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DESCRIPTION

METHOD FOR OPTIMIZATION OF AN ORDER FOR COMPONENT
MOUNTING AND APPARATUS FOR OPTIMIZATION OF AN ORDER FOR
COMPONENT MOUNTING

BACKGROUND OF THE INVENTION
(1) Field of the Invention

The present invention relates to a method for optimization of
an order for component mounting by a mounter. In particular, the
invention relates to a method for optimization of an order of
component mounting on a board that includes a plurality of
patterns.

(2) Description of the Related Art

In a component mounting system where a plurality of
mounters for mounting electronic components on a board such as a
printed board are arranged in a mounting line, it is necessary to
maintain line balance in such a way that a tact time for each mounter
is even. In a component mounting system such as this,
optimization of mounting order is carried out, conventionally, by
assigning components to be handled by each mounter base\d on the
tact time and number of components for mounting allocated to each
component (e.g., official publication of Japanese Laid-Open Patent
Application No. 09-18199 and No. 10-209697).

In other words, as shown in FIG. 20, during the mounting of
components onto a board 20 which includes a plurality of patterns
12, optimization of mounting order is carried out by having, among
mounters 14a to 14d, a mounter located farther upstream in the
process line (e.g., mounter 14a) mounting smaller components and
a mounter located farther down’stréam in the process line (e.g.,
mounter 14d) mounting larger components. '

During component mounting, each of the mounters 14a to
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14d perform image recognition of board marks 16 set at corners of
the board 20, and corrections are carried out for misalignment in the
planar direction, rotational misalignment, expansion and
contraction, and so on, of the board 20. Next, image reéognition is
performed for pattern marks 18 set on each pattern 12, and position
determination of the patterns 12 is carried out. Subsequently,
component mounting is carried out. In this manner, the
performance of high precision position determination becomes
possible through image recognition of the pattern marks 18 set on
each pattern 12.

However, in the conventional component mounting system,
each of the mounters 14a to 14d mounts components on all of the
patterns 12 on the board 20. For this reason, each of the mounters
14a to 14d must perform image recognition of pattern marks of all
the patterns 12, requiring the consumption of much time before
proceeding with component mounting. As such, there exists the
problem of increased tact time for the component mounting system
as a whole. For example, in the case where one hundred of the
patterns 12 are included in one board 20 and there are two pattern
marks 18 on each of the patterns 12, this means that two hundred
(=100 x 2) of the pattern marks 18 are included in a single board 20.
Each of the mounters 14a to 14d must perform image recognition of
all these two hundred pattern marks 18.

Furthermore, as each of the mounters 14a to 14d carries out
component mounting on all the patterns 12, the conventional
component mounting system performs optimization so that
mounting order is optimal in terms of the board as a whole. For this
reason, the problem of taking long calculation times for performing
optimization exists as component types and the number of mounting
points, which are the subjects for optimization, increase.

In addition, in the case where there is a change in the number
of mounters in the mounting line, the problem exists in which
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changes in line organization cannot be handled flexibly, with
optimization having to be performed again from the start.

The present invention is conceived to resolve the issues
described above, and has as an objective to provide a component
mounting order optimization method for optimizing the order of
component mounting so that tact time during component mounting
is reduced.

Furthermore, the present invention also has as another
objective to provide a component mounting order optimization
method in which optimization of mounting order does not consume
a lot of time.

In addition, the invention also has as yet another objective to
provide a component mounting order optimization method that can
flexibly respond to line organization modification due to a change in
the number of mounters.

SUMMARY OF THE INVENTION

In order to achieve the aforementioned objectives, the
optimization method of a mounting order of components in the
present invention is an optimization method for optimizing an order
of component mounting in a component mounting system having a
plurality of mounters for mounting components on a board, wherein
a plurality of patterns having the same component placement
structure is included in the board, said plurality of patterns
corresponding respectively to a plurality of sub-boards obtained by
partitioning said board, and the optimization method comprises an
allocation step of allocating each of the plurality of patterns to any of
the plurality of mounters for component mounting.

Each of the plurality of patterns is allotted to any one of the
plurality of mounters. Accordingly, during component mounting,
each mounter performs image recognition of the pattern marks of
only the patterns allotted to it and component mounting need only
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be carried out on said patterns. As such, there is no need to
perform image recognition of the pattern marks of all the patterns
and much time need not be spent prior to component mounting.
Consequently, it is possible to reduce the tact time of the component
mounting system as a whole.

Furthermore, mounting of the same electronic components is
performed by each mounter. As such, even in the case where there
are many large-sized components and few small-sized components,
for example, the line balance of the component mounting system
can be kept uniform.

In addition, even in the case where a change in the number of
mounters arises in the component mounting system due to changes
in production planning, or the like, optimization is completed by only
carrying out changes in the patterns to be allocated to each mounter
and changes in the position of the stoppers, without carrying out
changes in the optimization of the order of component mounting
within the patterns. Consequently, the recommencement of
optimization can be done easily and modifications in line
organization can be handled flexibly, also in the case where there is
a change in the number of mounters.

It is preferable that the aforementioned optimization method
of the order of component mounting further comprises a step of
optimizing the order of component mounting for any one pattern
among the plurality of patterns.

With the inclusion of this step, optimization of the order of
component mounting is carried out within one pattern, and the
result of the optimization can be used on all the mounters.
Consequently, the time required for optimization can be reduced.

In addition, it is preferable that the allocation step includes a
pattern number determination step of determining, from a total
number of the patterns included in the board and a number of the
mounters, a number of patterns to be allocated to each of the

4.
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mounters so that the number of patterns is approximately even, and
a pattern allocation step of allocating the determined number of
patterns to any of the plurality of mounters for component
mounting.

By making the Ynumber of patterns to be allocated to each
mounter even, line balance can be maintained.

In addition, it is preferable that the pattern number
determination step includes a step of calculating a quotient and a
remainder by dividing the total number of the patterns included in
the board by the number of mounters, a step of determining the
quotient as the number of patterns to be allocated, in the case
where the remainder is zero, and a step of i) determining a number,
which is the quotient plus one, as the number of patterns to be
allocated to the same number of mounters as the remainder,
starting from the mounter in a process farthest upstream, and ii)
determining the quotient as the number of patterns to be allocated
to the rest of the mounters, in the case where the remainder is one
or greater.

Even in the case where the number of patterns to be allotted
to each mounter cannot be made even, stagnation of unprocessed
boards at the downstream processes is eliminated by allocating
more patterns to the mounters located at the upstream processes.

In addition, it is preferable that the pattern number
determination step includes a step of calculating a quotient and a
remainder by dividing the total nhumber of the patterns included in
the board by the number of mounters, a first allocation sub-step of
determining the quotient as the number of patterns to be allocated
to each of the mounters, and a second allocation sub-step of
determining the remainder as the number of patterns to be
commonly allocated to the plurality of mounters. It is preferable
that the plurality of mounters is all of the mounters included in the
component mounting system.
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Even in the case where the aforementioned remainder arises,
the remaining patterns are allocated to all the mounters. As such,
it is possible to have a uniformed line balance.

In addition, it is preferable that in the pattern allocation step,
the determined number of patterns are allocated to each of the
mounters, as the patterns on which components are to be mounted,
so that borders between the determined number of patterns
allocated to each of the mounters are set orthogonally to a direction
in which the board moves. Furthermore, the aforementioned
optimization method of the order of component mounting further
comprises a step of determining a position of the board during
component mounting so that a moving distance, from a default
position to the allocated pattern, of a head of each of the mounters
is uniform for all of said mounters, the head being used for mounting
components on the board.

Through the determination of the setting position of the board
by allocating patterns in such a direction, the moving direction from
the head to the patterns becomes uniform for each mounter and line
balance becomes uniform. Moreover, the aforementioned
optimization method of the order of component mounting may
further comprise a step of determining placement positions of
component cassettes used in component mounting so that a
distance from the placement positions of the component cassettes
to the allocated pattern, for each of the mounters is uniform for all
of said mounters.

Moreover, not only can the present invention be realized as
the optimization method of the order of component mounting such
as this, the present invention can also be realized as a program
causing a computer to execute the characteristic steps of this
method, and as a component mounting order optimization
apparatus using the characteristic steps of this method as its units.
In addition, it goes without saying that it is possible to circulate such
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a program via a storage medium such as a CD-ROM, and a
transmission medium such as the internet.

According to the present invention, the tact time for the
component mounting system is reduced.

Furthermore, it is possible to execute the optimization of the
order of component mounting in a short period of time.

In addition, it is possible to keep line balance during
component mounting.

Furthermore, it is possible to handle changes in the number of
mounters flexibly.

FURTHER INFORMATION ABOUT TECHNICAL BACKGROUND
TO THIS APPLICATION

The disclosure of Japanese Patent Application No.
2003-308324 filed on September 1, 2003 including specification,
drawings and claims is incorporated herein by reference in its
entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, advantages and features of the
invention will become apparent from the following description
thereof taken in conjunction with the accompanying drawings that
illustrate a specific embodiment of the invention.

In the Drawings:

FIG. 1 is an appearance diagram showing the overall
construction of a component mounting system in the present
invention.

FIG. 2 is an overhead view showing the construction of the
mounter in the same component mounting system.

FIG. 3 is a schematic diagram illustrating the physical
relationship of the operating head and component cassette of the
same mounter.
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FIG. 4A illustrates an example of the construction of the total
of four component supplying units respectively provided in the two
mounting units included in the same mounter. FIG. 4B is a chart
indicating the number and positions on the Z-axis of various
component cassettes in such construction.

FIGS. 5A and 5B are a diagram and a chart, respectively,
showing an example of the positions (on the Z-axis) in the
component supplying unit that are accessible for pickup by the
10-nozzle head.

FIGS. 6A to 6D illustrate examples of various chip-shaped
electronic components which are the subjects for mounting.

FIG. 7 is a diagram illustrating an example of a carrier tape
encasing components and its supply reel.

FIG. 8 is a diagram illustrating an example of a component
cassette loaded with taped electronic components.

FIG. 9 is a block diagram illustrating the hardware
configuration of the optimization apparatus.

FIG. 10 shows an example of the contents of the mounting
point data indicated in FIG. 9.

FIG. 11 shows an example of the contents of the component
library indicated in FIG. 9.

FIG. 12 shows an example of the contents of the mounter
information indicated in FIG. 9.

FIG. 13 is an explanatory diagram of how patterns are
allocated in the component mounting system according to the
present invention.

FIG. 14 is a flowchart of the optimization process for the
component mounting system, performed by the optimization
apparatus.

FIG. 15 is an explanatory diagram of how patterns are
allocated to each mounter.

FIG. 16 is an explanatory diagram of the allocation of patterns
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in the case where the number of patterns is different among
mounters.

FIGS. 17A and 17B are diagrams illustrating the positions of
the stopper for each mounter.

FIG. 18 is an explanatory diagram of the marks placed on the
board.

FIGS. 19A and 19B are diagrams illustrating the positions of
the component cassettes of each mounter.

FIG. 20 is an explanatory diagram of how patterns are
allocated in the conventional component mounting system.

FIG. 21 is an overhead view showing the fundamental
construction of the mounter in the component mounting system.

FIG. 22 is a flowchart of the optimization process for the
component mounting system, performed by the optimization
apparatus. '

FIG. 23 is an overhead view showing the fundamental
construction of the mounter in the cdmponent mounting system.

FIG. 24 is a diagram illustrating the positions on the board
that are accessible for mounting.

FIG. 25 is an explanatory diagram of the shared allocation of
a predetermined number of patterns to all of the mounters.

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
(First Embodiment) .
Hereinafter, the component mounting system in the first
embodiment of the present invention shall be explained with
reference to the diagrams.

(Component mounting system)

FIG. 1 is an appearance diagram showing the overall
construction of a component mounting system 10 in the present
invention. The mounting system 10 is composed of a plurality
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(here, two) of mounters 100 and 200 and an optimization apparatus
300. The mounters 100 and 200 form a production line where
electronic components are mounted onto a circuit board 20 that is
transported downstream. The optimization apparatus 300
optimizes the mounting order of the required electronic components
at the start of production, for example, based on information in a
variety of databases, and sets and controls the mounters 100 and
200 having provided them with the NC (Numeric Control) data
produced by the optimization.

The mounter 100 is equipped with two sub-units (a front
sub-unit 110 and a rear sub-unit 120) that carry out component
mounting simultaneously and independently of one another, or in
concert, or even alternately. Each of these sub-units 110 and 120
is a perpendicular robotic mounting stage and includes two
component supplying units 115a and 115b, a multi-placement head
112, an XY robot 113, a component recognizing cameras 116, and a
tray supplying unit 117, and so on. The component supplying units
115a and 115b are each made up of an array of up to 48 component
cassettes 114 that store component tapes. The multi-placement

. head 112 (10-nozzle head) has 10 pickup nozzles (hereafter simply

“nozzles”) that can pick up a maximum of ten components from the
component cassettes 114 and mount them onto the circuit board 20.
The XY robot 113 moves the multi-placement head 112. The
component recognizing camera 116 two-dimensionally and
three-dimensionally examine the picked-up state of the components
that have been picked up by the multi-placement head 112. The
tray supplying unit 117 supplies tray components. Each sub-unit
carries out the mounting of components onto a board independently
of (in parallel with) the other sub-unit.

Moreover, in practical terms, the expression “component
tape” refers to a tape (a carrier tape) in which a number of the same
type of components have been arranged, with such tape being
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supplied from a reel (a supply reel) or the like around which the tape
has been wound. Component tapes are mainly used to supply
relatively small components called “chip components” to a mounter.
However, during the optimization process, a “component tape”
refers to data that specifies a group of components belonging to the
same component type (that are assumed to have been arranged on
a virtual tape). In the process called “component division”, there
are cases where a group of components belonging to the same
component type (that would potentially be arranged on a single
component tape) are divided into a plurality of component tapes.
Moreover, “component type” indicates the type of electronic
components such as a resistor, capacitor, and so on.

Furthermore, it should be noted here that components
supplied by a component tape are sometimes called "“taped
components”.

The mounter 100, to be specific, is a mounter with the
combined functions of a mounter known as a high-speed mounter
and a mounter referred to as a multi-function mounter. The
high-speed mounter is a machine characterized by high productivity,
mounting mainly electronic components that are 10 mm or less per
side, at a speed of 0.1 second per point. The multi-function
mounter is a machine for mounting large electronic components that
are 10 mm or more per side and irregularly-shaped components
such as a switch and a connector, and IC components such as a Quad
Flat Package (QFP) and a Ball Grid Array (BGA).

In short, the mounter 100 is designed so as to be able to
mount almost all types of electronic components (mounting
components ranging from 0.6mm x 0.3mm chip resistors to 200mm
connectors), with a production line being formed by arranging the
required number of mounters 100 in a line. It should be noted that
in the present embodiment, the production line is assumed to be
configured by lining up four mounters 100.

-11 -
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(Construction of the mounter)

FIG. 2 is an overhead view showing the construction of the
mounter 100 which is the subject of the component mounting order
optimization in the present invention.

A shuttle conveyor 118 is a moving table on which a
component taken from the tray supplying unit 117 is placed and
which is moved to a predetermined position where the
multi-placement head 112 can pick up components from the shuttle
conveyor 118. A nozzle station 119 is a table on which replacement
nozzles corresponding to varied forms of component types are
positioned.

The component supplying units 115a and 115b included in
each sub-unit 110 (and 120) are provided on the left and right sides
of the component recognizing cameras 116. Accordingly, the
multi-placement head 112 repeats an operation whereby it picks up
components from the component supplying unit 115a or 115b,
passes by the component recognizing cameras 116, and then moves
to a mounting point on the circuit board 20 and mounts all the
picked-up components. Here, “mounting point” refers to the
coordinates on the board on which a component is to be mounted.
It should be noted that there are also cases where components that
are of the same component type are mounted on different mounting
points. The total number of the components arranged in
component tapes for a single component type (mounting point)
matches the number of components (the aggregate number of
components to be mounted) for such component type.

| Here, a single iteration (pick up, transport, mount) of the
repeated series of operations where the multi-placement head 112
picks up, transports, and mounts components, and the group of
components mounted i'n such single iteration, are both referred to as
a “task”. For example, when the multi-placement head 112 has ten
nozzles, the maximum number of components that can be mounted
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through a single task is ten. It should also be noted that a “pickup
operation” refers to all of the operations performed from when the
head starts to pick up components to when the multi-placement
head 112 transports the components. This includes, for example,
not only the case when ten components are picked up by the
multi-placement head 112 with a single pickup stroke (a raising and
lowering of the multi-placement head 112), but also the case where
ten components are picked using several pickup strokes. ‘

FIG. 3 is a schematic diagram depicting the positional
relationship between the multi-placement head 112 and the
component cassettes 114. The multi-placement head 112 is an
operating head using the so-called “gang pickup method” and can be
equipped with a maximum of ten pickup nozzles 112a to 112b.
When thus equipped, one component each from a maximum of ten
component cassettes 114 can be simultaneously picked up in a
single pickup stroke (one raising and lowering of the
multi-placement head 112).

Moreover, it should be noted that only one component tape is
Io.aded into a so-called “single cassette” component cassette 114,
while two component tapes are loaded into a so-called “double
cassette” component cassette 114. The position of each
component cassette 114 (or component tape) in a component
supplying unit 115a or 115b is indicated using a “value in the Z-axis”
or a “position on the Z-axis”, with consecutive values being assigned
to the positions beginning with the leftmost position in the
component supplying unit 115a as position "1”. As such, the
determination of the mounting order for taped components amounts
to the determination of the sequencing (i.e., positioning on the
Z-axis) of component types (or component tapes, or component
cassettes 114 in which the component tapes have been stored).
Here, the “Z-axis” refers to the coordinate axis (or such coordinate
value) identifying the array position of a component cassette
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installed on each mounter (sub-unit, in the case where a sub-unit is
provided).

As shown in FIG. 4A, each component supplying unit 115a,
115b, 215a, and 215b can respectively be equipped with a maximum
of 48 component tapes (respectively positioned at Z1 to Z48, Z49 to
296, Z97 to Z114, Z145 to Z192). To be specific, by using a double
cassette which stores two component tapes each with an 8 mm tape
width, each component supplying unit (A-block to D-block) can be
equipped with a maximum of 48 types of components, as shown in
FIG. 4B. The number of cassettes that can be provided in a single
block is reduced accordingly for components (component cassette)
having greater tape widths.

Moreover, the component supplying units 115a and 215a
(A-block, C-block), each located on the left side when facing each
sub-unit are referred to as the “left-block”, and the component
supplying units 115b and 215b (B-block, D-block), each located at
the right when facing each sub-unit are referred to as the
“right-block”

FIGS. 5A and 5B are a diagram and a chart, respectively,
showing an example of the positions (on the Z-axis) in a component
supplying unit that are accessible for pickup by the 10-nozzle head.
Moreover, H1 to H10 in the diagrams indicate (the positions of) the
nozzles provided in the 10-nozzle head.

Here, as the spacing between each nozzle in the 10-nozzle
head is equivalent to the width of one double cassette (21.5 mm),
the Z numbers of the components that are picked up with one raising
and lowering of the 10-nozzle head are at intervals of one (odd
numbers only, or even numbers only). Furthermore, as shown in
FIG. 5B, due to the movement restrictions of the 10-nozzle head
along the Z-axis direction, there are nozzles (marked ™ - ” in the
table) that cannot pick up components (Z-axis) forming a part of
each component supplying unit.
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Next, explanation shall be made on the structural details of
the component cassette 114, using FIG. 6 to FIG. 8.

FIGS. 6A to 6D respectively show various taped components
423a to 423d. The various chip-shaped electronic components
423a~423d shown in the diagrams are placed into concave storage
spaces 424a that are successively formed in fixed intervals in a
carrier tape 424 shown in FIG. 7 and are encapsulated by applying a
cover tape 425 over the carrier tape 424. A predetermined length
of this carrier tape 424 is wound around the supply reel 426 and
supplied in tape form (component tape) to users. However, the
shape of electronic components, as components to be stored, is not
limited to concave shapes. Even if such shape is apart from that in
the carrier tape 424 shown in FIG. 7, there are also adhesive tapes
for sticking components into place on a tape, paper tapes, and so on.

This taped electronic component 423d is used by being
installed in the component cassette 114 shown in FIG. 8, and the
supply reel 426 is set on a freely rotating placement on a reel side
plate 428 attached to a main body frame 427. The carrier tape 424
pulled out from this supply reel 426 is guided by a feed roller 429.
In conjunction with the operation of the automatic electronic
mounter (not shown) in which this electronic component supplying
device is installed, a feed lever (also not shown) installed in the
same mounter moves a feed lever 430 of the electronic component
supplying device in the direction of the arrow Y1, and a ratchet 432
is rotated at a fixed angle via a link 431 installed on the feed lever
430. Subsequently, the feed roller 429 is moved only at a fixed
pitch (e.g., at a feed pitch of 2 mm or 4 mm), in conjunction with the
ratchet 432. It should be noted that there are cases where the
carrier tape 424 is discharged by a motor drive or a cylinder drive.

Furthermore, the cover tape 425 is peeled off the carrier tape
424 through the cover tape peeler 433 located before the cassette
roller 429 (on the supply reel 426 side), and the peeled off cover
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tape 425 is wound-up in the cover tape winding reel 434. The
carrier tape 424 that has had the cover tape 425 peeled off is
conveyed to the electronic component dispensing unit 435. At the
same time as the feed roller 429 conveys the carrier tape 424, the
chip-shaped electronic component 423d stored in the concave
storage unit 424a is drawn out by being picked up by a vacuum
pickup head (not shown) from the electronic component dispensing
unit 435 which opens in conjunction with the ratchet 432.
Subsequently, the aforementioned feed lever relieves the push on
the feed lever 430, and under motivation from a pull spring 436, the
feed lever 430 moves in the Y2 direction, or in other words, returns
to its original position.

The operational characteristics of the mounter 100 are
summarized as follows:

(1) Nozzle replacement

When the nozzle required for the next mounting operation is
not found on the multi-placement head 112, the multi-placement
head 112 moves to the nozzle station 119 and carries out a nozzle
replacement. As an example, S, M, and L-types exist as nozzle
types, in accordance to the size of the component size that can be
picked up.

(2) Component pickup

The multi-placement head 112 moves to the component
supplying units 115a and 115b and picks up electronic components.
When ten components cannot be picked up simultaneously in a
single iteration, the maximum of ten components can be picked up
through several raising and lowering pickup operations while moving
the pickup positions.

(3) Recognition scanning
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The multi-placement head 112 moves above the component
recognizing cameras 116 at a fixed speed. The images of all the
electronic components picked up by the multi-placement head 112
are downloaded and the pickup positions of the components are
accurately detected.

(4) Component mounting .
The components are sequentially mounted on the board 20.

Thus by repeating the operations from (1) to (4) mentioned
above, all the electronic components are installed on the board 20.
The operations from (2) to (4) mentioned above are fundamental
operations in the mounting of components by the mounter 100, and
are equivalent to a “task”. In other words, in one task, a maximum
of ten electronic components can be mounted on a board.

(Mounter constraints)

. The objective for the optimization of the mounting order of
components is the maximization of the board production rate per
unit of time of the mounter 100. Accordingly, the preferred
optimization method (optimization algorithm), as can be determined
from the aforementioned functional and operational characteristics
possessed by the mounter 100, is an algorithm where ten electronic
components that can be efficiently mounted onto a board are
selected, simultaneously picked up from a component supplying unit,
and sequentially mounted through the shortest route. Ideally, a
component mounting order determined through such an
optimization algorithm can have productivity improved ten-fold, in
comparison to the case of component mounting through only a
single nozzle.

However, from structural, cost, and operational viewpoints,
constraining factors in the determination of the mounting order of
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components are always present in any mounter. As such,
realistically speaking, optimization of the mounting order of
components is the maximization of the board production rate per
unit of time, as far as possible, under various constraints.

Hereinafter, the main constraints in the mounter 100 shall be
enumerated.

(Multi-placement head)
The multi-placement head 112 has ten mounting heads

“arranged in a single line, which perform pickup and mounting

operations independently from one another. A maximum of ten
pickup nozzles can be attached, and through this series of pickup
nozzles, a maximum of ten components can be picked up
simultaneously in a single pickup stroke.

Moreover, the individual operating heads (an operating head
that picks up a single component) making up the multi-placement
head are simply referred to as a “placement head (or head)”.

Under a structure where the ten placement heads making up
the multi-placement head 112 are arranged in straight-line fashion,
there is a constraint with regard to the range of movement of the
multi-placement head 112 during component pickup and component
mounting. To be specific, when picking up electronic components
at both ends (the vicinity of the left end of the left-block 115a and
the vicinity of the right end of the right-block 115b) of the
component supplying unit, the placement heads that can access
such areas are restricted, as shown in FIG. 5B.

Furthermore, the range of movement of the multi-placement
head 112 is also subjected to restriction during the mounting of
electronic components on the board.

(Component recognizing camera)
A 2D camera for taking two-dimensional images and a 3D
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camera which can detect height information are installed in the
mounter 100 as the component recognizing cameras 116. 2D
cameras include 2DS cameras and 2DL cameras, depending on the
size of the imaging field of view. The 2DS camera has a small field
of view but is capable of high-speed imaging and the 2DL camera is
characterized by having a large field of view of up to a maximum of
60 x 220 mm. The 3D camera is used for three-dimensionally
examining whether any of the leads of an IC component are bent out
of shape.

The recognition scanning speed during the imaging of
electronic components is different depending on the camera. In the
case where components using a 2DS camera and components using
a 3D camera are present in the same task, recognition scanning
must be carried out at each of the respective speeds, or total of two
times.

(Component supplying unit)

The forms of packaging of electronic components include the
so-called taping format in which electronic components are stored in
tape-form, and the so-called tray format in which electronic
components are stored on a plate with partitions placed in
accordance with the size of the components.

Supplying of components by taping is carried out through the
component supplying units 115a and 115b, and supplying by tray is
performed through the tray supplying unit 117.

Taping for electronic components is standardized, with taping
standards with widths from 8 mm to 72 mm existing, in accordance
with component sizes. By setting a tape-form component
(component tape) in a component cassette (tape feeder unit)
complying with a tape width, electronic components can be
successively retrieved in a stable manner.

The component supplying unit set with component cassettes
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is designed so that component tapes of up to 12 mm in width can be
installed without gaps at a 21.5 mm pitch. If the tape width is 16
mm or more, the component supplying unit is set by opening the
necessary space to accommodate the tape width. In order to
simultaneously pick up (in a single raising and lowering stroke) a
plurality of electronic components, the respective alignment pitches
of the placement heads and component cassettes should match.
Ten points can be picked up simultaneously for components with a
tape width of up to 12 ‘mm.

Moreover, a maximum of 48 component tapes with widths of
up to 12 mm can be installed on each of the two component
supplying units (left-block 115a, right-block 115b) making up the
component supplying unit.

(Component cassette)

Component cassettes include single cassettes storing only a
single component tape, and double cassettes which are capable of
storing a maximum of two component tapes. The two component
tapes stored in a double cassette are restricted to component tapes
having the same feed pitch (2mm or 4 mm).

(Other constraints)

The constraints on the mounter 100 include not only the
constraints arising from the structure of the mounter 100, such as
those mentioned above, but also constraints from the operating
aspect such as those listed below, which arise from circuqmstances in
the production site at which the mounter 100 is used.

(1) Fixed arrangement

For example, there are cases where a particular component
tape (or component cassette storing such tape) is given a fixed
position (position on the Z-axis) in the component supplying unit in
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which it is set, in order to reduce the component tape replacement
work done manually.

(2) Resource constraints

There are cases where the number of component tapes,
component cassettes storing component tapes, double cassettes,
pick-up nozzles (the number for each type), and so on, are restricted
to a fixed number.

(Optimization apparatus)

In the case where the subject for production (boards and
components to be mounted thereon) and the equipment for
production (mounter provided with limited resources, sub-unit) are
provided, the optimization apparatus 300 is an apparatus that
determines the component mounting order for manufacturing
boards in the shortest time possible (for increasing the number of
boards produced per unit of time).

To be specific, it is an apparatus for determining (searching
for the optimal solution) on a computer, which position (Z-axis) in
which mounter (sub-unit) to place component cassettes set with
which sorts component tapes, and the order in which the
multi-placement heads of each mounter (sub-unit) can
simultaneously pick up the most number of components as possible
from the component cassettes, and the order for mounting the
plurality of picked-up components onto which positions (mounting
points) on the board, in order to minimize the mounting time per
board.

During this time, it is necessary to strictly observe the
aforementioned constraints possessed by the mounter (sub-unit)
being taken into consideration.

(Hardware construction of the optimization apparatus)
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The optimization apparatus 300 is realized through the
execution of the optimization program according to the present
invention, on a general-purpose computer system such as a
personal computer. When not connected to an actual mounter 100,
the optimization apparatus 300 can also function as a stand-alone
simulator (an optimization tool for the order of component
mounting).

FIG. 9 is a block diagram showing the hardware construction
of the optimization apparatus 300 shown in FIG. 1. The
optimization apparatus 300 is a computer that determines which
components should be mounted by each sub-unit and the mounting
order of components for each sub-unit, based on information for all
of the components that is provided by a CAD (Computer-Aided
Design) apparatus for component mounting or the like, and
generates optimal NC data, in order to minimize the line tact time
(the highest tact time out of the individual tact times of the
sub-units forming the production line) for the mounting of
components on a board given the various constraints based on the
specifications, and so on, of the units making up the production line.
The optimization apparatus 300 includes a calculation control unit
301, a display unit 302, an input unit 303, a memory unit 304, an
optimization program storing unit 305, a communication interface
unit 306, and a database unit 307, and so on.

It should be noted that “tact” refers to the total time required
to mount components intended to be mounted.

The calculation control unit 301 is a CPU (Central Processing
Unit), a numeric processor, or the like. In accordance with
instructions from the user, and so on, the calculation control unit
301 loads the required programs from the optimization program
storing unit 305 into the memory unit 304 and executes them. The
calculation control unit 301 controls the structural components 302
to 307, in accordance with such execution result.
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The display unit 302 is a CRT (Cathode Ray Tube), an LCD
(Liquid Crystal Display), or the like, while the input unit 303 is an
input device such as a keyboard or a mouse. These are controlled
by the calculation control unit 301 and are used to allow user
interaction with the optimization apparatus 300.

The communication interface unit 306 is a LAN (Local Area
Network) adapter or the like, and is used to allow the optimization
apparatus 300 to communicate with the mounters 100 and 200.

The memory unit 304 is a RAM (Random Access Memory) or
the like that provides a work area for the calculation control unit 301.
The optimization program storing unit 305 is a hard disk or the like
that stores various optimization programs for implementing the
functions of the present optimization apparatus 300.

The database unit 307 is a hard disk drive or the like for
storing input data (mounting point data 307a, a component library
307b, and mounter information 307c) that is used in the
optimization process performed by the optimization apparatus 300
and mounting point data and other data generated by the
optimization process.

FIGS. 10 to 12 show examples of the mounting point data
307a, the component library 307b, and the mounter information
307c, respectively.

The mounting point data 307a is a collection of information
showing the mounting points of all of the components to be mounted.
As shown in FIG. 10, one mounting point pi is made up of a
component type ci, an X coordinate xi, a Y coordinate yi, a mounting
angle 6 i and control data @i. In the present case, the expression
“component type” refers to the name of component in the
component library 307b shown in FIG. 11, the *X coordinate” and “Y
coordinate” are the coordinates of the mounting point (coordinates
that indicate a specific position on a board), the “mounting angle
@i” is the rotation angle of the head during component mounting,

-23-



10

15

20

25

30

WO 2005/022433 PCT/JP2004/012672

and “control data” is constraint information (such as the type of
pickup nozzle that can be used and the maximum speed at which the
multi-placement head 112 should move, and the like) relating to the
mounting of the component. It should be noted that the "NC data”
to be generated finally is the arrangement of mounting points that
results in the shortest line tact time. Moreover, the X-axis direction
is the direction in which the board 20 moves and the Y-axis direction
is the direction which is orthogonal to the X-axis.

The component library 307b is a library in which specific
information for the various component types that can be handled by
the mounters 100 and 200 is gathered together. The component
library 307b is composed of the component size, tact time (specific
tact time for a component type subject to certain conditions), and
other constraint information (such as the type of pickup nozzle that
can be used, the recognition method to be used by the component
recognizing cameras 116, and the maximum speed at which the
multi-placement head 112 should move, and the like), as shown in |
FIG. 11. It should be noted that in FIG. 11, the external
appearance of components of various types have also been shown
for reference purposes.

The mounter information 307c is information showing the
constructions of each of the sub-units forming the production line
and the aforementioned constraints to which these sub-units are
subject. As shown in FIG. 12, the mounter information 307c is
made up of information such as a unit ID indicating the unit number,
head information relating to the type of multi-placement head,
nozzle information relating to the types of pickup nozzles that can be
attached to the multi-placement head, cassette information relating
to the maximum number of component cassettes 114, and tray
information relating to the number of levels on which trays are
stored in the tray supplying unit 117,

The information described above is referred to as follows.
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The categories used are equipment option data (for each sub-unit),
resource data (the number of cassettes and the number of nozzles
that can be used for each unit), nozzle station arrangement data (for
each sub-unit equipped with a nozzle station), initial nozzle pattern
data (for each sub-unit), and Z-axis arrangement data (for each
sub-unit).

(Optimization process)

Next, explanation shall be made regarding the operation of
the optimization apparatus 300 in the component mounting system
10 as configured above.

As described above, the component mounting system 10 is
assumed to be made up of four mounters 100. These four
mounters 100 are identified, from the upstream process position, as
mounters 100a, 100b, 100¢, and 100d, as shown in FIG. 13. In the
optimization process in the present embodiment, each mounter 100
carries out the mounting of all electronic components within the
pattern 12. In other words, components are allocated to each
mounter 100 per pattern 12, or per pattern 12 group which is made
from a plurality of patterns 12. Moreover, in order to uniform tact
time of the mounters, it is preferable that the four mounters 100 are
of the same model. It should be noted that within the present
specification, a “pattern” is used to indicate a single sub-board in a
board composed of multiple sub-boards.

FIG. 14 is a flowchart of the optimization process for the
component mounting system 10, performed by the optimization
apparatus 300. The optimization apparatus 300 determines the
optimal order of component mounting within a single pattern 12
(S2). The conventional technique can be applied, as is, for this
method of determining component mounting order. As such,
without repeating detailed explanations, it should be noted, for
example, that mounting is carried out sequentially starting from
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components with the smallest component size, and that mounting
order within a gathering of components having approximately the
same size, is determined in such a way that the moving distance of
the multi-placement head 112 is minimized.

After the mounting order of electronic components within a
single pattern 12 is determined, the optimization unit 300 divides
the total number of patterns 12 included in a single board 20 by the
number of mounters 100 and obtains a quotient A and a remainder
B (S4). Next, the allocated number of patterns for each mounter
100 is determined as A-pieces each (S6). Here, in the case where
the remainder B is not 0 (YES in S8), one each of the B-pieces of the
patterns 12 are allocated, starting from the mounter 100 located in
the process farthest upstream (S10). By allocating in this manner,
the load on the mounters 100 located in processes downstream is
lightened, and stagnation of . unprocessed boards 20 at the
downstream processes is eliminated.

Next, the optimization apparatus 300 determines which
pattern 12 on the board 20 shall actually be performed of component
mounting by each mounter 100, according to the allocated number
of patterns for each mounter 100 (S12). The allocation of patterns
12 is carried out in such a way that, as much as possible, the X
coordinates of patterns 12 allocated to one mounter 100 are the
same. By carrying out the allocation of patterns 12 in this
manner, the moving distance, from the component pickup position
on the component supplying unit to the patterns 12, of a
multi-placement head 112 of a mounter 100 is uniform for every
mounter 100 and line balance becomes uniform. A concrete
example for this shall be discussed later.

During component mounting, the board 20 is transported on a
rail and stopped at a particular position by an attachment referred to
as a stopper. The position of the stopper is determined based on
the position of the allocated pattern (S14). A concrete example of

=26 -



10

15

20

25

30

WO 2005/022433 PCT/JP2004/012672

this process shall also be discussed later.

Next, the optimization process described earlier shall be
explained in detail, with specific example being provided. As
shown in FIG. 15(a), in the case of a board 20 that includes twelve
patterns 12, the quotient A is 3 and the remainder B is 0 when the
number of patterns 12 is divided by 4 which is the number of the
mounters 100a to 100d (S4 in FIG. 14). As such, the allocated
number of patterns for each of the mounters 100a to 100d is 3 (S6).
Next, patterns are allocated to each of the mounters 100a to 100d.
As mentioned previously, allocation is carried out in such a way that,
as much as possible, X coordinates are the same (S12).
Consequently, as shown in FIG. 15(b), groups 1 to 4 having three
patterns 12 each are respectively allocated to the mounters 100a to
100d. By carrying out the allocation in this manner, the X
coordinates of the patterns 12 within each group are the same.
Accordingly, carrying out an allocation which disregards the X
cbordinates, despite the possibility of being able to collate the X
coordinates of the patterns 12 by placement within the same group,
as shown in FIG. 15(c) is not recommended. Moreover, although
allocation of the pattern 12 is carried out in such a way that the X
coordinate is smaller for a mounter 100 located in a process position
farther upstream in FIG. 15(a), this rule does not necessarily have
to be followed.

Next, in the case of a board 20 that includes ten patterns 12
as shown in FIG. 16(a), the quotient A is 2 and the remainder B is 2,
when the number of patterns which is 10 is divided by 4 which is the
number of units of the mounters 100a to 100d (S4 in FIG. 14). As
such, first the allocated number of patterns for each of the mounters
100a to 100d is determined to be 2 (S6). Next, as the remainder B
is not 0 (YES in S8), one each of the number of patterns is
respectively allocated to the mounters 100a and 100b located in the
processes farthest upstream (S10). Accordingly, the allocated
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number of patterns for the two mounters 100a and 100b located
upstream is 3, and the allocated number of patterns for the
mounters 100c and 100d located in subsequent processes
downstream is 2.

Next, patterns 12 are allocated to each of the mounters 100a
to 100d. As mentioned previously, allocation is carried out in such
a way that, as much as possible, the X coordinates of the patterns
are the same (S12) for each mounter. Consequently, allocation of
patterns 12 is carried out in such a way that X coordinates become
smaller as a mounter 100 is located in a processing position farther
upstream, as shown in FIG. 16(b).

After the allotment of the patterns 12 to each of the mounters
100a to 100d is carried out, the position of the stopper is determined
(S14). FIG. 17A illustrates the position of the stopper of the
mounter 100b and FIG. 17B shows the position of the stopper of the
mounter 100d. A

As shown respectively in FIG. 17A and FIG. 17B, component
mounting is carried out after the board 20 being transported on a
rail 23 is stopped at the position of a stopper 22. This position of
the stopper 22 is established in such a way that the distance from
the component pickup position of the multi-placement head 112 to
the positions of the patterns 12 allocated to each of the mounters
100a to 100d, is approximately the same for each of the mounters
100a to 100d.

Thus, optimization of the mounting order of components is
carried out in the manner stated above.

After optimization of the mounting order of components is
performed by the optimization apparatus 300, component mounting
is carried out by each of the mounters 100a to 100d in accordance
with such mounting order. The pattern 12 to be handled by each of
the mounters 100a to 100d is prescribed. As such, during
component mounting, image recognition of the board marks 16 set
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at corners of the board 20 is performed, and corrections for
positional misalignment carried out. Subsequently, image
recognition of the pattern mark 18 of the patterns 12 to be handled
by each of the mounters 100a to 100d is performed and component
mounting carried out, as shown in FIG. 13.

Moreover, as shown in FIG. 18, a mark known as a bad mark
19 is placed on some of the patterns 12 within the board 20. The
patterns 12 bearing the bad mark 19 are considered as having had
a defect occur at an earlier process. Consequently, the mounters
100a to 100b do not carry out component mounting on the patterns
12 that have been image-recognized as having the bad mark 19.

(Effect of the embodiment)

As explained above, according to the present embodiment, a
single mounter carries out component mounting on previously
allocated patterns only, and not on all patterns on a board. As such,
each mounter does not need to perform the image recognition of the
pattern marks of all the patterns. Thus, tact time for the
component mounting system as a whole can be minimized as much
time is not spent during the period leading to component mounting.

For example, in the case where 200 pattern marks are
included in a single board and 4 mounters are assumed to be present,
each mounter is required to recognize the pattern marks of 200
spots in the conventional component mounting system. However,
in the component mounting system according to the present
embodiment, it is sufficient for each mounter to recognize the

pattern marks of only 50 (= 200/4) spots.

Furthermore, according to the present embodiment,
optimization of the component mounting order is carried out within
a single pattern, which is then used for all the mounters. As such,
the time required for optimization can be reduced. ‘

In addition, mounting of the same electronic component is
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carried out by each mounter. For this reason, even in the case
where there are many large-sized components and a few small-sized
components, for example, the line balance of the component
mounting system can be kept uniform.

Further still, even in the case where a change in the number

of mounters in the component mounting system arises as a resqlt of
changes in production planning, and so on, optimization can be
completed by merely performing changes in the patterns to be
allocated to each mounter and changes in the position of the
stoppers, without performing changes on the optimization of the
component mounting order within the pattern. As such, even in the
case where there is a change in the number of mounters,
optimization can be redone with ease, and changes in line
organization can be handled flexibly.
_ Furthermore, the position of the stopper is determined in
such a way that the distance from the component pickup position of
the multi-placement head to the patterns to be mounted on is
uniform among the mounters. As such, moving distance of the
multi-placement head and mounting time is almost uniform for
every mounter, and line balance becomes uniform.

Furthermore, pattern allocation is carried out in such a way
that as much as possible every mounter is allocated with patterns
having the same X coordinate. As such, the moving distances of
the multi-placement head of a mounter, from the component pick up
position of the component supplying unit to the patterns, is uniform
for every mounter and line balance becomes uniform.

(Second embodiment)

Next, the component mounting system according to the
second embodiment of the present invention shall be explained.

The component mounting system according to the second
embodiment possesses the same hardware configuration as the
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component mounting system in to the first embodiment. However,
the mounter 100 in the present embodiment is different from the
mounter 100 shown in FIG. 2 in that it does not include the sub-unit
110 and sub-unit 120 and instead, includes a left sub-unit 410 and
a right sub-unit 420, as shown in FIG. 21. In order to reduce the
width of the space needed for component mounting, a reference pin
202 which determines the position of the board is set at the central
part of the mounter shown in FIG. 21. A board 20 enters from the
right side in the diagram and components are mounted through the
right sub-unit 420. Subsequently, the board 20 is transported to
the left sub-unit 410, and components are mounted through the Ie1;t
sub-unit 410.

FIG. 22 is a flowchart of the optimization process for the
component mounting system 10, performed by the optimization
apparatus 300. Inthe optimization process in the first embodiment
shown in FIG. 14, when the total number of the patterns 12 included
in a single board 20 is divided by the number of mounters 100, one
each of the B-pieces of the pattern 12 making up the remainder are
allocated to the mounters starting from the mounter 100 located in
the process position farthest upstream (S10 in FIG. 14). In the
optimization process in the present embodiment, component
mounting for the B-pieces of the pattern 12 is carried out by being
shared by all of the mounters 100.

The processes from S2 to S8 are the same as those shown in
FIG. 14. Inthe case where the remainder Bis not 0 (YES in S8), the
optimization apparatus 300 selects the B-pieces of patterns from
among the patterns 12 included in the board 20 that are located in
positions that can be mounted on by all of the mounters 100.
Furthermore, the optimization apparatus 300 optimizes the order of
component mounting to be carried out during the mounting of
components on the selected B-pieces of patterns 12, using all the
mounters 100 (S20). The component mounting order optimization
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method uses commonly known technology. As such, detailed
explanation on this shall be omitted.

The selection, in process S20, of the B-pieces of patterns
located in positions that can be mounted on by all the mounters 100
is carried out in the following manner. Take for example, the case
where boards 20 protrude from the transport rail, as shown in FIG.
23. In cases such as this, the left sub-unit 410 and the right
sub-unit 420 cannot mount components on the patterns included in
the protruding portion. That s, in the case of a single board 20, an
area 402 that cannot be mounted on by the left sub-unit 410 and an
area 406 that cannot be mounted on by the right sub-unit 420
emerge, as shown in FIG. 24. Accordingly, the optimization
apparatus 300 selects the B-pieces of patterns from an area 404
which does not include these inaccessible areas.

Next, the optimization apparatus 300 carries out the
processes in S12 and S14. Detailed explanation shall not be
repeated as these processes are the same as those explained with
reference to FIG. 14.

As shown in FIG. 25(a), it is assumed that ten of the patterns
12 are included on a board 20, and component mounting is carried
out by two mounters 100 (4 sub-units). In this case, when the
number of patterns which is 10 is divided by the number of sub-units
which is 4, a quotient of 2, and a remainder of 2 are obtained (5S4 in
FIG. 22). As such, every sub-unit is allotted with two patterns each
(Group 1 to Group 4, in FIG. 25(b)). Furthermore, with regard to
the two patterns 12 which are the remainder, component mounting
is carried out using all the sub-units (shared group, in FIG. 25(b)).

Moreover, the patterns 12 included in the shared group are
selected from among the patterns 12 that are located in positions
that can be mounted on by all of the four sub-units, as described
earlier. As such, the patterns 12, within the board 20, which are
positioned at the middle in the X-axis direction, are selected as the
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patterns 12 to be included in the shared group. It must be noted
that with regards to the other groups, patterns 12 that are in
positions that can be mounted on by each sub-unit, are selected.

As explained above, according to the present embodiment, in
addition to the effects in the first embodiment, in the case where a
remainder is present, component mounting on the patterns which
are the remainder is handled by all of the mounters. Consequently,
line balance can be further improved and stagnation of the board 20
at the upstream processes can be prevented. It should be noted
that it is not necessary that the component mounting on the
patterns which are the remainder should be handled by all of the
mounters. Any allocation is possible for as long as it is an allocation
that can keep line balance. For example, in the case where the
number of sub-units is four and there is a remainder of two patterns,
it is possible to have the two sub-units located in the upstream
process handling one of the patterns, and the two sub-units located
in the downstream process handling the other pattern.

Moreover, it should be obvious that line balance can be
equalized in the machine with a two stage construction shown in FIG.
2, or a machine having a one stage structure, by distributing the
patterns that are the remainder to all of the machines.

Although explanation regarding the component mounting
system in the present invention has been made based on the
embodiments, the component mounting system is not limited to
those explained in these embodiments.

For example, although the optimization apparatus 300
performs the optimization processing on one pattern 12 at the
beginning of the optimization process shown in FIG. 14, it is not
necessary for this to be carried out at the beginning. For example,
it can also be carried out after patterns have been allocated to each
mounter, or after the position of the stoppers are determined, or
during other process stages. Furthermore, non-performance of the
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optimization process itself is also possible. Even then, the
significance of the present invention is not lost, and variations to
any of the aforementioned descriptions are included in the scope of
the present invention.

Furthermore, the determination process for the stopper
position (S14 in FIG. 14, FIG. 17) does not necessarily have to be
carried out. However, as described above, maintaining uniformity
in the line balance is made easier as an effect of carrying out this
process.

Furthermore, the process of allocating patterns to mounters
does not necessarily have to be done in such a way that, as much as
possible, the Z positions (X coordinates) becomes the same. It
goes without saying that any other method is possible, as long as it
is an allocation method that can make the tact times of each of the
mounters uniform.

Furthermore, it is also possible to have the stoppers at the
same position for all of the mounters and change the positions of the
component cassettes installed in the component supplying units
instead. FIG. 19 is a diagram illustrating the setting positions of
the component cassette 114 used in the mounters 100b and 100d.
As shown in FIG. 19A and FIG. 19B, the position of the stoppers of
mounter 100b and mounter 100d are the same. However, the
position of the component cassettes 114 used during component
mounting is set near the pattern that the respective mounter is
tasked to handle. As such, the moving distance during mounting as
well as the mounting time of the multi-placement head 112 is
approximately uniform for each of the mounters, and line balance
becomes uniform. '

Furthermore, the number of mounters need not be limited to
four, and it is possible to have a greater or lesser number of
mounters.

-34 -



10

WO 2005/022433 PCT/JP2004/012672

Although only some exemplary embodiments of this invention
have been described in detail above, those skilled in the art will
readily appreciate that many modifications are possible in the
exemplary embodiments without materially departing from the
novel teachings and advantages of this invention. Accordingly, all
such modifications are intended to be included within the scope of
this invention.

INDUSTRIAL APPLICABILITY

The present invention can be applied in an optimization
apparatus for the component mounting order in a mounter. The
present invention can be applied particularly in such cases where a
plurality of patterns is included in a single board, or the like.
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CLAIMS

1. An optimization method for optimizing an order of component
mounting in a component mounting system having a plurality of
mounters for mounting components on a board,

wherein a plurality of patterns having the same component
placement structure is included in the board, said plurality of
patterns corresponding respectively to a plurality of sub-boards
obtained by partitioning said board, and

the optimization method comprises an allocation step of
allocating each of the plurality of patterns to any of the plurality of
mounters for component mounting.

2. The optimization method according to Claim 1, further
comprises a step of optimizing the order of component mounting for
any one pattern among the plurality of patterns.

3. The optimization method according to Claim 1,

wherein the allocation step includes:

a pattern number determination step of determining, from a
total number of the patterns inciuded in the board and a number of
the mounters, a number of patterns to be allocated to each of the
mounters so that the number of patterns is approximately even; and

a pattern allocation step of allocating the determined number
of patterns to a ny of the plurality of mounters for component
mounting.

4, The optimization method according to Claim 3,

wherein the pattern number determination step includes:

a step of calculating a quotient and a remainder by dividing
the total number of the patterns included in the board by the number
of mounters;
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a step of determining the quotient as the number of patterns
to be allocated, in the case where the remainder is zero; and

a step of i) determining a humber, which is the quotient plus
one, as the number of patterns to be allocated to the same number
of m ounters as the remainder, starting from the mounterin a
process farthest upstream, and ii) determining the quotient as the
number of patterns to be allocated to the rest of the mounters, in
the case where the remainder is one or greater.

5. The optimization method according to Claim 3,

wherein the pattern number determination step includes:

a step of calculating a quotient and a remainder by dividing
the total number of the patterns included in the board by the number
of mounters; and

a first allocation sub-step of determining the quotient as the
number of patterns to be allocated to each of the mounters.

6. The optimization method according to Claim 5,

wherein the pattern number determination step further
includes a second allocation sub-step of determining the remainder
as the number of patterns to be commonly allocated to the plurality
of mounters.

7. The optimization method according to Claim 6,

wherein in the second allbcation sub-step, the number of
patterns to be commonly allocated to the plurality of mounters is
determined so that a time for component mounting for each of the
mounters is approximately even.

8. The optimization method according to Claim 6,
wherein in the pattern allocation step, the patterns to be
commonly allocated to the plurality of mounters are located in
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positions in the board on which components can be mounted by said
plurality of mounters.

o. The optimization method according to Claim 6,
wherein the plurality of mounters is all of the mounters
included in the component mounting system.

10. The optimization method according to Claim 3,

wherein in the pattern allocation step, the determined
number of patterns are allocated to each of the mounters, as the
patterns on which components are to be mounted, so that borders
between the determined number of patterns allocated to each of the
mounters are set orthogonally to a direction in which the board
moves.

11. The optimization method according to Claim 1, further
comprises a step of determining a position of the board during
component mounting so that a moving distance, from a default
position to the allocated pattern, of a head of each of the mounters
is uniform for all of said mounters, the head being used for mounting
components on the board.

12. The optimization method according to Claim 1, further
comprises a step of determining placement positions of component
cassettes used in component mounting so that a distance from the
placement positions of the component cassettes to the allocated
pattern, for each of the mounters is uniform for all of said mounters.

13. A program for a component mounting system having a

plurality of mounters for mounting components on a board,
wherein a plurality of patterns having the same component

placement structure is included in the board, said plurality of
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patterns corresponding respectively to a plurality of sub-boards
obtained by partitioning said board,

the program causing a computer to execute an allocation step
of allocating each of the plurality of patterns to any of the plurality
of mounters for component mounting.

14. A computer-readable recording medium on which a program
for a component mounting system is recorded, the component
mounting system having a plurality of mounters for mounting
components on a board,

wherein a plurality of patterns having the same component
placement structure is included in the board, said plurality of
patterns corresponding respectively to a plurality of sub-boards
obtained by partitioning said board, and

the program causes a computer to execute an allocation step
of allocating each of the plurality of patterns to any of the plurality
of mounters for component mounting.

15. A mounter for mounting components on a board according to
a mounting order optimized through an optimization method for
optimizing an order of component mounting in a component
mounting system having a plurality of mounters for mounting
components on a board,

wherein a plurality of patterns having the same component
placement structure is included in the board, said plurality of
patterns corresponding respectively to a plurality of sub-boards
obtained by partitioning said board,

the optimization method includes an allocation step of
allocating each of the plurality of patterns to any of the plurality of
mounters for component mounting. |

16. An optimization apparatus for optimizing an order of
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component mounting in a component. mounting system having a
plurality of mounters for mounting components on a board,

wherein a plurality of patterns having the same component
placement structure is included in the board, said plurality of
patterns corresponding respectively to a plurality of sub-boards
obtained by partitioning said board, and

the apparatus comprises:

an optimizing unit operable to optimize the order of
component mounting for any one pattern among the plurality of
patterns; and

an alloca‘ting unit operable to allocate each of the plurality of

patterns to any of the plurality of mounters for component
mounting.

-40 -



WO 2005/022433 PCT/JP2004/012672

FIG. 1

4,

A
NSNS NE.
2 ur.

2
(L2 LI LIl LD

s

g7 771 71]

1,25



WO 2005/022433 PCT/JP2004/012672

FIG. 2
p
120 < :L 1 ] —
TT— 1= T[]
EEEsss
\ = A
. ] //"vzo
T 113
Rl 112
110 <117 . \E_._[—\__.allg
| 116
114
~ \ v J \ — J
115a 115b

2/25



PCT/JP2004/012672

WO 2005/022433

FIG. 3

325



WO 2005/022433

FIG. 4A

21A5b 21ASa
7192 7145 7144 297
TR I
—|ID block]|[Fil|C block
AT LN | Tray
supplier
IR (T
LA block]||g=|l|B block
IR I,
\Zl Z48J LZ49 Z96}
115a 115b

4,25

PCT/JP2004/012672



PCT/JP2004/012672

WO 2005/022433

— \\A

v vz |9 |-lolol-19 |-lolol-[9 [-loloj-[9 [-]lolof-] z

b ve |9 |—Jojlol-]09 [-]olo|l-] 9 [-|o[ol—-| 9 [—[o[o[=] o5

€ 7z |8 |—-]olol-18 |-lolo|l=| 8 |[-l0|O0[—-| 8 [-[olol-[ ¥

z ey | 21 |O0jololo| et [o]ololo] et [o]ololo] et [o|ololo] z&

z sy | 2zt |o|lo]o|o]| ¢t [o]lolo|o] ¢t |[olojolo] et [o]ololo] e

z sv | 2zt |ojJo|o|o] 21 |[0]olo|o]| et [olo|o[o] ¢t [o]o]ojo] ot

1 96 | vz |[O0]lo]o|o| ve [0]ololo] ¥z [o]o]olo] ve [o[ololo]

T 96 vz lo|o|o|o| vz [Oo]O]olo] vz [O0]Oo|0|O]| vz |O]0|00] (31buis)s

T 26t 1 8w |O0|Jo|0|0]| sv [O0[O[0O|O]| 8 |O]0[O| O] 8 [0]0O|o[O|(GIgnod)s
mi%%%mﬂm mmww_.mm_m__ wom.ﬁ%,u_ T61z|681z| 1312|512 u_wo.aom_,u_ ev1Z|11Z|662|L67 uwm.n_om_,u_ s6z|e6z|15z|6vZ uwm.n_om_,u_ wriszlezliz) BRI | soaseey

pa1dnodQ

7612 Sv1Z vwiz = L6Z 96z 6vz | 8vZ  1Z
a o) g v
dv "'DId

5725




WO 2005/022433 PCT/JP2004/012672

FIG. 5A
Z191 7181 . 115 799 797
sse [TTTTT) T
NRERERARRE ERRRRRRRR P
sl (L
T
O RRRRRRRR KR Solelooololo
H6 H1 H10 HI
H1 H2 H10 H_ . He . ‘
FeSPESEEES  OR AR
P=21.5 , l H P=21.5
iiiiiiiii
LS I L
RERRREEER RRRRERERR
R R R e e e
AW 79 7 785 79
FIG. 5B
nner| 21 | 3| 5| 7 | [ z01| 13| 215 | 247 | 219 | 787 | 780 | 791 | 298 | 2%
110 nozzle side |21 74|26 28(210|212| 214|216 { 218 786 2881290 {792 | 294 | 7%
heads | ver| 207|299 |2101|2108|z105|z107 | z108| 2111|2113 |1 15| z188 2185|2187 |Z189 | 2191
side | Z98 [2100{2102|2104|21062108| 211021122114 7180 Z1841218612188{219012192
mlololololol0o0l000=—1-1—1]-
H2| =] OO OO0 OO (OO |O|—1—|—|—
H3|—[—1O1OIO|O OO |O[O[O|IO—|—1|—
M= =|-|ol0l0j0[0[0|0]C[O[o[-]=
(Nozzles)] He|—|—=|—|—-|—1O|O|O|O|O|O|O|O|O|O
A HI =1 —=|—1—=]—1=10]0|0|O|O0|0]O|0O]|O
H8l—|—[—|—[—={—|—|O|O]OIO|OIO|O|O
Ho|—-|—=—-|=|—|=[—-1—-[O]O|O|O0|O|O|O
Hol === |=|=[=|=|-]=[O[O0]O0]o[o]O

O : Picking up possible
— : Picking up impossible

6725



WO 2005/022433 PCT/JP2004/012672

FIG. 6A FIG. 6B FIG. 6C FIG. 6D

W G o,

423a 423b 423c

725



WO 2005/022433 PCT/JP2004/012672

FIG. 7

8/25



WO 2005/022433 PCT/JP2004/012672

FIG. 8

[~426

429 432 431

925



PCT/JP2004/012672

WO 2005/022433

jiun soeliaul

002 ‘00T s4e3unow 0] < Z—]uonesunwiwon

oom\\

Hun
buriols wesboud
uoneziwndo

S0€

jun Alowoy

N
uonewIoful J23UNO |
2/0¢€
AJeaqi) Jusuodwo) \
[ qz0¢
—/
ejep juiod BuruNopy N
e/0¢
L0
———N{ 1un indug

"
£0€

Sm\\

AN

00¢

}1un J013uU0d
10— uonenoe)

[40}5

6 'DId

1025



WO 2005/022433 PCT/JP2004/012672

FIG. 10
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