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(54) Information processing apparatus, method, and computer-readable medium

(57) In one example embodiment, an information
processing apparatus generates and causes a display
device to display a first thumbnail image which is asso-
ciated with annotation information. Using a size of the
first thumbnail image, the information processing appa-
ratus determines a display size of a first annotation which

corresponds to the annotation information. Using the de-
termined display size, the information processing appa-
ratus determines a second annotation. In one example
embodiment, the information processing apparatus
causes a display device to display the determined second
annotation overlapping the first thumbnail image.
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Description

CROSS REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority to Jap-
anese Patent Application No. JP 2009-272713, filed in
the Japanese Patent Office on November 30, 2009, the
entire contents of which is being incorporated herein by
reference.

BACKGROUND

[0002] In a field of medicine, pathology, or the like,
there has been proposed a system that digitizes an image
of a cell, a tissue, an organ, or the like of a living body,
that is obtained by an optical microscope, to examine the
tissue or the like by a doctor or a pathologist or diagnose
a patient based on the digitized image.
[0003] For example, Japanese Patent Application
Laid-open No. 2009-37250 (hereinafter, referred to as
Patent Document 1) discloses a method in which an im-
age optically obtained by a microscope is digitized by a
video camera with a CCD (charge coupled device), a
digital signal is input to a control computer system, and
the image is visualized on a monitor. A pathologist per-
forms examination while watching the image displayed
on the monitor (see, for example, paragraphs [0027] and
[0028] and Fig. 5 of Patent Document 1). Such a system
is generally referred to as a "virtual microscope".
[0004] Further, some virtual microscope systems are
capable of displaying lists of thumbnail images, which
are reduced-size images of original images (see, for ex-
ample, paragraph [0053] and Fig. 5G of Japanese Patent
Application Laid-open No. 2006-519443) (hereinafter, re-
ferred to as Patent Document 2). A user can select an
image to which the user pays attention based on the list
of the thumbnail images, to be displayed.
[0005] Meanwhile, in a case of displaying images for
especially pathological diagnosis, in many cases, shapes
of slide specimens from which the images are obtained
are similar to one another, and original images are ob-
tained from slides stained in a similar manner. Therefore,
at the time of displaying the list of thumbnail images, in
a case where the thumbnail images are reduced in size,
a larger number of thumbnail images can be displayed
on a list. However, in a case where the thumbnail images
are too much reduced in size, a user cannot recognize
the thumbnail images from one another.
[0006] Further, in a case where the size of the thumb-
nail image is smaller, a user cannot recognize a portion
in the thumbnail image in which the user is interested.
Specifically, in the field of pathological diagnosis, al-
though the size of the original image is extremely large
(several tens of Kpixel x several tens of Kpixel), an area
having pathological characteristics in which a user such
as a pathologist is interested is sometimes extremely
smaller than the original image (for example, several
thousands of pixel x several thousands of pixel).

[0007] Therefore, displaying a larger number of thumb-
nail images on a list and visibility is in a relationship of
trade-off. So it is required that thumbnail images be re-
sizable as necessary.
[0008] Meanwhile, some virtual microscope systems
have an annotation function. In the annotation function,
with regard to a portion in which a user is interested, for
example, a portion which may have a disorder, position
information and metadata such as character information
are input, and the position information and the metadata
such as character information are displayed on an orig-
inal image in an overlapped manner. By applying the an-
notation function to the list of thumbnail images, even if
the size of the thumbnail images is small, a user can
recognize the portion in which a user is interested.
[0009] However, in the case where the position infor-
mation and the character information are displayed on
the list of thumbnail images through the annotation func-
tion, too much information is displayed on a display
screen, and visibility of each thumbnail image may be
adversely affected. In such a case, the intended purpose
of a list of thumbnail images, that is, selection of a desired
thumbnail image by a user, cannot be achieved.
[0010] In view of the above-mentioned circumstances,
it is desirable to provide an information processing ap-
paratus, an information processing method, and a pro-
gram therefor capable of resizing a thumbnail image of
an image obtained by a microscope and capable of
changing display modes of metadata displayed together
with the thumbnail image without adversely affecting vis-
ibility of the thumbnail image.

SUMMARY

[0011] The present disclosure relates to an information
processing apparatus, an information processing meth-
od, and a program therefor for controlling display of an
image obtained by a microscope in a field of medicine,
pathology, biology, materials science, or the like.
[0012] Various respective aspects and features of the
invention are defined in the appended claims.
[0013] In one example embodiment, an information
processing apparatus includes a processor, and a mem-
ory device operatively coupled to the processor, the
memory device storing instructions that cause the proc-
essor, in cooperation with the memory device, to: (a) gen-
erate and cause a display device to display a first thumb-
nail image which is associated with annotation informa-
tion, the first thumbnail image having a size; (b) using
the size of the first thumbnail image, determine a display
size of a first annotation which corresponds to the anno-
tation information; (c) using the determined display size,
determine a second annotation; and (d) cause a display
device to display the determined second annotation over-
lapping the first thumbnail image.
[0014] In one example embodiment, the thumbnail im-
age is associated with a section of biological tissue.
[0015] In one example embodiment, the generated
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thumbnail image is selected from images observed by a
microscope.
[0016] In one example embodiment, the determined
second annotation is selected from a plurality of annota-
tions which correspond to the thumbnail image.
[0017] In one example embodiment, the information
processing apparatus includes an input device is opera-
tively coupled to the processor. In one example embod-
iment, the instructions cause the processor to operate
with the input device to enable a user to input the anno-
tation information.
[0018] In one example embodiment, the instructions
cause the processor to determine whether the deter-
mined display size of the first annotation is smaller than
a threshold value. In one example embodiment, the in-
structions cause the processor to cause a display device
to display first annotation position information overlap-
ping the first thumbnail image in response to the deter-
mined display size of the first annotation being smaller
than the threshold value. In one example embodiment,
the instructions cause the processor to cause a display
device to display second annotation position information
and annotation character information overlapping the
thumbnail image in response to the determined display
size of the first annotation not being smaller than the
threshold value.
[0019] In one example embodiment, the instructions
cause the processor to operate with an input device to
enable a user to change the size of the thumbnail image.
In one example embodiment; in response to the size of
the thumbnail image being changed, for the changed size
of the thumbnail image, the instructions cause the proc-
essor to repeat: (i) using the changed size of the first
thumbnail image, determine a display size of a first an-
notation which corresponds to the annotation informa-
tion; (ii) using the determined display size, determine a
second annotation; and (iii) cause a display device to
display the determined second annotation overlapping
the first thumbnail image.
[0020] In one example embodiment, the displayed first
thumbnail image is associated with first annotation char-
acter information. In this example embodiment, the in-
structions cause the processor to generate and cause
the display device to display a second thumbnail image.
The second thumbnail image is associated with second
annotation character information. In one example em-
bodiment, the first thumbnail image and the second
thumbnail image are generated from a plurality of thumb-
nail images associated with a plurality of annotation char-
acter information.
[0021] In one example embodiment, the instructions
cause the processor to operate with an input device to
enable a user to filter a display of the plurality of thumbnail
images based on the plurality of annotation character
information.
[0022] In one example embodiment, the instructions
cause the processor to cause a display device to display
the first thumbnail image as a slide image in response to

a first request. For the displayed slide image, the instruc-
tions cause the processor to operate with an input device
to enable a user to perform at least one of a zoom oper-
ation and a movement operation. In one example em-
bodiment, in response to a second request, the instruc-
tions cause the processor to cause a display device to
display the slide image as a second thumbnail image. In
this example embodiment, the displayed second thumb-
nail image indicates the performed at least one zoom
operation and movement operation.
[0023] In one example embodiment, a method of op-
erating an information processing apparatus including in-
structions includes: (a) causing a processor to execute
the instructions to generate a first thumbnail image which
is associated with annotation information, the first thumb-
nail image having a size; (b) causing the processor to
execute the instructions to, using the size of the first
thumbnail image, determine a display size of a first an-
notation which corresponds to the annotation informa-
tion; (c) causing the processor to execute the instructions
to, using the determined display size, determine a second
annotation; and (d) causing a display device to display
the determined second annotation overlapping the first
thumbnail image.
[0024] In one example embodiment, a computer-read-
able medium stores instructions structured to cause an
information processing apparatus to: (a) generate and
cause a display device to display a first thumbnail image
which is associated with annotation information, the first
thumbnail image having a size; (b) using the size of the
first thumbnail image, determine a display size of a first
annotation which corresponds to the annotation informa-
tion; (c) using the determined display size, determine a
second annotation; and (d) cause a display device to
display the determined second annotation overlapping
the first thumbnail image.
[0025] As described above, according to the example
embodiments, it is possible to resize a thumbnail image
of an image obtained by a microscope and to change
display modes of metadata displayed together with the
thumbnail image without adversely affecting visibility of
the thumbnail image.
[0026] Additional features and advantages are de-
scribed herein, and will be apparent from the following
Detailed Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0027] Fig. 1 is a block diagram showing the structure
of an example information processing system including
at least an information processing apparatus according
to an example embodiment of the present disclosure.
[0028] Fig. 2 is a diagram showing an example image
pyramid structure for explaining the display principle ac-
cording to an example embodiment of the present dis-
closure.
[0029] Fig. 3 is a diagram for explaining an example
procedure at a time when the image group of the image
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pyramid structure of Fig. 2 is generated.
[0030] Fig. 4 is a diagram showing an example of a
thumbnail list view screen according to an example em-
bodiment of the present disclosure.
[0031] Fig. 5 is a diagram showing an example of a
slide view screen according to an example embodiment
of the present disclosure.
[0032] Fig. 6 is a flowchart showing an example thumb-
nail display processing of the PC according to an example
embodiment of the present disclosure.
[0033] Figs. 7A and 7B are diagrams showing an ex-
ample resizing process of a thumbnail image according
to an example embodiment of the present disclosure.
[0034] Figs. 8A and 8B are diagrams showing an ex-
ample filtering processing of a thumbnail image based
on a character string according to an example embodi-
ment of the present disclosure.
[0035] Fig. 9 is a flowchart showing an example re-
flecting process of the operation history of the PC to the
thumbnail image according to an example embodiment
of the present disclosure.
[0036] Figs. 10A, 10B, 10C and 10D are diagrams
showing an example reflecting process of the operation
history to the thumbnail image.

DETAILED DESCRIPTION

[0037] Hereinafter, example embodiments of the
present disclosure will be described with reference to the
drawings.
[0038] [Structure of an example information process-
ing apparatus]
[0039] Fig. 1 is a block diagram showing the structure
of an information processing system including at least an
information processing apparatus according to an exam-
ple embodiment of the present disclosure. As the infor-
mation processing apparatus, a PC (personal computer)
100 is used, for example.
[0040] The PC 100 includes a CPU (central processing
unit) 101, a ROM (read only memory) 102, a RAM (ran-
dom access memory) 103, an input and output interface
(hereinafter, abbreviated as I/O interface) 105, and a bus
104 that connects those components with one another.
[0041] The CPU 101 arbitrarily accesses the RAM 103
and the like as necessary, and controls the overall blocks
of the PC 100 while performing various arithmetic
processing. The ROM 102 is a non-volatile memory
which fixedly stores an OS executed by the CPU 101 or
firmware such as a program or various parameters. The
RAM 103 is used as a work area and the like of the CPU
101, and temporarily stores an OS, various running pro-
grams, and various data during processing.
[0042] To the I/O interface 105, a display unit 106, an
input unit 107, a storage unit 108, a communication unit
109, a drive unit 110, and the like are connected.
[0043] The display unit 106 is a display device that
uses liquid crystal, EL (electroluminescence), a CRT
(cathode ray tube), or the like. The display unit 106 may

be stored in the PC 100 or may be externally connected
to the PC 100.
[0044] The input unit 107 is, for example, a pointing
device, a keyboard, a touch panel, or another operation
apparatus. In the case where the input unit 107 includes
a touch panel, the touch panel may be integrated with
the display unit 106.
[0045] The storage unit 108 is a non-volatile memory
such as an HDD (hard disk drive), a flash memory, and
another solid-state memory. The storage unit 108 stores
images obtained by an optical microscope (described lat-
er) and the like. Further, the storage unit 108 may store
metadata such as annotation information and character-
istic data(described later).
[0046] The drive unit 110 is a device capable of driving
a removable recording medium 111 such as an optical
recording medium, a floppy (registered trademark) disk,
a magnetic recording tape, and a flash memory. In con-
trast, the storage unit 108 is often used as a device that
is previously included in the PC 100 and mainly drives a
recording medium that is not removable.
[0047] The communication unit 109 is a modem, a rout-
er, or another communication apparatus that is connect-
able to a LAN (local area network), a WAN (wide area
network), or the like and is used for communicating with
another device. The communication unit 109 may per-
form either one of a wired communication or a wireless
communication. The communication unit 109 is used
separately from the PC 100 in many cases.
[0048] Next, a description will be given on an image
that is obtained by an optical microscope (not shown)
and is mainly stored in the storage unit 108 of the PC
100 and on a principle of displaying the image. Fig. 2 is
a diagram showing an example image pyramid structure
for explaining the display principle.
[0049] As shown in Fig. 2, images treated in this ex-
ample embodiment form a pyramid structure (image pyr-
amid structure 50). The image pyramid structure 50 is an
image group generated at a plurality of resolutions with
respect to one image obtained from one observation tar-
get object 15 (see, Fig. 3) by an optical microscope. In
this example embodiment, each image forming the image
group is referred to as a "whole image". On a lowermost
part of the image pyramid structure 50, a largest whole
image is disposed, and on an uppermost part thereof, a
smallest whole image is disposed. A resolution of the
largest whole image is 50 x 50 (Kpixel: kilopixel) or 40 x
60 (Kpixel), for example. A resolution of the smallest
whole image is 256 x 256 (pixel) or 256 x 512 (pixel), for
example. Each whole image is, for example, an image
compressed in JPEG format, but not limited to this.
[0050] The PC 100 arbitrarily extracts an image of a
portion corresponding to a predetermined display range
of the display unit 106 (hereinafter, referred to as "partial
image") out of each whole image included in the image
pyramid structure 50, reads the partial image in the RAM
103, and outputs the partial image through the display
unit 106. Here, the display range of the display unit 106
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is represented by D in Fig. 2.
[0051] Fig. 3 is a diagram for explaining a procedure
at a time when the image group of the image pyramid
structure 50 is generated.
[0052] First, a digital image being an original image is
obtained at a predetermined observation magnification
by an optical microscope (not shown). The original image
corresponds to the largest whole image which is the low-
ermost image of the image pyramid structure 50 of Fig.
2. That is, the original image is the whole image of the
highest resolution. Accordingly, as the lowermost whole
image of the image pyramid structure 50, an image ob-
served at a relatively high magnification and obtained by
an optical microscope is used.
[0053] Note that, in the field of pathology, generally, a
matter obtained by slicing an organ, a tissue, or a cell of
a living body, or a part thereof is an observation target
object 15. Then, a scanner apparatus (not shown) having
a function of the optical microscope reads the observa-
tion target object 15 stored in a glass slide, to obtain a
digital image and store digital image obtained into the
scanner apparatus or another storage apparatus.
[0054] The scanner apparatus or a general-purpose
computer (not shown) generates, as shown in Fig. 3, from
the largest whole image obtained as described above, a
plurality of whole images whose resolutions are reduced
stepwise, and stores those images in unit of "tile" that is
a unit of a predetermined size, for example. The size of
one tile is 256 x 256 (pixel), for example. The image group
generated as described above forms the image pyramid
structure 50 such that a plurality of tiers are aligned in
the order of resolutions, a plurality of image pyramid
structures 50 are formed for each different observation
target object, and the storage unit 108 of the PC 100
stores the image pyramid structures 50. The PC 100 only
has to store the whole images whose resolutions are dif-
ferent with the whole images being associated with res-
olution information items, respectively. It should be noted
that the generating and storing the image pyramid struc-
ture 50 may be performed by the PC 100 shown in Fig. 1.
[0055] The PC 100 uses software that employs the
system of the image pyramid structure 50, to extract a
plurality of tiles corresponding to the display range D from
a whole image of an arbitrary resolution in the image
pyramid structure 50 in accordance with an input opera-
tion through the input unit 107 by a user. Then, the PC
100 reads the extracted tiles in the RAM 103, and, after
that, outputs the tiles as a partial image to the display
unit 106. Further, in a case where a move (scroll) oper-
ation is input with respect to the displayed partial image
by a user, the PC 100 moves (scrolls) the display range
D on a whole image from which the partial image is ex-
tracted, and extracts a plurality of tiles included in the
display range D having been moved to output the tiles.
Further, in a case where a zoom operation is input with
respect to the displayed partial image by a user, the PC
100 extracts a plurality of tiles corresponding to a wide-
range image or a narrow-range image of the partial image

from a whole image whose resolution (tier) is different
from a whole image from which the partial image is ex-
tracted, and outputs the extracted tiles as a new partial
image. That is, each whole image serves as a mipmap
image. With this operation, the user can get a feeling of
observing the observation target object 15 while chang-
ing the observation area and the observation magnifica-
tion. That is, the PC 100 functions as a virtual microscope.
A virtual observation magnification in this case corre-
sponds to a resolution in reality.
[0056] Herein, the display range D does not mean the
size of the largest display range of the display unit 106.
The display range D is the entire display range of the
display unit 106 or a part of the entire display range. The
display range D can be arbitrarily set through a setting
by a user. Further, the display range D corresponds to
an area of a plurality of rows x a plurality of columns of
the tiles. That is, the partial image is formed of a plurality
of tiles.
[0057] Further, in this example embodiment, in the im-
age pyramid structure 50, with respect to a partial image
extracted from a whole image of a predetermined reso-
lution, an image of a range same as the range of the
partial image is extracted from a whole image (whole
image in an upper tier) having a predetermined resolution
(reduction ratio) lower than the resolution of the whole
image, to generate a thumbnail image of the partial im-
age. Also, the PC 100 can display a list of thumbnail
images of a plurality of partial images of different obser-
vation target objects (described later).
[0058] Further, in this example embodiment, in a case
where the resolution (size) of the display range D is the
same as the resolution (size) of the whole image, the
whole image has a function same as the function of the
partial image. In this case, a thumbnail image is gener-
ated with respect to the whole image. That is, a partial
image may not correspond to a part of a whole image,
but may correspond to the entire whole image.
[0059] [Operation of an example information process-
ing apparatus]
[0060] Next, operations of the PC 100 as structured
above will be described. In the following description, a
partial image being an original image of a thumbnail im-
age before reducing the size is referred to as "slide im-
age" in contrast to the thumbnail image.
[0061] In this example embodiment, the PC 100 can
switch between a view to display a display range D of
one slide image (hereinafter, referred to as "slide view")
and a view to display a list of thumbnail images of a plu-
rality of slide images including the one slide image (here-
inafter, referred to as "thumbnail list view"). Fig. 4 is a
diagram showing an example of a thumbnail list view
screen. Fig. 5 is a diagram showing an example of a slide
view screen.
[0062] As shown in Fig. 4, on a thumbnail list view
screen 20, a plurality of thumbnail images 41 are dis-
played as a list of a plurality of rows x a plurality of col-
umns. Typically, upon activating an application for re-
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viewing a slide image in the PC 100, the thumbnail list
view screen 20 is displayed first. Below each thumbnail
image 41, a file name of the thumbnail image 41 is dis-
played, for example.
[0063] In the thumbnail images 41, the thumbnail im-
age 41 being selected is surrounded by a cursor 42. In
an upper-right end portion of the thumbnail list view
screen 20, an annotation button 44 and an annotation
input field 45 for executing annotation functions on a slide
view screen (described later) are displayed. Below the
annotation button 44 and the annotation input field 45, a
thumbnail resize slider 43 for specifying the size of (re-
sizing) each thumbnail image 41 on the thumbnail list
view screen 20 is displayed.
[0064] Further, in an upper-left portion of the list of the
thumbnail images 41, a filtering button 46 and a filtering
word input field 47 are displayed. The filtering button 46
is used to filter thumbnail images 41 to which an anno-
tation coincide with a character string input by a user is
added and to display the filtered thumbnail images 41.
The filtering word input field 47 is used to input the char-
acter string. Below the filtering button 46, a view switch
button 40 to switch between the thumbnail list view
screen 20 and the slide view screen is displayed.
[0065] Further, in this example embodiment, on the
thumbnail list view screen 20, a mark (tag) can be at-
tached to an arbitrary thumbnail image 41 by a user. On
the marked thumbnail image 41, a tag image 48 is dis-
played in an overlapped manner. The PC 100 can display
the tag images 48 with a plurality of different colors, re-
spectively. Further, the tag image 48 once attached can
be deleted by a user. In a left end portion of the thumbnail
list view screen 20, color select buttons 49 and a tag
delete button 54 are displayed. The color select buttons
49 are used to select colors of the tags out of four colors,
for example. Further, as well as attaching the tag image
48, a memo can be input by a user. Below the color select
buttons 49, a memo input field 56 to input the memo is
displayed. Further, above the color select buttons 49, an
image same as the thumbnail image 41 being selected
is displayed.
[0066] The PC 100 stores correspondence information
of the tag image 48 and the thumbnail image 41 in the
storage unit 108, and displays the tag image 48 on the
corresponding thumbnail image 41 after restarting an ap-
plication or the PC 100 of this example embodiment. As
a result, a user can always recognize the thumbnail im-
age 41 to which the user pays attention.
[0067] As shown in Fig. 5, on a slide view screen 30,
a slide image 51 being an original image of the thumbnail
image 41 is displayed. The slide view screen 30 is dis-
played in a case where the view switch button 40 is
clicked by a user while one thumbnail image 41 is sur-
rounded by the cursor 42 on the thumbnail list view
screen 20.
[0068] On the slide view screen 30, the display range
D of the slide image 51 can be moved or the slide image
51 can be zoomed in or out through a drag operation of

a mouse or a rotation operation of a wheel by a user.
Specifically, through the drag operation, the CPU 101
moves the display range D on a whole image of a specific
tier from which the slide image 51 being displayed is ex-
tracted, and generates and displays a new slide image
51 with tiles included in the display range D having been
moved. Further, through the zoom operation, the CPU
101 extracts a plurality of tiles included in a display range
D corresponding to a wide-range image or a narrow-
range image of the slide image 51 being displayed from
a whole image whose tier is different from a tier of a whole
image from which the slide image 51 being displayed is
extracted, and displays the extracted tiles as a new slide
image 51 .
[0069] Further, on the slide view screen 30, annotation
information being additional information with regard to
the slide image 51 being displayed can be input by a user
and displayed. In a case where an arbitrary position on
the slide image 51 is surrounded by a square or a circle
or is underlined by a user while the annotation button 44
is being clicked, the PC 100 displays the square, the cir-
cle, or the line as annotation position information 52. In
addition, in a case where an arbitrary character string is
input to the annotation input field 45 by a user, the PC
100 displays the character string as annotation character
information 53.
[0070] Next, a specific description will be given on a
thumbnail display processing by the PC 100. The
processing performed by the PC 100 described in the
following is implemented in cooperation with software
stored in the storage unit 108, the ROM 102, or the like
and hardware resource of the PC 100. Specifically, the
CPU 101 loads a program (application) structuring the
software stored in the storage unit 108, the ROM 102, or
the like on the RAM 103 and executes the program, to
thereby realize the following processing. Fig. 6 is a flow-
chart showing the thumbnail display processing. Figs. 7
are diagrams showing a resizing processing of a thumb-
nail image.
[0071] As shown in Fig. 6, upon activating an applica-
tion for viewing the slide image, the CPU 101 of the PC
100 inputs a size of a thumbnail image (Step 61). When
the application is activated first, a predetermined size is
assigned to the size of a thumbnail image.
[0072] When the size of a thumbnail image is input,
the CPU 101 determines tiles of an appropriate tier out
of the tiles in the image pyramid structure 50 in accord-
ance with the input size (resolution) (Step 62). Next, the
CPU 101 reads the determined tiles from the storage unit
108 in the RAM 103 (Step 63).
[0073] Next, the CPU 101 decodes the tiles read in the
RAM 103 and stores the decode result in a texture buffer
in the RAM 103 (Step 64). When decoding is finished,
the thumbnail image 41 is generated in the texture buffer.
[0074] When the thumbnail image 41 is generated as
a result of decoding of the tiles, the CPU 101 confirms if
there is an annotation in relation with the slide image 51
being an original image of the thumbnail image 41 or not
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(Step 65). Here, the "annotation" is the annotation posi-
tion information 52 and/or the annotation character infor-
mation 53.
[0075] In a case where there is no annotation in relation
with the slide image 51 (No in Step 65), the CPU 101
draws the texture and displays the thumbnail image 41
on the thumbnail list view screen 20 (Step 70).
[0076] In a case where there is an annotation in relation
with the slide image 51 (Yes in Step 65), the CPU 101
calculates a size of an annotation on the thumbnail image
41 corresponding to a size of the annotation on the orig-
inal image appropriate to a reduction ratio of the thumb-
nail image 41 (width or height of thumbnail image/width
or height of slide image being original image thereof)
(Step 66).
[0077] In a case where the size of the annotation on
the thumbnail image 41 obtained by the calculation is
smaller than a predetermined threshold (No in Step 67),
the CPU 101 displays a simplified-display annotation on
the thumbnail image 41 in an overlapped manner (Step
68). Then, the CPU 101 draws the texture and displays
the thumbnail image 41 compounded with the simplified-
display annotation on the thumbnail list view screen 20
(Step 70). In the simplified display, for example, the CPU
101 only displays a predetermined-sized dot on a position
of the annotation position information 52 and display no
annotation character information 53.
[0078] Referring back to the flowchart of Fig. 6, in a
case where the size of the annotation on the thumbnail
image 41 is equal to or larger than the predetermined
threshold (Yes in Step 67), the CPU 101 displays a de-
tailed-display annotation on the thumbnail image 41 in
an overlapped manner (Step 69). Then, the CPU 101
draws the texture and displays the thumbnail image 41
compounded with the detailed-display annotation on the
thumbnail list view screen 20 (Step 70). In the detailed
display, the CPU 101 displays the annotation position
information 52 and the annotation character information
53.
[0079] After that, each time the thumbnail size is
changed (Yes in Step 71), the CPU 101 repeats the
processing of Step 61 to Step 70. Further, in a case where
an order to finish the display processing is input by a
user, the CPU 101 finishes the display processing (Yes
in Step 72).
[0080] Specifically, as shown in Fig. 7A, in a case
where the thumbnail resize slider 43 is moved, for exam-
ple, from right to left by a user on the thumbnail list view
screen 20, each of the 3 rows x 3 columns of thumbnail
images 41 is reduced in size as shown in Fig. 7B and the
2 rows x 8 columns of thumbnail images 41 are displayed.
Further, Fig. 7B shows a case where the size of the re-
duced-size thumbnail image 41 is smaller than the pre-
determined threshold. That is, in Fig. 7A, the annotation
position information 52 and the annotation character in-
formation 53 are displayed on the thumbnail images 41a
and 41b as the annotation information. As a result of re-
ducing the size, as shown in Fig. 7B, only annotation dot

information 55 is displayed on the thumbnail images 41a
and 41b instead of the annotation position information
52 and the annotation character information 53.
[0081] As described above, in the case where the
thumbnail image 41 is reduced in size, only the annota-
tion dot information 55 showing the position of the anno-
tation is displayed out of the annotation. So the PC 100
can prevent visibility of the thumbnail image 41 itself from
being adversely affected caused by the annotation char-
acter information 53 overlapped with the reduced-size
thumbnail image. Specifically, in analyzing a pathological
diagnosis image, operations required to a diagnosis by
a pathologist is further facilitated. That is, the PC 100 is
capable of changing the size of the thumbnail image 41
and dynamically changing display modes of the annota-
tion information being metadata displayed in the over-
lapped manner, to thereby further facilitate the diagnosis
operation by a pathologist or the like. Further, the anno-
tation position information 52 of a square, a circle, or the
like is only displayed as a dot, so an arithmetic amount
of the CPU 101 is reduced.
[0082] As described above, in this example embodi-
ment, the CPU 101 can filter only the thumbnail images
41 including a predetermined character string as the an-
notation character information 53, and display only the
filtered thumbnail images 41 on the thumbnail list view
screen 20. Figs. 8 are diagrams showing the filtering
processing.
[0083] As shown in Fig. 8A, in a case where, for ex-
ample, a character string "Cancer" is input in the filtering
word input field 47 and the filtering button 46 is clicked,
the CPU 101 filters only the thumbnail images 41a and
41c having the character string "Cancer" as the annota-
tion character information 53, and displays only the
thumbnail images 41a and 41c on the thumbnail list view
screen 20. For example, in Fig. 8A, the thumbnail image
41b has the annotation character information 53 "To be
checked". As shown in Fig. 8B, after filtering, the thumb-
nail image 41b is not displayed.
[0084] Through this processing, a user can selectively
view only the thumbnail image 41 corresponding to a
desired character string. Further, in a case where the
size of the thumbnail image 41 is smaller than the pre-
determined threshold and the annotation character infor-
mation 53 is not displayed on the thumbnail image 41 in
the overlapped manner, a user can view the thumbnail
image 41 in relation with the input character string without
confirming the correspondence relationship between the
annotation character information 53 and the thumbnail
image 41.
[0085] As described above, in this example embodi-
ment, the PC 100 can switch between the thumbnail list
view screen 20 and the slide view screen 30 to be dis-
played. On the slide view screen 30, as described above,
the move operation and the zoom operation are capable
of being performed. In this example embodiment, the PC
100 can update the thumbnail image 41 on the thumbnail
list view screen 20 in a manner that history information
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of the move operation and the zoom operation is reflect-
ed. Hereinafter, a description will be given on an update
operation of the thumbnail image 41 using the operation
history information.
[0086] Fig. 9 is a flowchart showing an update process-
ing of the thumbnail image 41. Figs. 10 are diagrams
showing the update processing.
[0087] As shown in Fig. 9, the CPU 101 determines if
a switching operation to the thumbnail list view screen
20 is input or not on the slide view screen 30 (Step 91).
In a case where the switching operation is input (Yes in
Step 91), the CPU 101 stores a display position (position
in whole image) and a magnification ratio (tier of whole
image) of the slide image 51 being displayed in the RAM
103 (Step 92).
[0088] Then, the CPU 101 inputs the size of each
thumbnail image 41 in order to switch from the slide view
screen 30 to the thumbnail list view screen 20 (Step 93).
This size is a size assigned on the last thumbnail list view
screen 20, for example.
[0089] After that, the CPU 101 determines if an original
image of each thumbnail image 41 to be generated is the
slide image 51 displayed on the last slide view screen 30
or not (Step 94). In a case where the CPU 101 determines
the original image of the thumbnail image 41 is the image
displayed most recently (Yes in Step 94), the CPU 101
obtains a display position and a magnification ratio of the
slide image 51 on the slide view screen 30 from the RAM
103 (Step 95).
[0090] Next, the CPU 101 determines tiles to be used
for each of the thumbnail images 41 including the thumb-
nail image 41 of the slide image 51 viewed most recently
from the tile data in the image pyramid structure 50 based
on the size of the thumbnail image 41 and the display
position and the magnification ratio of the last slide image
51 (Step 96).
[0091] After the tiles to be used for the thumbnail im-
ages 41 are determined, similar to the processing of Step
63, Step 64, and Step 70 of Fig. 6, the CPU 101 reads
the tile data, decodes the read tile data, and displays the
decode result images as the thumbnail images 41 (Steps
97-99).
[0092] As shown in Figs. 10, with regard to the slide
image 51 corresponding to one thumbnail image 41 (Fig.
10A) selected on the thumbnail list view screen 20, a
zoom operation is performed on the slide view screen 30
(Fig. 10B to Fig. 10C). After that, in a case where the
slide view screen 30 is switched to the thumbnail list view
screen 20 (Fig. 10C to Fig. 10D), the CPU 101 reflects
the magnification ratio of the zoom operation to the
thumbnail image 41 corresponding to the slide image 51
and displays the thumbnail list view screen 20 (Fig. 10D).
[0093] According to the above-mentioned processing,
a user can easily understand which thumbnail image 41
on the thumbnail list view screen 20 after switching cor-
responds to the slide image 51 with respect to which an
operation is performed most recently.
[0094] [Modified Example]

[0095] It should be understood by those skilled in the
art that various modifications, combinations, sub-combi-
nations and alterations may occur depending on design
requirements and other factors insofar as they are within
the scope of the appended claims or the equivalents
thereof.
[0096] In the above-mentioned example embodiment,
as metadata of the slide image 51, the annotation infor-
mation is used and displayed on the thumbnail image 41
in the overlapped manner. However, as metadata instead
of the annotation information, characteristic identification
data for identifying characteristics of each of a plurality
of areas of the slide image 51 may be used. That is, the
PC 100 detects characteristics of each area of the slide
image 51 based on, for example, a frequency compo-
nent, a standard deviation, a contrast, an edge, and the
like of a clustering processing of the slide image 51, or
performs cluster processing with regard to each of the
characteristics, to thereby generate characteristic data
for each area. Then, the PC 100 may store the charac-
teristic identification data for identifying the characteristic
data in the RAM 103, and may display the characteristic
identification data on the thumbnail image 41 in an over-
lapped manner such that display modes of the charac-
teristic identification data are different in each character-
istic area. For example, the PC 100 makes brightness or
color of each area different from one another, to thereby
emphasize a specific area in the thumbnail image 41 and
distinguish each area from one another.
[0097] Further, the PC 100 may extract a partial range
having specific characteristics from the thumbnail image
41 in accordance with a position or a size of the range,
and may generate the extracted data as the thumbnail
image 41 to display the extracted data. Specifically, the
PC 100 extracts tiles corresponding to the specific range
from a whole image of an appropriate tier, decodes the
tiles, and displays the tiles as the thumbnail image 41.
[0098] With this processing, a user can recognize each
characteristic area of the original image of each thumb-
nail image 41 on the thumbnail list view screen 20 at a
glance. Specifically, in analyzing a pathological diagno-
sis image, a pathologist can view only the list of areas
required to a diagnosis. So operations required to a di-
agnosis is performed with higher efficiency. Further, in a
case where only the characteristic area is extracted and
displayed, a user can view the characteristic area at high-
er resolution, and a pathological diagnosis is performed
with higher efficiency.
[0099] In the above-mentioned example embodiment,
the mode is described in which the image data (tiles) that
forms the image pyramid structure 50 is stored in the
storage unit 108 of the PC 100. However, instead of the
PC 100, another computer or a server may store the im-
age data that forms the image pyramid structure 50, and
the PC 100 used by a user as a terminal apparatus may
access the computer or the server to receive the image
data. In this case, the PC 100 as the terminal apparatus
and the server or the like may be connected via a network
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such as a LAN and a WAN. In particular, the use of the
WAN can realize telepathology, telediagnosis, or the like.
[0100] In the above-mentioned example embodiment,
the thumbnail image 41 of each slide image 51 of different
observation target object 15 is generated, and the thumb-
nail images 41 are displayed as a list. Instead, a plurality
of thumbnail images 41 of one observation target object
15 whose position and magnification are different from
one another may be generated and displayed as a list.
In this case, similar to the above-mentioned example em-
bodiment, various processing to change a size of the
thumbnail image 41, to switch the view, and the like is
executed.
[0101] In so far as the embodiments of the invention
described above are implemented, at least in part, using
software-controlled data processing apparatus, it will be
appreciated that a computer program providing such soft-
ware control and a transmission, storage or other medi-
um by which such a computer program is provided are
envisaged as aspects of the present invention.
[0102] In the above, the mode is described in which,
as the original image of the image pyramid structure 50,
one original image is generated with respect to the one
observation target object 15. However, with respect to
the one observation target object 15, a plurality of original
images may be generated in the thickness direction of
the observation target object 15 which is a focus direction
of the optical microscope. This is called Z-stack, which
is a function to deal with the case where tissues or cells
may have different shapes also in the thickness direction
of the observation target object 15. The scanner appa-
ratus has the Z-stack function in many cases, and about
5 to 10 or 10 to 30 original images are generated. In this
case, thumbnails may be generated with respect to a
plurality of images at different focuses of one observation
target object, and the thumbnails may be displayed as a
list of thumbnail images similar to the above-mentioned
example embodiment. In this case, similar to the above-
mentioned example embodiment, various processing to
change a size of the thumbnail image 41, to switch the
view, and the like is executed.
[0103] The PC is used as the information processing
apparatus according to the above example embodiment,
but a dedicated information processing apparatus may
be used instead of the PC. Further, the information
processing apparatus is not limited to an apparatus that
implements the above-described information processing
in cooperation with the hardware resource and the soft-
ware. Dedicated hardware may implement the above-
described information processing.
[0104] It should be understood that various changes
and modifications to the presently preferred example em-
bodiments described herein will be apparent to those
skilled in the art. Such changes and modifications can
be made without departing from the scope and without
diminishing its intended advantages. It is therefore in-
tended that such changes and modifications be covered
by the appended claims.

Claims

1. An information processing apparatus comprising:

a processor; and
a memory device operatively coupled to the
processor, the memory device storing instruc-
tions that cause the processor, in cooperation
with the memory device, to:

(a) generate and cause a display device to
display a first thumbnail image which is as-
sociated with annotation information, the
first thumbnail image having a size;
(b) using the size of the first thumbnail im-
age, determine a display size of a first an-
notation which corresponds to the annota-
tion information;
(c) using the determined display size, de-
termine a second annotation; and
(d) cause a display device to display the de-
termined second annotation overlapping
the first thumbnail image.

2. The information processing apparatus of Claim 1,
wherein the thumbnail image is associated with a
section of biological tissue.

3. The information processing apparatus of Claim 1 or
2, wherein the generated thumbnail image is select-
ed from images observed by a microscope.

4. The information processing apparatus of any one of
the preceding claims, wherein the determined sec-
ond annotation is selected from a plurality of anno-
tations which correspond to the thumbnail image.

5. The information processing apparatus of any one of
the preceding claims, wherein:

(a) an input device is operatively coupled to the
processor; and
(b) the instructions, when executed by the proc-
essor, cause the processor to operate with the
input device to enable a user to input the anno-
tation information.

6. The information processing apparatus of any one of
the preceding claims, wherein the instructions, when
executed by the processor, cause the processor to:

(a) determine whether the determined display
size of the first annotation is smaller than a
threshold value;
(b) in response to the determined display size
of the first annotation being smaller than the
threshold value, display first annotation position
information overlapping the first thumbnail im-
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age; and
(c) in response to the determined display size
of the first annotation not being smaller than the
threshold value, display second annotation po-
sition information and annotation character in-
formation overlapping the thumbnail image.

7. The information processing apparatus of Claim 1,
wherein the instructions, when executed by the proc-
essor, cause the processor to:

(a) enable a user to change the size of the
thumbnail image; and
(b) in response to the size of the thumbnail image
being changed, for the changed size of the
thumbnail image, repeat (b) to (d).

8. The information processing apparatus of any one of
the preceding claims, wherein:

(a) the displayed first thumbnail image is asso-
ciated with first annotation character informa-
tion; and
(b) the instructions, when executed by the proc-
essor, cause the processor to generate and
cause the display device to display a second
thumbnail image, wherein the second thumbnail
image is associated with second annotation
character information, and wherein the first
thumbnail image and the second thumbnail im-
age are generated from a plurality of thumbnail
images associated with a plurality of annotation
character information.

9. The information processing apparatus of Claim 8,
wherein the instructions, when executed by the proc-
essor, cause the processor to enable a user to filter
a display of the plurality of thumbnail images based
on the plurality of annotation character information.

10. The information processing apparatus of any one of
the preceding claims, wherein the instructions, when
executed by the processor, cause the processor to:

(a) in response to a first request, display the first
thumbnail image as a slide image;
(b) for the displayed slide image, enable a user
to perform at least one of a zoom operation and
a movement operation; and
(c) in response to a second request, display the
slide image as a second thumbnail image,
wherein said displayed second thumbnail image
indicates the performed at least one zoom op-
eration and movement operation.

11. A method of operating an information processing ap-
paratus including instructions, the method compris-
ing:

(a) causing a processor to execute the instruc-
tions to generate a first thumbnail image which
is associated with annotation information, the
first thumbnail image having a size;
(b) causing the processor to execute the instruc-
tions to, using the size of the first thumbnail im-
age, determine a display size of a first annotation
which corresponds to the annotation informa-
tion;
(c) causing the processor to execute the instruc-
tions to, using the determined display size, de-
termine a second annotation; and
(d) causing a display device to display the de-
termined second annotation overlapping the first
thumbnail image.

12. A computer-readable medium storing instructions
structured to cause an information processing appa-
ratus to:

(a) generate and cause a display device to dis-
play a first thumbnail image which is associated
with annotation information, the first thumbnail
image having a size;
(b) using the size of the first thumbnail image,
determine a display size of a first annotation
which corresponds to the annotation informa-
tion;
(c) using the determined display size, determine
a second annotation; and
(d) cause a display device to display the deter-
mined second annotation overlapping the first
thumbnail image.
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