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(54) Parts placement calculation system

(57) A parts placement calculation system compris-
es parts selection means 18 for selecting parts with the
highest parts point value, store selection means 20 for
selecting a store with the highest store point value, and
placement determination means 22 for determining
whether or not parts can be placed in a store based on
a predetermined constraint condition for placing the
parts. When the placement determination means 22 de-

termines that parts cannot be placed in a store, the store
is deleted from a list of placement possible stores, and
then the store selection means 20 is activated again.
When the placement determination means 22 deter-
mines that parts can be placed in a store, a parts area
for placing the target parts are determined within the
store. Then, after the parts are deleted from the list of
parts to be placed, the parts selection means 18 is re-
activated.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to placement of
component parts in a factory or the like, and more par-
ticularly to parts placement calculation for automatically
calculating locations where such parts are to be placed.

Description of Related Art

[0002] In factories or the like, component parts which
have been processed in one production process are
sometimes temporarily stored in a parts storage before
being used in a subsequent process. For example, in
the case of lot production using a press or the like in
automobile manufacturing factories, it is necessary to
temporarily store relatively large parts such as body
panels in a limited space. In addition, numerous types
of other parts must also be stored. Therefore, appropri-
ate parts placement, being the determination of storage
locations for components and other parts, should be
performed.
[0003] Conventionally, in order to determine parts
placing locations, a person such as responsible for
placement of parts designs the placement design by
drawing the parts placing location of each parts on a
CAD system, taking consideration of the parts placing
area in the parts storage or the like based on his/her
own experience.
[0004] In such conventional placement design per-
formed by a parts manager on a CAD system as de-
scribed above, calculations are complicated and can be
enormous when a great number of parts are to be placed
in a limited space. Thus, the conventional placement de-
sign requires a very great calculation time, and, due to
the complexity of the calculations, is simply incapable
of giving sufficient consideration to the physical distribu-
tion efficiency associated with parts transportation.
[0005] The present .invention advantageously pro-
vides a parts placement calculation system, a parts
placement calculation method, a parts placement cal-
culation program, a recording medium which records a
parts placement calculation program, and a parts place-
ment support system, capable of designing parts place-
ment taking the physical distribution efficiency and the
area efficiency into consideration, even when a wide va-
riety of parts must be located in a limited space.

SUMMARY OF THE INVENTION

[0006] The present invention was conceived in view
of the aforementioned problems of the related art and
provides a parts placement calculation system for dis-
tributing and placing parts of a plurality of types in a plu-
rality of stores within a parts storage based on a parts

point value for each type of parts and a store point value
for each store with regard to each type of parts, the sys-
tem comprising parts selection means for selecting a
parts with the highest parts point value from a list of parts
to be placed, store selection means for selecting a store
with the highest store point value from a list of placement
possible stores regarding the selected parts, and place-
ment determination means for determining whether or
not the selected parts can be placed in the selected
store, based on a predetermined constraint condition for
placing the selected parts in the selected store, wherein,
when the placement determination means determines
that the selected parts cannot be placed in the selected
store, the selected store is deleted from the list of place-
ment possible stores and then the store selection means
is activated again, and, when the placement determina-
tion means determines that the selected parts can be
placed in the selected store, a parts area for placing the
selected parts in the store is determined, and the select-
ed parts is deleted from the list of parts to be placed,
and then the parts selection means is activated again.
[0007] With the above configuration, meaning of parts
includes types of parts and quantity of parts which are
placed. Parts placement calculation can be automatical-
ly performed by the parts placement calculation system.
Therefore, compared to conventional parts placement
calculation which typically requires a calculation time on
the order of two to three weeks, the calculation time re-
quired for the present system is significantly reduced to
several tens of minutes, which drastically reduces the
possibility of calculation errors and placement impossi-
bility. Further, conventionally, when a large number of
types of parts which are relatively large are to be located
within a limited space, placement is actually performed
taking only the placing area into consideration. Even in
such a situation, the present system allows parts place-
ment which takes not only the area efficiency but also
the parts transportation efficiency into consideration.
[0008] Preferably, the constraint condition in the
placement determination means is that selected parts
do not overlap a parts area which is already positioned
and an obstacle, and that an area sufficient for placing
selected parts are provided.
[0009] Further, in order to achieve the above advan-
tage, the present invention provides a parts placement
calculation system for distributing and placing parts of
a plurality of types in a plurality of stores within a parts
storage based on a parts point value for each type of
parts and a store point value for each store with regard
to each type of parts, the system comprising placement
possible store set extraction means for removing a store
in which placement is not possible based on a predeter-
mined constraint condition for placing each parts from
a store list associated with each parts, parts selection
means for selecting a parts with the highest parts point
value from a list of parts to be placed, and store selection
means for selecting a store with the highest store point
value from a list of placement possible stores regarding
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the selected parts, wherein, after the placement possi-
ble store set extraction means is executed, parts are se-
lected by the parts selection means, a store for the se-
lected parts is selected by the store selection means,
and a parts area for placing the selected parts is deter-
mined in the selected store, and then after deleting the
selected parts from the list of parts to be placed, the
placement possible store set extraction means is exe-
cuted again.
[0010] With the above configuration, it is possible to
consider a constraint condition regarding a plurality of
parts, including a constraint condition that a plurality of
parts are placed in the same store, for example. Fur-
thermore, placement calculation time can be further re-
duced because it is possible to remove a store in which
placement is not possible from a store list prior to acti-
vation of the store selection means.
[0011] Preferably, the constraint condition in the
placement possible store set extraction means is that a
selected parts do not overlap a parts area which is al-
ready positioned or an obstacle, and that an area suffi-
cient for placing a selected parts are provided, and also
that when it is instructed to place a plurality of arbitrary
parts in a same store, all of the plurality of arbitrary parts
have an identical store list.
[0012] Preferably, the parts point value is obtained by
adding a priority and an area difference of correspond-
ing parts with a predetermined weighting coefficient
multiplied therewith. The priority is a function of the fre-
quency of carrying in and out the corresponding parts
and the area difference is a function of a difference be-
tween the largest value and the smallest value of placing
areas in stores for placing the corresponding parts, the
placing areas being different for different stores due to
a predetermined placing condition. The store point value
is obtained by adding a transportation distance point val-
ue and an area point value of a corresponding store with
a predetermined weighting coefficient multiplied there-
with. The transportation distance point value is a func-
tion of a transportation distance for carrying parts in and
out of the corresponding store and the area point value
is a function of a placing area which depends on a pre-
determined placing condition when placing parts in the
corresponding store.
[0013] With the above configuration, it is further pos-
sible to perform placement in consideration of both the
physical distribution efficiency and the area efficiency.
[0014] Preferably, the placing condition regarding the
parts point value and the store point value is that only
pallets containing the same types of parts are placed in
the same pallet placement line which is in the lift
traveling direction in the store, that pallet placement
lines for the same types of parts are located adjacent to
each other, and that pallets for the same type of parts
are placed in the same store.
[0015] With the above configuration, because parts
which are the same as the parts placed in the further
area of the store seen from the passage is placed closer

to the passage, parts can be easily transported using a
lift. Further, because the same parts are placed collec-
tively in the same store, parts transportation and confir-
mation is made more convenient.
[0016] Preferably, the above parts placement calcu-
lation system further comprises external input means for
selecting a weighting coefficient of the parts point value
and the store point value from a plurality of predeter-
mined values and inputting the selected value.
[0017] Preferably, the above parts placement calcu-
lation system further comprises dividing means for di-
viding an interior of the parts storage into a plurality of
rectangular stores, passages extending in parallel to
outer peripheries of each store, and obstacles. Parts of
the same type are contained in the same pallet, and
each pallet is transported by a lift, which, when traveling
along the passages and reaches a location near the
store, turns substantially the vertical direction with re-
gard to a passage traveling direction and advances sub-
stantially straight to enter the store for carrying each pal-
let in and out. The system further comprises coordinate
system generating means for generating a plan coordi-
nate system which is converted such that, assuming a
lift traveling direction facing the passage within a store
as a lift passage direction, a plurality of stores are rotat-
ed so that the lift passage directions thereof are oriented
in a predetermined direction.
[0018] With the above configuration, calculation time
can be further reduced by use of a plan coordinate sys-
tem which obviates the need for complicated placement
calculations.
[0019] Preferably, parts to be placed are divided into
a plurality of groups, from which a certain group is se-
lected, and after determining a parts area for placing all
the parts included in the selected group, the determined
parts areas are fixed, and then another group of the re-
maining groups is selected and parts areas for placing
all the parts included in the selected group are deter-
mined. Then, the above procedure is repeated.
[0020] With the above configuration, because the
parts placement is carried out step by step, situational
changes during the parts placement process can be
easily accommodated, and desined parts can be pref-
erentially placed.
[0021] Preferably, the above parts placement calcu-
lation system further comprises segment positioning
means for, after determination of a parts area, position-
ing a segment having a size corresponding to the pallet
size with an extra space and provided corresponding to
each pallet within the parts area. The segment position-
ing means selects an arbitrary segment from a list of
segments to be positioned within the parts area, and po-
sitions the selected segment at the furthest point, seen
from the passages, of a positioning possible portion ex-
cept a segment already positioned and the obstacle, in
an arbitrary single line in which a segment can be posi-
tioned, and the selected segment is deleted from the list
of segments, and the above procedure is repeated after
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selecting another arbitrary segment from the list of seg-
ments.
[0022] With the above configuration, by setting the de-
sired size segment, it is possible to secure a desired gap
between pallets to be placed.
[0023] (2) Further, in order to achieve the above ad-
vantage, the present invention provides a parts place-
ment calculation method for distributing and placing
parts of a plurality of types in a plurality of stores within
a parts storage based on a parts point value set for each
type of parts and a store point value set for each store
with regard to each type of parts, the method comprising
a step in which a parts selection means selects parts
with the highest parts point value from a list of parts to
be placed, a step in which a store selection means se-
lects a store with the highest store point value from a list
of placement possible stores regarding the selected
parts, and a step in which a placement determination
means determines whether or not the selected parts can
be placed in the selected store, based on a predeter-
mined constraint condition for placing the selected parts
in the selected store. In the above method, when the
placement determination means determines that the se-
lected parts cannot be placed in the selected store, the
selected store is deleted from the list of placement pos-
sible stores and then the store selection means is again
activated, and, when the placement determination
means determines that the selected parts can be placed
in the selected store, a parts area for placing the select-
ed parts in the store is determined, the selected parts
are deleted from the list of parts to be placed, and then
the parts selection means is activated again.
[0024] With the above configuration, by causing a
parts placement calculation system to perform the
above method, it is possible to significantly reduce the
calculation time to several tens of minutes, compared to
conventional parts placement calculations which re-
quire a large calculation time on the order of two to three
weeks, and it is also possible to reduce drastically the
possibility of calculation errors and placement fault. Fur-
ther, conventionally, when a large number parts types
of a relatively large physical size are to be placed in a
limited placing space, placement is actually performed
taking only the placing area into consideration. Even in
such a situation, present method allows parts placement
which considers parts transportation efficiency as well
as area efficiency.
[0025] Preferably, the constraint condition in the
placement determination means is that selected parts
do not overlap a parts area which is already positioned
or an obstacle, and that an area sufficient for placing a
selected parts are provided.
[0026] Further, in order to achieve the above advan-
tage, the present invention provides a parts placement
calculation method for distributing and placing parts of
a plurality of types in a plurality of stores within a parts
storage based on a parts point value set for each type
of parts and a store point value set for each store with

regard to each type of parts, the method comprising a
step in which a placement possible store set extraction
means removes a store in which placement is not pos-
sible based on a predetermined constraint condition for
placing each parts from a store list associated with each
parts, a step in which a parts selection means selects
parts with the highest parts point value from a list of parts
to be placed, and a step in which a store selection
means selects a store with the highest store point value
from a list of placement possible stores regarding the
selected parts. In the above step, after the placement
possible store set extraction means is executed, parts
is selected by the parts selection means, a store for the
selected parts is selected by the store selection means,
and a parts area for placing the selected parts is deter-
mined in the selected store, and then after deleting the
selected parts from the list of parts to be placed, the
placement possible store set extraction means is exe-
cuted again.
[0027] With the above configuration, it is possible to
consider a constraint condition regarding a plurality of
parts, including a constraint condition that a plurality of
parts are placed in the same store, for example. Further,
because it is possible to remove a store in which place-
ment is not possible from a store list prior to activation
of the store selection means, the placement calculation
time is further reduced.
[0028] Preferably, the constraint condition in the
placement possible store set extraction means is that
selected parts do not overlap a parts area which is al-
ready positioned or an obstacle, and that an area suffi-
cient for placing selected parts are provided, and also
that when instructed to place a plurality of arbitrary parts
in a same store, all of the plurality of arbitrary parts must
have an identical store list.
[0029] Preferably, the parts point value is obtained by
adding a priority and an area difference of correspond-
ing parts with a predetermined weighting coefficient
multiplied therewith. The priority is a function of the fre-
quency of carrying the corresponding parts in and out,
and the area difference is a function of a difference be-
tween the largest value and the smallest value of placing
areas in stores for placing the corresponding parts, the
placing areas being different for different stores due to
a predetermined placing condition. The store point value
is obtained by adding a transportation distance point val-
ue and an area point value of a corresponding store with
a predetermined weighting coefficient multiplied there-
with, and the transportation distance point value is a
function of a transportation distance for carrying parts
in and out of the corresponding store and the area point
value is a function of a placing area which depends on
a predetermined placing condition when placing parts
in the corresponding store.
[0030] With the above configuration, it is further pos-
sible to perform placement while taking into considera-
tion both the physical distribution efficiency and the area
efficiency.
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[0031] Preferably, the placing condition regarding the
parts point value and the store point value is that only
pallets containing the same types of parts are placed in
the same pallet placement line which is in the lift
traveling direction in the store, that pallet placement
lines for the same type of parts are located adjacent to
each other, and that pallets for the same type of parts
are placed in the same store.
[0032] With the above configuration, because parts
which are the same as the parts placed in the further
area seen from the passage is placed closer to the pas-
sage, parts can be easily transported using a lift. Fur-
ther, because the same parts are placed collectively in
the same store, convenience of parts transportation and
confirmation can be enhanced.
[0033] Preferably, the above parts placement calcu-
lation method further comprises a step in which external
input means selects a weighting coefficient of the parts
point value and of the store point value from a plurality
of predetermined values and inputs the selected value.
[0034] Preferably, the above parts placement calcu-
lation method further comprises a step in which dividing
means divides an interior of the parts storage into a plu-
rality of rectangular stores, passages extending in par-
allel to outer peripheries of each store, and obstacles,
and parts of the same type are contained in the same
pallet, and each pallet is transported by a lift, which,
when traveling along the passages and reaches a loca-
tion near the store, turns substantially the vertical direc-
tion with regard to a passage traveling direction and ad-
vances substantially straight to enter the store for trans-
porting each pallet in and out. The method further com-
prises a step in which coordinate system generating
means generates a plan coordinate system which is
converted such that, assuming a lift traveling direction
facing the passage within a store as a lift passage di-
rection, a plurality of stores are rotated so that the lift
passage directions thereof are oriented in a predeter-
mined direction.
[0035] With the above configuration, because compli-
cation of a placement calculation can be prevented by
use of a plan coordinate system, the calculation time can
be further reduced.
[0036] Preferably, parts to be placed are divided into
a plurality of groups, from which a certain group is se-
lected, and after determining a parts area for placing all
the parts included in the selected group, the determined
parts areas are fixed, and then another group of the re-
maining groups is selected and a parts area for placing
all the parts included in the selected group are deter-
mined. Then, the above procedure is repeated.
[0037] With the above configuration, because the
parts placement is carried out step by step, changes in
the situation in the middle of the parts placement can be
easily accommodated such that desired parts are pref-
erentially placed.
[0038] Preferably, the above parts placement calcu-
lation method further comprises a step in which a seg-

ment positioning means, after determination of a parts
area, positions a segment having a size corresponding
to the pallet size with an extra space and provided cor-
responding to each pallet, within the parts area. In the
above method, the segment positioning means selects
an arbitrary segment from a list of segments to be posi-
tioned within the parts area, and positions the selected
segment at the furthest point, seen from the passages,
of a positioning possible portion except a segment al-
ready positioned and the obstacle, in arbitrary one line
in which a segment can be positioned, and the selected
segment is deleted from the list of segments and the
above procedure is repeated after selecting another ar-
bitrary segment from the list of segments.
[0039] By setting the desired size segment with the
above configuration, it is possible to secure a desired
gap between pallets to be placed.
[0040] (3) Still further, in order to achieve the above
advantage, the present invention provides a parts place-
ment calculation program which causes a computer to
carry out a parts placement calculation for distributing
and placing parts of a plurality of types in a plurality of
stores within a parts storage based on a parts point val-
ue set for each type of parts and a store point value set
for each store with regard to each type of parts, the parts
placement calculation program causing the computer to
function as parts selection means for selecting parts
with the highest parts point value from a list of parts to
be placed, store selection means for selecting a store
with the highest store point value from a list of placement
possible stores regarding the selected parts, and place-
ment determination means for determining whether or
not the selected parts can be placed in the selected
store, based on a predetermined constraint condition for
placing the selected parts in the selected store, wherein,
when the placement determination means determines
that the selected parts cannot be placed in the selected
store, the selected store is deleted from the list of place-
ment possible stores and then the store selection means
is activated again, and, when the placement determina-
tion means determines that the selected parts can be
placed in the selected store, a parts area for placing the
selected parts in the store is determined, the selected
parts are deleted from the list of parts to be placed, and
the parts selection means is the reactivated.
[0041] With the above configuration, a parts place-
ment calculation can be automated and performed by a
computer. This makes it possible to significantly reduce
the calculation time, down to the order of several tens
of minutes, compared to the calculation time on the or-
der of two to three weeks required by conventional
methods. Calculation error and associated placement
impossibility are meanwhile reduced. Further, while
conventionally, when a large number of types of parts
having a relatively large physical size are to be placed
in a limited placing space, placement is actually per-
formed taking only the placing area into consideration,
the present system allows parts placement which takes
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not only the area efficiency but also the parts transpor-
tation efficiency into consideration.
[0042] Preferably, the constraint condition in the
placement determination means is that selected parts
do not overlap a parts area which is already positioned
or an obstacle, and that an area sufficient for placing a
selected parts are provided.
[0043] Further, in order to achieve the above advan-
tage, the present invention provides a parts placement
calculation program which causes a computer to carry
out a parts placement calculation for distributing and
placing parts of a plurality of types in a plurality of stores
within a parts storage based on a parts point value set
for each type of parts and a store point value set for each
store with regard to each type of parts, the parts place-
ment calculation program causing the computer to func-
tion as placement possible store set extraction means
for removing a store in which placement is not possible
based on a predetermined constraint condition for plac-
ing each parts from a store list associated with each
parts, parts selection means for selecting parts with the
highest parts point value from a list of parts to be placed,
and store selection means for selecting a store with the
highest store point value from a list of placement possi-
ble stores regarding the selected parts, wherein, after
the placement possible store set extraction means is ex-
ecuted, parts are selected by the parts selection means,
a store for the selected parts is selected by the store
selection means, and a parts area for placing the select-
ed parts is determined in the selected store, and then
after deleting the selected parts from the list of parts to
be placed, the placement possible store set extraction
means is again executed.
[0044] With the above configuration, it is possible to
consider a constraint condition regarding a plurality of
parts, including a constraint condition that a plurality of
parts must be placed in the same store, for example.
Further, because it is possible to remove a store in which
placement is not possible from a store list prior to acti-
vation of the store selection means, the placement cal-
culation time can be further reduced.
[0045] Preferably, the constraint condition in the
placement possible store set extraction means is that
selected parts do not overlap a parts area which is al-
ready positioned and an obstacle, and that an area suf-
ficient for placing selected parts are provided, and also
that when it is instructed to place a plurality of arbitrary
parts in a single store, all of the plurality of arbitrary parts
must have an identical store list.
[0046] Preferably, the parts point value is obtained by
adding a priority and an area difference of correspond-
ing parts with a predetermined weighting coefficient
multiplied therewith, and the priority is a function of the
frequency at which the corresponding parts is transport-
ed in and out, and the area difference is a function of a
difference between the largest value and the smallest
value of placing areas in stores for placing the corre-
sponding parts, the placing areas being different for dif-

ferent stores due to a predetermined placing condition.
The store point value is obtained by adding a transpor-
tation distance point value and an area point value of a
corresponding store with a predetermined weighting co-
efficient multiplied therewith, and the transportation dis-
tance point value is a function of a transportation dis-
tance for carrying parts in and out of the corresponding
store and the area point value is a function of a placing
area which depends on a predetermined placing condi-
tion when placing parts in the corresponding store.
[0047] With the above configuration, it is further pos-
sible to perform placement which takes into considera-
tion both the physical distribution efficiency and the area
efficiency.
[0048] Preferably, the placing condition regarding the
parts point value and the store point value is that only
pallets containing the same types of parts are placed in
the same pallet placement line which is in the lift
traveling direction in the store, that pallet placement
lines for the same types of parts are located adjacent to
each other, and that pallets for the same type of parts
are placed in the same store.
[0049] With the above configuration, because parts
which is the same as the parts placed in the further area
seen from the passage is placed closer to the passage,
transportation in and out of parts using a lift can be per-
formed easily. Further, because the same parts are
placed collectively in the same store, parts transporta-
tion and confirmation can be performed conveniently.
[0050] Preferably, the above parts placement calcu-
lation program further causes a computer to function as
external input means for selecting a weighting coeffi-
cient of the parts point value and the store point value
from a plurality of predetermined values and inputs the
selected value.
[0051] Preferably, the above parts placement calcu-
lation program further causes a computer to function as
dividing means for dividing an interior of the parts stor-
age into a plurality of rectangular stores, passages ex-
tending in parallel to outer peripheries of each store, and
an obstacle. Parts of the same type are contained in the
same pallet, and each pallet is transported by a lift,
which, when traveling along the passages and reaches
near the store, turns to a substantially vertical direction
with regard to a passage traveling direction and advanc-
es substantially straight to enter the store for carrying
each pallet in and out. The above program further caus-
es a computer to function as coordinate system gener-
ating means for generating a plan coordinate system
which is converted such that, assuming a lift traveling
direction facing the passage within a store as a lift pas-
sage direction, a plurality of stores are rotated so that
the lift passage directions thereof are oriented in a pre-
determined direction.
[0052] With the above configuration, because compli-
cation of a placement calculation can be prevented
through use of a plan coordinate system, the calculation
time can be further reduced.
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[0053] Preferably, parts to be placed are divided into
a plurality of groups, from which a certain group is se-
lected, and, after a parts area for placing all the parts
included in the selected group is determined, the deter-
mined parts areas are fixed, and then another group of
the remaining groups is selected and a parts area for
placing all the parts included in the selected group is
determined. Then, the above procedure is repeated as
appropriate.
[0054] With the above configuration, because the
parts placement is carried out step by step, changes in
the situation can be readily accommodated, even in the
middle of the parts placement process, such that de-
sired parts can be preferentially placed.
[0055] Preferably, the above parts placement calcu-
lation program further causes a computer to function as
segment positioning means for, after determination of a
parts area, positioning a segment having a size corre-
sponding to the pallet size with an extra space and pro-
vided corresponding to each pallet, within the parts ar-
ea, wherein the segment positioning means selects an
arbitrary segment from a list of segments to be posi-
tioned within the parts area, and positions the selected
segment at the point furthest from the passages of a po-
sitioning possible portion, except where a segment or
obstacle is already positioned, along an arbitrary one
line in which a segment can be positioned, and the se-
lected segment is deleted from the list of segments and
the above procedure is repeated after selecting another
arbitrary segment from the list of segments.
[0056] With the above configuration, by setting the de-
sired size segment, it is possible to secure a desired gap
between pallets to be placed.
[0057] (4) Further, in order to achieve the above ad-
vantage, a parts placement calculation program accord-
ing to the present invention may be recorded on a com-
puter readable recording medium. When this recording
medium is read by a computer, it is possible to cause
the computer to perform a parts placement calculation
for placing parts. A recording medium may be, for ex-
ample, a disc medium such as a CD-ROM and
DVD-ROM.
[0058] (5) Still further, the present invention provides
a parts placement support system including the above-
described parts placement calculation system compris-
ing an integrated database for managing data which is
necessary for parts placement, and a layout changing
system for retrieving layout information from the inte-
grated database and outputting the layout information
after the layout information has been corrected, when
the layout within a parts storage is changed, wherein the
parts placement calculation system performs a parts
placement calculation based on the data managed by
the integrated database

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] These and other advantages of the invention

will be explained in the description below, in connection
with the accompanying drawings, in which:

Fig. 1 is a block diagram of a parts placement cal-
culation system according to the present invention;
Fig. 2 is a schematic view of a parts storage in which
parts placement is performed;
Fig. 3 is a flowchart showing a parts placing proce-
dure;
Fig. 4A, 4B is a view showing an example of coor-
dinate conversion from a representative coordinate
system to a plan coordinate system;
Fig. 5 is a view showing an example of setting of a
parts area in a plan coordinate system;
Fig. 6 is a view showing an example of positioning
of a segment in a parts area;
Fig. 7 is a flowchart showing a segment positioning
procedure;
Fig. 8 is a view showing a configuration of a parts
placement support system according to the present
invention;
Fig. 9 is a block diagram of a parts placement cal-
culation system according to another embodiment
of the present invention; and
Fig. 10 is a flowchart showing a parts placing pro-
cedure according to another embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0060] Preferred embodiments of the present inven-
tion will be described with reference to the drawings.
[0061] Fig. 1 is a block diagram showing the overall
configuration of a preferred embodiment of a parts
placement calculation system in accordance with the
present invention. In the parts placement calculation
system of the present invention, in order to distribute
and place parts of a plurality of types in a plurality of
stores within a parts storage, a parts point value which
is set for each type of parts, a store point value which is
set for each store with regard to each type of parts, or
the like are stored in a memory section 12, so that parts
are distributed and placed based on these points. The
parts point value and the store point value will be further
described below.
[0062] A dividing section 14 divides the interior of the
parts storage into a plurality of rectangular stores, pas-
sages extending parallel to the outer peripheries of each
store, and obstacles. A coordinate system generating
section 16, based on a lift passage direction which is a
moving direction of a lift toward the passage in each
store, generates a plan coordinate system in which each
store is rotated such that the lift passage direction is ori-
ented in a predetermined direction. A parts selection
section 18 selects the parts with the highest parts point
value from a list of parts to be placed. A store selection
section 20 selects the store with the highest store point
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value from a list of stores in which parts placement is
possible (also referred to herein as "placement possible
stores") with regard to the parts selected by the parts
selection section 18. A placement determination section
22 determines whether or not the selected parts can be
placed in the store selected by the store selection sec-
tion 20 based on a predetermined constraint condition
for placing the target parts.
[0063] When the placement determination section 22
determines that the selected parts cannot be placed in
the store, a central control section 24 deletes the store
from a list of placement possible stores and then acti-
vates the store selection section 20 again. When, on the
other hand, the placement determination section 22 de-
termines that the selected parts can be placed in the
store, the central control section 24 positions a parts ar-
ea in the store for placing the target parts, deletes the
parts from the list of parts, and then activates the parts
selection section 18 again. After positioning of the parts
area, the central control section 24 executes a segment
positioning section 26, which selects an arbitrary seg-
ment from a list of segments to be positioned within the
parts area and positions the selected segment at the fur-
thest point of the segment positioning possible region in
the parts area seen from the passage in a segment po-
sitioning possible line other than the area of segments
already positioned and obstacles. The selected seg-
ment is then removed from the list of segments and the
above procedure is repeated after selecting an arbitrary
segment from the list. The central control section 24 thus
controls each of the above sections to repeat the parts
placing procedure as described above, so that all the
desired parts can be distributed and placed. The central
control section 24 is further capable of controlling exter-
nal inputs and outputs not shown.
[0064] Referring to Fig. 1, each section is connected
to all other sections through a communication medium
28. Each section shown in Fig. 1 may be implemented
in the form of hardware or in the form of software within
a computer. Further, some parts or the whole of each
section may be an independent system. The system 10
may be constituted by a combination of hardware and
software. The operation of the parts placement calcula-
tion system 10 according to the present invention will be
described.
[0065] Fig. 2 is a schematic view of a parts storage in
which parts placement is performed according to the
present invention. Parts of a plurality of types which are
produced in a factory are stored in containers called pal-
lets, with each pallet containing parts of the same type.
Stacks are formed of a predetermined number of pallets.
In the present example, each stack contains pallets
loaded with the same type of parts. The parts contained
in the pallets are carried in the parts storage from the
production station or are carried out of the parts storage
to the subsequent process station, using a lift.
[0066] As shown in Fig. 2, the parts storage is divided
into a plurality of stores, and a group of stores form a

store group. In Fig. 2, three store groups are segmented
by passages. The parts storage further includes an ob-
stacle as an area where no parts can be placed. In Fig.
2, parts areas are also shown. More specifically, the
parts storage is divided into passages, stores and ob-
stacles, as described above, and the region on the store
in which parts are to be placed is referred to as a parts
area.
[0067] When a lift loaded with pallets at the production
station travels through the passages and reaches the
store in which the parts are to be placed, the lift turns to
the vertical direction relative to the traveling direction
and enters the store so as to place the pallets. At this
time, the lift only advances directly within the store. In
other words, the moving direction of the lift is limited to
the vertical direction with regard to the traveling direction
on the passage, so that the pallets are placed in a line
along this limited moving direction. The direction of the
lift movement within the store, namely the line of placing
the pallets is referred to as a placement line, and the
traveling direction of the lift toward the passage is re-
ferred to as a lift passage direction.
[0068] Further, a segment is defined as a location on
the parts area at which a pallet is to be placed. The size
of a segment corresponds to the pallet size with an extra
space. This enables the pallets to be placed on the parts
area, in consideration of not only the pallet size but also
the extra space needed for transportation and place-
ment of the pallet by means of the lift. The number of
segments required for placing a particular type of parts
corresponds, for example, to the number of segments
required for placing parts which are produced as one
lot. In this case, because the parts which have been
placed are used in the following process before parts in
the next lot are produced, it is sufficient to prepare a
space which allows placement of parts corresponding
to one production lot.
[0069] Here, the parts point value is defined. The
parts point value is obtained from a point of priority and
a point of area difference determined for each type of
parts, with a predetermined weight being added to these
points. The priority is determined based on the frequen-
cy of transportation of the pallet loaded with the parts in
the store and the frequency of removal of the parts from
the store, in consideration of efficiency of physical dis-
tribution. The area difference allows for the fact that the
placing areas differ for different stores due to placing
conditions. The placing condition is, for example, that in
a placement line where pallets loaded with a certain type
of parts are placed, a pallet loaded with a different type
of parts should not be placed even when there is a va-
cant space in the placement line. Namely, both the pallet
placed at the furthest points in a certain placement line
from the passage and the pallet placed closer to the pas-
sage in the same placement line are loaded with the
same type of parts, so that time and labor needed for
taking out the parts located at the furthest points from
the passage can be eliminated. Further, by setting a
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placing condition such that the pallets containing the
same type of parts are placed in adjacent placement
lines, it is possible to locate the same types of parts col-
lectively in one place, which is desirable in terms of parts
transportation and confirmation. In this manner, due to
the constraints of the placing condition, placing areas
differ for different stores, even for stores of the same
type of parts. Thus, for a particular parts type, the plac-
ing area is calculated for all the stores under the con-
straint of the placing condition, and a difference between
the maximum placing area and the minimum placing ar-
ea is computed as an area difference of the parts. Then,
a high parts point value is assigned to parts with a large
area difference. In parts placement, such parts with a
high parts point value is preferentially placed, so that
the area efficiency can be considered.
[0070] Further, the store point value is defined. The
store point value is obtained from a transportation dis-
tance point value and an area point value determined
for each store with regard to each parts, with a prede-
termined weight being added to these point values.
[0071] The transportation distance point value corre-
sponds to a transportation distance of a lift from the pro-
duction station of parts to a store whose store point val-
ue is to be calculated. A higher point is assigned to a
store with a smaller transportation distance. The trans-
portation distance is associated with the physical distri-
bution efficiency, and parts is preferentially placed in a
store having a smaller transportation distance, in other
words, in a store with a higher point value. With regard
to the area point value, the placing areas are different
for different stores due to the placing condition as de-
scribed above, and a higher area point value is assigned
to a store with a smaller placing area. Namely, the small-
er the placing area, the higher the area point value, and
thus the higher the store point value. Placing parts in a
store with a higher store point value enables setting of
criteria with area efficiency used as one consideration.
[0072] Fig. 3 is a flowchart showing a parts placing
procedure according to the parts placement calculation
system of the present invention. The parts placing pro-
cedure will be described based on the flowchart.
[0073] At step S21, for parts to be placed, the number
of segments required for the parts placement, and the
parts point value and the store point value for each parts
are calculated and registered as a parts list.
[0074] At step S22, it is confirmed whether or not parts
are registered in the parts list. When no parts are regis-
tered in the parts list, it is determined that all the parts
have been placed and terminates the parts placement.
When parts are in the list, the process proceeds to step
S23.
[0075] At step S23, parts P with the highest parts point
value is selected from the parts list.
[0076] At step S24, among the list of stores which al-
low placement of the parts P (also referred to as "place-
ment possible stores for the parts P), a store S which
has the highest store point value when the parts P is

placed is selected.
[0077] At step S25, an area where no parts can be
placed (hereinafter referred to as placement impossible
area) is deleted from the store S based on a predeter-
mined constraint condition. The predetermined con-
straint condition includes, for example, that a parts area
to be positioned does not overlap the parts area already
positioned or the obstacles. When a constraint logic pro-
gramming, for example, is used as a method for deleting
the placement impossible area based on a constraint
condition to execute a constraint propagation process,
it is possible to significantly reduce time for searching a
solution. Constraint logic programming is one artificial
intelligence technology, and has been studied and ap-
plied to industry mainly as a methodology for solving
scheduling issues such as work plans and production
plans.
[0078] At step S26, it is confirmed whether or not there
remains in the store S an area as required for placement
of the selected parts P after the placement impossible
area has been removed at step S25. When it is deter-
mined that the store S does not include an area fulfilling
the requirements for placement, in other words, it is
when it is determined that no suitable placing area ex-
ists, the process proceeds to step S27 where the store
S is deleted from the list of placement possible stores
for the parts P. The process then returns back to step
S24. When it is determined that the store S includes a
placing area for the parts P at step S26, the process
proceeds to step S28.
[0079] At step S28, the parts P is placed in the store
S. At this time, the parts P is placed in the placement
possible area within the store S in which the parts trans-
portation distance will be the shortest. The procedure
for placing parts in the selected store S will be further
described below.
[0080] At step S29, the parts P are removed from the
parts list, and the process returns to step S22.
[0081] By repeating the above steps until no more
parts to be placed remain, all the target parts are placed
in the stores.
[0082] Fig. 4A and 4B show a result of conversion
from a parts storage shown in a representative coordi-
nate system (Fig.4A) to the parts storage shown in a
plan coordinate system (Fig.4B). As described above,
a lift transporting the pallets through the passage turns
to the vertical direction with regard to the passage di-
rection and then enters the store so as to place parts.
At this point, the orientation of placement of pallets in a
store corresponds to the passage direction of the lift
within the store. In other words, pallets are placed along
a line which overlaps the passage direction of the lift.
However, when parts placement calculation is per-
formed on the representative coordinate system of the
parts storage corresponding to a real plane as shown in
Fig. 2 using the positional relationship of the passages,
the stores and the obstacles as they are actually placed,
the lift passage direction is diverted into four directions,
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namely upward, downward, left and right directions, in
the representative coordinate system due to the posi-
tional relationship between the stores and the passag-
es. As a result, placement calculation is complicated
when parts placement is performed taking the lift pas-
sage direction into consideration. In order to avoid this
problem, a plan coordinate system in which stores are
rotated and moved such that the lift passage directions
are oriented in one direction is adopted. Thus, by con-
verting a representative coordinate system into the plan
coordinate system as shown in Fig. 4B, it is possible to
perform calculation with the lift passage directions for
all the stores being oriented in a predetermined direc-
tion.
[0083] Fig. 5 shows how a parts area determined in a
store represented by the plan coordinate system. A
parts area for the parts P is expressed in the plan coor-
dinate system by coordinates (Xp, Yp) at the lower left
of the parts area, the distance in the width direction Wp,
and the distance in the length direction Lp. Here, the X
direction, namely the length direction of the parts area,
corresponds to direction of the placement line. Under
the constraint condition that only the pallets loaded with
the same type parts are placed in the same placement
line, the length Lp of the parts area in the placement line
direction is equal to the length Ls of the store in the
placement line direction.
[0084] Accordingly, when the store Sp in which the
parts P is to be placed is expressed by coordinates (Xsp,
Ysp) at the lower left of the store, the distance in the
width direction Wsp, and the distance in the length di-
rection Lsp, the relationship that Lp = Lsp and Xp = Xsp
is established. More specifically, when the store Sp in
which the parts P is to be placed is determined, unique
values for Lp and Xp can be obtained. Further, the value
of Wp can be obtained from the number of segments H
necessary for placement of the parts P. More specifical-
ly, the number of necessary segments H is divided by
the number of pallets to be placed in one placement line
within the store, and when the quotient is an integral
number, the integral quotient is determined as the
number of lines of necessary segments whereas when
the quotient is not an integral number, the integral parts
of (quotient + 1) is determined as the number of lines of
necessary segments. The value of Wp is obtained by
multiplying the number of lines of necessary segments
with the segment width. Thus, all variances needed for
parts placement can be obtained by determining only
the store Sp and the location thereof (in the width direc-
tion) Yp.
[0085] At step S26 of Fig. 3, it is determined whether
or not the selected parts can be placed in the store as
described above. At this point, when it is determined the
parts can be placed in the store, the store Sp is deter-
mined. At the subsequent step S28, by placing the parts
in the store S, the value of Yp is determined. The value
of Yp is determined such that the parts transportation
distance is the shortest, for example. When the values

of Sp and Yp are thus determined, parts placement can
be performed.
[0086] In view of a plurality of types of pallets, be-
cause the pallet type is determined depending on the
parts to be contained therein, the segment size is also
determined by determining the parts and the pallet type.
After the segment size is determined, the parts place-
ment can be performed according to the flowchart
shown in Fig. 3.
[0087] Further, with regard to a particular type of pal-
let, it is possible to provide vacant pallet storage line ad-
jacent to a line of particular pallets. With such a config-
uration, when placing parts P contained in the particular
type pallets, the value of Wp corresponding to the dis-
tance in the width direction regarding the parts P is de-
termined by adding a width segments in one line to the
value Wp calculated in the above-described method,
and the parts placement can be performed according to
the flowchart shown in Fig. 3 using the thus obtained
value Wp.
[0088] It is also possible to increase the parts point
value of parts for which a particular type of pallet is used
by predetermined points. By allowing the arbitrary set-
ting of increasing the parts point value of desired parts,
it is possible to increase the priority when placing parts
which uses the particular type of pallet.
[0089] It is also possible to establish store groups and
designate a particular store group as stores which allow
parts placement. In this case, at step S24 of the flow-
chart shown in Fig. 3, the list of placement possible
stores is limited to stores in the designated store group,
and a store with the highest store point value is selected
from the designated store group.
[0090] Further, at step S21 of the flowchart shown in
Fig. 3, only some subset of all parts may be selected
and registered as target parts for placement, so that
parts placement is performed for these registered parts
according to the flowchart of Fig. 3. After completion of
the placement, the parts which have been placed are
fixed to the store. Then, the process returns to step S21
again, where the remaining parts which have not been
placed are selected and registered as target parts for
placement and the same procedure as described above
is repeated. In this manner, parts placement can be per-
formed step by step.
[0091] After a store in which the parts area is posi-
tioned is determined at step S26 of Fig. 3, parts are
placed in the store at step S28. At this time, parts place-
ment is performed such that the parts transportation dis-
tance becomes the shortest within the placement pos-
sible area. The parts placement within the store will be
described below in further detail with reference to Figs.
6 and 7.
[0092] Fig. 9 is a block diagram showing a whole con-
figuration of a parts placement calculation system ac-
cording to another preferred embodiment of the present
invention. The parts placement calculation system
shown in Fig. 9 comprises a placement possible store
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set extracting section 50 for excluding stores in which
parts cannot be placed (hereinafter referred to as place-
ment impossible stores) from the store list associated
with each parts. Other components of the configuration
including the dividing section 14, the coordinate system
generating section 16, the parts selection section 18, the
store selection section 20, the central calculation sec-
tion 24, the segment positioning section 26, and the
memory section 12 is the same as that of Fig. 1.
[0093] Fig. 10 is a flowchart showing a parts placing
procedure performed by the parts placement calculation
system 10 shown in Fig. 9. The description will be given
with reference to the flowchart.
[0094] At step S51, with regard to parts which must
be placed, the number of segments required for place-
ment, the parts point value, and the store point value
are calculated and registered as a parts list.
[0095] At step S52, it is confirmed whether or not parts
are registered in the parts list. When no parts are regis-
tered in the parts list, it is determined that placement of
all the parts has been completed, and the parts place-
ment is terminated. When parts are in the parts list, on
the other hand, the process proceeds to step S53.
[0096] At step S53, a store in which parts cannot be
placed (a placement impossible store) is removed from
the store list associated with each parts. When a con-
straint logic programming, for example, is used as a
method for deleting the placement impossible store
based on a constraint condition to execute a constraint
propagation process, it is possible to significantly re-
duce time for searching a solution.
[0097] At step S54, parts P with the highest parts point
value is selected from the parts list.
[0098] At step S55, a store S which has the highest
store point value when the parts P is placed is selected
from the list of stores which allow placement of the parts
P.
[0099] At step S56, the parts P is placed in the store
S. At this time, the parts P is placed such that the parts
transportation distance is the shortest in the placement
possible area.
[0100] At step S57, the parts P is removed from the
parts list and then process returns to step S52. The pro-
cedure for placing the parts in the selected store S is as
described above.
[0101] Fig. 6 shows an example of positioning of a
segment in a parts area. Because the parts area is al-
ready determined in the procedure shown in Fig. 3 or
Fig. 10, positioning of segments can be determined cor-
responding to each parts.
[0102] In order to position the segments, it is desirable
to use a plan coordinate system as described above. In
Fig. 6, a vacant space corresponding to one line is pro-
vided adjacent to the line of segments within the parts
area. This is therefore an example of pallet placement
under a condition that a line of vacant pallet storage is
provided next to the line of segments.
[0103] Here, it is assumed that the length direction of

the store corresponds to the X direction and the width
direction of the store corresponds to the Y direction. An
arbitrary segment R regarding parts P is expressed by
coordinates (XR, YR) at the lower left thereof, the width
direction distance WR, and the length direction distance
LR. Here, because the values of WR and LR are obtained
by adding an extra distance to the pallet width and the
pallet length regarding the parts P, respectively, variants
to be determined are only XR and YR. Further, the value
XR in the length direction ranges XP, Xp + Lp - LR, and
the value YR in the width direction ranges Yp, Yp + Wp
- WR, wherein Xp, Yp, Lp, and Wp are shown in Fig. 5.
[0104] Here the constraint condition for positioning of
a segment is that the segment should not overlap seg-
ments already positioned or obstacles in the same store,
or that, when a line of vacant pallet storage is provided
next to the segment to be placed, the segment should
not be positioned in the vacant pallet line.
[0105] Fig. 7 is a flowchart showing a segment posi-
tioning procedure for positioning a segment in a parts
area in the above-described situation.
[0106] At step S61, segments to be positioned in a
parts area are numbered and registered in a segment
list as positioning target segments.
[0107] At step S62, it is confirmed whether or not the
segment list is empty. When no segments are registered
in the segment list, it is determined that positioning of
all the segments is complete, and segment positioning
is terminated. When, on the other hand, one or more
segments remain the segment list, the process pro-
ceeds to step S63.
[0108] At step S63, an arbitrary segment R is selected
from the segment list.
[0109] At step S64, an area in which segment posi-
tioning is not possible (hereinafter referred to as a seg-
ment positioning impossible area) is deleted from the
parts area based on a predetermined constraint condi-
tion, which may be, for example, that a segment to be
positioned should not overlap any segments already po-
sitioned or any obstacles. When the above described
constraint logical programming is used to perform a con-
straint propagation process as a method for deleting the
segment positioning impossible area under the con-
straint condition, for example, it is possible to significant-
ly reduce solution search time.
[0110] At step S65, Xr, which is the largest value in
the length direction (X direction) within the positioning
possible area, is determined.
[0111] At step S66, the segment positioning impossi-
ble area is deleted based on a predetermined constraint
condition in the X direction.
[0112] At step S67, a value in the width direction (Y
direction) is determined. In this case, a value YR is de-
termined as a smallest or largest value determined
based on the lift passage direction of the store in which
the segment is to be positioned. The above described
example of Fig. 6 shows that YR has the smallest value
in the left store whereas YR has the largest value in the
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right store. In either case, when expressed in the repre-
sentative coordinate system, the segments are posi-
tioned starting from the furthest end of the parts area
seen from the passage with no spaces between adja-
cent segments.
[0113] At step S68, after deleting an area where a
segment cannot be positioned, the process returns to
step S62.
[0114] By repeating the above steps until no position-
ing target segment is included in the segment list, all the
positioning target segments are positioned in the parts
area.
[0115] Fig. 8 is a view showing the overall configura-
tion of a preferred embodiment of a parts placement
support system which uses the above described parts
placement calculation system.
[0116] As described above, in order to distribute and
place parts of a plurality of types in a plurality of stores
within a parts storage, the parts placement calculation
system 10 places parts based on the parts point value
which is set for each parts type and the store point value
which is set for each store with regard to each type of
parts.
[0117] An integrated database 32 controls the data re-
quired for parts placement, and a database mainte-
nance system 34 performs addition, correction, and de-
letion of data with regard to the integrated database 32.
[0118] The systems shown in Fig. 8 are interconnect-
ed via a communication medium 36 such as LAN so as
to perform mutual data transmission/reception. The
communication medium is of course not limited to a
LAN, and may be another type of wired communication
system, or may be a wireless communication system.
[0119] The parts placement support system 30 is ca-
pable of data transmission/reception with regard to an
external system or an operator via an interface section
which is not shown. An example of the external system
is a master computer 38 having various master informa-
tion such as stock information, a parts number master,
an equipment master, and a pallet master. It is desirable
that the master computer 38 remotely located is con-
nected with the parts placement support system 30 in a
manner which allows communication via the Internet
line, for example.
[0120] The information obtained from the master
computer 38. includes information such as a production
instruction of a product and the number of parts to be
produced is generated from the product production in-
struction. The number of pallets used for actually per-
forming parts placement is then calculated from the
number of parts. This calculation may be performed by
the master computer 38 or may be performed within the
parts placement support system 30.
[0121] A change in each master information is stored
in the integrated database 32, and the parts placement
calculation system 10 is carried out based on the data
stored in the integrated database 32. The result of the
parts placement calculation is fine-tuned by an operator

as necessary, and is then output to the integrated data-
base 32. The placement calculation results may be fine-
tuned by an operator by directly operating the parts
placement calculation system 10. Alternatively, the
placement calculation results may be corrected via a
manual correction system for fine-tuning (not shown)
which is capable of communicating with the present sys-
tem.
[0122] The output result is captured into a CAD 40 and
can be used for preparation of forms pertaining to parts
placement. The results can also be printed and output
by a printer 42.
[0123] When there is a change in the parts storage
regarding the transportation route of the pallet, a vacant
space, or the like, a layout changing system 44 retrieves
layout information from the integrated database 32, cor-
rects the information and then supplies the corrected da-
ta to the integrated database 32.
[0124] When data additon, correction and deletion is
performed with respect to the data in the integrated da-
tabase 32, the data maintenance system 34 reads the
target data from the integrated database 32, changes
the data, and then supplies the resultant data to the in-
tegrated database 32.
[0125] Naturally, all or parts of the systems within the
parts placement support system 30 shown in Fig. 8 may
be combined and implemented as one system, or that
a part of each system may be implemented by software
and executed by a computer.
[0126] As described above, the parts placement cal-
culation system, the parts placement calculation meth-
od, the parts placement calculation program, a record-
ing medium recording the parts placement calculation
program, and the parts placement support system in ac-
cordance with the present invention can achieve parts
placement design which takes into consideration phys-
ical distribution efficiency and area efficiency, even
when a great number of types of parts are to be placed
in a limited space.
[0127] While the preferred embodiments of the
present invention have been described using specific
terms, such description is for illustrative purposes only,
and it is to be understood that changes and variations
may be made without departing from the spirit or scope
of the appended claims.

Claims

1. A parts placement calculation system for distribut-
ing and placing parts of a plurality of types in a plu-
rality of stores within a parts storage based on a
parts point value for each type of parts and a store
point value for each store with regard to each type
of parts, the system comprising:

parts selection means for selecting the parts
with the highest parts point value from a list of
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parts to be placed;
store selection means for selecting the store
with the highest store point value from a list of
placement possible stores regarding the select-
ed parts; and
placement determination means for determin-
ing whether or not the selected parts can be
placed in the selected store, based on a prede-
termined constraint condition for placing the se-
lected parts in the selected store,

wherein
when the placement determination means deter-
mines that the
selected parts cannot be placed in the selected
store, the selected store is deleted from the list of
placement possible stores and then the store selec-
tion means is activated again, and
when the placement determination means deter-
mines that the selected parts can be placed in the
selected store, a parts area for placing the selected
parts in the store is determined, the selected parts
is deleted from the list of parts to be placed, and the
parts selection means is activated again.

2. A parts placement calculation system according to
claim 1, wherein
the constraint condition in the placement determi-
nation means is that selected parts do not overlap
a parts area which is already positioned or an ob-
stacle, and that an area sufficient for placing select-
ed parts are provided.

3. A parts placement calculation system for distribut-
ing and placing parts of a plurality of types in a plu-
rality of stores within a parts storage based on a
parts point value for each type of parts and a store
point value for each store with regard to each type
of parts, the system comprising:

placement possible store set extraction means
for removing a store in which placement is not
possible based on a predetermined constraint
condition for placing each parts from a store list
associated with each parts;
parts selection means for selecting the parts
with the highest parts point value from a list of
parts to be placed; and
store selection means for selecting the store
with the highest store point value from a list of
placement possible stores regarding the select-
ed parts,

wherein
after the processing of the placement possible store
set extraction means is executed, parts are select-
ed by the parts selection means, a store for the se-
lected parts is selected by the store selection

means, and a parts area for placing the selected
parts is determined in the selected store, and
after the selected parts are deleted from the list of
parts to be placed, the placement possible store set
extraction means is executed again.

4. A parts placement calculation system according to
claim 3, wherein the constraint condition in the
placement possible store set extraction means is
that selected parts do not overlap a parts area which
is already positioned or an obstacle, and that an ar-
ea sufficient for placing selected parts are provided,
and also that when it is instructed to place a plurality
of arbitrary parts in a same store, all of the plurality
of arbitrary parts have an identical store list.

5. A parts placement calculation system according to
claim 1, wherein the parts point value is obtained
by adding a priority and an area difference of cor-
responding parts with a predetermined weighting
coefficient multiplied therewith, the priority being a
function of the frequency of provision and removal
of the corresponding parts and the area difference
being a function of a difference between the largest
value and the smallest value of placing areas in
stores for placing the corresponding parts, the plac-
ing areas being different for different stores as a re-
sult of their having a predetermined placing condi-
tion, and the store point value is obtained by adding
a transportation distance point value and an area
point value of a corresponding store with a prede-
termined weighting point value being a function of
a transportation distance for transporting parts in
and out of the corresponding store and the area
point value being a function of a placing area which
corresponds to a predetermined placing condition
when placing parts in the corresponding store.

6. A parts placement calculation system according to
claim 5, wherein the placing condition regarding the
parts point value and the store point value is that
only pallets containing the same type of parts are
placed in the same pallet placement line which is in
a lift traveling direction in the store, that pallet place-
ment lines for the same types of parts are located
adjacent to each other, and that pallets for the same
type of parts are placed in the same store.

7. A parts placement calculation system according to
claim 5, further comprising external input means for
selecting a weighting coefficient of the parts point
value and the store point value from a plurality of
predetermined values and inputting the selected
value.

8. A parts placement calculation system according to
claim 1, further comprising dividing means for divid-
ing an interior of the parts storage into a plurality of
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rectangular stores, passages extending in parallel
to outer peripheries of each store, and obstacles;
parts of the same type being contained in the same
pallet, and each pallet being transported by a lift,
which, when traveling along the passages and
reaches near the store, turns substantially the ver-
tical direction with regard to a passage traveling di-
rection and advances substantially straight to enter
the store for transporting each pallet in and out; and
coordinate system generating means for generat-
ing a plan coordinate system which is converted
such that, when a lift traveling direction facing the
passage within a store is a lift passage direction, a
plurality of stores are rotated so that the lift passage
directions thereof are oriented in a predetermined
direction.

9. A parts placement calculation system according to
claim 1, wherein parts to be placed are divided into
a plurality of groups, from which a certain group is
selected, and, after parts areas for placing all the
parts included in the selected group are deter-
mined, the determined parts areas are fixed, and
another group of the remaining groups is selected
and parts areas for placing all the parts included in
the selected group are determined, the above pro-
cedure being repeated.

10. A parts placement calculation system according to
claim 8, further comprising:

segment positioning means for positioning, af-
ter determination of a parts area, a segment
having a size corresponding to the pallet size
with an extra space and provided correspond-
ing to each pallet within the parts area,

wherein
the segment positioning means selects an arbitrary
segment from a list of segments to be positioned
within the parts area, and positions the selected
segment at the furthest point from the passage of a
positioning possible portion that is not occupied by
a segment already positioned or an obstacle, along
an arbitrary one line in which a segment can be po-
sitioned, and the selected segment is deleted from
the list of segments and the above procedure is re-
peated after another arbitrary segment has been
selected from the list of segments.

11. A parts placement calculation method for distribut-
ing and placing parts of a plurality of types in a plu-
rality of stores within a parts storage based on a
parts point value set for each type of parts and a
store point value set for each store with regard to
each type of parts, the method comprising:

a step in which parts selection means selects

the parts with the highest parts point value from
a list of parts to be placed;
a step in which store selection means selects
the store with the highest store point value from
a list of placement possible stores regarding the
selected parts; and
a step in which placement determination
means determines whether or not the selected
parts can be placed in the selected store, based
on a predetermined constraint condition for
placing the selected parts in the selected store,

wherein
when the placement determination means deter-
mines that the selected parts cannot be placed in
the selected store, the selected store is deleted
from the list of placement possible stores and then
the store selection means is activated again, and
when the placement determination means deter-
mines that the selected parts can be placed in the
selected store, a parts area for placing the selected
parts in the store is determined, the selected parts
are deleted from the list of parts to be placed, and
then the parts selection means is activated again.

12. A parts placement calculation method according to
claim 11, wherein
the constraint condition in the placement determi-
nation means is that a selected parts do not overlap
a parts area which is already positioned or an ob-
stacle, and that an area sufficient for placing select-
ed parts are provided.

13. A parts placement calculation method for distribut-
ing and placing parts of a plurality of types in a plu-
rality of stores within a parts storage based on a
parts point value set for each type of parts and a
store point value set for each store with regard to
each type of parts, the method_comprising:

a step in which placement possible store set ex-
traction means removes a store in which place-
ment is not possible based on a predetermined
constraint condition for placing each parts from
a store list associated with each parts;
a step in which parts selection means selects
the parts with the highest parts point value from
a list of parts to be placed; and
a step in which store selection means selects
the store with the highest store point value from
a list of placement possible stores regarding the
selected parts,

wherein
after the process in the placement possible store set
extraction means is executed, parts are selected by
the parts selection means, a store for the selected
parts is selected by the store selection means, and
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a parts area for placing the selected parts is deter-
mined in the selected store, and
after the selected parts are deleted from the list of
parts to be placed, the placement possible store set
extraction means is executed again.

14. A parts placement calculation method according to
claim 13, wherein
the constraint condition in the placement possible
store set extraction means is that selected parts do
not overlap a parts area which is already positioned
and an obstacle, and that an area sufficient for plac-
ing selected parts are provided, and also that when
it is instructed to place a plurality of arbitrary parts
in a same store, all of the plurality of arbitrary parts
must have an identical store list.

15. A parts placement calculation method according to
claim 11, wherein
the parts point value is obtained by adding a priority
and an area difference of corresponding parts with
a predetermined weighting coefficient multiplied
therewith, the priority being a function of the fre-
quency of provision and removal of the correspond-
ing parts, and the area difference being a function
of a difference between the largest value and the
smallest value of placing areas in stores for placing
the corresponding parts, the placing areas being
different for different stores due to a predetermined
placing condition, and
the store point value is obtained by adding a trans-
portation distance point value and an area point val-
ue of a corresponding store with a predetermined
weighting coefficient multiplied therewith, the trans-
portation distance point value being a function of a
transportation distance for transporting parts in and
out of the corresponding store and the area point
value being a function of a placing area which de-
pends on a predetermined placing condition when
placing parts in the corresponding store.

16. A parts placement calculation method according to
claim 15, wherein
the placing condition regarding the parts point value
and the store point value is that only pallets contain-
ing the same types of parts are placed in the same
pallet placement line which is in the lift traveling di-
rection in the store, that pallet placement lines for
the same type of parts are located adjacent to each
other, and that pallets for the same type of parts are
placed in the same store.

17. A parts placement calculation method according to
claim 15, further comprising a step in which an ex-
ternal input means selects a weighting coefficient
of the parts point value and the store point value
from a plurality of predetermined values and inputs
the selected value.

18. A parts placement calculation method according to
claim 11, further comprising:

a step in which dividing means divides an inte-
rior of the parts storage into a plurality of rec-
tangular stores, passages extending in parallel
to outer peripheries of each store, and obsta-
cles,
parts of the same type being contained in the
same pallet, and each pallet being transported
by a lift, which, when traveling along the pas-
sages and reaching a point near the store, turns
substantially the vertical direction with regard
to a passage traveling direction and advances
substantially straight to enter the store for
transporting each pallet in and out, and
a step in which coordinate system generating
means generates a plan coordinate system
which is converted such that, when a lift
traveling direction facing the passage within a
store is a lift passage direction, a plurality of
stores are rotated so that the lift passage direc-
tions thereof are oriented in a predetermined
direction.

19. A parts placement calculation method according to
claim 11, wherein
parts to be placed are divided into a plurality of
groups, from which a certain group is selected, and,
after determination of parts areas for placing all the
parts included in the selected group, the determined
parts areas are fixed, and
another group of the remaining groups is selected
and parts areas for placing all the parts included in
the selected group are determined,
the above procedure being repeated.

20. A parts placement calculation method according to
claim 18, further comprising:

a step in which segment positioning means, af-
ter determination of a parts area, positions a
segment having a size corresponding to the
pallet size with an extra space and provided
corresponding to each pallet, within the parts
area,

wherein
the segment positioning means selects an arbitrary
segment from a list of segments to be positioned
within the parts area, and positions the selected
segment at the point of a positioning possible por-
tion furthest from the passages at which a segment
or an obstacle is not positioned, along an arbitrary
one line in which a segment can be positioned, and
the selected segment is deleted from the list of seg-
ments and the above procedure is repeated after
selecting another arbitrary segment from the list of
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segments.

21. A parts placement calculation program which caus-
es a computer to carry out parts placement calcu-
lation for distributing and placing parts of a plurality
of types in a plurality of stores within a parts storage
based on a parts point value set for each type of
parts and a store point value set for each store with
regard to each type of parts,
the parts placement calculation program causing
the computer to function as:

parts selection means for selecting the parts
with the highest parts point value from a list of
parts to be placed;
store selection means for selecting the store
with the highest store point value from a list of
placement possible stores regarding the select-
ed parts; and
placement determination means for determin-
ing whether or not the selected parts can be
placed in the selected store, based on a prede-
termined constraint condition for placing the se-
lected parts in the selected store,

wherein
when the placement determination means deter-
mines that the
selected parts cannot be placed in the selected
store, the selected store is deleted from the list of
placement possible stores and then the store selec-
tion means is activated again, and
when the placement determination means deter-
mines that the selected parts can be placed in the
selected store, a parts area for placing the selected
parts in the store is determined, the selected parts
are deleted from the list of parts to be placed, and
then the parts selection means is activated again.

22. A parts placement calculation program according to
claim 21, wherein
the constraint condition in the placement determi-
nation means is that selected parts do not overlap
a parts area which is already positioned or an ob-
stacle, and that an area sufficient for placing select-
ed parts are provided.

23. A parts placement calculation program which caus-
es a computer to carry out a parts placement calcu-
lation for distributing and placing parts of a plurality
of types in a plurality of stores within a parts storage
based on a parts point value set for each type of
parts and a store point value set for each store with
regard to each type of parts, the parts placement
calculation program causing the computer to func-
tion as:

placement possible store set extraction means

for removing a store in which placement is not
possible based on a predetermined constraint
condition for placing each parts from a store list
associated with each parts;
parts selection means for selecting parts with
the highest parts point value from a list of parts
to be placed; and
store selection means for selecting a store with
the highest store point value from a list of place-
ment possible stores regarding the selected
parts,

wherein
after the placement possible store set extraction
means is executed, parts are selected by the parts
selection means, a store for the selected parts is
selected by the store selection means, and a parts
area for placing the selected parts is determined in
the selected store, and
after the selected parts are deleted from the list of
parts to be placed, the placement possible store set
extraction means is executed again.

24. A parts placement calculation program according to
claim 23, wherein
the constraint condition in the placement possible
store set extraction means is that selected parts do
not overlap a parts area which is already positioned
and an obstacle, and that an area sufficient for plac-
ing selected parts are provided, and also that when
it is instructed to place a plurality of arbitrary parts
in a same store, all of the plurality of arbitrary parts
must have an identical store list.

25. A parts placement calculation program according to
claim 21, wherein
the parts point value is obtained by adding a priority
and an area difference of corresponding parts with
a predetermined weighting coefficient multiplied
therewith, the priority being a function of the fre-
quency of transportation of the corresponding parts
in and out, and the area difference being a function
of a difference between the largest value and the
smallest value of placing areas in stores for placing
the corresponding parts, the placing areas being
different for different stores due to a predetermined
placing condition, and
the store point value is obtained by adding a trans-
portation distance point value and an area point val-
ue of a corresponding store with a predetermined
weighting coefficient multiplied therewith, the trans-
portation distance point value being a function of a
transportation distance for carrying parts in and out
of the corresponding store and the area point value
being a function of a placing area which depends
on a predetermined placing condition when placing
parts in the corresponding store.
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26. A parts placement calculation program according to
claim 25, wherein
the placing condition regarding the parts point value
and the store point value is that only pallets contain-
ing the same types of parts are placed in the same
pallet placement line which is in the lift traveling di-
rection in the store, that pallet placement lines for
the same types of parts are located adjacent to each
other, and that pallets for the same type of parts are
placed in the same store.

27. A parts placement calculation program according to
claim 25 further causing a computer to function as
external input means for selecting a weighting co-
efficient of the parts point value and the store point
value from a plurality of predetermined values and
inputs the selected value.

28. A parts placement calculation program according to
claim 21, wherein
the parts placement calculation program further
causes a computer to function as dividing means
for dividing an interior of the parts storage into a plu-
rality of rectangular stores, passages extending in
parallel to outer peripheries of each store, and an
obstacle, parts of the same type are contained in
the same pallet, and each pallet is transported by a
lift, which, when traveling along the passages and
reaches a location near the store, turns to substan-
tially the vertical direction with regard to a passage
traveling direction and advances substantially
straight to enter the store for carrying each pallet in
and out, and
the parts placement calculation program further
causes a computer to function as coordinate sys-
tem generating means for generating a plan coor-
dinate system which is converted such that, when
a lift traveling direction facing the passage within a
store is a lift passage direction, a plurality of stores
are rotated so that the lift passage directions thereof
are oriented in a predetermined direction.

29. A parts placement calculation program according to
claim 21, wherein
parts to be placed are divided into a plurality of
groups, from which a certain group is selected, and
after determining a parts area for placing all the
parts included in the selected group, the determined
parts areas are fixed, and
another group of the remaining groups is selected
and a parts areas for placing all the parts included
in the selected group is determined, the above pro-
cedure being repeated.

30. A parts placement calculation program according to
claim 28, which further causes a computer to func-
tion as segment positioning means for, after deter-
mination of a parts area, positioning a segment hav-

ing a size corresponding to the pallet size with an
extra space and provided corresponding to each
pallet, within the parts area,

wherein
the segment positioning means selects an arbitrary
segment
from a list of segments to be positioned within the
parts area, and positions the selected segment at
the point of a positioning possible portion furthest
from the passages on which no segment or obstacle
is positioned, along an arbitrary one line in which a
segment can be positioned, and the selected seg-
ment is deleted from the list of segments and the
above procedure is repeated after selecting another
arbitrary segment from the list of segments.

31. A computer readable recording medium in which a
parts placement calculation program according to
claim 21 is recorded.

32. A parts placement support system including the
parts placement calculation system according to
claim 1, the parts placement support system com-
prising:

an integrated database for managing data re-
lated to parts placement; and
a layout changing system for retrieving layout
information from the integrated database and
outputting the layout information after the lay-
out information has been corrected, when the
layout within a parts storage is changed,

wherein the parts placement calculation sys-
tem performs parts placement calculation based on
the data managed by the integrated database.
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