Description
Title of Invention: THREE-DIMENSIONAL SHAPE DETECTION DEVICE,
THREE-DIMENSIONAL SHAPE DETECTION METHOD, AND THREE-DIMENSIONAL

SHAPE DETECTION PROGRAM

Technical Field
[0001] The present invention relates to a three-dimensional
shape detection device, a three-dimensional shape detection method,

and a three-dimensional shape detection program.

Background Art

[0002] As a method of inspecting a workpiece (for example, an
electronic component having wire bonding), there is a case In which
an image of the workpiece is first acquired, a three-dimensional
shape of the workpiece i1s detected from the image, and the inspection
Is performed based on the three-dimensional shape. As a method of
detecting a three-dimensional shape of an object, there is a method
described in Patent Literature 1. In the method described 1In Patent
Literature 1, as illustrated in FIG. 5, a photographing unit 101
formed of a camera and other parts is moved up and down by a Z-movement
mechanism 102, to thereby change relative positions of a focal point
of the photographing unit 101 and a workpiece W, and a surface of
the workpiece W is photographed, to thereby obtain a plurality of
images having different focal point positions. Then, the in-focus
point position of the surface of the workpiece W is detected iIn

each imageofthepluralityof images, andthe in-focuspointpositions



of the surface of the workpiece W across different focal point
positions are calculated through interpolation from information
on the detected in-focus point positions of the surface of the
workpiece W. After that, the three-dimensional shape of the
workpiece W is obtained based on the information on the in-focus
point positions.

[0003] When the workpiece W is photographed by such a method
as described In Patent Literature 1, 1t is general to use a
bright-field illumination light 103, but in some cases, it is
conceivable that i1t is preferred to use a dark-field illumination
light depending on three-dimensional features of a part to be
inspected and details of the inspection. In a technology described
in Patent Literature 2, there are provided a bright-field
il lumination light and a dark-field illumination light, and the
photographing is performed by switching between the bright-field
il lumination light and the dark-field illumination light depending
on the part to be inspected and the details of the inspection, to
thereby obtain a satisfactory inspection image of an object to be

inspected.

Citation List
Patent Literature
[0004] Patent Literature 1: JP 2960684 B2

Patent Literature 2: JP 4745489 B2
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Technical Problem

[0005] When a bright-field il lumination light and a dark-field
illumination light are provided, in a case of performing
photographing under a plurality of illumination conditions, the
photographing is performed under such a photographing scenario as
illustrated in FIG. 6. That is, after a plurality of Images are
acquired while a focus is being moved (the photographing unit is
being lowered) under a first 1llumination condition (for example,
bright-field illumination), it is required to switch to a second
i1l lumination condition (for example, dark-field illumination) and
acquire a plurality of images while the focus i1s again being moved
(the photographing unit is being raised) in the reverse direction.
In this manner, while the photographing unit is being raised and
lowered, the photographing is being performed, and hence a workpiece
cannot be moved. That is, as illustrated in FIG. 6, the workpiece
iIs moved after a cycle of lowering and raising the photographing
unit is ended. During this time period, the photographing unit is
In a stationary state. Therefore, when a three-dimensional shape
of the workpiece i1s to be detected under a plurality of illumination
conditions, therearisessuchaproblemthatadetectioncyclebecomes
longer.

[0006] It 1s also required to generate the photographing
scenario in consideration of a moving speed of a camera and a frame
rate of the camera. Therefore, there is also a problem in that a
user who attempts to set a photographing scenario requires

specialized knowledge and requires time to generate a photographing



scenario because, for example, calculation requires time and labor.
[0007] Therefore, the present invention has been made in view
of the above-mentioned circumstances, and 1is to provide a
three-dimensional shape detectiondevice, athree-dimensional shape
detection method, and a three-dimensional shape detection program
which are capable of shortening a detection cycle when a
three-dimensional shape of a workpiece is to be detected based on
a shape-from-focus method under a plurality of illumination

conditions.

Solution to Problem

[0008] According to the present invention, there is provided
a three-dimensional shape detection device comprising: a
photographing unit comprising a photographing part, which is
configured to acquire, with an illumination condition being set
to be variable, images of a workpiece having different focal points
by relatively approaching and retreating from the workpiece under
a plurality of illumination conditions; and a controller configured
to control the photographing unit, and to detect a three-dimensional
shape of the workpiece, wherein the controller comprises: a
photographing scenario generator configured to generate a
photographing scenario being a condition for photographing the
workpiece based on a condition set iIn advance; an i1llumination
adjuster configured to switch, with an illumination condition of

the photographing unit being set to be variable, the 1llumination

condition to each of the plurality of 1llumnination conditions; and



an omnifocal 1image creator configured to create, for each
il lumination condition, an omnifocal image obtained by evaluating
a focus for each local area based on a plurality of pieces of Image
data having different focal points, which have been acquired through
photographing under the same il lumination condition, and performing
composition processing of a combination of in-focus local Images,
and wherein the illumination adjuster is configured to switch the
illumination condition to each of the plurality of 1llumination
conditions during one-time relative approach or retreat between
the photographing part and the workpiece, the photographing part
iIs configured to acquire, for each illumination condition, a
plurality of pieces of image data having different focal points
based on a photographing scenario which has been set to the
photographing scenario generator, and the omnifocal image creator
Is configured to form an omnifocal i1mage for each i1llumination
condition.

[0009] With the three-dimensional shape detection device
according to the present invention, the workpiece is photographed
under aplurality of illumination conditionswhile the photographing
part i1s relatively approaching or retreating from the workpiece
one time, and hence it is possible to form an omnifocal image under
a plurality of kinds of illumination conditions during one-time
approach or retreat to/from the workpiece. Thus, i1nformation
required for detecting the three-dimensional shape of the workpiece
can be obtained by the one-time approach or retreat to/from the

workpiece, and a subsequent workpiece to be detected can be moved



to a detection position while the photographing part is being moved
with respect to the workpiece in a direction reverse to that at
the time of photographing.

[0010] The photographing scenario may be obtained by setting
arelative approachingor retreating speed between the photographing
part and the workpiece, the 1i1llumination condition of the
photographing unit, a photographing timing, and a number of images
to be acquired through photographing.

[0011] In the above-mentioned configuration, the
photographing scenario may be obtained by setting a relative
approaching or retreating speed between the photographing part and
the workpiece, the illumination condition of the photographingunit,
a photographing timing, and a number of 1mages to be acquired through
photographing.

[0012] In the above-mentioned configuration, the
photographing unit may comprise a bright-field illumination light
and a dark-field illumination light. Thus, it iIs easy to detect
the three-dimensional shape by the bright-field i1llumination light
in a fTlat surface portion, and it is easy to detect the
three-dimensional shape by the dark-field i1llumination light in
a slope portion. Therefore, even when the workpiece has the flat
surface portion and the slope portion, i1t is possible to accurately
detect three-dimensional shapes of the flat surface portion and
the slope portion, to thereby iIncrease detection accuracy.
[0013] In the above-mentioned configuration, the

photographing scenario generator of the control ler may be configured



to generate the photographing scenario based on an upper limit of
a moving speed of the photographing unit and an upper limit of a
frame rate of the photographing unit.

[0014] In the above-mentioned configuration, the condition set
In advance may be any one of a moving range of the photographing
part, a photographing pitch of the photographing part, and the
plurality of illumination conditions.

[0015] In the above-mentioned configuration, the
three-dimensional shape detection device is particularly effective
when the workpiece comprises an electronic component comprising
a bonding wire.

[0016] According to the present invention, there is provided
a three-dimensional shape detection method comprising: acquiring,
by a photographing part configured to photograph a workpiece with
an 1llumination condition being set to be variable, images of the
workpiece having different focal points by relatively approaching
and retreating from the workpiece under a plurality of illumination
conditions; and detecting a three-dimensional shape of the workpiece
based on the images, wherein the three-dimensional shape detection
method further comprises: generating a photographing scenario being
a condition for photographing the workpiece based on a condition
set in advance; photographing the workpiece a plurality of times
based on the photographing scenario which has been set, by switching
the 11 lumination condition to each of the plurality of illumination
conditions during one-time relative approach or retreat between

the photographing part and the workpiece, to acquire, for each



il lumination condition, a plurality of pieces of image data having
different focal points;; and forming, for each i1llumination
condition, an omnifocal image obtained by evaluating a focus for
each local area based on a plurality of pieces of Iimage data having
different focal points, which have been acquired through
photographing under the same il lumination condition, and performing
composition processing of a combination of in-focus local Images.
[0017] In the above-mentioned configuration, the
three-dimensional shape detection method may further comprise:
photographing the workpiece a plurality of times during the relative
approach or retreat between the photographing partand the workpiece;
and moving a subsequent workpiece to be detected to a detection
position and creating an omnifocal 1mage during a period in which
the photographing part and the workpiece are being relatively moved
In a direction reverse to a direction of the relative approach or
retreat.

[0018] According to the present invention, there is provided
a three-dimensional shape detection program Tfor causing a
photographing part configured to photograph a workpiece with an
il luminationconditionbeingsettobevariable toexecute: acquiring
images of the workpiece having different focal points by relatively
approaching and retreating from the workpiece under a plurality
of 1l lumination conditions; and detecting a three-dimensional shape
of the workpiece based on the images, wherein the three-dimensional
shape detection program comprises the steps of: generating a

photographing scenario being a condition for photographing the



workpiece based on a condition set i1n advance; photographing the
workpiece a plurality of times based on the photographing scenario
which has been set, by switching the 1llumination condition to each
of the pluralityof illumination conditionsduringone-time relative
approach or retreat between the photographing partand the workpiece,
to acquire, for each 1llumination condition, a plurality of pieces
of image data having different focal points; and forming, for each
i1l lumination condition, an omnifocal 1mage obtained by evaluating
a focus for each local area based on a plurality of pieces of Image
data having different focal points, which have been acquired through
photographing under the same 1l lumination condition, and performing

composition processing of a combination of in-focus local Images.

Advantageous Effects of Invention

[0019] With the three-dimensional shape detection device, the
three-dimensional shape detectionmethod, and the three-dimensional
shape detection program according to the present invention, the
information required for detecting the three-dimensional shape of
the workpiece can be obtained by causing the photographing part
to approach or retreat to/from the workpiece one time, and the
subsequent workpiece to be detected can be moved to the detection
position whille the photographing part is being moved with respect
to the workpiece in the direction reverse to that at the time of
the photographing. As a result, it is possible to shorten the
detection cycle when the three-dimensional shape of the workpiece

Is to be detected based on the shape-from-focus method under a



plurality of 1llumination conditions.

Brief Description of Drawings

[0020] FIG. 1 1i1s a block diagram for illustrating a
three-dimensional shape detection device according to the present
invention.

FIG. 2 is a block diagram of a controller forming the
three-dimensional shape detection device according to the present
invention.

FIG. 3 i1s a diagram for illustrating an example of a
photographing scenario created by the controller of the
three-dimensional shape detection device according to the present
invention.

FIG. 4 is a flow chart for illustrating a procedure of a
three-dimensional shape detection method according to the present
invention.

FIG. 5 is a block diagram for illustrating a related-art
three-dimensional shape detection device.

FIG. 6 is a diagram for illustrating an example of a
photographingscenarioused inarelated-artthree-dimensional shape

detection method.

Description of Embodiments
[0021] Now, embodiments of the present invention are described
with reference to FIG. 1 to FIG. 4.

[0022] A three-dimensional shape detection device according
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to the present invention is configured to three-dimensional ly detect
a shape of a workpiece. In this embodiment, the workpiece is an
electronic component comprising a bonding wire, and more
specifically, is provided with a bonding pad on a chip provided
on a substrate main body with one end portion of the wire joined
to the bonding pad and the other end portion of the wire joined
to a land portion on the substrate main body. In addition, a large
number of such workpieces are arrayed on the substrate main body.
[0023] As 1llustrated in FIG. 1, the three-dimensional shape
detection device according to the present invention is formed of
a photographing unit 1 and a controller 2 (controller).

[0024] The photographing unit 1 comprises a camera 3, a lens
4, a bright-field 1llumination light 5, a dark-field 1llumination
light 6, and an illumination power source 7. The camera 3 is formed
of, for example, a CCD camera, and the lens 4 1s directed downward,
to thereby acquire image data on a workpiece W being an object to
be photographed. The camera 3 and the lens 4 serve as a photographing
part la configured to acquire an image of the workpieceW. The camera
3 is electrically connected to the controller 2, and the image data
on theworkpieceWacquiredby the camera 3 is taken into the controller
2 to be subjected to Image processing.

[0025] The camera 3 1s supported by a frame (not shown), and
a moving unit U (part surrounded by the dotted line in FIG. 1)
comprising the camera3, the lens4, and the bright-field illumination
light5canbe reciprocated inadirection for relatively approaching

and retreating fromtheworkpieceW (inthisembodiment, aZ-direction
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(up-and-down direction)) by a Z-movement mechanism 8 as indicated
by thearrowofFIG. 1. Thatis, inthisembodiment, the photographing
part la and the bright-field illumination light 5 are moved up and
down. The Z-movement mechanism 8 can be formed of any one of various
mechanisms, for example, acylinder mechanism, aball screwmechanism,
or a linear motor mechanism. The Z-movement mechanism 8 1is
electrically connected to the controller 2, and the Z-movement
mechanism 8 is driven by control of the controller 2. Thus, when
the workpiece W is photographed while the photographing part la
Is being moved up and down, a plurality of images of the workpiece
W having different focal points can be acquired.

[0026] In this embodiment, as illustrated in FIG. 1, an
il lumination unit comprises the bright-field illumination light
5 and the dark-field illumination light 6. The bright-field
i1l lumination refers to illuminating an object to be measured with
a light beam that illuminates the object to be measured vertically
along an optical axis center. The dark-field illumination refers
to 1lluminating the object to be measured with the light beam that
il luminates the object to be measured not along the optical axis
center but at an angle. That 1s, In general, the bright field is
used for observing direct light, and an illumination method in that
case is called "direct-light illumination method, " inwhich a normal
portion is brightly observed in a flat surface portion, for example,
on a chip surface. Meanwhile, the dark field is used for observing
scattered light, and an 1llumination method in that case i1s called

"scattered-light illumination method,"™ in which a slope portion,

12



for example, a bonding wire i1s brightly observed.

[0027] The bright-field illumination light5 in thisembodiment
has a so-called coaxial i1llumination structure incorporated into
an optical path of the lens 4. That is, irradiation light emitted
from the bright-field illumination light 5 (light source) 1is
reflected by a built-in half mirror 9 of the lens 4 to reach the
workpiece W, and the light reflected from the workpiece W reaches
the camera3. Thebright-field illumination light5 iselectrically
connected to the controller 2 through intermediation of the
i1l lumination power source 7, and when the 1llumination power source
7 1s switched by the control of the controller 2, it is possible
to control turning on and off of the bright-field illumination light
5, and to change an intensity of the irradiation light emitted from
the bright-field illumination light 5.

[0028] The dark-field illumination light 6 i1s capable of
irradiating theworkpieceWatanangle. Forexample, the dark-field
il lumination light 6 can be formed of a so-called ring illumination
in which a plurality of light emitters are arranged iIn a
circumferential direction at a predetermined pitch (which may be
a regular pitch or an irregular pitch), or formed of a single light
emitter arranged so that an angle (elevation angle) formed by the
workpiece W and an 1llumination axis is a predetermined angle when
a photographing axis and the workpiece W are arranged so as to be
orthogonal to each other. The dark-field illumination light 6 is
electrically connected to the controller 2 through intermediation

of the illumination power source 7, and when the illumination power
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source 7 1s switched by the control of the controller 2, 1t ispossible
to control turning on and off of the dark-field illumination light
6, and to change an intensity of the irradiation light emitted from
the dark-field illumination light 6.

[0029] The i1llumination power supply 7 has a plurality of
channels, and i1s capable of controlling the turning on and off of
any one of the bright-field illumination light 5 and the dark-field
il lumination light 6 by control of an i1llumination adjuster 11
i1llustrated in FIG. 2 of the controller 2, which is described later,
and of individually changing a brightness (illumination light
intensity) of the bright-field illumination light 5 and a brightness
(illumination light intensity) of the dark-field illumination light
6.

[0030] The workpiece W is placed on a table 20 arranged below
the dark-field illumination light 6. The table 20 can be moved In
a horizontal direction by adriver (not shown). Thus, the workpiece
W can be moved to adjust the photographing position. In addition,
when the table 20 can be moved in an up-and-down direction, It is
possible to change a focal point position without moving a position
of the photographing part la (without moving the position up and
down) by moving the table 20 up and down.

[0031] The controller 2 can be formed of, for example, a
microcomputer in which a read only memory (ROM), a random access
memory (RAM), and the like are connected to each other through buses
with a central processing unit (CPU) being the center. A storage

device 1s connected to the microcomputer. The storage device can
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be formed of a hard disc drive (HDD), a digital versatile disk (DVD)
drive, a compact disc-recordable (CD-R) drive, an electronically
erasable and programmable read only memory (EEPROM), or the like.
A program to be executed by the CPU and data are stored in the ROM.
[0032] As i1llustrated in FIG. 2, the controller 2 comprises
a photographing scenario generator 10, the illumination adjuster
11, aZ-movementmechanismcontroller12, amemory 13, andanomnifocal
Iimage creator 14. The photographing scenario generator 10 is
configured to generate a photographing scenario based on conditions
set In advance. The "photographing scenario” refers to conditions
for photographing the workpiece W, and more specifically, to
conditions In which an approaching or retreating speed of the
photographing partlawithrespecttotheworkpieceW, anillumination
condition of the photographing unit 1, a photographing timing, and
the number of iImages to be acquired through photographing are set.
The ""conditions set in advance'™ are any one or all of a moving range
of the photographing part la, the photographing pitch (distance
spacing for performing the photographing) of the photographing part
la, and a plurality of illumination conditions, and are set by the
user. In addition, in this embodiment, the "plurality of
il lumination conditions”™ include two illumination conditions,
namely, a first illumination condition and a second illumination
condition, and 1t i1s assumed that the first i1llumination condition
iIs bright-field illumination and the second illumination condition
I1s the dark-field i1llumination.

[0033] That is, the user sets the moving range of the
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photographing part la, the photographing pitch of the photographing
part la, and the plurality of i1llumination conditions through use
of a graphical user interface (GUl) 15 (interface configured to
connect a computer and a user to each other and display information
and allows an operation to be performed, and comprises a screen
configured to display thereon, for example, windows, icons, and
buttons). Those are freely set by the user in consideration of,
for example, a type of the workpiece W, inspection accuracy required
for inspecting the workpiece W, and performance of the camera 3
and the lens 4. From those conditions set by the user, the
photographing scenario generator 10 generates a photographing
scenario for photographing the workpiece W. Specifically, the
photographing scenario generator 10 has information on an upper
limit of a moving speed of the photographing part la and an upper
limit of a frame rate (number of iImages that can be output by the
camera 3 for one second) of the camera 3. From those pieces of
information and the conditions supplied by the user, the
photographing scenario generator 10 determines through calculation
the approaching or retreating speed of the photographing part la
with respect to the workpiece W, the illumination condition of the
photographing unit 1, and the number of Iimages to be acquired through
photographing. The photographing scenario generator 10 can
calculate the frame rate from setting of a photographing field of
view of the camera 3. That is, when the photographing field of view
Is narrow, the frame rate increases due to a small amount of data

to be transferred, and when the photographing field of view is wide,
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the frame rate decreases due toa large amount ofdata to be transferred.
Therefore, the photographing scenario generator 10 can also perform
those kinds of calculation based on the photographing field of view
of the camera 3.

[0034] As described above, the photographing scenario is
determined through calculation from the conditions supplied by the
user, the upper limit of the moving speed of the photographing part
la, and the upper limit of the frame rate of the camera 3. That
Is, during the photographing, it depends on the setting supplied
by the user which one of the moving speed of the photographing part
la and the frame rate of the camera 3 i1s lower In capacity and is
to restrict a capacity and speed of the photographing. For example,
when iImages are frequently acquired at a fine photographing pitch,
the photographing is performed with the upper limit of the frame
rate of the camera 3 (maximum speed at which the camera 3 can perform
photographing) while the moving speed of the photographing part
la (namely, capacity of the Z-movement mechanism 8) has not reached
the upper limit (has a margin for a further increase). That is,
in this case, the upper limit of the frame rate becomes dominant
over the capacity and speed of the photographing. Meanwhile, when
a small number of Images are acquired with a coarse photographing
pitch, the moving speed of the photographing part la reaches the
upper limit (maximum capacity that can be output by the Z-movement
mechanism 8) while the frame rate of the camera 3 has not reached
the upper limit (has amargin for a capacity to perform photographing

at a higher speed). That is, in this case, the upper limit of the
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moving speed of the photographing part la becomes dominant over
the capacity and speed of the photographing.

[0035] In this embodiment, the photographing scenario 1is
exemplified in FIG. 3. In the photographing scenario of FIG. 3,
the photographing part la in the Z-direction is lowered at a moving
speed of ""(moving range of the photographing part 1la)/tl', and is
raised at a moving speed of "(moving range of the photographing
part la)/(t2-tl)". The moving range of the photographing part la
Is supplied by the user. The illumination condition is formed of
two kinds of conditions, namely, the first i1llumination condition
being bright-field i1llumination and the second illumination
conditionbeing the dark-field il lumination, and is setting supplied
by theuser. The photographing timing is to photograph the workpiece
W at a timing at which the photographing part la is lowered, and
the camera 3 acquires the Image data for each time period (t1/10)
while the photographing part la is being lowered based on the distance
spacing (photographing pitch) for the photographing supplied by
the user. The number of images to be acquired through photographing
Is ten in total, five each under the first illumination condition
and the second illumination condition.

[0036] The illumination adjuster 11 is configured to control
the 11 lumination power source 7, and to switch, with the il lumination
condition of the photographing unit 1 being set to be variable,
the illumination condition to each of a plurality of illumination
conditions during the one-time approach or retreat to/from the

workpiece W. That is, the illumination adjuster 11 controls
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i1l lumination power source 7 so as to alternately switch between
the fTirst illumination condition and the second illumination
condition based on the photographing scenario generated by the
photographing scenario generator 10. 1In this case, the turning on
and off of the bright-field illumination light 5 and the dark-field
illumination light 6 may be controlled, but in this embodiment,
intensities of the bright-field illumination light 5 and the
dark-field illumination light 6 are controlled individually. Thus,
the fTirst illumination condition and the second illumination
condition can be switched at high speed.

[0037] The Z-movement mechanism controller 12 is configured
to control the Z-movement mechanism 8. That is, the Z-movement
mechanism controller 12 controls, based on the photographing
scenario generated by the photographing scenario generator 10, the
Z-movement mechanism 8 to move the photographing part la at the
speed of the photographing scenario. Specifically, when the
photographing scenario illustrated in FIG. 3 is generated, the
Z-movementmechanismcontroller 12 controls the Z-movement mechanism
8 to move the photographing part la at the speed of "*(moving range
of the photographing part l1a)/tl"” when the photographing part la
iIs lowered, and controls the Z-movement mechanism 8 to move the
photographing part la at the speed of "(moving range of the
photographing part 1a)/(t2-t1)" when the photographing part la is
raised.

[0038] The memory 13 is configured to store the Image data

acquired by the camera 3. The memory 13 comprises a plurality of
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storage units (first part 13a, second part 13b, ...), In each of
which the image data acquired under the same illumination condition
Is stored. For example, In this embodiment, only the iImage data
acquired through photographing under the Tfirst illumination
condition is stored in the first part 13a, and only the image data
acquired through photographing under the second illumination
condition is stored in the second part 13b. In this manner, the
Iimage data i1s stored under a state of being grouped for each
i1llumination condition.

[0039] The omnifocal 1mage creator 14 is configured to perform
processing by a so-called shape-from-focus method, and to create
an omnifocal image based on a plurality of pieces of image data
having different focal points. In this case, the omnifocal 1mage
creator 14 creates an omnifocal image for each illumination condition.
The omnifocal Image refers to an image obtained by evaluating a
focus (detecting an in-focus position) for each local area based
on a plurality of pieces of Iimage data having different focal points
and reconstructing the image data from a combination of in-focus
local images, and all pixels of the omnifocal image are in focus.
The omnifocal 1mage i1s created for each same 1llumination condition.
That is, in this embodiment, a first omnifocal image and a second
omnifocal 1mage are created. The Ffirst omnifocal image is created
from a plurality of pieces of Image data having different focal
points, which are obtained through photographing under the first
il lumination condition, and the second omnifocal image is created

from a plurality of pieces of Image data having different focal

20



points, which are obtained through photographing under the second
il lumination condition. Those omnifocal Images are displayed on
a display 16.

[0040] In addition, the controller 2 may be provided with an
inspection part (not shown), and may be configured to enable
determination of whether quality of the workpiece W i1s satisfactory
based on each of the omnifocal iImages.

[0041] The three-dimensional shape detection device according
to this embodiment can be achieved by installing a three-dimensional
shape detection program in a computer. The three-dimensional shape
detection program causes the photographing part la configured to
photograph the workpiece W to execute: acquiring images of the
workpiece W having different focal points by relatively approaching
and retreating from the workpiece Wunder aplurality of illumination
conditions; and detecting a three-dimensional shape of the workpiece
W based on the images, wherein the three-dimensional shape detection
program comprises the steps of: generating a photographing scenario
being a condition for photographing the workpiece W based on a
condition set in advance; photographing the workpiece W a plurality
of times by switching the illumination condition to each of the
plurality of illumination conditions during one-time relative
approach or retreat between the photographing part la and the
workpiece W; and creating, for each illumination condition, an
omnifocal Image obtained by evaluating a focus for each local area
based on a plurality of pieces of Image data having different focal

points, which have been acquired through photographing under the
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same 1l lumination condition, and reconstructing the image data from
a combination of in-focus local Images.

[0042] A method of detecting a three-dimensional shape of the
workpiece W (in this embodiment, an electronic component having
a bonding wire) through use of the three-dimensional shape detection
device according to this embodiment having installed the
three-dimensional shape detection program thereon is described with
reference to FIG. 4.

[0043] The wuser supplies conditions for generating a
photographing scenario from the GUl 15 based on, for example, the
type of the workpiece W, the iInspection accuracy required for
inspecting the workpiece W, and the performance of the camera 3
and the lens 4 (Step S1). In this embodiment, the conditions set
by the user are the moving range of the photographing part la, the
photographing pitch (distance spacing for performing the
photographing) of the photographing part la, and the plurality of
illumination conditions. In this embodiment, the illumination
condition i1s assumed to have two kinds of conditions, namely, the
bright-field illumination being the first illumination condition
and the dark-field illumination being the second i1llumination
condition.

[0044] From those conditions set by the user, the photographing
scenario generator 10 generates a photographing scenario for
photographing the workpiece W as illustrated in FIG. 3 (Step S2).
Specifically, the photographing scenario generator 10 determines

through calculation, from information on the upper limit of the
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moving speed of the photographing part la and the upper limit of
the frame rate of the camera 3 and the conditions supplied by the
user, the approaching or retreating speed of the photographing part
la with respect to the workpiece W, the illumination condition of
the photographing unit 1, and the number of images to be acquired
through photographing.

[0045] Based on the generated photographing scenario, the
Z-movementmechanismcontroller 12 controls the Z-movement mechanism
8 to move the photographing part la at the speed of ""(moving range
of the photographing part l1a)/tl1l" when the photographing part la
i1s lowered, and controls the Z-movement mechanism 8 to move the
photographing part la at the speed of "(moving range of the
photographing part 1a)/(t2-t1)" when the photographing part la is
raised.

[0046] In this case, the camera 3 acquires the image data for
each time period (t1/10) while the camera 3 is approaching (being
lowered to) the workpiece one time. At that time, the illumination
power source 7 is controlled by the illumination adjuster 11 to
control an intensity of the illumination, to thereby alternately
switch between the Tfirst i1llumination condition (bright-field
il lumination) and the second illumination condition (dark-field
il lumination) for each time of photographing. Thus, a plurality
of pieces of image data (five images in this embodiment) having
different focal points under the first illumination condition are
acquired, and a plurality of pieces of Image data (five Images in

this embodiment) having different focal points under the second

23



illumination condition are acquired (Step S3). The image data
acquired through photographing under the Tfirst illumination
condition is stored In the first part 13a of the memory 13, and
the iImage data acquired through photographing under the second
il lumination condition is stored in the second part 13b of the memory
13.

[0047] Subsequently, during the retreat (rising) from the
workpiece W, the omnifocal 1mage creator 14 performs 3D compositing
processing for creating a first omnifocal image from a plurality
of pieces of image data having different focal points through the
photographing under the first 1llumination condition and a second
omnifocal image from a plurality of pieces of image data having
different focal points through the photographing under the second
illumination condition (Step S4). Those omnifocal iImages are
displayed on the display 16. At this time, the controller 2 may
determine whether the quality of the workpiece W is satisfactory
based on each of the omnifocal iImages.

[0048] When there is another workpiece W having a
three-dimensional shape to be detected (Step S5), the subsequent
workpiece W to be detected 1s moved to a detection position (position
below the lens 4) while the photographing part la is being raised,
that 1s, while the controller 2 is performing the 3D compositing
or another processing (Step S6), and Step S3 and Step S4 are executed
for the next workpiece W as well.

[0049] With the three-dimensional shape detection device, the

three-dimensional shape detectionmethod, and the three-dimensional
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shape detection program according to the present invention, the
workpiece W is photographed under a plurality of illumination
conditions while the photographing part la approaches the workpiece
W one time, and hence it is possible to form omnifocal 1mages under
a plurality of kinds (two kinds in this embodiment) of illumination
conditionsbyone-timeapproachtotheworkpieceW. Thatis, one-time
approach to the workpiece W enables information required for
detecting the three-dimensional shape of the workpiece W to be
obtained, and while the photographing part la is being raised, it
Is possible to perform the image processing and move the subsequent
workpiece W to be detected to the detection position. Therefore,
when the three-dimensional shape of the workpiece W is detected
based on the shape-from-focus method under a plurality of
il lumination conditions, a detection cycle can be shortened.

[0050] In the above-mentioned embodiment, the illumination
condition is formed of two conditions, namely, the firstillumination
condition and the second illumination condition, but as a second
embodiment of the present iInvention, three or more illumination
conditions may be used. In this case, when the bright-field
il lumination light5hasaplurality of intensities or the dark-field
il lumination light 6 has a plurality of intensities, i1t is possible
to set as many illumination conditions as the number of different
intensities of each 1llumination light. That 1s, assuming that the
bright-field illumination at an illumination intensity L1 is the
first 1llumination condition, ..., the bright-field 1llumination

at an illumination intensity Ln (where n is any number of 1 or more)
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iIs an n-th illumination condition (L1> ... >Ln), the dark-field
illumination at an intensity 11 is an (n+l1)th illumination
condition, ..., and the dark-field illumination at an illumination
intensity Im (where m is any number of 1 or more) is an (n+m)th
il lumination condition (11> ... >Im), when n or m is 2 or more (that
I1s, any one of the bright-field illumination light and the dark-field
il lumination light emits light with a plurality of intensities),
It 1s possible to set three or more i1llumination conditions. 1In
this case, omnifocal images corresponding to the number of
i1l lumination conditions are formed.

[0051] As a third embodiment of the present invention, the
photographing unit 1l may comprise only the bright-field il lumination
light 5 and may not comprise the dark-field i1llumination light 6.
In this case, it is possible to form the plurality of illumination
conditions only by the bright-field illumination light 5 by setting
the bright-field illumination at the 1llumination intensity L1 as
the first illumination condition, the bright-field illumination
at the 1i1llumination intensity L2 as the second i1llumination
condition, ...

[0052] As a fourth embodiment of the present invention, the
photographing unit 1 may comprise only the dark-field 1llumination
light 6 and may not comprise the bright-field illumination light
5. Inthiscase, itispossible to formthe pluralityof illumination
conditions only by the dark-field illumination light 6 by setting
the dark-field 1llumination at an illumination intensity I1 as the

first illumination condition, the dark-field illumination at an
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il lumination intensity 12 as the second il lumination condition, ...
[0053] As a fFifth embodiment of the present invention, the
workpiece W may be photographed while the photographing part 1la
Is being raised, and the image processing and the movement of the
subsequent workpiece W may be performed while the photographing
part la is being lowered. In addition, for example, when the
workpiece W having a three-dimensional shape to be detected and
the subsequent workpiece W to be detected are close to each other,
a time period for movement to the subsequent workpiece W may be
short due to a short moving distance between the workpieces W. In
thiscase, theworkpiece Wmay be photographedwhi le the photographing
part la is being lowered (raised), followed by movement to the
subsequent workpiece W, and the subsequent workpiece W may be
photographed when the photographing partla is thenraised (lowered).
[0054] As a sixth embodiment of the present invention, the
Z-movement mechanism controller 12 may be electrically connected
to the table 20 on which the workpiece W is to be placed, and may
be configured to move the focus by controlling up-and-down movement
of the table 20. The Z-movement mechanism controller 12 may also
be configured to control both the Z-movement mechanism 8 and the
table 20.

[0055] The embodiments of the present invention have been
described above, but the present invention is not limited to the
above-mentioned embodiments, and various modifications can be made
thereto. Forexample, inregardtoelementsthatformaphotographing

scenario, the photographing scenario may be formed of any one of
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arelative approaching or retreating speed between the photographing
partand theworkpiece, the illuminationconditionofaphotographing
unit, the photographing timing, and the number of images tobeacquired
through photographing, may be formed of any two thereof or any three
thereof, or may be formed of elements other than those. That is,
the photographing scenario can be formed of various elements based
on, Forexample, anenvironment inwhich theworkpiece is photographed,
the performance of the cameraor the lens, and the type of theworkpiece.
As the conditions to be set in advance by the user in order to generate
a photographing scenario, any one of the moving range of the
photographing part, the photographing pitch of the photographing
part, and the plurality of illumination conditions may be set, any
two thereof may be set, all three thereof may be set, or conditions
other than those may be set.

[0056] The photographing under each il lumination condition is
preferred to be performed at regular intervals in the Z-direction,
but 1s not always required to be performed at regular intervals.
For example, when there are two illumination conditions, It 1is
preferred to alternately switch between an illumination condition
1 and an illumination condition 2 during the compositing of the
three-dimensional shape. However, the photographing may be
performed in an order of, for example, the illumination condition
1, the 1llumination condition 1, and the i1llumination condition
2 instead of the alternate order. In another case, it may be set
that, for example, during one-time Jlowering (rising), the

photographing is performed only under the illumination condition
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1 In a certain height range and i1s performed only under the
il lumination condition 2 in the other height range.

[0057] When the bright-field 1llumination light is provided,
the bright-field 1llumination light may be provided outside the
lens. In this case, the moving unit configured to move iIn the
Z-direction can be formed of only the photographing part comprising
the camera and the lens, and the bright-field illumination light

can be configured not to move in the Z-direction.

Industrial Applicability

[0058] The workpiece having a three-dimensional shape to be
detected is not limited to an electronic component, and may be any
one of various components that has a three-dimensional shape. In
the case of an electronic component, the bonding wire may not be
included therein, or the electronic component may have a
three-dimensional shape to be detected in which, for example, chips

are stacked stepwise.

Reference Signs List
[0059] 1 photographing unit

la photographing part

2 controller

5 bright-field 1llumination light
6 dark-field illumination light

10 photographing scenario generator
11 illumination adjuster
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W

omnifocal

workpiece

image creator
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Claims

[Claim 1] A three-dimensional shape detection device, comprising:

a photographing unit comprising a photographing part, which
Is configured to acquire, with an illumination condition being set
to be variable, 1mages of a workpiece having different focal points
by relatively approaching and retreating from the workpiece under
a plurality of illumination conditions; and

a controller configured to control the photographing unit,
and to detect a three-dimensional shape of the workpiece,

wherein the controller comprises:

a photographing scenario generator configured to
generate a photographing scenario being a condition for
photographing the workpiece based on a condition set in advance;

an 1llumination adjuster configured to switch, with an
il lumination condition of the photographing unit being set to be
variable, the illumination condition to each of the plurality of
1l lumination conditions; and

an omnifocal image creator configured to create, for
each 1llumination condition, an omnifocal image obtained by
evaluating a focus for each local area based on a plurality of pieces
of image data having different focal points, which have been acquired
through photographing under the same 1llumination condition, and
performing composition processing ofacombinationof in-focus local
Iimages, and

wherein the illumination adjuster is configured to switch the
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il lumination condition to each of the plurality of illumination
conditions during one-time relative approach or retreat between
the photographing part and the workpiece, the photographing part
iIs configured to acquire, for each i1llumination condition, a
plurality of pieces of image data having different focal points
based on a photographing scenario which has been set to the
photographing scenario generator, and the omnifocal image creator
iIs configured to form an omnifocal image for each illumination

condition.

[Claim 2] The three-dimensional shape detection device according
toclaiml, wherein the photographing scenario is obtained by setting
arelative approachingor retreating speed between the photographing
part and the workpiece, the 1i1llumination condition of the
photographing unit, a photographing timing, and a number of images

to be acquired through photographing.

[Claim 3] The three-dimensional shape detection device according
to claim 1 or 2, wherein the photographing unit comprises a

bright-field illumination lightandadark-field illuminationlight.

[Claim 4] The three-dimensional shape detection device according
to any one of claims 1 to 3, wherein the photographing scenario
generator of the controller 1is configured to generate the

photographing scenario based on an upper limit of a moving speed
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of the photographing part and an upper limit of a frame rate of

the photographing unit.

[Claim 5] The three-dimensional shape detection device according
to any one of claims 1 to 4, wherein the condition set In advance
comprises any one of a moving range of the photographing part, a
photographing pitch of the photographing part, and the plurality

of 1llumination conditions.

[Claim 6] The three-dimensional shape detection device according
to any one of claims 1 to 5, wherein the workpiece comprises an

electronic component comprising a bonding wire.

[Claim 7] A three-dimensional shape detection method, comprising:

acquiring, by a photographing part configured to photograph
aworkpiece with an illumination condition being set to be variable,
images of the workpiece having different focal points by relatively
approaching and retreating from the workpiece under a plurality
of 1llumination conditions; and

detecting a three-dimensional shape of the workpiece based
on the images,

wherein the three-dimensional shape detection method further
comprises:

generating a photographing scenario being a condition

for photographing the workpiece based on a condition set in advance;
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photographing the workpiece a plurality of times based
on the photographing scenario which has been set, by switching the
il lumination condition to each of the plurality of illumination
conditions during one-time relative approach or retreat between
the photographing part and the workpiece, to acquire, for each
il lumination condition, a plurality of pieces of image data having
different focal points; and

forming, for each illumination condition, an omnifocal
Iimage obtained by evaluating a focus for each local area based on
a plurality of pieces of image data having different focal points,
which have been acquired through photographing under the same
il lumination condition, and performing composition processing of

a combination of in-focus local Images.

[Claim 8] The three-dimensional shape detection method according
to claim 7, further comprising:

photographing the workpiece a plurality of times during the
relative approach or retreat between the photographing part and
the workpiece; and

moving a subsequent workpiece to be detected to a detection
position and creating an omnifocal 1mage during a period in which
the photographing part and the workpiece are being relatively moved
Iin a direction reverse to a direction of the relative approach or

retreat.
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[Claim 9] A three-dimensional shape detection program for causing
a photographing part configured to photograph a workpiece with an
il lumination condition being set to be variable to execute:
acquiring imagesof theworkpiece havingdifferent focal points
by relatively approaching and retreating from the workpiece under
a plurality of illumination conditions; and
detecting a three-dimensional shape of the workpiece based
on the images,
wherein the three-dimensional shape detection program
comprises the steps of:
generating a photographing scenario being a condition
for photographing the workpiece based on a condition set in advance;
photographing the workpiece a plurality of times based
on the photographing scenario which has been set, by switching the
il lumination condition to each of the plurality of illumination
conditions during one-time relative approach or retreat between
the photographing part and the workpiece, to acquire, for each
il lumination condition, a plurality of pieces of image data having
different focal points; and
forming, for each illumination condition, an omnifocal
Iimage obtained by evaluating a focus for each local area based on
a plurality of pieces of image data having different focal points,
which have been acquired through photographing under the same
il lumination condition, and performing composition processing of

a combination of in-focus local Images.
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