
LOADING PATTERN GENERATING SYSTEM                        AND LOADING DEVICE
The present invention relates to a loading pattern generating system for
automatically generating a loading pattern to load products on a pallet,
and a loading device that employs the loading pattern generating system.
Previously, for example, in physical distribution, when a plurality of
products in which goods, packed by boxes or bags, are loaded on a pallet
for transportation by a truck or the like, a loading device such as a robot
palletizer, has been used to load the products on the pallet.        The
loading device has a robot hand for gripping and moving products. The
loading device, while repeatedly going back and forth between a station
supplying the products to be loaded and a pallet, controls the hand to load
a plurality of products on the pallet according to a previously set loading
pattern. The loading pattern controls the number of products gripped by the
hand of the loading device, the arrangement of products for each step on
the pallet, the number of loading steps and the like.        In such a
loading device, when a loading pattern is designed, it is selected from a
plurality of previously stored candidate patterns. The operator selects one
of the stored loading patterns from his experience considering the size of
the pallet, the size of the product, the size and the layout of the hand of
the loading device and the like.        However, previously, there has been
a problem that, since the selection of a loading pattern is left to the
judgment of the operator, certain deficiencies in loading capacity may
result. For example, the number of products loaded per hour may be less
than the target value, or the maximum torque applied to the loading device
may exceed its rated value. In the latter case, a safety control of 



2 the loading device stops the loading job.        In order to solve the
above problems, an object of the present invention is to provide a loading
pattern generating system which automatically generates a loading pattern
responsive to loading pattern generating conditions. The resulting loading
patter avoids deficiencies in loading capacity and excessive torque when
products are actually loaded, as well as fulfilling the target capacity. In
addition, the present invention provides a loading device that is response
to the loading pattern generating system.        The loading pattern
generating system  according to  the present invention consist of an input
means for inputting the loading pattern generating conditions including at
least the size of a pallet, the size of products to be loaded on the
pallet, the data relating to a loading device to load the products on the
pallet, and the target capacity to load the products on the pallet; a
candidate pattern registration means in which a plurality of candidate
patterns for loading the products on the pallet are registered; a
calculation means which prepares a loading pattern for controlling the
loading device corresponding to the loading pattern generating conditions
inputted by the input means, on the basis of the candidate patterns
registered in said candidate pattern registration means and which performs
capacity calculation to find the loading capacity of the loading pattern
and which finds such a loading pattern that the loading capacity fulfills
the target capacity; and an output means for outputting the loading pattern
calculated by the calculation means.        In response only to the input
of loading pattern generating conditions, a loading pattern is prepared on
the basis of the loading pattern generating conditions and the candidate
patterns. A capacity calculation finds the loading capacity of the loading
pattern. The loading pattern includes a calculation that 



ensures that the loading capacity is fulfilled.  For this, the target
capacity is                                                    3
calculated, and consequently, a loading pattern is automatically generated.
The loading pattern is not affected by the experience of the operator.
Therefore, the present invention avoids operator variability that may cause
deficiency of loading capacity when the products are actually loaded by the
loading device.        The loading pattern generating system of the present
invention summarized further includes calculation means for   performing
torque calculations to find the torque necessary for the loading device
operated by the prepared loading pattern. The system find the loading
pattern that maintains the torque within the specified torque of the
loading device, while fulfilling the target loading capacity.        Torque
calculation to find the torque necessary for the loading device in the
prepared loading pattern is performed. The loading pattern selected is one
that maintains the torque within the specified torque of the loading device
while fulfilling the target. In this way a loading pattern is automatically
generated, which does not exceed the maximum allowed torque of the loading
device but maintains the loading capacity when the products are actually
loaded by the loading device.        The loading device of the present
invention also includes a loading machine to load the products on a pallet
according to the loading pattern calculated by the loading pattern
generating system.        The products are loaded on a pallet by the
loading machine according to the loading pattern calculated by the loading
pattern generating system, and consequently, deficiency of loading capacity
or torque over of the loading machine does not occur when loading the
products.        Briefly stated, the present invention provides a loading
pattern generating 



system that requires only the input of loading pattern generating
conditions to automatically generate a loading pattern which satisfies the
target capacity within                                                    4
the physical constraints of a loading system. The loading pattern
generating conditions include the size of a pallet, the size of a product,
data relating to a loading device, and the target capacity to load products
on a pallet. A candidate pattern registration device stores a plurality of
candidate patterns for loading products on a pallet. A calculation section
prepares a loading pattern which controls a loading device corresponding to
the loading pattern generating conditions that have been input. The loading
pattern is selected from the candidate patterns stored in the candidate
pattern registration means device. The calculation section calculates the
resulting loading capacity. This loading capacity is adjusted to satisfy
the target loading capacity. The maximum torque on the palletizer is
compared with an allowed torque. When the torque exceeds the maximum, the
candidate pattern is rejected, and calculation is performed on the next
candidate pattern. An output section outputs the resulting loading pattern.
According to an embodiment of the invention, there is provided a loading
pattern generating system comprising: input means for inputting loading
pattern generating conditions, the loading pattern generating conditions
including at least size of a pallet, a size of a product to be loaded on
the pallet, data relating to a loading device for loading products on the
pallet, and a target capacity to load products on a pallet, a candidate
pattern registration means in which a plurality of candidate patterns to
load products on the pallet are registered, calculation means for preparing
a loading pattern for controlling the loading device corresponding to the
loading pattern generating conditions inputted by the input means, on the
basis of the candidate patterns registered in the candidate pattern
registration means, and which performs capacity calculation to find loading
capacity of the 



loading pattern, and which finds such a loading pattern that the loading
capacity fulfills the target capacity, and output means for outputting the
loading pattern                                                    5
calculated by the calculation means.        According to a feature of the
invention, there is provided    a  loading pattern generating system, the
system being of a type using a controllable hand for loading a plurality of
a product onto a pallet, comprising: a candidate pattern registration
means, the candidate pattern registration means including a plurality of
candidate patterns for loading the product onto the pallet, input means for
inputting setting which include at least some of a target capacity, a
pallet size, a product size, a type of palletizer and a size of a the hand,
means for comparing a result of ones of the plurality of candidate patterns
to find a one of the candidate patterns that satisfies the settings, means
for calculating whether a torque imposed on the palletizer by a candidate
pattern exceeds a maximum permitted torque, means for outputting a
candidate pattern with satisfies both the settings and which does not
exceed the maximum permitted torque, and when the conditions in the
preceding clause are not satisfied, the means for comparing proceeds to a
next candidate pattern to repeat the comparison and calculation.        The
above, and other objects, features and advantages of the present invention
will become apparent from the following description read in conjunction
with the accompanying drawings, in which like reference numerals designate
the elements.        Fig. 1 is a structural diagram of a loading pattern
generating system according to an embodiment of the present invention.
Fig. 2 is an oblique view of a loading device according to an embodiment of
the present invention.        Fig. 3 is a simplified illustration of the
loading action of a loading device according to an embodiment of the
present invention. 



Fig. 4 is a diagram of a display screen during inputting, according to an
embodiment of the present invention.
6        Fig. 5 is a diagram of a display screen during inputting according
to an embodiment of the present invention.        Fig. 6 is a diagram of a
display screen during outputting according to an embodiment of the present
invention.        Fig. 7 is a flow chart according to an embodiment of the
present invention.        Fig. 8 is a continuation flow chart of Fig. 7.
Fig. 9 is a continuation flow chart of Fig. 8        Fig. 10 is a
continuation flow chart of Fig. 9.        Fig. 11 is a continuation flow
chart of Fig. 10.        Referring to Fig. 2, a loading device according to
the invention includes a product conveyer 1, a pallet conveyer 2, and a
palletizer (robot palletizer) 3. Product 4 to be loaded are box shaped.
Product conveyer 1 conveys products 4 on its belt to feed a specified
number of products 4 to palletizer 3. Palletizer 3 grips one or more
product 4, then transfers it to a station 5 near the palletizer 3.
An empty pallet 6, upon which products 4 are to be loaded, is conveyed by
the pallet conveyer 2 to a loading position 7 near palletizer 3. When the
pallet 6 at the loading position 7 is fully loaded with the product 4, it
is removed and replaced by a new empty pallet 6 from the pallet conveyor 2.
The palletizer 3 has a main body section 8 supported on a base 9 installed
on the floor. Main body section 8 is rotatable on base 9. The lower ends of
a plurality of arms 10, 11 are pivoted to main body section 8 to permit
them to rock back and forth. The upper ends of arms 10, 11 are connected to
a base end of an arm 12. A hand attaching section 13 is rotatably connected
to the tip of the arm 12. A hand 14 is rotatably connected to hand
attaching section 13. 



The hand 14 has a base section 15 rotatably connected to the hand attaching
section 13. A pair of plates 16 extend downward from the opposed
7 ends of the under surface of the base section 15. Plates 16 move toward
and away from each other to grip products 4 and to release them, as
necessary to load the pallet 6. One of the plates 16 includes a claw 17
which touches and supports the under surface of the products.        The
respective actions of the palletizer 3, which include turning of the main
body section 8, rocking of the arms 10, 11, rotation of the hand attaching
section 13, rotation of the hand 14, opening and closing of the pair of
plates 16 of the hand 14, are driven by any convenient means such as, for
example, a motor, a hydraulic cylinder or a pneumatic cylinder. Movement of
the hand 14 at the tip of the arm 12 is accomplished by combining the
actions of the palletizer 3, which include turning R, vertical movement D,
and back and forth movement O of the hand 14 at the tip of the arm 12.
Referring now to Fig. 3, the palletizer 3 is operated according to a
specified loading pattern.  It grips and lifts the products 4 supplied  to
the station 5 by the hand 14. Then it moves the hand 14, holding the
product 4, to a position above the pallet 6. Then it lowers the hand 14 to
deliver the product 4 to the loading position. Finally, it releases the
products 4 from the hand 14 to the desired position and orientation on the
pallet 6. Then the hand 14 is driven back to pick up the next products. The
reciprocating motion of the hand 14 between the station 5 and the pallet 6
loads a plurality of products 4 on the pallet 6 in a specified order.
Referring now to Fig. 1, a loading pattern generating system 21 includes an
setting section 22, a registration pattern section 23, a calculation
section 24 and a program output section 26.  These sections are preferably
embodied in 



computer units such as, for example, a computer unit of the control panel
for controlling the loading device, or a personal computer other than the
computer unit of the control panel.  Setting section 22 is a setting
device, such as a                                                     8
keyboard, for inputting parameters of target capacity, sizes of pallet,
hand and product, and type of palletizer.  Registration pattern section 23
contains stored candidate patterns from which an optimum loading pattern is
to be selected. Calculation section 24 performs the calculations, as will
be explained. Program output section 26 provides the output, either to the
operator or to machinery.        The setting section 22 is composed of the
parts such as a keyboard or a mouse which can performs various input
setting, reading and driving units such a magnetic disc, an optical disc, a
memory in which input setting items are recorded, and the like. The loading
pattern generating conditions are input to setting section 22. The loading
pattern generating conditions include at least the target capacity of
products 4 to load on a pallet 6 (for example, the number of products 4 to
be loaded per hour), the size of a pallet 6, the size of products 4, the
data relating to the palletizer 3 such as the type of a palletizer 3, the
size of a product 4 which the hand 14 can grip, the layout of the position
of the palletizer 3, the station 5, the pallet 6 or the like.        The
registration pattern section 23 is composed of recording media by which
reading-out at the calculation section 24 is possible. The recording media
is preferably a type of memory (for example, a ROM or a RAM), other
magnetic discs or optical discs. The registration pattern section 23 has
stored therein a plurality of candidate patterns for loading products 4 on
the pallet 6. In each of the candidate patterns, the number of products 4
to be gripped by the hand 14 of the loading device, the arrangement for
each step and the number of the loading steps of the products 4 on the
pallet 6, and the like, are included. 



The calculation section 24 includes of a micro computer and the like.
Calculation section 24 generates a loading pattern for controlling the
loading device, according to a loading pattern generating program. The
calculation section 24 has the functions of a gripping planning means, a
program generating                                                   9
means, a capacity calculation means, a torque calculation means, and a
judging means.        The generation of a loading pattern by the loading
pattern generating program comprises: a step for planning the number of
products 4 gripped in the opening and closing direction of the pair of
plates 16 of the hand 14 and the number of rows of products 4 arranged in
the width direction of the plates 16 (gripping planning means); a step for
reading out one of the candidate patterns registered in the registration
pattern section 23 to prepare a program of the loading pattern
corresponding to the loading pattern generating conditions inputted at the
setting section 22 (program preparing means); a step for performing
capacity calculation to find the loading capacity of the prepared loading
pattern (capacity calculation means); a step for performing torque
calculation to find the torque necessary for turning R, vertical movement
D, and back and forth movement O of the loading device in the prepared
loading pattern (torque calculation means); and a step for judging whether
a particular loading pattern one that fulfills the target capacity while
remaining with the specified torque of the loading device (judging means).
If the loading pattern is judged to be such a pattern that satisfies both
loading capacity and torque requirements, the loading pattern is outputted
to the program  output section 26.  If the loading pattern does not fulfill
the requirements of target capacity, or if the torque is outside the
specified torque of the loading device, a next candidate among the
candidate patterns is called out from the registration pattern section 23,
and is judged by the similar steps. This 



process is repeated until, either the requirements are met, or the closest
value to the requirements is found.        The program output section 26 is
composed of a monitor for outputting the loading pattern calculated at the
calculation section 24 such as a cathode-ray
10  tube or a liquid crystal display, writing and driving units of a
magnetic disc, an optical disc, a memory and the like by which recording of
the program of the loading pattern is possible, an interface connected to
the control panel controlling the loading device, and the like.        When
the loading pattern generating system 21 is composed of a computer unit of
the control panel of the palletizer 3, the program of the generated loading
pattern is registered in the computer unit. When the loading pattern
generating system 21 is composed of a computer unit such as a personal
computer other than the control panel, the program of the generated loading
pattern is moved to the control panel of the palletizer 3 using recording
media such as a magnetic disc, an optical disc or a memory, or by on-line
processing.        Furthermore, the loading pattern generating program is
installed into the computer unit of the control panel of the palletizer 3,
or the computer unit such as a personal computer other than the control
panel or the like, through recording media such as a magnetic disc, a
optical disc or a memory in which the loading pattern generating program is
recorded.        Next, by referring to the explanatory drawings of the
display screen in Fig. 4 to Fig. 6 and the flow charts in Fig. 7 to Fig.
11, the generation of a loading pattern by the calculation section 24
according to the loading pattern generating program, will be described. The
display screen is a screen shown in a monitor of the program output section
26.        When the loading pattern generating program is started at the
calculation 



section 24, the dialog box of 'size data input' shown in Fig. 4 is shown in
the monitor. At the dialog box, the size of a product 4 as an object to be
transported is inputted in the column of transported object size, and the
size of a pallet 6 is inputted in the column of 'pallet size', and the data
of the station 5, the type of the hand 14, the type of the pallet 6 and the
like are inputted in the
11 column of 'station'. The inputting is performed by a keyboard, menu
selection, mouse of the setting section 22 or the like.        When
'setting' is clicked, the dialog box of 'automatic generation setting'
shown in Fig. 5 is shown in the monitor. At the dialog box, the required
data are inputted in each of the columns of 'automatic generation type
'target capacity', 'minimum loading efficiency', and 'time setting'. The
inputting is performed by the key board of the setting section 22 or the
like.        Then, the type of automatic generation is selected among the
next five types of automatic generation.        'Automatic generation of
pattern is not performed' is a type where the function of automatic
generation is not used, and the operator sets the loading pattern as
before.        'Automatic generation by present hand and set value
(approximate value)' is a type where the number of products gripped by the
hand 14 is calculated from the target capacity, but the value cannot exceed
the maximum number of products gripped by the hand 14 presently attached to
the palletizer 3.  The maximum number of products gripped by the present
hand 14 is determined by the length of the hand 14 and the size of the
products 4. As the loading pattern, the first loading pattern with a
capacity exceeding the target capacity is automatically generated. If the
target capacity is not exceeded, a loading pattern with the maximum
capacity of the present hand 14, is calculated.        'Automatic
generation by maximum number of products gripped by 



present hand' is a type where regardless of the target capacity, a loading
pattern with the maximum capacity is automatically generated by the maximum
number of products gripped by the present hand 14.         'Automatic
generation by set value of target capacity (approximate value)' is a type
where the number of gripped products is calculated from the target
12 capacity, and a recommended hand is proposed, and the first loading
pattern with a capacity exceeding the target capacity is automatically
generated.        'Automatic generation by set value of target capacity
(maximum value)' is a type where the number of gripped products is
calculated from the target capacity, and a recommended hand is proposed,
and a loading pattern with the maximum capacity exceeding the target
capacity is automatically generated.        Into target value the target
value to load the products 4 per unit time is inputted.        Into
'minimum loading efficiency', the minimum value of the ratio of the area
occupied by the products 4 to the area of pallet 6, is set by %.
Into 'time setting', the time from the emitting of an opening signal or a
closing signal to the actual opening or closing of the pair of plates 16 of
the hand 14, is inputted. Furthermore, the replacement time from the finish
of loading of a pallet 6 to the finish of replacement of a next empty
pallet 6 at the loading position 7 after the pallet 6 is carried out, is
inputted.         Furthermore, in dialog boxes, not shown in Fig. 4 and
Fig. 5, other loading pattern generating conditions such as the type of the
palletizer 3, the layout relating to the position of the palletizer 3, the
position of the station 5 and the position of the loading position 7, the
loading type (whether the loading of the products 4 is the bar-like loading
or the alternate loading), are inputted.         Furthermore, in the dialog
box shown in Fig. 4, if the check box of 'automatic generation' is checked
and loading type' is clicked, the automatic 



generation of a loading pattern is performed on the basis of the set
loading pattern generating conditions.         Referring now to Figs. 7-11,
to start the automatic generation of a loading pattern, first, the setting
of the initial values for automatic generation is performed (step 1).
Here, the maximum number of steps capable of being
13 loaded is calculated from the vertical (Z axis) working area of the
palletizer 3, and the number of products capable of being loaded per step
is calculated from the size of a product 4 and the size of a pallet 6, and
the maximum effective number of products gripped by the hand 14 is
calculated from the length in the longitudinal dimension of a pallet 6 and
the length of a product 4 including the loading clearance, and the minimum
number of products per step is calculated from the minimum loading
efficiency.        Furthermore, at the step 2, the angle a (shown in Fig.
3) between the center of the product 4 on the station 5 and the center of
the pallet 6 is calculated. Using this information, the maximum capacity
when gripping one to four products is calculated according to the angle a
and the type of the palletizer 3. The number of gripped products to start
retrieving is calculated from the maximum effective number of gripped
products and the maximum capacity and the target capacity.        Next,
whether 'automatic generation type' is 'automatic generation by present
hand and set value (approximate value)', is judged (step 3).        If the
setting is 'automatic generation by present hand and set value (approximate
value)', the maximum number of products gripped by the present hand is
calculated from the length of the present hand 14 (step 4), and whether the
maximum effective number of gripped products exceeds the maximum number of
products gripped by the present hand, is judged (step 5). Only when 



the maximum effective number of gripped products exceeds the maximum number
of products gripped by the present hand, the maximum effective number of
gripped products is adjusted to a value equal to the value of the maximum
number of products that can be gripped by the present hand (step 6).
Furthermore, whether the number of gripped products to start retrieving
exceeds the maximum effective number of gripped products, is judged (step
7).                                                  14  If the number of
gripped products to start retrieving exceeds the maximum effective number
of gripped products, the number of gripped products to start retrieving is
made equal to the value of the maximum effective number of gripped products
(step 8). If the number of gripped products to start retrieving does not
exceed the maximum effective number of gripped products, the number of
gripped products to start retrieving is left at the value calculated at the
step 2.        Accordingly, the number of gripped products to start
retrieving by the hand 14 is calculated from the target capacity.  But the
number of gripped products to start retrieving is set so that the number of
gripped products to start retrieving does not exceeds the maximum number of
products gripped by the present hand and the maximum effective, number of
gripped products.        Next, whether 'automatic generation type' is
'automatic generation by maximum number of products gripped by present
hand', is judged (step 9).        If the selection is 'automatic generation
by maximum number of products gripped by present hand', the maximum number
of products gripped by the present hand is calculated from the length of
the present hand 14 (step 10), and whether the maximum effective number of
gripped products exceeds the maximum number of products gripped by the
present hand, is judged (step 11). If the maximum effective number of
gripped products exceeds the maximum number of products capable of being
gripped by the present hand, the maximum effective number of gripped
products and the number of gripped products to start 



retrieving are set equal to the value of the maximum number of products
gripped by the present hand (step 12). If the maximum effective number of
gripped products does not exceed the maximum number of products gripped by
the present hand, the number of gripped products to start retrieving is set
to the value of the maximum effective number of gripped products (step 13).
Consequently, regardless of the target capacity, the maximum number of
15 products gripped by the present hand 14 (or the maximum effective number
of gripped products) is set as the number of gripped products to start
retrieving.        Next, whether 'automatic generation type' is 'automatic
generation by set value of target capacity (approximate value)' or
'automatic generation by set value of target capacity (maximum value), is
judged (step 14).        If the setting is 'automatic generation by set
value of target capacity (approximate value)' or 'automatic generation by
set value of target capacity (maximum value), the recommended length of the
hand is calculated by the number of gripped products to start retrieving
(step 15).        After that, zero is set as the initial value of the final
capacity to be calculated by the automatic generation (step 16).
Next, the first candidate pattern corresponding to the number of gripped
products to start retrieving is selected and read out among a plurality of
candidate patterns registered in the registration pattern section 23.
About the read-out candidate pattern, whether the candidate pattern has
some problems such as a problem that the candidate pattern is not a pattern
of the first level (step 17), a problem that the candidate pattern has an
efficiency not more than the minimum loading efficiency (step 18), or a
problem that the candidate pattern causes an error of collapse of goods or
the like (step 19), is judged respectively. 



In a case where the candidate pattern has no problem, a real loading
pattern is developed so as to perform actual loading, from the data of the
candidate pattern (step 20). Whether the real loading pattern is normally
prepared, is confirmed (step 21).         In a case where the candidate
pattern has a problem or where the real loading pattern is not normally
prepared, the process advances to the step 50 and, if a next candidate
pattern exists, the process returns to the step 17, and the next
16 candidate pattern is similarly processed.        Next, if the real
loading pattern is normally prepared, whether the type of loading is the
alternate loading, is judged (step 22).        If the type of loading is
the alternate loading, the real loading pattern for the first step is
prepared (step 23). If the real loading pattern for the first step has no
problem such as collapse of goods (step 24), the real loading pattern for
the second step is prepared (step 25). If the real loading pattern for the
second step has no problem such as collapse of goods (step 26), whether the
longitudinal direction of the pallet 6 is different from the longitudinal
direction of the real loading pattern, is judged (step 27). If the two
directions agree, loading data are prepared, which include the loading
order or data of the position, and which can be the base to prepare a
program (step 28).        If the type of loading is not the alternate
loading, the real loading pattern for the first step is prepared (step 29).
If the real loading pattern for the first step has no problem such as
collapse of goods (step 30), whether the longitudinal direction of the
pallet 6 is different from the longitudinal direction of the real loading
pattern, is judged (step 31). If the two directions agree, loading data are
prepared, which include data such as data of the loading order or data of
the position, and which can be the base to prepare a program (step 32). 



If there is a problem such as collapse of goods, or if the longitudinal
direction of the pallet 6 is different from the longitudinal direction of
the real loading pattern, the process advances to the step 49, and whether
the processes from the head end to the end of the real loading pattern are
performed, is confirmed.         Next, a program of the loading pattern is
prepared according to the prepared loading data (step 33).  About the
program, whether it is normally prepared, is confirmed (step 34). When
there is a failure in the preparation of
17 the program, the process advances to the step 49, and whether the
processes from the head end to the end of the real loading pattern are
performed, is confirmed.        When the program is normally prepared, the
program is developed in the check area (step 35), and whether there is any
error out of the working area, is confirmed (step 36).        If there is
an error out of the working area, whether it is out of the working area in
the vertical (Z axis) direction of the palletizer 3, is judged (step 37).
If the error is an error out of the working area in the vertical (Z axis)
direction of the palletizer 3, the final capacity is set to zero (reset or
clear) (step 38), and the process advances to the step 54. If the error is
a different error, the process advances to the step 49, and whether the
processes from the head end to the end of the real loading pattern are
performed, is confirmed.        If there is no error out of the working
area, considering the opening and closing time of the hand 14 and the
replacing time of the pallet 6, the capacity is calculated (step 39).
Next, whether 'automatic generation type' is 'automatic generation by
present hand and set value (approximate value)' or 'automatic generation by
set value of target capacity (approximate value), is judged (step 40). 



If the type is 'automatic generation by present hand and set value
(approximate value)' or 'automatic generation by set value of target
capacity (approximate value)', first, whether the calculated capacity is at
least the target capacity, is confirmed (step 41).         If the
calculated capacity does not equal or exceed target capacity, whether the
calculated capacity is larger than the final capacity, is confirmed (step
42). If the calculated capacity is larger than the final capacity, the
process for the renewal of the final capacity is started, and the torque
calculation is performed (step 43). If the calculated torque is within the
specified torque (step
18 44), the final capacity is renewed to be the calculated capacity (step
45). If the calculated torque is out of the specified torque, the process
advances to the step 49, and whether the processes from the head end to the
end of the real loading pattern are performed, is confirmed. If the
calculated capacity is smaller than the final capacity, the process
advances to the step 49, to confirm whether the processes from the head end
to the end of the real loading pattern are performed. The final capacity
indicates the last calculated capacity stored at the step 45 the final
capacity is compared with the capacity calculated this time. The one of
them nearer to the target capacity is stored at the step 45.        If the
calculated capacity is not less than the target capacity, whether the final
capacity is not less than the target capacity, is confirmed (step 46). If
the final capacity is smaller than the target capacity, the process
advances to the step 43, and the process for the renewal of the final
capacity is started. If the final capacity is not less than the target
capacity, whether the calculated capacity is larger than the final
capacity, is confirmed (step 47). If the calculated capacity is larger than
the final capacity, the process advances to the step 43, and the process
for the renewal of the final capacity is started.  If it is smaller, the
process advances to the step 49, and whether the processes from the head
end to 



the end of the real loading pattern are performed, is confirmed.
Furthermore, if 'automatic generation type' is not 'automatic generation by
present hand and set value (approximate value)' or 'automatic generation by
set value of target capacity (approximate value), that is, if it is
'automatic generation by maximum number of products gripped by present
hand' or 'automatic generation by set value of target capacity (maximum
value)', whether the calculated capacity is larger than the final capacity,
is confirmed (step 48). If the calculated capacity is larger than the final
capacity, the process advances to the step 43, and the process for the
renewal of the final capacity is started. If the
19 calculated capacity is smaller than the final capacity, the process
advances to the step 49, and whether the processes from the head end to the
end of the real loading pattern are performed, is confirmed.        Then,
whether the processes from the head end to the end of the real loading
pattern are performed, is confirmed (step 49).   In a case where the
processes to the end is not yet performed, the process returns to the step
22, and the processing is continued.        In a case where the processes
from the head end to the end of the real loading pattern are performed,
whether the processes from the head end to the end of the candidate pattern
are performed, is confirmed (step 50). If there is a next candidate
pattern, the process returns to the step 17, and the candidate pattern is
similarly processed. Thus, if there are a plurality of candidate patterns,
they are similarly processed in order.        Next, when all candidate
patterns are processed, whether the number of gripped products to start
retrieving is less than the maximum effective number of gripped products
and the target capacity exceeds the final capacity, is judged (step 51).
If the number of gripped products to start retrieving is less than the 



maximum effective number of gripped products, or if the final capacity does
not reach the target capacity, whether the number of gripped products to
start retrieving is not more than four, is judged (step 52). If the number
is not more than four, one is added to the number of gripped products to
start retrieving (step 53), and the process returns to the step 14, and
such a candidate pattern that the final capacity reaches the target
capacity is retrieved, and the pattern is similarly processed.
Furthermore, in a case where the number of gripped products to start
retrieving is more than the maximum effective number of gripped products
and                                                    20 the final
capacity exceeds the target capacity, since the final capacity is not zero
(step 54), the process advances to the next step 55.        In a case other
than the case where the number of gripped products to start retrieving is
more than the maximum effective number of gripped products and the final
capacity exceeds the target capacity, since the final capacity is zero,
whether the reason why the final capacity is zero, is a reason of being out
of the working area in the vertical (Z axis) direction of the palletizer 3,
is judged (step 56). If the reason is a reason of being out of the working
area in the vertical (Z axis) direction of the palletizer 3, the error
message of 'all patterns are out of reach area' is shown on the monitor
(step 57). If the reason is another reason, the error message of there is
no pattern with efficiency exceeding minimum loading efficiency' is shown
on the monitor (step 58).        At the step 55, a real loading pattern
with the maximum capacity among the calculated ones is employed in the case
of the maximum value, and a real loading pattern with a capacity which is
not less than the target capacity and is nearest to the target capacity, is
employed in the case of the approximate value. By the employed real loading
pattern, loading data are prepared, and from the 



loading data, a program of the loading pattern is prepared, and the
prepared program is developed in the check area. Furthermore, by the
prepared program, considering the opening and closing time of the hand 14
and the replacing time of the pallet 6, the capacity is calculated.
Furthermore, the maximum number of plural gripped products in the prepared
program is calculated, and by the maximum number of plural gripped
products, a recommended length of a hand is calculated.  Torque calculation
of each of the torques of turning R, vertical movement D, and back and
forth movement O of the palletizer 3 in a pattern with the highest
capacity, is performed.         Finally, the prepared program is developed
to the display area.  The
21 display screen of the monitor on which the prepared program is developed
to the display area, is shown in Fig. 6. In the column of loading pattern',
the arrangement of the products 4 on the pallet 6 is shown for every step
(lateral or three-dimensional display can also be shown, if selected), and
in the column of 'maximum capacity calculated result', the planned
capacity, the recommended length of a hand, and each of the torques of
turning R, vertical movement D, and back and forth movement 0, are shown.
As mentioned above, in response only to inputting of the loading pattern
generating conditions, a loading pattern is prepared on the basis of the
loading pattern generating conditions and the candidate patterns. A
capacity calculation to find the loading capacity of the loading pattern is
performed, and such a loading pattern that the loading capacity fulfills
the target capacity is calculated. Accordingly, a loading pattern which is
not affected by the experience of the operator and by which deficiency of
loading capacity is not caused when products are actually loaded by the
palletizer 3, can automatically be generated.        Furthermore, torque
calculation to find the torque necessary for the 



palletizer 3 in the prepared loading pattern, is performed, and a loading
pattern is calculated in which the torque remains within the specified
torque of the palletizer 3 and in which the loading capacity fulfills the
target capacity. Consequently, a loading pattern by which excessive torque
of the palletizer 3 or deficiency of loading capacity is not caused when
products are actually loaded by the palletizer 3, can automatically be
generated.        In a case where the loading pattern generating system 21
is composed of a computer unit of the control panel of the palletizer 3,
the program of the generated loading pattern can be registered in the
computer unit.        In a case where the loading pattern generating system
21 is composed of a computer unit such as a personal computer other than
the control panel, the
22 program of the generated loading pattern is recorded on recording media
such as a magnetic disc, a optical disc, or a memory and is moved to the
control panel of the palletizer 3, or the program of the generated loading
pattern is moved to the control panel of the palletizer 3 by on-line
processing, and it is registered.        Furthermore, into the computer
unit of the control panel of the palletizer 3, or the computer unit such as
a personal computer other than the control panel, and the like, the loading
pattern generating program can be installed, through the recording media
such as a magnetic disc, a optical disc or a memory, in which the loading
pattern generating program is recorded.        According to the loading
pattern generating system in response only to the inputting of loading
pattern generating conditions, a loading pattern is prepared on the basis
of the loading pattern generating conditions and the candidate patterns,
and capacity calculation is performed to find the loading capacity of the
loading pattern. The resulting loading pattern is one in which the loading
capacity fulfills the target capacity. Consequently, a loading pattern
which is not affected by the experience of the operator and by which
deficiency 



of loading capacity is not caused when the products are actually loaded by
a loading device, can automatically be generated.        According to the
loading pattern generating system, in addition to the effect of the loading
pattern generating system, a torque calculation is performed to find the
torque necessary for the loading device in the prepared loading pattern.
The selected loading pattern is one in which the torque is within the
specified torque of the loading device and the loading capacity fulfills
the target capacity. Consequently, a loading pattern by which torque over
of the loading device or deficiency of loading capacity is not caused when
the products are actually loaded by the loading device, can automatically
be generated.         According to the loading device of the present
invention, deficiency of
23 loading capacity or torque over of the loading machine is not caused
when loading products, since the products are loaded on the pallet by the
loading machine on the basis of the loading pattern calculated by the
loading pattern generating system.        Having described preferred
embodiments of the invention with reference to the accompanying drawings,
it is to be understood that the invention is not limited to those precise
embodiments, and that various changes and modifications may be effected
therein by one skilled in the art without departing from the scope or
spirit of the invention as defined in the appended claims.       



24 WHAT IS CLAIMED IS:          1. A loading pattern generating system
comprising:        input means for inputting loading pattern generating
conditions;        said loading pattern generating conditions including at
least size of a pallet, a size of a product to be loaded on said pallet,
data relating to a loading device for loading products on said pallet, and
a target capacity to load products on a pallet;        a candidate pattern
registration means in which a plurality of candidate patterns to load
products on said pallet are registered;        calculation means for
preparing a loading pattern for controlling said loading device
corresponding to said loading pattern generating conditions inputted by
said input means, on the basis of said candidate patterns registered in
said candidate pattern registration means, and which performs capacity
calculation to find loading capacity of said loading pattern, and which
finds such a loading pattern that said loading capacity fulfills said
target capacity; and         output means for outputting said loading
pattern calculated by said calculation means.         2. A loading pattern
generating system according to claim 1, wherein said calculation means
performs torque calculation to find a torque necessary for said loading
device in said prepared loading pattern, and finds such a loading pattern
that said torque is within a specified torque of said loading device and
said loading capacity fulfills said target capacity.         3. A loading
device comprising:         input means for inputting loading pattern
generating conditions;         said loading pattern generating conditions
including at least size of a pallet, a size of a product to be loaded on
said pallet, data relating to a loading      



25 device for loading products on said pallet, and a target capacity to
load products on a pallet;        a candidate pattern registration means in
which a plurality of candidate patterns to load products on said pallet are
registered;        calculation means for preparing a loading pattern for
controlling said loading device corresponding to said loading pattern
generating conditions inputted by said input means, on the basis of said
candidate patterns registered in said candidate pattern registration means,
and which performs capacity calculation to find loading capacity of said
loading pattern, and which finds such a loading pattern that said loading
capacity fulfills said target capacity;        output means for outputting
said loading pattern calculated by said calculation means; and         a
loading machine for loading products on a pallet on the basis of said
loading pattern.        4. A loading device comprising:        input means
for inputting loading pattern generating conditions;        said loading
pattern generating conditions including at least size of a pallet, a size
of a product to be loaded on said pallet, data relating to a loading device
for loading products on said pallet, and a target capacity to load products
on a pallet;         a candidate pattern registration means in which a
plurality of candidate patterns to load products on said pallet are
registered;         calculation means for preparing a loading pattern for
controlling said loading device corresponding to said loading pattern
generating conditions inputted by said input means, on the basis of said
candidate patterns registered in said candidate pattern registration means,
and which performs capacity calculation to find loading capacity of said
loading pattern, and which finds such      



26 a loading pattern that said loading capacity fulfills said target
capacity;        said calculation means including means for performing a
torque calculation to find a torque necessary for said loading device in
said prepared loading pattern, and finds such a loading pattern that said
torque is within a specified torque of said loading device and said loading
capacity fulfills said target capacity;        output means for outputting
said loading pattern calculated by said calculation means; and        a
loading machine for loading products on a pallet on the basis of said
output loading pattern.        5. A loading pattern generating system, said
system being of a type using a controllable hand for loading a plurality of
a product onto a pallet, comprising:        a candidate pattern
registration means;        said candidate pattern registration means
including a plurality of candidate patterns for loading said product onto
said pallet;        input means for inputting setting which include at
least some of a target capacity, a pallet size, a product size, a type of
palletizer and a size of a said hand;        means for comparing a result
of ones of said plurality of candidate patterns to find a one of said
candidate patterns that satisfies said settings;         means for
calculating whether a torque imposed on said palletizer by a candidate
pattern exceeds a maximum permitted torque;         means for outputting a
candidate pattern with satisfies both said settings and which does not
exceed said maximum permitted torque; and         when the conditions in
the preceding clause are not satisfied, said means for comparing proceeds
to a next candidate pattern to repeat the comparison and     



27 calculation.        6. A system according to claim 5, further
comprising:        means for calculating a loading capacity of a candidate
pattern;        said means for outputting further includes means for
outputting said candidate pattern having a loading capacity at least equal
to said target loading capacity, and        when any one of the conditions
in the preceding clause, and in the final clause of claim 5 is not
satisfied, said means for comparing proceeds to the next candidate pattern
to repeat the comparison and calculation.    


