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(57) ABSTRACT 
In an image taking system including an illuminating device 
including a light source Which emits a light for illuminating 
an object, a camera Which takes an image of the object, and 
a processing and controlling device Which includes a data 
processing portion that processes image data representing 
the image of the object taken by the camera, at least one of 
the camera and the illuminating device includes a brightness 
controlling device Which controls a brightness of an image 
taken by the camera, and the processing and controlling 
device includes a brightness detecting portion Which detects 
a brightness of at least a portion of the image of the object 
taken by the camera, and a control-parameter varying por 
tion Which varies, based on the brightness detected by the 
brightness detecting portion, at least one control parameter 
of the brightness controlling device so that a brightness of at 
least a portion of an image taken by the camera is equal to 
a preset brightness. 
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IMAGE TAKING SYSTEM, 
IMAGE-TAKING-SYSTEM CONTROL PROGRAM, 
AND ELECTRIC-COMPONENT MOUNTING 

SYSTEM 

CROSS-REFERENCE 

[0001] This is a Division of application Ser. No. 10/104, 
036 ?led on Mar. 25, 2002. The entire disclosure of the prior 
application is hereby incorporated by reference herein in its 
entirety. 

BACKGROUND 

[0002] 1. Field of the Invention 

[0003] The present invention relates in general to an image 
taking system and more particularly to the art of taking 
images With stable brightness. 

[0004] 2. Discussion of Related Art 

[0005] There is knoWn an image taking system Which is 
employed in an electric-component mounting system for 
mounting electric components (in particular, electronic com 
ponents) on a printed-Wiring board, and Which takes an 
image of an electric component held by an electric-compo 
nent holder and detects, based on the taken image, a posi 
tion, a posture, a shape, and/or a type of the electric 
component. The conventional image taking system usually 
includes an illuminating device and an image taking device, 
and repeats image taking actions by controlling those 
devices under pre-set control conditions. While the illumi 
nating device is neW, the device can emit a light having a 
sufficiently high intensity. HoWever, as time elapses, a light 
source of the illuminating device deteriorates, and the inten 
sity of light emitted by the device decreases. If the image 
taking system employing the light source Which deteriorates 
as time elapses, repeats image taking actions under the 
preset control conditions, respective images repeatedly 
taken by the system Will be gradually darker as the intensity 
of light emitted by the light source decreases. If a taken 
image is dark as a Whole, it is difficult to accurately 
determine, in the image, a boundary line betWeen a bright 
area and a dark area, i.e., an edge line betWeen the object (the 
electric component) and its background. If the light source 
has deteriorated and the intensity of light emitted thereby 
has decreased, the light source may be exchanged With a 
neW one. In this case, hoWever, the frequency of exchanging 
of light sources increases, Which leads to increasing the 
running cost of the image taking system. In addition, since 
the operation of the image taking system and accordingly the 
electric-component mounting system must be suspended 
When the light sources are exchanged, the operation effi 
ciency of the mounting system decreases. 

[0006] The above explanation is not limited to the image 
taking system employed in the electric-component mounting 
system, but applies to other image taking systems. 

SUMMARY 

[0007] It is therefore an object of the present invention to 
stabiliZe the brightness of an image taken by an image taking 
device. This object may be achieved according to any one of 
the folloWing modes of the present invention in the form of 
an image taking system, an image-taking-system control 
program, and an electric-component mounting system, each 
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of Which is numbered like the appended claims and depends 
from the other mode or modes, Where appropriate, to indi 
cate and clarify possible combinations of elements or tech 
nical features. It is to be understood that the present inven 
tion is not limited to the technical features or any 
combinations thereof Which Will be described for illustrative 
purposes only. It is to be further understood that a plurality 
of elements or features included in any one of the folloWing 
modes of the invention are not necessarily provided alto 
gether, and that the invention may be embodied Without 
some of the elements or features described With respect to 
the same mode. 

[0008] (1) An image taking system, comprising: 

[0009] an illuminating device including a light source 
Which emits a light for illuminating an object; 

[0010] 
[0011] a processing and controlling device Which 

includes a data processing portion that processes 
image data representing the image of the object taken 
by the camera; 

[0012] at least one of the camera and the illuminating 
device comprising a brightness controlling device 
Which controls a brightness of an image taken by the 
camera; and 

[0013] the processing and controlling device com 
prising 
[0014] a brightness detecting portion Which detects 

a brightness of at least a portion of the image of 
the object taken by the camera, and 

[0015] a control-parameter varying portion Which 
varies, based on the brightness detected by the 
brightness detecting portion, at least one control 
parameter of the brightness controlling device so 
that a brightness of at least a portion of an image 
taken by the camera is equal to a preset brightness. 

a camera Which takes an image of the object; 

[0016] The present image taking system includes the 
brightness controlling device and the brightness detecting 
portion, and the brightness detecting portion monitors a 
brightness of a taken image. In addition, the control-param 
eter varying portion varies one or more control parameters 
of the brightness controlling device, so that a brightness of 
a taken image is kept equal to a preset brightness. Since each 
taken image has a stable brightness, a boundary betWeen an 
object and its background in the each image is sufficiently 
clear, and accordingly useful information about the object 
can be obtained as a result of processing of the each image. 
Moreover, a cycle time at Which light sources are exchanged 
is prolonged. 

[0017] Abrightness detecting operation may be performed 
each time an image of an object is taken. HoWever, it is 
preferred to perform those operations at intervals of consid 
erably long time. An image a brightness of Which is detected 
by the brightness detecting portion may be one Which is 
taken for this purpose, i.e., the detection of brightness, or 
one Which is taken for a different purpose. 

[0018] It is preferred that a brightness detected by the 
brightness detecting portion be an average brightness of a 
prescribed portion (e.g., a portion of the object, or a portion 
of the background) of the taken image. HoWever, it is 
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possible to detect a brightness of the most bright picture 
element of the taken image, or an average brightness of the 
most bright and most dark picture elements of the taken 
image, or otherWise a different sort of brightness. Moreover, 
the brightness may be obtained as a digital value resulting 
from the processing of the image data by the data processing 
portion, or an analogue value, such an output voltage of the 
camera, before the processing. 

[0019] In addition, the control-parameter varying portion 
may vary one or more control parameters of the brightness 
controlling device, each time the brightness detecting por 
tion detects a brightness, or alternatively, only When a 
prescribed condition is satis?ed. In the latter case, for 
eXample, one or more control parameters of the brightness 
controlling device is or are varied When the detected bright 
ness is loWer than the preset value. 

[0020] (2) An image taking system according to the ?rst 
mode (1), Wherein the brightness controlling device com 
prises a camera controlling portion Which controls at least 
one of a shutter speed of the camera, an amount of opening 
of a diaphragm of the camera, and a gain of an ampli?er of 
the camera. 

[0021] The present image taking system may be so modi 
?ed as to control the light source as Well. HoWever, if the 
light source is one Which emits a light Whose intensity is 
constant, the present system can enjoy a simple construction. 

[0022] (3) An image taking system according to the ?rst or 
second mode (1) or (2), Wherein the brightness controlling 
device comprises a light-source controlling portion Which 
controls at least one of an electric voltage applied to the light 
source and an electric current supplied to the light source. 

[0023] A brightness of a taken image is changed by 
controlling or changing the electric voltage applied to the 
light source, or the electric current supplied to the light 
source, and thereby changing an intensity of the light 
emitted by the light source. 

[0024] (4) An image taking system according to any of the 
?rst to third features (1) to (3), Wherein the illuminating 
device comprises a back-side illuminating device Which 
illuminates a back side of the object and the camera takes a 
silhouette image of the object, and Wherein the brightness 
detecting portion detects a brightness of at least a portion of 
a bright background of the silhouette image taken by the 
camera. 

[0025] When image-taking conditions under Which 
images are taken, for eXample, an intensity of the light 
emitted by the light source, have changed, such a tendency 
is found that a greater change of brightness occurs to a bright 
portion of each taken image than a change of brightness that 
occurs to a dark portion of the same. Since the present image 
taking system employs, as the illuminating device, the 
back-side illuminating device, the taken image includes a 
dark portion corresponding to the object and a bright portion 
corresponding to the background. Thus, the change of the 
image-taking conditions can be easily and accurately 
detected by detecting a brightness of the bright background. 

[0026] More speci?cally described, it is preferable to 
detect, according to the ?fth mode (5) described beloW, a 
brightness of the bright background only; and it is more 
preferable to detect an average brightness of the bright 
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background only. HoWever, it is possible to detect a bright 
ness of the most bright picture element of the bright back 
ground, or a different sort of brightness. 

[0027] Moreover, it is possible to detect a brightness of a 
portion including an area other than the bright background, 
such as a brightness of a portion including the silhouette 
image. More speci?cally described, it is possible to detect a 
brightness of the taken image as a Whole, or a brightness of 
only a portion of the taken image. In this case, hoWever, it 
is preferable to take an image of a speci?ed object. For 
eXample, in the case Where the present image taking system 
is employed in an electric-component mounting system so as 
to take an image of an electric component held by a suction 
noZZle, it is preferable to take an image of a speci?ed or 
selected sort of electric component, or take an image of the 
suction noZZle not holding an electric component. That is, it 
is preferable to take an image in Which an object occupies a 
speci?ed area. 

[0028] (5) An image taking system according to the fourth 
feature (4), Wherein the brightness detecting portion detects 
an average brightness of the bright background of the 
silhouette image. 

[0029] The average brightness of the bright background is 
not in?uenced by the object. It is possible to detect an 
average brightness of an entirety of the bright background, 
or an average brightness of only a portion of the bright 
background. In the former case, it is possible to remove, 
from the taken image, a portion Which is determined, as a 
result of processing of the taken image, as corresponding to 
the object, or to beforehand remove, from the taken image, 
a portion Which is eXpected to correspond to the object. 

[0030] (6) An image taking system according to any of the 
?rst to third modes (1) to (3), Wherein the illuminating 
device comprises a front-side illuminating device Which 
illuminates a front side of the object and the camera takes a 
front image of the object that is formed by a light re?ected 
from the front side of the object, and Wherein the brightness 
detecting portion detects a brightness of at least a portion of 
a bright object-corresponding portion of the front image of 
the object taken by the camera. 

[0031] The present image taking system employs, as the 
illuminating device, the front-side illuminating device Which 
takes a front image including a bright portion corresponding 
to the object and a dark portion corresponding to the 
background. It is possible to detect an average brightness of 
the bright object-corresponding portion, or a brightness of 
the most bright picture element of the bright portion, or an 
average brightness of the most bright and most dark picture 
elements of the bright portion. According to this mode, it is 
preferable to employ such an object Which has a large 
surface Whose image is to be taken to detect its brightness; 
and it is more preferable to employ an object, such as a 
re?ecting surface, Which has so large a surface that an image 
thereof occupies an entirety of an image-forming area of the 
camera. 

[0032] (7) An image taking system according to the siXth 
mode (6), Wherein the brightness detecting portion detects 
an average brightness of the bright object-corresponding 
portion of the front image of the object. 

[0033] In the case Where the object is one Whose front 
surface has a substantially uniform optical property, the 
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intensity of the light emitted by the light source can be 
accurately detected. In a particular case Where the object is 
one Whose image occupies the entire image-forming area of 
the camera, an average brightness of the entire image taken 
by the camera may be detected easily, i.e., Without needing 
to process the image beforehand to determine a boundary 
line of a portion corresponding to the object. According to 
this mode, too, it is possible to detect an average brightness 
of an entirety of the object-corresponding portion, or an 
average brightness of only a portion of the same. 

[0034] (8) An image taking system according to any of the 
?rst to seventh modes (1) to (7), Wherein the brightness 
detecting portion detects, as the brightness, an average of 
respective gray-scale values of respective picture elements 
of the portion of the image of the object taken by the camera. 

[0035] A brightness may otherWise be detected as an 
analogue value based on, e.g., an output voltage of the 
camera that corresponds to each picture element of the 
image taken by the camera. In contrast, according to the 
present mode, a brightness is detected as a gray-scale value, 
i.e., a digital value obtained by processing the image. Thus, 
the data processing portion that processes the image can be 
effectively utiliZed to detect the brightness. 

[0036] (9) An image taking system according to any of the 
?rst to ?fth and eighth modes (1) to (5) and (8), Wherein the 
illuminating device comprises 

[0037] the light source Which emits an ultraviolet 
light; and 

[0038] a ?uorescent surface Which is provided in 
back of the object and Which absorbs the ultraviolet 
light and emits a visible light toWard the camera. 

[0039] This illuminating device is a sort of the previously 
described back-side illuminating device. The light source 
Which emits the ultraviolet light is likely to deteriorate as 
time elapses. Therefore, the present invention is advanta 
geously applicable to the present image taking system. 

[0040] (10) An image taking system according to any of 
the ?rst to ninth modes (1) to (9), Wherein the control 
parameter varying portion comprises 

[0041] an inspecting portion Which operates the 
brightness controlling device under each of a plural 
ity of different inspection values of the control 
parameter, so that the camera takes an image under 
the each of the different inspection values of the 
control parameter; and 

[0042] a relationship determining portion Which 
determines, based on a brightness of at least a portion 
of each of the respective images taken by the camera 
under the different inspection values of the control 
parameter, a relationship betWeen brightness and 
control parameter, 

[0043] Wherein the control-parameter varying por 
tion determines, according to the relationship, a 
value of the control parameter of the brightness 
controlling device so that a brightness of at least a 
portion of an image taken by the camera under the 
determined value of the control parameter is equal to 
the preset brightness. 
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[0044] OtherWise, the inspecting portion may operate the 
brightness controlling device under only a single inspection 
value of the control parameter, so that the camera takes a 
single image under the single inspection value of the control 
parameter. In contrast, according to the present mode 
Wherein the inspecting portion operates the brightness con 
trolling device under each of a plurality of different inspec 
tion values of the control parameter, the control-parameter 
varying portion can easily and accurately determine a value 
of the control parameter so that a brightness of an image 
taken by the camera under the determined value is equal to 
the preset brightness. 

[0045] (11) An image taking system according to the tenth 
mode (10), Wherein the inspecting portion operates the 
brightness controlling device under the each of the different 
inspection values of the control parameter that include a 
currently effective value of the control parameter and a value 
that differs by a preset amount from the currently effective 
value in a direction to increase a brightness of at least a 
portion of an image taken by the camera. 

[0046] As image-taking operations are repeated Without 
varying one or more preset control parameters, usually, 
respective brightness values of respective taken images 
gradually decrease, i.e., those taken images become darker 
one by one. Hence, according to the present mode, the 
inspecting portion operates the brightness controlling device 
under a currently effective value of the control parameter 
and a value that differs by a preset amount from the currently 
effective value in a direction to increase a brightness of a 
taken image, so that the relationship determining portion 
determines a relationship betWeen brightness and control 
parameter. Thus, the relationship determining portion can 
determine a relationship betWeen brightness and control 
parameter, based on the respective brightness values of the 
respective images taken by the camera under the inspection 
values of the control parameter that are suf?ciently near to 
a neW value of the control parameter that is to update the 
currently effective value. Thus, the control-parameter vary 
ing portion can accurately determine the neW value of the 
control parameter according to the thus determined relation 
ship. The preset amount by Which the currently effective 
value is varied in a direction to increase a brightness of a 
taken image, may be an arbitrary amount. HoWever, it is 
preferred that the preset amount be one Which assures that 
the value obtained by varying the current value by the preset 
amount in the above direction results in taking an image 
Whose brightness is higher than the preset brightness, 
because a relationship betWeen brightness and control 
parameter is determined With respect to a brightness range 
Within Which the preset brightness falls. 

[0047] (12) An image taking system according to any of 
the ?rst, second, and fourth to eleventh modes (1), (2) and 
(4) to (11), Wherein the brightness controlling device com 
prises a shutter of the camera, and Wherein the at least one 
control parameter comprises a shutter speed of the camera. 

[0048] The brightness controlling device may be a random 
shutter of a CCD camera. In the case Where the control 
parameter varying portion can change only the shutter speed 
of the camera, the relationship betWeen brightness and 
shutter speed can be de?ned by a linear eXpression, and 
accordingly the varying portion can easily determine, 
according to the relationship, a neW value of the control 
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parameter that results in taking an image Whose brightness 
is equal to the preset brightness. 

[0049] (13) A control program for use in controlling an 
image taking system comprising an illuminating device 
including a light source Which emits a light for illuminating 
an object, a camera Which takes an image of the object, and 
a processing and controlling device Which includes a data 
processing portion that processes image data representing 
the image of the object taken by the camera, at least one of 
the camera and the illuminating device comprising a bright 
ness controlling device Which controls a brightness of an 
image taken by the camera, the control program comprising 
the steps of 

[0050] detecting a brightness of at least a portion of 
the image of the object taken by the camera, and 

[0051] varying, based on the detected brightness, at 
least one control parameter of the brightness con 
trolling device so that a brightness of at least a 
portion of an image taken by the camera is equal to 
a preset brightness. 

[0052] The present control program may be modi?ed 
according to any of the above-described second to tWelfth 
modes (2) to (12). The present control program may be 
recorded on a recording medium such as a RAM or a ROM 

as part of a computer, and may be read by the computer or 
a CPU thereof to control the image taking system. 

[0053] (14) An electric-component mounting system com 
prising: 

[0054] a substrate supporting device Which supports 
a circuit substrate; 

[0055] a component supplying device Which supplies 
an electric component; 

[0056] a component mounting device including a 
suction noZZle Which receives the electric compo 
nent supplied by the component supplying device, 
and mounts the component on the circuit substrate 
supported by the substrate supporting device; 

[0057] at least one of (a) a mark-image taking device 
Which takes an image of at least one ?ducial mark 
provided on the circuit substrate supported by the 
substrate supporting device and (b) a component 
image taking device Which takes an image of the 
electric component held by the suction noZZle; 

[0058] a processing and controlling device Which 
includes a data processing portion that processes 
image data representing the image taken by the at 
least one of the mark-image taking device and the 
component-image taking device, and Which modi 
?es, based on a result of processing of the image data 
by the data processing portion, a predetermined 
component-mounting program, and controls, accord 
ing to the modi?ed component-mounting program, 
the mounting of the electric component by the com 
ponent mounting device on the circuit substrate; 

[0059] the at least one of the mark-image taking 
device and the component-image taking device com 
prising 
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[0060] an illuminating device including a light 
source Which emits a light for illuminating an 
object, and 

[0061] 
object, 

[0062] at least one of the camera and the illumi 
nating device comprising a brightness controlling 
device Which controls a brightness of an image 
taken by the camera; and 

[0063] the processing and controlling device com 
prising 

[0064] a brightness detecting portion Which detects 
a brightness of at least a portion of the image of 
the object taken by the camera, and 

[0065] a control-parameter varying portion Which 
varies, based on the brightness detected by the 
brightness detecting portion, at least one control 
parameter of the brightness controlling device so 
that a brightness of at least a portion of an image 
taken by the camera is equal to a preset brightness. 

a camera Which takes an image of the 

[0066] The present electric-component mounting system 
may be modi?ed according to any of the above-described 
second to tWelfth features (2) to (12). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0067] The above and other objects, features, advantages 
and technical and industrial signi?cance of the present 
invention Will be better understood by reading the folloWing 
detailed description of preferred embodiments of the inven 
tion, When considered in connection With the accompanying 
draWings, in Which: 

[0068] FIG. 1 is a plan vieW schematically shoWing an 
electronic-component mounting system including an image 
taking system constructed according to one embodiment of 
this invention; 

[0069] FIG. 2 is an enlarged, side elevational vieW shoW 
ing a portion of the image taking system; 

[0070] FIG. 3 is a block diagram illustrating a control 
device of the electronic-component mounting system; 

[0071] FIG. 4 is a How chart representing a brightness 
detecting routine according to Which a brightness is detected 
by the image taking system; 

[0072] FIG. 5 is a graph shoWing a relationship betWeen 
average gray-scale value of image taken by the image taking 
system, and shutter speed; 

[0073] FIG. 6 is a How chart representing another bright 
ness detecting routine according to Which a brightness is 
detected by the image taking system; 

[0074] FIG. 7 is a side elevational vieW shoWing a portion 
of another image taking system; 

[0075] FIG. 8 is a plan vieW schematically shoWing 
another electronic-component mounting system including 
another image taking system; 

[0076] FIG. 9 is a plan vieW schematically shoWing 
another electronic-component mounting system including 
another image taking system; and 
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[0077] FIG. 10 is an enlarged, side elevational vieW of the 
image taking system shown in FIG. 9. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0078] Referring ?rst to FIG. 1, reference numeral 10 
denotes a machine base of an electric-component mounting 
system in the form of an electronic-component mounting 
system 12, Which includes a component supply device 14, a 
component mounting device 16 and a printed-board sup 
porting and moving device in the form of a printed-Wiring 
board supporting and moving device 18, Which are all 
mounted on the machine base 10. 

[0079] The component supply device 14 includes a plu 
rality of tape feeders 26 mounted on a feeder support table 
24. In the present embodiment, each of the tape feeders 26 
is arranged to feed a carrier tape (not shoWn) Which accom 
modates electric components in the form of electronic 
components 28, one of Which is shoWn in FIG. 2. The carrier 
tape includes a carrier substrate Which has a multiplicity of 
component-accommodating recesses formed at a suitable 
interval along the length of the tape. The electronic com 
ponents 28 are accommodated in the respective component 
accommodating recesses, and the opening of each recess is 
closed by a covering ?lm bonded to the carrier substrate. The 
carrier tape is fed by a tape feeding device While the 
covering ?lm is separated from the carrier substrate. Thus, 
the electronic components 38 are fed one after another to a 
predetermined position at a component-supply portion of the 
tape feeder 26. The plurality of tape feeders 26 are remov 
ably mounted on the feeder support table 24 such that the 
component-supply portions of the tape feeders 26 are 
arranged along a reference line, speci?cally, along a hori 
Zontal straight line in the present embodiment. The direction 
of extension of this straight line is referred to as an X-axis 
direction (right and left direction) as indicated in FIG. 1. 

[0080] The feeder support table 24 is moved in the X-axis 
direction While being guided by a guiding device including 
a pair of guide rails 34, by rotation of a feedscreW in the form 
of a ballscreW 30 by a table drive motor 32, so that a selected 
one of the tape feeders 26 can be moved to a predetermined 
component-supply position. The ballscreW 30 and the table 
drive motor 32 cooperate to constitute a major portion of a 
table moving device. 

[0081] The printed-Wiring-board supporting and moving 
device 18 (hereinafter referred to as “PWB supporting and 
moving device”) includes a printed-Wiring-board supporting 
device (hereinafter referred to as “PWB supporting device”) 
40 arranged to support a printed-Wiring board 38 on Which 
the electronic components 28 are to be mounted, and a board 
moving device in the form of a printed-Wiring-board moving 
device (hereinafter referred to as “PWB moving device”) 44 
arranged to move the PWB supporting device 40, for thereby 
moving the printed-Wiring board 38. The PWB moving 
device 44 includes an X-axis slide 54, and a Y-axis slide 62 
movably mounted on the X-axis slide 54. The X-axis slide 
54 is movable in the X-axis direction by an X-axis drive 
motor 48 through a feedscreW in the form of a ballscreW 50 
While being guided by a pair of guide rails 52, While the 
Y-axis slide 52 is movable in a Y-axis direction (perpen 
dicular to the X-axis direction) by a Y-axis drive motor 56 
through a feedscreW in the form of a ballscreW 58 While 
being guided by a pair of guide rails 60. The PWB support 
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ing device 40 rests on the Y-axis slide 62, on Which is placed 
the printed-Wiring board 38 such that the board 38 maintains 
a horiZontal attitude or posture in Which a horiZontal upper 
surface of the board 38 is parallel to an XY plane de?ned by 
the mutually perpendicular X-axis and Y-axis directions. 
The PWB supporting device 40 is moved by the PWB 
moving device 44 in the XY plane (the horiZontal plane in 
the present embodiment), so that a selected portion of the 
upper surface of the printed-Wiring board 38 is located at a 
predetermined component-mounting position described 
beloW. 

[0082] The component mounting device 16 Will be 
described only brie?y since the component mounting device 
16 is similar in construction to a component mounting 
device as disclosed in Japanese Patent Document No. 
6-342998. 

[0083] The component mounting device 16 includes a 
plurality of component holders 72 having respective suction 
noZZles (FIG. 2), and a noZZle moving device 76 Which 
revolves the component holders 72 about an axis line and 
stops each of the holders 72 at a plurality of stop positions 
predetermined on a locus of removing movement of the 
holders 72. The noZZle moving device 76 includes an 
indexing table 74 Which supports the component holders 72 
altogether and Which is intermittently rotated at a predeter 
mined angular pitch about the above-indicated axis line. 
When the indexing table 74 is intermittently rotated at the 
angular pitch about the axis line, each of the component 
holders 72 is sequentially moved to, and stopped at, each of 
the above-indicated stop positions. Those stop positions 
includes a component-posture detecting position Where a 
stationary image-taking device 78 including a component 
camera and a light guiding device is provided such that the 
image-taking device 78 is opposed to a free-end surface of 
the suction noZZle 70 of one component holder 72 being 
stopped at the stop position. The image-taking device 78 Will 
be described in detail later. Above the image-taking device 
78, there is provided a stationary holder-rotating device (not 
shoWn) Which is opposed to the image-taking device 78 via 
the component holder 72 and Which rotates the holder 72. 
Another holder-rotating device is also provided at another or 
second stop position betWeen the component-posture detect 
ing position Where the image-taking device 78 is provided, 
and a third stop position (hereinafter, referred to as the 
component mounting position) Where the electronic com 
ponent 28 is mounted on the printed-Wiring board 38, for the 
purpose of correcting a possible angular-position error of the 
electronic component 28. Although not shoWn, there are 
additionally provided elevating and loWering devices for 
elevating and loWering each suction noZZle 70, and thereby 
holding and mounting each electronic component 28. More 
over, there is provided a stationary ?ducial-mark camera 80 
Which is arranged to take images of ?ducial marks af?xed to 
the printed-Wiring board 38 as held by the PWB supporting 
device 40. HoWever, a holding device for holding the 
indexing table 74, the image-taking device 78, and the 
?ducial-mark camera 80, is not shoWn for easier understand 
ing purposes only. 

[0084] Each of the suction noZZles 70 includes a main 
body, a suction pipe, and a luminescent plate (a ?uorescent 
plate) 90. The luminescent plate 90 absorbs an ultraviolet 
light emitted by an ultraviolet-light emitting device 92 
provided at the component-posture detecting device, and 
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emits a visible light. Thus, the luminescent plate 90 func 
tions as a luminescent body as a sort of light radiating 
device. A siZe of each suction noZZle 70 or its luminescent 
plate 90 corresponds to a siZe of an electronic component 28 
to be held by the noZZle 70. 

[0085] Next, there Will be described the image-taking 
device 78. 

[0086] As shoWn in FIG. 2, the image-taking device 78 
includes tWo CCD cameras 94, 96, each as a component 
camera, that are arranged along a straight line passing 
through the axis line (centerline) of the indexing table 74 and 
the component-posture detecting position. The tWo CCD 
cameras 94, 96 are provided such that each camera is 
oriented in a vertically doWnWard direction and can take an 
image of each electronic component 28 in the same state in 
Which the component 28 is positioned at the component 
mounting position. Each of the tWo CCD cameras 94, 96 
includes CCDs (charge-coupled devices) and a lens system. 
The CCDs are small-siZed light-sensitive elements arranged 
in a matrix in a plane. Each of the light-sensitive elements 
generates an electric signal depending upon amount of light 
received. The matrix of the light-sensitive elements de?nes 
an imaging area in Which a tWo-dimensional image of an 
object is formed at one time. The tWo CCD cameras 94, 96 
have different focal distances, and takes respective images 
With different magnifying poWers. Thus, the tWo CCD 
cameras 94, 96 are selectively used for taking images of 
comparatively small electronic components 28, and images 
of comparatively large electronic components 28, respec 
tively. The tWo CCD cameras 94, 96 are connected to a 
control device 200, described later, so that the focus, dia 
phragm, and shutter speed of each CCD camera can be 
changed by the control device. 

[0087] The above-mentioned light-guiding device 100 
includes tWo re?ecting mirrors 102, 104, each as a re?ecting 
device, and a half mirror 106, and is ?xed to the machine 
base 10. One 102 of the tWo re?ecting mirrors 102, 104 
includes a re?ecting surface 108 Which is provided right 
beloW the component-posture detecting position, such that 
the re?ecting surface 108 is inclined by 45 degrees relative 
to a vertical plane including a centerline of the suction 
noZZle 70 being positioned at the detecting position, and that 
an outer end of the mirror 108 as vieWed from the axis line 
of the indexing table 74 is loWer than an inner end thereof. 
The other re?ecting mirror 104 includes a re?ecting surface 
110 Which is provided right beloW the more distant CCD 
camera 96 from the suction noZZle 70, such that the re?ect 
ing surface 110 is inclined symmetrically With the re?ecting 
surface 108 of the one re?ecting mirror 102, With respect to 
a vertical plane, and that a nearer end of the mirror 110 to 
the one mirror 102 is loWer than an opposite end thereof. The 
half mirror 106 includes a re?ecting surface 112 Which is 
provided right beloW the nearer CCD camera 94 to the 
suction noZZle 70, such that the re?ecting surface 112 is 
parallel to the re?ecting surface 110. 

[0088] The ultraviolet-light emitting device 92 includes a 
pair of light sources 120 Which are ?xed to the machine base 
10 such that the tWo light sources 120 are opposed to each 
other via the electronic component 28 as the object. The tWo 
light sources 120 are provided at respective positions Where 
the light sources 120 do not interfere With a locus of 
movement of each suction noZZle 70 or the electronic 
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component 28 held by the each noZZle 70. In the present 
embodiment, a space present betWeen the tWo light sources 
120 is ?lled With the ultraviolet light emitted by the same 
120. Therefore, When each suction noZZle 70 is positioned at 
a position betWeen the tWo light sources 120, the lumines 
cent plate 90 of the each noZZle 70 absorbs the ultraviolet 
light emitted by the light sources 120, and emits a visible 
light doWnWard toWard the electronic component 28 as the 
object Whose image is to be taken. Thus, a back surface of 
the electronic component 28 as vieWed from the image 
taking device 78 is illuminated by the visible light. Each of 
the light sources 120 is supplied With a rated current or 
voltage to emit an ultraviolet light having a prescribed 
intensity. 

[0089] HoWever, the ultraviolet-light emitting device 92 
may employ a light source Which emits an ultraviolet light 
Whose intensity can be changed or adjusted by adjusting an 
electric current or voltage supplied thereto. In addition, the 
ultraviolet-light emitting device 92 may employ an annular 
light source. In the latter case, the annular light source is 
provided at a position loWer than the electronic component 
28 held by each suction noZZle 70, so as to be prevented 
from interfering the component 28 or the noZZle 70. 

[0090] The visible light emitted doWnWard by the lumi 
nescent plate 90 is re?ected and de?ected by the re?ecting 
mirror 102 into a horiZontal light. Aportion of the horiZontal 
light is re?ected vertically upWard by the half mirror 104 so 
as to be incident to the ?rst CCD camera 94, and the 
remaining light transmitted through the half mirror 104 is 
re?ected vertically upWard by the re?ecting mirror 106 so as 
to be incident to the second CCD camera 96. 

[0091] The present electronic-component mounting sys 
tem 12 includes the control device 200, shoWn in FIG. 3, 
Which is principally constituted by a computer 208 incor 
porating a central processing unit (CPU) 202, a read-only 
memory (ROM) 204, and a random-access memory (RAM) 
206. In the RAM 206, there are stored various control 
programs including a mounting-operation control routine for 
controlling an electronic-component mounting operation; an 
image taking routine for taking an image of the electronic 
component 28 held by each suction noZZle 70, and detecting 
a posture of the component 28; and a brightness detecting 
routine, shoWn in FIG. 4, for detecting a brightness of a 
taken image. The CPU 202, the ROM 204, and the RAM 206 
are connected to one another via a bus 210. The bus 210 is 
connected to (a) an image processing device 212 to Which 
the image taking device 78 (the CCD cameras 94, 96) and 
the ?ducial-mark camera 80 are connected, to (b) a servo 
interface 214 Which are connected to the drive motors 48, 
56, the PWV moving device 44, and the noZZle moving 
device 76, to (c) a digital input interface 216 to Which 
respective encoders for monitoring respective rotations of 
those motors are connected, and to (d) a digital output 
interface 218 Which is connected to the CCD cameras 94, 96 
and the light sources 120. 

[0092] In the present embodiment, the brightness detect 
ing routine is implemented When the electronic-component 
mounting system 12 is routinely checked before its opera 
tion is started. First, the gist of a brightness detecting 
operation Will be described. Upon commencement of opera 
tion of the electronic-component mounting system 12, the 
image taking device 78 and the ultraviolet emitting device 



US 2005/0128344 A1 

92 are controlled under respective current values of various 
control parameters, so as to perform a ?rst image-taking 
action for the suction noZZle 70 being positioned at the 
component-posture detecting position at that time. Thus, the 
control device 200 obtains image data representing a ?rst 
mage taken by the device 78. Next, the control device 200 
increases only a current value of a shutter speed of the image 
taking device 78 as one of the control parameters, by a preset 
amount, e.g., several milliseconds, so as to perform a second 
image-taking action. Thus, the control device 200 obtains 
image data representing a second image taken by the device 
78. That is, tWo image-taking actions are performed, for a 
same suction noZZle 70, under different values of one control 
parameter. 

[0093] The control device 200 processes the tWo batches 
of image data representing the thus obtained tWo images, 
and determines an average gray-scale value as a brightness 
of each of the tWo images. Then, the control device 200 
determines a linear expression representing a relationship 
betWeen average gray-scale value of image and shutter 
speed, and calculates, according to the thus determined 
relationship, a neW value of the shutter speed that results in 
taking an image having an average gray-scale value equal to 
a preset gray-scale value. The control device 200 updates the 
shutter speed by replacing the current value thereof With the 
thus determined neW value, so that subsequent component 
posture detecting operations are performed by taking respec 
tive images of electronic components under the neW value of 
the shutter speed (hereinafter, referred to as the posture 
imaging operations). Hereinafter, the brightness detecting 
operation Will be described in detail by reference to the How 
chart shoWn in FIG. 4. 

[0094] When an electric current is applied to the elec 
tronic-component mounting system 12 to start an operation 
thereof, the control device 200 implements the brightness 
detecting routine. Hereinafter, as far as the present embodi 
ment is concerned, the folloWing explanation refers to a 
shutter speed, t, of the image taking device 78 as a control 
parameter thereof. 

[0095] At Step S1 (hereinafter, “Step” is omitted, if appro 
priate), the control device reads, from the RAM 206, a 
current value, to, of the shutter speed as a control parameter 
of the image taking device 78 and/or the ultraviolet-light 
emitting device 92, and sets the current value t0 of shutter 
speed as a shutter speed, t1, for a ?rst image-taking action. 
At S2, the ?rst image-taking action is performed under the 
shutter speed t1. In the present embodiment, the shutter 
speed t1 is set for the tWo CCD cameras 94, 96, independent 
of each other. At S3, the control device 200 reads image data 
representing a ?rst image taken by the CCD camera 94 or 96, 
and processes the image data. More speci?cally described, 
the control device 200 removes, from the taken image, a ?rst 
portion Which is expected to contain an image of the suction 
noZZle 70 itself, and a second portion along an outer 
peripheral portion of the ?rst portion, and detects respective 
gray-scale values of respective picture elements of the 
remaining portion of the taken image. Finally, the control 
device 200 determines an average, G1, of the thus detected 
gray-scale values as a brightness of the taken image. Sub 
sequently, at S4, the control device 200 neWly sets a time 
obtained by adding one or more milliseconds to the shutter 
speed t1, as a shutter speed, t2, for a second image-taking 
action. Preferably, one millisecond is added to the ?rst 
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shutter speed t1. At S5, the second image-taking action is 
performed under the neWly set shutter speed t2. At S6, the 
control device 200 processes, like at S3, image data repre 
senting a second image taken at S5, and determines an 
average gray-scale value, G2, from the second image. 

[0096] At S7, the control device 200 determines, based on 
the tWo values t1, t2 of the shutter speed and the tWo average 
gray-scale values G1, G2, a relationship betWeen average 
gray-scale value G and shutter speed t. 

[0097] More speci?cally described, the control device 200 
determines a linear expression representing a straight line 
passing through the tWo coordinates (G1, t1), (G2, t2). At S8, 
the control device reads, from the RAM 206, a preset 
gray-scale value, GO. At S9, the control device 200 neWly 
determines, according to the linear expression determined at 
S7, a value, t3, of shutter speed that corresponds to the preset 
gray-scale value GO. At S10, the control device 200 updates 
the shutter speed by replacing the current value tO thereof 
With the neWly determined value t3 thereof, so that the neW 
shutter speed t3 is used in each of subsequent posture 
imaging operations. Thus, one control cycle according to the 
brightness detecting routine is ?nished. It has been 
described, for easier understanding purposes only, that the 
?rst or second image-taking action is folloWed by the 
corresponding image-processing operation. HoWever, it is 
possible to perform the ?rst or second image-taking action 
concurrently With the corresponding image-processing 
operation. In addition, it has been described that a single 
image-taking action is performed at each of the tWo shutter 
speed values. HoWever, in fact, a plurality of image-taking 
actions are performed at each of the different shutter-speed 
values, and an average gray-scale value for the each shutter 
speed value is obtained as an average of respective average 
gray-scale values of respective images taken by those 
actions. 

[0098] It emerges from the foregoing description that the 
present electronic-component mounting system 12 employs 
the luminescent plate 90 and the ultraviolet-light emitting 
device 92 Which cooperate With each other to provide a 
back-side illuminating device as a sort of illuminating 
device. In addition, a portion of the control device 200 that 
carries out Steps S1 and S4 provides an inspecting portion; 
a portion of the control device 200 that carries out Step S7 
provides a relationship determining portion; and a portion of 
the control device 200 that carries out Step S10 provides a 
control-parameter varying portion. 

[0099] Even if the intensity of the light emitted by the light 
source may change, the present image taking system can 
take, in each posture-imaging operation, an image Whose 
brightness is highly stable. Though the light source of the 
ultraviolet-light emitting device 92 tends to deteriorate and 
accordingly the intensity of light emitted by the light source 
tends to loWer, the loWering of the light intensity can be 
compensated for by the adjusting of the shutter speed of each 
of the CCD cameras 94, 96. Since each taken image has a 
highly stable brightness, a clearly edge line of an image of 
the electronic component 28 can be determined With high 
stability, Without being adversely in?uenced by unstable 
brightness. Thus, each taken image can be accurately pro 
cessed. Though it has been a conventional practice to 
considerably frequently exchange light sources of the ultra 
violet-light emitting device 92, so as to prevent loWering of 
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accuracy of image processing, the present image taking 
system can reduce the frequency of exchanging of light 
sources, thereby contributing to lowering the running cost. 

[0100] In the present embodiment, a brightness of an 
image is detected in terms of an average gray-scale value of 
the image. HoWever, a brightness of an image is detected as 
an average value of respective output voltages of the image 
taking device 78 that correspond to respective picture ele 
ments of the image, or as a different sort of brightness. In 
addition, it is not essentially required to detect a brightness 
of an entirety of an image, and it is possible to detect a 
brightness of the most or least bright picture element of an 
image, or an average brightness of the most and least bright 
picture elements. 

[0101] In the present embodiment, the shutter speed as one 
of the control parameters is varied to take an image Whose 
brightness is equal to a preset brightness. HoWever, it is 
possible to vary, for adjusting the brightness of an image, a 
different control parameter of the image taking device 78, 
such as an amount of opening of a diaphragm of a lens 
system or a gain of an ampli?er of the camera. In addition, 
it is possible to vary tWo or more control parameters of the 
image taking device, in combination, so as to take an image 
having the preset brightness. In the last case, hoWever, it is 
preferable to vary one control parameter each time one 
control-parameter varying operation is performed. More 
speci?cally described, for example, if the shutter speed is 
varied in the current control-parameter varying operation, to 
adjust the brightness of an image, the amount of opening of 
the diaphragm may be varied in the next control-parameter 
varying operation. Each control parameter may have an 
upper-limit value. In this case, if the shutter speed is varied 
to its upper-limit value in at least one control-parameter 
varying operation, then the amount of opening of the dia 
phragm may be varied in one or more folloWing control 
parameter varying operations; and if the opening amount of 
the diaphragm is varied to its upper-limit value, then the gain 
of the ampli?er may be varied in one or more folloWing 
control-parameter varying operations. In this method, since 
only one control parameter is varied in one control-param 
eter varying operation, the relationship betWeen brightness 
and control parameter can be easily determined. 

[0102] Moreover, in the present embodiment, the ultravio 
let-light emitting device 92 does not have a function of 
adjusting the brightness of a taken image. HoWever, it is 
possible to adjust the brightness by controlling an electric 
voltage applied to the device 92 or an electric current 
supplied to the same 92. In this case, it is possible to vary, 
in place of, or in addition to, one or more control parameters 
of the image taking device 78, one or more control param 
eters of the ultraviolet-light emitting device 92. 

[0103] The present electronic-component mounting sys 
tem 12 may be so modi?ed as to implement the brightness 
detecting operation at a time other than the time When the 
operation of the mounting system 12 is started. For example, 
the mounting system 12 may implement the bright detecting 
operation during the electronic-component mounting opera 
tion. To this end, the mounting system 12 monitors or 
measures a time duration Which has passed from the time 
When the last brightness detecting operation Was performed 
and, if it is found that a preset time has passed, the system 
12 implements another brightness detecting operation. 
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[0104] In this modi?ed embodiment, each brightness 
detecting operation is performed at a timing When it does not 
interfere With the electronic-component mounting operation. 
To this end, the electronic-component mounting system 12 
employs a timer Which measures a passing time and, When 
the timer commands a commencement of the brightness 
detecting routine, the mounting system 12 Waits for ending 
of the current supplying operation to supply electronic 
components 28 to the current printed-Wiring board 38 so that 
those components 28 are mounted on the board 38. After the 
current supplying operation has ended, the tWo successive 
suction noZZles 70 Which are subsequently positioned at the 
component supplying position, are moved to the component 
posture detecting position, Without having receiving an 
electronic component 28. When the ?rst one of the tWo 
suction noZZles 70 is moved to, and stopped, at the compo 
nent-posture detecting position, the ?rst noZZle 70 and the 
corresponding luminescent plate 90 are subjected to a ?rst 
image-taking action under the currently effective value 
(t1=tO) of the shutter speed as one of the control parameters. 
Then, the indexing table 74 is rotated by one angular pitch, 
the second suction noZZle 70 is moved to, and stopped at, the 
component-posture detecting position, so that the second 
noZZle 70 is subjected to a second image-taking action 
(t1=tO). The thus taken tWo images are processed in the same 
manner as that employed in the preceding embodiment, and 
a neW value t3 of the shutter speed is determined and set. 
Thus, one brightness detecting operation is ?nished, and the 
electronic-component mounting operation is resumed to 
mount electronic components 28 on a neW printed-Wiring 
board 38 While taking respective images of the components 
28 under the neW value t3 of the shutter speed. 

[0105] Hereinafter, there Will be described in more detail 
the present brightness detecting routine by reference to the 
How chart shoWn in FIG. 6. 

[0106] If the timer indicates that the preset time has 
passed, and commands a commencement of the brightness 
detecting routine, the control device 200 Waits, at S21 and 
S22, for ending of the current supplying operation to supply 
electronic components 28 to the current printed-Wiring 
board 38 so that those components 28 are mounted on the 
board 38. After the component supplying operation has 
ended, the control goes to S23 to output a command that the 
tWo suction noZZles 70 Which subsequently arrive at the 
component supplying position, must not hold an electronic 
component 28. More speci?cally described, each of the tWo 
suction noZZles 70 is inhibited, at the component supplying 
position, from moving doWnWard to receive an electronic 
component 28. From this state, the indexing table 74 is 
rotated by one angular pitch, so that each of the tWo suction 
noZZles 70 is moved, Without holding an electronic compo 
nent 28, to the component-posture detecting position, i.e., 
the image taking position. Hereinafter, those tWo suction 
noZZles 220, 222 Will be referred to as the inspection noZZles 
220, 222. It is preferred that the suction noZZle 70 folloWing 
the tWo inspection noZZles 220, 222 be moved doWnWard, at 
the component supplying position, to receive an electronic 
component 28 as usual. 

[0107] At S24, the control device sets a ?ag, F1, to F1=1. 
Thus, in one or more folloWing control cycles according to 
this routine, S21 to S24 are skipped. At S25, the control 
device judges Whether a ?ag, F2, is set at F2=0. If a positive 
judgment is made at S25, the control goes to S26 to judge 
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Whether the preceding one 220 of the tWo inspection nozzles 
220, 222 as vieWed in the rotating direction has arrived at the 
component-posture detecting position, i.e., the component 
image taking position. If a positive judgment is made at S26, 
the control goes to S27 to perform a ?rst image-taking action 
corresponding to the ?rst image-taking action performed in 
the preceding embodiment. The ?rst image-taking action is 
performed under the currently effective value (t1=tO) of the 
shutter speed as one control parameter, and the thus taken 
image is sent to the control device 200. At S28, the current 
value of the shutter speed is varied to a different value (t2) 
in the same manner as that employed in the preceding 
embodiment; and at S29, the control device sets the ?ag F2 
to F2=1. Thus, in one or more folloWing control cycles 
according to this routine, S25 to s29 are skipped. At S30, the 
indexing table 74 is rotated by one angular pitch, so that the 
folloWing inspection noZZle 222 arrives at the component 
image taking position. At S31, a second image-taking action 
is performed. At S31 and S32, the control device 200 
processes the thus taken tWo images in the same manner as 
that employed at S3 and S6 to S10 of the How chart shoWn 
in FIG. 4. Thus, a neW value of the shutter speed is 
determined and set. Since the image processing operation 
are identical With that performed in the preceding embodi 
ment, no detailed description thereof is provided here. 

[0108] In the present modi?ed embodiment, the respective 
images of the tWo inspection noZZles 220, 222 are taken in 
the state in Which each of the noZZles does not hold an 
electronic component 28. Thus, it is not needed to change 
the period or speed of rotation of the indexing table 74, and 
accordingly the tWo image-taking actions can be performed 
Without interfering With the electronic-component mounting 
operation. HoWever, it is possible to perform the brightness 
detecting operation during the electronic-component mount 
ing operation. In the latter case, during the electronic 
component mounting operation, tWo suction noZZles 70 are 
inhibited from holding respective electronic components 28. 
Since, hoWever, the speed of rotation of the indexing table 
74 need not be decreased, the loWering of efficiency of the 
electronic-component mounting operation can be mini 
miZed. 

[0109] In the present embodiment, the brightness detec 
tion operation is performed by using the tWo suction noZZles 
70 as the inspection noZZles 220, 222. HoWever, it is 
possible to use only one suction noZZle 70. In the latter case, 
When the suction noZZle 70 as the inspection noZZle is 
positioned at the component-posture detecting position, the 
rotation speed at Which the indexing table 74 is rotated by 
the rotating device is decreased, so that the suction noZZle 70 
can stay for a time enough to perform tWo image-taking 
actions to detect respective brightness values of the thus 
taken tWo images. HoWever, the time needed to perform the 
tWo image-taking actions is very short, and accordingly the 
loWering of ef?ciency of the electronic-component mount 
ing operation can be minimiZed. 

[0110] In the case Where the computer of the control 
device 200 monitors or counts the total number of the 
electronic components 28 Whose images have been taken by 
the image taking device 78, the brightness detecting routine 
may be started each time the total number counted by the 
computer exceeds a preset number. 

[0111] In the present embodiment, the brightness detecting 
operation is periodically performed. HoWever, the elec 
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tronic-component mounting system may be so modi?ed as 
to perform the brightness detecting operation When a bright 
ness of a taken image is found to be higher than an 
upper-limit value of a preset range, or loWer than a loWer 
limit value of the same. More speci?cally described, the 
mounting system may be so modi?ed as to detect an average 
value of respective gray-scale values of respective picture 
elements of a speci?ed portion of an image Which is taken 
at a considerably short period during a usual electronic 
component mounting operation. In this case, if the detected 
average gray-scale value falls Within a preset range, the 
mounting system does not perform the brightness detecting 
operation; and, if the detected average gray-scale value does 
not fall Within the preset range, the mounting system per 
forms the brightness detecting operation to detect a bright 
ness of a taken image as a Whole. This image-brightness 
monitoring operation is performed concurrently With the 
component-image taking operation as part of the usual 
electronic-component mounting operation. Therefore, it is 
preferable to detect a brightness With respect to at least one 
portion of a taken image that corresponds to a bright 
background of an electronic component 28, irrespective of 
the sort of the component 28, more preferably, tWo or more 
portions of a taken image that correspond to a bright 
background. 

[0112] Moreover, the present electronic-component 
mounting system may be so modi?ed as to perform the 
brightness detecting operation When a suction noZZle 70 
holding a speci?ed sort of electronic component is posi 
tioned at the component-posture detecting position. In this 
case, the tWo CCD cameras 94, 96 may be subjected to the 
brightness detecting operation, at respective different tim 
ings. In particular, it is preferred that a CCD camera having 
a high magni?cation poWer be subjected to the brightness 
detecting operation using a suction noZZle 70 holding a 
small-siZe electronic component. 

[0113] In each of the illustrated embodiments, the bright 
ness detecting operation is performed such that one or tWo 
suction noZZles 70 not holding an electronic component 28 
is or are imaged to obtain tWo images and, based on the thus 
obtained images, a brightness of a taken image is detected. 
HoWever, it is possible to detect a brightness of a taken 
image based on an image taken in a state in Which one or 
more suction noZZles 70 holds or each hold an electronic 
component 28. For example, the control device 200 detects, 
in the same manner as that employed in the preceding 
embodiments, an average gray-scale value of a remaining 
portion of a taken image that is other than a ?rst portion 
thereof corresponding to an electronic component 28 as an 
object and a second portion thereof located along an outer 
periphery of the ?rst portion. Therefore, it is preferred that 
the brightness detecting operation be performed in such a 
manner that a suction noZZle 70 holding a small-siZe elec 
tronic component 28 is selected and used to take an image 
Whose large proportion is occupied by a bright background. 
In this modi?ed embodiment, too, it is preferable to perform 
tWo image-taking actions While a single suction noZZle 70 
Whose images are to be taken to detect a brightness, stays at 
the component-image taking position. To this end, the speed 
of rotation of the indexing table 74 is loWered. 

[0114] In each of the illustrated embodiments, the illumi 
nating device is provided in the form of a back-side illumi 
nating device including the luminescent plate 90 and the 












