DESCRIPTION
Title of Invention: FOCUS ADJUSTMENT METHOD AND DEVICE THEREFOR

Technical Field

[0001] The present invention relates to a focus adjustment method and a
device for the same. More particularly, the present invention relates to a
focus adjustment method and a device for the same, which are used in
teaching of a reference position to correct a position deviation or an
inclination, the teaching being executed, for example, prior to performing
work, such as coating or inspection, on a substrate on which electric or
electronic parts are mounted.

Background Art

[0002] When work, such as coating or inspection, is performed on a
substrate on which electric or electronic parts are mounted, an operation
called “alignment” has to be made before starting a working process. The
term “alignment” means an operation of measuring a deviation of the
substrate, which is placed on a work table of a working device, from a
reference position, and correcting the measured deviation. In order to
perform the alignment, it is required to set a feature point serving as a
reference, and a position of the feature point. The feature point serving
as the reference is usually given as an alignment mark that is formed on a
substrate surface. In other cases, a corner of the mounted part or a
printed character is also used as the feature point. However, many parts
having various shapes different in size and height are mounted on a
mounting substrate. Accordingly, when one of the mounted parts is used

as an alignment reference, a focus of a camera needs to be adjusted



depending on the height of the relevant part.

[0003] Adjustment of a focus in a device to perform processing on a
mounting substrate is made in many cases by a technique of preparing a
mechanism that changes a relative distance between a camera including a
single-focus lens and the substrate, and adjusting the focus while
gradually changing the relative distance. For example, Patent Document
1 discloses an inspection device comprising image capture means for
capturing an image of a mounted state of an electronic part that is
mounted on a substrate, drive means for driving the image capture means
in a direction toward or away from the electronic part mounted on the
substrate, determination means for determining, on the basis of an image
signal from the image capture means, whether a focus of the image
capture means is aligned with a predetermined position, driving control
means for operating the drive means to drive the image capture means in
accordance with a determination result of the determination means such
that the focus of the image capture means is aligned with the
predetermined position, storage means for storing and accumulating a
focus position of the image capture means driven by the drive means at a
time when the focus of the image capture means is aligned with the
predetermined position, and setting means for, when positioning of the
focus of the image capture means is repeated, setting a drive range of the
image capture means on the basis of the focus positions of the image
capture means, which are stored and accumulated in the storage means.
[0004] Furthermore, Patent Document 2 discloses a work surface
measurement device comprising image capture means for observing a
work surface, a stage for changing a relative distance between the image

capture means and a work, image capture control means for controlling



the image capture means to capture an image plural times during
movement of the stage, and control means for discriminating one of the
plural images obtained by the image capture control means, the one
having a maximum contrast, and determining a work position by employing
only the discriminated image.

[0005] Several techniques for setting a focus position at the same time
as when setting a reference position have been proposed so far. For
example, Patent Document 3 discloses a mounted-part inspection device
comprising focus adjustment means for adjusting a focus of an image
capturing optical system in an image capture device, teaching means for
teaching focus information for each of inspection regions of a substrate to
be inspected, storage means for storing the focus information, which has
been taught from the teaching means, in link with the corresponding
inspection region, and control means for, when each inspection region is
inspected, operating the focus adjustment means in accordance with the
focus information, which is stored in the storage means, such that the
focus of the image capturing optical system is automatically adjusted.
[0006] Moreover, Patent Document 4 discloses a printed board inspection
device comprising a TV camera provided with a zooming mechanism and a
focusing mechanism, the TV camera being able to capture images of a
printed board at plural magnifications, and means for dividing a surface of
the printed board into a plurality of areas for each of the image capture
magnifications, and controlling zooming and focusing of the TV camera
before capturing images of the areas at each magnification.
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Summary of Invention
Technical Problem
[0008] However, various objects having various shapes, such as the
substrate surface and the parts, are captured within a visual field of a
camera (i.e., within an image output with a monitor or the like), and
manual judgment by an operator is required to determine a target from
those objects, which is to be focused. In other words, it has been difficult
to automatically select the object to be focused.

Moreover, additional work, such as special image processing by
software or a manual operation of moving the camera to a position where
only the target is captured, has been required to perform selective
focusing only on the selected target.

[0009] 1Itis conceivable to use a lens with an autofocus function (which is
similar to a lens equipped in a commercially available still camera) instead
of vertically moving the camera. However, the solution using such a lens
causes the problems that, because the lens is heavy, the size of a relatively
moving device needs to be increased, and that, because the lens is
expensive, the device cost is increased.

[0010] With the view of solving the above-described problems in the art,

an object of the present invention is to provide a focus adjustment method



and a device for the same, which are capable of realizing automatic
focusing on a feature point of an arbitrary object selected from an image in
which objects having various shapes are captured.
Solution to Problems
[0011] The present invention provides a focus adjustment method using
a working device that includes a work table on which a substrate is placed;
an image capture device not having an autofocus function; an XYZ drive
device that moves the work table and the image capture device relative to
each other; a storage device that stores images captured by the image
capture device; a display device that displays an image display region; an
input device allowing an arbitrary position in the image display region to
be specified; an in-focus determination device that executes image
processing on the plurality of captured images having been stored in the
storage device, and that determines an in-focus image on the basis of
contrasts of the captured images; and a control device that controls
operations of the image capture device and the XYZ drive device, wherein
the focus adjustment method comprises a first step of obtaining a partial
captured image in which a portion of the substrate is captured by the
image capture device, and displaying the captured image in the image
display region having a plurality of divided regions; a second step of
causing the in-focus determination device to perform in-focus image
determination for one divided region that is selected by a user through the
input device; and a third step of displaying the captured image, which has
been determined as the in-focus image, in the image display region.

In the above focus adjustment method according to the present
invention, the substrate may be a substrate including a plurality of objects

having different heights, which are arranged on a surface of the substrate,



and an image of a portion of the substrate may be captured in the first step
such that the captured image includes at least one of the objects. As an
alternative, in the first step, an image of a portion of the substrate may be
captured such that the captured image includes at least two of the objects.
Preferably, at least one of the objects is rectangular, and the image display
region is divided into four equal divided regions.

[0012] In the above focus adjustment method according to the present
invention, the second step may be executed in such a way that the
captured images are continuously obtained while the image capture device
is moved in a Z-direction, the captured images are stored in the storage
device together with Z-coordinate values at times when the images are
captured, one of the captured images in the one divided region selected by
the user, the one having a peak in contrast, is determined as an in-focus
image, an in-focus identification flag is assigned to the captured image
having been determined as the in-focus image, and movement of and
image-capturing by the image capture device is stopped.

In the focus adjustment method according to the present invention,
the second step may be executed in such a way that the captured images
are continuously obtained while the image capture device is moved in a
Z-direction, the captured images are stored in the storage device together
with Z-coordinate values at times when the images are captured, ones of
the captured images in the one divided region selected by the user, the
ones satisfying a determination reference value, are determined as
in-focus images, and an in-focus identification flag is assigned to each of
the captured images having been determined as the in-focus images, and
in the third step, the captured images each assigned with the in-focus

identification flag may be all displayed in an arrayed state. Moreover,



height information of an in-focus object in each of the in-focus images may
be displayed together in the third step.
[0013] The present invention further provides a working device
comprising a work table on which a substrate is placed; an image capture
device not having an autofocus function; an XYZ drive device that moves
the work table and the image capture device relative to each other; a
storage device that stores images captured by the image capture device; a
display device that displays an image display region; an input device
allowing an arbitrary position in the image display region to be specified;
an in-focus determination device that executes image processing on the
plurality of captured images having been stored in the storage device, and
that determines an in-focus image on the basis of contrasts of the
captured images; and a control device that controls operations of the
image capture device and the XYZ drive device, wherein the control device
controls the image capture device to obtain a partial captured image in
which a portion of the substrate is captured by the image capture device,
and executes control to display the captured image in the image display
region of the display device and to display a plurality of divided regions in
the image display region of the display device; the control device controls
the in-focus determination device to perform in-focus image determination
for one divided region that is selected by a user through the input device;
and the control device executes control to display the captured image,
which has been determined as the in-focus image, in the image display
region of the display device.

The above working device according to the present invention may
further comprise a discharge device including a nozzle, and an attachment

member that couples the discharge device and the XYZ drive device.



In the above working device according to the present invention, the
display device may be a display device including a touch panel, and the
input device may be constituted by buttons displayed on the touch panel.
Advantageous Effect of Invention
[0014] The present invention makes it possible to realize, with an
inexpensive device configuration, automatic focusing on a feature point of
an arbitrary object selected from an image in which objects having various
shapes and being present within the visual field of the image capture
device are captured.

Brief Description of the Drawings
[0015] [Fig. 1] Fig. 1 is an overall perspective view of a working device
according to an embodiment.

[Fig. 2] Fig. 2 is an illustration referenced to explain an operating
screen of the working device according to the embodiment.

[Fig. 3] Fig. 3 is an illustration referenced to explain a focusing
method according to the embodiment. Specifically, Fig. 3(a) illustrates an
image focused on a wiring line, Fig. 3(b) illustrates an image focused on a
part, and Fig. 3(c) illustrates a substrate and an image capture device
when viewed from a side.

[Fig. 4] Fig. 4(a) is a plan view illustrating a scan path of the
image capture device 3, and Fig. 4(b) is a plan view illustrating an entire
image of the substrate.

[Fig. 51 Fig. 5 is an illustration referenced to explain teaching in
the working device according to the embodiment. Specifically, Fig. 5(a)
illustrates a captured image A at a first position, Fig. 5(b) is an illustration
referenced to explain a position instruction on an entire image, and Fig.

5(c) illustrates a captured image B at a second position.



[Fig. 6] Fig. 6 is an illustration referenced to explain multi-focus
determination in the embodiment.

[Fig. 7] Fig. 7 is an illustration referenced to explain an operating
screen for the multi-focus determination in the embodiment.

Description of Embodiments

[0016] An embodiment for carrying out the present invention will be
described below.

<Device>

Fig. 1 illustrates a working device 1 that practices a focus
adjustment method according to the present invention.

The working device 1 according to the embodiment is constituted
mainly by an image capture device 3, an X drive device 4, a Y drive device
5, a Z drive device 6, and a computer 11 functioning as a control device 10
that controls operations of the drive devices (4, 5 and 6).

{0017] The image capture device 3 captures an image of a substrate 17
placed on a work table 2. For example, a CCD camera having about
240000 pixels (i.e., 512 x 480 pixels) is used as the image capture device
3. A single focus lens having a relatively small number of lenses is
preferably used from the viewpoint of weight and cost. In the present
invention, a zoom lens is not needed because the image capture device 3
can be moved up and down by the Z drive device 6. On the other hand, a
high-power lens having a relatively high magnification and a relatively
shallow depth of field needs to be used in order to measure the position
and the size of a work with high accuracy. It is disclosed here to use, as
such a lens, a lens having magnification of 2 to 8 and the depth of field
ranging from 0.05 to 0.5 mm, for example.

Instead of the CCD camera, another type of camera may also be



used as the image capture device 3 insofar as it enables a captured image
to be processed by software. The image capture device 3 may
additionally include a magnifying lens or an illumination lamp as required.

A object (work) of which image is to be captured by the image
capture device 3 is, for example, a substrate on which a semiconductor
element is mounted. A wiring pattern is formed on a surface of the
substrate. When the object is a rectangular semiconductor chip and
focus adjustment is performed in a substrate coating step for underfilling
or encapsulation, for example, a corner of the semiconductor chip can be
set as a coating start reference position (i.e., an alignment mark). Itisto
be noted that a feature point of an object, which can be set as the
alignment mark, is not limited to a corner of a rectangular object.

[0018] The image capture device 3 is mounted to the Z drive device 6
through an attachment member 20, and it is movable in an up and down
direction (denoted by numeral 9). The Z drive device 6 is mounted on the
X drive device 4, and it is movable in a right and left direction (denoted by
numeral 7). A discharge device 18 for discharging a liquid material and
an inspection device 19 for inspecting a state of the substrate 17 are
mounted to the attachment member 20 in the form of a plate such that
both the devices 18 and 19 are movable together with the image capture
device 3 in three directions (denoted by numerals 7, 8 and 9) relative to
the work table 2 by the drive devices (4, 5 and 6).

The work table 2 on which the substrate 17 is placed is mounted to
the Y drive device 5, and it is movable in a forth and back direction
(denoted by numeral 8).

For example, a combination of a ball screw and an electric motor, or

a linear motor can be used as each of the drive devices (4, 5 and 6), and



each drive device is able to achieve continuous positioning at a minute
distance interval (with accuracy of, e.g., 0.1 mm or less).
[0019] The computer 11 includes an in-focus determination device 12 for
executing processing of an image captured by the image capture device 3,
and performing in-focus determination, a display device 13 for displaying
an image captured by the image capture device 3, an input device 14
through which setting values are input and various input operations are
performed, and a storage device 15 for storing images, numerical values,
etc. The computer 11 can be constituted by a universal personal
computer (PC). The computer 11 is connected to the working device 1
through a connecting cable 16. The display device 13 of the computer 11
in this embodiment is, e.g., a touch panel type, and it also functions as the
input device 14. In other words, since the display device 13 includes
input means, input operations can be made in this embodiment without
using an input device, such as a keyboard or a mouse. Alternatively, the
display device 13 may be constituted by, e.g., a liquid crystal display
having only a display function, and the input device 14 may be constituted
by a physical input device, such as a keyboard or a mouse.
[0020] <Operating Screen>

In the working device 1 according to this embodiment, operations
are instructed on a screen of the display device 13 of touch panel type.
Fig. 2 is an explanatory view of an operating screen 21.

The operating screen 21 includes an image display region 22 in
which an image captured by the image capture device 3 is displayed, a
select button 23 for selecting a later-described image display region that
becomes a target of focusing, a store button 24 for instructing an

operation to store an image and coordinate values, and a multi-focus



determination button 25 described later, a camera image display button 26
for instructing display of an image that is actually captured by the image
capture device 3 at a current position thereof, and an entire image display
button 27 for instructing display of an entire image 38 of the substrate 17,
the entire image 38 being captured in advance.

[0021] The image display region 22 has divided regions resulting from
dividing the entire region into, e.g., 2-to 16 equal regions depending on
condition of irregularities of the object (work). The divided regions are
displayed in a way surrounded by frame lines such that a user can visually
recognize the divided regions. When a rectangular object is arranged as
the object (work), an alignment mark is set at a corner of the object in
many cases. In those cases, the image display region 22 is preferably
divided into four regions such that the object occupies all of the divided
regions. In this embodiment, the image display region 22 is divided into
four equal regions A to D. Thus, the number of pixels in each of the
regions A to D is 256 x 240.

The select button 23 in this embodiment is demarcated into five
regions (a to e), and positions of the four buttons (a to d) at corners
correspond respectively to positions of the divided regions (A to D)
resulting from dividing the image display region 22 into the four equal
regions in the vertical and horizontal directions. The center button eis
used to perform focusing over all the divided regions (A+B+C+D) of the
image display region 22.

[0022] <Focus Adjustment Operation>

Automatic focus adjustment operation will be described befow with

reference to Figs. 3 and 4.

Fig. 3 illustrates the case where a wiring line 28 and a part A 29 are



mounted on an upper surface of the substrate 17. Figs. 3(a) and 3(b)
represent images of a portion of the substrate 17, the images being
captured from above. In those images, the wiring line 28 is captured in a
state extending vertically over the divided regions B and D, while the part
A 29 is captured in the entirety of the divided region C. In Fig. 3(a), the
wiring line 28 is focused, and in Fig. 3(b), the part A 29 is focused. Fig.
3(c) is a side view representing a positional relation between the substrate
17 and the image capture device 3.

Fig. 4(a) is a plan view illustrating a scan path 37 of the image
capture device 3, and Fig. 4(b) is a plan view illustrating the entire image
38 of the substrate 17. The entire image of the substrate 17 is obtained
by capturing the image while a lens 35 of the image capture device 3 is
moved along the scan path 37 by the X drive device 4 and the Y drive
device 5. An image (partial captured image) captured once by the image
capture device 3 is as per denoted by numeral 36. Only a portion of the
substrate is displayed in a visual view for the image capturing. Thus, the
entire image of the substrate 17 is obtained in Fig. 4 by capturing images
24 times. The entire image 38 of the substrate 17, illustrated in Fig. 4(b),
is formed by joining 24 captured images together.

The automatic focus adjustment operation is performed in such a

state that the image 36, which is captured once by the image capture
device 3, is divided into the four image display regions A to D.
[0023] In the following, operation procedures are described in
connection with the case of performing focusing on the wiring line 28,
which extends vertically over the divided regions B and D.

First, the wiring line 28 extending vertically over the divided regions

B and D is displayed on the operating screen 21. In this stage, the wiring



line 28 is usually in an unfocused state. The select button 23b or 23d
corresponding to the divided region B or D, in which the wiring line 28 is
captured, is pushed in that state. Upon the select button being pushed,
the image capture device 3 is moved downward by the Z drive device 6
(without being moved horizontally). Here, the downward movement of
the Z drive device 6 is preferably started after raising the image capture
device 3 through several millimeters (e.g., about 2 mm). The reason is as
follows. The determination on whether the wiring line 28 is in the
in-focus state is made by comparing a plurality of captured images. If the
wiring line 28 is in the in-focus state just at an operation start position,
there is a possibility that the determination regarding the in-focus state is
not performed and the in-focus position is passed because no comparison
target image is present.

[0024] While moving downward, the image capture device 3
continuously captures images of the upper surface of the substrate 17 in a
portion corresponding to the selected divided region, and the captured
images are sequentially stored in the storage device 15 together with
respective Z-coordinate values of positions where the images have been
captured. For example, the image capture device 3 is moved downward
through 60 mm at a speed of 2 mm/sec, and it captures the images at
intervals of 0.02 mm. Thus, in this embodiment, 3000 images are
obtained at maximum.

The in-focus determination device 12 can be realized with software
that instructs an arithmetic unit of the computer 11 to execute an in-focus
determination process. More specifically, the arithmetic unit of the
computer 11 executes image processing on the plural captured images

stored in the storage device 15, determines one of the images having a



peak in contrast as an in-focus image, and assigns an in-focus
identification flag to the in-focus image. A time taken to execute the
in-focus determination process is about 2 to 3 sec, for example.

[0025] In the image processing executed by the arithmetic unit of the
computer 11, a difference in color value between adjacent pixels in each
captured image is calculated for all pixels, and calculated values are stored
in the storage device 15. The captured image including the pixels, which
exhibit a maximum difference in color value, is determined as the in-focus
image. While, in this embodiment, the color value is expressed in 256
tones, the number of tones is not limited to 256, and the color value may
be expressed in, e.g., 4096 tones or 65536 tones. The image processing
is executed in parallel to the downward movement of the image capture
device 3, and the downward movement of the image capture device 3 is
stopped when the in-focus image is determined. The difference in color
value has a tendency to gradually increase with the downward movement,
and to gradually decrease after passing a peak. In this embodiment,
therefore, a Z-direction position at which the peak appears is determined
as the in-focus position. Although the peak number is not always limited
to one, this embodiment is designed such that the downward movement is
stopped at a time when the first peak is detected. An image of the object
as a focusing target is clearly displayed in the image display region 22 of
the operating screen 21. 1In Fig. 3(a), for example, the wiring line 28 is
focused. The object as the focusing target may be a recess formed in the
substrate.

[0026] A lower limit value is set by the user for the operation of moving
the image capture device 3 downward in the Z-axis direction. With such a

specification, the downward moving operation is automatically stopped at



the lower limit value even in the case where the in-focus image is not
determined. The lower limit value needs to be set to a value at which the
image capture device 3 and the discharge device 18 are prevented from
striking against the upper surface of the substrate 17 or the mounted part.
When the in-focus image is not found even with the image capture device
3 being moved downward {o the lower limit value, the above-described
image processing is further executed while the image capture device 3 is
moved upward from the lower limit position, thereby searching for the
image having a peak in contrast (i.e., the in-focus image). An operation
of moving the image capture device 3 upward is preferably performed until
the image capture device 3 is returned to the origin position of a Z-axis.
[0027] The operation procedures in the case of focusing on the wiring
line 28 is as per described above. When focusing is to be performed on
the part A 29 positioned in a lower left region of the substrate 17 (i.e.,
positioned in the divided region C), the above-described focus adjustment
operation is started by pushing the select button (23c) in the operating
screen 21. As a result, the focus adjustment for the other selected image
display region can be automatically performed, and a captured image
focused on the part A 29 can be obtained as illustrated in Fig. 3(b).

Thus, with the focus adjustment according to this embodiment,
focusing can be automatically performed on an object on the substrate,
the object being present within the selected divided region of the image
display region. Furthermore, since the lower limit value is set for the
operation of moving the image capture device downward in the Z-axis
direction, there is no risk that the image capture device 3 may strike
against the object on the substrate.

This embodiment is premised on that, in the substrate mounting a



plurality of objects (such as parts and wiring lines) thereon, one type of
object is mounted in one divided region. When plural types of objects are
mounted in one divided region, a desired focus position can be selected
with a multi-focus determination function described later.

[0028] <Teaching>

One example of teaching of a reference position for alignment will
be described below with reference to Fig. 5. The following procedures
can also be applied to the case of setting, a coating position or an
inspection position.

The teaching is generally performed in a manner of storing two
reference positions in the computer. From the viewpoint of accuracy, two
points located at two positions, which are present on the substrate and are
spaced from each other through a certain distance, are preferably set as
the reference positons. For example, the two reference positions are set
to a point near an upper right corner and a point near a lower right corner
of the substrate (both the points being in a vertically spaced relation), to a
point near the upper right corner and a point near an upper left corner of
the substrate (both the points being in a horizontally spaced relation), and
to a point near the upper right corner and a point near a lower left corner
of the substrate (both the points being in a diagonally spaced relation).

The procedures in the case of, after finishing the teaching for a
captured image 36A at a first position, performing the teaching for a
captured image 36B at a second position will be described below.

Fig. 5(a) illustrates the captured image 36A at the first position, Fig.
5(b) is an illustration referenced to explain a position instruction on the
entire image 38, and Fig. 5(c) illustrates the captured image 36B at the

second position.



[0029] (1) Upon the “entire image display button 27" being pushed in a
state where the captured image 36A is displayed in the image display
region 22, the entire image 38 of the substrate 17 is displayed in the image
display region 22.

(2) A position to be registered as the reference position is
instructed on the screen. The user touches the desired position, i.e., the
second position 40 in the example of Fig. 5, with a finger. Responsively,
the image capture device 3 is moved to the instructed second position 40
by the X drive device 4 and the Y drive device 5.

(3) The “camera image display button 26” is pushed to instruct
the image capture device 3 to change over the displayed image to the
captured image 36B. At this point in time, the image capture device 3 is
not focused on the captured image 368B.

(4) The “select button 23" (one of the select buttons 23a to 23e)
corresponding to the divided region, which includes the position to be
focused, is pushed. Responsively, the above-described focus adjustment
operation is started, and the focus adjustment of the image capture device
3 is automatically performed.

(5) A position of the image displayed in the image display region
22 is adjusted such that a feature point (e.g., a corner of the part) serving
as the reference position is located at a center of the screen. In this
embodiment, upon the user touching the feature point displayed in the
image display region 22 with the finger, the position of the image is
automatically adjusted such that the touched position is located at the
center of the screen. The “store button 24" is then pushed to store XYZ
coordinate values (and the captured image 36B displayed at that time).

The teaching of the reference position for alignment is completed



through the above-described operations.
[0030] <Multi-Focus Determination Function>

A focus determination method in the case where plural types of
objects are mounted within one divided region will be described below with
reference to Figs. 6 and 7.

Assume here that, as illustrated in Fig. 6, parts (29 and 30) having
different heights and the wiring line 28 are present in one divided region.
When the one divided region is selected and the multi-focus determination
button 25 in the image display region 22 is pushed on the operating screen
21, a multi-focus determination screen 31 is displayed as illustrated in Fig.
7. When a start button 32 is pushed on the multi-focus determination
screen 31, the Z drive device 6 is operated to raise a Z position of the
image capture device 3 through a distance (about 40 mm in an example of
Fig. 6) in consideration of the heights of the objects (28, 29 and 30), which
are mounted on the surface of the substrate 17, and then to move the
image capture device 3 downward. In the case where position
adjustment of the image capture device 3 in the horizontal direction is not
completed, the image capture device 3 is horizontally moved by the X drive
device 4 and the Y drive device 5 in parallel to the operation of moving the
image capture device 3 in the Z-direction (vertical direction), or at timing
before or after that operation.

[0031] While moving downward, the image capture device 3
continuously captures images of the upper surface of the substrate 17 in a
portion corresponding to selected one of the divided regions A to D. The
captured images are sequentially stored in the storage device 15 together
with respective Z-coordinate values of positions where the images have

been captured. Such a process of continuously capturing the images is



similar to that in the above-described focus adjustment operation. In the
case of the muiti-focus determination, however, the downward movement
of the image capture device 3 is not stopped midway, and the continuous
image capturing is performed until the image capture device 3 reaches the
lower limit value that has been set by the user in advance.

The arithmetic unit of the computer 11 executes the image
processing of the plural captured images stored in the storage device 15,
determines an in-focus image, and assigns an in-focus identification flag to
the in-focus image. The in-focus image is determined, for example, on
the basis of a preset determination reference value (e.g., 1/2, 1/3 or 3/4 of
a maximum color value, or a threshold for differential values of individual
captured images). The captured images satisfying the condition set for
the in-focus determination are selected and, after assigning part numbers
to the selected images in an ascending order (or a descending order) of
their Z-coordinate values, the selected images are displayed in an image
display region 34 in an arrayed state (see Fig. 7). The Z-coordinate value
at a time of capturing the image of each in-focus object is converted to a
height of the in-focus image from the substrate, and is displayed in a
height display region 33 that is positioned at a side of the image display
region 34. A relation formula between the Z-coordinate value and the
height of the in-focus object is obtained by performing the focusing
operation on an object for which height information is known in advance.
In the example of Fig. 6, three in-focus images are obtained for the wiring
line 28, a part A 29, and a part B 30, and part numbers from No. 1 to No.
3 are assigned to those in-focus images, respectively. Thus, the in-focus
captured images are displayed together with respective values (mm) of the

part heights in a way linked to the part numbers.



[0032] While the embodiment of the present invention has been
described in detail above for the purpose of merely illustrative
representation, the embodiment can be various modified without
substantially departing from the scopes of the novel concept and the
advantageous effects of the present invention.

List of Reference Signs

[0033] 1: working device, 2: work table, 3: image capture device, 4: X
drive device, 5: Y drive device, 6: Z drive device, 7: X moving direction, 8:
Y moving direction, 9: Z moving direction, 10: control device, 11: computer,
12: image processing device, 13: display device (output device), 14: input
device, 15: storage device, 16: connection cable, 17: work (substrate), 18:
discharge device, 19: inspection device, 20: attachment member, 21:
operating screen, 22: image display region, 23: select button (ato e), 24:
store button, 25: multi-focus determination button, 26: camera image
display button, 27: entire image display button, 28: wiring line, 29: part A,
30: part B, 31: multi-focus determination screen, 32: start button, 33:
height display region, 34: image display region, 35: lens, 36: image
captured once (partial captured image), 37: scan path, 38: entire image of

substrate, 39: first position, 40: second position
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CLAIMS

1. A focus adjustment method for a substrate coating step using a
working device that includes:

a work table on which a substrate is placed,;

an image capture device not having an autofocus function;

a discharge device including a nozzle;

an attachment member that couples the image capture device and
the discharge device;

an XYZ drive device that moves the work table and the image
capture device and the discharge device relative to each other;

a storage device that stores images captured by the image
capture device;

a display device including an image display region that has a
plurality of divided regions;

an input device allowing arbitrary one of the divided regions in
the image display region to be specified;

an in-focus determination device that executes image processing
on the plurality of captured images having been stored in the storage
device, and that determines an in-focus image on the basis of contrasts
of the captured images; and

a control device that controls operations of the image capture
device and the XYZ drive device,

wherein the substrate is a substrate on which a plurality of
objects having different heights are arranged on a surface of the
substrate,

wherein the focus adjustment method comprises:

a first step of obtaining a partial captured image in which a
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portion of the substrate is captured by the image capture device, and
displaying the partial captured image in the image display region of the
display device;

a second step of obtaining the plurality of captured images for a
portion of the substrate corresponding to one divided region of the
image display region, the one divided region being selected by a user
through the input device, while the image capture device and the
discharge device are moved in an up and down direction relative to the
substrate, storing the plurality of captured images in the storage device,
and causing the in-focus determination device to perform in-focus image
determination on the captured images having been stored; and

a third step of displaying the captured image, which has been
determined as the in-focus image, in the image display region,

wherein, in the first step, an image of a portion of the substrate is
captured such that the captured image includes at least two of the
objects having different heights,

in the second step, the captured images are continuously obtained
while the image capture device and the discharge device are moved in
the up and down direction relative to the substrate, the captured images
are stored in the storage device together with coordinate values in the
up and down direction at times when the images are captured, ones of
the captured images in the one divided region selected by the user, the
ones satisfying a determination reference value, are determined as in-
focus images, and an in-focus identification flag is assigned to each of
the captured images satisfying the determination reference value, and

in the third step, the captured images each assigned with the in-

focus identification flag are all displayed in an arrayed state.
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2. The focus adjustment method according to claim 1, wherein, in
the second step, the image capture device and the discharge device are
moved downward to acquire the captured images after being raised
through a distance in consideration of the heights of the objects.
3. The focus adjustment method according to claim 1 or 2, wherein
at least one of the objects is rectangular and a corner of the rectangular
is set as a coating start reference position, and the image display region
is divided into four equal divided regions.
4. The focus adjustment method according to any one of claims 1 to
3, wherein height information of an in-focus object in each of the in-
focus images is displayed together in the third step.
5. A working device comprising:

a work table on which a substrate is placed,;

an image capture device not having an autofocus function;

a discharge device including a nozzle;

an attachment member that couples the image capture device and
the discharge device;

an XYZ drive device that moves the work table and the image
capture device and the discharge device relative to each other;

a storage device that stores images captured by the image
capture device;

a display device including an image display region that has a
plurality of divided regions;

an input device allowing arbitrary one of the divided regions in
the image display region to be specified;

an in-focus determination device that executes image processing

on the plurality of captured images having been stored in the storage
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device, and that determines an in-focus image on the basis of contrasts
of the captured images; and

a control device that controls operations of the image capture
device and the XYZ drive device,

wherein the substrate is a substrate on which a plurality of
objects having different heights are arranged on a surface of the
substrate,

wherein the control device controls to obtain a partial captured
image in which a portion of the substrate is captured such that the
partial captured image includes at least two of the objects having
different heights by the image capture device, and executes control to
display the partial captured image in the image display region of the
display device and to display the plurality of divided regions in the image
display region of the display device;

the control device executes control to obtain the plurality of
captured images for a portion of the substrate corresponding to one
divided region of the image display region, the one divided region being
selected by a user through the input device, while the image capture
device and the discharge device are moved in an up and down direction
relative to the substrate, to store the plurality of captured images in the
storage device, and to cause the in-focus determination device to
perform in-focus image determination on the captured images having
been stored;

in the in-focus image determination, the captured images are
continuously obtained while the image capture device and the discharge
device are moved in the up and down direction relative to the substrate,

the captured images are stored in the storage device together with
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coordinate values in the up and down direction at times when the images
are captured, ones of the captured images in the one divided region
selected by the user, the ones satisfying a determination reference value,
are determined as in-focus images, and an in-focus identification flag is
assigned to each of the captured images satisfying the determination
reference value; and

the control device executes control to display all the captured
images, which have been determined as the in-focus image and assigned
with the in-focus identification flag, in the image display region of the
display device in an arrayed state.
6. The working device according to claim 5, wherein the display
device is a display device including a touch panel, and

the input device is constituted by buttons displayed on the touch
panel.
7. The working device according to claim 5 or 6, wherein the control
device executes control to move the image capture device and the
discharge device downward to acquire the captured images after being
raised through a distance in consideration of the heights of the objects.
8. The working device according to any one of claims 5 to 7, wherein
the control device executes control to display height information of an in-
focus object in each of the in-focus images together in the image display

region.



