pieces P in accordance with the information read by the
first or second reading section 18 or 20.

The mail selecting, aligning and stamping apparatus
also comprises, in a central portion, i.e., near the detect-
ing section 22, a main operation panel 28 for supplying
various operation instructions to the apparatus and dis-
playing operation modes, operation errors and the like.
It further comprises, near the connecting portion
between the stamping section 24 and the sorting and
storing section 26, a sub-operation panel 30 for display-
ing operation modes, operation errors and the like.

In addition, the mail selecting, aligning and stamping
apparatus includes switches (not shown), so that the
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thickness selecting section 12, the width selecting sec-
tion 14 and the detecting section 22 can be activated or
stopped individually.

The structures and operations of the respective sec-
tions of the mail selecting, aligning and stamping appa-
ratus will be described in detail.

As shown in FIGS. 1 and 2, the supply section 10
has a hopper 32 for collectively receiving a number of
mail pieces P and a transfer belt for transferring the mail
pieces P upward obliquely to the thickness selecting sec-
tion 12. The thickness selecting section 12 divides the
mail pieces P transferred by the transfer belt 33 into mail
pieces P of a standard thickness and mail pieces P of
non-standard thicknesses. The mail pieces P of the
standard thickness selected by the thickness selecting
section 12 are dropped onto a conveyor 34 through a
drop path (not shown). The mail pieces P of the non-
standard thicknesses are discharged to a reject section
35.

The width selecting section 14 has a stand-up con-
verting section 36 for standing the mail pieces P supplied
through the conveyor 34; a transfer path 38 for transfer-
ring the mail pieces P stood up by the stand-up convert-
ing section 36; selecting portions 40a, 40b, 40c¢ and 40d
for selecting mail pieces P of non-standard widths from
the mail pieces P transferred through the transfer path
38; and a direction aligning section 42 for aligning edges
of the mail pieces P in the longitudinal and lateral direc-
tions. The mail pieces P of the non-standard widths
selected by the selecting portions 40a, 40b, 40c and 40d
are discharged to a reject section through a discharging
transfer path and a shooter (not shown). A mail piece p
which includes a foreign matter is also rejected by the
width selecting section 14.

The detecting section 22 has a transfer path 44 for
transferring the standard mail pieces P selected by the
width selecting section 14 to the stacker feeder 16 serv-
ing as afirst storage section. It also has an auxiliary stor-
age section 46 for temporarily storing the mail pieces P
transferred from the width selecting section 14, when the
stacker feeder 16 is full or a transfer defect occurs (for
example, in a case where a gap between successive mail
pieces is smaller than a preset value). The stacker feeder
16 includes a first pickup unit 50 for picking up, one by
one, the mail pieces P stored in the stacker feeder 16,
and supplying them at regular intervals through a trans-
fer path 48 to the first reading section 18.

A local feeder 52 is provided to store standard mail
pieces P when the detecting section 22 is directly used
without using the supply section 10, the thickness select-
ing section 12 and the width selecting section 14. The
standard mail pieces P taken out of, for example, the aux-
iliary storage section 46, are put into the local storage
section 52. The local storage section 52 includes a sec-
ond pickup unit 54 for picking up the stored mail pieces
P one by one, and supplying them at regular intervals
through the transfer path 48 to the first reading section
18.
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The first reading section 18 of the detecting section
22 has first to third detecting portions 56a, 56b and 56¢
to detect objects of detection (e.g., stamps, contrast bars
and classifying information) on the mail pieces P trans-
ferred through the transfer path 48. A reversing section
58 is provided between the first and second reading sec-
tions 18 and 20 to reverse upside down the mail pieces
P having detection objects, which have not been
detected by the first reading section. If a detection object
is detected by the first reading section 18, the reversing
operation is not performed. Similar to the first reading
section 18, the second reading section 20 has fourth to
sixth detecting portions 60a, 60b and 60c¢ to detect
objects of detection on the mail pieces P transferred from
the reversing section 58.

The mail pieces P passed through the second read-
ing section 20 is stamped in the stamping section 24 and
thereafter transferred to the sorting and storing section
26. The sorting and storing section 26 has a plurality of
sorting gates 62 driven in accordance with information
read by the first or second reading section 18 or 20, and
a plurality of partitions 64. The mail pieces P, which have
been subjected to the detection and stamping proc-
esses, are sorted, for example, depending on destina-
tions, or whether normal mail or express mail. The sorted
mail pieces are stored in the corresponding partitions 64.

Referring to FIG. 3, the stacker feeder 16 includes
the first pickup unit 50 and a supply section 70 for sup-
plying to the first pickup unit 50 the mail pieces P trans-
ferred through the transfer path 44. The supply section
70 comprises a supply base 71, supply belts 73 provided
in slits 72 in the supply base 71 so as to be movable
toward a pickup belt 78 (to be described later), a side
plate 74 stood on the supply base 71, and supply pins
76 arranged at regular intervals in slits 75 formed in the
side plate 74 so as to be movable toward the pickup belt
78. The mail pieces P, transferred by the supply belts 73
and the supply pins 76 of the supply section 70, are sup-
plied to a pickup section 77 in a state where the rear
(lower) ends are aligned in front of the first pickup unit 50.

More specifically, the first pickup unit 50 comprises
a pickup belt 78 extended perpendicular to the direction
in which the mail pieces P is transferred by the supply
section 70. The pickup belt 78 has a number of sets of
holes 79. One hole set has, for example, four holes, and
the sets of holes are arranged at regular intervals in the
pickup belt 78. The pickup belt 78 is extended over a driv-
ing roller 80 and four pinch rollers 81a, 81b, 81c and 81d.
When the driving roller 80 is rotated by a driving mech-
anism (not shown), the pickup belt 78 is moved in a direc-
tion indicated by the arrow in FIG. 3, so that the mail
pieces P can be transferred in a predetermined transfer
direction, i.e., toward the transfer path 48. The pickup belt
78 can be moved at a variable rate by the aforementioned
driving mechanism.

In a space surrounded by the pickup belt 78, there
is provided a main drawing section 82 drawn by a draw-
ing mechanism (not shown) so as to face the inner sur-
face of the pickup belt 78. An auxiliary drawing section
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83 drawn by the drawing mechanism is arranged in a
downstream side of the pickup belt 78. The auxiliary
drawing section 83 is to prevent the pickup belt 78 from
simultaneously picking up two or more mail pieces P. The
auxiliary drawing section 83 has drawing holes 83a, and
a pressure detecting lever 83b, an end of which is
present in the pickup section 77 of the supply section 70.
When the mail pieces P are stored in the pickup section
77, the pressure detecting lever 83b is moved by the
pressure of the mail pieces, so that the rear end of the
pressure detecting lever 83b turns on a pressure detec-
tor 84 of transmission type, which is arranged behind the
auxiliary drawing section 83. When the mail pieces P are
stored in the pickup section 77, the rear end of the pres-
sure detecting lever 83b shades light transmitted from a
light emitting element (not shown) to a light receiving ele-
ment (not shown), thereby turning on the pressure detec-
tor 84.

A belt hole detector 85 of transmission type is pro-
vided between the pinch rollers 81¢c and 81d. The belt
hole detector 85 detects passage of a hole 79, thereby
detecting the transfer position of the pickup belt 78.
When light emitted from a light emitting element (not
shown) is guided through the hole 79 to a light receiving
element (not shown), the belt hole detector 85 is turned
on.

A side plate 86 is provided in a front side of the main
drawing section 82. Above the side plate 86, there are
provided a front end detector 87 of transmission type for
detecting the front end (upper end) of a mail piece P
picked up by the pickup belt 78 and a rear end detector
88 of transmission type for detecting the rear end (lower
end) of the mail piece P picked up by the pickup belt 78.
The front end detector 87 is designed so as to be turned
on when light emitted from the a light emitting element
(not shown) to a light receiving element (not shown) is
shaded by the front end (upper end) of the mail piece P.
The rear end detector 88 is designed so as to be turned
on when light emitted from a light emitting element (not
shown) is guided to a light receiving element (not shown)
due to the passage of the rear end (lower end) of the mail
piece P. The rear end detector 88 may be constituted by
either one or a plurality of detector elements.

The mail piece P picked up by the pickup belt 78 is
guided to the transfer path 48 after being transmitted
through the front end detector 87 and the rear end detec-
tor 88.

The transfer path 48 is comprised of a transfer belt
91 extended over rollers 90a and 90b and a transfer belt
93 extended over a roller 92.

A structure the main portion of the above mail pickup
apparatus will be described with reference to the block
diagram of FIG. 4. A calculating circuit 100 calculates
various timings in response to detection signals output
from the pressure detector 84, the belt hole detector 85,
the front end detector 87 and the rear end detector 88.
A mechanism controller 101 performs control in
response to a calculation result output from the calculat-
ing circuit 100. A driving mechanism 102, controlled by
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the mechanism controller 101, drives or moves the sup-
ply belts 73 and the supply pins 76. A driving mechanism
103, controlled by the mechanism controller 101, drives
the pickup belt 78 at various rates (to transfer or pick up
mail pieces).

A drawing controller 104, controlled by a detection
signal output from the belt hole detector 85, controls a
drawing apparatus 105 connected to the main drawing
section 82 and the auxiliary drawing section 83. Drawing
operations in the main and auxiliary drawing sections 82
and 83 are performed by means of the drawing appara-
tus 105.

Calculations performed by the calculating circuit 100
will now be described.

Assume that the rate function of the pickup belt 78
is u (t); the distance between a hole 79 in the pickup belt
78 for drawing a mail piece P and another hole 79 for
drawing a subsequent mail piece P is p; the transfer rate
of the transfer path 48 is v (which is a constant value,
since the transfer path moves at a constant rate); the
height of the front end detector 87 above the supply base
71 is x; the height of the position at which the rear end
of the previous mail piece P is to be located, at the time
when the pickup operation of a next mail piece P is
started, is h; the height at which the transfer path 48
receives the mail piece P (the height of the roller 90b
above the supply base 71) is y; and the length of the mail
piece P is L.

Further, assume that the time at which the pickup
operation is started is 0; the time elapsed before the front
end of the mail piece P has passed through the front end
detector 87 is T1; the time elapsed before the mail piece
P has been transferred to the transfer section 48 is T2;
and the time elapsed before the rear end of the mail P
has passed through the portion at the height h is T3.

In this case, the pickup belt 78 moves at a constant
rate during the time between 0 and T1, whereas the mov-
ing rate function u (t) of the pickup belt 78 is variable dur-
ing the time between T1 and T2 and the time between
T2 and T3.

As described above, the moving rate of the pickup
belt 78 is constant from the start of the pickup operation
tothe time when the front end of the mail piece P reaches
the front end detector 87 (T1). Since T1 is known by the
detection of the front end detector 87, the length L of the
mail piece P is obtained by the following equation A.

T
.[ u(t)dt =x-L A
0

T1
L=x- [ uft
0

Further, the distance in which the pickup belt 78
moves during the period of time between T1 (the time
when the front end of the mail piece P is detected by the
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front end detector 87 and T2 (the time when the transfer
path 48 receives the mail piece P) is obtained by the fol-
lowing equation B.

T2
.[ ui)ddt=y-x B
T

The values of y and x are determined in advance,
depending on the apparatus, and the time (T1), when the
front end of the mail piece P is detected by the front end
detector 87, varies in accordance with the length L of
each of the mail pieces P. Therefore, the time (T2) when
the transfer path 48 receives the mail piece P is kept con-
stant and the rate function u (t) of the pickup belt 78 is
controlled so that the front end of the mail piece P
reaches the transfer path 48 at the time T2.

Further, the distance in which the pickup belt 78
moves during the period of time between T2 (the time
when the transfer path 48 receives the mail piece P) and
T3 (the time when the rear end of the transferred mail
piece P passes through the height h) is obtained by the
following equation C.

T3

[ ultatt=p - (y-L) o
T2

The mail piece P is transferred at a constant rate
of the transfer rate v of the transfer path 48. In addition,
the height h, the front end position of the mail piece P,
and the length of the mail piece P are determined. There-
fore, T3 can be represented by the following equation D.

T3 = ((L+h)-y)A+T2 D

Because the mail piece P has been transferred by
the transfer path 48 since the time T2, and the transfer
belt 78 does not transfer the mail piece P during the
period of time between T2 and T3, the pickup belt 78 can
be driven freely in this period. As described above, since
T3 is the timing when a next mail piece is picked up, it is
necessary to move the hole 79 in the pickup belt 78 to a
predetermined position (at which the mail piece P is
picked up) during the period of time between T2 and T3.

The distance in which the pickup belt 78 moves in
the period between the time 0 and T2 is obtained as "y-
L", from the equations A and B. It is only necessary that
the pickup belt 78 is moved by the distance correspond-
ing to the difference between the above distance "y-L"
and the distance p between the holes in the pickup belt
78 (p-(y-L)). Therefore, the rate function u (t) of the
pickup belt 78 can be obtained from the equation C.

An operation of picking up mail pieces will be
described with reference to the above equations A to D,
flowcharts of FIGS. 5 and 6, and a timing chart of FIG.
7 showing transfer timings of a plurality of mail pieces P.
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When the mail pieces P are supplied to the supply
base 70 through the transfer path 44, the rear ends of
the mail pieces are aligned with respect to the transfer
direction of the transfer belt 78, whereas the positions of
the front ends thereof vary depending on the lengths of
the mail pieces P. First, the mail pieces P, the rear ends
of which are aligned, are arranged on the supply base
70 and supplied to a portion near the pickup belt 78, i.e.,
to the pickup section 77, by means of the supply pins 76
and the supply belts 73 (Step 1).

When the mail pieces P are supplied in the pickup
section 77, the pressure detecting lever 83b is pressed,
with the result that the pressure detector 84 is turned on.
In other words, the pressure detector 84 detects that the
mail pieces P are supplied to a pickup surface of the
pickup belt 78 (Step 2).

Then, the driving mechanism 103 is driven by the
mechanism controller 101, thereby moving the pickup
belt 78 at a constant rate (Step 3).

The belt hole detector 85 detects that the hole 79 is
placed at a predetermined position of the mail piece P
(Step 4). Thereafter, the drawing apparatus 105 is oper-
ated by the drawing controller 104 so as to operate the
main drawing section 82 and the auxiliary drawing sec-
tion 83 at a negative pressure (a pressure lower than one
atmosphere pressure) (Step 5).

Thus, a first mail piece P is adhered to the pickup
belt 78 by the main drawing section 82 and picked up
(Step 6). Note that the pickup time in Step 6 is defined
as "0", the pickup start time. In this time, i.e., when the
first mail piece P is picked up, a second mail piece P is
adhered to the auxiliary drawing section 83, so that two
or more mail pieces P may not be picked up simultane-
ously.

The front end of the first mail piece P, picked up in
Step 6, is detected by the front end detector 87 (Step 7).

Next, the pattern of driving the pickup belt 78 is cal-
culated (Step 8). In this step, the value of T2 is fixed as
described above, and the rate u (1) of the pickup belt 78
is calculated so that the mail piece P is transferred to the
transfer path 48 at the time T2. Based on the value
obtained by Step 8, the moving rate of the pickup belt 78,
i.e., the transfer rate of the mail piece P, is controlled
(Step 9), and the first mail piece P is transferred to the
transfer path 48 at the time T2 (the front end of the first
mail piece P reaches the transfer path 48) (Step 10).

Since the time T1, at which the front end of the mail
piece P passes through the front end detector 87, is
obtained on the basis of the timing of detecting the front
end of the mail piece P in Step 7, an estimation value of
the rear end of the mail piece P is calculated from the
equation A, thereby obtaining the length L of the mail
piece P (Step 11). The rate u (1) of the pickup belt 78 is
obtained as a rate pattern of driving the pickup belt 78
by substituting, for L in the equation C, the length L of
the mail piece P obtained from the equation A by the cal-
culating circuit 100 in Step 11 (Step 12). In other words,
while the mail piece P transferred to the transfer path 48
by Step 10 is being moved by the transfer path 48 until
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the time T3, the pickup belt 78, in a free state, controls
the rate u (1) so that the hole 79 can be moved to the mail
piece pickup position, before the second mail piece P is
picked up.

The drive of the pickup belt 78 is controlled at the
rate u (f) obtained in Step 12 (Step 13). By Step 13, the
second mail piece P can be picked up, when the rear end
of the first mail piece P reaches the height h (at the timing
of T3).

Since the hole 79 is expected to return to the pickup
position by Step 13, the belt hole detector 85 detects
whether the hole 79 is located at the pickup position at
the time T3 (Step 14). At this time, if the detection timing
of the belt hole detector 85 does not coincide with T3,
this time is stored as T4.

When it is detected in Step 14 that the hole 79 is
located at the pickup position, it is detected whether the
rear end of the first mail piece P has passed through the
rear end detector 88 (Step 15). In other words, it is
detected whether the rear end of the first mail piece P
has passed through the position at the height h at the
time T3. At this time, if the detection timing of the rear
end detector 88 does not coincide with T3, this time is
stored as T5. The rear end detector 88 is located at the
position of the height h. By the control of the pickup belt
78 based on the above equations A to C, the mail pieces
P can be picked up at regular intervals and the hole 79
can be returned to the pickup position before the second
mail piece P is picked up. The rear end detector 88 is
provided to perform refined adjustment of the deviation
of the actual position of the mail piece P from the position
obtained by the calculations of the equations A to C, and
to suppress variation of the gaps between the mail
pieces, in consideration of extension or a slip of the mail
piece P by the pickup belt 78.

Based on the detection results in Steps 14 and 15,
a rear end correction value is calculated (Step 16). In
Step 16, a correction value of an error, which occurs in
picking up and transferring the first mail piece, is calcu-
lated as follows:

L' = (T4-T8) x v E
L" = (T5-T3) x v F

The correction values L' and L" are calculated
from the above equations. As mentioned before, "v" is
the transfer rate (constant rate) of the transfer path 48.

Thereafter, the second mail piece P is adhered to
the pickup belt 78 by the main drawing section 82 and
picked up (Step 17). As regards the pickup of the second
mail piece, note that the time T3, when the rear end of
the first mail piece P passes through the height h, is set
as "0", the pickup start time. In this time, i.e., when the
second mail piece P is picked up, a third mail piece P is
adhered to the auxiliary drawing section 83, so that two
or more mail pieces P may not be picked up simultane-
ously.
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The front end of the second mail piece P, picked up
in Step 17, is detected by the front end detector 87 (Step
18).

Then, the pattern of driving the pickup belt 78 is cal-
culated (Step 19). In this step, the value of T2 is fixed as
described above, and the rate u (t) of the pickup belt 78
is calculated so that the mail piece P is transferred to the
transfer path 48 at the time T2, based on the following
equation B', taking account of the rear end correction
value obtained by Step 16.

T2
.[ ui)dt =y - x + (L'+L") B'
T

The rate of transferring the mail piece P by the
pickup belt 78 is controlled on the basis of the calculation
result of Step 19 (Step 20). The second mail piece P is
transferred to the transfer section 48 at the time T2 (the
front end of the second mail piece P reaches the transfer
path 48) (Step 21).

By the detection of the front end of the second mail
piece P in Step 18, the time T1 when the front end of the
mail piece P passes through the front end detector 87 is
detected. An estimate value of the rear end of the mail
piece P is calculated from the equation A, thereby obtain-
ing the length L of the second mail piece P (Step 22).
The rate u (t) of the pickup belt 78 is obtained as a rate
pattern of driving the pickup belt 78 by substituting, for L
in the equation C, the length L of the mail piece P
obtained from the equation A in Step 22 (Step 23). In
other words, while the rear end of the mail piece P trans-
ferred to the transfer path 48 by Step 21 is being moved
by the transfer path 48 during the time between T2 and
T3, the pickup belt 78, in a free state, controls the rate u
(t) so that the hole 79 can be moved to the mail piece
pickup position, before the third mail piece P is picked
up. The driving of the pickup belt 78 is controlled at the
rate u (t) obtained in Step 23 (Step 24).

Then, returning to Step 14, the third and subsequent
mail pieces P are processed in the same manner as
described above.

As described above, since the pickup belt 78 is con-
trolled such that the mail pieces P are located at the
same positions at the times T1, T2 and T3, it is possible
to provide a paper sheet pickup apparatus in which the
rear ends of paper sheets are aligned and the paper
sheets are picked up one by one at regular intervals. The
apparatus therefore can be smaller and occupy less
space as compared to the conventional apparatus. With
the apparatus, the load applied to the driving mechanism
is reduced, and the lifetime of the machine is increased.
Further, paper sheets can be picked up with less varia-
tion and the machine performance can be stable.

Inthe above embodiment, the mail pickup apparatus
ofthe presentinventionis applied to the first pickup appa-
ratus in the stacker feeder 16. However, it can also be
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applied to the second pickup apparatus in the same man-
ner.

Claims

1. A paper sheet pickup apparatus comprising:

supply means (73, 76) for supplying first and
second paper sheets (P), rear ends of which are
aligned with each other;

pickup means (78) for picking up the paper
sheets (P) supplied by the supply means (73, 76)
one by one at a pickup rate, a pickup position (79)
being preset to a predetermined position and the
pickup rate being variable;

detecting means (87) for detecting front ends
in a pickup direction of the paper sheets (P) picked
up by the pickup means (78);

estimating means (100) for estimating a
length (L) of the first paper sheet (P) based on a
detection result concerning the first paper sheet (P)
detected by the detecting means (87);

transfer means (48) for receiving and trans-
ferring the first paper sheet (P) picked up by the
pickup means (78);

first control means (100, 101, 103) for altering
the pickup rate of the pickup means (78) and moving
the pickup position to the predetermined position
based on a result of estimation of the length (L) of
the first paper sheet (P) obtained by the estimating
means (100), when the first paper sheet (P) is
received by the transfer means (48); and

second control means (100, 101, 103) for
altering the pickup rate of the pickup means (78) so
as to make a gap between the rear end of the first
paper sheet (P) and the front end of the second
paper sheet (P) the same as a gap between a rear
end of a paper sheet previous to the first paper sheet
(P) and the front end of the first paper sheet (P),
when the front end of the second paper sheet (P)
picked up by the pickup means (78) is detected by
the detecting means (87).

2. The apparatus according to claim 1,
characterized in that the pickup means (78) is con-
stituted by an endless transfer belt (78) and the
paper sheets (P) are picked up one by one in a pre-
determined direction by rotation of the transfer belt
(78).

3. The apparatus according to claim 1,

characterized in that the pickup means (78) is con-
stituted by an endless transfer belt (78) and drawing
sections (82, 83) for drawing the paper sheets (P),
and the paper sheets (P) are adhered one by one to
the transfer belt (78) by drawing operations of the
drawing sections (82, 83), and the paper sheets (P)
adhered to the transfer belt (78) are picked up in a
predetermined direction by rotation of the transfer
belt (78).
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A paper sheet pickup apparatus comprising:

supply means (73, 76) for supplying a plural-
ity of paper sheets (P), rear ends of which are
aligned with each other;

pickup means (78) for picking up the paper
sheets (P) supplied by the supply means (73, 76)
one by one at a pickup rate, a pickup position (79)
being preset to a predetermined position and the
pickup rate being variable;

detecting means (87) for detecting front ends
in a pickup direction of the paper sheets (P) picked
up by the pickup means (78);

calculating means (100) for estimating length
(L) of the respective paper sheets (P) based on
detection results detected by the detecting means
(87) and calculating a detection time (T1) in the
detecting means;

transfer means (48) for receiving and trans-
ferring the paper sheets (P) picked up by the pickup
means (78);

first control means (100, 101, 103) for altering
the pickup rate of the pickup means (78) so that the
transfer means (48) receives the paper sheets (P)
at a fixed time (T2), with reference to the detection
time (T1) calculated by the calculating means; and

second control means (100, 101, 103) for
altering the pickup means (78) so as to move the
pickup position to the predetermined position,
before a time (T3) when the rear end of the paper
sheet (P) transferred by the transfer means (48)
reaches a fixed position (h), based on a calculation
result of the length (L) of the paper sheet (P) calcu-
lated by the calculating means (100), thereby start-
ing an operation of picking up another paper sheet
(P) by the pickup means (78) at the time (T3).

The apparatus according to claim 4,

characterized by further comprising rear end detect-
ing means (88), arranged at the fixed position (h),
for detecting whether the rear end of the paper sheet
(P) has passed the fixed position at the time (T3).

The apparatus according to claim 4, characterized
by further comprising pickup position detecting
means (85), arranged at the predetermined position,
for detecting whether the pickup position (79) of the
pickup means (78) is located at the predetermined
position.

The apparatus according to claim 4,
characterized by further comprising:

rear end detecting means (88), arranged at
the fixed position (h), for detecting whether the rear
end of the paper sheet (P) has passed the fixed posi-
tion at the time (T3);

pickup position detecting means (85),
arranged at the predetermined position, for detect-
ing whether the pickup position (79) of the pickup
means (78) is located at the predetermined position;
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and

correcting means (100, 101, 103) for correct-
ing control of the pickup means by the first control
means (100, 101, 103), based on detection results
of the rear end detecting means (88) and the pickup
position detecting means (85).

The apparatus according to claim 4,

characterized in that the pickup means (78) is con-
stituted by an endless transfer belt (78) and the
paper sheets (P) are picked up one by one in a pre-
determined direction by rotation of the transfer belt
(78).

The apparatus according to claim 4,

characterized in that the pickup means (78) is con-
stituted by an endless transfer belt (78) and drawing
sections (82, 83) for drawing the paper sheets (P),
and the paper sheets (P) are adhered one by one to
the transfer belt (78) by drawing operations of the
drawing sections (82, 83), and the paper sheets (P)
adhered to the transfer belt (78) are picked up in a
predetermined direction by rotation of the transfer
belt (78).
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