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[Scope of patent claims]

[Claim 1]

An image processing system, which has an image processing means that applies processing to an
object image in which an object is represented and performs correction of the exposure of the object
image or correction of the white balance of the object image, and

an image processing control means that controls such processing based on the prediction result of
shading that is predicted to occur in the aforesaid object image.

[Claim 2]

An image processing system as described in Claim 1, wherein the aforesaid object image is an image
obtained by capturing the observation image of the observation specimen, which is the aforesaid
object, using a microscope.

[Claim 3]

An image processing system as described in Claim 1, which further has a shading correction means
to correct shading that has occurred in the aforesaid object image after the aforesaid processing is
performed under the aforesaid control by the aforesaid image processing control means.

[Claim 4]

An image processing system as described in Claim 1, wherein the aforesaid image processing
control means controls the aforesaid processing based on the aforesaid prediction result predicted
from the background image, which is an image captured separately from the aforesaid object image
and does not represent the aforesaid object.

[Claim 5]

An image processing system as described in Claim 4, wherein the aforesaid image processing
control means controls the aforesaid processing to apply certain aforesaid processing to each of the
pixels in the same partial area based on the prediction result from the data about each pixel in each
of the multiple partial areas defined in the aforesaid background image.

[Claim 6]

An image processing system as described in Claim 5, wherein the aforesaid image processing
control means controls the aforesaid processing based on the difference value between the average
luminance value of each pixel in the partial area located in the center part of the aforesaid
background image and the luminance value of each pixel in the peripheral part of the said
background image or the average value of such luminance values.

[Claim 7]

An image processing system as described in Claim 5, wherein the aforesaid multiple partial areas
are defined concentrically from the center of the aforesaid background image.

[Claim 8]

An image processing system as described in Claim 5, wherein the aforesaid multiple partial areas
are defined as rectangular areas that are separated from the aforesaid background image in a certain
direction.

[Claim 9]

An image processing control method, which will control image processing to correct the exposure
or white balance of the object image in which the object is represented, based on the prediction
result of shading that is predicted to occur in the said object image.

[Claim 10]

A program to make the computer perform

image processing that processes the object image in which the object is represented and applies
exposure correction or white balance correction to the said object image, and

image processing control processing that controls said processing based on the prediction result of
shading that is predicted to occur in the aforesaid object image.

[Detailed description of the invention]

[0001]

[Technical field to which the invention belongs]

This invention relates to image processing technology, and specifically relates to technology of
correction processing for the exposure or white balance of an image.

[0002]
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[Conventional technology]

Due to the characteristics of the imaging optical system itself, such as the lens in the imaging device,
a phenomenon commonly referred to as "shading" may occur in which the amount of light in the
captured image is unevenly distributed within the image. Conventionally, image degradation caused
by shading is corrected by applying to the captured image image processing based on empirically
obtained correction values or actual measurement results.

[0003]

This shading appears in various forms in the image depending on the characteristics of the image
forming optical system or, in the case of an electronic camera, the characteristics of the imaging
element such as a charge coupled device (CCD). Among these, the phenomenon in which an image
is unnaturally colored due to differences in the luminance distribution characteristics of each of the
three primary colors of light is called color shading.

[0004]

In imaging devices for microscopes, where specimen images obtained by a microscope are
exclusively captured, shading has a particularly large impact on the observation of the specimen,
and a wide variety of shadings are expected to occur depending on the type of objective lens,
specimen inspection method, illumination, and other factors. As a technology that enables the
correction of such shadings, for example, Patent Document 1 discloses a technique for correcting
shading in a captured image by capturing an image of only the background without any specimen
for each objective lens in advance, and using the correction data for each objective lens generated
based on the background image obtained by capturing this image.

[0005]

[Patent Document 1]

JPA 2001-281554

[0006]

[Problems to be solved by the invention]

Many image capture devices have a function that automatically performs exposure and white
balance correction on partial areas within the image specified by the operator to ensure that the
brightness and colors of the captured image are appropriately expressed. However, even if such
exposure or white balance correction is applied to image areas where the aforementioned shadings,
such as a reduction of the amount of light and color change, are occurring, there are cases in which
an appropriate image may not be obtained.

[0007]

Even if the shading correction described above is applied to an image after the above-mentioned
correction has been applied, there are cases in which an appropriate image may not be obtained. For
example, if exposure correction is applied to an area of the image where the amount of light is
reduced due to shading, and when shading correction is simply applied after the brightness of the
area has been made appropriate, the image will be further brightened, resulting in over-correction.
[0008]

Here, it is possible to perform shading correction on uncorrected captured images first, followed by
correction of the exposure and white balance. However, image processing to correct shadings in an
image is generally a huge amount of processing. On the other hand, for observation images that
must be displayed in real time or at a frame rate close to real time for observation of specimen
conditions, it is necessary to display images with exposure and white balance correction. Therefore,
if shading correction is performed before exposure or white balance correction, the real-time nature
of the observation image display may have been lost.

[0009]

This invention was made in view of the above-mentioned problems, and the problem to be solved
is to make it possible to provide an appropriate image by achieving both shading correction and
exposure correction or white balance correction.

[0010]

[Means for solving the problems]

The image processing system, which is one of the aspects of this invention, is configured in a manner
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that it has an image processing means that applies processing to an object image in which an object
is represented and performs correction of the exposure of the object image or correction of the white
balance of the object image, and an image processing control means that controls such processing
based on the prediction result of shading that is predicted to occur in the aforesaid object image.
Using this system, the aforementioned problem can be solved.

[0011]

According to this configuration, the exposure correction process or white balance correction process
is controlled based on the prediction result of shading that is predicted to occur in the object image.
Therefore, by controlling these processes so that the object image after shading correction does not
become inappropriate even if further shading correction is performed after these processes, it will
be possible to provide an appropriate image for which both shading correction and exposure
correction or white balance correction are achieved.

[0012]

In addition, the image processing control means controls the processing of exposure correction or
white balance correction of the object image, which requires far less processing than image
processing that performs shading correction on object images, so the real-time nature of the
observation image display will not be lost.

[0013]

Moreover, in the above-mentioned image processing system according to this invention, the object
image can be, for example, an image obtained by capturing an observation image of an observation
specimen, which is an object, with a microscope.

As mentioned above, shading in the image of the microscope observation image has a particularly
large impact on the observation of the specimen, so by doing so, the impact of shading on specimen
observation can be eliminated.

[0014]

In addition, in the above-mentioned image processing system according to this invention, it may be
configured in a manner that it further has a shading correction means for correcting the shading that
has occurred in the object image after the aforementioned processing under the aforementioned
control by the aforementioned image processing control means.

[0015]

According to this configuration, this image processing system can also be used to apply shading
correction to object images. In addition, in the above-mentioned image processing system according
to this invention, it is also fine for the image processing control means to control the aforementioned
processing based on the aforementioned prediction result predicted from the background image,
which is an image captured separately from the aforementioned object image and does not represent
the aforementioned object.

[0016]

This configuration performs shading prediction based on the background image, as an example of a
method for predicting shadings that occur when exposure correction or white balance correction
processing is applied to an object image.

Moreover, at this time, it is also fine for the image processing control means to control this
processing so that a certain amount of the aforementioned processing can be applied to each of the
pixels in the same partial area based on the aforementioned prediction result predicted from the data
regarding each pixel in each of the multiple partial areas defined in the aforementioned background
image.

[0017]

By doing so, the processing burden for control based on the shading prediction results performed
by the image processing control means can be reduced.

In addition, here, it is also fine for the image processing control means to control the above process
based on the difference value between the average luminance value of each pixel in the partial area
located in the center part of the background image and the luminance value of each pixel in the
partial area located in the peripheral part of the said background image or the average value of these
luminance values.

[0018]

As an example of the specific configuration of the image processing control means, this
configuration controls the processing of exposure correction or white balance correction of the
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object image based on the above-mentioned difference value.

Here, the aforementioned multiple partial areas may be defined, for example, as concentric circles
from the center of the aforementioned background image, or they may also be defined as rectangular
areas that are separated from the aforementioned background image in a certain direction.

[0019]

The image processing method, which is another aspect of this invention, will control the image
processing to correct the exposure or white balance of the object image in which the object is
represented, based on the prediction result of shading that is predicted to occur in the said object
image. By using this method, the same actions and effects as those of the image processing system
of this invention described above can be obtained, and the aforementioned problems can be solved.
[0020]

In addition, this invention also relates to a program to make a computer perform image processing
that processes the object image in which the object is represented and applies exposure correction
or white balance correction to the said object image, and the image processing control processing
that controls the said processing based on the prediction result of shading that is predicted to occur
in the aforesaid object image. By executing this program with a computer, the same actions and
effects as those of the image processing system of this invention described above can be obtained,
and as a result, the aforementioned problems can be solved.

[0021]

[Embodiments of the invention]

The embodiment of this invention will be explained below based on the figures. Moreover, here, we
will explain the embodiment of this invention in an imaging system for a microscope that
exclusively captures specimen images obtained by the microscope.

[0022]

Fig. 1 shows the schematic configuration of the imaging system for a microscope that implements
this invention.

In Fig. 1, when the image data (data indicating the luminance of all pixels constituting the image)
representing the observation image of microscope 1 captured by the image capture unit 102 is input
to the image processing unit 103, the image processing unit 103 outputs the image data once to the
image processing unit control unit 104.

[0023]

The image processing unit control unit 104 performs correction of image data from the image
processing unit 103 and outputs the corrected image data to the image processing unit 103.

The image processing unit 103 performs the predetermined image processing instructed by the
image control unit 106 on the corrected image data from the image processing unit control unit 104,
and outputs the processed image data to the image control unit 106 after processing. The image
control unit 106 sends the image data processed by the image processing unit 103 to the display unit
107, displays the observation image on the microscope 1 on the display unit 107, and records the
observation image according to the photographing instructions.

[0024]

Next, the details of each configuration of the imaging system for a microscope that implements this
invention are explained using Fig. 2.

Microscope 1 is equipped with an optical system for transmissive observation 3 and an optical
system for vertical illumination observation 4.

In the optical system for transmissive observation 3, the light emitted from a light source for
transmissive observation 5, such as a halogen lamp, is transmitted through a collector lens 6, a filter
unit for light transmission 7, a transmissive visual field diaphragm 8, a bendable mirror 9, the
condenser optical element units 10 and 11, and a top lens unit 12, and then irradiates the specimen
(not shown in the figure) placed on the stage 18.

[0025]

On the other hand, in the optical system for vertical illumination observation 4, the light emitted
from the light source for vertical illumination 13 is transmitted through a filter unit for vertical
illumination 14, a vertical illumination shutter 15, a vertical illumination visual field diaphragm 16,
a vertical illumination aperture diaphragm 17, a cube unit 21, and an objective lens 19, and then
irradiates the above-mentioned specimen. Here, in the cube unit 21, the dichroic mirrors installed
therein can be switched according to various microscopy methods, such as bright visual field
observation and fluorescence observation.

[0026]
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On the observation optical path S, where the optical axes of the optical system for vertical
illumination 4 and the optical system for transmissive illumination 3 overlap, there is a revolver 20
for switching the objective lens 19, and a beam splitter 22 for splitting the observation optical path
S between the eyepiece lens side and the imaging device side.

[0027]

Light passing through beam splitter 22 and observation optical path S will enter the image capture
unit 102.

The image capture unit 102 is located on the observation optical path S and consists of an imaging
element 31, an A/D converting unit 49, a front processing unit 32, and a CCD driving unit 48. The
output of the imaging element 31 is connected to the A/D converting unit 49, the output of A/D
converting unit 49 is connected to the front processing unit 32, and the output of the CCD driving
unit 48 is connected to the imaging element 31.

[0028]

When the observation specimen image that is magnified to a predetermined magnification, with
light incident from the microscope 1, is formed on imaging element 31, this observation specimen
image is photoelectrically converted by the imaging element 31 and output as an analog electrical
signal to the A/D converting unit 49. Moreover, in this embodiment, a charge coupled device (CCD)
is used as the imaging element 31.

[0029]

The A/D converting unit 49 converts this analog electrical signal into the image data, which is digital
data. After that, this image data is separated into the image data for each of the three primary colors
of light, including R (red), G (green), and B (blue), in the front processing unit 32 and then output
to the image processing unit 103. In addition, the address signals are also output from the front
processing unit 32. This is a 2-dimensional address (x,y) indicating which pixel in a frame
corresponds to each of the image data output from the front processing unit 32.

[0030]

The image processing unit 103 consists of a WB variable gain amplifier 33, a WB gain setting unit
34, a white balance detecting unit 35, an AE variable gain amplifier 37, an AE setting unit 38, an
AE evaluating unit 39, frame memory 41, a memory controller 42, and an I/F unit 45.

[0031]

The variable gain amplifier 37 performs exposure correction for the image data of each RGB color
input from the front processing unit 32 to the image processing unit 103, by multiplying the
automatic exposure (AE) coefficient value for each color set by the AE setting unit 38, and then
outputs the corrected image data to the WB variable gain amplifier 33.

[0032]

The white balance (WB) variable gain amplifier 33 performs white balance correction for the image
data sent from the variable gain amplifier 37 by multiplying by the coefficient values for each RGB
color set by WB gain setting unit 34, and then outputs the corrected image data to the frame memory
41.

[0033]

The frame memory 41 temporarily stores the image data for one frame of the observation specimen
image captured by the image capture unit 102.

The image control unit 106 consists of a personal computer (hereinafter referred to as a "PC") 46
and an input device 47 such as a keyboard or a mouse, etc. Moreover, the PC 46 consists of a central
processing unit (CPU) that controls each component by executing a control program, ROM, RAM,
and magnetic memory devices. The configuration can be a very standard one, which is equipped
with a storage unit that is used to store the control program that makes the CPU control each
component as a work area when the CPU executes the control program, or as a storage area for
various data; an input unit that is used to obtain various data associated with operations by the user
of the system (hereinafter referred to as "the system") shown in Fig. 2; an output unit that notifies
the user by presenting various data to an output device such as a display unit 107, etc.; and an I/F
unit that provides interface functions to connect to other devices, such as an image control unit 106,
etc., to exchange and receive various data.

[0034]
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The PC 46 instructs the image processing unit 103 to execute image processing in response to the
input associated with the operation by the user of this system on input device 47, and, on the other
hand, the image data after image processing is incorporated from the image processing unit 103 and
the observation image represented by the image data is displayed on the display unit 107, and at the
same time, the rectangular specified area 305 shown in Fig. 3 is displayed in the observation image.
[0035]

In the example of displaying the observation image shown in Fig. 3, the specified area 305 displayed
with the specimen image 306 is movable, and its shape and size can be arbitrarily changed within
the observation image. The user of this system specifies this specified area 305 as an area for
performing automatic exposure correction or white balance correction. When the user gives an
instruction by operating the input device 47 such as a mouse, and clicking any position on the
automatic exposure correcting button 303 with a pointer, which is not shown in Fig. 3, the
photometry and exposure correction process for the specified area 305 will be executed. In the same
way, if the user gives an instruction by clicking on one of the positions on the automatic white
balance correction button 304, the white balance correction process will be executed.

[0036]

Moreover, the background photographing button 301 and main photographing button 302 are
described below.

Go back to the explanation of Fig. 2.

The memory controller 42 reads from frame memory 41 the image data and address data in an
arbitrary area on the observation image specified by the PC 46 via the I/F unit 45, and these data are
output to the luminance distribution detecting unit 43 and the image data correcting unit 44, which
constitute the image processing unit control unit 104.

[0037]

The luminance distribution detecting unit 43 generates the control data for exposure correction
control and white balance correction control based on this data sent from the memory controller 42,
and then outputs the generated control data to the image data correcting unit 44.

The image data correcting unit 44 corrects the image data sent from the memory controller 42 using
the control data sent from the luminance distribution detecting unit 43, and outputs the corrected
image data to the white balance detecting unit 35 and AE evaluating unit 39. Moreover, the operation
of correction processing by the image data correcting unit 44 can be switched ON/OFF
(correction/thru) according to instructions from the memory controller 42.

[0038]

The AE evaluating unit 39 calculates the luminance integration values for the pixels included in the
specified area 305 based on the corrected image data sent from the image data correcting unit 44
and then outputs them to the AE setting unit 38.

The AE setting unit 38 calculates the average luminance value within the specified area 305 from
the luminance integration values received from the AE evaluating unit 39, and the result of this
calculation is used to set the AE variable gain amplifier 37 to the gain value calculated by the
following equation:

Gain = Optimal luminance value (target value) / average luminance value within the specified area
305 ...... (1)

[0039]

In addition, in order to ensure that the exposure during image recording is appropriate, the exposure
time during image recording calculated by the following equation:

Exposure time during image recording = Gain x current exposure time ......... 2)

will be output to the CCD driving unit 48. Upon receiving this value, the CCD driving unit 48 drives
the imaging element 31 so that the image can be captured according to the exposure time during
image recording.

[0040]

The white balance detecting unit 35 calculates the white balance in the specified area 305 based on
the corrected image data sent from the image data correcting unit 44. If the white balance is
determined to be out of balance, the gain value to be set to the WB variable gain amplifier 33 for
correction to optimize white balance will be calculated from this calculation result and then output
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to the WB gain setting unit 34. The WB gain setting unit 34 will set this gain value to the WB
variable gain amplifier 33.

[0041]

In case the white balance is appropriate, it can be assumed that the ratio of luminance integration
values (R:G:B ratio) of each color in the image expressed in the image data sent from the image data
correcting unit 44 is 1:1:1. Thus, the white balance detecting unit 35 calculates a gain value to be
set to the WB variable gain amplifier 33 to obtain this ratio and then outputs the value to the WB
gain setting unit 34.

[0042]

After the above settings are made for the AE variable gain amplifier 37 and WB variable gain
amplifier 33, the AE variable gain amplifier 37 and the WB variable gain amplifier 33 apply
exposure correction and white balance correction, respectively, to the image data input from the
front processing unit 32 to the image processing unit 103 based on their settings.

[0043]

The image data, which has been adjusted for exposure and corrected for white balance by the AE
variable gain amplifier 37 and WB variable gain amplifier 33 is temporarily stored in the frame
memory 41 and then output to the PC 46 via the I/F unit 48.

The PC 46 displays the observation image expressed in the image data received from the frame
memory 41 via the I/F unit 48 on the display unit 107. In addition, when the user of the system gives
an instruction to capture an image, after shading correction is applied to this image data based on
the image data of the background image, which is the image that is stored in a memory unit (not
shown in the figure) of the PC 46 itself, and that has been captured in advance and does not show
the specimen in the field of view, the corrected image data is recorded and stored in the storage unit
of the PC 46.

[0044]

The microscope imaging system shown in Fig. 2 is configured in a manner as described above.
Next, the operation of this microscope imaging system will be explained. Fig. 4 is a diagram
showing a flow chart of the steps of photographing and recording the observation images to be
executed by the microscope imaging system. Moreover, in the following explanation, the processing
performed by the PC 46 is realized by the CPU of the PC 46 reading and executing the control
program stored in the memory of the PC 46 in advance.

[0045]

First, exposure correction control based on shading prediction will be explained.

The user of this system first removes the observation specimen on the stage 18 from the field of
view of the observation image. Here, an instruction is given to operate an input device 47, such as
a mouse, to click one of the positions on the background photographing button 301 displayed on the
imaging screen (Fig. 3) of the display unit 107 with a pointer, which is not shown in Fig. 3. When
the PC 46 receives this instruction, it starts executing the steps shown in Fig. 4 (S501).

[0046]

After doing so, the PC 46 executes the process of sending the initial values of the white balance
correction value and exposure correction value to the memory controller 42 via the I/F unit 45 and
the process of sending the instruction to turn off the image data correcting unit 44.

[0047]

In addition, the PC 46 executes a process to disable clicking on the main photographing button 302,
automatic exposure correcting button 303, and automatic white balance correction button 304 on
the image capture screen displayed on the display unit 107.

Upon receiving the above values from the PC 46, the memory controller 42 sends these values to
the AE setting unit 38 and the WB gain setting unit 34, and sets the AE variable gain amplifier 37
and the WB variable gain amplifier 33 to the initial gain value of "1." Under this setting, the image
data stored in the frame memory 41 is raw data that has not undergone any image processing as
received from the image capture unit 102.
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[0048]

After this, the memory controller 42 causes the image processing unit 103 to capture a background
image in which the observation specimen is not shown (S502). Moreover, it is desirable that the
photographing environment (amount of irradiation light, focal point, etc.) during the capturing of
this background image be the same as that during the capturing of the observation specimen image
to be performed later.

[0049]

After that, the memory controller 42 sends the image data and address data for one frame, which is
the background image stored in the frame memory 41 by this image capture operation, to the PC 46
via the I/F unit 45, and at the same time, this data is also output to the luminance distribution
detecting unit 43 and the image data correcting unit 44 (S503).

[0050]

In the PC 46, the process of storing this sent data in the storage unit in the PC 46 will be executed.
On the other hand, the luminance distribution detecting unit 43 will calculate the control value for
exposure correction control based on the data received (S504).

[0051]

Hereafter, the calculation of control values for exposure correction control based on the shading
prediction results will be explained using figures from Fig. 5 through Fig. 9.

Based on the received image data and address data, the luminance distribution detecting unit 43
calculates the average luminance values for each of the multiple rectangular areas along the line
passing through the image center O of the background image as shown in Fig. 5, or the five
rectangular areas (sl to s5) in the example shown in Fig. 5. These calculated image luminance
averages are stored in memory (not shown in the figure) in the image data correcting unit 44.
[0052]

Next, the image data correcting unit 44 calculates the difference value of the luminance average
value between the rectangular area (s2 to s5) excluding the one closest to the center O among the
rectangular areas described above and the rectangular area s1 closest to the center O, and then stores
the calculated difference value in the memory of the image data correcting unit 44 in the same
manner (S505). This difference value is used as the control value for exposure correction control
based on the shading prediction result.

[0053]

By the above data processing, the data in the table shown in Fig. 6 will be stored in the memory of
the image data correcting unit 44. Moreover, in the same figure, the "distance from the center"
column shows the range where the rectangular area si exists as the range of distance from the center
O. For example, it is shown that the rectangular area s3 exists in a range of distance of r2 to 13 from
the center O.

[0054]

After this, the memory controller 42 notifies the PC 46 via the I/F unit 45 that the capturing of the
background image has been completed (S506).

Upon receiving this notification, the PC 46 executes a process to return the main photographing
button 302, automatic exposure correcting button 303, and automatic white balance correction
button 304, which were disabled from being clicked on the image capture screen displayed on
display unit 107, to the operable state.

[0055]

Next, when the user of the system gives an instruction by operating an input device 47, such as a
mouse, and clicking on one of the positions on the automatic exposure correcting button 303 with a
pointer (not shown in the figure), to bring the observation specimen back into the field of view of
the observation image and perform exposure correction, the PC 46 gives an instruction to the
memory controller 42 via the I/F unit 45 to execute the process of sending the image data in the
specified area 305 and the address indicating the image data from the frame memory 41 to the image
data correcting unit 44.

[0056]

As shown in Fig. 7, the image data correcting unit 44 calculates the absolute value (|X-X', [Y-Y") of
the difference value between the input address (X,Y) and the address (X', Y') indicating the position
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of image center O, that is, the distance R between the position of each pixel in the input image and the image
center O.

[0057]

Here, if this distance R is in the area of si(i=1, 2...), the luminance value (output luminance value) of the pixel
located at address (X,Y) output to the AE evaluating unit 39 can be calculated by the following equation
assuming that the luminance value of the pixel located at the said address in the input image is the input
luminance value:

Output luminance value = Input luminance value + A difference (average value 1 - average value i) ...... 3)
As explained in the specific example, the luminance value of a pixel located at address (X,Y) is calculated
according to the following equation in the case if the distance R from the center O for that pixel is included in
area s3:

Output luminance value = Input luminance value + A difference (average value 1 - average value 3) ...... @)
In other words, about any pixel whose distance R from the center O is included in the area s3, the calculation
of this equation (4) will be executed for any pixel. In this way, the processing burden for correction based on
this shading prediction result can be reduced by applying certain processing to each of the pixels in the same
area.

[0058]

As described above, by computing equation (3) for all pixels in the specified area 305, the data for determining
the amount of correction in the exposure correction will be corrected based on the shading prediction result.
The AE evaluating unit 39 calculates the luminance integration value in the specified area 305 based on the
corrected image data received from the image data correcting unit 44 and then outputs it to the AE setting unit
38.

[0059]

The AE setting unit 38 calculates the luminance average value in the specified area 305 from the received
luminance integration value, and sets the gain value for exposure correction calculated by the above-mentioned
calculation of equation (1) based on the luminance average value to the AE variable gain amplifier 37.
Furthermore, the AE setting unit 38 outputs the exposure time calculated by the calculation of equation (2) to
the CCD driving unit 48.

The CCD driving unit 48 which received this exposure time drives the imaging element 31 so that the image
can be captured according to the exposure time during image recording. After that, the image captured by the
imaging element 31 will be stored in the frame memory 41 as image data with exposure correction controlled
based on the shading prediction result as described above.

[0060]

In this way, the exposure correction process, which is controlled based on the shading prediction result, is
performed, and then the exposure corrected observation image is input to the PC 46 via the frame memory 41.
(S507).

Here, when the user of this system gives an instruction by operating the input device 47 such as a mouse, and
clicking any position on the main photographing button 302 with a pointer (not shown in the figure) to capture
and record the observation image, the PC 46 acquires the image data stored in the frame memory 41 at that
time via the I/F unit 45, and then executes the process of calculating the following equation based on the
background image data in the memory for each pixel of the acquired image data.

[0061]

Output pixel luminance value = input pixel luminance value + (central part luminance
average value of background image

— luminance value at the corresponding pixel of the background image) ----- o)
Moreover, in the above equation, the "luminance value at the corresponding pixel in the background image" is
the luminance value of the pixel in the background image at a position in the same relation to the position of
the pixel to be calculated in the observation image.
[0062]
By executing the calculation in equation (5), as shown in Fig. 8, as a result of adding the difference value
(A1V in Fig. 8(a)) between the central part luminance average value of the background image and the
luminance distribution of the background image to the luminance distribution of the observation image (A2'V
in Fig. 8(b)) for each pixel, the luminance levels of the pixels on the periphery of the observation image are
raised relative to the central part of the observation image, and shading can be properly corrected (A1 V-+A2V
in Fig. 8(c)).
[0063]
The PC 46 performs the process of storing the image data after exposure correction and shading correction are
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properly performed in this way in the storage unit in the PC 46 (S508), and then terminates the
image capturing operation (S509).

Next, the effect of exposure correction control based on the shading prediction result according to
this invention will be explained using Fig. 9 and Fig. 10.

[0064]

Fig. 9 shows the configuration of the imaging system for the microscope without performing
exposure correction control based on the shading prediction result according to this invention.

As can be seen by comparing the system of Fig. 9 with that shown in Fig. 2, the system of Fig. 9
does not have an image processing unit control unit 104, and the image data of the specified area
305 in the observation image will be input directly from the memory controller 42 to the white
balance detecting unit 35 and the AE evaluating unit 39.

[0065]

Fig. 10(b) is a diagram showing a schematic representation of the luminance change when typical
shading correction, in which the luminance distribution changes in concentric circles, is performed
on the observation image with exposure correction performed by the system shown in Fig. 9.
When automatic exposure correction is performed on the entire area of the observation image where
shading occurs as shown in Fig. 10(a), the AE evaluating unit 39 performs exposure correction based
on the luminance average value shown as (1), which is a value lower than the central part luminance
average value of the of the input image shown as (2), so that this luminance average value can be
set to the target value shown as (3) in Fig. 10(b). For this reason, at the time of this exposure
correction, the luminance of the center part of the observation image has already exceeded the target
value shown as (3) and reached the output level shown as (4), resulting in an unnatural brightening
of the area around the center of the observation image.

[0066]

In addition, for example, when the user specifies the area near position (iii) shown in Fig. 10(b) and
performs spot photometry, it is possible to adjust the luminance at this position to near the (3) target
value by exposure correction. However, if shading correction is subsequently performed, the
luminance value near this location will further increase, so the luminance is eventually raised to the
output level of (4), and even the specified area has become overexposed.

[0067]

On the other hand, Fig. 10(c) is a diagram showing a schematic representation of the luminance
change when typical shading, in which the luminance distribution changes in concentric circles, is
performed on the observation image with exposure correction performed by the system shown in
Fig. 2, in which exposure correction control is performed based on the shading prediction result
according to this invention.

[0068]

In the system shown in Fig. 2, when the user first instructs to capture a background image, the image
data of the captured background image is passed to the luminance distribution detecting unit 43. The
difference value (Fig. 6) between the average luminance value of each rectangular area and the
average luminance value of the center area is calculated according to the distance from the image
center O as shown in Fig. 5, and then this difference value will be stored in the memory in the image
data correcting unit 44.

[0069]

After that, when the user instructs exposure correction, the image data obtained when the image data
correcting unit 44 adds the difference value shown in Fig. 6 to the observation image input from the
memory controller 42 according to the above equation (3) is passed to the AE evaluating unit 39.
This image data is the one shown in Fig. 7, in which a certain difference value is added in concentric
circles according to the distance from the center.

[0070]

When the function of the image data correcting unit 44 is explained according to Fig. 10(c), the
image data correcting unit 44 corrects the image data according to the shading prediction result
shown as A1V in the same figure by adding the difference value, and then outputs the luminance
correction value shown in the same figure (6), which is an approximate correction of the amount of
light of the observation image, to the AE evaluating unit 39. As a result, the AE evaluating unit 39
appropriately shifts the luminance distribution of the observation image to the vicinity of the target
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value shown as (5) in the same figure without setting the gain or exposure time, i.e., incorrectly
setting the exposure correction, which would cause the target value to be greatly exceeded due to
the impact of the decrease in amount of light in the peripheral areas of the observation image, so
even if the shading correction shown in A3V is applied to the exposure-corrected observation
image, it is possible to prevent that the observation image after shading correction is far above the
target value of (5) due to the increase in luminance of the light measurement area, resulting in
overexposure.

[0071]

Next, white balance correction control based on the shading prediction will be explained according
to Fig. 4.

In Fig. 4, the processing steps (S501 ~ S503) from the time when the user of this system instructs to
operate the input device 47 to capture a background image to the time when the luminance
distribution of the background image is sent to the PC 46 and stored in the storage unit inside the
PC 46 are the same as those in the above-mentioned exposure correction control, but the image data
is stored in the storage unit of the PC 46 for each color of RGB.

[0072]

Similar to the case of exposure correction control, the luminance distribution detecting unit 43
calculates the difference values, which are control values, for multiple areas along a straight line
from the image center O to the periphery (see Fig. 5) (S504) and then stores them in the memory of
the image data correcting unit 44 as table data for each color of RGB, as shown in Fig. 11 (S505).
[0073]

After this, when the memory controller 42 notifies via the I/F unit 45 that background photographing
has been completed (S506), the PC 46 which received this notification executes a process to return
the main photographing button 302, automatic exposure correcting button 303, and automatic white
balance correction button 304, which were disabled from being clicked on the image capture screen
displayed on the display unit 107, to the operable state.

[0074]

Next, when the user gives an instruction by operating an input device 47, such as a mouse, and
clicking on one of the positions on the automatic white balance correcting button 304 with a pointer
(not shown in the figure), to bring the observation specimen back into the field of view of the
observation image and perform white balance correction, the PC 46 gives instructions to the memory
controller 42 via the I/F unit 45 to execute the process of sending the image data in the specified
area 305 and the address indicating the image data from the frame memory 41 to the image data
correcting unit 44.

[0075]

The image data correcting unit 44 uses the above equation (3) as in the case of exposure correction
control, to add the difference values in the table data (Fig. 11) stored in its own memory to the
luminance value (input luminance value) of the pixel according to the address indicating the position
on the image of the pixel that constitutes the observation image, and the result of the adding
calculation (output luminance value) will be output to the white balance detecting unit 35.

[0076]

The white balance detecting unit 35 integrates the luminance values of the image data in the
specified area 305 sent from the image data correcting unit 44 for each color of RGB to calculate
the average luminance value for each color. Then, the ratio of R:G:B for this average luminance
value will be calculated. Here, in case the relationship R:G:B = 1:1:1 is not established about the
average luminance value, and it is determined that the white balance is out of balance, in order to
set this ratio to R:G:B = 1:1:1, the white balance detecting unit 35 will output the gain value to the
WB gain setting unit 34, which should be set to the WB variable gain amplifier 33.

[0077]

For example, if the luminance average value described above is (R,G,B) = (200,180,180), then the
white balance detecting unit 35 outputs (R gain, B gain, G gain) = (1,200/180,200/180) =
(1.0,1.1,1.1) to the WB gain setting unit 34.

[0078]

The WB gain setting unit 34 sets the gain value received from the white balance detecting unit 35
to the WB variable gain amplifier 33.

In this way, the white balance correction process, which is controlled based on the shading
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prediction result, is performed, and then the white balance corrected observation image will be input
to the PC 46 via the frame memory 41 (S507).

[0079]

Here, when the user of this system gives an instruction by operating the input device 47 such as a
mouse, and clicking any position on the main photographing button 302 with a pointer (not shown
in the figure) to capture and record the observation image, the PC 46 acquires the image data stored
in the frame memory 41 at that time via the I/F unit 45, and then executes the process of calculating
the aforementioned equation (5) separately for each color based on the background image data in
the memory for each pixel of the acquired image data, to perform shading correction.

[0080]

By executing the calculation in equation (5), as shown in Fig. 9, as a result of adding the difference
value (A 1V in Fig. 8(a)) between the central part luminance average value of the background image
and the luminance distribution by each color of the background image to the luminance distribution
by each color of the observation image (A2 'V in Fig. 8(b)) for each pixel, the luminance levels of
the pixels on the periphery of the observation image are raised relative to the central part of the
observation image, and shading can be properly corrected (A1 ¥+ A2V in Fig. 8(c)).

[0081]

The PC 46 performs the process of storing in the storage unit in the PC 46 (S508) the image data
after white balance correction and shading correction are properly performed in this way, and then
terminates the image capturing operation (S509).

Next, the effect of exposure correction control based on the shading prediction result according to
this invention will be explained using Fig. 12, Fig. 13, and Fig. 14.

[0082]

Fig. 12 shows an example of luminance distribution of a background image in which color shading
has occurred.

As can be seen when referring to the same figure, the G and B colors have a similar luminance
distribution, while the R color has a larger drop in luminance at the periphery of the background
image than the GB colors.

[0083]

Fig. 13 is a diagram showing a schematic representation of the luminance change when the shading
shown in Fig. 12 is corrected for the observation image for which the white balance was corrected
by the system shown in the above-mentioned Fig. 9.

As mentioned above, the system in Fig. 9 does not have an image processing unit control unit 104,
and the image data of the specified area 305 in the observation image will be input directly from the
memory controller 42 to the white balance detecting unit 35 and the AE evaluating unit 39.
Therefore, in the system shown in Fig. 9, white balance correction control based on the shading
prediction result according to this invention will not be performed.

[0084]

First, let us consider a case in which the system user specifies the white balance correction for the
area near the center of the observation image (position (b) in Fig. 12). Since the white balance is
almost obtained at this position, the gain value set by the WB gain setting unit 34 to the WB variable
gain amplifier 33 will be (R gain,G gain,B gain) = (1,1,1).

[0085]

Next, consider the case in which the system user specifies the white balance correction for a
peripheral area of the observation image (e.g., position (a) in Fig. 12). If the luminance average
value at this position is (R,G,B) = (180,200,200), the gain value set by the WB gain setting unit 34
to the WB variable gain amplifier 33 will be (R gain,G gain,B gain) =(200/180,1,1) = (1.1,1.0,1.0).
With this setting, the area near the center of the observation image (position (b) in Fig. 12) will be
colored to red (see A1V in Fig. 13).

[0086]

Furthermore, when shading correction is applied to this captured image, it has increased the
luminance value of the R peripheral pixels, which causes the entire observation image to be colored
to red, not just the area around the center (sce A2V in Fig. 13).
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In contrast, Fig. 14 is a diagram showing a schematic representation of the luminance change when
the shading shown in Fig. 12 is corrected for the observation image for which the white balance was
corrected by the system of Fig. 2, in which white balance correction control is performed based on
the shading prediction result according to this invention.

[0087]

In the system shown in Fig. 2, when the user first instructs to capture a background image, the image
data of the captured background image is passed to the luminance distribution detecting unit 43. The
difference value (Fig. 6) between the average luminance value of each rectangular area and the
average luminance value of the center area is calculated by each color of RGB according to the
distance from the image center O, as shown in Fig. 11, in a manner similar to exposure correction
control, and then this difference value will be stored in the memory in the image data correcting unit
44,

[0088]

After that, when the user instructs white balance correction, the image data obtained when the image
data correcting unit 44 adds the difference value shown in Fig. 11 by each color of RGB to the
observation image input from the memory controller 42 according to the above equation (3) is
passed to the AE evaluating unit 39. This image data is the one shown in Fig. 7, in which a certain
difference value is added by each color of RGB in concentric circles according to the distance from
the center.

[0089]

In other words, by adding the difference values by each color of RGB, the image data correcting
unit 44 outputs the image data showing luminance distribution as shown in Fig. 14 to the white
balance detecting unit 35, which was approximately corrected for the decrease of amount of light in
the peripheral areas due to color shading as shown in Fig. 12.

[0090]

Therefore, no matter what area the user of this system specifies for white balance correction, the
color balance of the background image in the observation image data has been corrected to a constant
value regardless of the area, so it is possible to prevent color shading from coloring the observed
image with an undesired color.

[0091]

The above-explained embodiment can be summarized as follows. According to this embodiment,
because exposure correction and white balance correction are controlled based on the prediction
result of shading occurrence, by shading itself or by shading correction, it will be possible to prevent
overexposure and coloring to colors not desired by the system user.

[0092]

Hereafter, another embodiment that implements this invention will be explained. Moreover, in order
to distinguish it from the following embodiments, the embodiment of this invention described so far
will be referred to as the "the first embodiment."

First, the second embodiment of this invention will be explained. The characteristic of this
embodiment is the point that multiple patterns of shadings that are expected to occur are prepared
in advance and can be selected by the system user.

[0093]

The configuration of the microscope imaging system according to the second embodiment of this
invention is similar to that according to the first embodiment shown in Fig. 1 and Fig. 2, except the
difference that the display screen shown on the display unit 107 has a predicted pattern switching
button 1701 and a pattern display unit 1702. An example of this display screen is shown in Fig. 15.
[0094]

Whenever the user of the system gives an instruction by operating the input device 47 and clicking
any position on the predicted pattern switching button 1701 displayed on the display screen of the
display unit 107 with a pointer, which is not shown in Fig. 15, the PC 46 executes the process (S1801
to S1804) to switch the pattern displayed on the pattern display unit 1702, for example, in the
sequence shown in Fig. 16.

[0095]

Next, the operation of this microscope imaging system in the second embodiment will be explained.
Fig. 17 is a diagram showing a flow chart of the steps of photographing and recording the
observation image performed by the microscope imaging system in the second embodiment.
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Moreover, in the following explanation, the process performed by PC 46 can be realized by the CPU
of the PC 46 reading and executing the control program stored in the memory of the PC 46 in
advance.

[0096]

First, exposure correction control based on the shading prediction will be explained.

In a state in which the observation specimen is removed from the field of view of the observation
image, when the user of the system gives an instruction by operating the input device 47 and clicking
any position on the background photographing button 301 displayed on the display screen of display
unit 107 (Fig. 15) with a pointer (not shown in the figure), the execution of the procedure shown in
Fig. 17 is started, the AE variable gain amplifier 37 and the WB variable gain amplifier 33 are set
to "1," which is the initial value of gain, and the image capture operation of the background image
is performed, then the image data and address data of one frame of the background image are stored
in the storage unit of the PC 46. On the other hand, the operation until this data is output to the
luminance distribution detecting unit 43 and the image data correcting unit 44 (operation from
S1501 to S1503) is similar to the operation in the first embodiment (operation from S501 to S503
in Fig. 4).

[0097]

Based on the received image data and address data, the luminance distribution detecting unit 43
calculates the luminance average value of the center rectangular area (s1) of the background image,
as shown in Fig. 18, and each of the multiple rectangular areas along the horizontal line or vertical
line passing through the area, 17 rectangular areas (sl to s17) in the example shown in Fig. 18.
These calculated image luminance average values are stored in the memory (not shown in the figure)
of the image data correcting unit 44,

[0098]

Next, about the rectangular areas (s2 to s17) excluding rectangular area s1 among the rectangular
areas described above, the image data correcting unit 44 calculates the difference value of the
luminance average value between the rectangular areas (s2 to s17) and the rectangular area sl
(S1504), and then stores the calculated difference value in the same way in the memory of the image
data correcting unit 44 (S1505). This difference value can be used as the control value for exposure
correction control based on the shading prediction result.

[0099]

By the above data processing, similarly to the first embodiment, the data in the table shown in Fig.
6 will be stored in the memory of the image data correcting unit 44.

After this, the memory controller 42 notifies the PC 46 via the I/F unit 45 that photographing of the
background image has been completed (S1506).

The PC 46 which received this notification executes a process to return the main photographing
button 302, automatic exposure correcting button 303, and automatic white balance correction
button 304, which were disabled from being clicked on the image capture screen displayed on the
display unit 107, to the operable state.

[0100]

Next, when the user of this system gives an instruction by operating an input device 47, such as a
mouse, and clicking on one of the positions on the automatic exposure correcting button 303 with a
pointer (not shown in the figure), to bring the observation specimen back into the field of view of
the observation image and perform exposure correction, the PC 46 gives instructions to the memory
controller 42 via the I/F unit 45 to execute the process of sending the image data in the specified
area 305 and the address indicating the image data from the frame memory 41 to the image data
correcting unit 44. Moreover, at this time, the PC 46 also executes the process of sending the
information indicating the current display content of the predicted pattern of the shading in the
pattern display unit 1702 of the display unit 107 (the current display content switched by the
switching procedure shown in Fig. 16) to the image data correcting unit 44.

[0101]

The image data correcting unit 44 reads the information on the shading prediction pattern sent from
the PC 46 (S1507) and then sends the image data corrected according to this information to the AE
evaluating unit 39.

For example, when the shading prediction pattern information indicates OFF (S1801 in Fig. 16), the
image data correcting unit 44 outputs the image data to the AE evaluating unit 39 without any
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modification to the input image data.

[0102]

In addition, when this predicted pattern information is pattern 1 (S1802 in Fig. 16), assuming that
the same pattern (the shading prediction pattern shown in Fig. 7) as the first embodiment already
explained above is selected, the image data correcting unit 44 performs a calculation using the
equation (3) described above, i.e., a calculation that adds the aforementioned difference value to the
input luminance value based on the distance between the center position and the position of each
pixel in the image represented by the input image data, and then outputs the obtained output
luminance value to the AE evaluating unit 39.

[0103]

In addition, when the predicted pattern information is pattern 2 (S1803 in Fig. 16), the image data
correcting unit 44 determines which of the multiple areas (hl to h9 in Fig. 19(a)) horizontally
separating the entire screen belongs to the horizontal position of each pixel of the image represented
by the input image data, based on the address indicating the position of each pixel.

[0104]

Here, if the address indicating the location of the pixel is contained in one of hi(i=1,2,3, ..., 9), then
the image data correcting unit 44 performs a calculation by adding the difference value stored in the
memory of the image data correcting unit 44 shown in Fig. 6 at the position indicated by si to the
input image luminance value for that pixel, and then outputs the obtained output luminance value to
the AE evaluating unit 39.

[0105]

In addition, when the predicted pattern information is pattern 3 (S1804 in Fig. 16), the image data
correcting unit 44 determines which of the multiple areas (v1 and v10 to v17 in Fig. 19(v)) vertically
separating the entire screen belongs to the vertical position of each pixel of the image represented
by the input image data, based on the address indicating the position of each pixel.

[0106]

Here, if the address indicating the location of the pixel is contained in one of vi(i=1,10,11, ..., 17),
then the image data correcting unit 44 performs a calculation by adding the difference value stored
in the memory of the image data correcting unit 44 shown in Fig. 6 at the position indicated by si to
the input image luminance value for that pixel, and then outputs the obtained output luminance value
to the AE evaluating unit 39.

[0107]

In other words, when the operator switches and selects pattern 1 to 3, the image data correcting unit
44 corrects the image data using a different method, and when OFF is selected, the image data
correcting unit 44 will not correct the image data.

After this, the following processing steps (S1508 to S1510) are the same as those in the first
embodiment (S507~S509): after the AE setting unit 38 performed the settings for correction of the
exposure time and gain value for the image data in the specified area 305 based on the image data
sent from the image data correcting unit 44 to the AE evaluating unit 39, when the user of this
system gives an instruction by operating the input device 47 and clicking on one of the positions on
the main photographing button 302 with the pointer (not shown in the figure), the image data with
proper exposure correction is incorporated from the frame memory 41 to the PC 46 to perform
shading correction, and the image data after correction is stored in the storage unit in the PC 46 to
complete image capture.

[0108]

The effect of exposure correction control based on the shading prediction result according to the
second embodiment, which is realized in a manner as described above, will be explained using Fig.
20.

The occurrence of shading can be roughly classified into those caused by optical factors such as the
imaging lens, etc., and those caused by the imaging device itself, such as uneven sensitivity of the
imaging element with respect to the incident direction. A typical example of a shading pattern
caused by the former factor is known to be a concentric circle of light falloff from the center part to
the periphery of the image. Among the aforementioned patterns, it can be said that the shading
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patterns shown in Fig. 7 and Fig. 8(a) are exactly this pattern.

[0109]

On the other hand, a typical example of a shading pattern caused by the latter factor is known to be
one in which the luminance distribution changes along a certain direction, such as the horizontal
direction or vertical direction of the image, and the amount of light at the edge of the screen falls
off. The shading patterns shown in Fig. 19 and Fig. 20 are such patterns.

[0110]

In the first embodiment, if the falloff of the amount of light occurs in concentric circles, the image
data correcting unit 44 will output the corrected luminance value of the peripheral area to the AE
evaluating unit 39 according to the patterns in concentric circles. As a result, the AE setting unit 38
will calculate the setting value for exposure correction based on the luminance value that is
approximately uniform across the entire screen, so it is possible to avoid the problem that the area
around the center of the image is too bright, or the area specified by the system user for photometry
is too bright due to subsequent shading correction.

[0111]

However, in the event that light falloff occurs in the horizontal direction, for example, when the
image data input to the AE evaluating unit 39 is modified using the method of the first embodiment,
the luminance average value will increase because the luminance value on the right side of the screen
has also been increased. If this happens, the exposure correction setting is considered to lower the
amount of light, and as a result, there is a risk that the observation image may have become darker.
[0112]

In the second embodiment, if the user selects pattern 1 when the falloff of the amount of light has
occurred in the horizontal direction and then instructs exposure correction, similarly to the first
embodiment, the set value for exposure compensation is calculated with a value obtained by
modifying the luminance value of the peripheral areas according to the patterns in concentric circles,
so the observed image has become dark.

[0113]

However, even in such a case, in the second embodiment, if the user instructs the system to perform
exposure correction after switching to the selection of pattern 2, even if the luminance of the image
has decreased in the horizontal direction (A in Fig. 20(a)), the AE setting unit 38 calculates the
setting value for exposure correction based on the luminance distribution (B in the same figure),
which is approximately corrected to the luminance near the center of the image, so it is possible to
prevent the captured and recorded observation images becoming dark.

[0114]

In addition, if the user selects pattern 1 when falloff of the amount of light has occurred in the
vertical direction and then instructs exposure correction, similarly to the first embodiment, the set
value for exposure compensation is calculated with a value obtained by modifying the luminance
value of the peripheral areas according to the patterns in concentric circles, so the observed image
has become dark.

[0115]

However, even in such a case, in the second embodiment, if the user instructs the system to perform
exposure correction after switching to the selection of pattern 3, even if the luminance of the image
has decreased in the vertical direction (C in Fig. 20(b)), the AE setting unit 38 calculates the setting
value for exposure correction based on the luminance distribution (D in the same figure), which is
approximately corrected to the luminance near the center of the image, so it is possible to prevent
the captured and recorded observation images becoming dark.

[0116]

Next, control of white balance correction based on the shading prediction according to the second
embodiment will be explained.

The processing steps of the white balance correction control are the same as those of the
abovementioned exposure correction control (Fig. 17), so a detailed explanation is omitted. The
difference is that all the luminance values of each pixel in the image data are acquired for each RGB
color and the value of the corrected luminance distribution for each of them is sent from the image
data correcting unit 44 to the white balance detecting unit 35.

[0117]

The effect of white balance correction control based on the shading prediction result according to
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the second embodiment will be explained using Fig. 21.

If the background image has a luminance distribution as shown in Fig. 21, i.e., the luminance distribution
of the R color is lower than that of the GB colors, and further the luminance distribution of the R color is
also lower on the right side of the horizontal direction, when the luminance distribution of each RGB
color is corrected by the method according to the first embodiment, the luminance of the periphery is
raised equally in concentric circles, so the luminance distribution A' of R has been modified to C'.

In this state, for example, if the S5 area near the left edge of the image is specified and white balance
correction is specified, the luminance values of each color of RGB are almost equal within that area, so
the RGB gain values have become almost the same. Therefore, even if the background color of cyan,
which has a smaller R than GB, is set to be white, the white balance cannot be properly corrected.
[0118]

On the other hand, in the second embodiment, if the user selects pattern 1 and then instructs white balance
correction, similarly to the first embodiment, white balance correction cannot be properly performed.
However, if the user selects pattern 2 and then instructs white balance correction, the luminance
distribution of the image data for detecting the white balance is corrected to be almost uniform in the
horizontal direction (B' in Fig. 21), so the gain is set to increase the luminance of the R color, and the
background color can be appropriately corrected to white.

[0119]

In addition, if the luminance distribution is changing vertically, then if the user selects pattern 3 and then
instructs white balance correction, similarly, the background color will be appropriately corrected to
white.

In this way, according to the second embodiment, since exposure correction and white balance correction
are performed based on image data for which the insufficient light amount in the periphery was corrected
using a shading prediction pattern selected by the user, observation images with appropriate brightness
and color balance can be obtained even if the shading state differs depending on the observation state.
[0120]

Next, the third embodiment of this invention will be explained. The characteristic of this embodiment is
that for all pixels obtained from the image data for the background image, the luminance correction value
of each pixel, which is the control value, and the address indicating its location on the image are stored
in memory in the system in advance, and exposure correction and white balance correction are performed
on the corrected image data in pixel units.

[0121]

The configuration of the microscope imaging system according to the third embodiment of this invention
is the same as that according to the first embodiment shown in Fig. 1 and Fig. 2, so a detailed explanation
is omitted. In the microscope imaging system according to the third embodiment, the operation of the
image processing unit control unit 104 is different from that according to the first embodiment.

[0122]

In a state in which the observation specimen is removed from the field of view of the observation image,
when the user of the system gives an instruction by operating the input device 47 and clicking any position
on the background photographing button 301 displayed on the display screen of display unit 107 with a
pointer, the AE variable gain amplifier 37 and the WB variable gain amplifier 33 are set to "1," which is
the initial value of gain and the image capture operation of the background image is performed, and then
the image data and address data of one frame of the background image are stored in the storage unit of
the PC 46. On the other hand, the operation until these data are output to the luminance distribution
detecting unit 43 and the image data correcting unit 44 is similar to the operation in the first embodiment
(the operation from S501 to S503 in Fig. 4).

[0123]

The luminance distribution detecting unit 43 calculates the luminance average value of the center
rectangular area S of the background image as shown in Fig. 22 based on the received image data and
address data, and further calculates the difference value between the luminance value of each pixel and
the luminance value of the center area S by referring to the address data (corresponding to S504 in Fig.
4). The calculated difference data for all pixels is stored in the memory (not shown in the figure) of the
image data correcting unit 44 (corresponding to S505 in Fig. 4). This difference value is used as the
control value for exposure correction control and white balance correction control based on the shading
prediction result.

[0124]

By the above data processing, the difference data corresponding to each pixel for all pixels in the image
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data, as shown in Fig. 23, will be stored in the memory of the image data correcting unit 44.

After this, the memory controller 42 notifies the PC 46 via the I/F unit 45 that the photographing of
the background image has been completed (corresponding to S506 in Fig. 4).

The PC 46 which received this notification executes a process to return the main photographing
button 302, automatic exposure correcting button 303, and automatic white balance correction
button 304, which were disabled from being clicked on the image capture screen displayed on the
display unit 107, to the operable state.

[0125]

Next, when the user of this system gives an instruction by operating an input device 47, such as a
mouse, and clicking on one of the positions on the automatic exposure correcting button 303 with a
pointer, to bring the observation specimen back into the field of view of the observation image and
perform exposure correction, the PC 46 gives instructions to the memory controller 42 via the I/F
unit 45 to execute the process of sending the image data in the specified area 305 and the address
indicating the image data from the frame memory 41 to the image data correcting unit 44.

[0126]

The image data correcting unit 44 compares the address (X,Y) sent from the memory controller 42
with the address stored in its own memory, adds the difference value stored in the matching address
to the luminance value of the pixel corresponding to that address, and then outputs the added result
to the AE evaluating unit 39.

[0127]

After this, the following steps are the same as the first embodiment. After the AE setting unit 38
received the luminance integration value of the specified area 305 from the AE evaluating unit 39,
calculated the exposure gain and exposure time, and set them to the AE variable gain amplifier 37
and the CCD driving unit 48, the system user instructs to capture the image, and then the
photographing and recording of image data are completed.

[0128]

In addition, the operation of each unit of the system when the system user instructs white balance
correction is almost the same as the operation when the user instructs exposure correction as
described above, so the details are omitted. The difference is that the luminance distribution
detecting unit 43 acquires and processes the luminance distribution of the image data by each color
of RGB, and inputs the image data with the corrected luminance distribution for each of them to the
white balance detecting unit 35.

[0129]

The effect of exposure correction control and white balance correction control based on the shading
prediction results according to the third embodiment, which can be realized in a manner as described
above, will be explained using Fig. 24.

In case the background image has a random luminance distribution, as shown in Fig. 24, even if the
luminance distribution of image data is modified in concentric circles as in the first embodiment, or
if the luminance value is modified assuming a luminance distribution that varies in a constant
direction as in the second embodiment, the modified luminance value will become different for each
site.

[0130]

In contrast, in the system according to the third embodiment, exposure correction and white balance
correction are performed based on the image data, which is obtained by adding the difference
between the luminance average value near the center of the image and the luminance value of the
background image in pixel units for all pixels that make up the image, and which was modified so
that the luminance value of the background image is uniform across the entire image.

[0131]

Therefore, even if the luminance distribution of the background image shows no regularity and is
completely random, exposure correction can be performed appropriately.

In addition, even if the background image has a random luminance distribution for each color of
RGB, the white balance is corrected based on the image data corrected to a uniform luminance
distribution for the entire image, so the white balance can be corrected uniformly without changing
the color balance depending on the area specified by the system user for the observation image.
[0132]

Moreover, in the first, second, and third embodiments described above, a control program was
created to make the CPU of a computer having the standard configuration as described above
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perform various processes that were performed by each component of the image processing unit 103
and the image processing unit control unit 104 of the microscope imaging system shown in Fig. 1
and Fig. 2, and the created control program is recorded in advance in a storage medium that can be
read by this computer; if the control program is read from the storage medium into this computer
and executed by the CPU, exposure correction control or white balance correction control based on
the shading prediction according to this invention can be performed by this computer.

[0133]

As a storage medium that enables the computer to read the recorded control program, for example,
storage devices such as ROM and hard disk devices provided as built-in or external attached devices
to computers, and portable storage media such as flexible disks, MO (magneto-optical disks), CD-
ROM, DVD-ROM, etc., can be used.

[0134]

In addition, the storage medium may be a storage device provided by a computer acting as a program
server, connected to the computer system via a communication line. In this case, a transmission
signal obtained by modulating a carrier wave with a data signal expressing the control program is
transmitted from the program server to the computer system via a communication line, which is the
transmission medium, and the computer system demodulates the received transmission signals and
regenerates the control program to make it possible to execute this control program on the CPU.
[0135]

Moreover, this invention is not limited to the embodiments described above, and various
improvements and modifications are possible within the scope that does not depart from the main
idea of this invention.

For example, in the first embodiment described above, the center position of the pattern in concentric
circles may be movable when calculating the difference value of the luminance, which is the control
value, and in order to do so, an appropriate offset value may be added to the address that indicates
the position of each pixel in the image. In addition, in the first and second embodiments, the shape
of the area used for calculating the difference value of luminance, which is the control value, is not
limited to a rectangle, but can be transformed into any shape. In addition, its size can also be changed
arbitrarily. By doing so, not only can the method of this invention be applied to a wide variety of
shadings, but also it is possible to improve the accuracy of exposure correction and provide exposure
correction processing and white balance correction processing that is more faithful to the intention
of the system user.

[0136]

[Effects of the invention]

As explained in detail above, this invention controls image processing to correct the exposure or
white balance of the object image in which the object is represented, based on the prediction result
of shading that is predicted to occur in the object image when this image processing is applied.
[0137]

By doing so, this invention has the effect of making it possible to provide an appropriate image that
achieved both shading correction and exposure correction or white balance correction.

[Brief description of the invention]

[Fig. 1] It is a diagram showing the schematic configuration of the microscope imaging system that
implements this invention.

[Fig. 2] It is a diagram showing the detailed configuration of the microscope imaging system that
implements this invention.

[Fig. 3] It is a diagram showing an example of the display of an observation image.

[Fig. 4] It is a diagram showing the processing steps of photographing and recording an observation
image.

[Fig. 5] It is a diagram showing the partial area set to the background image.

[Fig. 6] It is a diagram showing the data stored in the memory of the image data correcting unit (Part
1).

[Fig. 7] It is a diagram showing an example of the occurrence pattern of shading.

[Fig. 8] It is a diagram showing the look of shading correction.

[Fig. 9] It is a diagram showing the configuration of the imaging system for a microscope without
performing exposure correction control based on the shading prediction result.

[Fig. 10] It is a diagram showing the effect of exposure correction control based on the shading
prediction result according to this invention.
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[Fig. 11] It is a diagram showing the data stored in the memory of the image data correcting unit
(Part 2).

[Fig. 12] It is a diagram showing an example of luminance distribution of a background image in
which color shading occurs.

[Fig. 13] It is a diagram showing the luminance distribution of an uncontrolled white balance
correction based on the shading prediction result.

[Fig. 14] It is a diagram showing the luminance distribution when white balance correction is
performed with control based on the shading prediction result.

[Fig. 15] It is a diagram showing an example of the display of the observation image in the second
embodiment.

[Fig. 16] It is a diagram showing the switching steps of the shading prediction pattern.

[Fig. 17] It is a diagram showing the processing steps for photographing and recording the
observation image in the second embodiment.

[Fig. 18] It is a diagram showing the partial area set to the background image in the second
embodiment.

[Fig. 19] It is a diagram showing an example of a shading occurrence prediction pattern

[Fig. 20] It is a diagram illustrating the effect of exposure correction control based on the shading
prediction result according to the second embodiment.

[Fig. 21] It is a diagram illustrating the effect of white balance correction control based on the
shading prediction result according to the second embodiment.

[Fig. 22] It is a diagram showing the partial area set to the background image in the third
embodiment.

[Fig. 23] It is a diagram showing the data stored in the memory of the image data correcting unit
(Part 3).

[Fig. 24] It is a diagram illustrating the effect of the control according to the third embodiment.
[Description of the reference numerals]

1: microscope

: optical system for transmissive observation

: optical system for vertical illumination observation

: light source for transmissive illumination

: collector lens

: filter unit for light transmission

: transmissive visual field diaphragm

9: bendable mirror

10, 11: condenser optical element unit

12: top lens unit

13: light source for vertical illumination

14: filter unit for vertical illumination

15: vertical illumination shutter

16: vertical illumination visual field diaphragm

17: vertical illumination aperture diaphragm

18: stage

19: objective lens

20: revolver

21: cube unit

22: beam splitter

31: imaging element

32: front processing unit

33: WB variable gain amplifier

34: WB gain setting unit

35: white balance detecting unit

37: AE variable gain amplifier

38: AE setting unit

39: AE evaluating unit

41: frame memory

42: memory controller

43: luminance distribution detecting unit

0 3 O\ L AW



44.
45:
46:
47:
48:
49:

102:
103:
104:
106:
107:
301:
302:
303:
304:
305:
306:

170

image data correcting unit

I/F unit

PC

input device

CCD driving unit

A/D converting unit

image capture unit

image processing unit

image processing unit control unit
image control unit

display unit

background photographing button
main photographing button
automatic exposure correcting button
automatic white balance correction button
specified area

specimen image

1: predicted pattern switching button

1702: pattern display unit

[Fig. 1]

Diagram showing a schematic configuration of the microscope imaging

system that implements this invention.
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[Fig. 2]

Diagram showing the detailed configuration of the microscope imaging
system that implements this invention.




[Fig. 3]

Diagram showing an example of the display of an observation image.
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[Fig. 5]

Diagram showing the partial area set to the background image.
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[Fig. 6]

Diagram showing the data stored in the memory of the image data
correcting unit (Part 1).
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[Fig. 4]

Diagram showing the processing steps of photographing and recording an
observation image.
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[Fig. 7]

Diagram showing an example of the occurrence pattern of shading.
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24)

[Fig. 9]

[Fig. 8]

Diagram showing the configuration of the imaging system for microscope

Diagram showing the look of shading correction.

without performing exposure correction control based on the shading
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prediction result.
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[Fig. 11]

[Fig. 10]

Diagram showing the data stored in the memory of the image data

Diagram showing the effect of exposure correction control based on the

correcting unit (Part 2).

shading prediction result according to this invention.
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[Fig. 12] [Fig. 13]
Diagram showing an example of luminance distribution of a background Diagram showing the luminance distribution of an uncontrolled white
image in which color shading occurs. balance correction based on the shading prediction result.
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[Fig. 14] [Fig. 15]
Diagram showing the luminance distribution when white balance Diagram showing an example of the display of the observation image in
correction is performed with control based on the shading prediction result. the second embodiment.
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[Fig. 16] [Fig. 17]

Diagram showing the switching steps of the shading prediction pattern. Diagram showing the processing steps for photographing and recording the
observation image in the second embodiment.
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[Fig. 18] [Fig. 19]

Diagram showing the partial area set to the background image in the Diagram showing an example of an occurrence predicted pattern of
second embodiment. shading.
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[Fig. 20] [Fig. 21]
Diagram illustrating the effect of exposure correction control based on the ~ Diagram illustrating the effect of white balance correction control based on
shading prediction result according to the second embodiment. the shading prediction result according to the second embodiment.
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[Fig. 22] [Fig. 23]
Diagram showing the partial area set to the background image in the third Diagram showing the data stored in the memory of the image data
embodiment. correcting unit (Part 3).
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[Fig. 24]

Diagram illustrating the effect of the control according to the third
embodiment.
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