DESCRIPTION
ANIMAL TEST DEVICE

Technical Field
[0001]

The present invention relates to an animal tesicdethat collects test data of test
animals such as primates and analyzes the test data
Background Art
[0002]

When studying the influence that brain functiodéseases, and genes have on
behavior using test animals such as primates aré,mn animal test is performed under a
predetermined test environment and obtained teatisi@ollected and analyzed.

[0003]

An animal test device used for animal testing theludes a cage operating as a living
environment for test animals, multiple chamberadhied to the cage, test units in the chambers
performing a test by presenting a task to theaaghal and detecting the response of the test
animal to the task, and a data storage unit fainggagesponse data of the test animal detected
by the test units as a test result, as describBimPatent Literature 1, for example.

[0004]

Details of the test system, such as the contetiteofask and the presentation method
thereof, are previously set by the tester perfogniime test. For example, a touch panel is
prepared as the test unit, an image represente¢ptik is projected on the touch panel, and a
position on the image which the test animal hashed after having seen the image is stored as
test data in the data storage unit.

[0005]

Furthermore, the test data stored in the datagtounit is analyzed by the tester using

a predetermined method in order to study the tastal.

Citation List

Non Patent Literature

[0006]

Non Patent Literature 1: NewBehavior company, camjgahomepage, company’s product
IntelliCage introduction page, J[online], [May 27, 018 search], Internet
URL:http://www.newbehavior.com/products/ic

Summary of Invention
Technical Problem
[0007]

According to the related art described above éls¢ data of the test animal obtained
by the animal test device needs to be analyzedtljirey the tester himself. For this reason, a
long time is necessary for analysis. In additishen the amount of test data is extremely
large, the analysis itself becomes difficult.

[0008]

In addition, the test may be optimized by the test according to the progress of the
animal test using the animal test device. ThatMsen a better test method is discovered
according to the progress of the animal test, ghtamization of the test may be performed using
this knowledge.

[0009]

However, with the animal test device describetharelated art above, the tester must
examine the enormous test data set directly tarigi the test and therefore a great deal of
labor is required. For this reason, an animal destce that can automatically perform the



optimization of the test is necessary.
[0010]

In addition, the tester needs to propose new Imgsats about the test animal, based on
the obtained test data, and verify the hypothesasmuch labor is necessary for achieving this.
For this reason, an animal test device that camnaatically propose and verify new hypotheses
iS necessary.

[0011]

Accordingly, the present invention has been madéaw of the above problems and
an object of the present invention is to provideaaimal test device that can automatically
perform optimization of a test performed at theetiof animal testing.

[0012]

Further, one objective of the present inventiotoiprovide an animal test device that
can automatically propose and verify a new hypash@s addition to the test optimization.
[0013]

Another objective of the present invention is toyide an animal test device that can
automatically analyze test data, in addition to oggimization and proposing and verifying new
hypotheses.

Solution to Problem
[0014]

The first aspect of the present invention is amah test device for performing
behavior tests on a test animal that includes:ge cperating as a living environment for the
test animal; modular chambers into which the teghal is capable of entering and exiting; a
testing unit located in the chambers, the presentaf a task to the test animal having entered a
chamber, the detection of a response from theateisbal to the task, and the collection of
response data; a position measurement device #mgures the position of a test animal in the
cage or in the chamber and obtains the positica fdain the test animal; a data storage unit that
stores the response data and the position datestgldata; and a task improvement unit that
improves the task presented by the test unit, basdhle test data.

[0015]

The second aspect of the present invention isrémah test device with multiple
chambers that can be attached to the main cage,capable of presenting a different task in
relation to the animal test device described irfitlse aspect.

[0016]

The third aspect of the present invention is amahtest device that includes a task
proposal unit which proposes a hypothesis aboubéavior of the test animal, based on the
analysis result, in relation to the first and setaspects of the animal test device.

[0017]

The forth aspect of the present invention is amahtest device that includes a data
analysis unit which obtains results from the bebatésts and analyzes the test data, in relation
to the first through third aspects of the animat tevice.

[0018]

The fifth aspect of the present invention is aimmath test device that analyzes the test
data according to the fourth aspect using a hiddiarkov model.
[0019]

The sixth aspect of the present invention is dmalntest device according to aspects
one through five including st unit with a touch panel in the animal testickev
[0020]

The seventh aspect of the present invention ianamal test device according to the
first through sixth aspects including a cage thmatudes feeding, water supply, and cleaning
functions.



Advantageous Effects of Invention
[0021]

According to the first to seventh aspects of thmsention having the above
configurations, real-time optimization of an anirtedt can be automatically performed.
[0022]

In addition, according to the third to seventhexs$p having the above configurations,
new hypothesis proposition and verification carab®matically performed.
[0023]

In addition, according to the fourth to seventpegrss having the above configurations,
analysis of test data can be automatically perfdrme

Brief Description of Drawings
[0024]

Fig. 1 is a perspective view illustrating an emtanimal test device according to an
embodiment of the present invention.

Fig. 2 is a perspective view illustrating a cagethe animal test device.

Fig. 3 is a perspective view illustrating a chanfioe the animal test device.

Fig. 4 is a plan view illustrating a touch paradted in the chamber.

Fig. 5 is a configuration block diagram illustragia control device for the animal test
device.

Fig. 6 is a functional block diagram of a conalit of the control device.

Fig. 7 is a flowchart illustrating an animal tesethod executed by the animal test
device according to the embodiment of the presemrition.

Description of Embodiments
[0025]

Hereinafter, an animal test device according termbodiment of the present invention
will be described in detail.
[0026]

Fig. 1 is a perspective view illustrating an emnt@nimal test device according to one
embodiment of the present invention. An animak w@avice 1 includes a cage 2, eight
chambers 3 that are attached to the cage 2, agoosieasurement device 4 that is attached to
test animal A, and a control device 5 that whotintrols the animal test device 1.

[0027]

Fig. 2 is a perspective view illustrating the c&gef the animal test device 1 of Fig. 1.
The cage 2 is a cage-like structure that servesliggg space for the test animal A. Doors 22
on upper and lower levels that can be opened/clasegrovided on the front (+Y direction of
Fig. 2) of the cage body 21 and four openings Z3paovided on each of the left and right
lateral surfaces (X direction of Fig. 2), that éstotal of eight openings 23 are provided. In
addition, a tray 24 that can be inserted/extraated +Y direction is provided at the lower
portion of the cage 2.

[0028]

In the cage body 21, the four lateral surfacean(frrear, right, and left sides) and the
top surface have a lattice configuration for vetiin of the cage body 21 and to enable
external viewing of the test animal A such as ptésan the cage body 21. In addition, the
cage body 21 uses a lattice structure so thateteanimal A may easily move throughout the
cage body 21. The number of test animals A accomated in the cage body 21 can be
adjusted according to types of tests.

[0029]
A pair of doors 22 is provided on both the upp®t bower level (in the Z direction) of



the cage body 21 and can be opened side-by-sidetaagon around the Z axis. Entrance and
exit of the test animal A into and out of the cégely 21 as well as various operations for the
inner portion of the cage body 21 are performechiyairhen the doors 22 are opened.

[0030]

The four openings 23 are provided on each sidéefcage body 21 with a total of
eight openings. The chamber 3 is attached to thening 23 by means of any fixing
mechanism not illustrated in the drawings. In teimbodiment, eight openings 23 are
provided; however, for the present invention, thembher of openings is can be
increased/decreased according to the type of e aad the number of test animals A.

[0031]

The tray 24, which can be inserted/extractedY @irection, with respect to the cage
body 21, is provided with a cleaning mechanism (ihattrated in the drawings) that provides a
cleaning function for the excrement of the testraiA dropped to the lower portion of the cage
body 21.

[0032]

In addition, the tray 24 is equipped with a fegdmechanism for feeding the test
animal A and a water supply mechanism to providiekdrg water. Equipping the tray 24 with
these functions allows the tests of the test an#natcommodated in the cage body 21 to be
performed over a long period without the manuatrivention of a person during observation,
thus reducing stress during the test of the teishanA and thus collecting test data in which
artificial influences are minimized. The feedingehanism and the water supply mechanism
may be provided on an internal surface of the daugly 21 or other location rather than in the
tray 24. In this case, the tray 24 has only tlkeaming mechanism.

[0033]

When the tray 24 is extracted in a +Y directidrg tray 24 is exposed to the outside of
the cage body 21. Therefore a worker can perfoaimt@nance work such as cleaning.
[0034]

In addition, each mechanism built into the trayidonnected to the control device 5.
Even when the feeding mechanism and the water puppthanism are not provided in the tray
24, these mechanisms are connected to the coewvmeds.

[0035]

Fig. 3 is a perspective view illustrating the clb@m3 of the animal test device 1 of
Fig. 1. The chamber 3 has a cage-like shape andeattached to the opening 23 of the cage
body 21.

[0036]

The chamber 3 includes a chamber body 31, anre@rd2 on the lateral surface
positioned in a +X direction of the chamber body 8%ouch panel 33 attached to an opening
surface positioned in a —X direction of the chambady 31, and a controller 34 that performs
control of the chamber 3 and data collection.

[0037]

In the chamber body 31, the lateral surface indKelirection in Fig. 3 has an opening,
all of the other lateral surfaces have a cageliikece, and the top bottom surfaces are flat. In
addition, a feeding mechanism and an air injectir@chanism not illustrated in the drawings
are provided in the chamber body 31. Both the ifgpdnechanism and the air injection
mechanism are connected to the controller 34.

[0038]

A tubular entrance 32 is provided in the +X dii@ctof the chamber body 31 as an
entrance/exit of the test animal A to/from the mipertion of the chamber body 31. The
entrance 32 is provided with a sensor and an ogéasing mechanism not illustrated in the
drawings. The sensor and the opening/closing nméstmeare connected to the controller 34 to
be described later.



[0039]

The touch panel 33 functions as a test unit thatiges a task to perform for the test
animal A having entered the inner portion of tharober body 31, detects a response of the test
animal to the task, and collects the test data.tab®et-type information processing terminal
capable of executing various information processingreferably used as the touch panel 33.
The touch panel 33 is connected to the controdler 3An imaging mechanism such as a video
camera may be incorporated into the touch panelaB3image of the test animal A in the
chamber 3 may be captured, and the image of thet@nal A may be reflected in the touch
panel 33 provided other chambers 3. In this wagabise the test animals A accommodated in
different chambers 3 can see the mutual imagesstaféor communication between the test
animals A can be performed.

[0040]

Fig. 4 is a plan view illustrating the touch par8 provided in the chamber 3.
Various images are displayed as tasks for theatestal A on a screen 331 of the touch panel 33
and operation information of the image 331 by #st animal A is obtained as test data.

[0041]

In an example illustrated in Fig. 4, a large @rd32 and a small circle 333 are
displayed as a tasks on the screen 331. By udiig) task, tests for the object size
determination ability and the memory ability of tiest animal A can be performed.

[0042]

In the test, the test animal A sees the largéecB82 or the small circle 333 displayed
on the screen 311, determines the sizes of thiegjrand contacts one of the circles.
[0043]

The test animal A responds to the task by toucttiegscreen and the response result is
transmitted as response data to the control dévide be used for various analyses, is also
transmitted to the controller 34, and is used feing a reward or punishment to the test animal
A.

[0044]

In this embodiment, the large circle 332 and timalkcircle 333 are displayed as the
tasks presented to the test animal A on the s@8&n However, the present invention is not
limited thereto and other tasks may be displayed.

[0045]

For example, images of multiple shapes such &gla,ca rectangle, and a star may be
displayed as the tasks on the screen 311 and ansspf the test animal A at that time may be
detected. By using such tasks, tests for the digliscrimination ability and the memory
ability of the test animal A can be performed.

[0046]

In addition, multiple images that vary by colostead of shape may be displayed for
certain tasks on the screen 311 and the resporike t#st animal A at that time may be detected.
By using such tasks, tests for color discriminatidsility and memory ability of the test animal
A can be performed.

[0047]

In addition, images of living things such as angrand insects or plants such as fruits
and trees may be displayed as the tasks on thers8fd and the response of the test animal A
at that time may be detected. By using these tas&ts for the target classification ability and
the concept formulation ability of the test aniralan be performed.

[0048]

In addition, images or videos of other test angmalcaptured by the touch panels
device33 provided in other chambers 3 may be displas the tasks and the response of the
test animals A at that time may be detected. Bygushe tasks, tests for the social recognition
ability of the test animals A can be performed.



[0049]

The controller 34 controls the opening/closing hadsm of the entrance 32 and also
controls giving a reward or punishment to the &dinal A according to a test result, performed
in the chamber 3.

[0050]

Specifically, if the sensor provided at the entea32 detects that a test animal A is
trying to enter the chamber through the entrancea3dgnal is transmitted from the sensor to
the controller 34. The controller 34 then executes drive control of the opening/closing
mechanism of the entrance 32 based on the sigitéle drive control is executed such that
only one test animal A can be located in the chanfimely 31 at once. In this way, the
incoming and outgoing timing and the populatiorit@f test animal A which goes in and out of
the chamber body 31 can be adjusted.

[0051]

In addition, the controller 34 provides food asewvard to the test animal A through
the feeding mechanism or uses injected air as slpment to the test animal A through the air
injection mechanism, according to the responsdtrebtained when the test animal A touches
the touch panel 33. For example, on the screenilBkirated in Fig. 4, if the test animal
touches the large circle 332, food is given as rdvead if the test animal touches the small
circle 333, the air is injected as punishment.

[0052]

The position measurement device 4 is attachedhgatdst animal A and the device
measures the position of the test animal A. Tletipm measurement device 4 is a device that
measures the position of the test animal A usimdpa]l positioning system (GPS), ultra wide
band (UWB) wireless communication or other techgms. Position information from the
test animal A measured by the position measurederite 4 is transmitted as position data to
the control device 5 either directly from the pimsitmeasurement device 4 or via the controller
34. An imaging mechanism such as a video camerather devises may be used as the
position measurement device 4 in the cage 2, ageraptured by the imaging mechanism may
be analyzed, and the position information of tlet é@imal A may be acquired.

[0053]

The control device 5 executes control over eachpoment of the animal test device 1.
Fig. 5 is a configuration block diagram illustratithe control device 5 of the animal test device
1. The control device 5 includes a control unit &h antenna 52, a display unit 53, an
operation unit 54, and a data storage unit 55.

[0054]

The control unit 51 includes a CPU 511 that whalbntrols the control unit 51, a
ROM 512 that stores a control program operatingtten CPU 511, and a RAM 513 that
temporarily stores various data.

[0055]

The antenna 52 is an antenna to perform transmissception of information of the
individual configurations of the animal test devitespecifically, the touch panel 33 and the
position measurement device 4 and so on, thatassmission/reception of test data, namely
response data and position data. In addition, whebiological reaction measurement
mechanism such as an electroencephalography dewidean electrocardiogram device is
attached to the test animal A, the antenna 52sis ated for transmission/reception of data
obtained by the biological reaction measurementizigism.

[0056]

The display 53 is a configuration to display disgtsituation of the control device 5,
test data collected by the control device 5, andert of a proposed hypothesis and so on.
[0057]

The operation unit 54 is a configuration to allew operator to perform various



operations such as setting to the control deviead a change thereof and corresponds to a
keyboard.
[0058]

The data storage unit 55 stores the position ofathe test animal A measured by the
position measurement device 4 and the responsebttied by the touch panel 33 as test data.
In addition, the data storage unit 55 stores tas& that is used in the touch panel 33.

[0059]

Fig. 6 is a functional block diagram of the cohtwait 51 of the control device 5.
The CPU 511 processes control programs storeckiR@®M 512 on the RAM 513 and executes
the control programs, so that the control unit @icfions as a communication unit 511a, a task
acquisition unit 511b, a display unit 511c, a datalysis unit 511d, a task improvement unit
511e, an environment maintenance unit 511f, angpathesis proposition unit 511g.

[0060]

The communication unit 511a performs transmissga@ption of information with the
touch panel 33 and the position measurement déviga the antenna 52. The response data
received from the touch panel 33 and the positata deceived from the position measurement
device 4 are stored in the data storage unit 55.

[0061]

The task acquisition unit 511b reads task datadtn the data storage unit 55. The
task data read by the task acquisition unit 511trassmitted to the touch panel 33 via the
antenna 52 by the communication unit 511a.

[0062]

The display unit 511c presents a task to the tgactel 33.
[0063]

The data analysis unit 511d analyzes the test @ladaperforms a verification of a
cognition function or the like for the test animdal The data analysis unit 511d analyzes the
test data using a hidden Markov model.

[0064]

A hidden Markov model is a type of probability nebénd is a method of estimating
an unknown parameter from observable informatiam,tlee assumption that a system is a
Markov process (probability process having a prgpttrat the future behavior is determined by
a current value and is unrelated to the past behaw which the parameter is unknown.

[0065]

The task improvement unit 511e improves the taskgnted to the test animal Ain the
chamber 3, according to an analysis result by tae énalysis unit 511d. Examples of
improvement in the content of the task are a replant of each task provided to the test
animal A in each chamber 3, a modification of thskt and a changing in timing/amount of
reward and punishment.

[0066]

The environment maintenance unit 511f controlsdkeaning mechanism, the feeding
mechanism, and the water supply mechanism providéue tray 24 and maintains the internal
environment of the cage 2, such that the test dnfmzan live in a healthy state for a long
period.

[0067]

The hypothesis proposition unit 511g proposes @otiesis about the cognition and
the behavior of the test animal A, based on thdyaisaresult by the data analysis unit 511d.
The proposed hypothesis is provided to the taskawgment unit 511e and improvement of the
task is performed according to necessity.

[0068]

Next, an animal test that is performed by the ahibtest device 1 including the

features described above will be described. Fig & flowchart illustrating an animal test



method executed by the animal test device accotdiag embodiment of the present invention.
[0069]

First, detection of the position of the test arimais performed by the position
measurement device 4 attached to the test aninfstief S1). Position data of the test animal
A detected at that time is transmitted from theitmos measurement device 4 to the control
device 5 and is stored in the data storage unit 55.

[0070]

When position information of the test animal A wisoa position in any one of the
eight chambers 3 (step S2: Yes), the display ubitc5of the control device 5 presents a
predetermined task to the touch panel 33 in thenblea 3 and the task is provided to the test
animal A to be performed (step S3).

[0071]

When the position information of the test animatldes not show a position in the
chamber 3 (step S2: No), the process returns  Steand the position detection of the test
animal A is continuously performed.

[0072]

Next, when a response of the test animal to tbeiged task is detected, that is, it is
detected that the test animal A has touched thediaplayed on the touch panel 33 (step S4:
Yes), information about the response is transmitedesponse data to the control device and is
stored in the data storage unit 55 (step S5).

[0073]

When a test animal A is located in the chambdsus,no response is detected (step
SS4: No), the process returns to step S3 and skagaontinuously provided until a response is
detected.

[0074]

Next, when the test data in which the data analfgsénabled by the data analysis unit
511d, that is, the response data and the posititma@te stored in the data storage unit 55 (step
S6: Yes), the test data is analyzed by the datgsasanit 511d (step S7). When an amount of
the test data stored in the data storage unit tissufficient for the data analysis unit 511d to
analyze (step S6: No), the process returns toStegind the test data is continuously collected.
[0075]

Next, an analysis result of the test data by #ite@ dnalysis unit 511d is displayed on
the display 54 (step S8) and the task improvemeittalle determines whether improvement
of the task is enabled or not, based on the asalgsult of the test data (step S9).

[0076]

When the improvement of the task is enabled (S@pYes), the task improvement
unit 511e improves the task (step S10).
[0077]

Next, the hypothesis proposition unit 5119 treptopose a new hypothesis about the
test animal A, based on the analysis result oftése data by the data analysis unit 511d (step
S11).

[0078]

When the proposition of the new hypothesis is Ethtstep S11: Yes), the hypothesis
proposition unit 511g proposes the new hypothediep(S12) and the task improvement unit
511e improves the task, based on the new hypothesis
[0079]

In addition, when all of the desired tests for &t animal A end (step S13: Yes), the
tests by the animal test device 1 using the teisham end. Meanwhile, when the desired
tests do not end (step S13: No), the process etarstep S1 and a series of tests is repeated.
[0080]

In addition, when the improvement of the taskisabdled in step S9 (step S9: No) and



when the proposition of the new hypothesis is deshin step S11 (step S11: No), the process
proceeds to step S13.
[0081]

According to the animal test device 1 accordinth®embodiment, the analysis of the
test data of the test animal A and the optimizatibthe test can be automatically performed in
real time and the proposition and the verificatadrthe new hypothesis can be automatically
performed in real time.

[0082]

In the animal test device 1 according to the erithedt, a new hypothesis is proposed
by the hypothesis proposition unit 511g. Howewrthe present invention, the hypothesis
proposition unit 511g may be omitted and hypothasay not be proposed automatically.
Even in this case, the analysis of the test dathetest animal A and the optimization of the
test can be automatically performed.

[0083]

In addition, in the animal test device 1 accordingthe embodiment, the data is
analyzed by the data analysis unit 511d. Howewehe present invention, the data analysis
unit 511d may be omitted and the data may not benzatically analyzed. Even in this case,
the proposition of a new hypothesis about theagashal A and the optimization of the test can
be automatically performed.

[0084]

In addition, in the animal test device 1 accordimghe embodiment, the touch panel
33 is used as the test unit provided in the charBberHowever, the present invention is not
limited thereto and an operation mechanism suchlager and a button requiring a mechanical
operation may be provided and changing the rewarthe® punishment for lever pressing or
button pressing by the test animal A may be preskas the task. By using the task, a test for
sensitivity of the test animal A to feedback carpbdormed.

[0085]

In addition, a camera capturing an image or aovichamera capturing a video may be
provided as the test unit, a barrier may be indudih food put at a position such that the test
animal A cannot not reach it with the barrier theaad two sticks (long and short) may be
provided, and a task in which the test animal Al@¢airaw the food using the long stick but
cannot draw the feed using the short stick mayrbegmted to the test animal A. By using the
task, tests for the object length recognition apiind the tool use ability of the test animal A
can be performed.

[0086]

The transmission/reception of the data betweeninttizidual configurations in the
animal test device 1 according to the embodiment bea performed by a wired or wireless
system.

[0087]

In addition, in the animal test device 1 accordimghe embodiment, the response data
and the position data of the test animal A areectdld as the test data. However, the present
invention is not limited thereto. Sound data sasfa cry of the test animal A may be collected
using a sound collection mechanism such as a nfiorm and may be stored in the data
storage unit 55, and may be analyzed by the datigsis unit 511d.

[0088]

In addition, in the animal test device 1 accordimthis embodiment, a hidden Markov
model is used to analyze the test data. Howekierptesent invention is not limited thereto
and other analysis methods may be used.

Reference Signs List
[0089]



1: animal test device

2. cage

3: chamber

4: position measurement device
5: control device

21: cage body

22: door

23: opening

24 tray

31: chamber body

32: entrance

33: touch panel

34: controller

51: control unit

52: antenna

53: display unit

54: display

55: data storage unit

331: screen

332: large circle

333: small circle

511: CPU

512: ROM

513: RAM

511a: communication unit
511b: task acquisition unit
511c: display unit

511d: data analysis unit
511e: task improvement unit
511f: environment maintenance unit
511g: hypothesis proposition unit
A: test animal
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CLAIMS
1. An animal test device for performing behaviat$eof a test animal, comprising:
a cage used as a living environment for the teistal;
a modular chamber that the test animal is capait#atering and exiting;
a test unit provided in the chamber, presentitegsk to the test animal having entered
the chamber, detecting a response from the testahid the task, and collecting response data;
a position measurement device that measures #ittgmoof the test animal in the cage
and the chamber and obtains position data of steatemal;
a data storage unit that stores the responseaddtthe position data as test data; and
a task improvement unit that improves the taskgmted by the test unit, based on the
test data.

2. The animal test device according to claim 1, netme multiple chambers can be
attached to the cage and each of the chamberssesdifferent task.
3. The animal test device according to claim 1,duher comprising:

a task proposition unit that proposes a hypotrasmit the behavior of the test animal,
based on the test data.

4, The animal test device according to any ondaifns 1 to 3, further comprising:

a data analysis unit that analyzes the test dataltains the result of the behavior test.
5. The animal test device according to claim 4, mimethe data analysis unit analyzes
the test data using a hidden Markov model.
6. The animal test device according to any ondasihns 1 to 5, wherein the test unit is a
touch panel.
7. The animal test device according to any onelaims 1 to 6, wherein the cage

includes feeding, water supply, and cleaning fuomsti
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