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Description
Title of Invention: INFORMATION PROCESSING APPARATUS,
INFORMATION PROCESSING METHOD, AND IN-

FORMATION PROCESSING PROGRAM
Technical Field

|0001]  The present disclosure relates to an information processing apparatus, an information
processing method, and an information processing program for controlling the display
of images obtained with microscopes 1n the field of medical care, pathology, biology,

material, or the like.

Background Art
10002 ] In the tield of medical care, pathology, or the like, there have been proposed systems

in which the images of the cells, tissues, organs, or the like of living bodies obtained
with optical microscopes are digitized and doctors, pathologists, or the like inspect the
tissues or the like or diagnose patients based on the digitized images.

[0003]  According to a method described in, e.g., Japanese Patent Application Laid-open No.
2009-37250, an 1mage optically obtained with a microscope 1s digitized by a video
camera having CCDs (Charge Coupled Devices) installed therein, and the digital signal
1s 1nput to a control computer system to visualize the image on a monitor. By viewing
the image displayed on the monitor, a pathologist makes an inspection or the like of the
image (see, €.g., paragraphs 0027 and 0028 ot Japanese Patent Application Laid-open
No. 2009-37250)

[0004]  In addition, as a method of preventing a pathologist from overlooking a pathological
image, technology for recording the observation history of the pathological image has

been open to the public (e.g., Japanese Patent Application Laid-open No.
2011-112523).

Citation List

Patent Literature
[0005] PTL 1: Japanese Patent Application Laid-open No. 2009-37250
PTL 2: Japanese Patent Application Laid-open No. 2011-112523

Summary

Technical Problem

[0006]  In general, the higher observation magnification, the narrower the observation region
of a microscope becomes relative to an entire target. For example, a pathologist often
observes a target with a microscope so as to scan the entirety ot the target and observes

part of the entirety with extremely high magnification to inspect the target. However, it
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[0007]

10008 ]

[0009]

[0010]

[0011]

[0012]

[0013]

10014]

[0013]

10016]

there 1s a disease 1n a region of the target not observed by the pathologist under the 1n-
spection, 1.e., if the pathologist overlooks the region under the inspection, a serious

problem may occur atterwards.
The present disclosure has been made in view of the above circumstances, and it 1s

theretore desirable to provide an information processing apparatus, an information
processing method, an information processing system, and an information processing
program allowing the user to avoid the risk of overlooking a target at observation with

a MICroscope.

Solution to Problem

According to an embodiment, an 1mage processing apparatus 1s provided comprising
a processor and a memory device storing instructions. When executed by the
processor, the instructions cause the processor to generate a trail 1image according to a
display time of at least one part of a pathological image in a display region.

In an 1image processing apparatus according to an embodiment, the trail image 1s
generated by a moditication associated with the pathological image according to the
display time.

In an 1mage processing apparatus according to an embodiment, the modification 1s
overlaying a mask image on the pathological image according to the display time.

In an 1mage processing apparatus according to an embodiment, the mask 1image 1s
semi-transparent.

In an 1mage processing apparatus according to an embodiment, a degree of the modi-
fication 1s based on a magnification of the at least one part of the pathological image
displayed in the display region.

In an 1image processing apparatus according to an embodiment, the degree 1s constant
as the display time increases when the magnitication is below a threshold. In an image
processing apparatus according to an embodiment, the degree increases as the display
time increases when the magnitication i1s above a threshold. In an 1mage processing
apparatus according to an embodiment, the degree 1s maintained at a maximum value
when the maximum value 1s reached. In an 1mage processing apparatus according to an
embodiment, the degree 1s increased stepwise based on the display time.

In an 1mage processing apparatus according to an embodiment, at least one of a
brightness of the mask 1image is increased based on the display time and a brightness ot
the pathological image 1s decreased based on the display time.

In n image processing apparatus according to an embodiment, the mask 1mage 1s
overlaid on the pathological image using alpha bending.

In an 1mage processing apparatus according to an embodiment, the instructions cause

the processor to acquire a display history including the display time of the at least one



3

CA 02869126 2014-095-30

WO 2014/010212 PCT/JP2013/004184

[0017]

[0013]

[0019]

10020]

[0021]

10022 ]

[0023]

10024]

[0025]

part of the pathological image.
In an 1image processing apparatus according to an embodiment, the instructions cause

the processor to control display of a thumbnail 1mage ot the trail image corresponding
to the display history.

In an 1mage processing apparatus according to an embodiment, the 1mage processing
apparatus further comprises an input unit configured to receive a user input.

In an embodiment, an 1image processing method 1s provided. The image processing
method comprising generating a trail image according to a display time ot at least one
part of a pathological image 1n a display region.

In an embodiment, a non-transitory computer readable storage medium storing a
computer program 1s provided. The computer program is for causing an image
processing apparatus to generate a trail image according to a display time of at least
one part ot a pathological image 1n a display region.

In an embodiment, an 1mage processing system 1s provided. The image processing
system comprises a processor and a memory device storing instructions. When
executed by the processor, the instructions cause the processor to generate a trail image
according to a display time of at least one part of a pathological image 1n a display
region.

In the 1mage processing system according to an embodiment, the 1mage processing
system turther comprises at least one of a scanner contigured to capture the
pathological image and a server configured to store the pathological image.

In an embodiment, an 1mage processing apparatus 1s provided comprising a
generation unit configured to generate a trail image according to a display time of at

least one part ot a pathological image in a display region.

Advantageous Effects of Invention

As described above, according to an embodiment of the present disclosure, it 1s
possible to allow the user to avoid the risk of overlooking a target at observation with a

MmiCroscope.

Brief Description of Drawings

[fig.1]F1g. 1 1s a diagram showing the typical use environment ot a viewer computer
500 according to an embodiment of the present disclosure.

[f1g.2]F1g. 2 1s a block diagram showing the hardware configuration of the viewer
computer 500 according to the embodiment of the present disclosure.

[f1g.3]F1g. 3 1s a diagram showing the tunction blocks of an 1mage management server
400.

[f1g.4]F1g. 4 1s a diagram showing the tunction blocks of the viewer computer S00.

[f1g.5]Fig. 5 1s a diagram showing an example of a viewer screen.
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10026]

10027 ]

10028]

[11g.6]F1g. 6 1s a sequence diagram for describing the flow of recording and re-
producing the history ot a screen display according to viewer operations.

[f1g.7]F1g. 7 1s a diagram showing a trail image in which an entire pathological image
and a display trail are combined together.

[f1g.8]Fig. 8 1s a diagram showing a state in which an entire pathological image A and
a mask 1image B ditferent from each other are superposed one on the other.

[f12.9]F1gs. 9A to 9C are graphs showing the increasing tendency of alpha values.
[f1g.10]F1g. 10 1s a graph showing a state in which the increasing rates ot the alpha
values are changed when a certain location 1s observed for a long period of time.
[fig.11]F1g. 11 1s a diagram showing an example in which recording 1s pertormed on a
mask 1image with a rectangle R corresponding to an observation region 62 rotated.
[f1g.12]F1g. 12 1s a tlowchart tfor describing the tlow ot processing tfor generating a trail
image.

[f1g.13]F1g. 13 1s a diagram showing processes 1in which the user causes a taken sample
SPL to be displayed in the observation region 62 to view the sample SPL.

[f1g.14]F1g. 14 1s a diagram showing an example in which the display processes shown
in Fig. 13 are recorded as a display trails on an entire pathological image inside a
thumbnail map 61.

[f1g.15]F1g. 15 1s a diagram showing an example of the trail image combined with the
mask 1image converted into a binary image.

[f1g.16]F1g. 16 1s a diagram showing an example of the screen of the list of display
histories provided to the user by a display history control unit 52.

Description of Embodiments

Hereinafter, a description will be given of the embodiment ot the present disclosure
with reference to the drawings.

<First Embodiment>

(Use Environment of Viewer Computer)

First, a description will be given of the overview of an environment in which a
pathologist diagnoses a virtual slide image (pathological image) taken trom a sample
with a microscope. The pathologist observes a pathological image using a viewer on a
viewer computer to diagnose the image. Fig. 1 1s a diagram showing the typical use en-
vironment of a viewer computer 500 according to the embodiment of the present
disclosure.

A scanner 100 including a microscope 10 and a scanner computer 20 1s installed in a
histological laboratory HL 1nside a hospital. A RAW 1mage taken with the microscope
10 1s subjected to 1image processing such as development processing, shading

processing, color balance correction, gamma correction, and 8-bit processing on the
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scanner computer 20. Then, the image 1s divided into the tiles of 256 ( 256 pixels and
converted into a JPEG (Joint Photographic Experts Group) image for compression.
After that, the 1mage 1s stored on a hard disk HD1.

10029]  Next, the JPEG 1mage stored on the hard disk HD 1 of the scanner computer 20 1s
uploaded to a hard disk HD2 on an 1image management server 400 of a data center DC
inside the same hospital via a network 300.

[0030]  In a pathological room PR inside the hospital or a building EX outside the hospital,
the pathologist as an observer uses a viewer computer 500 connected to the image
management server 400 via the network 300 to observe the JPEG 1image stored on the
hard disk HD2 of the image management server 400.

[0031]  In addition, by giving instructions to the viewer computer 500, the pathologist as an
observer 1s allowed to record as a display history a change in the display of the JPEG
image made by the pathologist at the observation ot the JPEG 1mage. The recorded
display history is sent to the image management server 400 via the network 300 and
stored there.

[0032]  Moreover, by giving instructions to the viewer computer 500, the pathologist is
allowed to call the display history stored on the 1mage management server 400 and
reproduce the previous observation of the JPEG image on the viewer.

[0033]  (Outline of Embodiment of Present Disclosure)

Next, a description will be given of the outline of the embodiment of the present
disclosure. From the past, it has been conducted to superpose and record trails obtained
by observing pathological images with the viewer computer 500 on the pathological
images as 1images. However, it has been desired to express locations and time at which
the pathologist has observed pathological images on the pathological 1mages as trails in
a more understandable manner.

10034]  In view of this, as a method ot recording trails according to the embodiment of the
present disclosure, the trails are recorded in such a manner that a transparent mask
image 1s superposed on an entire pathological image and the transparency of the mask
image 1s changed according to time and observation magnification at which a
pathologist displays specitfic areas. The locations of the trails are recorded (based on
the colors of the mask image) with a reduction in the transparency of the displayed
areas ot the pathological image, and the display time of the areas 1s expressed by the
reduction degree of the transparency (based on the density degrees ot the colors of the
mask 1mage).

[0035] By recording the trails in this manner, the observer 1s allowed to verity the
overlooking of the pathological image later and easily understand the locations and
time relevant to the observation of the pathological image.

[0036]  (Configuration of Viewer Computer 500)
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[0037]

10038}

[0039]

10040]

1004 1]

10042]

10043]

Next, a description will be given ot the hardware configuration of the viewer computer
500.

Fig. 2 1s a block diagram showing the hardware contiguration of the viewer computer
500 according to the embodiment of the present disclosure.

The viewer computer 500 includes a CPU (Central Processing Unit) 21 that performs
calculation control, a ROM (Read Only Memory) 22, a RAM (Random Access
Memory) 23 that serves as the work memory of the CPU 21, and an operation input
unit 24 (input unit) to which instructions according to the operations of the user are
input. In addition, the viewer computer 500 includes an interface unit 25, an output
unit 26 (display unit), a storage 27, a network interface unit 28, and a bus 29 that
connects these units to each other.

The ROM 22 stores therein a program used to execute various processing. The
interface unit 25 1s connected to a controller 30 and a camera 31. The controller 30
includes various buttons and a stick and 1s allowed to receive various inputs from the
user.

In addition, the controller 30 includes an acceleration sensor and a tilt sensor and 1s
allowed to receive instructions given when the controller 30 1s tilted or shaken by the
user. The camera 31 1s used to take a photograph ot the tace ot the user who observes a
pathological image with the viewer computer 500.

The network interface unit 28 1s connected to the network 300. As the output unit 26,
a liquid crystal display, an EL (Electro Luminescence) display, a plasma display, or the
like 1s used for image display, and a speaker or the like 1s used for audio output. As the
storage 27, a magnetic disk as represented by a HDD (Hard Disk Drive), a semi-
conductor memory, an optical disk, or the like 1s used.

The CPU 21 develops into the RAM 23 a program corresponding to instructions
given via the operation input unit 24 out of those stored in the ROM 22, the storage 27,
or the like and appropriately controls the output unit 26 and the storage 27 according to
the developed program.

The CPU 21 implements tunction blocks that will be described later. The CPU 21
executes the program stored 1in the ROM 22, the storage 27, or the like to control the
above units as occasion demands. Thus, the viewer computer 500 1s allowed to
implement the various function blocks and cause the above units to operate as the
viewer computer S00.

(Configuration of Image Management Server 400)

Next, a description will be given of the hardware configuration of the image
management server 400.

The hardware configuration ot the image management server 400 1s basically the

same as that of the viewer computer 500 except that the controller 30 and the camera
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10044 ]

100435]

10046]

10047 ]

10043]

[10049]

0050}

[0051]

31 are not connected to the intertace unit 25. For this reason, a detailed description of
the hardware configuration of the image management server 400 will be omitted.

(Function Blocks of Image Management Server 400)

Next, a description will be given of the tunction blocks of the image management
server 400. The first primary tunction of the image management server 400 1s to
provide a pathological image according to a request from the viewer computer S00.
The second primary tunction ot the image management server 400 1s to store display
histories received trom the viewer computer 500 and provide the same according to a
request tfrom the viewer computer 500.

The third primary tunction ot the image management server 400 1s to store a
comment (hereinatter reterred to as an annotation) on the specific area ot a
pathological image added by a pathologist on the viewer. Fig. 3 1s a diagram showing
the function blocks ot the image management server 400.

The image management server 400 includes the tunction blocks of an image storage
41, an 1mage providing section 42, a display history storage 43, and a display history
management unit 44,

The 1image storage 41 stores therein a pathological image divided into tiles and
compressed under JPEG. The stored pathological image is provided to the viewer
computer 500 via the 1image providing section 42 according to a request from the
viewer computer S00. In addition, an annotation on the pathological image added by
the user with the viewer on the viewer computer 500 1s also stored 1n the image storage
41.

The image providing section 42 obtains trom the image storage 41 the pathological
image corresponding to the 1image request sent from the viewer computer 500 via the
network 300 and sends the same to the viewer computer 500 via the network 300.

The display history storage 43 stores therein the display histories of the viewer
operated by the user on the viewer computer S00.

The display history management unit 44 obtains the display histories, which have
been recorded on the viewer computer 500 and temporarily put together, via the
network 300. Then, the display history management unit 44 stores the obtained display
histories 1n the display history storage 43. Further, upon receiving the display history
request trom the viewer computer 500, the display history management unit 44 obtains
the display history corresponding to the request trom the display history storage 43 and
sends the same to the viewer computer 500 via the network 300.

Note that since the image management server 400 and the viewer computer 500 build
a client/server system each other, the allocation of the functions between the client and
the server 1s a matter ot design choice. Theretore, the location at which the tunctions ot

the above function blocks are executed 1s not limited to the image management server
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400, but the functions may be executed on the viewer computer S00.

[0052]  (Function Blocks of Viewer Computer 500)

Next, a description will be given of the tunction blocks of the viewer computer S00.
The first primary function of the viewer computer 500 1s to receive operating 1n-
structions from the user as a pathologist, obtain a corresponding pathological image
from the 1mage management server 400, and shows the image to the user. The second
primary tunction of the viewer computer 500 is to express the display range and the
display time of a pathological image as trails on a pathological image and generate a
trail 1mage.

[0053]  The third primary function ot the viewer computer 500 1s to record the display of an
image corresponding to a viewer operation performed by the user to diagnose the
image and send the display histories of the image to the image management server 400
for storage. The fourth primary tunction of the viewer computer 500 1s to obtain a
display history stored in the 1mage management server 400 according to the request
from the user and reproduce the display of an 1image corresponding to an operation
performed by the user based on the display history.

[0054]  Fig. 4 1s a diagram showing the function blocks of the viewer computer 500.

[0055]  The viewer computer 500 includes the function blocks of an image obtaining section
51 (obtaining section), a display history control unit 52, and a trail image generating
section 53 (generating section).

[0056]  The image obtaining section 51 obtains a pathological image, which corresponds to
instructions given by the user as a pathologist via the operation input unit 24, from the
image management server 400 via the network 300 and provides the obtained
pathological image to the user via the output unit 26.

[0057]  According to instructions by the user, the display history control unit 52 records
changes in screen display corresponding to viewer operations pertormed by the user to
diagnose a pathological image. The changes in screen display are tirst recorded on the
RAM 23 or the storage 27 of the viewer computer S00. Then, according to instructions
for stopping the recording, the changes in screen display are put together and sent to
the image management server 400 as display histories for storage.

[0058]  In addition, in response to instructions by the user, the display history control unit 52
obtains a display history corresponding to the instructions from the image management
server 400 and provides the screen display of the viewer recorded on the obtained
display history to the user via the output unit 26.

[0059]  Moreover, the display history control unit 52 sends to the trail image generating
section 53 information indicating which area ot a pathological image has been
displayed on the viewer screen and information indicating how long the area of the

image has been displayed.
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[0060]

[10061]

10062]

10063 ]

10064]

[10065]

10066]

10067]

10068]

The trail 1mage generating section 53 obtains trom the display history control unit 52
location information indicating which area of a pathological image has been displayed
and time information indicating how long the area ot the image has been displayed,
and reduces the transparency of the pixels of a mask image. The details of the
reduction of transparency will be described 1n detail later.

(Viewer Screen)

Next, a description will be given of a viewer screen allowing the user to observe a
pathological image on the viewer computer 500. Fig. 5 1s a diagram showing an
example ot the viewer screen.

A viewer window 60 includes a thumbnail map 61 tor indicating which area of a
pathological image 1s being enlarged, an observation region 62 tor observing the
pathological image, and a display recording/reproducing GUI 63. The thumbnail map
61 includes the reduced image of the entire pathological image (hereinafter reterred to
as the entire pathological image) and a frame FR tor equivalently showing on the
thumbnail map 61 the range of the image being displayed inside the viewer window
60.

On the thumbnail map 61, the tframe FR may be moved in any direction by any
distance according to instructions by the user. Note that on the thumbnail map 61, the
frame may be moved by the drug operation of a mouse or the like.

The display recording/reproducing GUI 63 receives instructions for starting or
stopping the recording ot changes in the display screen according to viewer operations
performed by the user and sends the received instructions to the display history control
unit 52.

(Flow ot Recording and Reproducing Display of Viewer Screen)

Next, a description will be given of the tlow of recording and reproducing the history
of screen display according to viewer operations. Fig. 6 1s a sequence diagram for de-
scribing the tlow of recording and reproducing the history of the screen display
according to the viewer operations.

To begin with, a description will be given of the tlow ot recording a display history.
First, the user clicks the recording button of the display recording/reproducing GUI
63 to instruct the display history control unit 52 to start the recording of the display ot
the viewer (S1). Then, the user selects a pathological image to be observed from a list

of pathological images displayed on the viewer.

Upon recerving the instructions for starting the recording, the display history control
unit 52 periodically records changes 1in screen display accompanied by operations by
the user to change display locations and observation magnification on the viewer (S2).

With the changes 1n display range and observation magnitication by the user, the

image obtaining section 51 makes a request to the image management server 400 for a
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[0069]

10070]

[0071]

10072]

10073]

10074 ]

[0075]

10076]

10077]

corresponding tiled 1mage and obtains the image (S3).

The 1mage obtained from the 1mage management server 400 1s displayed on the
screen via the image obtaining section 51 (S4). At this time, the trail image generating
section 53 records the display range ot the pathological image in the observation
region 62 on the entire pathological image inside the thumbnail map 61, while
changing the transparency of a mask image according to the display time and the ob-
servation magnitication ot the pathological image.

The user continuously operates the viewer screen (S5), and the image obtaining
section 51 displays the pathological image on the viewer screen (56). Meanwhile, the
display history control unit 52 continuously records the statuses of the screen display
as display histories. In addition, the movement trails (including the areas and the time)
of the observation region 62 by the trail image generating section 53 are combined
with the entire pathological image inside the thumbnail map 61 to be generated as a
trail 1mage.

The user clicks the stopping button of the display recording/reproducing GUI 63 to
instruct the display history control unit 52 to stop the recording ot the viewer display
(S7). On this occasion, the recorded display history 1s given a name. Upon receiving
the 1nstructions for stopping the recording, the display history control unit 52 sends the
locally temporarily stored display history to the image management server 400 (S9).
The display history management unit 44 stores the received display history in the
display history storage 43.

The tlow of recording a display history 1s described above. Next, a description will
be given ot the tlow of reproducing a display history.

First, the user selects the name of a display history desired to be reproduced from a
list of display histories and clicks the reproducing button of the display recording/re-
producing GUI 63 to instruct the display history control unit 52 to reproduce the
display history. Note that the list ot display histories displays, besides the names ot the
display histories, trail images corresponding to the display histories as thumbnails.

In response to the instructions for reproducing the display history, the display history
control unit 52 makes a request to the display history management unit 44 ot the image
management server 400 for the display history specitied by the user and obtains the
display history from the image management server 400 (S10).

In addition, in response to the instructions tor reproducing the display history, the
image obtaining section 51 obtains an image to be displayed at reproduction from the
image storage 41 of the image management server 400 (S11).

Using the display history and the image thus obtained, the display history 1s re-
produced on the viewer screen (S12).

Last, when the user clicks the stopping button of the display recording/reproducing
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[0073]

[0079]

0080}

10081}

10082}

[0083]

GUI 63 to instruct the display history control unit 52 to stop the reproduction of the
display history (S13), the display history control unit 52 stops the reproduction of the
display history.

The tlow of reproducing a display history 1s described above.

(Alpha Values and Alpha Blending)

Next, a description will be given of the details ot the generation of a trail image.
First, a description will be given of alpha values and alpha blending used when a mask
image 1s superposed on an entire pathological image displayed within the thumbnail
map 61 to express a display trail.

The alpha values represent information items on transparency set in the pixels of
digital image data processed by a computer. In addition, the alpha blending represents
the combination of two 1mages using coetficients (alpha values). The two 1images
represent, 1n the case of the embodiment of the present disclosure, an entire
pathological image inside the thumbnail map 61 and a mask 1image set on the near side
of the entire pathological image.

Fig. 7 1s a diagram showing a trail 1mage in which an entire pathological image and a
display trail are combined together. Fig. 8 1s a diagram showing a state in which an
entire pathological image A and a mask image B ditferent from each other are su-
perposed one on the other.

As apparent from these tigures, the entire pathological image and the mask image are
different from each other. The trail image generating section 53 adjusts alpha values
expressing the transparency of the mask image to record a display trail on the mask
image. Then, the trail image generating section 53 combines the mask image having
the adjusted alpha values with the entire pathological image by the alpha blending to
generate a trail image.

The alpha values are integer values 1n the range of, e.g., zero to 2535. If the alpha
value of one pixel 1s zero, the pixel of the mask image becomes completely
transparent, resulting in the corresponding pixel of the entire pathological 1mage on the
rear side being completely transparent. It the alpha value 1s 128 or so, the corre-
sponding pixel of the mask 1image becomes semi-transparent and is colored (e.g., with
green). On this occasion, the color of the pixel of the entire pathological image on the
rear side 1s semi-transparent. If the alpha value 1s 2535, the corresponding pixel of the
mask 1image becomes completely opaque, resulting in the color of the entire
pathological image on the rear side being completely invisible.

According to the embodiment of the present disclosure, a display trail 1s recorded in
such a manner that a mask image 1s first made completely transparent, then alpha
values are increased with time at which an entire pathological image 1s displayed in the

observation region 62, and the transparency of the mask image 1s reduced to color the
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10084]

[0085]

[10086]

|0087]

0088}

mask 1image. Conversely, a display trail may be recorded in such a manner that the
transparency of a mask image is first set to 70% or so, alpha values are decreased with
time at which an entire pathological image 1s displayed in the observation region 62,
and the transparency ot the mask 1image 1s increased to decolor the mask image.

Note that since a mask 1mage 1s ditferent from an entire pathological image, it 1s also
possible to reset the recording of a trail with the restoration of all the alpha values to
ZETO.

(Method of Adding Alpha Values (Basics))

According to the embodiment of the present disclosure, redrawing is repeatedly
performed at a frame rate of, e.g., 60 tps as in the reproduction of moving pictures such
that at least part of a pathological image 1s displayed in the observation region 62. The
same applies to the display ot the thumbnail map 61. Under such conditions, in order
to continuously display, e.g., a certain range of the pathological image, it 1s assumed to
increase alpha values by one tor every frame. In this manner, the alpha values of the
pixels of a mask 1image corresponding to a location at which the pathological image 1s
displayed 1n the observation region become 60 as time (one second) elapses for 60
frames, resulting in the mask image being opaque by 23%.

It the display time elapses for tour seconds in this state, the alpha values reach 2535,
resulting in the mask image being completely opaque. In this case, since the entire
pathological image on the rear side 1s invisible, the user has a ditficulty in under-
standing which area ot the pathological image has been observed based on the
comparison between the shape of the entire pathological image and a display trail. In
order to address this problem, it 1s desirable to set ceilings on the alpha values. If the
ceilings ot the added alpha values are set to 180, the increase ot the alpha values 1s
stopped when the transparency of the mask image becomes 70% or so. Theretore, the
invisibility of the entire pathological image on the rear side 1s prevented.

Note that in the above example, the alpha values are increased by one tor every
frame. However, the alpha values may be increased by one for every, e.g., 30 seconds.
In this manner, 1t takes 90 minutes until the alpha values reach their ceilings, 1.e., 180.
Therefore, 1n a case 1n which the observation of a pathological image ftor a long period
of time 1s recorded, the transparency 1s made different depending on time whereby the
appropriate recording ot a display trail 1s allowed. In either case, the increasing rates ot
the alpha values may be set according to the typical length ot observation time.

(Method of Adding Alpha Values (Considering Observation Magnitication))

In the above configuration, the alpha values are increased unconditionally 1n a case 1n
which a certain range ot the pathological image 1s continuously displayed in the ob-
servation region 62. However, it is also assumed that the increasing rates ot the alpha

values are made different depending on observation magnification at which the
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pathological image 1s observed. It 1t 1s intended to express the observation frequency ot
a pathological image 1n proportion to the density of the color of a trail in a trail 1mage
(1n proportion to the opacity of a mask 1image), it 1s desirable to increase the opacity in
proportion to observation time at a certain area. Similarly, since higher observation
magnification represents detailed observation, it 1s desirable to increase the increasing
rates of the alpha values.

[0089]  If the observation magnification is set to, e.g., less than two times, the increasing
amounts of the alpha values per unit time are set to zero and no trail 1s recorded. If the
observation magnitication 1s set to two times or more and less than four times, the in-
creasing amounts of the alpha values per unit time are set to one. It the observation
magnification 1s set to four times or more, the increasing amounts of the alpha values
per unit time are set to two. With the above configuration, the recording of a display
trail 1s allowed considering the observation magnification.

[0090]  Figs. 9A to 9C are graphs showing the increasing tendency of the alpha values based
on the above contiguration. As shown in Fig. 9A, it the observation magnification is
set to less than two times, the alpha values remain zero regardless of the elapse ot time.
As shown 1n Fig. 9B, if the observation magnification 1s set to two times or more and
less than tour times, the alpha values are gently increased. As shown in Fig. 9C, it the
observation magnification 1s set to four times or more, the alpha values are rapidly
increased but are no longer increased after reaching their ceilings as described above.

[0091]  (Method of Adding Alpha Values (Considering Observation Time))

In the above contfiguration, the alpha values are monotonously increased when a
certain area 1s continuously observed. However, the observation of a certain area for a
long period of time indicates that the area 1s observed 1n detail in proportion to the
time. On this occasion, 1t 1s desirable to increase the increasing rates of the alpha
values.

[0092]  Fig. 10 1s a graph showing a state in which the increasing rates ot the alpha values
are changed when a certain area 1s observed for a long period of time. For example, the
alpha values are increased by n per unit time until time tl elapses atter observation 1s
started with a certain area displayed in the observation region 62. As the time tl
elapses, the increasing rates ot the alpha values are increased by 1.1 times to be 1.1 n.

[0093]  As time t2 elapses 1n a state in which the same area 1s continuously observed, the 1n-
creasing rates of the alpha values are increased by 1.2 times to be 1.2 n per unit time.
As described above, the value of n tluctuates according to the observation magni-
fication. When the image displayed in the observation region 62 1s moved, the 1n-
creasing rates of the alpha values are reset to n.

10094]  With the above contiguration, the trail of the observation of a certain area for a long

period of time may be emphatically recorded.
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[0101]
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(Recording Method for Rotation Display)

Next, a description will be given of a recording method 1n a case in which an image
1s rotated when part of the pathological image is displayed in the observation region
62. Basically, the alpha values of pixels in a rectangle region corresponding to the ob-
servation region 62 are only increased as in a case in which the 1image 1s not rotated.
However, 1n order to retlect the rotation, recording 1s pertormed on a mask 1image with
the rectangle corresponding to the observation region 62 rotated. Fig. 11 1s a diagram
showing an example in which recording i1s performed on a mask image with a rectangle
R corresponding to the observation region 62 rotated.

(Flow ot Generating Trail Image)

Next, a description will be given of the tlow of processing by the trail image
generating section 53 for generating a trail image. Fig. 12 1s a tlowchart tor describing
the flow of processing for generating a trail image. Note that since a trail image 1s
updated for every frame (one trame tor 60 seconds in the case of, e.g., 60 fps) as
described above, the processing of the tlowchart 1s also pertormed based on the timing
for every frame.

First, the trail image generating section 53 sets alpha values according to current ob-
servation magnitication (step ST1).

Next, the trail image generating section 53 determines whether certain time has
elapsed since the display ot a current image in the observation region 62 and increases
the alpha values if the certain time has elapsed (step ST2).

Then, according to the range of the image displayed in the observation region 62, the
trail image generating section 53 sets the range of a rectangle to change the alpha
values on a mask 1mage (step ST3).

Next, the trail image generating section 33 records the rectangle as a trail on the
mask 1mage (step ST4). Here, recording 1s performed in such a manner that the
increase of the alpha values set in step ST1 or ST2 1s added to the alpha values of
target pixels on the mask image. Aftter the recording, the rectangle indicating the range
of the observation region 62 1s displayed on an entire pathological image on the
thumbnail map 61 by the color of the mask 1mage.

Then, the trail image generating section 53 determines whether a request for resetting
display trails has been received from the operation input unit 24 and deletes, if the
request has been received (Yes 1n step STJ), all the trails on the thumbnail map 61
(step ST6). In this case, the trail image generating section 53 resets the alpha values of
all the pixels of the mask image to their initial values to delete all the trails.

The tlow of the processing for generating a trail image by the trail image generating
section 53 1s described above.

(Actual Example of Trail Image)
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Next, a description will be given of an actual example of a trail image generated by the
trail image generating section 53 on the thumbnail map 61.

In the tollowing, a description will be first given of an example in which the user
observes a pathological image with the allocation of time. Then, a description will be
given of an example in which trails corresponding to the observation are displayed
according to the densities ot colors.

Fig. 13 1s a diagram showing processes in which the user causes a taken sample SPL
to be displayed 1n the observation region 62 to view the sample SPL. Fig. 14 1s a
diagram showing an example in which the display processes are recorded as display
trails on an entire pathological image inside the thumbnail map 61.

A description will be given, with reference to Fig. 13, of a manner as to how the user
causes the pathological image to be displayed 1n the observation region 62.

First, the user causes the range of an upper part D1 of the sample SPL to be displayed
as a partial image 1n the observation region 62 at an observation magnitication ot 1.25
times to observe the range for eight seconds. Note that the center of the display range
D1 1s placed at coordinates (x1, y1).

Next, the user causes the display range ot the partial image to be changed from D1 to
D2 to observe the display range D2 for 20 seconds. The center ot the display range D2
of the partial image 1s placed at coordinates (X2, y2).

Then, the user enlarges the observation magnitication from 1.25 times to 20 times
and causes the display range D3 ot the partial image to be displayed to observe the
display range D3 for 35 seconds. On this occasion, the center of the partial image
remains at the coordinates (x2, y2).

Next, the user causes the display range D3 of the partial image to be moved to the
display range D4 to observe the display range D4 tor 40 seconds. The center of the
partial image is placed at coordinates (x3, y3).

Then, the user enlarges the observation magnitication from 20 times to 40 times and
causes the display range D5 of the partial image to be displayed to observe the display
range D3 tor two minutes. On this occasion, the center of the partial image remains at
the coordinates (x3, y3).

In the same manner as the above, the user changes the observation magnitication and
the observation time to pertorm the observation.

Next, a description will be given, with reterence to Fig. 14, ot an example ot
recording the display trails of the above observation processes.

The trails T1, T2, T7, and the like 1n which the partial image has been observed at
low magnitication for a short period of time are recorded using light colors such that
they have high transparency. Conversely, the trails TS, T9, T10, and the like are

expressed using the densest colors such that their opaque degrees are the highest. In
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[0121]

particular, since the trail TS and the like are expressed using the cumulated densities of
the color of the trail T2, the color of the trail T4, and the original color of the trail T3,
they are recorded using the extremely dense colors.

(Application (Display with Threshold))

Next, a description will be given of an example of setting a threshold 1n a trail image
and displaying the trail image.

As described above, the alpha values of a mask image are consecutive values
gradually increased from zero. Theretore, when displayed on a trail image, the mask
image are expressed by the gradation of colors, resulting 1n a difficulty in dis-
criminating which area of the 1image has been observed by an observer.

In view of this, 1n a state in which a certain threshold 1s set in advance, the alpha
values are maximized such that the mask image becomes completely opaque it the
alpha values are the threshold value or more. On the other hand, the alpha values are
minimized such that the mask image becomes completely transparent if the alpha
values are less than the threshold. Thus, the mask image i1s converted from an image
having the gradation ot colors to a binary image, thereby making it possible to fa-
cilitate the discrimination between observed areas and unobserved areas.

Note that 1n the above description, the alpha values are maximized such that the trails
become completely opaque. However, it may also be possible to set the alpha values to
values smaller than the maximum values as their maximum values.

Fig. 15 1s a diagram showing an example of the trail image combined with the mask
image converted 1nto the binary image. Since the trails T3, T4, T5, T6, T9, T10, and
the like are expressed using opaque colors, it 1s possible to quickly understand which
parts of the image have been frequently observed.

(Application (Using Thumbnail of Trail Image))

Next, when the user selects a display history desired to be reproduced from among
those stored in the 1mage management server 400, it 1s assumed as an application of a
trail 1mage that the trail image may be used as the thumbnail ot each display history
displayed 1n a list.

Fig. 16 1s a diagram showing an example of the screen of the list of display histories
provided to the user by the display history control unit 52. Each row represents one
display history and displays the thumbnail of a trail image, the name ot a display
history, and recording time from the left side thereof.

In this example, it 1s worthy of note that the locations of trails are indicated inside the
thumbnails. It the thumbnails are not available, the user has a ditficulty in searching
for a desired display history based on a corresponding display history name and
recording time. Conversely, if the thumbnails of trail images are available, the user 1s

allowed to quickly understand the correspondence relationship between a display
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history and an observation location ot a pathological image.

|0122]  In order to use the trail images having the observed areas ot the pathological image
recorded thereon as the thumbnails at the provision of the list of the display histories as
described above, it 1s usetul to store the trail images as the attribute information items
of the display histories so as to be associated.

[0123]  (Other Configurations of Present Disclosure)

Additionally, the present technology may also be configured as below.

(1)

An 1mage processing apparatus comprising a processor; and a memory device storing
instructions which when executed by the processor, causes the processor to: generate a
trail image according to a display time of at least one part of a pathological image 1n a
display region.

(2)

The 1image processing apparatus according to (1), wherein the trail 1mage 1s generated
by a moditication associated with the pathological image according to the display time.

(3)

The 1image processing apparatus according to (2), wherein the modification 1s
changing a brightness ot the pathological image according to the display time.

(4)

The 1image processing apparatus according to (2), wherein the moditication is
overlaying a mask image on the pathological image according to the display time.

(5)

The image processing apparatus according to (2), wherein a degree of the modi-
fication 1s based on a magnification of the at least one part of the pathological image
displayed 1n the display region.

(6)

The 1mage processing apparatus according to (5), wherein the degree 1s constant as
the display time increases when the magnification 1s below a threshold.

(7)

The 1mage processing apparatus according to (5) or (6), wherein the degree increases
as the display time increases when the magnitication is above a threshold.

(5)

The 1mage processing apparatus according to (5), (6), or (7), wherein the degree is
maintained at a maximum value when the maximum value 1s reached.

9)

The 1image processing apparatus according to (5), (6), (7), or (8), wherein the degree

1s increased stepwise based on the display time.

(10)
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The 1image processing apparatus according to (4), wherein at least one ot a brightness
of the mask 1mage 1s increased based on the display time and a brightness of the
pathological 1image 1s decreased based on the display time.

(11)

The image processing apparatus according to (4) or (10), wherein the mask 1image 1s
overlaid on the pathological image using alpha bending.

(12)

The 1image processing apparatus according to (1), (2), (3), (4), (5), (6), (7), (8), (9),
(10), or (11), wherein the 1nstructions cause the processor to:

acquire a display history including the display time of the at least one part ot the
pathological 1image.

(13)

The 1mage processing apparatus according to (12), wherein the instructions cause the
processor to control display ot a thumbnail image of the trail image corresponding to
the display history.

(14)

The 1image processing apparatus according to (1), (2), (3), (4), (5), (6), (7), (8), (9),
(10), (11), (12), or (13), turther comprising an input unit configured to receive a user
input.

(15)

An 1mage processing method comprising generating a trail image according to a
display time of at least one part of a pathological image 1n a display region.

(16)

A non-transitory computer readable storage medium storing a computer program tor
causing an 1mage processing apparatus to generate a trail image according to a display
time of at least one part of a pathological image in a display region.

(17)

An 1mage processing system comprising a processor; and a memory device storing 1n-
structions which when executed by the processor, causes the processor to generate a
trail image according to a display time of at least one part of a pathological i1mage 1n a
display region.

(18)

The 1image processing system according to (17), further comprising a scanner
configured to capture the pathological image.

(19)

The 1image processing system according to Claim 17, further comprising a server

configured to store the pathological image.

(20)
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A 1mage processing apparatus comprising a generation unit configured to generate a
trail image according to a display time of at least one part of a pathological image 1n a
display region.

(21)

The 1image processing apparatus according to (3), wherein the mask 1image 1s semi-
transparent.

(22)

An 1information processing apparatus, including:

an obtaining section configured to obtain a pathological image;

a display unit configured to display at least part ot the obtained pathological image as a
partial display region;

an input unit configured to receive instructions tor moving the partial display region
from a user; and

a generating section contigured

to generate at a fixed time period a combination 1image 1in which a value corresponding
to a length of display time ot the partial display region i1s provided for each location ot
all pixels 1n the displayed partial display region, and

to cumulatively combine the combination image with the pathological image to
generate a trail image indicating a trail of a movement of a range displayed as the
partial display region.

(23) The information processing apparatus according to (22), in which

the generating section 1s configured to correct the value corresponding to the length ot
the display time of the range according to a degree of observation magnitication and
generate the combination 1mage at the fixed time period.

(24) The information processing apparatus according to (22) or (23), in which

the generating section 1s configured to increase, if the display range of the partial
display region 1s tixed, a brightness value of a trail color expressing the trail of the trail
image tor each location of all the pixels in the displayed partial display region with an
increase 1n the display time to decrease a brightness value ot the pathological image.
(25) The information processing apparatus according to (24), in which

the generating section 1s configured to gradually increase an increasing rate of the
brightness value of the trail color if the display range of the partial display region 1s
fixed and the display time exceeds given time.

(26) The information processing apparatus according to (24) or (25), in which, for each
location of all the pixels of the trail image,

the generating section 1s configured

to express a color of each of the pixels of the trail image only with the trail color if the

brightness value of the trail color 1s a given threshold or more and,
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to express the color of each of the pixels of the trail image only with a color of the
pathological image if the brightness value 1s less than the threshold.

(27) The information processing apparatus according to any one of (22) to (26), 1n
which

the generating section 1s conftigured

to use an alpha value as the value, and

to use alpha blending as a combination method for each of the pixels.

(28) The information processing apparatus according to any one ot (22) to (27), 1n
which

the generating section 1s configured to add the trail image as a thumbnail to a display
history in which at least location information on the partial display region in the
pathological image 1s periodically recorded in association with the display time of the
partial display region.

(29) An information processing method, including:

obtaining a pathological image, by an obtaining section;

displaying at least part ot the obtained pathological image as a partial display region,
by a display unit;

receiving instructions for moving the partial display region from a user, by an input
unit; and

generating at a fixed time period a combination 1mage 1n which a value corresponding
to a length of display time of the partial display region 1s provided for each location of
all pixels 1n the displayed partial display region and cumulatively combining the com-
bination 1image with the pathological image to generate a trail image indicating a trail
of a movement of a range displayed as the partial display region, by a generating
section.

(30) An information processing program causing a computer to function as:

an obtaining section contigured to obtain a pathological image;

a display unit configured to display at least part ot the obtained pathological image as a
partial display region;

an input unit contigured to receive instructions for moving the partial display region
from a user; and

a generating section configured

to generate at a fixed time period a combination 1image 1in which a value corresponding
to a length of display time ot the partial display region i1s provided for each location ot
all pixels 1n the displayed partial display region, and

to cumulatively combine the combination image with the pathological image to
generate a trail image indicating a trail of a movement of a range displayed as the

partial display region.
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[0124]  (Supplemental Matter)

The present disclosure 1s not limited to the above embodiment but may be moditied

in various ways without departing from the sprit ot the present disclosure.
|0125]  The present application contains subject matter related to that disclosed 1n Japanese

Priority Patent Application JP 2012-157235 filed in the Japan Patent Otfice on July 13,

2012, the entire content of which 1s hereby incorporated by reference.

Reference Signs List
[0126] 10 Microscope

20 Scanner computer

21 CPU

22 ROM

23 RAM

24 Operation input unit

25 Interface unit

26 Output unit

2’7 Storage

28 Network interface unit

29 Bus

30 Controller

31 Camera

41 Image storage

42 Image providing section

43 Display history storage

44 Display history management unit
51 Image obtaining section

52 Display history control unit
53 Trail 1mage generating section
60 Viewer window

61 Thumbnail map

62 Observation region

63 Display recording/reproducing GUI
100 Scanner

300 Network

400 Image management server

500 Viewer computer
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Claims
An 1mage processing apparatus comprising:
a processor; and
a memory device storing instructions which when executed by the
processor, causes the processor to:
generate a trail image according to a display time of at least one part of
a pathological 1mage 1n a display region.
The 1mage processing apparatus according to Claim 1, wherein the trail
image 1s generated by a modification associated with the pathological
image according to the display time.
The 1image processing apparatus according to Claim 2, wherein the
modification 1s overlaying a mask image on the pathological image
according to the display time.
The 1image processing apparatus according to Claim 3, wherein the
mask 1image 1s semi-transparent.
The 1mage processing apparatus according to Claim 2, wherein a
degree of the modification 1s based on a magnitication of the at least
one part of the pathological image displayed 1n the display region.
The 1mage processing apparatus according to Claim 5, wherein the
degree 1s constant as the display time increases when the magnification
1s below a threshold.
The 1image processing apparatus according to Claim 5, wherein the
degree increases as the display time increases when the magnification
1s above a threshold.
The 1mage processing apparatus according to Claim 7, wherein the
degree 1s maintained at a maximum value when the maximum value is
reached.
The 1image processing apparatus according to Claim 5, wherein the
degree 1s increased stepwise based on the display time.
The 1image processing apparatus according to Claim 4, wherein at least
one of a brightness ot the mask 1mage 1s increased based on the display
time and a brightness of the pathological image 1s decreased based on
the display time.
The 1mage processing apparatus according to Claim 4, wherein the
mask 1mage 1s overlaid on the pathological image using alpha bending.
The 1image processing apparatus according to Claim 1, wherein the in-

structions cause the processor to:
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acquire a display history including the display time of the at least one
part of the pathological image.

The 1image processing apparatus according to Claim 12, wherein the 1n-
structions cause the processor to:

control display of a thumbnail 1mage of the trail image corresponding
to the display history.

The 1image processing apparatus according to Claim 1, further
comprising:

an iput unit configured to receive a user input.

An 1mage processing method comprising:

generating a trail image according to a display time of at least one part
of a pathological image 1n a display region.

A non-transitory computer readable storage medium storing a computer
program for causing an image processing apparatus to:

generate a trail image according to a display time of at least one part of
a pathological image 1n a display region.

An 1mage processing system comprising:

a processor; and

a memory device storing instructions which when executed by the
processor, causes the processor to:

generate a trail image according to a display time of at least one part of
a pathological 1mage 1n a display region.

The 1image processing system according to Claim 17, further
comprising:

a scanner configured to capture the pathological image.

The 1image processing system according to Claim 17, further
comprising:

a server configured to store the pathological image.

A 1mage processing apparatus comprising:

a generation unit configured to generate a trail 1mage according to a
display time of at least one part of a pathological image in a display

region.
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